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Abstract. Neurological disorders are now the leading source of disability globally, and the fastest growing neurological
disorder in the world is Parkinson disease. From 1990 to 2015, the number of people with Parkinson disease doubled to
over 6 million. Driven principally by aging, this number is projected to double again to over 12 million by 2040. Additional
factors, including increasing longevity, declining smoking rates, and increasing industrialization, could raise the burden to
over 17 million. For most of human history, Parkinson has been a rare disorder. However, demography and the by-products of
industrialization have now created a Parkinson pandemic that will require heightened activism, focused planning, and novel
approaches.
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In 1817, a 62-year-old British physician, Dr. James
Parkinson, wrote a case series about six individuals
who had developed a distressing disease that had “not
yet obtained a place in the classification of nosolo-
gists” [1]. “Parkinson’s disease,” as Dr. Jean-Martin
Charcot would first term it, did not “appear to have
engaged the general notice of the profession” accord-
ing to Dr. Parkinson [1]. While ancient Indian and
Chinese texts reference features of Parkinson dis-
ease, Dr. Parkinson was likely describing something
novel, something that a senior physician would find
noteworthy.

For most of history, Parkinson disease was a
rare disorder. In 1855, forty years after Dr. James
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Parkinson first described the condition, approxi-
mately 22 people of 15 million in England and Wales
died of the condition [2]. In 2014, roughly 5,000
to 10,000 individuals of 65 million in the United
Kingdom suffered the same fate [3]. In less than two
centuries, a rare disorder became common.

According to the Global Burden of Disease study,
neurological disorders are currently the leading
source of disability around the world, and the fastest
growing of these disorders (in age-standardized rates
of prevalence, disability, and deaths) is Parkinson
disease [4]. From 1990 to 2015, the number of indi-
viduals with Parkinson disease globally increased
118% to 6.2 million [4]. Studies on the incidence
of Parkinson disease over time have yielded incon-
sistent findings [5–8]. However, the recent Global
Burden of Disease study found that age-standardized
rates of Parkinson disease increased for every region
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of the world between 1990 and 2016. Overall, age-
standardized prevalence rates increased worldwide
by nearly 22% [9]. Converging evidence from anal-
yses of global surveys [9], medical records of large
institutions [10], national census bureaus [11], and
death certificates [12] suggests that the incidence of
Parkinson disease may be rising. To better understand
these trends, prospective cohort studies and detailed
registries are needed [9].

In this paper, we focus on what is generally termed
Parkinson disease, realizing that the total burden
caused by additional parkinsonian disorders—such
as vascular parkinsonism or neurodegenerative atyp-
ical parkinsonism—is even greater.

The Parkinson pandemic

Though non-infectious, the Parkinson pandemic
exhibits many of the characteristics of a pandemic
[13]. Pandemics extend over large geographic areas,
and Parkinson disease is increasing in every major
region of the world [9]. Pandemics also tend to
migrate, and the burden of Parkinson disease, while
increasing everywhere, appears to be shifting in
response to changes in aging and industrialization.
Indeed, one study concluded that the burden, driven
by demographic changes, would shift from the West
to the East, especially China [14]. Like other pan-
demics, the Parkinson pandemic is experiencing
exponential growth, and no one is immune to the
condition.

More generally, the Parkinson pandemic is simi-
lar to the pandemic of non-communicable diseases
as articulated by Allen [15]. He argues that many
chronic conditions (e.g., diabetes) that are now lead-
ing sources of death and disability in the world
“are actually communicable conditions, and although
the vectors of disease are nontraditional, the pan-
demic label is apt” [15]. Social, political, and
economic trends are fueling the rise of many non-
communicable conditions, and the “various ‘vectors
of disease’ include ultraprocessed food and drink,
alcohol, tobacco products, and wider social and envi-
ronmental changes that limit physical activity” [15].

The pandemic’s causes

The Parkinson pandemic is fueled by aging popula-
tions, increasing longevity, declining smoking rates,
and the by-products of industrialization. The inci-
dence of Parkinson disease increases with age and

Fig. 1. World population 65 and older, 1990–2040 [33, 34].

rises sharply at around age 65 [16]. The world’s pop-
ulation is aging, as the number and proportion of
individuals over 65 is rapidly increasing (Fig. 1). The
combined result of these two factors is an unprece-
dented rise in the number of people with Parkinson
disease. By 2040, the number of people with Parkin-
son disease is projected worldwide to exceed 12
million [17]. Importantly, Parkinson disease does not
only affect older individuals, and many under 50
develop the disease.

In addition to aging, other factors will likely raise
the global burden of Parkinson disease past cur-
rent forecasts. The number of people with a disease
is a function of the incidence of the disease and
the survival of those with the condition. Increas-
ing longevity for those with and without Parkinson
disease will contribute to a higher burden of the
disease. Independent of Parkinson disease, global
life expectancy has increased by six years in the
last two decades [18]. According to a recent study
by Wannevich and colleagues, secular trends in life
expectancy will increase the survival of 65-year-old
individuals in France with Parkinson disease by about
3 years between 2010 and 2030. This increase in
longevity will lead to a 12% increase in the age-
standardized prevalence rate over 20 years [19]. In
addition, increasing longevity will likely increase the
number of individuals with advanced Parkinson dis-
ease who are more difficult to treat and who usually
have much less access to care.

Although a global health boon, declining smoking
rates in some countries may lead to a higher incidence
of Parkinson disease. Numerous studies have found
that the risk of Parkinson disease is decreased among
smokers by approximately 40% [20]. If the asso-
ciation is causal, which remains to be determined,
decreasing smoking rates could lead to higher rates
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of Parkinson disease. Indeed, a 2018 study by Rossi
and colleagues estimated that declining smoking rates
in the U.S. might increase the number of individu-
als with Parkinson disease by 10% above projections
that only estimate the effect of aging [11]. Another
study identified a rising incidence in Parkinson dis-
ease between 1976 and 2005, particularly in men over
age 70, which could be due in part to decreasing
smoking in previous decades [5].

Finally, the by-products of industrialization may be
contributing to the rising rates of Parkinson disease.
Numerous by-products of the Industrial Revolution,
including specific pesticides, solvents, and heavy
metals, have been linked to Parkinson disease [21].
Countries that have undergone the most rapid indus-
trialization have seen the greatest increase in the
rates of Parkinson disease. For example, from 1990
to 2016, the adjusted prevalence rates of Parkinson
disease in China increased more than in any other
country and more than doubled [9]. In addition, the
global use of pesticides is at or near its highest levels
[22]. The use of specific pesticides linked to Parkin-
son disease also persists. For instance, although 32
countries have banned the use of paraquat, which
is strongly linked to Parkinson disease, the United
States continues to use paraquat in ever greater quan-
tities [23]. Some countries that have banned the
pesticide, such as England (home to the seminal
description of the disease), continue to export the pes-
ticide to other countries, including Brazil, Columbia,
South Africa, Taiwan, and the United States [24].

Other neurotoxic chemicals linked to Parkinson
disease, such as trichloroethylene, also see contin-
ued use. Over half of Superfund sites in the U.S.,
including one under the headquarters of Google in
Mountain View, CA, where the chemical was used
in the semiconductor industry by titans like Fairchild
Semiconductor and Intel, are contaminated [25]. In
addition, global use of the solvent is projected to
increase by 2% per year and by 4% per year in China,
even though there are multiple reports on the “the tox-
icity of trichloroethylene” that date back to at least
1932 and include a letter published in the Journal of
the American Medical Association [26].

Together, all of these factors—aging populations,
increasing longevity, decreasing smoking rates, and
the by-products of industrialization, alone or in
combination—may underlie the large number of indi-
viduals affected with Parkinson disease. Assuming
a 12% increase due to increasing longevity, a 10%
increase due to decreasing smoking, and that about

Fig. 2. Projected global burden of Parkinson disease accounting
for changes in aging, longevity, smoking rates, and industrializa-
tion, 1990–2040.

half (10%) of the observed increase in age-adjusted
prevalence rates persists due to environmental fac-
tors, the burden of Parkinson disease could exceed
17 million by 2040 (Fig. 2) [9, 11, 19].

While these projections are clearly speculative,
they highlight the potential growth of the Parkinson
pandemic. In addition, as Strickland and Bertoni
noted in 2004, “It is interesting that as methods
improve, estimates of the prevalence (of Parkinson
disease) increase, suggesting that undercounting is
the major problem in counting Parkinson’s patients”
[27].

Why worry?

Parkinson disease is increasing and may be a cre-
ation of our times. As opposed to most diseases
whose burden decreases with improving socioeco-
nomic level, the burden of Parkinson disease does
the opposite. Disability due to Parkinson disease
increases with the Socio-demographic Index, a com-
pound measure of income per capita, education, and
fertility, and is the only neurological disorder to do so
[9]. As GDP per capita rises, so too does the rate of
Parkinson disease (Fig. 3). While the association is
modest, the direction of the relationship is concerning
and again highlights the role that human activities,
especially industrialization, may be playing in the
increasing burden of Parkinson disease. The lifetime
risk of Parkinson disease, including for the readers of
this paper, is now 1 in 15 [19, 28].

The tide of Parkinson disease is rising and spread-
ing. Parkinson disease exacts an enormous human toll
on those with the disease and those around them. The
strain of caregiving has adverse health consequences
of its own [29]. The economic costs of Parkinson dis-
ease are also substantial, poised to grow, and at least
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Fig. 3. Correlation between increasing gross domestic product (GDP) per capita and increasing Parkinson disease prevalence rate,
1990–2016 [4, 35].

in the U.S., overwhelmingly directed at institutional
care, which few desire [30, 31]. Fortunately, the clues
to the causes of the pandemic are all around us. What
is missing is a willingness to act.

The way forward

In the past century, society has successfully con-
fronted pandemics of polio, breast cancer, and HIV.
Central to the success of these efforts was unbridled
activism. From a March of Dimes to the White House
for polio to the courageous disclosure of breast can-
cer by First Lady Betty Ford to a Quilt covering the
National Mall for AIDS, those with and affected by
the disease made their voices heard and their dis-
eases recognized. This activism helped to prevent
polio and HIV, advocate for additional private and
public resources, care for all those affected, and treat
the conditions with novel therapies.

Following these examples, those with and at risk
for Parkinson disease can form a “PACT” to prevent,
advocate for, care, and treat the disease. Where
feasible, we should prevent Parkinson disease by
reducing and in some cases eliminating the use of
chemicals known to increase the risk of Parkinson
disease. We have the means to prevent potentially mil-
lions from ever experiencing the debilitating effects
of Parkinson disease. However, we also need to

secure additional monies to better understand the root
causes—environmental, genetic, and biological—of
the disease and to expand new care models that seek
to bring expert care to all [32]. Finally, Parkinson dis-
ease needs new highly effective therapies; the most
effective therapy (levodopa) is now fifty years old.

The Parkinson pandemic is preventable, not
inevitable.

ACKNOWLEDGMENTS

We thank Emma Waddell, BA and Gerardo Torres
Davila for their assistance in the preparation of the
manuscript.

CONFLICTS OF INTEREST

Dr. Dorsey has served as a consultant to 23andMe,
Abbott, Abbvie, American Well, Biogen, Clintrex,
DeciBio, Denali Therapeutics, GlaxoSmithKline,
Grand Rounds, Lundbeck, MC10, MedAvante,
medical-legal services, Mednick Associates, NINDS,
Olson Research Group, Optio, Prilenia, Putnam
Associates, Roche, Sanofi, Shire, Sunovion, Teva,
UCB, and Voyager. He has received honoraria from
the AAN, ANA, and the University of Michigan.



E.R. Dorsey et al. / Emerging Evidence of the Parkinson Pandemic S7

He receives compensation from Karger publishers
for serving as editor of Digital Biomarkers and
previously received compensation from the Hunting-
ton Study Group. He has received research support
from Duke University, University of California
Irvine, NINDS, FDA, PCORI, Burroughs Wellcome
Fund, Davis Phinney Foundation, Greater Rochester
Health Foundation, Michael J. Fox Foundation,
National Science Foundation, Safra Foundation,
Abbvie, Acadia, AMC Health, GlaxoSmithKline,
Nuredis, Pfizer, Prana, Raptor, Roche, and Teva. Dr.
Dorsey has ownership interests in Blackfynn (a data
integration company) and Grand Rounds (an online
second opinion service).

Dr. Sherer has no financial disclosures.
Dr. Okun serves as a consultant for the National

Parkinson Foundation, and has received research
grants from NIH, NPF, the Michael J. Fox Founda-
tion, the Parkinson Alliance, Smallwood Foundation,
the Bachmann-Strauss Foundation, the Tourette
Syndrome Association, and the UF Foundation.
Dr. Okun’s DBS research is supported by: R01
NR014852 and R01NS096008. Dr. Okun has pre-
viously received honoraria. Dr. Okun has received
royalties for publications with Demos, Manson,
Amazon, Smashwords, Books4Patients, and Cam-
bridge (movement disorders books). Dr. Okun is
an associate editor for New England Journal of
Medicine Journal Watch Neurology and JAMA Neu-
rology. Dr. Okun has participated in CME and
educational activities on movement disorders (in the
last 36 months) sponsored by PeerView, Prime, Quan-
tiaMD, WebMD, Medicus, MedNet, Henry Stewart,
and by Vanderbilt University. The institution and not
Dr. Okun receives grants from Medtronic, Abbvie,
Allergan, and ANS/St. Jude, and the PI has no finan-
cial interest in these grants. Dr. Okun has participated
as a site PI and/or co-I for several NIH, foundation,
and industry sponsored trials over the years but has
not received honoraria.

Prof. Bloem currently serves as Associate Edi-
tor for the Journal of Parkinson’s disease, serves
on the editorial of Practical Neurology, has received
honoraria from serving on the scientific advisory
board for Zambon, Abbvie, Biogen and UCB,
has received fees for speaking at conferences
from AbbVie, Zambon and Bial, and has received
research support from the Netherlands Organiza-
tion for Scientific Research, the Michael J Fox
Foundation, UCB, Abbvie, the Stichting Parkinson
Fonds, the Hersenstichting Nederland, the Parkin-
son’s Foundation, Verily Life Sciences, Horizon

2020, the Topsector Life Sciences and Health, and the
Parkinson Vereniging.

REFERENCES

[1] Parkinson J (2002) An essay on the shaking palsy. J Neu-
ropsychiatry Clin Neurosci 14, 223-236.

[2] Morris AD, Rose FC (1989) James Parkinson His Life and
Times, Birkhauser, Boston, MA.

[3] (2018) Deaths associated with neurological conditions in
England 2001 to 2014. Public Health England.

[4] GBD 2015 Neurological Disorders Collaborator Group
(2017) Global, regional, and national burden of neurolog-
ical disorders during 1990-2015: a systematic analysis for
the Global Burden of Disease Study 2015. Lancet Neurol
16, 877-897.

[5] Savica R, Grossardt BR, Bower JH, Ahlskog J, Rocca WA
(2016) Time trends in the incidence of parkinson disease.
JAMA Neurol 73, 981-989.

[6] Darweesh SKL, Koudstaal PJ, Stricker BH, Hofman A,
Ikram MA (2016) Trends in the Incidence of Parkinson
Disease in the General Population: The Rotterdam Study.
Am J Epidemiol 183, 1018-1026.

[7] Akushevich I, Kravchenko J, Ukraintseva S, Arbeev K,
Yashin AI (2013) Time trends of incidence of age-associated
diseases in the US elderly population: medicare-based anal-
ysis. Age Ageing 42, 494-500.

[8] Isotalo J, Vahlberg T, Kaasinen V (2017) Unchanged long-
term rural-to-urban incidence ratio of Parkinson’s disease.
Mov Disord 32, 474-475.

[9] GBD 2016 Parkinson’s Disease Collaborators (2018)
Global, regional, and national burden of Parkinson’s disease
in 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet Neurol 17, 939-953.

[10] Savica R, Grossardt BR, Bower JH, Ahlskog JE, Boeve BF,
Graff-Radford J, Rocca WA, Mielke MM (2017) Survival
and causes of death among people with clinically diagnosed
synucleinopathies with parkinsonism: a population-based
study. JAMA Neurol 74, 839-846.

[11] Rossi A, Berger K, Chen H, Leslie D, Mailman RB, Huang
X (2018) Projection of the prevalence of Parkinson’s disease
in the coming decades: Revisited. Mov Disord 33, 156-159.

[12] Darweesh SKL, Raphael KG, Brundin P, Matthews H, Wyse
RK, Chen H, Bloem BR (2018) Parkinson matters. J Parkin-
sons Dis. doi: 10.3233/JPD-181374.

[13] Morens DM, Folkers GK, Fauci AS (2009) What is a pan-
demic? J Infect Dis 200, 1018-1021.

[14] Dorsey ER, Constantinescu R, Thompson JP, Biglan KM,
Holloway RG, Kieburtz K, Marshall FJ, Ravina BM, Schi-
fitto G, Siderowf A, Tanner CM (2007) Projected number of
people with Parkinson disease in the most populous nations,
2005 through 2030. Neurology 68, 384-386.

[15] Allen L (2017) Are we facing a noncommunicable disease
pandemic? J Epidemiol Glob Health 7, 5-9.

[16] Van Den Eeden SK, Tanner CM, Bernstein AL, Fross
RD, Leimpeter A, Bloch DA, Nelson LM (2003) Inci-
dence of Parkinson’s disease: variation by age, gender, and
race/ethnicity. Am J Epidemiol 157, 1015-1022.

[17] Dorsey E, Bloem BR (2018) The parkinson pandemic—a
call to action. JAMA Neurol 75, 9-10.

[18] GBD 2013 DALYs and HALE Collaborators (2015)
Global, regional, and national disability-adjusted life years
(DALYs) for 306 diseases and injuries and healthy life
expectancy (HALE) for 188 countries, 1990-2013: quan-



S8 E.R. Dorsey et al. / Emerging Evidence of the Parkinson Pandemic

tifying the epidemiological transition. Lancet 386, 2145-
2191.

[19] Wanneveich M, Moisan F, Jacqmin-Gadda H, Elbaz A, Joly
P (2018) Projections of prevalence, lifetime risk, and life
expectancy of Parkinson’s disease (2010-2030) in France.
Mov Disord. doi: 10.1002/mds.27447.

[20] Scheperjans F, Pekkonen E, Kaakkola S, Auvinen P (2015)
Linking smoking, coffee, urate, and Parkinson’s disease – a
role for gut microbiota? J Parkinsons Dis 5, 255-262.

[21] Goldman SM (2014) Environmental toxins and Parkinson’s
disease. Ann Rev Pharmacol Toxicol 54, 141-164.

[22] Roser M, Ritchie H, Fertilizer and pesticides. https://
ourworldindata.org/fertilizer-and-pesticides

[23] Mercola J (2017) Paraquat-banned in EU while US increas-
ing use of this toxic killer. Take Control of Your Health,
Mercola.

[24] Hakim D (2016) This pesticide is prohibited In Britain.
Why is it still being exported? The New York Times,
December 20, 2016. https://www.nytimes.com/2016/12/20/
business/paraquat-weed-killer-pesticide.html

[25] (2018) Fairchild Semiconductor Corp. (Mountain View
Plant) Mountain View, CA Cleanup Activities. US Envi-
ronmental Protection Agency. https://cumulis.epa.gov/
supercpad/SiteProfiles/index.cfm?fuseaction=second.Clean
up&id=0901680#bkground.

[26] McCord CP (1932) Toxicity of trichloroethylene. J Am Med
Assoc 99, 409-409.

[27] Strickland D, Bertoni JM (2003) Parkinson’s prevalence
estimated by a state registry. Mov Disord 19, 318-323.

[28] Driver JA, Logroscino G, Gaziano JM, Kurth T (2009) Inci-
dence and remaining lifetime risk of Parkinson disease in
advanced age. Neurology 72, 432-438.

[29] Schulz R, Beach SR (1999) Caregiving as a risk factor for
mortality: The caregiver health effects study. JAMA 282,
2215-2219.

[30] Kowal SL, Dall TM, Chakrabarti R, Storm MV, Jain A
(2013) The current and projected economic burden of
Parkinson’s disease in the United States. Mov Disord 28,
311-318.

[31] Dieleman JL, Baral R, Birger M, Bui AL, Bulchis A, Chapin
A, Hamavid H, Horst C, Johnson EK, Joseph J, Lavado R,
Lomsadze L, Reynolds A, Squires E, Campbell M, DeCenso
B, Dicker D, Flaxman AD, Gabert R, Highfill T, Naghavi
M, Nightingale N, Templin T, Tobias MI, Vos T, Murray
CJ (2016) US spending on personal health care and public
health, 1996-2013. JAMA 316, 2627-2646.

[32] Ypinga JHL, de Vries NM, Boonen LHHM, Koolman X,
Munneke M, Zwinderman AH, Bloem BR (2018) Effec-
tiveness and costs of specialised physiotherapy given via
ParkinsonNet: a retrospective analysis of medical claims
data. Lancet Neurol 17, 153-161.

[33] (2017) International Data Base. U.S. Census Bureau.
Accessed September 2018. https://www.census.gov/data-
tools/demo/idb/informationGateway.php

[34] (2017) Population ages 65 and above, total. The World
Bank, The World Bank. Accessed September 2018.
https://data.worldbank.org/indicator/SP.POP.65UP.To

[35] GDP per capita. The World Bank, Accessed September
2018. https://data.worldbank.org/indicator/ny.gdp.pcap.cd

https://ourworldindata.org/fertilizer-and-pesticides
https://ourworldindata.org/fertilizer-and-pesticides
https://www.nytimes.com/2016/12/20/business/paraquat-weed-killer-pesticide.html
https://www.nytimes.com/2016/12/20/business/paraquat-weed-killer-pesticide.html
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0901680#bkground
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0901680#bkground
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0901680#bkground
https://www.census.gov/data-tools/demo/idb/informationGateway.php
https://data.worldbank.org/indicator/SP.POP.65UP.To
https://data.worldbank.org/indicator/ny.gdp.pcap.cd

