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A growing brain disease

Parkinson disease (PD) is the world’s fast-
est growing brain disease, eclipsing the
growth of Alzheimer disease (1). From
1990 to 2015, the number of individuals
with PD worldwide has more than dou-
bled, from 2.6 million to 6.3 million (1).
Absent change, the number is project-
ed to double again to nearly 13 million in
the coming generation (2). Because of its
rapid rise, there is increased interest in
determining the underlying risk factors
for PD. Increasing longevity is a major
factor because PD is an age-related dis-
order that takes decades to unfold. Ear-
ly features of the disease, such as loss of
smell and constipation, can occur ten or
more years before classical diagnostic fea-
tures like tremor develop (3). However,
an aging demographic is an insufficient
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explanation, as the age-adjusted rate of
PD is rising (1). The two principal, possi-
bly addressable, PD risks are genetics and
environment.

Beginning with the 1997 identifica-
tion of rare mutations in the a-synuclein
gene that lead to PD (4), the past 25 years
has witnessed an explosion in our under-
standing of the genetics underlying PD (5).
Dozens of genes and genetic risk variants
have been identified, but the cumulative
result is that the vast majority of individ-
uals (approximately 80%) with PD do not
carry one. By far, the two most common
genetic mutations occur in the LRRK2
(leucine-rich-repeat kinase 2) and GBA
(glucocerebrosidase) genes (5). However,
the former is present in only 3.1% and the
latter in 8.5% of individuals with PD (6). In
addition to these genetic risks, men are at
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higher (approximately 40%) risk for devel-
oping the disease, although the explana-
tion remains uncertain. The rapid rise of
PD from a rare disease, when Dr. James
Parkinson described the shaking palsy in
1817, to a very common one today, affect-
ing 1.2 million Americans, likely extends
beyond a genetic explanation. Recent
studies have detailed interactions between
genetic factors and environmental causes
at the heart of PD (7).

Medications may contribute

to PD risk

The environment is broad and can be arbi-
trarily divided into what has been termed
“individual” and “ambient” categories
(Figure 1). Some individual environmen-
tal factors that influence the risk of PD
are innate (although modifiable), such
as serum urate, with elevated levels con-
ferring a decreased risk of PD (8). Other
personal factors are individual behaviors,
such as smoking, caffeine consumption,
and physical activity, all of which reduce
the risk of PD.

Another category of individual envi-
ronmental risk factor is prescribed med-
ication, a choice shared by individuals
and their clinicians. In this issue of the
JCI, Sasane et al. explored the impact of
the risk of o, adrenergic receptor antag-
onists on the risk of PD, as previous find-
ings suggest that some drugs in this class
may decrease the risk of PD (9). Descrip-
tions of drug classes that may reduce PD
risk are not new, with certain p adrenergic
receptor agonists and nonsteroidal antiin-
flammatory drugs having been proposed
to do the same (10, 11). Further analysis
of both agents found little or no evidence
of a substantive effect on PD risk (12, 13).
Past mechanistic work and recent epide-
miological research (14) suggested that o,
adrenergic blockers, which can enhance
glycolysis, reduce PD risk compared with
tamsulosin, an o, blocker that lacks such
a glycolytic effect. While prior work com-
pared just the two groups of o, blockers,
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Figure 1. Relationship between genetic and environmental risk factors in Parkinson disease (PD).
The interaction between genetic and environmental causes may explain the latency in PD. In this
issue of the JCI, Sasane et al. (9) found that in contrast with previous studies, certain a, receptor
antagonists were not protective against PD. Environmental factors, including individual (e.g., medica-
tions) and ambient (e.g., pollutants) may contribute to the rising incidence of PD.

Sasane et al. (9) included matched con-
trols not receiving such a drug. Although
the two treated groups indeed differed in
their PD risk, the risk was elevated in the
tamsulosin group, and not reduced with
other o, blockers. The earlier findings, sug-
gesting reduced PD risk with o, blockers,
have motivated clinical trials of terazosin
in parkinsonian disorders looking to slow
disease progression (15).

Studies of potential individual environ-
mental risks of PD illustrate the tremen-
dous difficulties in correctly identifying
risk factors for a long-latency, late-adult-
onset chronic disease. Given these com-
plexities, assiduous attention to three
details is critical: (a) defining the outcome
of interest (e.g., PD), (b) defining the risk of
interest (e.g., medication use) and account-
ing for other known risks (e.g., smoking),
and (c) establishing a comparator group
(e.g., unexposed to a medication). Sasane
et al. (9) included a key comparator group,
a matched control cohort without a, block-
er exposure, which established a refer-
ence comparison point for the two groups
exposed to the different types of o, block-
ers. This additional comparison provided
a crucial insight, at least questioning, and
likely reversing, prior understanding of
o,-receptor blocker risks in PD. That said,

even if tamsulosin increases the risk of the
disease (too early to conclude), its effect is
confined to men, largely later in life, and is
not a major explanation of the rise of PD.

Ambient environmental causes
If iatrogenic environmental factors are
not fueling the rise of PD, then ambient
ones may be. Some of these factors have
been identified. Numerous epidemiolog-
ical and animal studies have implicated
certain pesticides, many of which damage
mitochondria that show dysfunction in
PD. For example, epidemiological stud-
ies indicate that exposure to the pesticide
paraquat increases the risk of PD by 150%
(16), and the pesticide also reproduces fea-
tures of the disease when given to mice.
Another chemical, the industrial solvent
trichloroethylene (TCE), was ubiquitous in
the 1970s when it was used in everything
from decaffeinating coffee to degreasing
automobile parts to providing anesthesia
to pregnant women, has also been linked
to PD. A study involving twins found that
those who had occupational exposure to
TCE had 500% increased risk of devel-
oping PD compared with their unexposed
twin (17). Moreover, TCE when fed to lab-
oratory animals also reproduced key fea-
tures of the disease.
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Despite these powerful indications
of ambient environmental causes for PD,
they, as a whole, have been under-investi-
gated. Studies of the environmental risks
underlying PD lag genetic studies by a fac-
tor of seven or more. The limited investiga-
tion of TCE is especially concerning. TCE
contaminates up to 30% of groundwater in
the United States, is present in half of the
most toxic contamination sites (known as
Superfund sites) in the country, pollutes
thousands of other sites, and is increasing-
ly used around the world (18). Additional
epidemiologic studies of PD will help shed
light on the environmental etiologies (indi-
vidual and ambient) of the disease and on
potential means of prevention.

The Sasane et al. (9) study provides
a cautionary tale regarding premature
conclusions about the link between expo-
sure to medications and the risk of PD.
Clinical trials seeking to use medications
associated with a decreased risk of PD as
treatments for manifest illness have been
disappointing to date (e.g., with inosine
to raise serum urate; ref. 19). The Sasane
et al. (9) study also offers researchers the
chance to step back and consider the fac-
tors, especially ambient environmental
ones, that may drive this, to date, largely
silent pandemic (2).
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