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Ethnic and Immigrant Variations in the
Time Trends of Dementia and
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ABSTRACT: Objective: We assessed long-term incidence and prevalence trends of dementia and parkinsonism across major ethnic and
immigrant groups in Ontario. Methods: Linking administrative databases, we established two cohorts (dementia 2001-2014 and
parkinsonism 2001-2015) of all residents aged 20 to 100 years with incident diagnosis of dementia (N =387,937) or parkinsonism
(N'=59,617). We calculated age- and sex-standardized incidence and prevalence of dementia and parkinsonism by immigrant status and
ethnic groups (Chinese, South Asian, and the General Population). We assessed incidence and prevalence trends using Poisson regression
and Cochran—Armitage trend tests. Results: Across selected ethnic groups, dementia incidence and prevalence were higher in long-term
residents than recent or longer-term immigrants from 2001 to 2014. During this period, age- and sex-standardized incidence of dementia
in Chinese, South Asian, and the General Population increased, respectively, among longer-term immigrants (by 41%, 58%, and 42%)
and long-term residents (28%, 7%, and 4%), and to a lesser degree among recent immigrants. The small number of cases precluded us
from assessing parkinsonism incidence trends. For Chinese, South Asian, and the General Population, respectively, prevalence of
dementia and parkinsonism modestly increased over time among recent immigrants but significantly increased among longer-term
immigrants (dementia: 134%, 217%, and 117%; parkinsonism: 55%, 54%, and 43%) and long-term residents (dementia: 97%, 132%, and
71%; parkinsonism: 18%, 30%, and 29%). Adjustment for pre-existing conditions did not appear to explain incidence trends, except for
stroke and coronary artery disease as potential drivers of dementia incidence. Conclusion: Recent immigrants across major ethnic groups
in Ontario had considerably lower rates of dementia and parkinsonism than long-term residents, but this difference diminished with
longer-term immigrants.

RESUME : Variations dans les tendances temporelles de la démence et du parkinsonisme selon ’appartenance ethnique et la trajectoire
migratoire. Objectif : Dans cet article, nous avons évalué les tendances a long terme de l'incidence et de la prévalence de la démence et du
parkinsonisme parmi les principaux groupes ethniques en Ontario mais aussi selon la trajectoire migratoire des individus. Méthodes : Une fois des
bases de données administratives reliées entre elles, nous avons établi deux cohortes (cas de démence de 2001 a 2014 ; cas de parkinsonisme de 2001 a
2015) a partir de tous les résidents agés de 20 a 100 ans chez qui ’on avait diagnostiqué les premiers signes de la démence (n = 387 937) ou du
parkinsonisme (n = 59 617). Nous avons ensuite calculé l'incidence et la prévalence normalisées en fonction de 1’dge et du sexe de la démence et du
parkinsonisme selon I’appartenance a un groupe ethnique (Chine et Asie du Sud-Est en plus de la population générale) et en fonction de la trajectoire
migratoire des individus. Nous avons aussi évalué les tendances en matiere d’incidence et de prévalence de ces maladies au moyen de la régression de
Poisson et du test de tendance Cochran-Armitage. Résultats : Au sein de ces deux groupes ethniques, I’incidence et la prévalence de la démence étaient
plus élevées chez des résidents de longue date que chez des immigrants récents ou établis depuis longtemps, et ce, pour les années 2001 a 2014. Durant
cette méme période, I’incidence normalisée en fonction de 1’4ge et du sexe de la démence chez des individus d’origine chinoise, d’ Asie du Sud-Est et au
sein de la population générale a augmenté respectivement de 41 %, 58 % et 42 % parmi les immigrants établis depuis longtemps, de 28 %, 7 % et 4 %
parmi les résidents de longue date et, dans une moindre mesure, parmi les immigrants récents. Un petit nombre de cas nous a par ailleurs empéché
d’évaluer les tendances d’incidence du parkinsonisme. Pour les personnes d’origine chinoise, d’ Asie du Sud-Est et issues de la population générale, la
prévalence de la démence et du parkinsonisme a augmenté de facon modeste au fil du temps parmi les immigrants récents ; cette augmentation a été en
revanche plus notable parmi les immigrants établis depuis longtemps (démence : 134 %, 217 %, 117 % ; parkinsonisme : 55 %, 54 %, 43 %) et les
résidents de longue date (démence : 97 %, 132 %, 71 % ; parkinsonisme : 18 %, 30 %, 29 %). A I’exception des AVC et des maladies coronariennes, des
facteurs potentiels d'incidence de la démence et des ajustements en fonction de conditions médicales préexistantes ne semblent pas pouvoir expliquer
les tendances en matiere d’incidence pour cette maladie. Conclusion : Les immigrants récents issus des deux principaux groupes ethniques de 1’Ontario
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ont donné a voir des taux considérablement plus faibles de démence et de parkinsonisme que les résidents de longue date. Cette différence s’est

toutefois avérée moindre avec les immigrants établis depuis longtemps.
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INTRODUCTION

Dementia and parkinsonism are the two most common neuro-
degenerative syndromes globallyl’z. Individuals with dementia
and parkinsonism often experience impaired functional and work
capacity, reduced quality of life, and shortened lifespans®®.
These conditions are also costly to patients, their families,
caregivers, and society>®™'>. In many high-income countries,
there is a growing population of ethnic minority and immigrant
groups'®!"”, which underscores the importance of understanding
the distribution of neurological disease burden in populations
with varying immigrant and ethnic backgrounds over time.
Understanding these time trends will help identify potential
priority groups affected by these conditions, which would better
inform health care planning, resource allocation, policy deci-
sions, and research priorities.

Little is known as to whether the incidence and prevalence of
dementia and parkinsonism vary among different ethnic popula-
tions in high-income countries such as Canada and the USA.
Ethnicity refers to the social group a person belongs to and
identifies with, or with which others identify the person'x. This
identification stems from a multitude of cultural and other factors,
including ancestry, religion, language, and physical features
associated with race'®. The prevalence of dementia is forecasted
to increase by more than 300% between 2001 and 2040 in China
and India, compared to 100% in developed countries based on
projected population estimates, incidence, remission, and mor-
tality'?. Chinese and South Asians constitute the fastest growing
ethnic groups in many parts of Canada and the USA*~%
Identifying differences in disease burden by ethnicity is critical
to guide prevention and health care strategies, given the greatest
burden of deaths and disability from neurological disorders is in
low- and middle-income countries®*, and increasing migration of
these populations to high-income countries. When assessing
immigrant health, it is important to consider the healthy immi-
grant effect, whereby immigrants recently landed in Canada tend
to be healthier than Canadian-born residents, but this health
advantage appears to reduce over time**. It is unclear whether
this health advantage also disappears over time among recent
immigrants in terms of dementia and parkinsonism.

Emerging evidence suggests that the epidemiology of dementia
and parkinsonism varies across ethnic and immigrant groups™ ", A
systematic review reported higher dementia incidence rates in the
USA for Blacks and Caribbean Hispanic populations than other
ethnic groupszS. For Parkinson’s disease, Van Den Eeden et al.
reported lower incidence rates for Asians and Blacks than Hispanics
and non-Hispanic Whites in the USA%, although this could be
related to care disparities as Blacks tend to present with more severe
disease®'. There is also considerable burden of neurodegenerative
conditions among immigrants in Italy, Norway, the Netherlands, and
the UK?"°. Parlevliet et al. reported that dementia was three to four
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times more prevalent in most non-Western immigrant groups
compared to the native Dutch population®. Notably, studies are
needed to assess the incidence and prevalence of dementia and
parkinsonism among ethnic and immigrant groups in Canada.
Approximately 250,000 immigrants (0.8% of the population) arrive
annually to Canada from other countries globally, and the greatest
proportion settles in the province of Ontario®>. As the proportion of
immigrants continues to grow, exploring these trends and potential
drivers impacting health among immigrant and ethnic groups would
inform public health and health care strategies to improve outcomes.

We thus conducted a population-based study to assess the time
trends of the incidence and prevalence of dementia and parkin-
sonism in Ontario across major ethnic groups (i.e., Chinese
origin, South Asian origin, and the General Population) and
immigrant populations (i.e., recent immigrants, longer-term
immigrants, and long-term residents). We also explored the
influence of risk factors on dementia and parkinsonism incidence
trends among persons of Chinese and South Asian origin. These
ethnic origins were selected because they represent the two
largest ethnic minority groups in Canada®”.

METHODS
Study Design and Population

We established two population-based open cohorts in Ontario,
one for dementia from 2001 to 2014 and one for parkinsonism
from 2001 to 2015, by linking population-based health adminis-
trative and vital statistics databases held at ICES (formerly the
Institute for Clinical Evaluative Sciences) using unique encoded
identifiers. These open cohorts comprised a series of annual
cohorts from 2001 to 2015 fiscal years (i.e., April 1, 2001-March
31, 2016) for calculating annual incidence and prevalence of
dementia and parkinsonism. To define the numerator for each
cohort, we included all Ontario residents who were: (1) aged
20 to 100 years; (2) registered with the Ontario Health Insurance
Plan (OHIP); and (3) diagnosed with incident dementia or
parkinsonism for calculating annual incidence, or prevalent cases
of dementia or parkinsonism for calculating annual prevalence.
To define the denominator for calculating annual prevalence, we
included all Ontario residents aged 20 to 100 years who were
registered with OHIP as the overall population each year (i.e.,
those with and without dementia or parkinsonism). For calculat-
ing annual incidence, we further restricted to the population at
risk of dementia or parkinsonism at the beginning of each year as
the denominator by excluding prevalent cases. OHIP is a univer-
sal publicly funded health insurance plan for the entire Ontario
population. We reported the incidence and prevalence of demen-
tia up to March 31, 2014 (2001 to 2014), and of parkinsonism up
to March 31, 2015 (2001 to 2015) due to differences in case
ascertainment™~* as described below.
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Data Sources

We assembled this cohort using Ontario’s Registered Persons
Database (RPDB), a registry of all Ontario residents who have
ever had provincial health insurance™. We used the following
databases to ascertain cases of dementia or parkinsonism: (1)
OHIP for physician visits; (2) Ontario Drug Benefit for drug
benefit claims for those aged 65 years and older; and (3) Canadian
Institute for Health Information (CIHI) Discharge Abstract Da-
tabase and Same Day Surgery database for hospitalizations and
same day surgeries, respectively (for dementia only). We linked
the following databases to obtain demographics, ethnicity, and
immigration status: (1) RPDB (age and sex); (2) Census (neigh-
borhood income quintile, residence [urban versus rural]); and (3)
Immigration, Refugees, and Citizenship Canada Permanent Res-
ident (IRCC-PR) Database for immigration data (i.e., time since
immigration versus long-term residence). This database includes
immigration application records for people who initially applied
to land in Ontario with records dating from 1985. Landed
immigrants who resided in Ontario for at least three months or
longer are eligible for OHIP coverage. Specifically, the IRCC-PR
database captures immigrants and refugees who landed in Ontario
since 1985 and became permanent residents. Immigrants prior to
1985 were combined with Canadian-born in the long-term resi-
dence category since IRCC-PR records date from 1985 and
onward; and (4) ICES-derived ETHNIC cohort, described below,
for ethnic origin. These databases cover virtually the entire
Ontario population™.

Case Ascertainment for Dementia

We used an administrative database algorithm to ascertain
cases of dementia that was previously validated against primary
care electronic medical records®>. Dementia included Alzhei-
mer’s disease, vascular dementia, dementia in other diseases
classified elsewhere (frontotemporal dementia and idiopathic
normal pressure hydrocephalus), and unspecified dementia
(senile dementia and presenile dementia). Dementia was ascer-
tained based on either one hospital admission with a diagnosis of
dementia, or at least three OHIP claims for dementia within
2 years (with date of first OHIP claim as incidence date), or at
least one prescription for drugs specific to dementia™. Drugs
used to identify dementia included donepezil, galantamine, riv-
astigmine, tacrine, and memantine. This algorithm has a sensi-
tivity of 79.3%, specificity of 99.1%, positive predictive value of
80.4%, and negative predictive value of 99.0%".

Case Ascertainment for Parkinsonism

A validated administrative database algorithm was used to
ascertain cases of parkinsonism, which included Parkinson’s
disease, idiopathic or primary parkinsonism, parkinsonian syn-
drome, atypical Parkinson’s, and secondary Parkinson’s**. Par-
kinsonism 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®*. Drugs used to
identify parkinsonism included levodopa drugs, monoamine
oxidase B inhibitors, dopamine agonists, and catechol-O-methyl-
transferase inhibitors. This algorithm has a sensitivity of 77.8%,
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specificity of 99.9%, positive predictive value of 76.9%, and
negative predictive value of 99.9%*.

Incident cases of dementia and parkinsonism were defined as
the first recorded dementia or parkinsonism billing or hospitali-
zation code, respectively. This served as a proxy for incident
diagnosis of dementia and parkinsonism similar to previous
studies assessing incidence trends of these conditions ascertained
using administrative databases’’>°. We created two cohorts to
identify cases of dementia and parkinsonism because dementia
and parkinsonism require, respectively, a 2-year and 1-year look-
forward window for case ascertainment’>~*,

Ethnicity

For ethnicity, we used a validated approach to identify
persons of Chinese and South Asian 0rigins40. As health
administrative data in Canada do not include ethnic identifiers,
the approach uses lists of surnames that are highly specific for
each ethnic group and validated against self-reported Chinese
and South Asian ethnicity from the Canadian Community
Health Survey (CCHS). These surname lists use the earliest
recorded surname, which minimizes misclassification of ethnic-
ity related to changes in surname after marriage. The surname
list for Chinese has a sensitivity of 80.2%, specificity of 99.7%,
positive predictive value of 91.9%, and negative predictive
value of 99.2%"°. The South Asian surname list has a sensitivity
of 50.4%, specificity of 99.7%, positive predictive value of
89.3%, and negative predictive value of 97.2%*.

Ethnicity refers to cultural and racial backgrounds that
individuals identify with or to which ancestors belonged. We
selected these ethnic origins because the two largest ethnic
minority groups in Canada are Chinese (ancestry from China,
Hong Kong, or Taiwan) and South Asian (ancestry from the
Indian subcontinent)zo. Persons with surnames not on the two
lists for Chinese or South Asian origins were considered to be
from the General Population®’. Only 11% of the Ontario
population is comprised of other ethnic minority groups (i.e.,
not Chinese or South Asian)*’.

Immigration Status

Immigration status refers to whether individuals were Cana-
dian-born or born outside of Canada and subsequently moved to
Canada. Immigrant status was defined as follows: (1) recent
immigrant, which was less than 10 years after immigration;
(2) longer-term immigrant, which was at least 10 years after
immigration; or (3) long-term resident.

Selected Risk Factors of Dementia and Parkinsonism

We a priori selected health conditions and behaviors that are
known or suspected risk factors for dementia and parkinsonism
(Supplementary File). We ascertained these over a 5-year period
before the diagnosis. To ascertain traumatic brain injury, dia-
betes, hypertension, chronic obstructive pulmonary disease
(COPD), and congestive heart failure, we used data on hospital
discharges, physician office visits, and emergency room visits
with administrative database algorithms as used in previous
studies (Supplementary File)*'™*. In addition, we used hospi-
talization data to ascertain the presence of stroke and coronary
artery disease.

781


https://doi.org/10.1017/cjn.2021.7

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

We used six cycles of the CCHS (i.e., 2000-2001, 2003—
2004, 2005-2006, 2007/2008, 2009/2010, and 2011/2012) to
ascertain the prevalence of body mass index, education level,
smoking status, and physical activity level in the Ontario popu-
lation, stratified by self-reported ethnicity and immigration status.

Analysis

We described the cohort with respect to sex, age, income
quintile, residence (rural versus urban), ethnic origin (Chinese
origin, South Asian origin, or the General Population), and
immigration status. We calculated crude and age- and sex-
standardized incidence and prevalence of dementia and parkin-
sonism each year between April 1, 2001 and March 31, 2014 for
dementia or March 31, 2015 for parkinsonism. To conduct direct
standardization, we used 2001 Census data for the Ontario
population on July 1 of each year. We stratified estimates by
ethnic group and immigration status. To calculate annual inci-
dence, we used incident cases of dementia or parkinsonism as the
numerator and person-years at risk (excluding prevalent cases)
as the denominator. We calculated annual prevalence using
prevalent cases of dementia or parkinsonism as the numerator,
excluding previously incident cases that died, and the Ontario
population aged 20 to 100 years on July 1 as the denominator.

Time Trend Analysis

We assessed time trends in incidence of dementia or
parkinsonism using Poisson regression models, stratified by
ethnic group and immigration status. The dependent variable
was the number of incident cases of dementia or parkinsonism
with person-years as the offset. We used the two-sided
Cochran—Armitage trend test to evaluate time trends of the
age- and sex-standardized prevalence of dementia and parkin-
sonism, stratified by ethnic group and immigration status, over
four epochs: 2002-2004 (epoch 1); 2005-2007 (epoch 2);
2008-2010 (epoch 3); and 2011-2013 (epoch 4). We comput-
ed an average prevalence in each epoch to assess these time
trends. In addition, we adjusted for selected preexisting con-
ditions in the Poisson regression model to explore drivers of
dementia and parkinsonism incidence over time. Prevalence
estimates based on CCHS data were weighted using CCHS
sampling weights to provide population estimates for Ontario.
Statistical significance was set at an alpha level of 0.05. All
statistical analyses were conducted using the SAS statistical
software package version 9.4%°.

RESuLTS
Characteristics of Incident Dementia

From 2001 to 2013/14 (population “13.5 million in 2013, with
50.4% female and median age of 40.3 years), we identified
387,937 incident cases of dementia in Ontario, with 39% male
and a mean age at diagnosis of 80.0 years (Table 1). The
proportion of incident cases who were of Chinese or South Asian
origin was 2% and 1%, respectively, and who were recent or
longer-term immigrants was 1% and 4%, respectively, during the
study period. The mean age at diagnosis of dementia among
recent immigrants was 74.9 years (SD 13.3) and 39.5% were
male. The mean age at diagnosis of dementia among longer-term
immigrants was 77.8 years (SD 11.5) and 38.3% were male.
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Among incident cases of dementia in 2013/14, similar propor-
tions of patients of Chinese or South Asian origin were recent
immigrants (approximately 10%), longer-term immigrants (ap-
proximately 40%), and long-term residents (approximately 50%)
(Supplemental File).

Characteristics of Incident Parkinsonism

We identified 59,617 incident cases of parkinsonism in
Ontario from 2001 to 2015, with 56% male and a mean age at
diagnosis of 73 years (Table 2). During the study period, the
proportion of incident cases who were of Chinese or South Asian
origin was 4% and 2%, respectively, and who were recent or
longer-term immigrants was 3% and 5%, respectively. The mean
age at diagnosis of parkinsonism among recent immigrants was
67.6 years (SD 12.6) and 54.2% were female. The mean age at
diagnosis of parkinsonism among longer-term immigrants was
69.9 years (SD 12.8) and 55.9% were female. Among incident
cases of parkinsonism in 2014/15, comparable proportions of
patients of Chinese or South Asian origin were recent immigrants
(11%), longer-term residents (34% and 42%, respectively), and
long-term residents (55% and 47%, respectively) (Supplemental
File).

Age- and Sex-standardized Incidence and Prevalence of
Dementia

The incidence and prevalence of dementia among Chinese and
South Asian were lower compared to that of the General Popu-
lation across all immigrant groups (Table 3; Figures 1 and 2).
When assessing by immigration status, the incidence and preva-
lence of dementia was higher among long-term residents than
recent or longer-term immigrants across selected ethnic groups.
For Chinese origin, dementia incidence increased 11.3% for
recent immigrants from 2001 to 2014, 41.4% for longer-term
immigrants, and 28.1% for long-term residents (Figure 1; Sup-
plementary File). For South Asian origin, dementia incidence
increased 42.2% in recent immigrants, 58.2% for longer-term
immigrants, and 7.0% for long-term residents. For the General
Population, dementia incidence increased 6.4% for recent immi-
grants, 41.7% for longer-term immigrants, and 4.4% for long-
term residents.

For persons of Chinese origin, prevalence of dementia in-
creased 34.9% for recent immigrants during the study period,
increased 134.3% for longer-term immigrants, and increased
96.5% for long-term residents (Table 3; Figure 2). For South
Asian origin, prevalence increased 92.5% for recent immigrants,
216.6% for longer-term immigrants, and 131.7% for long-term
residents. For the General Population, prevalence increased
74.6% for recent immigrants, 117.0% for longer-term immi-
grants, and 70.8% for long-term residents over the study period.

Age- and Sex-standardized Incidence and Prevalence of
Parkinsonism

The incidence and prevalence of parkinsonism among Chi-
nese and South Asian were lower than that of the General
Population among long-term residents (Table 3; Figures 1 and
2). The relatively small number of cases precluded us from
assessing incidence trends stratified by ethnicity and immigration
status. For Chinese origin, parkinsonism prevalence increased
21.2% for recent immigrants from 2001 to 2015, 54.9% for
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Table 1: Characteristics of persons with incident dementia from 2001/02 to 2013/14, aged 20 years and older in Ontario, Canada®

Entire study period N=387 937

2001/02 N=26 144 2013/14 N=33 011

Sex, n (%)
Female 235 090 (60.6) 16 235 (62.1) 19 377 (58.7)
Male 152 847 (39.4) 9909 (37.9) 13 634 (41.3)
Age at diagnosis (years), mean (SD) 80.0 (9.8) 79.6 (10.1) 80.0 (10.5)
Ethnic group, n (%)
Chinese origin 8 887 (2.3) 424 (1.6) 962 (2.9)
South Asian origin 4275 (1.1) 208 (0.8) 551 (1.7)
General Population 374 775 (96.6) 25 512 (97.6) 31 498 (95.4)
Immigration status
Recent immigrant (<10 years) 5101 (1.3) 445 (1.7) 443 (1.3)
Longer-term immigrant (>10 years) 14 359 (3.7) 374 (1.4) 1924 (5.8)

Long-term resident

368 477 (95.0)

25 325 (96.9)

30644 (92.8)

Income quintileb, n (%)

1 — Lowest 86 898 (22.4) 6 144 (23.5) 7 064 (21.4)
2 81 855 (21.1) 5882 (22.5) 6 866 (20.8)
3 73 708 (19.0) 5098 (19.5) 6 272 (19.0)
4 71 768 (18.5) 4 340 (16.6) 6 305 (19.1)
5 — Highest 71 768 (18.5) 4 601 (17.6) 6 305 (19.1)

Residence®, n (%)

Urban

336 341 (86.7)

22 588 (86.4)

28 687 (36.9)

Rural

50 820 (13.1)

3529 (13.5)

4258 (12.9)

SD = standard deviation.
“Fiscal year starts on April 1.
®Percentages do not add up to 100% due to missing values.

longer-term immigrants, and 17.7% for long-term residents
(Table 3; Figure 2). For South Asian origin, prevalence increased
14.4% for recent immigrants, 54.2% for longer-term immigrants,
and 30.0% for long-term residents. For the General Population,
prevalence increased 26.1% over time for recent immigrants,
42.9% for longer-term immigrants, and 28.7% for long-term
residents.

Adjustment for stroke and coronary artery disease decreased
the dementia incidence trends among persons of Chinese origin,
suggesting that these conditions may be drivers of these incidence
trends (Supplemental File). Adjustment for other pre-existing
medical conditions known to affect neurological conditions did
not appear to explain the incidence of dementia or parkinsonism
trends over time. In addition, further adjustment for other health-
related or behavioral factors (body mass index, educational
attainment, smoking, and physical activity level) had little influ-
ence on the time trends of the incidence of dementia and
parkinsonism (Supplementary File).

DiscussioN

Across selected ethnic groups in Ontario, dementia incidence
and prevalence were considerably higher in long-term residents
than recent or longer-term immigrants. Dementia incidence had
modest increases among recent immigrants from 2001 to 2014
regardless of their ethnic group, but had larger increases among
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longer-term immigrants. Similarly, the prevalence of dementia
and parkinsonism had modest increases over time for recent
immigrants but significantly increased for longer-term immi-
grants and long-term residents across selected ethnic groups.
Adjustment for a number of risk factors for brain health condi-
tions, except for stroke and coronary artery disease, did not
appear to explain incidence trends of dementia or parkinsonism
over time.

Comparison of Results with Previous Literature

This study provides more recent information on ethnic variations
in dementia and parkinsonism compared to previous studies®> 24,
Our study results in the Canadian context suggest that dementia and
parkinsonism estimates vary by ethnicity, similar to previous studies
reporting ethnic variations in the USA™-**%°. Mehta et al. reported
higher dementia incidence among Blacks and Caribbean Hispanic
populations than Mexican American, Japanese Americans, and non-
Latino White populations, and varied prevalence across ethnic
groups in the USA®. We found lower incidence and prevalence
of dementia among Chinese and South Asian than that of the
General Population; thus, our study provides new knowledge on
these estimates among Chinese and South Asian groups. For
parkinsonism, our results generally agree with previous findings
but extend our understanding by adding information on immigration
status. Van Den Eeden et al. reported lower incidence rates of
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Table 2: Characteristics of persons with incident parkinsonism (including Parkinson’s disease) from 2001/02 to 2014/15, aged 20

years and older in Ontario, Canada®

Characteristic Entire study period N=59 617 2001/02 N=3 672 | 2014/15 N=4 920
Sex, n (%)

Female 26 053 (43.7) 1 748 (47.6) 2019 (41.0)

Male 33 564 (56.3) 1 924 (52.4) 2901 (59.0)
Age at diagnosis (years), mean (SD) 72.6 (11.6) 72.6 (11.9) 72.7 (11.2)
Ethnic group, n (%)

Chinese origin 2109 (3.5) 109 (3.0) 209 (4.2)

South Asian origin 1278 (2.1) 59 (1.6) 152 (3.1)

General Population 56 230 (94.3) 3504 (95.4) 4 559 (92.7)
Immigration status

Recent immigrant (<10 years) 1806 (3.0) 159 4.3) 110 (2.2)

Longer-term immigrant (>10 years) 3208 (5.4) 84 (2.3) 403 (8.2)

Long-term resident 54603 (91.6) 3429 (93.4) 4 407 (89.6)
Income quintileb, n (%)

1 — Lowest 11 208 (18.8) 767 (20.9) 874 (17.8)

2 11 923 (20.0) 727 (19.8) 934 (19.0)

3 11 625 (19.5) 723 (19.7) 958 (19.5)

4 11 923 (20.0) 683 (18.6) 1048 (21.30)

5 — Highest 12 639 (21.2) 756 (20.6) 1079 (21.93)
Residence®, n (%)

Urban 51 807 (86.9) 3 143 (85.6) 4253 (86.4)

Rural 7 750 (13.0) 521 (14.2) 653 (13.2)

SD = standard deviation.
“Fiscal year starts on April 1.
PPercentages do not add up to 100% due to missing values.

Parkinson’s disease for Asians and Blacks compared to Hispanics
and non-Hispanic Whites in Northern California®®. We found lower
incidence and prevalence of parkinsonism for Chinese and South
Asian groups than that of the General Population among long-term
residents.

There are potential reasons why differences between ethnic
groups could arise. Ethnic groups may have different gene-
environment exposures related to the development of neurode-
generative disorders*’. A previous systematic review reported
consistent evidence that minority ethnic groups with dementia
accessed diagnostic services later in their illness and were less
likely to access certain care such as antidementia medication™®.
Another systematic review reported considerable barriers to
help seeking in minority ethnic groups, which may lead to
receiving diagnostic services at a late stage in the neurodegen-
erative disease®'*. Our results suggest that stroke and coronary
artery disease are potential drivers of incidence of dementia
among persons of Chinese origin. Previous systematic reviews
found stroke and coronary artery disease to be independent,
potentially modifiable risk factors for dementia®®'. Further
studies are needed to elucidate the role that ethnicity and these
risk factors plays on incidence and prevalence trends of neuro-
degenerative disorders.

Our findings suggest that recent immigrants across major
ethnic groups had generally lower incidence and prevalence of
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dementia and parkinsonism than long-term residents after ac-
counting for age and sex, but this difference diminished with
longer-term immigrants. Our results on incidence are consistent
with a previous study that reported lower risk of dementia and
Parkinson’s disease among immigrants compared to the Swedish-
born population®>>. Previous literature reported inconsistent
results on whether prevalence of dementia was higher or lower
among immigrants compared to non-immigrant popula-
tions™>*>. Our study results are novel in exploring trends of
incidence and prevalence of dementia and parkinsonism among
recent and longer-term immigrants, which may help elucidate
disease patterns in immigrant populations.

Our findings are consistent with the healthy immigrant effect,
whereby recent immigrants to high-income countries such as
Canada appear relatively healthier than long-term residents'’°.
There is a growing body of literature reporting immigrants to be
healthier than Canadian-born residents at the time of arrival, but
this health advantage diminishes over time, potentially from
challenges adjusting to new environments, stress, or adopting
unhealthy behaviors”. Since key pre-existing medical conditions
and behavioral factors (e.g., smoking, physical activity) were
accounted for in our study, this suggests that changes in other
factors over time may have contributed to the increased incidence
trends in longer-term immigrants. Other potential drivers to
consider in future research includes environmental exposures
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Table 3: Age- and sex-standardized® incidence and prevalence of (A) dementia in 2001/02 and 2013/14 and (B) parkinsonism in
2001/02 and 2014/15 in Ontario, Canada, by ethnicity and immigration status”

Incidence (per 100,000 person-years) Prevalence (per 1,000 persons)
Age- and sex- Age- and sex-
Immigration Number of standardized | Percent change Number of standardized | Percent change
Year status® incident cases Person-years incidence from 2001/02° prevalent cases Population prevalence from 2001/02
Dementia among those of Chinese origin
2001/02 Recent 95 140226.85 96.69 — 123 140392 1.29 —
immigrant
Longer-term 63 47543.37 141.79 — 197 47778 3.96 —
immigrant
Long-term 266 198017.82 186.15 — 824 198974 5.42 —
resident
2013/14 Recent 69 96760.16 107.58 11.26 114 96910 1.74 34.88
immigrant
Longer-term 368 188138.75 200.46 41.38 1814 190147 9.28 134.34
immigrant
Long-term 525 253349.59 238.44 28.09 2504 256115 10.65 96.49
resident
Dementia among those of South Asian origin
2001/02 Recent 40 81522.06 85.99 — 48 81589 1.07 —
immigrant
Longer-term 31 29923.56 114.94 — 74 30012 2.53 —
immigrant
Long-term 137 99975.66 226.91 — 265 100305 4.04 —
resident
2013/14 Recent 57 75641.57 122.24 42.16 101 75772 2.06 92.52
immigrant
Longer-term 206 122925.81 181.82 58.19 950 123981 8.01 216.60
immigrant
Long-term 288 140724.87 242.72 6.97 1156 142031 9.36 131.68
resident
Dementia among the General Population
2001/02 Recent 310 501275.56 142.88 — 482 501908 2.09 —
immigrant
Longer-term 280 274899.86 174.11 — 942 275991 5.00 —
immigrant
Long-term 24922 751855.56 324.94 — 71182 7596604 8.81 —
resident
2013/14 Recent 315 457630.10 151.96 6.35 774 458557 3.65 74.64
immigrant
Longer-term 1355 834991.05 246.76 41.73 6557 842225 10.85 117.00
immigrant
Long-term 29828 7647999.46 339.14 437 140388 7803310 15.05 70.83
resident
Parkinsonism among those of Chinese origin
2001/02 Recent 32 140285.26 29.49 — 92 140392 0.85 —
immigrant
Longer-term 12 47619.09 23.73 — 152 47778 2.04 —
immigrant
Long-term 65 198542.04 40.11 — 395 198974 2.37 —
resident
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Table 3: (Continued)

Incidence (per 100,000 person-years) Prevalence (per 1,000 persons)
Age- and sex- Age- and sex-
Immigration Number of standardized | Percent change Number of standardized | Percent change
Year status® incident cases Person-years incidence from 2001/02" prevalent cases Population prevalence from 2001/02
2014/15 Recent 23 83689.61 35.69 — 71 83773 1.03 21.18
immigrant
Longer-term 71 201228.46 35.44 — 639 201907 3.16 54.90
immigrant
Long-term 115 268606.74 44.63 — 725 269389 2.79 17.72
resident
Parkinsonism among those of South Asian origin
2001/02 Recent 17 81520.93 26.22 — 59 81589 1.04 —
immigrant
Longer-term 9 29946.87 34.54 — 60 30012 2.01 —
immigrant
Long-term 33 100120.03 41.99 — 164 100305 2.17 —
resident
2014/15 Recent 17 66747.77 29.91 — 68 66828 1.19 14.42
immigrant
Longer-term 63 131901.52 49.95 — 398 132336 3.10 54.23
immigrant
Long-term 72 152365.04 49.00 — 419 152821 2.82 29.95
resident
Parkinsonism among the General Population
2001/02 Recent 110 501597.03 45.68 — 257 501908 0.92 —
immigrant
Longer-term 63 275530.67 34.14 — 427 275991 2.03 —
immigrant
Long-term 3331 7572703.18 42.02 — 22236 7596604 2.82 —
resident
2014/15 Recent 68 405848.90 29.73 — 276 406161 1.16 26.09
immigrant
Longer-term 271 892627.79 39.27 — 2117 894885 2.90 42.86
immigrant
Long-term 4220 7830783.83 46.11 — 31425 7864320 3.63 28.72
resident

“Standardized using the 2001 Census data for the Ontario population.
PFiscal year starts on April 1.

“Recent immigrant is <10 years since immigration; longer-term immigrant is >10 years since immigration.
YIncidence trends for parkinsonism not assessed due to the relatively small number of cases.

(e.g., air pollution and toxins), health care access, stress, adjust-
ments to new environments, and gene-environment expo-
sures”*>77?_ Protective effects may also have been present in
the countries of origin. Future research to identify other drivers of
dementia and parkinsonism trends across ethnic and immigrant
groups is warranted. It is important for decision-makers and
health care providers to consider prevention and health care
strategies to help prevent the incidence of dementia and parkin-
sonism in immigrant populations across selected ethnic groups.
These findings may guide early detection, management, equitable
access to health services, and monitoring of health over time
among immigrants related to these neurological disorders.

In addition, previous studies identified barriers to care among
recent immigrants with neurodegenerative conditions, which may
delay or hinder an appropriate diagnosis®*®*. Health care
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providers reported challenges in the assessment and early detec-
tion of disease, including language barriers and difficulties
involving family members or interpreters(’o_63. Immigrants and
their families may experience barriers to help-seeking or acces-
sing care, lack of knowledge on neurodegenerative conditions or
services, or difficulties communicating due to language“. In our
study, the mean age of physician diagnosis for dementia and
parkinsonism were similar between recent and longer-term immi-
grants. While barriers to health services among recent immigrants
may potentially delay diagnosis, it does not appear to explain
entirely our observed trends of dementia and parkinsonism in
these subpopulations. Nonetheless, decision-making and future
research should consider culturally tailored and patient-centered
approaches to provide information, treatment, and services for
these patient populations.
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Figure 1: Age- and sex-standardized incidence of dementia among persons of (A) Chinese origin; (B) South Asian origin; and (C) the General
Population in Ontario, Canada, stratified by immigration status (recent immigrant: <10 years after immigration; longer-term immigrant: >10 years after
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Figure 2: Age- and sex-standardized prevalence of dementia among persons of (A) Chinese origin; (B) South Asian origin; and (C) the General
Population, and prevalence of parkinsonism among persons of (D) Chinese origin; (E) South Asian origin; and (F) the General Population in Ontario,
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Strengths and Limitations

Our study has strengths. First, we computed population-based
incidence and prevalence using a large sample over a long time
frame (387,937 incident cases of dementia and 59,617 incident
cases of parkinsonism from 2001 to 2014/15). Canada has the
highest per-capita rates of immigration and Ontario is the most
populous province in Canada®>®°. Approximately 250,000 immi-
grants (0.8% of the population) arrive annually to Canada from
other countries globally, and the greatest proportion settles in the
province of Ontario?. Second, we used population-based health
administrative databases with validated algorithms to ascertain
cases of dementia and parkinsonism®***, These algorithms have
relatively high accuracy®>**. Finally, we used a validated ap-
proach to identify persons of Chinese and South Asian 0rigins4°.

Our study has some limitations. First, incident cases of dementia
and parkinsonism in this study as ascertained using algorithms may
have had an earlier diagnosis before the study period. Using
administrative databases may not capture individuals without clini-
cally recognized symptoms and those who have not sought health
care. Previous studies reported barriers to care among recent
immigrants with neurodegenerative conditions, which may delay
or hinder an appropriate diagnosis®> !, The imperfect sensitivity of
the algorithms for dementia or parkinsonism may have led to
underestimates. On the contrary, there may be overestimating since
outcomes are based on physician billing codes that may not be
accurate. It is important to note that drug claims data do not capture
those aged less than 65 years, so rates may be underestimated in
younger age groups. Second, despite using the entire Ontario
population, this study may still have been underpowered to detect
significant trends in individuals with dementia or parkinsonism of
Chinese or South Asian origin, particularly among recent immi-
grants (<5% of incident cases). Nevertheless, we provided stratified
estimates of incidence and prevalence trends by ethnicity and
immigration status to address important knowledge gaps for demen-
tia and parkinsonism. Third, immigrant data were limited to immi-
grants and refugees who landed in Ontario since 1985 and became
permanent residents. Immigrants who landed in Ontario before 1985
were combined with long-term residents since IRCC-PR data
records are only available from 1985. However, many health and
behavioral factors of immigrants living in Canada over 15 to 20
years become similar to those of non-immigrants®”°®, Finally, we
were unable to ascertain other risk factors (e.g., environmental
exposures and drug exposure) for dementia and parkinsonism.
Future research is needed to examine the effects of other risk factors
on time trends in dementia and parkinsonism incidence among
different ethnic and immigrant groups.

CONCLUSION

Our study found that recent immigrants across major ethnic
groups (i.e., Chinese, South Asian, and the General Popula-
tion) in Ontario had considerably lower rates of dementia and
parkinsonism than long-term residents. However, this differ-
ence diminished with longer-term immigrants in selected
ethnic groups. This information will help public health profes-
sionals and health policy decision-makers tailor public health
strategies to identified priority groups, including longer-term
immigrants across selected ethnic groups. As the proportion of
immigrants continues to grow, further research exploring these
trends and potential drivers impacting health over time among
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ethnic and immigrant populations would facilitate culturally-
tailored public health and intervention strategies to improve
health outcomes.

A CKNOWLEDGMENTS

This study was supported by Public Health Ontario (PHO)
and ICES, which is funded by an annual grant from the
Ontario Ministry of Health and Long-Term Care (MOHLTC).
The opinions, results, and conclusions reported in this paper
are those of the authors and are independent from the funding
sources. Parts of this material are based on data and/or
information compiled and provided by Canadian Institute
for Health Information (CIHI) and by Immigration, Refugees
and Citizenship Canada (IRCC). However, the analyses,
conclusions, opinions, and statements expressed in the mate-
rial are those of the author(s), and not necessarily those of
CIHI or IRCC. No endorsement by ICES, Ontario MOHLTC,
CIHI, or IRCC is intended or should be inferred.

FunbING

Funding for this study is provided by Health Canada
(MOA-4500314182). The funding agency was not involved
in the study design, analysis or interpretation of data, in the
writing of the report, or in the decision to submit the paper for
publication.

Dr. Jessica Wong is supported by tuition assistance from the
Canadian Memorial Chiropractic College. Drs. Jeff Kwong, Karen
Tu, and Debra Butt are supported by Investigator Awards from the
Department of Family and Community Medicine, University of
Toronto.

DISCLOSURES

All authors report no disclosures.

STATEMENT OF AUTHORSHIP

JJW, HC, JCK, KT, DAB, and BRS contributed to the study
design. JJW, HC, ASW, and AK prepared and cleaned the data.
JJW, HC, JCK, KT, DAB, ASW, BRS, and AK contributed to the
data analyses. JJW took the lead in drafting the manuscript. All
authors contributed to interpretation of data, provided critical
revisions to the manuscript, and approved the final draft.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
https://doi.org/10.1017/cjn.2021.7.

REFERENCES

1. de Lau LM, Breteler MM. Epidemiology of Parkinson’s disease.
Lancet Neurol. 2006;5(6):525-35.

2. World Health Organization. Neurological disorders: public health
challenges 2006 [August 8, 2016]. Available from: http://
www.who.int/mental_health/neurology/neurological_disorders
_report_web.pdf.

3. Koerts J, Konig M, Tucha L, et al. Working capacity of patients with
Parkinson’s disease — a systematic review. Parkinsonism Relat
Disord. 2016;27:9-24.

4. World Health Organization. Global burden of neurological
disorders: estimates and projections [May 30, 2016]. Available


https://doi.org/10.1017/cjn.2021.7
http://www.who.int/mental_health/neurology/neurological_disorders_report_web.pdf
http://www.who.int/mental_health/neurology/neurological_disorders_report_web.pdf
http://www.who.int/mental_health/neurology/neurological_disorders_report_web.pdf
https://doi.org/10.1017/cjn.2021.7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

from: http://www.who.int/mental_health/neurology/chapter_2_
neuro_disorders_public_h_challenges.pdf.

Macleod AD, Grieve JW, Counsell CE. A systematic review of
loss of independence in Parkinson’s disease. J Neurol.
2016;263(1):1-10.

Xu J, Gong DD, Man CF, et al. Parkinson’s disease and risk of
mortality: meta-analysis and systematic review. Acta Neurol
Scand. 2014;129(2):71-9.

Macleod AD, Taylor KS, Counsell CE. Mortality in Parkinson’s
disease: a systematic review and meta-analysis. Mov Disord.
2014;29(13):1615-22.

Rao A, Suliman A, Vuik S, et al. Outcomes of dementia: systematic
review and meta-analysis of hospital administrative database
studies. Arch Gerontol Geriatr. 2016;66:198-204.

Martinez-Martin P, Rodriguez-Blazquez C, Paz S, et al. Parkinson
symptoms and health related quality of life as predictors of costs:
a longitudinal observational study with linear mixed model
analysis. PLOS ONE. 2015;10(12):e0145310.

Rodriguez-Blazquez C, Forjaz MJ, Lizan L, et al. Estimating the
direct and indirect costs associated with Parkinson’s disease.
Expert Rev Pharmacoecon Outcomes Res. 2015;15(6):889-911.

Gustavsson A, Svensson M, Jacobi F, et al. Cost of disorders of the brain
in Europe 2010. Eur Neuropsychopharmacol. 2011;21(10):718-79.

Kowal SL, Dall TM, Chakrabarti R, et al. The current and projected
economic burden of Parkinson’s disease in the United States.
Mov Disord. 2013;28(3):311-8.

Lokk J, Borg S, Svensson J, et al. Drug and treatment costs in
Parkinson’s disease patients in Sweden. Acta Neurol Scand.
2012;125(2):142-7.

Guttman M, Slaughter PM, Theriault ME, et al. Burden of parkinson-
ism: a population-based study. Mov Disord. 2003;18(3):313-9.
Wimo A, Guerchet M, Ali GC, et al. The worldwide costs of
dementia 2015 and comparisons with 2010. Alzheimers Dement.

2017;13(1):1-7.

Rechel B, Mladovsky P, Ingleby D, et al. Migration and health
in an increasingly diverse Europe. Lancet. 2013;381(9873):
1235-45.

Singh GK, Hiatt RA. Trends and disparities in socioeconomic and
behavioural characteristics, life expectancy, and cause-specific mor-
tality of native-born and foreign-born populations in the United
States, 1979-2003. Int J Epidemiol. 2006;35(4):903—-19.

Bhopal R. Glossary of terms relating to ethnicity and race: for
reflection and debate. J Epidemiol Community Health.
2004;58(6):441-5.

Ferri CP, Prince M, Brayne C, et al. Global prevalence of dementia:
a Delphi consensus study. Lancet. 2005;366(9503):2112-7.

Statistics Canada. Ethnocultural Portrait of Canada Highlight
Tables, 2006 Census. Ottawa, Ontario, Canada, Statistics Canada,
2 April 2008 (97-562-XWE2006002) [October 12, 2016]. Avail-
able from: http://www12.statcan.gc.ca/census-recensement/2006/
rt-td/eth-eng.cfm.

Hoeffel EM, Rastogi S, Kim MO, Shahid H. The Asian population:
2010 census briefs, 2010. Available at: https://www.census.gov/
prod/cen2010/briefs/c2010br-11.pdf; accessed June 11, 2020.

Passel JS, Cohn D. U.S. Population Projections: 2005-2050. Pew
Research Center, 2008. Available at: https://www.pewresearch.org/
hispanic/2008/02/11/us-population-projections-2005-2050/; accessed
June 11, 2020.

Feigin VL, Vos T, Nichols E, et al. The global burden of neurologi-
cal disorders: translating evidence into policy. Lancet Neurol.
2020;19(3):255-65.

Lu C, Ng E. Healthy immigrant effect by immigrant category in
Canada. Health Rep. 2019;30(4):3-11.

Mehta KM, Yeo GW. Systematic review of dementia prevalence
and incidence in United States race/ethnic populations. Alzhei-
mers Dement. 2017;13(1):72-83.

Van Den Eeden SK, Tanner CM, Bernstein AL, et al. Incidence of
Parkinson’s disease: variation by age, gender, and race/ethnicity.
Am J Epidemiol. 2003;157(11):1015-22.

Canevelli M, Lacorte E, Cova I, et al. Estimating dementia cases in
the immigrant population living in Italy. Neurol Sci.
2018;39(10):1775-8.

Volume 48, No. 6 — November 2021

https://doi.org/10.1017/cjn.2021.7 Published online by Cambridge University Press

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

Chaudhuri KR, Hu MT, Brooks DJ. Atypical parkinsonism in Afro-
Caribbean and Indian origin immigrants to the UK. Mov Disord.
2000;15(1):18-23.

Diaz E, Kumar BN, Engedal K. Immigrant patients with dementia and
memory impairment in primary health care in Norway: a national
registry study. Dement Geriatr Cogn Disord. 2015;39(5-6):321-31.

Parlevliet JL, Uysal-Bozkir O, Goudsmit M, et al. Prevalence of
mild cognitive impairment and dementia in older non-western
immigrants in the Netherlands: a cross-sectional study. Int J
Geriatr Psychiatry. 2016;31(9):1040-9.

Hemming JP, Gruber-Baldini AL, Anderson KE, et al. Racial and
socioeconomic disparities in parkinsonism. Arch Neurol.
2011;68(4):498-503.

Statistics Canada. 2016 Canada census. Available at https:/
www12.statcan.gc.ca/census-recensement/2016/dp-pd/index-eng.cfim;
accessed August 1, 2018.

Jaakkimainen RL, Bronskill SE, Tierney MC, et al. Identification of
physician-diagnosed Alzheimer’s disease and related dementias
in population-based administrative data: a validation study using
family physicians’ electronic medical records. J Alzheimers Dis.
2016;54(1):337-49.

Butt DA, Tu K, Young J, et al. A validation study of administrative data
algorithms to identify patients with parkinsonism with prevalence
and incidence trends. Neuroepidemiology. 2014;43(1):28-37.

Chan B. Supply of physicians’ services in Ontario. Hosp Q.
1999;3(2):17.

Chen H, Kwong JC, Copes R, et al. Cohort profile: the Ontario
population health and environment cohort (ONPHEC). Int J
Epidemiol. 2016;46(2):405-405;.

Kosteniuk JG, Morgan DG, O’Connell ME, et al. Simultaneous
temporal trends in dementia incidence and prevalence, 2005—
2013: a population-based retrospective cohort study in Saskatch-
ewan, Canada. Int Psychogeriatr. 2016;28(10):1643-58.

Wong JJ, Kwong JC, Tu K, et al. Time trends of the incidence,
prevalence, and mortality of parkinsonism. Can J Neurol Sci.
2019;46(2):184-91.

Vanderkruk KR, Eberg M, Mahootchi T, et al. Trends of dementia
among community-dwelling adults in Ontario, Canada, 2010—
2015. Dement Geriatr Cogn Disord. 2020;49(3):286-94.

Shah BR, Chiu M, Amin S, et al. Surname lists to identify South Asian
and Chinese ethnicity from secondary data in Ontario, Canada: a
validation study. BMC Med Res Methodol. 2010;10:42.

Tu K, Chen Z, Lipscombe LL. Prevalence and incidence of hyper-
tension from 1995 to 2005: a population-based study. CMAJ.
2008;178(11):1429-35.

Gershon AS, Wang C, Guan J, et al. Identifying individuals with
physician diagnosed COPD in health administrative databases.
COPD. 2009;6(5):388-94.

Hux JE, Ivis F, Flintoft V, et al. Diabetes in Ontario: determination
of prevalence and incidence using a validated administrative data
algorithm. Diabetes Care. 2002;25(3):512-6.

Schultz SE, Rothwell DM, Chen Z, et al. Identifying cases of
congestive heart failure from administrative data: a validation
study using primary care patient records. Chronic Dis Inj Can.
2013;33(3):160-6.

SAS Enterprise 9.4, SAS Institute Inc., Cary, NC, USA.

Mayeux R, Marder K, Cote LJ, et al. The frequency of idiopathic
Parkinson’s disease by age, ethnic group, and sex in northern
Manhattan, 1988-1993. Am J Epidemiol. 1995;142(8):820-7.

Correia Guedes L, Ferreira JJ, Rosa MM, et al. Worldwide frequency
of G2019S LRRK?2 mutation in Parkinson’s disease: a systematic
review. Parkinsonism Relat Disord. 2010;16(4):237-42.

Mukadam N, Cooper C, Livingston G. A systematic review of
ethnicity and pathways to care in dementia. Int J Geriatr Psychia-
try. 2011;26(1):12-20.

Cooper C, Tandy AR, Balamurali TB, et al. A systematic review
and meta-analysis of ethnic differences in use of dementia
treatment, care, and research. Am J Geriatr Psychiatry.
2010;18(3):193-203.

Deckers K, Schievink SHJ, Rodriquez MMF, et al. Coronary heart
disease and risk for cognitive impairment or dementia: Systematic
review and meta-analysis. PLoS One. 2017;12(9):e0184244.

789


http://www.who.int/mental_health/neurology/chapter_2_neuro_disorders_public_h_challenges.pdf
http://www.who.int/mental_health/neurology/chapter_2_neuro_disorders_public_h_challenges.pdf
http://www12.statcan.gc.ca/census-recensement/2006/rt-td/eth-eng.cfm
http://www12.statcan.gc.ca/census-recensement/2006/rt-td/eth-eng.cfm
https://www.census.gov/prod/cen2010/briefs/c2010br-11.pdf
https://www.census.gov/prod/cen2010/briefs/c2010br-11.pdf
https://www.pewresearch.org/hispanic/2008/02/11/us-population-projections-2005-2050/
https://www.pewresearch.org/hispanic/2008/02/11/us-population-projections-2005-2050/
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/index-eng.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/index-eng.cfm
https://doi.org/10.1017/cjn.2021.7

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

51.

52.

53.

54.

55.

56.

57.

58.

59.

790

KuZma E, Lourida I, Moore SF, et al. Stroke and dementia risk: a
systematic review and meta-analysis. Alzheimers Dement.
2018;14(11):1416-26.

Wiindell P, Fredrikson S, Carlsson AC, et al. Parkinson’s disease
among immigrant groups and Swedish-born individuals: a cohort
study of all adults 50 years of age and older in Sweden. J
Parkinsons Dis. 2020;10(3):1133-41.

Wiindell P, Carlsson AC, Li X, et al. Dementia in immigrant groups:
a cohort study of all adults 45 years of age and older in Sweden.
Arch Gerontol Geriatr. 2019;82:251-8.

Moon H, Badana ANS, Hwang SY, et al. Dementia prevalence in
older adults: variation by race/ethnicity and immigrant status. Am
J Geriatr Psychiatry. 2019;27(3):241-50.

Parlevliet JL, Uysal-Bozkir 0O, Goudsmit M, et al. Prevalence of
mild cognitive impairment and dementia in older non-western
immigrants in the Netherlands: a cross-sectional study. Int J
Geriatr Psychiatry. 2016;31(9):1040-9.

Kennedy S, McDonald JT, Biddle N. The healthy immigrant effect and
immigrant selection: evidence from four countries. McMaster Uni-
versity; 2006. Available at: http:/socserv.mcmaster.ca/sedap/p/
sedap164.pdf; accessed April 18, 2020.

Feldman AL, Johansson AL, Lambert PC, et al. Familial coaggregation
of Alzheimer’s disease and Parkinson’s disease: systematic review
and meta-analysis. Neuroepidemiology. 2014;42(2):69-80.

Dimakakou E, Johnston HJ, Streftaris G, et al. Exposure to
environmental and occupational particulate air pollution as a
potential contributor to neurodegeneration and diabetes: a
systematic review of epidemiological research. Int J Environ
Res Public Health. 2018;15(8):1704.

Breckenridge CB, Berry C, Chang ET, et al. Association between
Parkinson’s disease and cigarette smoking, rural living, well-water

https://doi.org/10.1017/cjn.2021.7 Published online by Cambridge University Press

60.

61.

62.

63.

64.

65.
66.

67.

68.

consumption, farming and pesticide use: systematic review and meta-
analysis. PLoS One. 2016;11(4):e0151841.

Sagbakken M, Spilker RS, Nielsen TR. Dementia and immigrant
groups: a qualitative study of challenges related to identifying,
assessing, and diagnosing dementia. BMC Health Serv Res.
2018;18(1):910.

Stevnsborg L, Jensen-Dahm C, Nielsen TR, et al. Inequalities in
access to treatment and care for patients with dementia and
immigrant background: a Danish Nationwide study. J Alzheimers
Dis. 2016;54(2):505-14.

Vissenberg R, Uysal O, Goudsmit M, et al. Barriers in providing
primary care for immigrant patients with dementia: GPs’ per-
spectives. BJGP Open. 2018;2(4):bjgpopen18X101610.

Tillmann J, Just J, Schnakenberg R, et al. Challenges in diagnosing
dementia in patients with a migrant background — a cross-sec-
tional study among German general practitioners. BMC Fam
Pract. 2019;20(1):34.

Czapka EA, Sagbakken M. “It is always me against the Norwegian
system.” barriers and facilitators in accessing and using dementia
care by minority ethnic groups in Norway: a qualitative study.
BMC Health Serv Res. 2020;20(1):954.

Fearon J. Ethnic and cultural diversity by country. J Econ Growth.
2003;8:195-222.

Statistics Canada. 2001 Census of Canada [July 15, 2016]. Available
from: http://www12.statcan.ca/english/censusO1/home/Index.cfm.

Chiu M, Austin PC, Manuel DG, et al. Cardiovascular risk factor
profiles of recent immigrants vs long-term residents of Ontario: a
multi-ethnic study. Can J Cardiol. 2012;28(1):20-6.

Perez CE. Health status and health behaviour among immigrants
[Canadian Community Health Survey-2002 Annual Report].
Health Rep. 2002;13:89-100.


http://socserv.mcmaster.ca/sedap/p/sedap164.pdf
http://socserv.mcmaster.ca/sedap/p/sedap164.pdf
http://www12.statcan.ca/english/census01/home/Index.cfm
https://doi.org/10.1017/cjn.2021.7



