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Abstract

Objective: The objective of the study is to identify the risk and protective factors associated with Parkinson’s disease (PD)
in inhabitants of Yucatan. Methods: Case control study. A questionnaire with the main risk and protective factors for PD
described in the literature was applied to cases and controls. Results: The sample consisted of 85 cases and 124 controls.
In the univariate logistic regression analyzes, it was found that the following factors were significantly associated with a higher
risk of developing PD: family history of PD (OR = 5.28, p = 0.001), personal history of diabetes (OR = 2.35, p = 0.01), the
number of head trauma (OR = 1.35, p = 0.02), number of general anesthesia received (OR = 1.27 p = 0.050), exposure to
organic solvents (OR = 2.73, p = 0.02) and the years of exposure to organic solvents (OR = 105, p = 0.01):
Conclusions: The findings of this research indicate that the inhabitants of the state of Yucatan are exposed to the following
risk factors: having a relative with PD, personal history of diabetes, number of head traumas, exposure to organic solvents,
years of exposure to organic solvents and number of general anesthesia received.
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Factores de riesgo clinicos y ambientales asociados a la enfermedad de Parkinson en
Yucatan

Resumen

Obijetivo: Identificar los factores de riesgo y de proteccidn asociados con padecer la enfermedad de Parkinson (EP) en
habitantes de Yucatan. Métodos: Estudio de casos y controles. Se aplicé un cuestionario con los principales factores de
riesgo y proteccion de EP descritos en la literatura tanto a los casos como a los controles. Resultados: La muestra es-
tuvo constituida por 85 casos y 124 controles. En los andlisis de regresion logistica univariados se encontré que los Si-
guientes factores se asociaron significativamente a un mayor riesgo de desarrollar la EP: antecedente familiar de EP
(RM = 5.28, p = 0.001), antecedentes de diabetes (RM = 2.35, p = 0.01), el nimero traumatismos craneoencefdli-
cos (RM = 1.35, p = 0.02), numero de anestesias generales recibidas (RM = 1.27 p = 0.050), la exposicion a solventes
orgdnicos (RM = 2.73, p = 0.02) y los afios de exposicion a solventes organicos (RM = 1.05, p = 0.01): Conclusiones:
Los hallazgos de esta investigacion indican que los habitantes del estado de Yucatdn estan expuestos a los siguientes
factores de riesgo: tener un familiar con EP, antecedentes personales de diabetes, el nimero de traumatismos
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craneoencefalicos, la exposicion a solventes organicos, los afios de exposicion a solventes orgadnicos y numero de anes-

tesias generales recibidas.

Palabras clave: Estudio de casos y controles. Enfermedad de Parkinson. Factores de riesgo y proteccion. Traumatismos

craneoencefdlicos. Anestesia general.

Introduction

It is estimated that there are approximately 6.2 million
people with Parkinson’s disease (PD) in the world, by
the time 2040 there will be 14.2 million people with PD
and due to its rapid increase, some authors have con-
sidered declaring it a non-infectious pandemic'. Two
hundred years have passed after the first description
of PD by James Parkinson and various hypotheses
have been put forward about its cause, but none have
been conclusively proven*.

PD is currently believed to have a multifactorial or-
igin, being the result of a complex interaction between
genetic and environmental factors, some of which
confer risk, while others provide protection®35. Among
the clinical risk factors associated with the develop-
ment of PD, the following have been frequently de-
scribed: family history of PD and essential tremor, a
personal history of diabetes, head trauma, general
anesthesia, and other factors®-¢. Among the environ-
mental risk factors associated with PD, the following
have been described: exposure to organic solvents,
pesticides, herbicides, consumption of well water, and
others®®10, As protective factors, caffeine consump-
tion, smoking, and sports have been found, among
others™ 2,

The Mexican population is aging, which allows us to
suppose that, in the future, PD could be a public health
problem, so it is necessary to have epidemiological
data on this disease to anticipate trends and plan care
needs'. Likewise, each region has its own social, cul-
tural, and environmental characteristics. Yucatan is a
region with a high impact of water contamination due
to it has a karst type soil favoring contaminants entry
into the phreatic level. There is evidence of contamina-
tion of the Yucatan aquifer, the only source of fresh
water in the area, by organochlorine pesticides, as well
as its bioaccumulation in the blood of women with can-
cer and breast milk, due to agricultural activities'*'.

This would be the second on risk and protective fac-
tors associated with PD in Mexico, which could provide
knowledge about the study dynamics of PD in different
regions of Mexico, allowing the identification of people
who would be at risk of Parkinson'®.

Objective

The objective of the study is to identify the risk and
protective factors associated with Parkinson’s disease
in inhabitants of the state of Yucatan.

Material and methods

This is an epidemiological, observational, analytical, ret-
rospective, case-control study. The protocol was reviewed
and approved by the Ethics Committee of the Research
Center “Dr. Hideyo Noguchi” in Mérida. Participants who
met the inclusion criteria and who agreed to participate by
signing an informed consent were included in the study.
The study was conducted from May 2016 to May 2019.

This was a non-probability convenience sample. The
sample consisted of patients diagnosed with Parkinson’s
disease by a neurologist. In the original design, it was
intended to gather a sample of 100 patients and 100 con-
trols, if the number of cases were less than 100, two
controls would be used for each case. However, in the
study period, only 85 cases and 124 controls were inter-
viewed. A questionnaire designed to collect data on clin-
ical and environmental variables considered as possible
risk or protective factors for Parkinson’s disease was ap-
plied to the cases and controls. The inclusion criteria
were: patients diagnosed with PD by a neurologist; pa-
tients who have resided in Yucatan for at least 10 years
prior to the date of their PD diagnosis; patients who signed
an informed consent letter to participate in the study.

The elimination criteria were: patients who did not
respond completely and correctly to the questionnaire
designed for the study; patients who decided to with-
draw voluntarily before completing the questionnaire;
patients whose diagnosis was reversed or modified by
a neurologist.

The control group was made up of participants
matched with the group of cases by sex and age (= 3
years). Their inclusion criteria were: people who do not
have PD, people who have resided in Yucatan for at
least 10 years before the date of the PD diagnosis of
their respective control; people who signed an in-
formed consent letter to participate in the study. The
elimination criteria were: people who did not respond
completely and correctly to the questionnaire designed
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for the study; people who decided to withdraw volun-
tarily before completing the questionnaire.

The clinical and environmental variables that were
analyzed as possible risk factors associated with PD
were: family history of PD, family history of essential
tremor, head trauma, number of head trauma, num-
ber of times of unconsciousness due to head trau-
ma, having been exposed to general anesthesia and
the number of times this occurred, using pesticides,
herbicides, and organic solvents, as well as the
number of years of exposure to these, and well wa-
ter consumption. The variables that were analyzed
as possible protective factors were: smoking, con-
sumption of caffeinated beverages, and physical
activity.

Statistics analysis

The statistical analysis of the risk factors was carried
out using the statistical package Statistical Package for
the Social Sciences (SPSS). Univariate and multivariate
logistic regression analyzes were performed on the vari-
ables under study to determine their contribution as
possible risk and protection factors for PD. To calculate
the strength of the association between each of factors
and PD, the odds ratio (OR) was used, with a 95%
confidence interval. In all cases, a test was considered
significant when it was p <0.05.

In the first phase, to estimate the relative risk of each
of the variables, a univariate logistic regression analy-
sis was performed individually with each one of them.
Finally, with those factors that were significant in the
univariate analysis, multiple logistic regression models
were made in order to create models with those vari-
ables that remained significant and to be able to adjust
for those confounding factors that could affect the risk
estimation.

Results

The sample consisted of 85 cases and 124 controls.
The mean age (+ standard deviation) of the cases was
65.6 + 10.1 years and the age of the controls was
64.3 = 10.5 years. Fifty-one patients had two controls,
22 patients only one control, matched by age and sex,
the remaining 12 patients had no control by age and
sex. In the cases, 58 (68.2%) were men and 27 (31.7%)
were women, which corresponds to a ratio of 2.1 men
for every woman.

Univariate logistic regression

Table 1 shows the results of the univariate logistic
regression analysis of clinical and environmental risk
factors that in previous studies have been associated
with a higher risk of developing PD, and Table 2 shows
the results of univariate logistic analyzes of protective
factors frequently associated with a lower risk of devel-
oping PD. The relative risk estimates revealed that a
higher risk of developing PD was significantly associ-
ated with family history of PD, personal history of dia-
betes, the number of head trauma, the number of gen-
eral anesthesia received, organic solvents exposure
and number of years of organic solvents exposure. Due
to head trauma may be associated with reverse cau-
sality bias, only head trauma occurring 10 or more
years before the diagnosis of PD were considered in
the analyzes. In the case of controls, only trauma that
preceded 10 years to the age of diagnosis of their re-
spective peers with PD were considered. In this study,
none of the factors that are considered protective for
the development of PD had a significant association
(Table 2). Table 3 summarizes the risk factors associ-
ated with Parkinson’s disease resulting from the univar-
iate logistic regression analysis.

Multiple logistic regression

In the conditional multiple logistic regression ana-
lyzes, a model was created (Table 4) that included the
following variables: family history of PD (OR = 5.84)
and number of years of solvents exposure (OR = 1.05).
Variables that were not significant were not included in
the model.

As mentioned in the background, having a history of
smoking or consuming coffee has been shown to be
associated with a lower risk of developing PD. Although
in the present study neither of these two variables were
associated with a reduced risk of developing Parkin-
son’s disease, two multiple logistic regression models
were made with the variables that were associated with
a higher risk of PD but adjusting for the history of smok-
ing and caffeine consumption (Table 5). Making this
adjustment, in both models having a relative with PD
and the number of years of exposure to solvents were
maintained as risk factors.

Discussion

Various epidemiological studies reinforce the hypoth-
esis that PD is a neurodegenerative disorder of
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Table 1. Estimation of the association of clinical and
environmental factors with the risk of PD resulting from
the univariate logistic regression analysis

s on Lo | o |

Clinical risk factors

Family history of PD 528  2.00-13.95 0.001
Family history of essential tremor ~ 0.65  0.24-1.67 0.37
Diabetes 235  1.15-4.81 0.01
Head trauma 143  0.82-2.49 0.20
Number of head trauma 1.35  1.03-1.77 0.02
Unconsciousness due to head 1.87  0.77-4.55 0.16
trauma

Number of times of 153  0.75-3.10 0.23
unconsciousness due to head

trauma

Personal history of receiving 158  0.90-2.75 0.10
general anesthesia

Number of general anesthesia 1.27  1.00-1.61  0.050
received

Environmental risk factors

Solvents exposure 273  1.13-6.58 0.02
Number of years of solvents 1.05  1.00-1.09 0.01
exposure

Pesticides exposure 0.90 0.51-1.80 0.96
Number of years of pesticides 1.01 0.98-1.03 0.31
exposure

Herbicides exposure 1.68  0.78-3.62 0.18
Number of years of herbicides 1.03  0.98-1.07 0.19
exposure

Well water consumption 0.65 0.37-1.14 0.13

PD: Parkinson’s disease OR: odds ratio Cl: confidence interval.

Table 2. Estimation of the association of protective
factors with the risk of PD resulting from the univariate
logistic regression analysis

Protection factors

v o [own ]

Smoking 0.86 0.48-1.54 0.61
Number of years of smoking 098 0.96-1.01 0.27
Caffeine consumption 0.94 0.54-1.63 0.82
Number years of caffeine 1.00 0.98-1.01 0.84
consumption

Physical activity 153 0.84-280 0.16

PD: Parkinson’s disease OR: odds ratio Cl: confidence Interval.

multifactorial origin, which results from a complex inter-
action between the genetic characteristics of individu-
als, the chronic degenerative pathologies they suffer
from, various habits, and multiple environmental fac-
tors, which can increase or reduce the risk of
Parkinson®35.

Risk factors associated with Parkinson’s disease in Yucatan

Table 3. Summary of risk factors associated with PD
resulting from the univariate logistic regression analysis

e Lo T |y

Family history of PD 528 2.00-13.95 0.001
Diabetes 2.35 1.15-4.81 0.01
Number of head trauma 1.35  1.03-1.77 0.02
Number of general anesthesia 1.27 1.00-1.61 0.050
received

Solvents exposure 2.73 1.13-6.58 0.02
Number of years of solvents 1.05  1.00-1.09 0.01
exposure

PD: Parkinson’s disease OR: odds ratio Cl: confidence interval.

Table 4. Multiple logistic regression model of the
association of risk factors with the presence of PD

e Lo o |y

Family history of PD 5.83 2.18-15.54 0.000
Number of years of solvents 1.05 1.01-1.10 0.008
exposure

PD: Parkinson’s disease OR: odds ratio Cl: confidence interval.

Table 5. Multiple logistic regression model of the factors
associated with a higher risk of PD adjusted for tobacco
and coffee consumption

Family history of PD 5.75 2.15-15.36 0.000

Number of years of 1.05 1.01-1.10 0.008

solvents exposure

PD: Parkinson’s disease OR: odds ratio Cl: confidence interval.

Family history of Parkinson’s disease

Having a family history PD was associated with a
5.28 times higher risk of PD, which was approximately
1.6 times higher than the risk reported in other studies
in various parts of the world®'”'8 but six times lower
than the risk of a study conducted in ltaly®. A study in
Cuba reported an odds ratio of 7.22, being 1.3 times
higher than that reported in our study'.

In the multivariate analyzes, having a relative with PD
remained a risk factor for developing PD with an OR of
5.83, which is approximately three and seven times

133



134

Rev Mex Neuroci. 2022;23(4)

lower compared to the multivariate analyzes of studies
carried out in India (OR: 21.40) and ltaly (OR: 41.70)
respectively®°.

In the meta-analysis by Noyce et al., which added 26
case-control studies, reported a significant association
between having a first-degree relative with PD and the
risk of developing the disease, with a pooled odds ratio
of 3.23 (95% Cl 2.65-3.93)%°, which is approximately
half the risk reported in our study.

Solvents exposure

Solvents are substances found in fuels, paints, glues,
lubricants, degreasers, and cleaning products, all of
which have been linked to an increased risk of PD, in
part due to anecdotal reports of parkinsonism in people
highly exposed to solvents?'.

The association between solvents and the develop-
ment of PD has been studied mostly in epidemiological
studies of the case-control type®?. Most of the relative
risk estimates are reported in a range of 1.0 to 1.8, but
in these studies the solvents were treated, as in our
study, as a single entity without distinguishing the
chemicals'®?225, In general, the observed associations
of PD with solvents have been modest and very similar
to those reported in our work, and apparently, there are
only reports of univariate analysis.

The only study to date that has evaluated the asso-
ciation between PD and exposure to different types of
organic solvents present in chemical products is a
case-control study conducted with 99 pairs of twins (49
monozygotic and 50 heterozygotes), where for each
pair one had Parkinson’s disease and the other did not,
finding that the most suggestive solvents as possible
etiological agents were trichlorethylene (TCE), perchlo-
rethylene (PERC) and carbon tetrachloride (CCl4)%'. A
significantly higher risk of PE was associated with tri-
chlorethylene exposure (OR = 6.1, 95% Cl: 1.2-33;
p=0.034), while perchlorethylene exposure (OR=10.5,95%
Cl 0.97-113, p = 0.053;) and carbon tetrachloride (RM =
2.3, 95% CIl 0.9-6.1, p = 0.088) had tendencies to be
significant. However, the risk estimates were based on
a very small number of exposed subjects??. TCE, PERC,
and CCl4 have been used extensively around the world
for decades. TCE has been used as a degreasing,
cleaning agent, additive in many common household
products, including correction fluid for typewriters, ad-
hesives, paints and carpet cleaners, and stain
removers?’.

For future studies, we suggest identifying frequently
used chemicals in our country that contain some of the

possible etiological agents associated with the devel-
opment of PD. We also recommend the use of protec-
tion in people exposed to this class of substances.

Personal history of diabetes mellitus

In the present study, a 2.35 times higher risk of de-
veloping PD was found when the participants had a
history of diabetes, which is higher than the study by
Schernhammer et al. who found a 1.33 higher risk of
PD and is contradictory with the study by Powers et al.,
who reported that diabetes is a protective factor826,

Traumatic brain injuries

In the univariate analysis, we found a 1.3 times higher
risk of developing PD associated with the number of
times they received head trauma (one or more times),
which is consistent with two similar studies with multi-
variate analyzes. In the Goldman’s study, it is reported
that people who have received one head injury had a
2.8 times greater risk of developing PD. While Gao’s
study was found a risk similar to the present study, with
an odds ratio of 1.40 when the subjects had received
a single head trauma and an OR of 2.33 when they had
received two or more head trauma®28, No univariate
analysis reports were found.

Postural instability, stiffness, and bradykinesia are
diagnostic criteria for PD and, naturally, the presence
of these motor symptoms can cause falls in patients,
reporting that up to 90% have fallen at least once®.
Consequently, studies evaluating head trauma as a risk
factor for developing PD will only consider trauma be-
fore the onset of motor symptoms of the disease, since
failure to do so could incur a reverse causality bias by
including in the analysis of head trauma that occurred
as a consequence of the early motor disorders of
PD®2%-31 |n a nested casecontrol study carried out with
24,412 people with a diagnosis of PD and 243,363 con-
trols, an increase in the risk of falls was found up to 10
years before the diagnosis of PD®. which could cause
head trauma. Finally, studies that seek to establish
whether head injuries represent a risk factor for the
development of PD should eliminate head trauma that
occurred 10 years before the diagnosis of the
disease.

General anesthesia

In the univariate analysis, a 1.2 times higher risk of
developing PD was found associated with the number
of general anesthesia received (one or more times),
which agrees with De Michele’s univariate analysis,
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which reported an odds ratio of 1.05, while Zorzon in
their multivariate analysis reported a odds ratio of 2.2533,

General anesthesia has been suggested as a risk
factor associated with Parkinson’s disease in some
case-control studies, but not all>®*. A meta-analysis
with 6 case-control studies found no association of
general anesthesia with Parkinson’s disease®’. In a
retrospective cohort study that included 490,156 anes-
thesiologists and 499,388 internists, anesthesiologists
were found to have a higher risk of dying from Parkin-
son’s disease than internists.” In experimental models,
mechanisms have been described that relate exposure
to anesthetic gases such as halothane, isoflurane, and
nitrous oxide with the development of PD3%.

Study limitations

Due to the coronavirus pandemic (COVID-19) it was
not possible to reach the sample size (n = 100). The
small sample size of the cases (n = 86) reduces the
power of the statistical analyses. To compensate for the
above, in some cases two controls were used for each
one, which is recommended by Gail, using the case
saving rule. Therefore, it is suggested to increase the
sample size for future studies®.

Epidemiological case-control studies have been used
successfully to investigate possible associations between
various variables and the risk of developing certain mul-
tifactorial diseases, such as PD. However, they have bi-
ases inherent in their methodology, such as memory bias
in elderly patients and reverse causality by not consider-
ing that the possible factors associated with PD could be
a consequence and not a cause of the disease. In addi-
tion, another potential source of bias in this type of study
is related to the collection of data in the interviews, where
the interviewers, knowing the hypotheses, can, con-
sciously or not, influence the interviewees to provide
answers consistent with those hypotheses.

It is necessary to reach a consensus regarding the
methodology of epidemiological studies of risk and pro-
tective factors associated with PD, to avoid or reduce
biases. For greater veracity in future studies, it is sug-
gested to increase the sample size. If feasible, the in-
tensity and duration of the factors associated with PD
should be estimated, such as exposure to pesticides
and organic solvents, tobacco, and caffeine consump-
tion. Likewise, to reduce the reverse causality bias, only
factors before the onset of the prodromal phase of PD
should be considered, which is conservatively estimat-
ed to begin about 10 years before diagnosis, so this
value could be used as a point cut-off point™.

Conclusions

The findings of this research indicate that the inhab-
itants of the state of Yucatan are exposed to the follow-
ing risk factors for developing PD: family history of PD,
personal history of diabetes, the number of head trau-
ma, exposure to solvents organics, number of years of
exposure to organic solvents, and the number of gen-
eral anesthesia received. It is necessary to reach a
consensus regarding the methodology of epidemiolog-
ical studies of risk and protective factors associated
with PD, to avoid or reduce biases.

Funding

There authors report no financial source for this
project.

Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of human and animal subjects. The au-
thors declare that the procedures followed were in accor-
dance with the regulations of the relevant clinical research
ethics committee and with those of the Code of Ethics of
the World Medical Association (Declaration of Helsinki).

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The au-
thors have obtained the written informed consent of the
patients or subjects mentioned in the article. The cor-
responding author is in possession of this document.

References

1. Dorsey ER, Sherer T, Okun MS, Bloem BR. The emerging evidence of
the Parkinson pandemic. J Parkinsons Dis. 2018;8:S3-8.

2. Przedborski S. The two-century journey of Parkinson disease research.
Nat Rev Neurosci. 2017;18:251-9.

3. Caggiu E, Arru G, Hosseini S, Niegowska M, Sechi G, Zarbo IR, et al.
Inflammation, infectious triggers, and Parkinson’s disease. Front Neurol.
2019;10:122.

4. Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, Volkmann J,
et al. Parkinson disease. Nat Rev Dis Primers. 2017;3:17013.

5. Zorzon M, Capus L, Pellegrino A, Cazzato G, Zivadinov R. Familial and
environmental risk factor in Parkinson’s disease: a case-control study in
north-east Italy. Acta Neurol Scand. 2002;105:77-82.

6. Nicoletti A, Vasta R, Mostile G, Nicoletti G, Arabia G, lliceto G, et al.
Head trauma and Parkinson’s disease: results from an lItalian case-con-
trol study. Neurol Sci. 2017;38:1835-9.

7. Peretz C, Alexander BH, Nagahama SI, Domino KB, Checkoway H.
Parkinson’s disease mortality among male anesthesiologists and inter-
nists. Mov Disord. 2005;20:1614-7.

135



136

Rev Mex Neuroci. 2022;23(4)

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Schernhammer E, Hansen J, Ruggjerg K, Wermuth L, Ritz B. Diabetes
and the risk of developing Parklinson’s disease in Denmark. Diabetes
Care. 2011;34:1102-8.

. Sanyal J, Chakraborty DP, Sarkar B, Banerjee TK, Mukherjee SC,

Ray BC, et al. Environmental and familial risk factors of Parkinson’s di-
sease: a case control study. Can J Neuro Sci. 2010;37:637-42.

Seidler A, Hellenbrand W, Robra BP, Vieregge P, Nischan P, Joerg J,
et al. Possible environmental, occupational, and other etiologic factors
for Parkinson’s disease: a case-control study in Germany. Neurology.
1996;46:1275-84.

Parra-Medina LE, Alvarez-Cervera FJ, Géngora-Alfaro JL. Potenciales
fuentes de sesgo en los estudios de factores de riesgo y proteccion
asociados a la Enfermedad de Parkinson. Arch Neurocien. 2020;25:6-18.
Paillard T, Rolland Y, de Suoto Barreto P. Protective effects of physical
exercise in Alzheimer's disease and Parkinson’s disease. A narrative
review. J Clin Neurol. 2015;11:212-9.

Rivera-Silva G, Rodriguez-Reyes L, Trevifio-Alanis MG. El envejecimien-
to de la poblacion mexicana. Rev Med Inst Mex Seguro Soc. 2017;56:116.
Perera-Rios J, Ruiz-Suarez E, Bastidas-Bastidas PJ, May-Euan F, Ui-
cab-Pool G, Leyva-Morales JB, et al. Agricultural pesticide residues in
water from a karstic aquifer in Yucatan, Mexico, pose a risk to children’s
health. Int J Environ Health Res. 2021;20:1-15.

Rodriguez AG, Lépez MI, Del Valls-Casillas TA, Ledn JA, Datta-Banik S.
Impact of pesticides in karst groundwater. Review of recent trends in
Yucatan, Mexico. Groundw Sustain Dev. 2018;7:20-9.

Ventura-Chavez R, Reyna-Gil Al, Garcia S. Factores asociados a la
enfermedad de Parkinson en pacientes de la Comarca Lagunera, Méxi-
co. Rev Mex Neuroci. 2019;20:174-9.

Elbaz A, Grigoletto F, Baldereschi M, Breteler MM, Manubens-Bertran JM,
Lopez-Pousa S, et al. Familial aggregation of Parkinson’s disease: a
population-based case-control study in Europe. EUROPARKINSON study
group. Neurology. 1999;52:1876-82.

McCann SJ, LeCouteur DG, Green AC, Brayne C, Johnson AG, Chan D,
et al. The epidemiology of Parkinson’s disease in an Australian popula-
tion. Neuroepidemiology. 1998;17:310-7.

Benitez JL, Mesa FC, Orta A, Sendin LP. Factores de riesgo de la en-
fermedad de Parkinson idiopatica. Estudio de casos y controles en un
area urbana de Ciudad Habana, Cuba. Rev Mex Neuroci. 2001;2:293-7.
Noyce AJ, Bestwick JP, Silveira-Moriyama L, Hawkes CH,
Giovannoni G, Lees AJ, et al. Meta-analysis of early nonmotor features
and risk factors for Parkinson’s disease. Ann Neurol. 2012;72:893-901.
Goldman SM, Quinlan PJ, Ross GW, Marras C, Meng C, Bhudhikanok GS,
et al. Solvent exposures and Parkinson disease risk in twins. Ann Neurol.
2012;71:776-84.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Lock EA, Zhang J, Checkoway H. Solvents and Parkinson disease: a
systematic review of toxicological and epidemiological evidence. Toxicol
Appl Pharmacol. 2013;266:345-55.

DePalma G, Mozzoni P, Mutti A, Calzetti S, Negrotti A. Case-control
study of interactions between genetic and environmental factors in Par-
kinson’s disease. Lancet. 1988;352:1986-7.

Ohlson CG, Hogstedt C. Parkinson’s disease and occupational exposure
to organic solvents, agricultural chemicals and mercury-a case-referent
study. Scand J Work Environ Health. 1981;7:252-6.

Firestone JA, Lundin JI, Powers KM, Smith-Weller T, Franklin GM, Swan-
son PD, et al. Occupational factors and risk of Parkinson’s disease: a
population-based case-control study. Am J Ind Med. 2010;53:217-23.
Powers KM, Smith-Weller T, Franklin GM, Longstreth WT Jr,,
Swanson PD, Checkoway H. Diabetes, smoking, and other medical con-
ditions in relation to Parkinson’s disease risk. Parkinsonism Relat Disord.
2006;12:185-9.

Goldman SM, Tanner CM, Oakes D, Bhudhikanok GS, Gupta A, Langs-
ton JW. Head injury and Parkinson’s disease risk in twins. Ann Neurol.
2006;60:65-72.

Gao J, Liu R, Zhao E, Huang X, Nalls MA, Singleton AB, et al. Head
injury, potential interaction with genes, and risk for Parkinson’s disease.
Parkinsonism Relat Disord. 2015;21:292-6.

Fasano A, Canning CG, Hausdorff JM, Lord S, Rochester L. Falls in
Parkinson’s disease: a complex and evolving picture. Mov Disord.
2017;32:1524-36.

Bhidayasiri R, Brenden N. 10 Commonly asked questions about Parkin-
son disease. Neurologist. 2011;17:57-62.

Chen H. The changing landscape of Parkinson epidemiologic research.
J Parkinsons Dis. 2018;8:1-12.

Nystrém H, Nordstrém A, Nordstrdm P. Risk of injurious fall and hip
fracture up to 26 y before the diagnosis of Parkinson disease: nested
case-control studies in a nationwide cohort. PLoS Med.
2016;13:21001954.

De Michele G, Filla A, Volpe G, de Marco V, Gogliettino A, Ambrosio G,
et al. Environmental and genetic risk factors in Parkinson’s disease: a
case-control study in Southern Italy. Mov Disord. 1996;11:17-23.
Hofman A, Collette HJ, Bartelds Al. Incidence and risk factors of Parkin-
son’s disease in The Netherlands. Neuroepidemiology. 1989;8:296-9.
Mastrangelo G, Comiati V, dell’Aquila M, Zamprogno E. Exposure to
anesthetic gases and Parkinson’s disease: a case report. BMC Neurol.
2013;13:194.

. Gail M, Williams R, Byar DP, Brown C. How many controls? J Chronic

Dis. 1976;29:723-31.



