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The etiology of Parkinson’s disease (PD) is complex and multifactorial, depending on

interactions involving environmental/lifestyle and genetic factors. The genetic aspects
of the disease are becoming well characterized, while the environmental factors still
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need further investigation. In the present narrative review, we have described the most
concrete evidence of associations between environmental factors and the risk of
developing PD. Physical activity, healthy dietary patterns, smoking, and caffeine intake
are protective factors against PD. Head trauma, consumption of milk and dairy
products, and pesticide exposure were associated with a higher risk of developing
PD. The associations of alcohol consumption, living in rural areas, farming, and
consumption of well water with PD are still controversial. Results of several studies

© 2025. The Author(s).

This is an open access article published by Thieme under the terms of the
Creative Commons Attribution 4.0 International License, permitting copying
and reproduction so long as the original work is given appropriate credit
(https:/[creativecommons.org/licenses/by/4.0/).

Thieme Revinter Publicagoes Ltda., Rua Rego Freitas, 175, loja 1,
Republica, Sdo Paulo, SP, CEP 01220-010, Brazil


https://orcid.org/0000-0003-2402-2709
https://orcid.org/0009-0001-6148-8666
https://orcid.org/0000-0003-2950-7211
https://orcid.org/0000-0002-8722-0908
https://orcid.org/0000-0002-3821-1407
https://orcid.org/0000-0002-8723-2757
https://orcid.org/0009-0007-0324-1052
https://orcid.org/0000-0001-9932-3528
https://orcid.org/0000-0003-2661-779X
https://orcid.org/0000-0002-9605-2280
https://orcid.org/0000-0002-1558-6943
https://orcid.org/0000-0003-2430-487X
https://orcid.org/0009-0000-4767-3462
https://orcid.org/0000-0001-9321-5710
https://orcid.org/0000-0002-2545-715X
https://orcid.org/0000-0002-2631-8303
https://orcid.org/0000-0001-9186-9243
https://orcid.org/0000-0003-0504-4072
https://orcid.org/0000-0001-5257-5971
https://orcid.org/0000-0002-3815-9514
https://orcid.org/0000-0001-7812-2735
https://orcid.org/0000-0002-3368-8492
https://orcid.org/0000-0002-6996-9130
https://orcid.org/0000-0003-2113-2187
https://orcid.org/0000-0003-0808-0116
https://orcid.org/0000-0001-9829-6783
https://orcid.org/0000-0003-1198-0633
mailto:tumasv@fmrp.usp.br
https://doi.org/10.1055/s-0045-1805075
https://doi.org/10.1055/s-0045-1805075

2 Modifiable risk factors for Parkinson’s disease

Tumas et al.

strongly suggest that diabetes mellitus is a risk factor for the development of PD, as
well as the pre-diabetic state. Lower serum levels of uric acid were associated with an
increased risk of developing PD and with worse clinical features and faster progression
of symptoms. The protective effects of nonsteroidal antiinflammatory drugs use are
controversial. Several other factors were potentially associated with the risk of
developing PD: environmental pollutants such as organic solvents, exposure to
sunlight, vitamin D deficiency, bullous pemphigoid, bipolar disorder, inflammatory
bowel disease, irritable bowel syndrome, certain infections and agents, and essential
tremor. Environmental factors are important risk markers for the development of PD.
Understanding these risks and protective factors could lead to the implementation of

risk-modifying actions for PD.

INTRODUCTION

The etiology of Parkinson’s disease (PD) is still far from being
fully understood, but it is believed to be multifactorial and
derived from a complex interplay involving environmental/
lifestyle and genetic factors. Over the years, there has been a
debate about the proportional importance of them in the
etiology of the disease. At the beginning of the twentieth
century, the emergence of encephalitis lethargica led some
to consider that all parkinsonisms could have a viral or
environmental origin.1 The eventual familial aggregation of
PD cases has always suggested a genetic origin for the
disease. However, studies on twins in the 1970s and
1980s' showed low concordance between siblings affected
by the disease, casting doubt regarding its heritability. At the
same time, the description of parkinsonism by exposure to 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) shifted
the attention to the environmental hypothesis.1 However, no
MPTP-like environmental substance was defined as the
etiologic agent, and epidemiological studies at that time'
suggested that the prevalence of the disease remained stable
compared with the rates at the beginning of the century,
which would not support this hypothesis.

The discovery in the last decades of the monogenic forms
of PD and subsequent studies have confirmed the involve-
ment of hereditary factors in the etiology of the disease. We
now know that genetic mutations are responsible for only 10
to 15% of PD cases, while the remaining 90% are idiopathic.?
Furthermore, genome-wide association studies have
revealed that, in sporadic forms, common genetic variants
with small effects may explain up to 36% of the heritability
risk, suggesting that most of the risk may come from non-
genetic factors.’?

Over time, several studies have accumulated evidence
that environmental factors influence the risk of developing
PD. Moreover, recent observations> have also changed con-
cepts about epidemiology, suggesting a greater relevance of
environmental factors in PD etiology. Current data from the
WHO’s Global Burden of Disease Study shows that PD is now
the neurological condition with the fastest increase in prev-
alence. In part, this could be due to an aging population.
However, it is suspected that the incidence of the disease
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may also be rising due to increased exposure to the byprod-
ucts of industrialization and environmental pollution, which
could be another important trigger for the “PD pandemic”.?

Therefore, it is essential to identify the environmental/
lifestyle factors associated with the risk of developing PD.
One main reason is that many of them can be modifiable,
enabling prevention and delay of disease onset. In the
present narrative review, we will provide an overview of
the environmental factors associated with the risk of devel-
oping PD. We have performed a non-systematic literature
review, focusing our observations on the analysis of reviews
and systematic reviews to identify the environmental factors
with the most evidence of an association with PD (~Table 1).

PHYSICAL ACTIVITY

Physical activity is considered a protective factor against
various diseases, including PD. A systematic review* of 8
prospective studies observed that a significantly reduced risk
of developing PD was associated with the highest levels of
either total physical activity (relative risk [RR]: 0.79; 95%
confidence interval [95%CI]: 0.68-0.91) or moderate-to-vig-
orous physical activity (RR: 0.71; 95%Cl: 0.58-0.87). This
analysis* showed a dose-response relationship involving the
levels of physical activity and the risk of developing PD,
especially in men: vigorous physical activity provided supe-
rior protection, while light physical activity did not affect the
risk. An analysis® excluding the practice of physical activity
in the years preceding the diagnosis of PD would reduce the
chance of reverse causation. Patients in the prodromal or
early stages of PD were less tolerant of more intense exercise,
leading to a reverse causation as a result of the disease itself.”
Several studies have shown the benefits of physical activity
on motor and non-motor symptoms in PD, and some studies
have suggested that physical activity seems to slow down the
progression of Parkinsonian symptoms.® The main limitation
to these observations stems from the fact that many studies
have methodological limitations and that, in most of
them, the physical activity information is collected via
questionnaires, which are subject to recall bias. The effects
of different types of exercise are little known as well,
although many suggest that aerobic exercise is the most
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Table 1 Relative risk of the leading environmental factors associated with the onset of Parkinson’s disease
| pooled RR (95%Cl) Reference

Habits of daily life
Physical activity Highest versus lowest 0.79 (0.56-0.82) 4

Highest versus moderate-to-high 0.71 (0.58-0.87) 4
Smoking Current versus never 0.47 (0.40-0.56) 10

Past versus never 0.75 (0.69-0.81) 10
Coffee consumption 0.66 (0.57-0.77) 10
Caffeine consumption 0.54 (0.34-0.84) 10
Environmental agents
Exposure to pesticides 1.76 (1.56-2.04) 10
Herbicides 1.33 (1.08-1.65) 10
Insecticides 1.53 (1.12-2.08) 10
Well-water consumption 1.27 (1.08-1.49) 39
Rural living 1.52 (0.85-2.71) 39
Farming 1.28 (0.99-1.66) 39
Head trauma 1.57 (1.35-1.83) 64
Dietary habits
Milk intake | 1.40 (1.13-1.73), | ©
Medical aspects and comorbidities
Diabetes | 131(1.10-1.57) | 1
Biomarkers
High serum urate levels | 0.67 (0.50-0.91) | >8

Abbreviations: 95%Cl, 95% confidence interval; RR, relative risk.

effective. The neuroprotective mechanisms of exercise have
not been fully established, but they may include effects on
neuroplasticity, neuroinflammation, production of neuro-
trophic factors, and metabolic beneficial effects.

SMOKING

The association of smoking with a reduced risk of developing
PD has been demonstrated in several epidemiological stud-
ies. A meta-analysis® of 6 cohort studies calculated a pooled
RR of 0.47 (95% CI: 0.40-0.56) for current versus never
smoking. In five cohort studies evaluating past versus never
smoking, the pooled RR was of 0.75 (95%Cl: 0.69-0.81).% A
systematic review and meta-analysis’ of Mendelian ran-
domization studies also concluded that genetic liability to
smoking was associated with a decreased risk of PD. Other
routes of use of tobacco (chewing or snorting) and exposure
to environmental tobacco are also associated with a lower
risk of developing PD. The number of cigarettes smoked per
year and the length of time smoking have an inverse
relationship with the risk of PD.2 This observation is para-
doxical to the evidence that tobacco is a significant cause of
premature death from various causes and increases the risk
of developing various diseases.” Several hypotheses have
been raised to explain this inverse association. Some sus-
pected that a reverse-causality bias could be the cause of
the association, that is, that in the prodromal phase of PD,

subjects would be less responsive to the effects of nicotine
and would, therefore, tend to quit smoking because of the
disease effects themselves. However, studies® addressing
this issue did not support this hypothesis. Other hypotheti-
cal mechanisms could be a neuroprotective effect of certain
substances in the smoke or of nicotine itself through the
action of smoking against the deposition of a-synuclein on
the nasal and intestinal mucous membranes or the intesti-
nal microbiota, favoring an anti-inflammatory profile. There
is evidence of nicotine’s effect on activating nicotinic ace-
tylcholine receptors that modulate dopamine release in
dopaminergic terminals, which seems to stimulate dopa-
mine release. Several studies'® with animal models of
parkinsonism demonstrate the beneficial effects of nicotine
in improving motor function as well as reducing the pres-
ence of levodopa-induced dyskinesias. Nicotine also
increases cytochrome P450 enzymes, increasing the endog-
enous inactivation of neurotoxins. A recent study11 used a
52-week treatment with transdermal nicotine in patients
with early PD and found no evidence of the drug’s neuro-
protective effect.

COFFEE AND CAFFEINE

Epidemiological studies® have consistently confirmed an
inverse association between caffeine intake and the risk of
developing PD. A meta-analysis of six cohort studies®
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calculated a pooled RR of 0.66 (95%ClI: 0.57-0.77) for drinking
versus not drinking coffee. Because decaffeinated coffee is
not protective against PD, caffeine is believed to be the
essential pharmacological factor contributing to the benefi-
cial effects of coffee on PD.'? Other drinks with caffeine, such
as teas and other caffeinated drinks, were also assessed in
studies'>'* from multiple countries, which have shown that,
in these populations, different types of teas also have a
protective effect, possibly independently of coffee consump-
tion. A meta-analysis® of 4 cohort studies calculated a pooled
RR of 0.54 (95%CI: 0.34-0.84) for the highest versus lowest
caffeine consumption, and suggested that caffeine’s protec-
tive effects would be weaker in women. Caffeine intake is
associated with a decreased risk of PD not only when
comparing consumers to non-consumers, but also for those
with higher consumption, indicating a significant dose-effect
relationship.® The time of consumption also appears to alter
the effects of coffee, as demonstrated in a clinical study that
found the number of years patients drank coffee was inverse-
ly correlated with a significant increase in age at PD onset.'®
Polymorphisms in the ADORA2A gene, which encodes the
adenosine receptor, and in the CYP1A2 gene, which encodes
cytochrome P450, can modify the neuroprotective effect of
caffeine.'’

The neuroprotective effect of caffeine has been postulated
to be mediated by adenosine A2A receptor blockade in
dopaminergic neurons, increasing dopaminergic transmis-
sion and protecting against glutamatergic excitotoxicity and
oxidative stress.'® However, it is impossible to guarantee that
the effects of coffee and tea are solely due to their caffeine
content, considering that they contain other substances,
some of which have known antioxidant effects. Other possi-
ble explanations include reverse causality (prodromal PD
reduces the tolerability or desire for caffeine) or residual
confounding by another factor, such as the Parkinsonian
personality or changes in reward mechanisms. Caffeine
appears to have not only a protective effect against the onset
of the disease, but also a symptomatic effect in PD. However,
a multicenter parallel-group controlled trial'® with PD
patients showed that caffeine did not provide clinically-
relevant improvement in motor manifestations of PD; there-
fore, the epidemiological association between caffeine and
lower PD risk does not appear to be explained by its symp-
tomatic effects.

DIETARY INTAKE

Dietary and nutritional factors have been associated with
various chronic diseases, as well as with PD. However, this
association can be very complex, and it involves many
factors. Longitudinal?®=23 studies have associated a healthy
dietary pattern, such as the Mediterranean diet, which is
characterized by a high consumption of fruits and vegetables,
polyunsaturated fatty acids, plant-based proteins, and low
intake of red meat and saturated fats, to a lower risk of
developing PD. Healthy diets can have neuroprotective
effects and prevent the development of chronic diseases,
reducing oxidative stress and inflammation. A review?* of
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systematic reviews found that higher consumption of carbo-
hydrates (pooled RR: 1.24; 95%CI: 1.05-1.48) was associated
with increased risk of PD. However, it is essential to highlight
that the studies revealed a change in the eating behavior of
patients with PD, with an excessive predilection for sugary
foods, which could increase the concentrations of brain
dopamine and help improve motor and non-motor symp-
toms.?* On the other hand, long-term consumption of excess
calories and a high glycemic load may accelerate the process
of neurodegeneration, affecting insulin metabolism.?* In
practice, a healthy diet should be recommended as a form
of prevention for PD. However, analyzing diet in detail is
challenging and likely hinders the interpretation of potential
associations with PD risk.

HEAD TRAUMA

Trauma to the head has often been considered one of the
possible causes of PD. This possible association has always
been exemplified by cases of dementia pugilistica, which is a
clinicopathological entity that develops in boxers who suffer
repetitive cranial injuries. However, in these cases, the
neuropathological findings are characterized by the marked
presence of neurofibrillary clusters and amyloid plaques.
Although earlier studies suggested that head trauma predis-
posed to dementia, later studies confirmed the association of
trauma with an increased risk of PD. A meta—analysis25 that
included 19 case-control studies, 2 nested case-control
studies, and 1 cohort study showed a pooled odds ratio
(OR) of 1.57 (95% CI: 1.35-1.83) for the association of PD
and head trauma. Reverse causation could explain these
findings, but one study?® evaluated the occurrence of head
trauma during life, excluding those occurring in the ten years
prior to the onset of PD, and confirmed the association
between head trauma and the risk of PD. There are studies
suggesting that practicing contact sports that cause repeti-
tive mild head trauma could increase the risk of the disease,
but the evidence is still disputed. The mechanisms involved
are still unclear.

MILK CONSUMPTION

The consumption of milk and dairy products has been
repeatedly associated with a higher risk of developing PD.
A recent meta-analysis?’ of 6 prospective studies calculated
a pooled RR of 1.40 for milk intake (95%Cl: 1.13-1.73), but
without an apparent dose-response effect. This association
has been observed in many extensive long-term longitudinal
studies and in studies that considered genetic characteristics
that predicted higher consumption of milk and dairy prod-
ucts.?82% On the other hand, consuming fermented milk and
cheese does not seem to be associated with an increased risk
of the disease.?’ It is important to note that milk consump-
tion was not associated with the risk of developing cognitive
impairment in PD.?” Several potential mechanisms are pro-
posed to explain this association, such as the presence of
toxic substances or environmental contaminants in milk, the
proinflammatory effect of milk components through their
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action on the intestinal microbiota, or the reduction in
endogenous vitamin D and urate production induced by
milk consumption. Experimental observations® have sug-
gested that exosomes containing cow’s milk lipids could
accelerate alpha-synuclein aggregation in the central ner-
vous system. Alternatively, reverse causation could be at play
if the prodromal phase of PD induces a specific dietary
preference for milk. It is interesting to note that other
studies?” have observed that milk intake reduces the risk
of developing various other chronic diseases, such as hyper-
tension, dementia, and diabetes.

PESTICIDE EXPOSURE

Pesticides are used to control harming organisms, such as
insects, molds, and weeds. Pesticides can be divided into
insecticides, herbicides, and fungicides, as well as inorganic
pesticides, organochlorines, organophosphates, carbamates,
and pyrethroids (according to the chemical class). Pesticides
can also be classified based on their use: occupational
(agriculture) and household (in and around homes and
gardens). In the last years, there has been a global increase
in the use and commercialization of pesticides. The United
States and Brazil are the countries with the most extensive
use of pesticides in the world.?" However, small countries
(such as Israel, Japan, the Netherlands, the Republic of Korea)
are among the top countries for pesticide use per area for
cropland.' Evidence shows the association of pesticide
chemical exposure with increased risk of PD: a meta-analy-
sis® 0f 51 case-control and cohort studies calculated a pooled
RR of 1.76 (95%Cl: 1.56-2.04) for exposure versus no expo-
sure to pesticides, and most studies were related to occupa-
tional exposure. The same review estimated a pooled RR of
1.33 (95%CI: 1.08-1.65) for herbicides and of 1.53 (95%ClI:
1.12-2.08) for insecticide exposure. The association with the
use of fungicides needs to be clarified.

Pesticides may be linked to the development of PD
through the direct effect of chemical substances on the
nervous system and gut microbiome. Different classes of
pesticides present direct mechanisms of action that cause
neurodegeneration, including oxidative stress, mitochondri-
al dysfunction, dopamine neurotoxicity, ubiquitin-protea-
some system disruption, alpha-synuclein aggregation,
neuroinflammation, and gut dysbiosis.32 Regarding occupa-
tional pesticide exposure, herbicides are more used than
insecticides and fungicides. Most studies>-** on impact of
pesticides on PD have recruited participants from rural
communities, usually farmworkers. In Brazil, two of the
most commercialized pesticides, glyphosate and atrazine,
have been associated with PD.3>-3® More data about house-
hold exposure to pesticides, which are commercialized in
many forms, needs to be available. They are commonly used
in high-income countries as well as in low- and middle-
income countries. Still, the informal market and the incorrect
use of these products in developing regions make the expo-
sure a more significant threat.3” Some studies>®° on house-
hold pesticide use have also shown that high exposure
increases the risk of developing PD in the USA and Brazil.

Tumas et al.

The population-attributable fraction of high household pes-
ticide exposure, a measure of preventable new cases if a risk
factor was eliminated, indicated that eliminating excessive
use would reduce 10 to 20% of new PD cases.*0 Together,
these results suggest that the excessive use of pesticides in
occupational or household settings may increase the risk of
developing PD. Considering the utility of these products for
global food production and pest control in a climate-chang-
ing world, we still need to define the limits of rational and
safe pesticide management. However, further studies are
still required to substantiate a definite cause-effect
relationship.

ALCOHOL CONSUMPTION

Alcohol consumption has been suggested to be associated
with the risk of developing PD, but these observations are
highly controversial.>*"*? A meta-analysis*' has demon-
strated an inverse association between alcohol consumption
and the risk of PD in retrospective case-control studies, but
not in prospective longitudinal cohort studies. Prospective
studies describe a low level of evidence for a probable
decreased or increased risk of PD, and extensive and recent
studies*>** have also shown controversial results: in some
studies, PD patients presented lower alcohol consumption
when compared with the controls. An explanation could be
the premorbid personality of these individuals, who would
be less likely to drink alcohol. The low level of dopamine in PD
could also suppress alcohol addiction. In general, the stud-
ies*>% have a great degree of heterogeneity, which could be
due to potential confounding variables, such as genetic
factors. In this sense, two Mendelian randomization stud-
ies*4® that included genetic variants as instruments to infer
causality between exposure variables and outcomes inde-
pendently of confounding factors have suggested that the
genetic predisposition to higher alcohol consumption is
associated with a lower risk of PD. The relationship between
alcohol consumption and PD remains undefined and poorly
understood.

RURAL LIVING, FARMING, AND
CONSUMPTION OF WELL WATER

Canadian studies®” first reported the risk of PD associated
with living in rural areas and well-water consumption. A
meta-analysis*® considering only higher-quality studies
pointed a significant association of PD risk with rural living
(4 studies), with a pooled RR 0of 1.52 (95%CI: 0.85-2.71), well-
water consumption (5 studies), with a pooled RR of 1.27 (95%
CI: 1.08-1.49) and farming (8 studies), with a pooled RR of
1.28 (95%Cl: 0.99-1.66). However, there is still debate over
the fact that the results of the studies are contradictory, with
some showing no association between living in rural areas
and the risk of developing PD, and some studies even show-
ing the opposite.“g'50 Arecent systematic scoping review” Tof
Australian epidemiological studies observed that, due to the
small number of studies and the wide variation of prevalence
rates, it was impossible to draw firm conclusions about the
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prevalence of PD in rural areas. On the other hand, more
detailed analyses®?>3 have suggested that the frequency of
PD was related to the fact that rural areas are more exposed
to pesticide use by farmers and non-farmers. Otherwise, the
same discussion persists for the consumption of well water.
In conclusion, the association of living in rural areas, farming,
and well-water consumption with PD is controversial, but
only to a certain extent. These three factors are interrelated
and refer to another association with environmental expo-
sure to pesticides.

DIABETES AND ANTIDIABETIC DRUGS

The relationship between diabetes mellitus (DM) and PD
remains under debate. However, several studies strongly
suggest that diabetes and prediabetes are risk factors for
the development of PD. The association between type-1 DM
and the risk of PD is controversial. A recent systematic review
and meta-analysis® found that, in cohort studies, the pooled
RR for the association between DM and PD was of 1.31 (95%
Cl: 1.10-1.57). Another recent similar study>* concluded that
prediabetes was associated with a slight increase in the RR
(1.09) of developing PD (95%CI: 1.02-1.16). Studies>> that
conducted an analysis based on Mendelian randomization
also observed this association. In addition, the presence of
DM seems to be associated with a more severe progression of
motor and non-motor symptoms.”® Defective insulin signal-
ing in the brain can cause changes in brain homeostasis,
resulting in mitochondrial dysfunction, excessive free radical
formation, amyloid aggregation, microglial activation, and
cytokine production. These cellular alterations are similar to
those observed in the neurodegenerative process of PD, and
they could explain the aggravating effect that diabetes could
have on this process.

On the other hand, antidiabetic drugs could have a bene-
ficial and neuroprotective effect, since certain antidiabetic
drugs have shown a potential neuroprotective effect in PD,
especially the glucagon-like peptide-1 (GLP-1) receptor ago-
nists and dipeptidyl peptidase-4 inhibitors (DPP-4is).>’ Pre-
liminary studies®®>° on exenatide and lixisenatide, both
GLP-1 receptor agonists, showed potential but modest ben-
efits in motor symptoms throughout 12 months in PD
patients. Other ongoing clinical trials are evaluating the
neuroprotective effect of antidiabetic drugs in PD. Long-
term follow-up studies are necessary for a better under-
standing of the effect of antidiabetic drugs and DM PD.

URIC ACID

Numerous studies®®-®" have linked lower serum levels of uric
acid (UA) with an increased risk of developing PD, as well as
with the presence of worse motor and non-motor features
and faster progression of symptoms, including cognitive
decline. A meta-analysis®> summarizing the incidence of
new PD cases in 6 studies (four cohorts) suggested a pooled
RR of 0.67 (95%Cl: 0.50-0.91) for higher serum UA and a
potential dose-response relationship. A recent study®? has
shown that a cohort of prodromal PD subjects presented
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higher serum levels of UA than de novo PD patients, suggest-
ing that a decrease in the levels of the UA would occur with
the transition from the prodromal to the symptomatic motor
phase of PD. Whether the higher serum uric acid levels
observed in prodromal PD protect conversion to full-blown
clinical PD will require further studies.®® All of these findings
suggest that long-term exposure to high serum urate could
be linked to a delay in PD progression.®? However, a recent
systematic review® found no association between gout
diagnosis and the risk of developing PD. Uric acid, the final
enzymatic product of purine metabolism, is considered an
important natural antioxidant. Low UA levels could predis-
pose to oxidative stress.

In contrast, high levels could reduce oxidative stress, since
UA acts as a free radical scavenger and iron chelator, conse-
quently reducing the risk of PD.®” In vitro studies®® have also
shown that UA could activate autophagy and ameliorate
alpha-synuclein accumulation. A recent neuroprotection
trial on early PD,®” using oral inosine treatment dosed to
increase serum UA levels, failed to show any benefit. How-
ever, future trials may explore the role of UA levels in
reducing the risk of developing PD.

NONSTEROIDAL ANTIINFLAMMATORY DRUGS

Neuroinflammation and oxidative stress are significant con-
tributors to the pathogenesis of PD. Nonsteroidal antiinflam-
matory drugs (NSAIDs) could offer neuroprotection through
their antiinflammatory and antioxidant properties. These
drugs can prevent neuronal death by reducing the toxicity of
glutamate, reactive oxygen species, and MPTP toxicity, inhib-
iting cyclo-oxygenase enzyme, and decreasing lipid peroxida-
tion, mitigating neuroinflammation and oxidative damage.
The association between NSAIDs and the risk of developing
PD is controversial. Some studies have suggested potential
neuroprotective effects of specific NSAIDs, while others have
found no significant association. A prospective cohort®® of
almost 150 thousand participants and 415 incident PD cases
revealed that participants reporting regular use of NSAIDs
presented a lower risk of PD. However, a prospective study®’
with 6,512 participants showed no protective effect of NSAIDs
against PD. Recent meta-analyses’%’" found no significant
association between the use of NSAIDs and the risk of PD.
However, a recent Mendelian randomization study’? sup-
ported a causal relationship between the use of salicylates
and reduced risk of PD. These findings underscore the need for
further research to clarify the role of the use of NSAIDs in the
risk of developing PD and especially identify specific sub-
groups that might benefit from their anti-inflammatory prop-
erties. This may be due to variations in the pharmacodynamics
and pharmacokinetics of individual NSAIDs, as well as genetic
and environmental factors that could have contributed to the
mixed results observed.

OTHER FACTORS

Bullous pemphigoid (BP) is a chronic autoimmune vesiculo-
bullous disease that frequently occurs in the elderly
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population, and a meta-analysis’> including 8 studies
showed that BP was associated with an increased risk of
PD, with a pooled RR of 3.42 (95%CI: 3.01-3.87). The associ-
ation involving BP, PD, and other neurologic disorders have
an unknown mechanism. Bipolar disorder (BD) is a chronic
disorder of mood that affects around 2% of the world
population and is associated with the risk of developing
PD. A meta-analysis’* of 6 studies (2 of them prospective)
reported that BD significantly increased risk of developing
PD, with an OR 0f 3.35 (95%Cl: 1.89-5.45). Studies’” that have
analyzed the prodromal phase of PD patients have also
observed BD as a common problem preceding the clinical
diagnosis of the disease. There are several possible explana-
tions for this association: a shared genetic susceptibility or a
neurotoxic effect of the medications used in BD. Data®
suggest that less exposure to sunlight and vitamin D defi-
ciency increase the risk of developing PD. Inflammatory
bowel disease and irritable bowel syndrome have been
associated with increased OR risk of PD, with a hazard ratio
(HR) 0f 1.23 (95%CI:1.10-1.38) and an OR of 1.5 (95%CI: 1.29-
1.75) respectively.”®’” The mechanism of this association
may be related to disturbances in the functioning of the gut-
brain axis and the potentiation of inflammatory mechanisms
by the gut microbiome. Exposure to certain infections and
agents has been associated with a higher risk of PD, such as
Helicobacter pylori, the hepatitis C virus, the Malassezia
genus of fungi, and pneumonia infection.® The recent coro-
navirus disease 2019 (COVID-19) pandemic has alerted us to
the possibility of the infection increasing the incidence of PD
in the future, but this effect has not yet been proven. Some
consider essential tremor a risk factor for PD, but there is no
consensus, and studies have reported controversial results.®
Inspired by the Braak’s theory, which suggested that alpha-
synuclein could be deposited in the digestive tract and reach
the central nervous system via retrograde transport through
the vagus nerve, two studies have suggested that prior
truncal vagotomy or appendectomy could be associated
with a lower risk of developing PD.’8

Parkinsonism has been observed in humans following
exposure to solvents such as lacquer thinners, n-hexane,
carbon tetrachloride, mixed solvents, and trichloroethylene
(TCE).”® Epidemiological studies®® also suggest a potential
association between occupational exposure to solvents and
PD. A halogenated solvent used as a degreasing agent since
the early twentieth century, TCE is released into the air
from vapor release from industrial sites, or into the soil or
groundwater from on-site land disposal. Trichloroethylene
has been ubiquitously used worldwide, and it is now
considered a significant global pollutant due to its continu-
ous atmospheric release and persistence in subsurface
environments. Extensive research suggests that TCE is a
causative factor of several diseases, including cancer, fetal
cardiac development, and neurotoxicity, and has also been
implicated as a possible risk factor for the development of
PD. A recently published study®' showed that the risk of PD
is higher in persons exposed four decades ago to TCE and
other volatile organic compounds in water. Exposure to
solvents and environmental pollution are suspected of
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increasing the risk of PD, but studies are not yet pervasive
and conclusive.

The use of many drugs has been associated with the
development of PD, but most of these associations are still
uncertain.’ The chronic use of calcium channel blockers,
statins, and alpha-1-adrenergic receptor antagonists appears
to reduce the risk of developing PD. In contrast, the use of
beta-blockers and hormone replacement therapy would
have the opposite effect.

DISCUSSION

Environmental/lifestyle factors are currently considered
very important in the etiology of PD. They probably explain
60% or more of the PD risk based on current data, alone or
interacting with genetic factors (~Figure 1). Therefore, the
Movement Disorder Society (MDS) research criteria for
prodromal PD include pesticide exposure, nonuse of caffeine,
nonsmoking, physical inactivity, type-II DM, and low plasma
urate levels as essential risk markers for the development of
PD.%? To include these factors in the criteria, the existence of
evidence based on high-quality longitudinal studies was
taken into account. Despite this, many researchers still
question the validity of these associations. Epidemiological
studies are susceptible to various biases, mainly when based
onrecalling information through questionnaires. In addition,
studies vary significantly in terms of how data are collected.
It would be essential to have standardization so that new
studies could be performed using uniform and valid

Environmental factors:
Pesticide exposure
Comsumption of well water
Rural living

Polution and exposure to toxins

L 2

Genetic risk factors w Parkinson’s disease ‘

 §

Lifestyle / endogenous factors:

Head trauma

Physical activity

Milk consumption

Smoking

Coffee and caffeine consumption
Alcohol consumption

Dietary intake

Diabetes and use of antidiabetic drugs

Uric acid levels

Use of nonsteroidal anti-inflammatory drugs

Figure1 The main factors associated with the etiology of Parkinson’s
disease.
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instruments. The studies also need to consider the possibil-
ity that reverse causation is the reason for the association.
Considering the long duration of the prodromal phase of PD,
strategies need to be established to refute this hypothesis
definitively for each of the factors related to the change in
the risk of developing the disease. In addition, studies need to
take into account the various environmental factors simulta-
neously to consider them as individual exposure factors in
statistical analysis methods. We have focused the present
review on the analysis of systematic reviews. Most partici-
pants in the studies were European, American, or Asian, and
more studies on other populations are needed, such as Latin
Americans. In a review® of systematic reviews, none of the
studies were classified as having high or moderately-high
quality, and most presented methodological flaws in their
design or data analysis. That is why new, well-designed studies
and meta-analysis are needed. One aspect that is still little
explored in these studies is the perspective that genetic and
environmental interactions can potentiate or minimize the
effects of these factors on the subject, which is why studies of
this type are highly desirable.

For the moment, discovering these risk factors could lead
to implementing some risk-modifying actions for PD, espe-
cially for those subjects with a high genetic risk. It would be
interesting to recommend to the population, as a way of
trying to prevent the disease, the regular practice of moder-
ate-to-intense physical activity, the consumption of caffein-
ated drinks and healthy water, taking caution with
environmental exposure to pesticides, stimulating the adop-
tion of the Mediterranean diet, reducing high-carbohydrate
diets, and strict control of diabetes.
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