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Abstract. Parkinson’s disease is the world’s fastest growing brain disorder, and exposure to environmental toxicants is the
principal reason. In this paper, we consider alternative, but unsatisfactory, explanations for its rise, including improved diag-
nostic skills, aging populations, and genetic causes. We then detail three environmental toxicants that are likely among the
main causes of Parkinson’s disease—certain pesticides, the solvent trichloroethylene, and air pollution. All three environmen-
tal toxicants are ubiquitous, many affect mitochondrial functioning, and all can access humans via various routes, including
inhalation and ingestion. We reach the hopeful conclusion that most of Parkinson’s disease is thus preventable and that we
can help to create a world where Parkinson’s disease is increasingly rare.
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THE RISE OF PARKINSON’S
DISEASE—AND POSSIBLE
EXPLANATIONS

In 1817, Dr. James Parkinson described six indi-
viduals with what he considered a novel condition [1].
Two centuries later, over six million people were esti-
mated to have Parkinson’s disease (PD). Moreover,
the Global Burden of Disease study found that PD
was the world’s fastest growing neurological disorder
in terms of prevalence [2], a finding that has largely
held in more recent studies [3]. Why is this rise taking
place? In this paper, we argue it is principally due to
environmental factors.

*Correspondence to: Ray Dorsey, MD, 265 Crittenden Blvd,
CU 420694, Rochester, NY 14642, USA. Tel.: +1 585 275 0663;
E-mail: ray.dorsey @chet.rochester.edu.

Improved diagnosis?

A common response to the rise is that awareness
of PD has increased and that our ability to diagnose it
has improved over time. While these assertions may
be true, they would only explain the relative rise of
PD if they were more true of PD than other neurolog-
ical disorders, such as multiple sclerosis and stroke.
However, the opposite is likely the case. Advances
in neuroimaging have greatly enhanced our ability
to diagnose individuals with these two latter condi-
tions, often at an earlier stage of disease [3, 4]. Yet,
neither has grown nearly as rapidly as PD [3]. More-
over, PD is often missed and thus, the true burden
is underestimated. Door-to-door studies suggest that
anywhere from 12% (Rotterdam, The Netherlands) to
48% (Beijing) to 100% (rural Bolivia) of individuals
with the disease are undiagnosed [4].
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of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).
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Fig. 1. A) Incidence of Parkinson’s disease by age and sex in the United Kingdom, 2017 [16]. B) Incidence of lung cancer by age and sex

in the United Kingdom, 2016-2018 [17].

Aging?

A second explanation commonly offered is that the
rise of PD is due to aging. Indeed, the incidence of PD
(Fig. 1A) begins to rise in individuals roughly in their
50s and then doubles or triples every decade there-
after until at least the ninth decade of life. However,
the rates of PD have risen in both absolute terms and,
when adjusted for age [5]. By contrast, the global bur-
den of Alzheimer’s disease has more than doubled in
absolute terms from 1990 to 2016 but, adjusted for
age, has changed little [3]. So aging alone cannot
explain the rise in PD.

More importantly, there is hardly any evidence that
aging per se is a cause of PD. Aging, though, comes
with a time-related decline in physiological functions
[6], and these changes could contribute to PD. For
example, aging is associated with reduced protein
clearance [7] and lysosomal impairment [8], tasks
that may be relevant to PD and other neurodegenera-
tive conditions.

Longevity, the length of life, is critical to PD
[9]. PD, like heart disease and many cancers, is an
age-related disorder. A comparison to lung cancer is
illuminating. The increased incidence of PD with age
is almost identical to that of lung cancer (Fig. 1B)
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[10]. Few would argue that lung cancer is due to
aging. Indeed, prior to the advent of cigarettes in
the early 20" century, lung cancer was so rare that
when confronted with a case, doctors considered it
“a once-in-a-lifetime oddity” [10]. However, twenty-
five years after the introduction of cigarettes, the rates
of lung cancer began to rise, in an age-related manner
[10]. Longevity allows for both sufficient exposure to
toxicants (e.g., enough pack-years to cause a malig-
nancy) and time to pass for the disease to become
manifest. Indeed, a long life may be a prerequisite to
adiagnosis of lung cancer and PD as the pathological
processes underlying both disorders take years, if not
decades, to unfold [11].

PD and lung cancer share another similarity
(Fig. 1). In most studies, both are more common in
men [12]. Sociology, rather than biology, may be the
reason. Historically, men have smoked more often
than women; however, as the gender differences in
smoking have diminished [13], the incidence of lung
cancer in women has risen. In the case of PD, men
in many countries are more likely to be engaged in
work that exposes them to environmental toxicants,
such as pesticides. However, in a few countries, such
as Japan, PD is more common in women [14], and
there, the majority of farmers historically have been
women [15].

Genetics?

The third explanation is that genetic mutations are
the principal cause of PD. Genetic factors do con-
tribute to the etiology of PD, as Professors Shen-Yang
Lim and Christine Klein detail well in a companion
paper in this journal [18]. However, purely genetic
causes of PD are rare (Table 1) [19], and its heri-
tability (estimated at 0.34 from twin studies) is low
[20]. We have known since Sir William Gowers’s case
series of PD in 1903 that only about 15% of individ-
uals with the condition have a family history of the
disease [21]. A century later, Tanner and colleagues
examined PD in twins and found similar rates in
monozygotic and dizygotic twins leading to the con-
clusion that “genetic factors do not play a major role
in causing typical PD” [22]. Compared to other con-
ditions where heritability was also studied in twins,
PD is near the bottom in terms of genetic contribution
[20].

Purely genetic causes of PD account for about
2% of individuals with the disease. Even “common”
genetic causes, such as LRRK? mutations, are present
in only 2-3% of individuals and have incomplete pen-

etrance (25 to 43%) [23]. Other factors, including
environmental ones, must be necessary for the dis-
ease to develop [24]. Indeed, rather than causing the
disease, the principal role of genetics is likely to help
determine (along with other environmental factors
[25]) who among the exposed is likely to develop the
disease. The latter contention is supported by exper-
imental work showing that almost all the principal
genetic causes and risk factors tied to PD have known
interactions with environmental toxicants (Table 1).
In other words, the underlying genetic predisposi-
tion likely enhances the risk of nigrostriatal damage
following exposure to toxic chemicals.

In addition, variability in the genes encoding for
proteins that metabolize some notable toxicants,
especially pesticides [26], may be critical in explain-
ing who develops PD and who does not. Indeed,
this gene-environment interaction might well explain
why some of the older mutations only became rele-
vant when humans began producing certain toxicants.
For example, genetic variants in GBA (penetrance
10-20% [27]), encoding the lysosomal enzyme glu-
cocerebrosidase, are common risk factors for PD
today. However, the founder effects for these genetic
variants are likely thousands of years old [28] with
little contribution to PD prior to the 191 century.

Finally, genetic differences also cannot readily
explain the near perfect correlation between use
of pesticides and PD prevalence [29], the strong
association between agricultural activities and its
incidence [30], the 10-fold variation in prevalence
within countries [31], or the five-fold difference in
age-adjusted prevalence between countries [5]. Nor
do they account for the finding that the rates of PD
are generally highest in industrialized nations like
Canada and the U.S., lowest in less industrialized
regions, and rising most rapidly in industrializing
nations like India and China [5]. In short, while addi-
tional (poly- or epi-) genetic causes of the disease
remain to be identified, a century of studies suggest
that the overall heritability of PD is low [20].

THE PRINCIPAL CAUSES OF
PARKINSON’S DISEASE

The main causes of PD are environmental tox-
icants. Chief among these are certain pesticides,
industrial solvents like trichloroethylene (TCE), and
air pollution. These are not the only toxicants tied
to PD [32], and more may be found. However, these
are all linked to PD by both epidemiological and pre-
clinical studies, many damage mitochondria (which
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Table 1

Genetic causes of Parkinson’s disease, and their interactions with environmental toxicants [19]

GENES LINKED TO
PARKINSON’S

FREQUENCY IN
PARKINSON’S

ENVIRONMENTAL
INTERACTIONS

SNCA
AUTOSOMAL
DOMINANT LRRK?2
VPS35
Parkin
PINK1
AUTOSOMAL
RECESSIVE DJ-1

ATP13A2, PLA2G6,
PARKY, FBX07

GENETIC RISK GBA
FACTOR

<<1% Paraquat, rotenone
~2-3% Paraquat
<1% Rotenone
~1% Paraquat, rotenone
<1% Manganese
<<1% Rotenone
<<1% Manganese
5-14% MPTP

are known to be impaired in PD [33]), and they all
expose humans through multiple routes (including
inhalation and ingestion) and various means (occu-
pational and environmental).

Pesticides

Pesticides are the environmental toxicants with
the clearest relationship to PD. Numerous epidemi-
ological and animal studies argue for a causal
relationship between certain pesticides and PD. An
important clue came in the 1980s when seven young
adults developed end-stage parkinsonism sub-acutely
after intravenous injection of the designer drug 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
[34]. Damage to the nigrostriatal dopaminergic
neurons occurs after MPTP is converted to its metabo-
lite 1-methyl-4-phenylpyridinium (MPP+), which
kills dopaminergic neurons through inhibition of
mitochondrial complex 1. MPP+ shows a striking
structural resemblance to paraquat, one of the world’s
most widely used weedkillers which also impairs
mitochondrial function [35].

Later epidemiological work further suggested a
link between PD and prior exposure to pesticides. For
example, Barbeau and colleagues found that the cor-
relation between the prevalence of PD and the use of
pesticides in nine areas of Quebec, Canada, was 0.967
[29]. Since then, similar studies have been reported
in the U.S. [36], Israel [37], and France [30].In 2011,
Tanner and colleagues found an association between

PD and use of the pesticides rotenone (odds ratio 2.5)
and paraquat (odds ratio 2.5), both of which cause
mitochondrial dysfunction [38].

Importantly, the risk of PD is not confined to those
working professionally with pesticides. Those living
near their application are also at risk. For example,
in France the increased risk of developing PD is not
limited to farmers [39, 40] but extends to those living
near farmland or vineyards [30]. Pesticide exposure
may also lead to faster disease progression after the
diagnosis has been established [41, 42].

Numerous laboratory studies support these epi-
demiological findings. For example, rotenone inhibits
complex I of the respiratory chain and causes nigros-
triatal dopaminergic degeneration in rats, along with
visible signs of bradykinesia and rigidity [43]. Similar
findings have been demonstrated with paraquat [44].
Today, several animal models of PD are based on
exposure to pesticides and other neurotoxicants [45].

Several pesticides that have been linked to PD
(e.g., paraquat, rotenone, heptachlor) are now banned
in many countries, but major concerns remain. Some
of these toxic pesticides continue to be used in many
parts of the world including, as Professor Shen-Yang
Lim and colleagues have reported, in the Western
Pacific [46]. Paraquat is still marketed in Argentina,
Australia, Japan, India and the U.S. [47], where
its use has more than doubled from 2013 to 2018
[48]. A visual inspection of the use of paraquat in
the U.S. from 1992 [48] and the incidence of PD is
concerning (Fig. 2A, B).
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Fig. 2. A) Incidence of Parkinson’s disease in the U.S., 2012 [49]. B) Estimated annual use of paraquat in the U.S., 1992 [50]. Map of release
of trichloroethylene (orange) and perchloroethylene (in blue) in the U.S, 1987. Map courtesy of Meghan Pawlik, University Rochester, based
on data from the Toxic Release Inventory from the U.S. Environmental Protection Agency. D) Map of particulate matter smaller than 2.5

microns in the U.S., 2006 [51].

In addition, serious deficiencies in current reg-
ulatory policies prevent adequate assessment of
currently used pesticides when it comes the risk of PD
and other neurodegenerative disorders. Our concerns
are detailed elsewhere [52], but here we highlight
three major drawbacks. First, current screens for
neurotoxicity depend on the manifestation of parkin-
sonism in exposed animals but frequently ignore
relevant nigrostriatal neuronal loss which often pre-
cedes clinically discernible signs. This limitation had
been long acknowledged by Parkinson’s experts and
is now recognized by the European Food Safety
Authority [53].

Second, many safety studies have been performed
by the industry itself, which may not have been fully
transparent about the health risks of their products.
A recent investigative report by the British news-
paper The Guardian [44] reviewed legal documents
that paraquat’s manufacturer submitted in response
to lawsuits from individuals with PD. According
to the reporters, the manufacturer had conducted
research showing that rats and mice exposed to
very high doses of the pesticide displayed a stiff
gait or tremors. The studies were conducted in
the 1960s [47]. So toxic is the chemical that reg-
ulators in 1974 expressed concern about workers
“who might inadvertently lick small quantities of
paraquat residue off lips, or inhale paraquat mist”
[47]. The company was also concerned in 2009

that the scientific community would “conclude from
the laboratory and epidemiology data that paraquat
exposure is a causal factor (its emphasis) in Parkin-
son’s Disease or parkinsonism” [47]. Similarly, the
manufacturers of glyphosate, another weed Kkiller,
withheld a relevant study from regulators which
provided evidence of developmental neurotoxicity
in young rats [54]. Despite the evidence linking
certain pesticides to PD and other diseases (e.g.,
amyotrophic lateral sclerosis [55]), their use per-
sists. To limit exposure to these toxicants requires
greater awareness of industry practices employed to
manufacture doubt and accountability for its actions
[56-59].

Third, farmers, rural residents, and ultimately
almost all of us are exposed to mixtures of multiple
pesticides. Such mixtures are either used by farm-
ers or arise from environmental contamination. For
example, following use on crops, glyphosate is car-
ried across long distances via the air, and in Germany,
is found in measurable levels across the entire coun-
try, including in the most protected natural areas [60].
The large international SPRINT stud (Sustainable
Plant Protection Transition) identified high concen-
trations of numerous pesticides, particularly in dust
in farmhouses [61]. Multiple pesticides were also
found in blood and stool samples of both farmers
and people living near farmlands. Due to cumulative
or possibly even synergistic effects, such cocktails
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may contribute to a much higher risk of develop-
ing PD. A recent study in California suggests that
co-exposure to multiple pesticides is associated with
much greater damage to dopaminergic neurons than
exposure to any single compound [62], yet current
regulatory actions only consider the neurotoxicity of
isolated compounds.

The result of these shortcomings is that few of
the commonly used pesticides have been adequately
tested for their risk of PD. Improved neurotoxicity
studies that focus specifically on the risk of PD and
evaluate different combinations are urgently needed.
And such experiments should be performed by inde-
pendent researchers and not only by the industry
itself.

Trichloroethylene

Pesticides may account for PD in rural areas but
are unlikely to be a satisfactory explanation for the
high rates of the disease in urban areas [38]. Other
environmental toxicants are thus likely to be respon-
sible as well. One may be the ubiquitous chemical,
trichloroethylene or TCE [63]. However, despite its
widespread use and broad contamination, few are
aware that they have ever been exposed [64]. The
result is that its influence on PD is likely (vastly)
underappreciated.

First created in 1864, use of TCE began in the
1920s, and it has since found a myriad of military,
industrial and commercial applications including
degreasing metals, decaffeinating coffee, and dry
cleaning clothes [63]. At one point, one out of every
12 workers in the U.K. and 10 million Americans are
estimated to have worked with the volatile solvent
[65]. In Italy, a population study found TCE in the
urine of 75% of individuals [66]. TCE is a known car-
cinogen, and its toxic effects have been known since
at least 1932 [67]. Like many pesticides, TCE is a
mitochondrial toxicant that inhibits complex I of the
respiratory chain [63]. In addition, recent research
has found that like certain LRRK2 mutations, TCE
induces LRRK?2 kinase activity in the brains of rats
and causes nigrostriatal dopaminergic degeneration
[68].

Since 1969, case reports have linked TCE exposure
to parkinsonism or PD [65, 69-71]. In 2008, Gash
and colleagues found that among 30 factory workers,
three developed PD after using TCE for many years
to degrease and clean metal gauges. These three indi-

viduals were stationed closest to an open vat of TCE,
and 14 of 27 individuals who worked further from
the source “displayed many features of parkinsonism,
including significant motor slowing” [72]. Four years
later, Goldman and colleagues [73] found that the risk
of PD among individuals who had hobby or work
exposure to the solvent was 500% higher than their
twins who did not. The lag time between exposure and
PD diagnosis was 10 to 40 years [73]. Gash [72] and
others [69, 74—76] have found that the lipophilic com-
pound causes selective loss of dopaminergic neurons
in animal studies.

Exposure through work and consumer applica-
tions (including in carpet cleaners, paint removers,
and typewriter correction fluid [77]) may just be the
beginning. Environmental exposure to the chemical
through outdoor air, contaminated ground water, and
polluted indoor air may be responsible for the bulk of
exposures, most of which is invisible to individuals
[63]. One of the most glaring examples of TCE (and
a closely related chemical, perchloroethylene [63],
with likely similar toxicity [73]) contamination is the
U.S. Marine base Camp Lejeune, where the drinking
water was contaminated with the two chemicals for
thirty years at up to 3000 times those permitted by
safety standards [4, 78]. A recent study by Goldman
and colleagues found that individuals who served at
Camp Lejeune had a 70% increased risk of PD com-
pared to those who served at a much less polluted
base [79].

However, TCE contamination does not end with
water. Beginning in the 1970s, researchers began to
realize that the volatile TCE could evaporate from
contaminated water and enter people’s workplaces,
schools, and homes, usually undetected, through a
process called vapor intrusion [63]. Today, a school in
Shanghai, China [80], and multi-million dollar homes
in Newport Beach, California [81], sit on top of con-
taminated sites, and their occupants may be subject to
the adverse health effect of inhaling this toxicant. The
number of TCE-contaminated sites globally are too
numerous to count; the state of Michigan alone is esti-
mated to have thousands [82]. Figure 2C shows a map
of U.S. release of TCE and other chlorinated solvents
into the air from 1987 (the first year for which data
are available [83]) and the incidence of PD. The U.S.
Environmental Protection Agency just recently pro-
posed a ban [84] on the known carcinogen, an action
some European countries have already taken. How-
ever, global use, especially in China, is increasing
[85].
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Air pollution

Concerns about the health effects of outdoor air
pollution date to at least the time of Hippocrates,
around 400 BCE, who linked multiple ailments to
poor air quality [86]. The Roman philosopher Seneca
noted that escaping from the polluted air of Rome
around 64 CE resolved the “sluggishness in [his]
brain” [86]. However, industrial air pollution first
took hold in London. There, in 1661, air pollution
from burning coal to power steam engines captured
the attention of the British writer John Evelyn when
he wrote that the glorious city wrapped “her stately
head in clouds of smoke and sulphur, so full of stink
and darkness” [86]. When Dr. James Parkinson wrote
An Essay on the Shaking Palsy in 1817, the people he
described would have long been exposed to the toxic
effects of the infamous London fog [87].

However, the potential link between air pollution
and PD is only now beginning to become clear [88].
The source of air pollution varies by time (open fires
were the likely concern of Hippocrates) and place
(coal burning in London, car exhaust in Los Angeles,
wildfires in Canada). In 2008, Calder6n-Garcidueiias
and colleagues sought to evaluate the effects of air
pollution in Mexico City, which had the world’s dirt-
iest air in the 1990s. To do so, she examined the brains
of children and young adults (ages 11 months to 40
years) who died suddenly [89]. She found Lewy neu-
rites in the olfactory bulb of toddlers, which were
present in 68% of children in their second decade
of life [90] and alpha-synuclein immunoreactivity
in their substantia nigra [91]. Since that time, sev-
eral studies have linked traffic-related air pollution
to an increased risk of PD in Denmark [92], Taiwan
[93], and South Korea [94]. Given the high content
of particulate matter from wildfires, their effects on
PD requires further investigation [95-97].

Tied to these pathological findings may be deficits
in the sense of smell [98], which is a common fea-
ture of PD that typically antedates the onset of the
motor syndrome by many years. Itis possible that this
hyposmia is a remnant of the toxic effects of air pol-
lutants that damage the olfactory system early in the
disease process, while on their way to cause further
harm to the brain. The aforementioned observations
on the individuals with MPTP-induced parkinsonism
provide further fascinating evidence to support this
idea. Despite having severe and irreversible clinical
parkinsonism, the smell in six MPTP patients was
normal, noting that the entry route for the neuro-
toxin had been an intravenous one [99]. However,

the chemist who had manufactured this designer
drug developed parkinsonism several years later even
though he had never used MPTP intravenously (J.W.
Langston, personal communication). His parkinson-
ism was presumably related to exposure to lower
MPTP doses via inhalation. Unfortunately, his sense
of smell was never formally tested.

The reason for the relationship between air pollu-
tion and PD is uncertain, but it may be particulate
matter. Suspended in the smog visible in large urban
areas are tiny particles of dirt and soot. The smallest
of these (measured in microns or even nanometers)
can bypass the body’s normal protective mechanisms
and enter noses, airways, and lungs [100, 101]. Hitch-
hiking on these particles are heavy metals from cars
(e.g., lead from gasoline, iron from brakes, platinum
from catalytic converters) and industry (e.g., arsenic,
manganese, mercury) that are toxic to neurons [102].
Recent research has found that fine particulate mat-
ter (smaller than 2.5 microns) in transgenic mice
causes mitochondrial dysfunction, triggers the fibril-
lization of alpha-synuclein, and leads to the formation
of alpha-synuclein fibrils [103]. Figures 2A and 2D
depict the U.S. incidence of PD [49] and a map of
particulate air pollution. The relationship remains
to be quantified, and numerous factors, including
the appropriate time lag between exposure and inci-
dence and effects of migration, need to be addressed.
Nonetheless, on the surface, the maps and similar
ones [104] are concerning about a possible relation-
ship, which requires further investigation.

COMMON CHARACTERISTICS

Air pollution, certain pesticides, and TCE share
some important characteristics. First, many are
mitochondrial toxicants. The brain is a highly energy-
dependent organ [105]. While it accounts for only
3% of human body mass, it is responsible for over
20% of oxygen metabolism. Within the brain, neu-
rons consume 75-80% of the energy produced [105],
and dopaminergic neurons in the substantia nigra
are among the most demanding. Their massive axon
arbor is unmyelinated and is at least an order of
magnitude greater than other classes of less suscepti-
ble dopaminergic neurons [106]. Its axons also give
rise to more than one million synapses and have a
total length exceeding four meters, factors that may
explain its selective vulnerability in PD [106]. Impor-
tantly, mitochondrial dysfunction is also central to
the pathophysiology for many genetic causes (e.g.,
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LRRK2, Parkin, SNCA) [33, 107, 108], providing
support for shared mechanism of action and offer-
ing a rational explanation for a gene-environment
interaction that converges on the respiratory chain of
susceptible dopaminergic neurons.

Second, while exposure to these toxicants can
come from various means (e.g., skin, gastrointestinal
tract, pulmonary), air pollution, pesticides, and TCE
can all be inhaled. Entry through the nose bypasses
normal protective barriers in the body (e.g., skin, gas-
trointestinal tract) and the brain (e.g., blood-brain
barrier) and avoids detoxification by the liver. As evi-
denced from studies in humans, animals or both, air
pollution and pesticides like paraquat can all enter the
olfactory bulb and beyond [90, 91, 109, 110]. Loss of
smell is associated with exposure to small particulate
matter in humans [111] and to paraquat in male mice
[110]. Hyposmia is an early and common (~95%)
feature of PD [112, 113]. Similarly, synucleinopathy
in the olfactory bulb is nearly a universal finding in
PD and likely an early feature of the disease [114].
Based on a recent postmortem study, Borghammer
and colleagues estimate that two-thirds of individu-
als with PD may have an olfactory bulb- or brain-first
model of the disease [115]. In short, for many cases
of PD, the nose may be the front door to the brain
[116].

Finally, these environmental toxicants—air pollu-
tion, pesticides, and TCE—are generally new. While
air pollution has been present for centuries, large-
scale pollution is tied to the Industrial Revolution.
Some pesticides (e.g., rotenone, pyrethrins [117]) that
are linked to PD are produced naturally by plants and,
although very rare, ancient descriptions of what could
have been PD exist [118—120]. These cases could be
tied to pure genetic causes that have been around for
millennia or to exposure to naturally occurring toxins
(rotenone has been used to kill fish for centuries; Dr.
Parkinson’s first case was in a gardener [1]). However,
synthetic pesticides are largely products of World War
I, and global use has risen sharply since then. Simi-
larly, commercial use of TCE began in the 1920s. All
could be contributing to the global rise of PD, a con-
dition that, according to Dr. Parkinson, had not been
classified in the medical literature until his classic
1817 essay [1].

HOPE FOR THE FUTURE

To the extent that environmental toxicants are fuel-
ing the rise of PD, the disease is preventable. Few

studies have examined the incidence of PD over time,
but in most countries, it appears to be increasing
[121-123]. However, while more work remains to
be done, the age-adjusted prevalence of PD appears
to be slowing in countries (e.g., in western Europe)
that have taken more aggressive means to clean their
environment than rapidly industrializing nations [5].

For example, in the Netherlands, the prevalence of
PD has risen by 30% in the last decade [124], but this
growth is possibly less than in other parts of the world.
Prevalence is the net result of survival and incidence.
Part of the growth in existing cases may be attributed
to increased survival in the Netherlands because of
optimal care from the national ParkinsonNet infras-
tructure. In one study, specialized physiotherapy,
given as part of the Dutch ParkinsonNet approach
to healthcare [125], was associated with a tendency
towards a reduced mortality [126]. ParkinsonNet
(which reached full nationwide implementation in
the Netherlands in 2010) is also associated with a
marked reduction in hip fractures, other orthope-
dic injuries,and aspiration pneumonias [126—128],
which could be tied to survival benefits. Determining
whether the incidence is changing is more difficult. In
2016, the Rotterdam study found that the incidence
of PD in this Dutch city may be decreasing [129], but
two caveats should be considered. First, the diagnosis
was not established by experienced movement disor-
ders experts so relevant diagnoses might have been
missed. Second, the observed data applied only to this
large urban area and not the entire country. Indeed, the
latest analyses show that the incidence of PD across
all of the Netherlands has generally remained stable
during the last decade (A. Talebi and S. Darweesh,
unpublished observations).

But let’s assume that the incidence of PD is indeed
decreasing in urban parts of the Netherlands. The
authors of the Rotterdam study could not identify a
satisfactory explanation for their hopeful finding, but
said, “Further insight into the factors that caused this
shift may open the door to protective strategies at the
population level” [129]. While not certain, the drop
in incidence could be explained by changes in air pol-
lution, the use of pesticides, and TCE [4]. From 1990
to 2012, emissions of multiple air pollutants in the
Netherlands decreased by 50% or more [4, 130]. Use
of pesticides linked to PD decreased in the country.
The Netherlands was among the first countries in the
world to ban paraquat [131], and use of other pesti-
cides linked to PD, such as DDT [132] and dieldrin
[133], also fell. Levels of these pesticides and their
metabolites in the blood, fat, and breast milk of Dutch
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citizens declined. For example, from 1968 to 1986,
fat levels of dieldrin decreased by 75% and levels of
DDT by 90% [134]. Finally, the Netherlands banned
TCE, and in 1981 the levels of this toxicant in the
air were among the lowest in all of Europe. While
encouraging, additional actions are needed to prevent
PD.

THE WAY FORWARD

Sixty years ago, Rachel Carson warned us that the
indiscriminate use of pesticides would puzzle doctors
who would confront “new kinds of sickness appear-
ing among their patients” [135]. The answer to the
enigma of PD is likely under our noses. The rise
of PD, its epidemiology, and pathophysiology are
all consistent with the environmental factors detailed
here. In some affected individuals, these toxicants are
superimposed upon an underlying genetic predispo-
sition [18].

Since the publication of Silent Spring, engineers
have developed safer cars and airplanes. Chemists can
do the same for pesticides and solvents. Some compa-
nies even promote such alternatives [136]. Improved
regulatory actions can enhance screening for neuro-
toxicity of pesticides and other chemicals including
co-exposure to multiple toxicants. The COVID-19
pandemic demonstrated how quickly we can clean
our polluted air [137, 138]. These toxicants are not
essential to a healthy life, a prospering economy, or
a flourishing society. Clean food, water, and air are.
The quicker we recognize the truth, the faster we take
action, the sooner we will give our generation and
generations to come a world largely free of PD.
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