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ABSTRACT: Objectives:We assessed trends in the incidence, prevalence, and post-diagnosis mortality of parkinsonism in Ontario, Canada
over 18 years. We also explored the influence of a range of risk factors for brain health on the trend of incident parkinsonism. Methods: We
established an open cohort by linking population-based health administrative databases from 1996 to 2014 in Ontario. The study population
comprised residents aged 20–100 years with an incident diagnosis of parkinsonism ascertained using a validated algorithm. We calculated age-
and sex-standardized incidence, prevalence, and mortality of parkinsonism, stratified by young onset (20–39 years) and mid/late onset (≥40
years). We assessed trends in incidence using Poisson regression, mortality using negative binomial regression, and prevalence of parkinsonism
and pre-existing conditions (e.g., head injury) using the Cochran–Armitage trend test. To better understand trends in the incidence of mid/late-
onset parkinsonism, we adjusted for various pre-existing conditions in the Poisson regression model.Results: From 1996 to 2014, we identified
73,129 incident cases of parkinsonism (source population of ∼10.5 million), of whom 56% were male, mean age at diagnosis was 72.6 years,
and 99% had mid/late-onset parkinsonism. Over 18 years, the age- and sex-standardized incidence decreased by 13.0% for mid/late-onset
parkinsonism but remained unchanged for young-onset parkinsonism. The age- and sex-standardized prevalence increased by 22.8%, while
post-diagnosis mortality decreased by 5.5%. Adjustment for pre-existing conditions did not appreciably explain the declining incidence of mid/
late-onset parkinsonism. Conclusion: Young-onset and mid/late-onset parkinsonism exhibited differing trends in incidence over 18 years in
Ontario. Further research to identify other factors that may appreciably explain trends in incident parkinsonism is warranted.

RÉSUMÉ: Tendances temporelles de l'incidence, de la prévalence et du taux de mortalité du parkinsonisme. Objectifs: Au cours d'une période de
18 ans, nous avons tenté d'évaluer en Ontario (Canada) diverses tendances du parkinsonisme, qu'il s'agisse de l'incidence et de la prévalence de cette maladie
mais également du taux de mortalité suivant un diagnostic. Nous avons aussi exploré le rôle d'un éventail de facteurs de risque liés à la santé du cerveau en
relation avec la tendance à voir de nouveaux cas de parkinsonisme apparaître. Méthodes: Aux fins de cette étude, nous avons établi une cohorte ouverte en
liant entre elles des bases de données administratives du domaine de la santé, et ce, pour les années 1996 à 2014. La population à l'étude comprenait des
résidents de l'Ontario âgés de 20 à 100 ans chez qui l'on avait diagnostiqué, au moyen d'un algorithme préalablement validé, les premiers signes de
parkinsonisme. Une fois les variables du sexe et de l'âge standardisées, nous avons par la suite calculé l'incidence, la prévalence et le taux de mortalité du
parkinsonisme en stratifiant nos cas en fonction d'un âge précoce (20 à 39 ans) ou d'un âge intermédiaire/avancé (≥ de 40 ans). Au moyen de la régression de
Poisson, nous avons évalué les tendances en matière d'incidence; dans le cas du taux de mortalité, nous nous sommes basés sur une régression binomiale
négative; enfin, tant la prévalence du parkinsonisme que des conditions préexistantes (par exemple des blessures à la tête) ont été évaluées à l'aide du test de
tendance Cochran-Armitage. Afin de mieux comprendre les tendances liées à l'incidence du parkinsonisme apparaissant à un âge intermédiaire/avancé, nous
avons effectué des ajustements dans le modèle de régression de Poisson en tenant compte de nombreuses conditions préexistantes.Résultats:De 1996 à 2014,
nous avons identifié 73 129 nouveaux cas de parkinsonisme au sein d'une population d'environ 10,5 millions d'individus. 56 % des sujets atteints de cette
maladie étaient de sexe masculin. Ajoutons aussi que leur âge moyen au moment d'un diagnostic était de 72,6 ans et que 99 % d'entre eux étaient atteints de
parkinsonisme s'étant développé à un âge intermédiaire/avancé. Au cours de cette période de 18 ans, l'incidence standardisée en fonction de l'âge et du sexe a
diminué de 13,0 % en ce qui concerne le parkinsonisme apparu à un âge intermédiaire/avancé. Elle est néanmoins demeurée inchangée pour ce qui est du
parkinsonisme apparu à un âge précoce. La prévalence standardisée en fonction de l'âge et du sexe a quant à elle augmenté de 22,8 % alors que le taux de
mortalité suivant un diagnostic a baissé de 5,5 %. Nos ajustements tenant compte de conditions préexistantes n'ont pas permis d'expliquer de façon
satisfaisante l'incidence en baisse du parkinsonisme apparu à un âge intermédiaire/avancé.Conclusions:Qu'il s'agisse de parkinsonisme apparaissant à un âge
précoce ou à un âge intermédiaire/avancé, on a pu observer différentes tendances en matière d'incidence au cours de cette période de 18 ans. Des recherches
plus poussées permettant d'identifier d'autres facteurs pouvant expliquer de façon plus sensible ces tendances sont ainsi justifiées.
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INTRODUCTION

Parkinsonism is a leading cause of neurological disability
worldwide, associated with impaired work capacity, quality of
life, and survival.1–4 Parkinsonism is also costly to society.1,5–7

Since parkinsonism can affect younger adults, understanding the
timing and trends of disease onset (young vs. mid/late-onset) has
important clinical implications on etiology and prognosis.8,9

Genetic forms of parkinsonism (~2% of sporadic, ~10% of
familial cases) would more likely present in younger patients
and be less prone to change over time.10,11

The World Health Organization emphasized a need for up-
to-date information about the burden of parkinsonism and
Parkinson’s disease.2,8 However, studies have found different
trends in the incidence of parkinsonism and Parkinson’s disease.
For Parkinson’s disease, two studies reported relatively stable
incidence,12,13 three studies reported decreasing incidence,14–16 and
two studies reported increasing incidence.17,18 For parkinsonism,
one study reported relatively unchanged incidence trends over
time,19 while one study reported decreasing incidence.20 Less is
known about the prevalence and mortality trends of parkinsonism21

or Parkinson’s disease.13,16,22–24 Since most studies analyzed data
collected prior to 2010,16,21–23 whether these trends persist in recent
years remains unknown. It has been hypothesized that parkinson-
ism incidence is decreasing while prevalence is increasing over
time, similar to trends for other neurodegenerative pathologies.25

Understanding the incidence and mortality of parkinsonism
will enable quantification of disease burden to establish priorities.
Characterizing the prevalence of pre-existing conditions as
accepted or suspected risk factors will further inform future
hypotheses on the development of parkinsonism. Thus, we
conducted a large population-based study to determine time
trends of the incidence, prevalence, and post-diagnosis mortality
of parkinsonism in Ontario, Canada from 1996 to 2014. We also
explored the influence of risk factors for brain health on trends of
incident parkinsonism during this period.

METHODS

Study Design and Population

We established a retrospective cohort in Ontario, Canada by
linking population-based health administrative and vital statistics
databases using unique encoded identifiers and analyzed at ICES.
This cohort included all Ontario residents who, from 1991 to
2013 fiscal years (i.e., April 1, 1991 to March 31, 2014), were (1)
aged 20–100 years, (2) registered with the provincial health
insurance plan (Ontario Health Insurance Plan (OHIP)) for at
least 5 years, and (3) diagnosed with incident parkinsonism.

Standard Protocol Approvals, Registrations, and Patient
Consents

Ethical approval for the study was obtained from the Sunny-
brook Health Sciences Centre Research Ethics Board (#159-
2014). The full dataset creation plan is available from the authors
upon request.

Data Sources

We assembled this cohort using the Ontario’s Registered
Persons Database, a registry of all Ontario residents who have

ever had provincial health insurance.26 In addition, we used the
following databases to ascertain incident cases of parkinson-
ism: (1) OHIP for physician billing claims and (2) Ontario Drug
Benefits (ODB) for prescription medication claims (for those
aged 65 and older). To obtain information on demographics and
risk factors (accepted or suspected) of parkinsonism, we used
the following: (1) National Ambulatory Care Reporting System
(emergency department data); (2) Canadian Census; and (3)
administrative database algorithms for diabetes, congestive
heart failure, chronic obstructive pulmonary disease (COPD),
traumatic brain injury, dementia, and hypertension.27–31 Fur-
thermore, we used the Office of the Registrar General Deaths
database to obtain death data among persons diagnosed with
parkinsonism. These databases cover virtually the entire
Ontario population.27

Case Ascertainment for Parkinsonism

To ascertain incident cases of parkinsonism, we applied a
validated algorithm to the OHIP and ODB databases.32 Specifi-
cally, parkinsonism was determined based on one physician
claim with a diagnostic code for parkinsonism and one drug
claim for a medication used to treat parkinsonism within a
6-month period, or two physician claims within a 1-year period.
The algorithm was previously validated and shown to have a
sensitivity of 78.4%, specificity of 99.9%, positive predictive
value of 75.4%, and negative predictive value of 99.9%.32

Selected Risk Factors of Newly Diagnosed Parkinsonism

To better understand trends in the incidence of parkinsonism
(especially mid/late-onset), we selected a wide array of health
conditions that are either accepted or suspected risk factors for
some forms of parkinsonism.33–39 We ascertained all selected
medical factors among persons with parkinsonism over a 5-year
period before the diagnosis, with the exception of dementia,
which was ascertained since 1991.27 To ascertain dementia,
diabetes, traumatic brain injury, hypertension, COPD, and
congestive heart failure, we used data on hospital discharges,
physician office visits, and emergency room visits with adminis-
trative database algorithms, as used in previous studies
(Table 1).28–31 We used hospitalization data to ascertain the
presence of stroke and coronary artery disease. Finally, we used
survey data from Farm and Food Care Ontario to ascertain
pesticide use and the Canadian Community Health Survey to
ascertain smoking in the general population.40

Analysis

We described the cohort of incident cases of parkinsonism
with respect to sex, age at diagnosis, income quintile, resi-
dence, and onset of parkinsonism, using means (standard
deviations) and percentages to report continuous and dichoto-
mous variables, respectively.

Annual Incidence, Prevalence, and Mortality Rate

We calculated both crude and standardized (by age and sex)
incidence, prevalence, and mortality each year between 1996 and
2013 fiscal years (i.e., starting on April 1). To calculate annual
incidence, we used newly diagnosed cases of parkinsonism as
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the numerator and person-years at risk (i.e., excluding prevalent
cases) as the denominator. Similarly, we calculated annual
prevalence using prevalent cases of parkinsonism who were alive
and lived in Ontario at the beginning of each fiscal year as the
numerator and the entire Ontario population aged 20–100 years as
the denominator. We calculated annual all-cause mortality rate
from persons who lived with parkinsonism at the beginning of each
year. To obtain age- and sex-standardized incidence and preva-
lence, we used 2001 Census data for the Ontario population on July
1 of each year.42 We standardized post-diagnosis mortality using
all Ontario residents living with parkinsonism in 2005 as the
reference. We selected this reference (rather than using 2001
Census data for the Ontario population) because the age and sex
distribution of individuals with parkinsonism are distinctly differ-
ent from the general population. All analyses were conducted by
young-onset (aged 20–39 years) and mid/late-onset parkinsonism
(aged ≥40 years) separately, according to the World Health
Organization.8 We also stratified incidence and prevalence by sex.

Lastly, we estimated the annual prevalence of selected risk
factors for brain health (i.e., stroke, traumatic brain injury,
diabetes, dementia, hypertension, congestive heart failure, coro-
nary artery disease, and COPD) among persons with a new
diagnosis of parkinsonism and among the general population
during the study period, respectively.

Time Trend Analysis

To characterize time trends of incidence and mortality of
parkinsonism, we used Poisson and negative binomial regression
models, respectively. To assess time trends in mortality, we applied
negative binomial regression that accounted for zero counts.17,43

In all the models, we adjusted for year (continuous variable), age
group (ordinal variable: 5-year intervals between 20 and 89 years,
and ≥90 years), and sex (categorical variable), with person-years
as the offset.

We also used the two-sided Cochran–Armitage trend test to
evaluate time trends of the age- and sex-standardized prevalence
and the above-mentioned risk factors of parkinsonism over
four equal-interval epochs: 1998–2001 (epoch 1), 2002–2005
(epoch 2), 2006–2009 (epoch 3), and 2010–2013 (epoch 4).
We computed the average prevalence in each epoch to assess

these time trends. Furthermore, we performed Poisson regression
modeling to investigate trends in the incidence of mid/late-onset
parkinsonism after accounting for prevalence of the above-
mentioned risk factors derived in persons with parkinsonism and
in the general population, respectively. We also adjusted for rural
residence among persons with parkinsonism and the prevalence
of smoking and pesticide use in the general population. Statistical
significance was set at an alpha level of 0.05.

RESULTS

Characteristics of Incident Parkinsonism

From 1996 to 2014, we identified 73,129 incident cases of
parkinsonism in Ontario (population 10.5 million in 2013), with
56% male and a mean age of 72.6 years at diagnosis (Table 2).
The proportion of incident cases who were male increased from
53% in 1996/97 to 58% in 2013/14, whereas the mean age at
diagnosis remained constant over the time period. Approximately
99% of incident cases had mid/late-onset and 1% had young-
onset parkinsonism in 2013/14. The proportion of patients living
in higher income neighborhoods increased between 1996/97 and
2013/14.

Age- and Sex-standardized Incidence, Prevalence, and
Post-Diagnosis Mortality of Parkinsonism

From 1996 to 2014, incidence remained relatively unchanged
for young-onset parkinsonism (p = 0.7341) but decreased by
13.1% for mid/late-onset parkinsonism (p < 0.0001) (Table 3;
Figure 1A). When stratified by sex, the incidence of all parkin-
sonism decreased by 9.3% for males (p < 0.0001) and 17.5% for
females (p < 0.0001).

Prevalence increased by 22.8% over the 18 years (p < 0.0001),
with similar increasing trends among those with young-onset and
mid/late-onset parkinsonism (Table 3; Figure 1B). The prevalence
of parkinsonism increased by 21.9% for males (p < 0.0001) and
23.8% for females (p < 0.0001).

Mortality rate among individuals living with parkinsonism
decreased by 5.5% (p= 0.0180) over the 18 years, with similar
decreasing trends for both young-onset and mid/late-onset
parkinsonism (Table 3; Figure 1C).

Table 1: Administrative database algorithms to ascertain selected risk factors among persons with parkinsonism

Risk factor Description Sensitivity % Specificity %

COPD29 One or more ambulatory claims and/or one or more hospitalizations for COPD 85 79

Congestive heart
failure31

Aged >40 years and either one hospital admission with a congestive heart failure diagnosis or one OHIP
claim/emergency department record with a congestive heart failure diagnosis followed within 1 year by a
second record from either source or one hospital admission

85 97

Dementia27 Aged >20 years and either one hospital admission with a diagnosis of dementia or at least three OHIP claims
for dementia within 2 years or at least one prescription for drugs relating to dementia

75 99

Diabetes mellitus30 Either one hospital admission with diabetes mellitus diagnosis or an OHIP claim followed within 2 years by
either an OHIP claim or a hospital admission with diabetes mellitus diagnosis

86 97

Hypertension28 Either one hospital admission with a hypertension diagnosis or an OHIP claim with a hypertension diagnosis
followed within 2 years by either an OHIP claim or a hospital admission for hypertension

72 95

Traumatic brain
injurya 41

One hospitalization record or one emergency department visit record for traumatic brain injury Not available Not available

aConsidered an accepted algorithm (Evidence Grade II).41

COPD = chronic obstructive pulmonary disease; OHIP = Ontario Health Insurance Plan.
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Age- and Sex-Standardized Prevalence of Risk Factors
among Persons with Parkinsonism

Among individuals with newly diagnosed parkinsonism, the
prevalence of the following risk factors decreased over the
four epochs: COPD (−53.0%; p < 0.0001), stroke (−51.2%;
p= 0.0008), coronary artery disease (−41.7%; p= 0.0265), and
congestive heart failure (−27.6%; p= 0.0027) (Figure 2). There
was no statistically significant decrease in the prevalence of
traumatic brain injury. Conversely, the prevalence of diabetes
increased by 99.3%, dementia increased by 31.0%, and hyper-
tension increased by 29.5% (p < 0.0001) over the four epochs.
Further adjustment for these risk factors among persons with
parkinsonism and the general population had little influence on
the declining trend in the incidence of mid/late-onset parkinson-
ism (Supplementary File). Similarly, adjustment for rural living
among persons with parkinsonism and prevalence of other factors
(smoking and pesticide use) among the general population had
little influence on the declining incidence of mid/late-onset
parkinsonism (Supplementary File).

DISCUSSION

In Ontario, Canada’s most populous province, the age- and
sex-standardized incidence of parkinsonism decreased, preva-
lence increased, and mortality decreased from 1996 to 2014.

However, there were differing rates in incidence when stratified
by young-onset and mid/late-onset parkinsonism. The incidence
for mid/late-onset parkinsonism decreased over time but was
unchanged for young-onset parkinsonism, as might be expected
for a group more likely to have genetic parkinsonism.10,11

Adjustment for a number of risk factors for brain health condi-
tions did not account for the declining trend in incidence of
mid/late-onset parkinsonism.

Several previous studies have examined the trends of inci-
dence in parkinsonism. Among them, three studies reported
relatively stable incidence rates in the USA and Manitoba,
Canada, but two reported increasing incidence rates in the USA
and Finland.12,13,17–19 We found decreasing trends in the
incidence of mid/late-onset parkinsonism, which provides sup-
port to four other smaller studies suggesting decreasing incidence
rates in USA, UK, the Netherlands, and Taiwan.14–16,20 Our
finding of a relatively unchanged incidence for young-onset
parkinsonism suggests that genetic forms may be less prone to
change over time.10,11 When stratified by sex, our findings are
similar to previous studies that reported a more considerable
decline in parkinsonism incidence rates among women over time
compared to that among men.17,20

Our study used a previously validated algorithm to identify
patients with parkinsonism.32 This previous study used a refer-
ence standard drawn from a primary care population, which had a
proportion of Parkinson’s disease to parkinsonism of 82.7%.32 In
the UK, a previous study reported decreasing incidence of
Parkinson’s disease over time, but not parkinsonism.14 Despite
the trends in declining incidence found in our study, we were
unable to determine whether similar trends were found for
parkinsonism versus Parkinson’s disease.

For prevalence, our results add further weight to a handful of
previous studies suggesting an increasing trend in preva-
lence.13,16,21,32 This coincided with a decreasing trend in
mortality (by 5.5%) among individuals with parkinsonism found
in our study and several previous studies.22–24 In contrast, the
standardized mortality rate of the Ontario population from 2000 to
2012 declined by approximately 19% (compared to 5.5% among
persons with parkinsonism in Ontario).42 The ever increasing
prevalence underscores the need to focus public health services
on improving prognosis, advancing pharmacological and nonphar-
macological treatment options, as well as appropriately allocating
resources and facilities for patients living with parkinsonism.

Our observation of a declining incidence of mid/late-onset
parkinsonism presents an opportunity to investigate drivers of the
time trend and guide primary prevention strategies targeting risk
factor control. We found that adjusting for known risk factors for
brain health did not appreciably account for the declining incidence
trends. This decline in incidence is similar to other reported
declines in neurodegenerative pathologies, such as Alzheimer’s
disease, that have been noted in affluent countries, and may reflect
improved general health among other possible factors.25,44–46

Our study has several strengths. First, it involved a large cohort
(73,129 incident cases from a source population of 10.5 million
in 2013) over nearly two decades. Ontario is the most populous
and ethnically diverse province in Canada, with more than 200
ethnic origins represented.42 Second, we compared trends between
young-onset and mid/late-onset parkinsonism.8,9 Previous litera-
ture suggests that there are etiologic and prognostic differences

Table 2: Characteristics of persons with incident parkinsonism
(including Parkinson’s disease) aged 20 years and older in
Ontario, Canada, from 1996/97 to 2013/14a

Characteristic
Entire study

period 1996/97 2013/14

N= 73,129 N = 3461 N = 4791

Sex, n (%)

Female 32,575 (44.5) 1621 (46.8) 1999 (41.7)

Male 40,554 (55.5) 1840 (53.2) 2792 (58.3)

Age at diagnosis
(years),mean(SD)

72.7 (11.5) 73.0 (11.0) 72.6 (11.3)

Income quintile,b n (%)

1 – Lowest 14,036 (19.3) 695 (20.2) 894 (18.7)

2 14,906 (20.5) 700 (20.3) 932 (19.5)

3 14,376 (19.8) 707 (20.6) 947 (19.9)

4 14,317 (19.7) 646 (18.8) 961 (20.2)

5 – Highest 15,169 (20.8) 693 (20.1) 1036 (21.7)

Residence,b n (%)

Urban 63,204 (86.6) 2939 (85.1) 4196 (86.8)

Rural 9814 (13.4) 514 (14.9) 585 (12.2)

Onset of parkinsonism,c n (%)

Young onset 1016 (1.4) 41 (1.2) 37 (0.8)

Mid/late onset 72,113 (98.6) 3420 (98.9) 4754 (99.2)

aFiscal year starts on April 1.
bPercentages do not add up to 100% due to missing values.
cYoung onset is 20–39 years of age; mid/late onset is ≥40 years of age.
SD = standard deviation.
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Table 3: Crude, and age- and sex-standardizeda incidence, prevalence, and post-diagnosis mortality parkinsonism (including Parkinson’s disease) in 1996/97, 2002/03,
2007/08, and 2013/14b, by young-onset (20–39 years) and mid/late onset (≥40 years)

1996/97 2002/03 2007/08 2013/14

All
Young
onset

Mid/
late-onset All

Young
onset

Mid/
late onset All

Young
onset

Mid/
late onset All

Young
onset

Mid/
late onset

Incidence (per 100,000 person-years)

Number of
incident
cases

3461 41 3420 3810 61 3749 4199 55 4144 4791 37 4754

Person-years 8,089,254.6 3,530,313.1 4,558,941.5 8,934,354.7 3,541,234.5 5,393,120.2 9,615,904.9 3,507,193.9 6,108,711.0 10,430,961.1 3,653,273.8 6,777,687.2

Crude
incidence

42.8 1.2 75.0 42.6 1.7 69.5 43.7 1.6 67.8 45.9 1.0 70.1

Age- and sex-
standardized
incidence

45.3 1.2 75.0 42.7 1.7 70.2 41.3 1.6 68.0 39.4 1.1 65.2

Prevalence (per 1000 persons)

Number of
prevalent
cases

19,833 225 19,608 26,417 539 25,878 30,965 803 30,162 37,100 1087 36,013

Populationb 8,107,876 3,530,470 4,577,406 8,959,835 3,541,562 5,418,273 9,646,421 3,507,611 6,138,810 10,468,051 3,653,768 6,814,283

Crude
prevalence

2.4 0.1 4.3 3.0 0.2 4.8 3.2 0.2 4.9 3.5 0.3 5.3

Age- and sex-
standardized
prevalence

2.5 0.1 4.2 2.9 0.2 4.8 3.1 0.2 5.0 3.1 0.3 5.0

Mortality (per 1000 person-years)

Number of
deaths

2298 6 2292 2776 6 2770 3106 NAc 3101 3399 7 3392

Person-years 22,238.5 262.7 21,975.9 28,903.6 596.5 28,307.1 33,713.2 NAc 32,857.3 40,261.9 1120.3 39,141.6

Crude
mortality

103.3 22.8 104.3 96.0 10.1 97.9 92.1 5.8 94.4 84.4 6.2 86.7

Age- and sex-
standardized
mortality

90.8 21.4 92.5 92.6 9.7 94.7 91.9 5.9 94.0 85.8 6.4 87.8

aIncidence and prevalence are standardized using the 2001 Census data for the Ontario population; mortality is standardized using the 2005 data for the prevalent parkinsonism cases in Ontario.
bFiscal year starts on April 1.
cNA= not available due to cell sizes ≤5 (not reported to protect confidentiality of subjects).
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related to the timing of disease onset.8,9 Third, we examined the
prevalence of selected pre-existing conditions among persons with
parkinsonism, which allows us to gain important insights about
potential risk factors. Finally, we used population-based health
administrative databases with a validated algorithm to ascertain

parkinsonism cases.32 This algorithm has a relatively high accura-
cy.32 Most risk factors were also identified using validated algo-
rithms with high sensitivity and specificity.27–29,31

Our study has some limitations. Using health administrative
databases may not capture individuals without clinically recognized

Figure 1: Age- and sex-standardized (incidence and prevalence are standardized using the 2001 Census data for the
Ontario population; mortality is standardized using the 2005 data for the prevalent parkinsonism cases in Ontario)
incidence (A), prevalence (B), and post-diagnosis mortality (C) of parkinsonism from 1996/97 to 2013/14, by young
onset (20–39 years) and mid/late onset (≥40 years) (Figure 1A (incidence): all, p < 0.0001; young onset, p= 0.7341;
mid/late onset, p < 0.0001. Figure 1B (prevalence): all, p < 0.0001; young onset, p < 0.0001; mid/late onset,
p < 0.0001. Figure 1C (mortality i.e., all deaths among persons with parkinsonism): all, p= 0.0180; young onset,
p= 0.0024; mid/late onset, p= 0.0283).

Figure 2: Age- and sex-standardized (standardized using the 2001 Census data for the Ontario Population)
prevalence of risk factors ascertained using CIHI hospitalization data (A) and algorithms (B) among persons with
parkinsonism from 1998/99 to 2013/14 (Figure 2A: coronary artery disease, p= 0.0265; stroke, p= 0.0008. Figure
2B: congestive heart failure, p= 0.0027; COPD, p < 0.0001; dementia, p < 0.0001; diabetes, p < 0.0001;
hypertension, p < 0.0001; traumatic brain injury, p= 0.3047). Acronyms: CAD = coronary artery disease;
CHF= congestive heart failure; CIHI=Canadian Institute for Health Information; COPD= chronic obstructive
pulmonary disease; HTN= hypertension; TBI= traumatic brain injury.
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symptoms and those who have not yet sought health care.
As well, the less than 100% sensitivity of the algorithm for
parkinsonism may have underestimated its incidence and preva-
lence. In addition, despite using the entire Ontario population, this
study may still have been underpowered to detect significant trends
in young-onset parkinsonism (∼1% of incident cases). Nevertheless,
stratified estimates of trends for the two groups can have clinical
implications for etiology and prognosis of this important disease.8,9

Although we know the proportion (82.7%) of patients with parkin-
sonism to Parkinson’s disease in the reference standard for the
validation of the administrative data algorithm32 used in this study,
we are unable to precisely identify the proportion in Ontario using
administrative data. This is because the OHIP data only has one
billing code that includes both Parkinson’s disease and parkinson-
ism. However, while parkinsonism encompasses different subtypes,
Parkinson’s disease makes up the majority of cases (up to 80%).47,48

Nonetheless, we were unable to distinguish between subtypes of
parkinsonism, and some risk factors may differ among the subtypes.
Finally, we were unable to ascertain other accepted or suspected risk
factors (e.g., family history, drug exposure, depressive symptoms,
and sleep complaints) for parkinsonism.33,49–51 Future research is
needed to examine the effects of other risk factors on time trends in
the incidence of parkinsonism.
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