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Summary
Background Age and gender specific prevalence rates for parkinsonism and Parkinson’s disease (PD) are important
to guide research, clinical practice, and public health planning; however, prevalence estimates in Latin America
(LatAm) are limited. We aimed to estimate the prevalence of parkinsonism and PD and examine related risk factors
in a cohort of elderly individuals from Latin America (LatAm).

Methods Data from 11,613 adults (65+ years) who participated in a baseline assessment of the 10/66 study and lived
in six LatAm countries were analyzed to estimate parkinsonism and PD prevalence. Crude and age-adjusted preva-
lence were determined by sex and country. Diagnosis of PD was established using the UK Parkinson’s Disease Soci-
ety Brain Bank’s clinical criteria.

Findings In this cohort, the prevalence of parkinsonism was 8.0% (95% CI 7.6%−8.5%), and the prevalence of PD
was 2.0% (95% CI 1.7%−2.3%). PD prevalence increased with age from 1.0 to 3.5 (65−69vs. 80 years or older,
p < 0.001). Age-adjusted prevalence rates were lower for women than for men. No significant differences were
found across countries, except for lower prevalence in urban areas of Peru. PD was positively associated with depres-
sion (adjusted prevalence ratio [aPR] 2.06, 95% CI 1.40−3.01, I2 = 56.0%), dementia (aPR 1.57, 95% CI 1.07- 2.32,
I2 = 0.0%) and educational level (aPR 1.14, 95% CI 1.01− 1.29, I2 = 58.6%).

Interpretation The reported prevalence of PD in LatAm is similar to reports from high-income countries (HIC). A
significant proportion of cases with PD did not have a previous diagnosis, nor did they seek any medical or neurolog-
ical attention. These findings underscore the need to improve public health programs for populations currently
undergoing rapid demographic aging and epidemiological transition.
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Research in context

Evidence before this study

We searched Medline (Ovid), LILACS, and SciElo.org for
articles investigating Parkinsonism and Parkinson Dis-
ease (PD) in Latin America, published from January
1990 to December 2020. The search strategy included
terms related: (Parkinson Disease* OR Parkinsonism*)
AND (epidemiology* OR prevalence* OR incidence* OR
risk factors*) AND (‘Latin America*’ OR Argentin* OR
Bolivia* OR Brazil OR Brasil OR Brazilian* OR Chile OR
Chilean* OR Colombia* OR ‘Cost Rica*’ OR Cuba OR
Cuban* OR Dominican* OR Quisqueyan* OR Ecuador*
OR ‘French Guiana’ OR ‘French Guianese’ OR ‘Guayana
Francesa’ OR Guianan* OR Guatemala* OR Haiti* OR
Honduras OR Honduran* OR Mexico OR Mexican* OR
Nicaragua* OR Panama* OR Paraguay* OR Guaraní OR
Peru OR Peruvian* OR ‘Puerto Rico’ OR ‘Puerto Rican*’
OR Uruguay* OR Venezuela* OR Hispanic* OR Latino*
OR Latina*). Previous data for prevalence and risk fac-
tors at a population level in Latin America are scarce,
with six published studies on this topic (Uruguay,
Argentina, Cuba, Bolivia, Brazil, and Colombia). Data
available from LatAm also differs in protocols and study
designs, making estimations of prevalence and compar-
isons across the region difficult and prone to bias.

Added value of this study

To the best of our knowledge, this is the first door-to-
door survey with PD- related data in multiple Latin
America countries using the same assessment method-
ology. This study adds population-based information
for Parkinsonism and PD prevalence, and risk factors in
a mixed rural-urban population from Latin America. We
found no significant differences in Parkinsonism or PD
prevalence within LatAm countries. Compared to HIC,
we found a higher prevalence of Parkinsonism in LatAm
countries, probably related to a higher frequency of vas-
cular risk factors. This information is valuable for an
unbiased estimation of the global burden of Parkinson
Disease in Latin America.

Implications of all the available evidence

Our multi-national study provides current estimates for
Parkinsonism and PD prevalence among individuals
over the age of 65 years in six LatAm countries. Preva-
lence estimates in individual countries are generally
similar, and the meta-analysis estimate confidence
intervals are narrow, reflecting the large size per coun-
try. A significant proportion of cases with PD did not
have a previous diagnosis, nor did they seek any medi-
cal or neurological attention. These findings underscore
the need to improve public health programs for popula-
tions that are currently undergoing rapid demographic
aging and epidemiological transition.
Introduction
The upcoming demographic shifts toward older popula-
tions have led efforts to estimate the expected healthcare
burden for the coming decades, particularly for neuro-
degenerative diseases for which incidence rises consid-
erably with age, such as Alzheimer’s disease (AD) and
Parkinson’s disease (PD).1,2 Neurological disorders are
now among the leading cause of disability globally.3

Among those, PD is the most common movement dis-
order, aside from essential tremor, and the second most
common neurodegenerative disease after AD.4,5

Because of the global impact of PD, many epidemiologi-
cal studies have been conducted worldwide over the
past few decades.6 The overwhelming majority of the
epidemiological studies in PD have been carried out in
high-income countries (HIC). However, there is limited
data from large population studies in low and middle-
income countries (LMIC) available for consideration.7

Population aging is affecting LMIC countries at a
faster rate than HIC, especially those in Latin America
(LatAm). The demographic change in LatAm is accom-
panied by a health transition being driven by changes in
habits and lifestyles, where non-communicable dis-
eases, such as PD and AD, are becoming the primary
cause of morbidity and disability. Therefore, determin-
ing PD prevalence and risk factors is particularly rele-
vant for public health planning in LatAm.8

One of the great challenges in studying the epidemi-
ology of PD is the relatively low frequency and the diffi-
culty in establishing a diagnosis. In addition, prevalence
estimates vary widely across studies and countries.9

Age-adjusted PD prevalence appears to be lower in
Africa than in Europe and North America,10,11 whereas
the prevalence in Asia is similar to that in Europe and
www.thelancet.com Vol xx Month xx, 2021
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North America,12,13 with relatively few population-based
studies in LatAm. However, differences in methodology
and diagnostic criteria hampers the interpretation of
this geographic variation.

These factors, along with the absence of population-
based disease registries, have significantly contributed
to the gap in knowledge about the epidemiologic charac-
teristics of PD in LatAm countries. This fact encouraged
us to estimate the prevalence of parkinsonism and PD
in older populations from Latin America.

To the best of our knowledge, studies on the preva-
lence of parkinsonism (a motor syndrome that mani-
fests as rigidity, tremors, and bradykinesia) and PD (a
primary degenerative disease of the brain) are scarce in
Latin America, with only six published studies on this
topic (Uruguay, Argentina, Cuba, Bolivia, Brazil, and
Colombia).14−19 Data available from LatAm also differs
in protocols and study designs, making it difficult to
establish comparisons across the region. These studies
have employed diverse diagnostic criteria and methods,
confounding meaningful comparisons due to signifi-
cant variations on prevalence estimates by countries.
Consequently, it remains unclear whether a true varia-
tion exists across LatAm.20 Recent studies from HIC
suggest that community-based surveys on PD using the
same methodology and diagnostic criteria are less likely
to vary across countries and more suitable to drive
cross-regional comparisons.20

The overarching goal of the present investigation
was to assess the prevalence of parkinsonism, PD, and
their risk factors in a cohort of older individuals from
LatAm. The present study used data collected through
the 10/66 population-based surveys. The 10/66 study is
a large prospective cohort study established in 2003 to
examine the frequency of dementia and evaluate possi-
ble risk factors for cognitive decline among the popula-
tion over the age of 65 in LMIC. Details of the study
have been previously published elsewhere.21 This study
was not meant to identify participants with unrecog-
nized PD symptoms but included self-reported PD sta-
tus, a comprehensive neurological questionnaire, and a
full neurological exam for all individuals.22 In this anal-
ysis, we present age and sex-specific figures for the prev-
alence of PD and its risk factors in LMIC. The present
research features a regional, multicenter study using
the same protocols and diagnosis assessments from six
LatAm countries (Cuba, Dominican Republic (DR),
Puerto Rico (PR), Mexico, Venezuela, and Peru).
Methods

Setting and study participants
The present investigation is part of the 10/66 research
program, a population-based cohort study, comprising
in principle all older residents aged 65 years and over,
living in eight geographically- defined urban and rural
www.thelancet.com Vol xx Month xx, 2021
catchment area sites in six LatAm countries.21,23 The
primary analyses in this study utilized data from com-
munity-dwelling participants aged 65 years and over
enrolled in the prevalence phase of the 10/66 study
(N = 12,734).21,23 Urban sites were selected to comprise
mixed socioeconomic status households. Urban sites
were located in Cuba (one catchment area comprising
sites in Havana and Matanzas, n = 2813), Dominican
Republic (Santo Domingo, n = 2011), Puerto Rico (Baya-
mon, n = 2009), Venezuela (Caracas, n = 1965), Peru
(Lima, n = 1381), and Mexico (Mexico City, n = 1003).
Rural sites, remote from major population centers with
low-density population and agriculture and related
trades as the primary local employment, were located in
Peru (Canete Province, n = 552) and Mexico (Morelos
State, n = 1000). Site characteristics are summarized
elsewhere.23

Written informed consent was obtained from all par-
ticipants and their study partners. This project was
approved by local institutional review boards and the
King’s College London Research Ethics Committee.
The full protocol for the 10/66 population-based sur-
veys is available in an open-access publication.23,24
Measures
The 10/66 research program was developed to address
dementia prevalence, incidence, and impact across
Latin American countries, China, and India using a vali-
dated and standard methodology. However, given that
this was a population cohort, the scope of the research
was much broader and entailed a comprehensive
inquiry into health (common and burdensome chronic
diseases, disability and health service utilization) and
social aspects of aging (socioeconomic status, social pro-
tection, needs for care and care arrangements). 10/66
protocols also included a full neurological disease
assessment and a physical and neurological exam. All
interviewers and field examiners (4−9 per country)
received uniform and standardized training, including
(a) study protocol and procedures, (b) standard struc-
tured interview techniques, and (c) a two-day specific
training for structured clinical assessment and neuro-
logical/physical examination. Field examiners (graduate
physicians, primary care providers, geriatricians, spe-
cialists in internal medicine and registered nurses) were
required to complete all training modules prior to the
start of the study. Interviewers and field examiners were
regularly monitored and supervised to ensure uniform
data collection and procedures. Full details are available
elsewhere.21,24 Here, we summarize the measures
directly relevant to the analyses presented in this paper.
Parkinsonism and PD
All participants underwent a comprehensive interview
lasting three hours, including a structured interview, a
physical and neurological examination, and an
3
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informant interview.24 The comprehensive question-
naire on self-reported non-communicable diseases (e.g.,
HTA, stroke, dementia) and neurological symptoms,
together with the comprehensive neurological examina-
tion, permitted estimation of the prevalence of parkin-
sonism and PD. Based on the clinical interview and
neurological exam available in 10/66 data, we generated
a composite score to identify parkinsonism,22 and esti-
mated PD based on the exclusion “negative” features (e.
g., repeated strokes, supranuclear gaze palsy, cerebellar
signs, cerebral tumor, and severe autonomic involve-
ment, among others) that argue against a diagnosis of
PD and “positive” features (supportive criteria, e.g.,
asymmetry, rest tremor, progressive disorder, etc.) that
favor a PD diagnosis.22 Previous studies using the same
data have shown the predictive validity of this composite
score to identify Parkinsonism.22

We defined parkinsonism according to the Parkinson’s
Disease Society Brain Research centre of the United King-
dom criteria,25,26 requiring the presence of bradykinesia
and at least one of the following: rest tremor, rigidity, or
postural instability not caused by primary visual, vestibular,
cerebellar, or proprioceptive dysfunction. Among subjects
fulfilling these criteria, an attempt was made to identify eti-
ologic subgroups. Subjects were diagnosed as having PD
after excluding other possible causes of parkinsonism and
following the UK Brain Bank criteria for PD.27 Clinically-
probable PDwas defined as having at least three supportive
criteria and having no red flags (absolute exclusion crite-
ria), including (1) no suggestion of a cause for another par-
kinsonian syndrome such as drugs, trauma, brain tumor,
or stroke; and (2) no atypical features such as prominent
oculomotor palsy, cerebellar signs, severe orthostatic hypo-
tension, pyramidal signs, or limb apraxia, among others.
This approach has been recommended for use in epidemi-
ologic studies.28 In addition, to determine the algorithm's
accuracy, the diagnostic algorithm was further validated in
the Havana-Cuba sample using clinical diagnoses by
trained neurologists as a reference standard. All cases of
Parkinsonism or PD identified by the algorithm under-
went a case confirmation procedure and were re-assessed
by two neurologists with previous training in movement
disorders (JJLl-G and JCLl-G) to confirm or exclude the
presence of Parkinsonism or PD and determine if diagnos-
tic criteria were met. Compared with the clinical assess-
ment by a neurologist, the sensitivity and specificity of the
diagnostic algorithm were 93.9% (95% CI; 88.9−96.5)
and 96.7% (95% CI; 93.2−98.7) for parkinsonism and
85.5% (95% CI; 76.2−92.1) and 98.9% (95% CI; 95.9
−99.8) for PD, respectively. Based on previous population-
based studies,29 we considered this a valid and sensitive
diagnostic algorithm.
Covariates
Age was ascertained using participant or informant
reports, documented age, or an event calendar.
Education level was ascertained and coded as no educa-
tion, did not complete primary, completed primary, sec-
ondary, or tertiary education. Smoking status was self-
reported and confirmed by the informant. Socioeco-
nomic status was assessed according to the number of
reported household assets (motor vehicles; television;
refrigerator and/or freezer; water and electrical utilities;
telephone; plumbed toilet; plumbed bathroom). We
assessed physical, mental, and cognitive morbidity
through measures of stroke, physical impairments,
dementia, depression, and main contributors to disabil-
ity and dependence.30,31 Dementia was diagnosed
according to the cross-culturally developed, calibrated,
and validated 10/66 dementia diagnosis algorithm.32

Stroke was self-reported (by participant or informant
report), and/or all those with stroke suggestive neuro-
logical signs (asymmetric long tract signs, dysphasia,
marked gait disturbance) were included.33 Physical
multi-morbidity was defined as having three or more of
nine self-reported, limiting physical impairments
(arthritis; persistent cough; breathlessness, difficulty
breathing or asthma; high blood pressure; heart trouble
or angina; stomach or intestine problems; faints or
blackouts; paralysis, limb weakness or loss; skin disor-
ders such as pressure sores, leg ulcers or severe burns).
International Classification of Diseases (ICD-10) depres-
sive episode was diagnosed using a computerized algo-
rithm applied to the Geriatric Mental Scale (GMS)
structured clinical interview.34
Analysis
Prevalence rates were obtained for Parkinsonism and
PD according to age and sex for each country, separately
and combined. The age prevalence estimates are pre-
sented by five-year age groups and adjusted for house-
hold clustering with 95% confidence intervals (95% CI),
calculated as described by Gardner and Altman.35 Direct
standardization (for age, sex, and education) was used
to compare Parkinsonism and PD prevalence among
sites, with the whole sample serving as the standard
population. For each site, we described associations
between Parkinsonism/PD and age (per five-year band),
sex (male versus female), education (per level), socioeco-
nomic status (assets per quarter), and health-related fac-
tors (stroke, depressive episode, dementia, physical
multi-morbidity). We used Poisson regression working
models to calculate mutually adjusted prevalence ratios
(aPRs) for the effects of age, sex and education on Par-
kinsonism and PD prevalence. We fitted the model sep-
arately for every site and then used a fixed effects meta-
analysis to combine them, with Higgins' I2 to estimate
the degree of heterogeneity with approximate 95% CIs.
Higgins I2 estimates the proportion of between-site vari-
ability in the prevalence ratios accounted for by hetero-
geneity, as opposed to sampling error; up to 40%
heterogeneity is conventionally considered negligible,
www.thelancet.com Vol xx Month xx, 2021
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while up to 60% may reflect moderate heterogeneity.36

Data analysis was performed using the Stata v. 16.0 soft-
ware package (Stata Statistical Software; Stata Corpora-
tion, 2001, College Station, TX).
Role of the funding source
The 10/66 Dementia Research Group’s research has
been funded by the Welcome Trust Health Consequen-
ces of Population Change Program (GR066133−Preva-
lence phase in Cuba and Brazil; GR080002- Incidence
phase in Peru, Mexico, Argentina, Cuba, Dominican
Republic, Venezuela, and China). Secondary data analy-
sis on parkinsonism and Parkinson disease in the 10/
66 Latin American countries is supported by the
Michael J. Fox Foundation (MJFF-020770). The content
is solely the responsibility of the authors and does not
represent the official views of WT or MJFF. The spon-
sors of the study had no role in study design, data collec-
tion, data analysis, data interpretation, writing of the
report and decision to submit the manuscript for publi-
cation. All authors had full access to all the data in the
study, and the corresponding author had final responsi-
bility for the decision to submit for publication.
Results

Sample characteristics
The eligible population consisted of 12,734 participants
surveyed in 8 sites from six countries, and 11,613
(91.2%) provided sufficient data to establish Parkinson-
ism/PD phenotype. The populations studied ranged in
size from 546 in rural Peru to 2903 in urban Cuba.
Mean ages varied between 72.5 and 76.3 years (Supple-
mental Table S1). Most participants (64.2%) were
female. Education levels varied widely among sites;
overall, 38.8% of the participants did not complete pri-
mary school. Educational levels and other health-related
factors are detailed in Supplemental Table S1.
Parkinsonism and correlates
The global number of confirmed cases of parkinsonism
was 932 (ranging from 88 to 101 per country), yielding a
crude prevalence rate of 8.0% (95% CI, 7.6−8.5). The
highest prevalence of parkinsonism was observed in the
Dominican Republic, 10.9% (95% CI, 9.6−12.4), while
the lowest was reported in Cuba, 6.3% (95% CI, 5.5
−7.3) and Venezuela, 6.3% (95% CI, 5.2−7.7). Table 1
shows case number denominators and prevalence esti-
mates for each country according to sex and age group.
Among confirmed cases of parkinsonism, 366 were
male and 566 were female, with higher prevalence esti-
mates of 8.8% (95% CI, 8.0%�9.7%) in males com-
pared to 7.6% (95% CI, 7.0−8.2, p < 0.001) in females.
There was a clear trend in all sites for parkinsonism’s
prevalence to increase with age (for both men and
www.thelancet.com Vol xx Month xx, 2021
women), ranging from 2.8% (95% CI, 2.3−3.4) in the
65−69 age group to 16.5 (95% CI, 15.1−17.9) in the 80
plus age group (p < 0.001). (Fig. 1).

In the pooled adjusted prevalence analysis (Table 2),
age was associated with Parkinsonism (aPR-per 5-year
increment in age) = 1.06 (95% CI 1.05−1.07), with
marked heterogeneity among sites (I2 = 77.4%). The
pooled aPR for sex (M vs F) was 1.30, (95% CI 1.12
−1.50, p < 0.001 [I2 = 9.9%]). Parkinsonism was posi-
tively associated with depression (aPR 2.02, 95% CI
1.68−2.42, p < 0.001, I2 = 51.2%) and dementia (aPR
1.37, 95% CI 1.22−1.55, p < 0.001, I2 = 70.6%). No asso-
ciations were observed for socioeconomic status (aPR
0.98, 95% CI 0.93−1.04) and smoking status (aPR
0.86, 95% CI 0.74−1.00).
Parkinson’s disease and risk factors
The number of PD cases identified by the diagnostic
algorithm was 232; age and sex adjusted prevalence rate
was 2.0% (95% CI, 1.7−2.3) across all the sites. The dis-
tribution by age and gender per country for PD cases
and the population at risk is presented in Table 3. The
lowest PD prevalence was reported in urban Peru (1.2,
95% CI, 0.8−2.1), while the highest prevalence was
observed in Cuba at 2.6% (95% CI, 2.1−3.3). The men/
women prevalence ratio for PD was 1.1 (54% men). For
both men and women, the prevalence of PD increased
with advancing age (p < 0.001). In men at older ages,
the age-specific prevalence of PD was higher than in
women (Fig. 2), except for women in rural communities
(Table 3). Although limited by the sample size, we
found no significant difference in prevalence estimates
between rural and urban communities.

On pooled adjusted prevalence ratios (Table 4), PD
was positively associated with depression (aPR 2.06,
95% CI 1.40−3.01, I2 = 56.0%), dementia (aPR 1.57,
95% CI 1.07- 2.32, I2 = 0.0%) and educational level
(aPR 1.14, 95% CI 1.00-1.29, I2 = 58.6%).
Discussion
Our multi-national study provides current estimates for
Parkinsonism and PD prevalence among individuals
over the age of 65 years from LatAm countries. Preva-
lence estimates in individual countries are generally
similar, and the meta-analysis estimate confidence
intervals are narrow, reflecting the large size per coun-
try. Despite the overall similarity, there is evidence for
heterogeneity, particularly a higher estimated preva-
lence of Parkinsonism in the Dominican Republic and
Mexico. Interestingly, we found that most Parkinson-
ism and/or PD cases had not been previously diag-
nosed, which might reflect relatively low access to
health care and specialized services. To the best of our
knowledge, this is the first door-to-door survey with PD-
5



Age groups years (n) 65−69Rate (CI) 70−74Rate (CI) 75−79Rate (CI) 80 +Rate (CI) TotalRate (CI)

Cuba N = 757 N = 789 N = 627 N = 730 N = 2903

Female (n = 1 880) 2.3 (1.3-4.1) 4.1 (2.66.2) 7.0 (4.9−10.0) 12.1(9.5−15.3) 6.4 (5.4�7.6)

Male (n = 1023) 2.1 (1.0-4.8) 3.1 (1.6−5.8) 5.2 (3.0−9.0) 15.9 (11.7 �21.3) 6.2 (4.8−7.8)

Total (n = 2903) 2.3 (1.4−3.6) 3.7 (2.6−5.3) 6.4 (4.7−8.6) 13.3 (11.0−15.9) 6.3 (5.5-7.3)

Dominican Republic n = 516 n = 494 n = 368 n = 457 n = 1835

Female (n = 1192) 2.4 (1.2−4.7) 9.1 (6.3−12.9) 10.0 (6.8−14.4) 18.1 (14.1−22.9) 9.7 (8.1−11.5)

Male (n = 643) 6.5 (3.4−11.2) 10.1(6.5−15.4) 14.2 (9.0−21.8) 24.0 (17.9−31.4) 13.2 (10.8−16.1)

Total (n = 1835) 3.9 (2.5−5.9) 9.5 (7.2−12.4) 11.4 (8.5−15.1) 20.1 (1.7−24.1) 10.9 (9.6−12.4)

Puerto Rico n = 339 n = 376 n = 402 n = 487 n = 1604

Female (n = 1083) 2.0 (0.8−4.6) 1.6 (0.6−4.2) 8.4 (5.7−12.4) 16.0 (12.4−20.6) 7.5 (6.1−9.2)

Male (n = 521) 2.4 (0.6−9.2) 6.3 (3.2−12.1) 7.6 (4.1−13.6) 20.4 (15.1−27.1) 10.8 (8.4−13.8)

Total (n = 1604) 2.1 (1.0−4.3) 3.2 (1.8−5.5) 8.2 (5.9−11.3) 17.6 (14.5−21.3) 8.6 (7.3−10.1)

Peru (urban) n = 368 n = 351 n = 296 n = 343 n = 1358

Female (n = 874) 4.6 (2.6−7.9) 5.9 (3.4−9.9) 6.3 (3.6−10.8) 11.2 (7.5−16.3) 6.9 (5.4−8.7)

Male (n = 485) 3.7 (1.4−9.5) 3.0 (1.1−7.8) 14.0 (8.6−22.0) 18.1 (12.5−25.4) 9.9 (7.5−12.9)

Total (n = 1359) 4.3 (2.7−7.0) 4.8 (3.0−7.) 9.1 (6.3−13.0) 14.0 (10.7−18.1) 7.9 (6.6−9.5)

Peru (rural) n = 179 n = 140 n = 99 n = 128 n = 546

Female (n = 291) 5.0 (2.1−11.5) 7.3 (3.3−15.4) 3.9 (1.0−14.5) 17.3 (9.5−29.3) 7.9 (5.311.6)

Male (n = 255) 6.3 (2.6−14.4) 5.2 (1.6−15.0) 4.1 (1.0−15.4) 4.2 (1.3−12.5) 5.1(3.0−8.6)

Total (n = 546) 5.6 (3.0−10.1) 6.4 (3.4−11.9) 4.0 (1.5−10.3) 10.2 (6.0−16.6) 6.6 (4.7−9.0)

Venezuela n = 610 n = 335 n = 249 n = 206 n = 1400

Female (n = 893) 1.0 (0.4−2.7) 4.2 (2.2−8.0) 9.9 (6.0−15.7) 16.6 (11.4−23.6) 5.8 (4.4−7.6)

Male (n = 507) 4.0 (2.1−7.5) 8.8 (4.9−15.3) 7.3 (3.5−14.7) 16.5 (8.8−27.5) 7.3 (5.3−9.9)

Total (n = 1400) 2.1 (1.2−3.6) 6.0 (3.9−9.1) 8.9 (5.9−13.1) 16.5 (12.0−22.2) 6.3 (5.2−7.7)

Mexico (urban) n = 243 n = 326 n = 202 n = 211 n = 982

Female (n = 648) 1.6 (0.5−4.9) 10.1 (6.6 �15.0) 13.8 (8.7−21.2) 26.3 (19.5−34.4) 11.7 (9.4−14.4)

Male (n = 334) 3.3 (0.8−12.5) 2.5 (0.8 - 7.6) 9.0 (4.3−17.7) 17.9 (10.8−28.1) 7.7 (5.3−11.2)

Total (n = 982) 2.1 (0.8−4.9) 7.4 (5.0 �10.8) 11.9 (8.1−17.2) 23.2 (18.0−29.4) 10.3 (8.6−12.5)

M�exico (rural) n = 299 n = 251 n = 217 n = 217 n = 984

Female (n = 590) 2.0 (0.7−5.3) 2.7 (1.0−7.0) 9.1 (5.2−15.3) 15.9 (10.2−23.9) 6.4 (4.7−8.7)

Male (n = 394) 1.9 (0.5−7.5) 7.7 (3.9−14.8) 8.2 (3.9−16.3) 20.2 (13.5−29.1) 9.6 (7.1−13.0)

Total (n = 984) 2.0 (0.9−4.4) 4.8 (2.7−8.2) 8.8 (5.6−13.3) 18.0 (13.4−23.7) 7.7 (6.2−9.5)

All centres combined n = 3311 n = 3062 N = 2460 n = 2780 n = 11,613

Female (n = 7451) 2.4 (1.8−3.1) 5.5 (4.5−6.6) 8.5 (7.3−10.1) 15.6 (13.9−17.3) 7.6 (7.0−8.2)

Male (n = 4162) 3.8 (2.8−5.1) 5.7 (4.5−7.2) 8.6 (7.0−10.7) 18.1 (15.8−20.6) 8.8 (8.0−9.7)

Total (n = 11,613) 2.8 (2.3−3.4) 5.5 (4.8−6.4) 8.6 (7.5−9.8) 16.5 (15.1−17.9) 8.0 (7.6−8.5)

Table 1: Prevalence of Parkinsonism by age and location for both sexes.
The overall gender-specific prevalence rates are age adjusted to the whole sample as standard population. Numbers in parentheses indicates 95% Confidence

Interval. CI=confidence interval.
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related data reported in multiple LatAm countries using
the same assessment methodology.

Previous studies have shown differences in PD prev-
alence by region, country, age groups, and areas (rural
vs. urban).1,20,37,38 In our study, after adjusting for the
effect of age and sex using Poisson regression models,
we found no significant differences in Parkinsonism
and PD prevalence within LatAm countries. Compared
to HIC, we found a higher prevalence of Parkinsonism
in LatAm countries, probably related to a higher fre-
quency of vascular risk factors. Vascular parkinsonism,
a condition that is accompanied by the development of
white matter lesions (WMLs) and lacunes in the brain,
has been associated with vascular risk factors, such as
stroke, hypertension, dyslipidaemia, diabetes mellitus,
sleep apnea and smoking.39 As shown in this study and
previous 10/66 studies,33,40,41 prevalence and incidence
of vascular risk factors are high in Latin American coun-
tries which may contribute to increased prevalence of
parkinsonism with a vascular etiology. The lower preva-
lence of vascular risk factors in some countries (e.g.,
Cuba) may also explain some of the observed differen-
ces in overall parkinsonism prevalence. Future cross-
population HIC vs. LMIC studies will be needed to
confirm this observation. Regarding PD prevalence,
our study found a similar prevalence to studies in
HIC using a similar case-finding approach. Overall,
we found that our prevalence estimates are similar
www.thelancet.com Vol xx Month xx, 2021



Figure 1. Prevalence of Parkinsonism by group age group, sex and country.
Panel A. shows prevalence of parkinsonism by sex and by five-year age groups. Panel B. shows prevalence of parkinsonism in six

LatAm countries. Prevalence is expressed as the percentage of the population that is affected by the disease. DR=Dominican Repub-
lic, PR=Puerto Rico.

Articles
to the previous door-to-door population studies but
higher than previous PD prevalence reports using
medical registries or drug consumption.14−19

Likely explanations for the difference in prevalence
estimates between our study and previous surveys con-
cerning both prevalence of parkinsonism and PD may
be related to environmental factors, genetic factors or
differences in methodology of the studies (e.g., varia-
tions in population selection, case-finding methods,
etc.), as explained below. PD is thought to be caused by
a complex interaction between aging, genetic and envi-
ronmental exposure factors (chemicals, toxins, head
trauma). The interactions between genes and the envi-
ronment can be quite complex and may vary across pop-
ulations. Previous studies have shown potential
differences across ethnicities and increased prevalence
of PD following regional distribution, suggesting differ-
ences in susceptibility to genetic risk factors and envi-
ronmental exposures.37,42,43

Differences in environmental exposure to toxins (e.g.,
occupational exposure or pesticides), smoking, and dietary
factors exist across populations and may explain some of
the observed differences between HIC vs. LMIC in PD
prevalence.42 Further investigations should also explore
the impact of the environment in LatAm countries, as
environmental toxicants can disproportionately affect
www.thelancet.com Vol xx Month xx, 2021
LMIC. In addition, the frequency of susceptibility genes
that affect the risk of developing sporadic (e.g., non-famil-
ial) PD44,45 may vary according to population admixture,
explaining some of the observed differences. Therefore,
the risk of PD will depend on genetic susceptibility and
the presence or absence of pathogenic variants and/or
common risk variants (individual variability), which will
influence the susceptibility to environmental factors (pop-
ulation variability). Future studies will be needed to rule
out the possibility of differences in the distribution by eth-
nicity of any susceptibility genes.

Finally, although environmental and genetic factors
may explain some of the observed variability in PD prev-
alence, these are more likely to capture only a portion of
the variance. Reasons for reported differences in preva-
lence might be related to screening methodology. PD
cases may be identified through medical records; how-
ever, this approach may underestimate prevalence as it
excludes individuals who have not sought medical atten-
tion for their symptoms, don’t have access to health
care, or those who have been seen by physicians but
were misdiagnosed as not having the condition. In addi-
tion, studies that rely on the analysis of drug consump-
tion data can be confounded by numerous other factors,
including culturally determined treatment practices and
differing access to medications that vary by country and
7



Age GenderM/F Education PM SES Depression ICD Dementia Stroke Smoke

Cuba

(N = 2833)

1.08

(1.06−1.09)

1.07

(0.75 �1.49)

1.21

(1.05 �1.40)

1.32

(1.08 �1.62)

1.04

(0.85−1.24)

2.49

(1.63 �3.80)

2.12

(1.53−2.94)

1.79

(1.26−2.56)

1.01

(0.72−1.39)

DR (N = 1813) 1.05

(1.04−1.07)

1.46

(1.11 �1.91)

0.90

(0.77−1.05)

1.49

(1.21−1.83)

0.95

(0.87−1.04)

1.81

(1.34−2.4)

1.10

(0.93−1.29)

2.51

(1.83−3.45)

0.86

(0.65−1.13)

Puerto Rico

(N = 1597)

1.08

(1.05−1.10)

1.39

(0.95 �2.04)

1.02

(0.86 �1.20)

1.23

(0.98−1.56)

0.84

(0.67−1.05)

3.61

(2.07−6.27)

1.18

(0.76−1.85)

2.17

(1.44−3.29)

0.99

(0.66−1.48)

Peru Urban

(N = 1343)

1.02

(1.00−1.05)

1.64

(1.10−2.42)

0.79

(0.64 �0.95)

1.44

(1.13−1.82)

1.16

(0.82−1.63)

2.13

(1.25 3.59)

2.36

(1.53−3.65)

2.02

(1.23−3.31)

0.87

(0.54−1.44)

Peru rural

(N = 537)

1.03

(0.98−1.08)

0.74

(0.34 �1.61)

0.95

(0.64−1.41)

1.59

(0.95−2.66)

1.07

(0.88−1.31)

1.12

(0.26−4.81)

1.74

(0.71−4.21)

3.96

(1.23−9.19)

0.39

(0.10−1.48)

Venezuela

(N = 1345)

1.10

(1.06−1.12)

1.53

(1.00−2.35)

1.11

(0.88−1.42)

1.00

(0.74−1.35)

0.90

(0.76−1.05)

2.97

(1.43−6.16)

2.29

(1.26−4.15)

2.41

(1.33−4.34)

0.81

(0.53−1.25)

Mexico urban

(N = 979)

1.07

(1.05−1.10)

0.96

(0.61−1.48)

0.94

(0.79−1.12)

1.28

(0.99−1.62)

1.03

(0.86−1.22)

0.92

(0.41−2.07)

1.65

(1.02−2.68)

1.04

(0.54−2.05)

0.46

(028−0.75)

Mexico rural

(N = 984)

1.09

(1.06−1.12)

1.21

(0.70−2.07)

0.92

(0.69−1.23)

1.24

(0.91−1.67)

1.06

(0.92−1.22)

0.99

(0.37−2.59)

1.22

(0.67−2.21)

1.04

(0.45−2.39)

1.25

(0.72−2.17)

Pooled estimate 1.06

(1.05−1.07)

1.30

(1.12−1.50)

0.99

(0.93−1.06)

1.29

(1.20−1.40)

0.98

(0.93−1.04)

2.02

(1.68−2.42)

1.37

(1.22−1.55)

1.37

(1.22−1.55)

0.86

(0.74−1.00)

I2 77.4 9.9 55.4 0.0 0.0 51.2 70.6 0.0 34.5

Table 2: Models from Poisson regression with robust 95% CI adjusted by household clustering for parkinsonism.
PM: Physical multimorbidity SES: Socioeconomic status. ICD: International Classification of Diseases DR Dominican Republic.
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Age groups years (n) 65−69Rate (CI) 70−74Rate (CI) 75−79Rate (CI) 80 +Rate (CI) TotalRate (CI)

Cuba n = 757 n = 789 n = 627 n = 730 n = 2903

Female (n = 1880) 1.4 (0.7−3.0) 1.8 (1.0−3.5) 3.0 (1.7−5.2) 3.4 (2.1−5.3) 2.4 (1.8−3.2)

Male (n = 1023) 0.7 (0.2−2.9) 0.7 (0.2−2.7) 2.2 (0.9−5.1) 9.7 (6.5−14.3) 3.0 (2.1−4.3)

Total (n = 2903) 1.2 (0.6−2.2) 1.4 (0.8−2.5) 2.7 (1.71−4.3) 5.3 (3.9−7.2) 2.6 (2.1−3.3)

Dominican Republic n = 516 n = 494 n = 368 n = 457 n = 1835

Female (n = 1192) 1.2 (0.5−3.1) 1.3 (0.5−3.4) 2.0 (0.8−04.7) 2.3 (1.1−4.7) 1.7 (1.1−2.6)

Male (n = 643) 1.1 (0.3−4.3) 1.6 (0.5−4.9) 5.8 (2.8−11.8) 4.5 (2.1−9.2) 2.9 (1.9−4.6)

Total (n = 1835) 1.2 (0.5−2.6) 1.4 (0.7−2.9) 3.3 (1.9−5.7) 3.1 (1.82−5.1) 2.1 (1.5−2.9)

Puerto Rico n = 339 n = 376 n = 402 n = 488 n = 1, 605

Female (n = 1084) 1.2 (0.4−3.6) 0.4 (0.1−2.8) 2.6 (1.2−5.3) 1.9 (0.8−4.2) 1.6 (1.0−2.5)

Male (n = 521) 0.0 1.6 (0.4−6.1) 0.8 (0.1−5.2) 2.8 (1.2−6.6) 1.5 (0.8−3.1)

Total (n = 1605) 0.9 (0.3−2.7) 0.8 (0.3−2.4) 2.0 (1.0−3.9) 2.2 (1.3−4.0) 1.6 (1.1−2.3)

Peru (urban) n = 368 n = 351 n = 296 n = 343 n = 1358

Female (n = 873) 1.9 (0.8−4.5) 1.4 (0.4−4.2) 1.1 (0.3−4.1) 1.0 (0.2−3.8) 1.3 (0.7−2.4)

Male (n = 485) 0.0 (0.0−0.0) 0.8 (0.1−5.2) 1.9 (0.5−7.2) 2.2 (0.76.5) 1.2 (0.5−2.7)

Total (n = 1358) 1.4 (0.6−3.2) 1.1 (0.4−3.0) 1.4 (0.5−03.6) 1.5 (0.6−3.4) 1.2 (0.8−2.1)

Peru (rural) n = 179 n = 140 n = 99 n = 128 n = 546

Female (n = 291) 1.0 (0.1−6.8) 3.6 (1.2−10.8) 0.0 (0.0−0.0) 5.1 (1.6−15.0) 2.4 (1.1−5.0)

Male (n = 255) 1.3 (0.2−8.6) 0.0 (0.0 − 0.0) 0.0 (0.0 − 0.0) 0.0 (0.0 − 0.0) 0.4 (0.05−2.7)

Total (n = 546) 1.1 (0.3−4.4) 2.1 (0.7−6.5) 0.0 (0.0 − 0.0) 2.3 (0.7−7.1) 1.4 (0.7−2.9)

Venezuela n = 610 n = 335 n = 247 n = 206 n = 1398

Female (n = 891) 0.3 (0.04−1.8) 1.9 (0.7−5.0) 1.3 (0.7−4.9) 4.9 (2.3−9.8) 1.6 (0.9−2.6)

Male (n = 507) 0.9 (0.2−3.5) 2.4 (0.8−7.3) 2.1 (0.5−8.1) 6.5 (2.4−16.1) 2.2 (1.2−3.9)

Total (n = 1398) 0.5 (0.2−1.5) 2.1 (1.0−4.3) 1.6 (0.6−4.2) 5.3 (3.0−9.4) 1.8 (1.2−2.6)

Mexico(urban) n = 243 n = 326 n = 203 n = 211 n = 981

Female (n = 647) 1.1 (0.3 - 4.3) 3.8 (1.9−7.5) 1.6 (0.4−6.3) 3.8 (1.5−8.7) 2.6 (1.6 - 4.2)

Male (n = 334) 1.7 (0.2 �11.1) 0.8 (0.2−5.8) 1.3 (0.2−8.6) 3.8 (1.2−11.3) 1.8 (0.8 − 4.0)

Total (n = 981) 1.2 (0.4−3.7) 2.8 (1.4−5.2) 1.5 (0.5−4.5) 3.8 (1.9−7.4) 2.3 (1.5 - 3.5)

M�exico (rural) n = 299 n = 251 n = 217 n = 217 n = 984

Female (n = 590) 1.0 (0.3−4.0) 0.7 (0.09−4.6) 2.3 (0.7−6.8) 4.4 (01.8−10.2) 1.9 (1.0−3.3)

Male (n = 394) 1.0 (0.1−6.7) 1.0 (0.1−6.6) 1.2 (0.1−7.9) 1.9 (0.5−7.4) 1.3 (0.6−3.0)

Total (n = 984) 1.0 (0.3−3.1) 0.8 (0.2−3.1) 1.8 (0.7−4.8) 3.2 (1.5−6.6) 1.6 (1.0−2.6)

All centres combined n = 3308 n = 3054 n = 2459 n = 2779 n = 11, 610

Female (n = 7444) 1.1 (0.8−1.7) 1.8 (1.2−2.4) 2.1 (1.5−2.9) 2.9 (2.2−3.8) 1.9 (1.6−2.3)

Male (n = 4156) 0.8 (0.4−1.6) 1.1 (0.6−1.9) 2.1 (1.4−3.3) 4.6 (3.4−6.0) 2.1 (1.7−2.6)

Total (n = 11,610) 1.0 (0.7−1.4) 1.5 (1.1−2.0) 2.1 (1.6−2.7) 3.5 (2.9−4.3) 2.0 (1.7−2.3)

Table 3: Prevalence of Parkinson’s disease by age and location for both sexes.
The overall gender-specific prevalence rates are age adjusted to the whole sample as standard population. Numbers in parentheses indicates 95% Confidence

Interval. CI=confidence interval.
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region. The relative lack of population registries, com-
bined with limitations and differences in access to
health care from country to country, makes these
approaches not suitable for LMIC, especially in
LatAm.46 In theory, case ascertainment through door-
to-door or population-based random sampling offers a
more robust alternative, as it includes those patients
who have not sought medical attention and those who
have not had adequate access to medical care, and
should, in theory, be more suitable for international
comparisons.9,47

Our findings suggest a rise in the prevalence of par-
kinsonism and PD occurs with increasing age. Overall,
the prevalence was greater with each increasing age
www.thelancet.com Vol xx Month xx, 2021
group, consistent with PD being a result of an aging
phenomenon, at least in part. The increasing prevalence
of Parkinsonism and PD with age is a common finding
and consistent with previous studies, as shown by sev-
eral community studies.1,37,48 By contrast, studies based
on existing medical records show a peak in prevalence
followed by a decline among the oldest old.49−51 We
believe that these differences might be related to PD
under diagnosis among older subjects, especially in
studies where PD cases are detected through medical
records only. However, whether there is a progressive
raise in late-life or a decline in incidence remains
controversial.11,52,53
9



Figure 2. Prevalence of Parkinson Disease by age group, sex and country.
Panel A. shows prevalence of PD by sex and by five-year age groups. Panel B. shows prevalence of PD by six LatAm countries.

Prevalence is expressed as the percentage of the population that is affected by the disease. DR=Dominican Republic, PR=Puerto
Rico.

Age Gender Education PM Assets Depression ICD Dementia Smoke

Cuba

(N = 2883)

1.08

(1.04−1. 11)

1.62

(0.93−2.80)

1.23

(0.99−1.51)

1.03

(0.72−1.48)

1.07

(0.77- 1.48)

2.71

(1.32- 5.52)

1.54

(0.84−2.82)

0.81

(0.47−1.41)

DR (N = 1833) 1.04

(1.00−1.07)

1.95

(1.02−3.73)

0.89

(0.58−1.35)

1.94

(1.18−3.18)

0.96

(0.79 �1.16)

1.08

(0.67−2.78)

1.35

(0.50 �3.61)

1.44

(0.74−2.80)

Puerto Rico

(N = 1597)

1.06

(1.01−1.13)

0.85

(0.33−2.19)

1.29

(0.81−2. 05)

0.97

(0.56−1.70)

0.85

(0.55−1.29)

10.93

(3. 53−3.90)

0.72

(0.18−2. 84)

1.55

(0.59−4.06)

Peru Urban

(N = 1343)

0.98

(0.91−1.05)

1.43

(0.51−4.04)

0.66

(0.46−0.94)

1.77

(1. 01−3.13)

0.86

(0.49−1.52)

1.25

(0.25−6.20)

2.05

(0.50−8.27)

0.28

(0.03−2.60)

Peru rural

(N = 537)

1.04

(0.91−1.18)

0.20

(0.02−2.24)

0.89

(0.35−2. 28)

1.32

(0.53−3.25)

1.81

(1. 15−2.86)

# #

Venezuela

(N = 1345)

1.11

(1.06−1.17)

1.58

(0.62−3.99)

1.39

(0.91−2.14)

1.19

(0.64- 2.19)

0.83

(0.66−1.06)

2.45

(0.49−12.2)

2.36

(0.77−7.18)

0.59

(0.24−1.43)

Mexico urban

(N = 979)

1.03

(0. 97−1.10)

1.05

(0.39−2.80)

1.46

(1.11−1.93)

2.53

(1.51−4.24)

0.80

(0. 56−1.15)

1.56

(0.51−4.81)

1.27

(0.33−4.86)

0.50

(0.18−1. 36)

Mexico rural

(N = 984)

1.04

(0.97−1.10)

0.84

(0. 19−3.66)

0.64

(0. 32−1.27)

1.81

(0.80−4.06)

1.18

(0.85−1.64)

0.89

(0.11−6.93)

2.40

(0.71−8.16)

0.70

(0.1−4.18)

Pooled estimate 1.06

(1.04 �1.08)

1.40

(1.04−1.90)

1.14

(1.01- 1.29)

1.42

(1.17−1.73)

0.97

(0.87- 1.08)

2.06

(1.40−3.01)

1.57

(1.07−2.32)

0.89

(0.64−1.23)

I2(%) 39.7 0.0 58.6 42.9 42.8 56.0 0.0 73.7

Table 4: Models from Poisson regression with robust 95% CI adjusted by household clustering for Parkinson.
PM: Physical multimorbidity SES: Socioeconomic status. ICD: International Classification of Diseases Dominican Republic, # estimates not computable due to

low number of cases.
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Similar to other studies,54−56 our data show signifi-
cant gender differences with men having a higher prev-
alence of PD, but this relation varied by age.
Interesting, women in our data show a sharp increase
in prevalence after the age of 80, whereas in men, the
increase in prevalence seems more or less linear with
age. It is unclear whether the observed sharp increase
in women after the 80s represents a true increase in the
risk of PD or is simply a selection bias due to early mor-
tality in men. Overall our findings with respect to age
and gender are consistent with clinical observations, as
well as with almost all studies of prevalence and
incidence.8,52,53,56−58

It’s worth noting that although some studies report
that populations living in a rural environment are at a
higher risk of developing PD compared to those living
in urban cities,59−63 in our study, rural populations
(rural Peru and rural Mexico) did not have a higher
prevalence of PD compared to urban populations (La
Habana, Santo Domingo, Puerto Rico, Lima, Caracas,
and Mexico City). However, this finding should be inter-
preted with caution due to the limited sample size in
rural areas.

Finally, the present study is not without limitations,
and several aspects of our research need to be kept in

mind when considering these results. First, PD is rela-

tively uncommon, and even studies of large populations

will find relatively few cases. Therefore, the potential

error in any single study may be significant, especially

in older population age groups where slowness and

tremor may be misdiagnosed as one of several other

common disorders affecting this age group (for exam-

ple, arthritis, stroke, dementia). A second concern

involves our reliance on survey data and that PD diagno-

ses were not made by a movement disorders specialist,

which may create case underreporting, especially in

those participants at earlier stages of the disease. As

shown in previous studies, parkinsonism and PD diag-

nosis accuracy is higher when assessed by trained move-

ment disorders physicians relative to non-movement

disorders physicians.64,65 Furthermore, an unavoidable

factor is the different training levels and clinical experi-

ence in screening personnel, which may create differen-

ces in case identification across countries. Finally, the

use of survey methods combined with self-report meas-

ures is subject to underreporting, misclassification, and

selection bias issues (e.g., gradients of non-response by

important confounders such as economic status, educa-

tion, etc.). Of note, the overall response rate in our study

was high,66 but nonresponse may have led to a certain

underestimation of the prevalence.
Despite previous limitations, there are several advan-

tages to the current approach. First, population-based
registries of PD are not standard in LatAm, and volun-
tary registries are not necessarily representative, due to
a relative lack of access to health care. Therefore, the
use of a population-based approach that involved direct
www.thelancet.com Vol xx Month xx, 2021
contact with participants to assess disease status dimin-
ishes the possibility of prevalence underestimation. In
addition, the use of the same assessment protocol is
more suitable for cross-country comparisons and
reduces the variation due to differences in access to and
quality of medical care in various populations. There-
fore, this study is particularly well-suited to estimate
Parkinsonism and PD prevalence in LatAm popula-
tions. This is also the first large cross-country Parkin-
sonism and PD comparison including LatAm
populations. Our study provides valuable data from
which numerous hypotheses can be tested regarding
the pathogenesis of Parkinson disease, setting the stage
for future studies and new policy implementations.

It’s worth mentioning that Latin American populations
are not a monolithic group; a unique aspect of the Latino
community is the diversity of its origins, which include
people of the Caribbean, Mexican, Central American, and
South American. LatAm countries are diverse in history,
culture, and socioeconomic factors, therefore future studies
should include other countries from the region that were
not included in the 10/66 studies due to limited funding.
In addition, future studies that aim to explore cross-popula-
tion differences in PD prevalence and risk will be required,
especially between HIC and LMIC. If differences are
observed between these studies, wemay find valuable clues
about the determinants of PD.
Conclusions
The reported prevalence of PD in LatAm appears to be sim-
ilar to the prevalence in HIC. A significant proportion of
cases with probable PD did not have a previous diagnosis,
nor did they seek any medical or neurological attention.
These findings underscore the need to improve public
health programs for populations that are currently under-
going rapid demographic aging and epidemiological transi-
tion. For LatAm countries, special focus should be on
raising awareness of PD, improving health care personnel
training opportunities and providing better access to
required resources to facilitate diagnosis.
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