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Abstract
Background: Multiple studies have suggested that various pesticides are associated with a higher risk of
developing Parkinson’s disease (PD) and may in�uence the progression of the disease. However, the
evidence regarding the impact of pesticide exposure on mortality among patients with PD is equivocal.
This study examines whether pesticide exposure in�uences the risk of mortality among patients with PD
in Southern Brazil.

Methods: A total of 150 patients with idiopathic PD were enrolled from 2008-2013 and followed until
2019. In addition to undergoing a detailed neurologic evaluation, patients completed surveys regarding
socioeconomic status and environmental exposures.

Results: Twenty patients (13.3%) reported a history of occupational pesticide exposure with a median
duration of exposure of 10 years (mean = 13.1, SD = 11.2). Patients with a history of occupational
pesticide exposure had higher UPDRS-III scores, though there were no signi�cant differences in regards to
age, sex, disease duration, Charlson Comorbidity Index, and age at symptom onset. Patients with
occupational pesticide exposure were more than twice as likely to die than their unexposed PD
counterparts (HR = 2.32, 95% CI [1.15, 4.66], p = 0.018). Occupational pesticide exposure was also a
signi�cant predictor of death in a cox-proportional hazards model which included smoking and caffeine
intake history (HR = 2.23, 95% CI [1.09, 4.59], p = 0.03)) and another which included several measures of
socioeconomic status (HR = 3.91, 95% CI [1.32, 11.58], p = 0.01).

Conclusion: In this prospective cohort study, we found an increased all-cause mortality risk in PD patients
with occupational exposure to pesticides. More studies are needed to further analyze this topic with
longer follow-up periods, more detailed exposure information, and more speci�c causes of mortality.

Background
The etiology of Parkinson’s disease (PD) is a complex interplay of environmental and genetic factors.
Although several genes have been implicated as monogenic causes of the disease, these genetic
mutations are only responsible for approximately 10% of cases [1]. The remaining 90% of the cases are
idiopathic, and different environmental exposures have been implicated as either protective factors (such
as tobacco smoking and caffeine intake) or risk factors (such as heavy metals and pesticides exposure)
[1].

The term pesticides refers to herbicides, insecticides, rodenticides, fungicides, and other chemical agents
that eliminate unwanted organisms [2]. Paraquat, a herbicide with molecular similarities to MPP+ (1-
methyl-4-phenylpyridinium, a metabolite of the neurotoxin MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine)), is among the earliest and most well studied pesticides linked to an increased risk of
developing PD. In addition to preferentially damaging dopaminergic neurons, these agents share several
common mechanisms of action including increasing neuronal oxidating stress, damaging mitochondrial
complex I, and impairing the ubiquitin-proteasome system [3, 4].
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A recent meta-analysis of several case-control studies found that paraquat exposure was associated with
a 1.64 times increased risk of developing PD [5]. In addition to paraquat, subsequent studies, systematic
reviews, and meta-analyses have suggested that a wide range of pesticides (including rotenone, maneb,
organochlorines, and organophosphates) are associated with an increased risk of PD [6]. In recent meta-
analyses, the risk of developing PD is 1.28 – 1.94 times higher among those with unspeci�ed pesticide
exposure [7-12]. However, this association may be largely driven by insecticides and herbicides rather
than fungicides and rodenticides [7].

In addition to increased risk, data suggests that pesticide exposure is associated with earlier onset of
symptoms [13], with premature death in PD patients who are exposed to glyphosate [14] and with an
in�uence in the progression of motor, cognitive and psychiatric symptoms [3].  Considering this data,
pesticides exposure may contribute to all stages of PD.

Patients with PD typically are at an increased risk of mortality compared to unaffected controls, with an
overall mortality ratio of 1.52 [15]. Furthermore, studies that investigated PD mortality found increased
mortality rates for individuals living in areas with higher levels of pesticide use compared to their controls
[14, 16, 17].   

The role of pesticides exposure in the development and progression of PD is particularly important to
understand in the context of Brazil and other low- and middle-income countries (LMIC). In recent years,
the Brazilian government has approved swath of new pesticides, many of which contain substances that
are illegal in the European Union. A record 450 new agrochemicals were approved in 2018, and based on
data from the early months of this 2019, the new administration was on track to approve 480 new
products within this 2019 alone [18].  

Considering that the use of these substances is projected to increase in the coming years, the objective of
this prospective cohort study was to determine if pesticide exposure is associated with an increased risk
of mortality among patients with PD in Southern Brazil, when accounting for socioeconomic status,
nicotine exposure, and caffeine exposure.

Methods
The data for this study is part of a larger cohort of 233 patients with idiopathic PD (as de�ned by the UK
Parkinson Disease Brain Bank Diagnostic Criteria) who are followed at the Movement Disorders Clinic at
Hospital de Clínicas de Porto Alegre (HCPA) and previously described [19]. Patients were enrolled
consecutively from 2008-2013 and followed until 2019. The clinic is part of a tertiary health care system
in Porto Alegre, a city in southern Brazil with a population of approximately 1.4 million. Ethics approval
for this study was provided by Comitê de Ética em Pesquisa from HCPA. All patients or their next-of-kin
provided written informed consent for participation in this study.

A subset of 150 patients completed questionnaires regarding environmental exposure history, and 126
patients completed an additional questionnaire regarding socioeconomic history during their period of
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follow up. This data was collected by the researchers during clinic visits, often with the help of a family
member. The environmental exposure survey included information regarding occurrence and duration of
occupational pesticide exposure (yes/no question and approximate number of years of exposure),
smoking history, alcohol use history, and caffeine intake. Since pesticide exposure is di�cult to
accurately quantify among the general population, we asked patients to report pesticide exposure in
occupational settings, such as agriculture, landscaping, or pesticide production. Household use of
insecticides, herbicides used in the garden and products for house pets were excluded. The
socioeconomic survey included information regarding employment history, average historical monthly
income (when employed), insurance status, race, and education level. In addition to the survey
information, each patient underwent neurologic evaluation (UPDRS and Hoehn & Yahr) by a neurologist
trained in movement disorders at the time of enrollment. Charlson Comorbidity Index was used to assess
the comorbidities of patients at baseline using information from the patients´ medical records.

All statistical analysis was performed using R-Studio (Version 3.5.2). To determine survival time, clinic
and hospital data was searched to determine whether patients were alive as of January 1, 2019. For
patients who were lost to follow up, national mortality databases were searched to identify con�rmed
deaths [20]. Patients who were lost to follow up, and without a con�rmed date of death were right
censored in the mortality analysis at the last known date of hospital admission or clinic follow up. For all
survival analyses, the data was left-truncated and right censored, with age as the time scale, starting at
study enrollment. This was selected rather than time-in-study due to ease of interpretability [21, 22]. Age
was also viewed as a more objective measure than disease duration, which was derived from the
patients’ best guess of their symptom onset.

The primary analysis was a survival analysis testing (Kaplan-Meier curve with log-rank test; unadjusted
hazard ratio) to compare PD patients who were exposed to occupational pesticides to those who were
not.  The secondary analyses sought to understand the impact of confounding of other environmental
exposures and socioeconomic factors on the survival difference between the two cohorts. Because the
number of individuals exposed to occupational pesticides in our sample was low, we examined the
association between occupational exposure to pesticides and mortality adjusting for confounders
through two separate multivariable cox proportional hazards models. The �rst cox proportional hazards
model was adjusted to disease duration at enrollment, demographic, and exposure-related factors and
included any history of smoking, history of caffeine intake (80mg or more per day, for at least 10 years),
sex, and occupational pesticide exposure. The second cox proportional hazards model was adjusted to
disease duration at enrollment, socio-economic factors and included sex, low historical income (<
R$500/month), predominately agricultural employment, low education, private insurance coverage.
Private health insurance coverage was used as a proxy of current wealth, since it is typically prohibitively
expensive for the average Brazilian. In order to test the proportional hazards assumption for the survival
analyses, the Schoen�eld Residuals Test was applied to each model.

In order to test for a dose-response relationship between occupational pesticide exposure and risk of
mortality, we performed an additional post-hoc cox proportional hazards model. Patients were divided
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into low exposure (<10 years) and high exposure cohorts (≥10 years) based on the median duration of
occupational pesticide exposure in this model, using the no exposure group as reference.

Results
Of the 150 patients in this prospective cohort, 20 (13.3%) reported a history of occupational pesticide
exposure. Females comprised 54% of the overall cohort. On average, patients were 64.4 years old (SD =
11.7) with 7.9 years of motor symptoms (SD= 5.2) at the time of study enrollment. A total of 28.7% of
patients had symptom onset prior to the age of 50 years. Twenty-two (14.7%) patients were lost to follow-
up, after an average follow-up period of 8.9 years (SD = 2.5, median = 9.5 years). Sixty-two patients
(41.3%) died prior to the �nal follow-up period (January 1, 2019), with a median age at death of 78 years
(range: [51, 97], mean = 77.1, SD = 9.0).

Among the exposed group, the median duration of exposure was 10 years (range: [3, 50], mean = 13.1, SD
= 11.2). There were no differences between the occupational pesticide cohort and the control group in
regard to age, sex, disease duration, Hoehn & Yahr score, medical comorbidities (according to the
Charlson Comorbidity Index), and symptom onset [Table 1]. Pesticide exposure had a positive correlation
with total UPDRS motor score, and this association remained signi�cant when controlling for disease
duration [Additional File 1].

Socioeconomic information was available for a subset of 105 patients, including 14 patients with
occupational pesticide exposure [Table 1]. Eleven (78.6%) patients with a history of occupational
pesticide exposure reported predominately working in non-agricultural occupations for a majority of their
working life. A total of 17.6% of the control patients reported historically earning less than minimum
wage when employed, compared to none of the patients with occupational pesticide exposure (p = 0.12).
The pesticide exposure and control groups were similar in terms of race, private health insurance
coverage, and educational attainment.

The survival curve of the occupational pesticide cohort was signi�cantly different than the control group
(log-rank test, p = 0.02). Patients with occupational pesticide exposure had a hazard of death two times
as high as their unexposed PD counterparts (HR = 2.32, 95% CI [1.15, 4.66], p = 0.018) [Figure 1]. The
median survival was 76 years for the unexposed cohort versus 69 years for the exposed cohort. Although
the survival curves crossed during the survival analysis due to early censoring of multiple subjects in the
occupational pesticides cohort, the Schoenfeld residual test indicated that the proportional hazards
assumption was not violated.

Figure 2 displays the results of a cox proportional hazards regression that incorporated occupational
pesticide exposure, sex, any smoking history, caffeine intake history (at least 80 mg/day for 10 or more
years), and disease duration at enrollment. After adjusting for these exposure-related variables,
occupational pesticide history was associated with a signi�cantly elevated mortality rate (HR = 2.23, 95%
CI [1.09, 4.59], p = 0.03) [Figure 2]. A history of smoking, caffeine intake, and sex were not signi�cant in
this model.
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In addition, the relationship between several socioeconomic variables, sex, occupational pesticide
exposure, and mortality was examined in a separate analysis. Similar to the prior regression, patients who
reported occupational pesticide exposure had a higher mortality rate (HR = 3.91, 95% CI [1.32, 11.58], p =
0.01) [Figure 3]. None of the socioeconomic covariables (low historical income, predominately
agricultural employment, low education, private insurance coverage) were signi�cant in this regression
analysis.

Finally, the post-hoc analysis in Table 2 demonstrates a dose-dependent relationship between
occupational pesticide exposure and the mortality rate. Patients with 10 or more years of occupational
pesticide exposure had a signi�cantly elevated mortality rate (HR = 2.81, 95% CI [1.17, 6.73], p = 0.02), in
contrast to patients with fewer than 10 years of exposure [Table 2].

Discussion
This is the �rst study performed in the LMIC/Latin American/Brazilian context of the relationship between
occupational pesticide exposure and PD mortality. The existing literature regarding the risk of premature
mortality among PD patients is equivocal – although multiple studies have indirectly linked pesticide
exposure to an increased numerical rate of mortality, not all of these results have reached the threshold of
statistical signi�cance [14, 16, 17]. Among patients with PD, Caballero et. al demonstrated that
individuals exposed to land-use associated with glyphosate in Washington state had an increased risk of
premature mortality (OR = 1.33, 95%CI: [1.06, 1.67]), though this was not signi�cant for those exposed to
land-use associated with all pesticides [12]. Similarly, although pesticide use was associated with a
higher hazard ratio (HR) among PD patients in the Netherlands, this difference was not signi�cant
(95%CI: [0.86, 1.88]) [15]. On the other hand, Ritz et al. demonstrated that there was an increase in PD-
related mortality among patients who lived in Californian counties linked to higher levels of pesticide use
[16].   In the present study, �ndings suggest that among a cohort of 150 patients with idiopathic PD in
Southern Brazil, occupational pesticide exposure was associated with 2-4 times increased all-cause
mortality rate. This association was signi�cant in the crude (unadjusted) analysis as well as in adjusted
analyses controlling for other exposure-related factors and socioeconomic factors.

According to Yan et al, there appears to be a dose-response relationship between duration of pesticide
exposure and PD risk (5 year exposure OR = 1.05, 95% CI: [1.02 – 1.09]; 10 year exposure OR = 1.11, 95%
CI: [1.05 – 1.18]) [23]. In addition, high organophosphate exposure is associated with a faster progression
of motor and cognitive symptoms during a 7.5-year follow up period [3]. The �ndings presented in the
present study contribute to this evidence by demonstrating that the occupational pesticide exposure is
associated with an increased all-cause mortality rate among patients with PD. Furthermore, our dose-
response analysis demonstrated that patients with 10 or more years of occupational pesticide exposure
may have been driving the mortality difference in this study.

In the present study, the association between occupational exposure to pesticides and all-cause mortality
among PD patients effect was signi�cant even when controlling for socioeconomic contributors to lower
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life expectancy. Low educational attainment has been consistently linked to increased risk of death, with
a recent study suggesting the effect on mortality may be comparable to smoking [24, 25]. Similarly
poverty is a well-cited risk factor for chronic disease and premature mortality both in Brazil and across
the globe [26, 27]. When speci�cally comparing socioeconomic status and PD mortality, Yang et al. found
that low-income was associated to higher mortality rates of PD patients (HR = 1.12, 95% CI [1.09-1.15])
when compared to high-income patients. Interestingly, low-income controls had an even higher rate of
mortality (HR = 1.35, 95% CI [1.35-1.36]), possibly because PD patients may have better control of
different mortality risk factors for being followed-up in a hospital. Beard et al. identi�ed higher mortality
rates in the high-income population [28, 29]. In our study, the higher mortality rate associated with
occupational pesticide exposure was still observed when accounting for current wealth (as measured by
private health insurance coverage), a history of low income, and low educational attainment. None of the
patients in the occupational pesticide exposure cohort in the present study reported earning less than
minimum wage, suggesting that low socioeconomic status is not the driver for the higher rate of mortality
among patients with occupational pesticide exposure among our cohort. Furthermore, although patients
with low income our cohort had an elevated hazard ratio in the adjusted analysis (HR = 1.53, 95%CI: [0.59,
3.93], it is possible that this result was not statistically signi�cant because there were few patients in this
subset.  

Given the inverse relationship between smoking and caffeine intake and the risk of developing PD, we
sought to control for these factors in our analysis. Costa et al found that caffeine has a dose dependent
effect reducing the risk of PD with a relative risk (RR) of 0.76 per 300mg of caffeine (95% CI: [0.72–0.80])
[30], to further support other studies linking caffeine intake to a reduced risk of developing PD [31-33].
 This effect is seen especially in men [34] and includes various forms of caffeinated beverages. In
addition, among a prospective cohort of 360 PD patients, coffee intake was found to be a protective
factor against disease progression and mortality (HR = 0.47, 95%CI: [0.32, 0.69]) [35]. Smoking also has a
signi�cant protective effect with a RR of developing PD as low as 0.4 for a higher and longer history of
intake [36]. In the present study, when controlling for these well-documented protective factors,
occupational pesticide exposure remained statistically signi�cantly associated with a 4-times higher
hazard of mortality as compared to patients without occupational exposure to pesticides. Although
caffeine intake and female sex were associated with lower hazard ratios, these differences were not
statistically signi�cant in the present study.

Interestingly, the majority of patients who reported occupational pesticide exposure did not report working
predominately in agricultural jobs for the majority of their working life. In other words, since we only
recorded the longest held occupation for each patient, most patients with fewer than 25 years of
occupational pesticide exposure went on to work in other, non-agricultural professions for the majority of
their working life. This suggests that a remote history of occupational pesticide exposure is associated
with an increased risk of mortality in patients with PD, even among those who subsequently work in non-
agricultural professions. Furthermore, the results from the multivariable cox proportional hazards model
in Figure 3 also support the notion that the pesticide exposure is truly driving this mortality difference,
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rather than other factors related to agricultural professions such as prolonged sun exposure or manual
labor.

Unfortunately, most of patients in this study were unable to recall the speci�c agents that they were
exposed to, limiting our ability to understand the potential variations in risk associated with different
agrichemicals. Agricultural dependence on organophosphates and other pesticides continues to grow,
creating an urgent need to better characterize the neurologic consequences of speci�c agents [2].

A notable limitation of this study is that we were unable to separate Parkinson-speci�c mortality from all-
cause mortality due to the nature of the medical records and national obituary records. Therefore, our
study was unable to conclusively determine if the link between pesticide exposure and mortality is truly
due to faster progression of PD, even though we found that the motor UPDRS score was higher in the
pesticide group when controlling for disease duration. Although it is possible that the increased risk of
death is attributable to other exposure-related medical conditions, the baseline health status at the time
of enrollment was comparable between the two cohorts, as measured by the Charlson Comorbidity Index.
This further supports our �ndings regarding the association between pesticide exposure and higher
mortality rate.

Another limitation is the various enrollment dates (2008-2013) for the cohort, which could have induced
time-based differences in the level of care received by the patients. However, statistical tests implemented
to check for this possibility (Schoenfeld residuals of each of the univariable analyses and the
multivariable cox proportional hazard regressions) were not signi�cant, indicating that there was not a
measurable time-related component to the variables used in this analysis.  Because patients are of
advanced age and were asked to report on occupational exposure throughout their lifetime, the possibility
of recall bias cannot be excluded. However, because all patients interviewed had the same clinical
condition and the questions about exposure were asked before the mortality outcomes were ascertained,
we believe the possibility for recall bias is minimal.

Among this cohort of moderately-advanced PD patients, individuals with more severe variants or rapid
disease progression may not have been captured in this analysis since they may have died before
enrollment.. Patients with occupational pesticide exposure were younger at the time of enrollment, and a
larger proportion of the exposed patients were considered to be “early onset” PD patients (onset before
the age of 50, 45% vs 26.2, p = 0.14) though this difference was not statistically signi�cant.  Given that
patients with early onset PD tend to have longer disease durations, but die at younger ages than other
patients with PD [38], future studies would bene�t from following patients from symptom onset or
diagnosis in order to fully understand the impact of these socioeconomic and exposure related factors in
a more prognostically meaningful way.

Conclusion
In this prospective cohort study, we found an increased all-cause mortality rate in PD patients with
occupational exposure to pesticides. This rate was controlled for sex, smoking, caffeine intake, and
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socioeconomic status. Even though the study does not account for speci�c pesticides, paraquat is still
permitted in Brazil and glyphosate is widely used in many plantations including soybeans, which are one
of the most important agricultural exports in the country. In this context of increasing prevalence of
exposure by extremely toxic, recently approved new pesticides, this information is highly relevant. More
studies are needed to further analyze this topic with longer follow-up periods, more detailed exposure
information, and more speci�c causes of mortality. This is especially important in the Brazilian market,
and perhaps in other developing countries, where new pesticides continue to be introduced without the
corresponding research output necessary to understand the impact on human health [18].

Declarations
Ethics approval and consent to participate

Ethics approval for this study was provided by Comitê de Ética em Pesquisa from HCPA. All patients or
their next-of-kin provided written informed consent for participation in this study.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors have no con�icts of interest to disclose.

Funding

Fundo de Incentivo à Pesquisa (FIPE-HCPA).

Author´s contributions

MSM contributed with data collection, analysis and manuscript elaboration. SPR analyzed the data and
was a major contributor in writing the manuscript. MPS had an important role in writing the manuscript.
AFSS and CRMR helped with the study concept and were important to interpret the results and to revise
the �nal manuscript.

Acknowledgements

Not applicable



Page 10/18

Abbreviations
PD: Parkinson´s disease

MPP+: 1-methyl-4-phenylpyridinium

MPTP: 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

HCPA: Hospital de Clínicas de Porto Alegre

UPDRS: Uni�ed Parkinson´s Disease Rating Scale

References
[1].       Ball N, Teo WP, Chandra S, Chapman J. Parkinson's Disease and the Environment. Front Neurol.
2019 10: 218.

[2].       Caudle WM. Occupational exposures and parkinsonism. Handb Clin Neurol. 2015 131: 225-239.

[3].       Paul KC, Sinsheimer JS, Cockburn M, Bronstein JM, Bordelon Y, Ritz B. Organophosphate
pesticides and PON1 L55M in Parkinson's disease progression. Environ Int. 2017 107: 75-81.

[4].       Kaur K, Kaur R. Occupational Pesticide Exposure, Impaired DNA Repair, and Diseases. Indian J
Occup Environ Med. 2018 22: 74-81.

[5].       Tangamornsuksan W, Lohitnavy O, Sruamsiri R, et al. Paraquat exposure and Parkinson's disease:
A systematic review and meta-analysis. Arch Environ Occup Health. 2019 74: 225-238.

[6].       Nandipati S, Litvan I. Environmental Exposures and Parkinson's Disease. Int J Environ Res Public
Health. 2016 13.

[7].       Pezzoli G, Cereda E. Exposure to pesticides or solvents and risk of Parkinson disease. Neurology.
2013 80: 2035-2041.

[8].       Priyadarshi A, Khuder SA, Schaub EA, Shrivastava S. A meta-analysis of Parkinson's disease and
exposure to pesticides. Neurotoxicology. 2000 21: 435-440.

[9].       Gunnarsson LG, Bodin L. Parkinson's disease and occupational exposures: a systematic literature
review and meta-analyses. Scand J Work Environ Health. 2017 43: 197-209.

[10].     Priyadarshi A, Khuder SA, Schaub EA, Priyadarshi SS. Environmental risk factors and Parkinson's
disease: a metaanalysis. Environ Res. 2001 86: 122-127.

[11].     van der Mark M, Brouwer M, Kromhout H, Nijssen P, Huss A, Vermeulen R. Is pesticide use related
to Parkinson disease? Some clues to heterogeneity in study results. Environ Health Perspect. 2012 120:



Page 11/18

340-347.

[12].     Van Maele-Fabry G, Hoet P, Vilain F, Lison D. Occupational exposure to pesticides and Parkinson's
disease: a systematic review and meta-analysis of cohort studies. Environ Int. 2012 46: 30-43.

[13].     Gamache PL, Haj Salem I, Roux-Dubois N, Le Bouthillier J, Gan-Or Z, Dupre N. Exposure to
Pesticides and Welding Hastens the Age-at-Onset of Parkinson's Disease. Can J Neurol Sci. 2019: 1-6.

[14].     Caballero M, Amiri S, Denney JT, Monsivais P, Hystad P, Amram O. Estimated Residential Exposure
to Agricultural Chemicals and Premature Mortality by Parkinson's Disease in Washington State. Int J
Environ Res Public Health. 2018 15.

[15].     Macleod AD, Taylor KS, Counsell CE. Mortality in Parkinson's disease: a systematic review and
meta-analysis. Mov Disord. 2014 29: 1615-1622.

[16].     Brouwer M, Koeman T, van den Brandt PA, et al. Occupational exposures and Parkinson's disease
mortality in a prospective Dutch cohort. Occup Environ Med. 2015 72: 448-455.

[17].     Ritz B, Yu F. Parkinson's disease mortality and pesticide exposure in California 1984-1994. Int J
Epidemiol. 2000 29: 323-329.

[18].     Coelho FEA, Lopes LC, Cavalcante RMS, Correa GC, Leduc A. Brazil unwisely gives pesticides a
free pass. Science. 2019 365: 552-553.

[19].     Rieck M, Schumacher-Schuh AF, Altmann V, et al. DRD2 haplotype is associated with dyskinesia
induced by levodopa therapy in Parkinson's disease patients. Pharmacogenomics. 2012 13: 1701-1710.

[20].     https://www.falecidosnobrasil.org.br/ (accessed July 1, 2019 2019).

[21].     Lamarca R, Alonso J, Gomez G, Munoz A. Left-truncated data with age as time scale: an
alternative for survival analysis in the elderly population. J Gerontol A Biol Sci Med Sci. 1998 53: M337-
343.

[22].     Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitudinal follow-up of a survey:
choice of the time-scale. Am J Epidemiol. 1997 145: 72-80.

[23].     Yan D, Zhang Y, Liu L, Shi N, Yan H. Pesticide exposure and risk of Parkinson's disease: Dose-
response meta-analysis of observational studies. Regul Toxicol Pharmacol. 2018 96: 57-63.

[24].     Krueger PM, Tran MK, Hummer RA, Chang VW. Mortality Attributable to Low Levels of Education in
the United States. PLoS One. 2015 10: e0131809.

[25].     Rogers RG, Everett BG, Zajacova A, Hummer RA. Educational degrees and adult mortality risk in
the United States. Biodemography Soc Biol. 2010 56: 80-99.

https://www.falecidosnobrasil.org.br/


Page 12/18

[26].     Sichieri R, de Lolio CA, Correia VR, Everhart JE. Geographical patterns of proportionate mortality
for the most common causes of death in Brazil. Rev Saude Publica. 1992 26: 424-430.

[27].     Rogot E, Sorlie PD, Johnson NJ. Life expectancy by employment status, income, and education in
the National Longitudinal Mortality Study. Public Health Rep. 1992 107: 457-461.

[28].     Yang F, Johansson AL, Pedersen NL, Fang F, Gatz M, Wirdefeldt K. Socioeconomic status in
relation to Parkinson's disease risk and mortality: A population-based prospective study. Medicine
(Baltimore). 2016 95: e4337.

[29].     Beard JD, Steege AL, Ju J, Lu J, Luckhaupt SE, Schubauer-Berigan MK. Mortality from
Amyotrophic Lateral Sclerosis and Parkinson's Disease Among Different Occupation Groups - United
States, 1985-2011. MMWR Morb Mortal Wkly Rep. 2017 66: 718-722.

[30].     Costa J, Lunet N, Santos C, Santos J, Vaz-Carneiro A. Caffeine exposure and the risk of
Parkinson's disease: a systematic review and meta-analysis of observational studies. J Alzheimers Dis.
2010 20 Suppl 1: S221-238.

[31].     Hu G, Bidel S, Jousilahti P, Antikainen R, Tuomilehto J. Coffee and tea consumption and the risk of
Parkinson's disease. Mov Disord. 2007 22: 2242-2248.

[32].     Abbott RD, Ross GW, White LR, et al. Environmental, life-style, and physical precursors of clinical
Parkinson's disease: recent �ndings from the Honolulu-Asia Aging Study. J Neurol. 2003 250 Suppl 3:
III30-39.

[33].     Hernan MA, Takkouche B, Caamano-Isorna F, Gestal-Otero JJ. A meta-analysis of coffee drinking,
cigarette smoking, and the risk of Parkinson's disease. Ann Neurol. 2002 52: 276-284.

[34].     Palacios N, Gao X, McCullough ML, et al. Caffeine and risk of Parkinson's disease in a large cohort
of men and women. Mov Disord. 2012 27: 1276-1282.

[35].     Paul KC, Chuang YH, Shih IF, et al. The association between lifestyle factors and Parkinson's
disease progression and mortality. Mov Disord. 2019 34: 58-66.

[36].     Ma C, Liu Y, Neumann S, Gao X. Nicotine from cigarette smoking and diet and Parkinson disease:
a review. Transl Neurodegener. 2017 6: 18.

[37].     Betensky RA, Mandel M. Recognizing the problem of delayed entry in time-to-event studies: Better
late than never for clinical neuroscientists. Ann Neurol. 2015 78: 839-844.

[38].     Ferguson LW, Rajput AH, Rajput A. Early-onset vs. Late-onset Parkinson's disease: A Clinical-
pathological Study. Can J Neurol Sci. 2016 43: 113-119.

Additional Files



Page 13/18

Linear regression demonstrating the relationship between occupational pesticide exposure and UPDRS-III
score, when controlling for disease duration

Tables

Table 1. Clinical and socioeconomic data from PD patients with and without occupational

pesticide exposure.
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Variable All Patients Occupational pesticide
exposure?

p
valuea

Yes No  

Baseline characteristics 150 20 130  

   Female sex (n, %) 81 (54%) 9 (45%) 72 (55.4%) 0.53

   Age at study enrollment (in
years, 

   mean, SD)

64.4 (11.7) 63.2 (11.7) 64.6 (11.8) 0.61

   Lost to follow up (n, %) 22 (14.7%) 2 (10%) 20 (15.4%) 0.77

Disease status        

   Age at symptom onset (mean,
SD)

56.5 (12.1) 54.2 (10.9) 56.8 (12.3) 0.34

   Disease duration at study onset 7.9 (5.2) 9.0 (6.6) 7.8 (5.0) 0.45

   Symptom onset before 50 years
(n, 

   %)

43 (28.7%) 9 (45%) 34 (26.2%) 0.14

   Hoehn & Yahr Scale (mean, SD) 2.5 (0.8) 2.7 (0.9) 2.5 (0.8) 0.36

   Total UPDRS score 51.6 (23.5) 67.0 (28.9) 49.5 (22.0) 0.05

   Levodopa equivalent daily dose,
mg

   (median, IQR)

750 [509,
1074]

775 [594,
1206]

750 [500,
1067]

0.67

      Charlson Comorbidity Index  2 [1, 3] 2 [1, 3] 2 [1, 3] 0.49

Exposure history        

      Any smoking history (n, %) 41 (27.3%) 6 (30%) 35 (26.9%) 0.79

      Medium smoking history (10 –
30 

      pack-years)

14 (9.3%) 3 (15%) 11 (8.5%) 0.40

      Heavy smoking history (>30
pack 

      years)

13 (8.7%) 1 (5%) 12 (9.2%) 1.0

      Caffeine intake (at least 80
mg/day 

92 (61.3%) 14 (70%) 78 (60%) 0.47
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      for 10 years)

Socioeconomic status        

      Patients in this subset (n) 105 14 91  

      Education (fewer than 9 years,
n, %)

25 (23.8%) 3 (22.2%) 22 (25%) 1.0

      Race (white) 91.4% 94.4% 91.7% 1.0

   Private health insurance
coverage

17.1% 14.3% 17.6% 1.0

      Historical monthly income < 

      minimum wage (when fully

      employed)

9.5% 0% 17.6% 0.12

      History of working
predominately in 

      agriculture

9.5% 21.4% 7.7% 0.13

aFor dichotomous variables, p-value obtained from c2 testing, or Fisher’s exact test for
analyses with any values < 10. For continuous variables with normal distribution, p-value
obtained from Welch’s two sample t-test (two-tailed). For continuous variables with non-
normal distribution (as indicated by Shapiro-Wilk normality test), Wilcoxon signed rank test
applied.

Table 2. Post-hoc analysis for dose-dependent effect of occupational pesticide exposure.
Variable Hazard Ratio 95% Confidence Interval p Value
10 or more years of pesticide exposure 2.81 [1.17, 6.74] 0.02
Fewer than 10 years 1.84 [0.66, 5.17] 0.25

Figures
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Figure 1

Survival curve comparing patients with and without self-reported occupational pesticide exposure (n =
150, p-value from log-rank test)
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Figure 2

Impact of occupational pesticide exposure on mortality when controlling for smoking, caffeine intake,
sex, and age (Multivariable cox proportional hazards model; n = 150, concordance = 0.60, SE = 0.04.
Global Schoenfeld residual is p > 0.05))

Figure 3

Impact of occupational pesticide exposure on mortality when controlling for sex, age, and socioeconomic
status - employment history, average historical monthly income (when employed), insurance status, race,
and education level (Multivariable cox proportional hazards model; n = 105, concordance = 0.60, se =
0.06 Global Schoenfeld residual is p > 0.05))
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