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RESUMO 

 

INTRODUÇÃO: A doença de Parkinson (DP) apresenta distribuição universal, incluindo 

todos os grupos étnicos e socioeconômicos, como um distúrbio neurodegenerativo altamente 

prevalente. No entanto, existem vários desafios adicionais para as pessoas que vivem com DP 

em países em desenvolvimento, principalmente, aqueles com baixo nível socioeconômico. Há 

acesso limitado a cuidados neurológicos no Brasil devido a uma distribuição desigual de 

neurologistas e instalações neurológicas que é mais crítica nas regiões mais pobres do país. 

Além disso, as pessoas nessas comunidades vulneráveis estão mais expostas à poluição 

ambiental, incluindo pesticidas e metais usados na agricultura e mineração, respectivamente. 

Dados confiáveis sobre a prevalência e incidência da DP no Brasil são essenciais para entender 

a proporção desse acesso limitado aos cuidados de pacientes com DP, sua carga na região e o 

potencial papel dos fatores de risco ambientais e de estilo de vida na DP. Infelizmente, há 

poucos dados epidemiológicos sobre DP na América Latina, incluindo o Brasil, com evidente 

necessidade de mais informações em suas regiões notavelmente diferentes. OBJETIVO: 

avaliar a prevalência de casos de DP e outras síndromes parkinsonianas em uma amostra de 

base populacional na região sul do País. MÉTODOS: trata-se de um estudo de base 

populacional realizado no município de Veranópolis, Rio Grande do Sul, Brasil. Todas as 

pessoas com 60 anos ou mais (N = 3493 pessoas, de acordo com o censo do IBGE de 2010) 

foram rastreadas para sintomas parkinsonianos e suspeita de distúrbio comportamental do sono 

REM (RBD); os selecionados foram examinados por pelo menos um Neurologista especialista 

em Transtornos do Movimento para determinar o diagnóstico de DP ou transtornos 

relacionados. Todos os participantes selecionados foram submetidos a avaliações clínicas e 

entrevistados com o auxílio de um questionário abrangente sobre dados clínicos e 

sociodemográficos, sintomas prodrômicos, bem como exposições ambientais e de estilo de 

vida, incluindo uso ocupacional e não ocupacional de pesticidas e metais pesados. A 

prevalência de DP e distúrbios relacionados foi estimada de acordo com a idade, sexo e zona 

de moradia. Uma análise exploratória foi realizada para determinar a associação de DP e cada 

variável investigada. RESULTADOS: Foram triados 3470 idosos na etapa inicial do estudo, 

1471 foram triados positivamente para suspeita de parkinsonismo e/ou RBD. Foram avaliados 

701 pelos neurologistas para confirmação diagnóstica. Esta tese está apresentada com três 

artigos.  Artigo 1: “Epidemiology of Parkinson’s disease in low- to upper middle-income 

countries: a systematic review and meta-analysis”.  Nesta revisão sistemática o objetivo foi 

determinar a prevalência da DP em países de baixa a média renda. Observamos que a 
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prevalência da DP diferiu entre as regiões do mundo e variou de 49 por 100.000 (África 

Subsaariana) a 1.081 por 100.000 (América Latina e Caribe). Houve uma prevalência crescente 

de DP com o avanço da idade. A prevalência entre homens e mulheres foi semelhante. 

Encontramos um aumento na prevalência da DP em populações com maior PIB per capita em 

5 anos e maior expectativa de vida. Artigo 2: “Prevalence and incidence of Parkinson's disease 

and other forms of parkinsonism in a cohort of elderly individuals in Southern Brazil: protocol 

for a population-based study”.  Neste artigo, foi apresentado o protocolo utilizado para a 

realização deste estudo em detalhes, incluindo o protocolo para o estudo paralelo de incidência 

da DP que será estimada a partir do seguimento em cinco anos dos participantes prodrômicos. 

Artigo 3: “Prevalence of Parkinsonism and Parkinson's disease in the elderly population in 

Southern Brazil: A community-based study”. Neste artigo, a prevalência estimada de 

parkinsonismo foi de 3,8% (IC 95%, 3,19 – 4,50), sem diferenças entre os sexos em todas as 

idades, e a prevalência de DP foi de 1,64% (IC 95%, 1,25 – 2,12). A prevalência geral de DP 

foi maior em homens (2,17%, 95%IC: 1,49 – 3,06) do que em mulheres (1,25%, 95%IC: 0,81 

– 1,84; p = 0,047). A análise de subgrupo mostrou diferença significativa entre os sexos apenas 

na faixa etária de 70-74 (p = 0,017) e 75-79 (p = 0,016) anos. Não houve diferenças 

significativas nas taxas de prevalência de DP entre áreas urbanas e rurais. CONCLUSÃO: Em 

países de baixa renda ou em desenvolvimento, a prevalência de DP foi maior do que o esperado, 

superando as estimativas fornecidas pelo Global Burden of Disease (GBD) para países com 

baixo índice sociodemográfico. Foi demonstrado que há uma menor prevalência de DP 

identificada na faixa etária acima de 70 anos, quando examinando dados de regiões 

desenvolvidas globalmente. Avaliando uma cidade no sul do Brasil (Veranópolis, RS), as 

estimativas de prevalência de DP e parkinsonismo são inferiores às prevalências encontradas 

em estudo realizado na população de uma cidade da região Sudeste do Brasil (Bambuí, MG) e 

parecem ser comparáveis às prevalências encontradas em populações de países desenvolvidos. 

Considerando que Veranópolis possui um alto índice de desenvolvimento humano (IDH), 

consideramos que esse seja um dos principais fatores que possam explicar esse achado. Outra 

explicação é o lapso temporal de quase 20 anos que separam os dois estudos. 

 

Palavras-chave: Doença de Parkinson, prevalência, diagnóstico, transtorno comportamental 

do sono REM, síndromes parkinsonianas.  
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ABSTRACT 

INTRODUCTION: Parkinson's disease (PD) has a universal distribution, including all ethnic 

and socioeconomic groups, as a highly prevalent neurodegenerative disorder. However, there 

are several additional challenges for people living with PD in developing countries, particularly 

those with low socioeconomic status. There is limited access to neurological care in Brazil due 

to an uneven distribution of neurologists and neurological facilities that is most critical in the 

country's poorest regions. Furthermore, people in these vulnerable communities are more 

exposed to environmental pollution, including pesticides and metals used in agriculture and 

mining, respectively. Reliable data on the prevalence and incidence of PD in Brazil are essential 

to understand the proportion of this limited access to care for PD patients, its burden in the 

region, and the potential role of environmental and lifestyle risk factors in PD. Unfortunately, 

there is little epidemiological data on PD in Latin America, including Brazil, with an obvious 

need for more information on their remarkably different regions. OBJECTIVE: to assess the 

prevalence of PD cases and other parkinsonian syndromes in a population-based sample in the 

southern region of the country. METHODS: this is a population-based study carried out in the 

city of Veranópolis, Rio Grande do Sul, Brazil. All people aged 60 years or older (N = 3493 

people, according to the 2010 IBGE census) were screened for parkinsonian symptoms and 

suspected REM sleep behavior disorder (RBD); those selected were examined by at least one 

Neurologist specializing in Movement Disorders to determine the diagnosis of PD or related 

disorders. All selected participants underwent clinical assessments and were interviewed using 

a comprehensive questionnaire on clinical and sociodemographic data, prodromal symptoms, 

as well as environmental and lifestyle exposures, including occupational and non-occupational 

use of pesticides and heavy metals. The prevalence of PD and related disorders was estimated 

according to age, sex and area of residence. An exploratory analysis was performed to 

determine the association of PD and each investigated variable. RESULTS: 3470 elderly were 

screened in the initial stage of the study, 1471 were screened positively for suspected 

parkinsonism and/or RBD. 701 were evaluated by neurologists for diagnostic confirmation. 

This thesis is presented with three articles. Article 1: “Epidemiology of Parkinson’s disease in 

low- to upper middle-income countries: a systematic review and meta-analysis”. In this 

systematic review, the objective was to determine the prevalence of PD in low- and middle-

income countries. We observed that the prevalence of PD differed between regions of the world 

and ranged from 49 per 100,000 (Sub-Saharan Africa) to 1,081 per 100,000 (Latin America and 

the Caribbean). There was an increasing prevalence of PD with advancing age. Prevalence 

among men and women was similar. We found an increase in the prevalence of PD in 
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populations with higher 5-year GDP per capita and longer life expectancy. Article 2: 

“Prevalence and incidence of Parkinson's disease and other forms of parkinsonism in a cohort 

of elderly individuals in Southern Brazil: protocol for a population-based study”. In this article, 

the protocol used to carry out this study is presented in detail, including the protocol for the 

parallel study of the incidence of PD that will be estimated from the five-year follow-up of the 

prodromal participants. Article 3: “Prevalence of Parkinsonism and Parkinson's disease in the 

elderly population in Southern Brazil: A community-based study”. In this article, the estimated 

prevalence of parkinsonism was 3.8% (95% CI, 3.19 – 4.50), without differences between 

genders at all ages, and the prevalence of PD was 1.64% (CI 95%, 1.25 – 2.12). The overall 

prevalence of PD was higher in men (2.17%, 95%CI: 1.49 – 3.06) than in women (1.25%, 

95%CI: 0.81 – 1.84; p = 0.047). Subgroup analysis showed a significant difference between 

genders only in the age group 70-74 (p = 0.017) and 75-79 (p = 0.016) years. There were no 

significant differences in PD prevalence rates between urban and rural areas. CONCLUSION: 

In low-income or developing countries, the prevalence of PD was higher than expected, 

exceeding the estimates provided by the Global Burden of Disease (GBD) for countries with a 

low sociodemographic index. It has been demonstrated that there is a lower prevalence of PD 

identified in the age group above 70 years when examining data from developed regions 

globally. Evaluating a city in the south of Brazil (Veranópolis, RS), the prevalence estimates of 

PD and parkinsonism are lower than the prevalence found in a study carried out in the 

population of a city in the Southeast region of Brazil (Bambuí, MG) and seem to be comparable 

to the prevalence found in populations of developed countries. Considering that Veranópolis 

has a high human development index (HDI), we believe that this is one of the main factors that 

can explain this finding. Another explanation is the time lapse of almost 20 years that separates 

the two studies. 

 

Keywords: Parkinson's disease, prevalence, diagnosis, REM sleep behavior disorder, 

parkinsonian syndromes. 
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1 INTRODUÇÃO 

Estudos recentes têm mostrado que a incidência e prevalência da doença de Parkinson 

(DP) estão aumentando consideravelmente nas últimas duas décadas, sendo provavelmente uma 

das condições neurológicas de mais rápido crescimento em todo o mundo. Alguns autores 

sugerem que esse padrão epidemiológico se assemelha a uma pandemia e projeções recentes 

preveem um aumento da prevalência de DP de 10% além do que seria esperado apenas pelo 

envelhecimento da população (Bloem et al., 2021; Dorsey & Bloem, 2018). A DP tende a ser 

mais comum em países de alta renda (Ray Dorsey et al., 2018) e evidências mostram que 

industrialização, poluição ambiental e estilo de vida podem explicar parcialmente o rápido 

aumento de casos de DP em sociedades mais desenvolvidas e mais ricas (Bloem et al., 2021). 

No entanto, alguns países em desenvolvimento também observaram aumentos significativos na 

prevalência de DP nas últimas décadas (Ray Dorsey et al., 2018), indicando que fatores de risco 

semelhantes podem estar presentes nessas regiões menos desenvolvidas. De fato, a prevalência 

de DP parece ser ainda maior na América Latina quando comparada à Ásia e Europa/América 

do Norte/Austrália (Pringsheim et al., 2014). 

Considerando que muitas das nações mais populosas do mundo são países em 

desenvolvimento que enfrentam uma transição demográfica, que provoca o envelhecimento de 

suas populações, é necessária uma análise minuciosa da epidemiologia atual da DP nessas 

regiões, como o Brasil. A população brasileira está envelhecendo e espera-se que as pessoas 

com mais de 65 anos superem as mais jovens em 2040. A DP é um transtorno que causa 

incapacidade e dependência progressivas, o que representa um significativo ônus social e 

econômico, com seu custo médio anual direto e indireto por pessoa no Brasil estimado em US$ 

5.853,50 (Bovolenta et al., 2017). O aumento projetado na prevalência de doenças associadas 

ao envelhecimento, especialmente a DP, que parece estar crescendo além do que seria esperado 

apenas pelo envelhecimento populacional, representa ameaça à saúde e à economia. Esse 

cenário é ainda mais desafiador em um país com um sistema de saúde universal com 

financiamento público e que enfrenta déficits no sistema previdenciário. 

Uma abordagem para obter dados confiáveis da epidemiologia da DP são os estudos 

populacionais, que podem ser desafiadores para realizar, especialmente, pesquisas porta-a-

porta. Considerada uma abordagem de referência, esse tipo de estudo é semelhante a um censo 

e rastreia cada pessoa em uma determinada população para uma condição e, em seguida, os 

diagnósticos são confirmados. Embora esses estudos sejam caros e de difícil condução, eles têm 

a vantagem de detectar pacientes não diagnosticados (Elbaz et al., 2016). Para as áreas em 

desenvolvimento, há alguns dados de países da América Latina, como Argentina (Melcon et 
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al., 1997), Bolívia (Nicoletti et al., 2003) e Equador (Herdoíza et al., 2017), bem como do 

mundo árabe, como Egito (Khedr et al., 2015) e Paquistão (Khan et al., 2016). A taxa de 

prevalência variou entre 0,24 a 2,5% em pessoas com 40 anos ou mais para esses países. No 

entanto, esses estudos rastrearam e examinaram pessoas de regiões específicas em seus países, 

prejudicando a generalização dos resultados. No Brasil, o trabalho de Barbosa et al. (2006) é o 

único estudo desse tipo para detectar distúrbios parkinsonianos (Barbosa et al., 2006). Eles 

avaliaram 1.186 pessoas com idade superior a 64 anos e triaram 667 participantes para avaliação 

diagnóstica. Destes, trinta e nove participantes foram diagnosticados com DP, com uma taxa 

bruta de prevalência de 3,3 por 100 habitantes, uma das maiores prevalências medidas por 

estudos desse tipo até hoje. No entanto, o estudo foi realizado em uma pequena cidade de Minas 

Gerais, sudeste do Brasil, e pode não representar a alta diversidade do território brasileiro. 

Em relação aos fatores de risco ambientais e de estilo de vida associados à DP, 

poluentes e comorbidades são geralmente responsabilizados por estarem associados à 

neurodegeneração. Toxinas como pesticidas e metais pesados podem ser prejudiciais a áreas 

vulneráveis do cérebro ligadas à fisiopatologia da DP. Por exemplo, o pesticida paraquate causa 

danos seletivos aos neurônios dopaminérgicos por meio de disfunção mitocondrial e está 

associado a um risco aumentado de desenvolver DP (Tangamornsuksan et al., 2019). Em geral, 

os agrotóxicos podem aumentar o risco de DP e causar início mais precoce, morte prematura 

em pacientes com DP e influenciar a progressão dos sintomas motores e não motores (Schneider 

Medeiros et al., 2020). Além disso, a exposição crônica a metais como cobre, manganês e 

chumbo aumentou o risco de desenvolver DP (Ball et al., 2019). Por fim, doenças crônicas 

como diabete tipo 2 e hipertensão arterial sistêmica têm prevalência crescente nas populações 

latinamericanas, o que também pode estar relacionado ao aumento do número de DP na região 

e no mundo (Potashkin et al., 2020). 

A agricultura é uma das atividades econômicas mais importantes no Brasil e o país é 

o líder exportador de muitos produtos agrícolas globalmente. Ao mesmo tempo, é o maior 

consumidor de agrotóxicos do mundo e centenas de agrotóxicos permitidos no Brasil são 

proibidos em outros países (ABRASCO, 2013; INCA, 2017). Estima-se que um terço dos 

alimentos consumidos diariamente no Brasil esteja contaminado por agrotóxicos (Carmo et al., 

2018). Vários relatórios estão mostrando múltiplas fontes de poluentes em alimentos e água em 

nosso país. Uma revisão listou pesticidas (organofosforados e carbamatos), micotoxinas, 

mercúrio e acrilamida como os principais contaminantes da dieta no Brasil (Caldas & Jardim, 

2012). Outra revisão sistemática recente indicou que vários metais (cádmio, alumínio, ferro, 

níquel, mercúrio) e outros produtos químicos estão contaminando a água potável no Brasil (Zini 
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& Gutterres, 2021). A exposição ocupacional a metais também foi descrita (Rocha et al., 2015). 

Um trabalho observacional do nosso grupo realizado no Sul do Brasil encontrou um risco de 

mortalidade aumentado em duas vezes em pacientes com DP com exposição ocupacional a 

agrotóxicos, ajustando para outros fatores de confusão (Schneider Medeiros et al., 2020). 

Estudar uma população com exposição significativa a agrotóxicos, alguns proibidos em outros 

países, representa uma excelente oportunidade para entender sua relação com a DP e fornecer 

pistas sobre a patogênese da doença. Além do valor científico internacional de pesquisas como 

essa, os resultados podem qualificar o debate público sobre o uso de agrotóxicos no Brasil. 

Os estudos apresentados nessa tese propõem apresentar dados epidemiológicos da DP 

em populações previamente subrrepresentadas, bem como, avaliar a prevalência de casos de 

DP e outras síndromes parkinsonianas em um munícipio do interior do Rio Grande do Sul, 

Brasil. 
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2 REVISÃO DE LITERATURA 

 

2.1 Estratégias para localizar e selecionar as informações 

Esta revisão da literatura teve foco nos aspectos epidemiológicos da DP, especialmente 

no Brasil, e fatores ambientais que trazem risco ou proteção para o seu aparecimento. A busca 

por literatura foi realizada em março de 2023, utilizando a base de dados PubMed. Para 

identificação dos artigos, foram utilizados os seguintes descritores: [Parkinson’s disease; 

Prevalence; Incidence; environmental fator; Brazil]. A estratégia de pesquisa nos bancos de 

dados é mostrada na Tabela 1.  

 

Tabela 1. Estratégia de busca utilizada na base de dados PubMed. 

 

  
Base Busca 

Resultados 

Encontrados Utilizados 

P
U

B
M

E
D

 

#17 Search: #1 AND #9 235 3 

#16 Search: #1 AND #8 197 3 

#15 Search: #1 AND #7 1.189 14 

#14 Search: #1 AND #6 454 10 

#13 Search: #1 AND #5 3.245 27 

#12 Search: #1 AND #4 3.520 12 

#11 Search: #1 AND #3 13.045  12 

#10 Search: #1 AND #2 14.520 21 

#9 Search: Rural área 171.107 - 

#8 Search: Urban área 191.772 - 

#7 Search: Smoking 357.071 - 

#6 Search: Caffeine 38.045 - 

#5 Search: Pesticide 233.425 - 

#4 Search:  Environmental factor 219 - 

#3 Search: Incidence 3.632.064 - 

#2 Search: Prevalence 3.500.038 - 

#1 Search: Parkinson’s disease 138.692 - 
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2.2 Doença de Parkinson 

2.2.1 Epidemiologia 

A DP é a segunda doença neurodegenerativa mais prevalente depois da doença de 

Alzheimer (Aarsland et al., 2021). Em países industrializados tem prevalência estimada de 0,3% 

para toda a população, podendo variar de acordo com a faixa etária, onde, em pessoas com 

idade abaixo de 60 anos, varia de 0,13% a 1,6% e alcança o máximo de 9% para indivíduos 

com mais de 80 anos (Nerius et al., 2017; Pringsheim et al., 2014). A prevalência da DP varia 

em todo o mundo, com taxas mais altas relatadas na Europa e na América do Norte. Em 

populações norte-americanas, a prevalência estimada aumentou de menos de 1% em homens e 

mulheres entre 45 e 54 anos para 4% em homens e 2% em mulheres com 85 anos ou mais 

(Marras et al., 2018). Apesar de estar relacionada com o aumento da idade, quase 25% dos 

indivíduos afetados tem idade inferior a 65 anos e em 5-10% é inferior a 50 anos (Bloem et al., 

2021). Na Europa, as taxas estimadas de prevalência para DP variam entre 65 e 12.500 por 

100.000 pessoas-ano (Von Campenhausen et al., 2005).  

Em populações asiáticas, as taxas de prevalência parecem menores. Um estudo 

realizado na china investigou 24.117 participantes, com 60 anos ou mais, e encontrou uma 

prevalência de 1,37% (Qi et al., 2021). No Brasil, no único estudo publicado de base 

populacional realizado em Bambuí (Minas Gerais) a prevalência encontrada foi de 3,3% para a 

DP entre maiores de 64 anos (Barbosa et al., 2006). Para outras síndromes Parkinsonianas, 

apenas um estudo realizado no sudoeste do país fornece dados sobre indivíduos com mais de 

75 anos e verificou uma prevalência bruta de 10,7% de síndromes parkinsoniana nessa 

população (Vale et al., 2018). Outras regiões brasileiras com diferentes características 

ambientais e étnicas carecem de estudos sobre a epidemiologia da DP. 

À medida que a população global envelhece, espera-se que a prevalência de DP 

aumente, dobrando nas próximas duas décadas (Dorsey et al., 2018). Sua incidência tem 

demonstrado uma variação nas taxas entre 5 a 346 casos por 100.000 pessoas-ano (Twelves et 

al., 2003; Von Campenhausen et al., 2005). As taxas de incidência para homens e mulheres 

apresentam diferenças. Uma meta-análise mostrou que a incidência em mulheres de 40 anos ou 

mais foi de 37,55 por 100,000 pessoas-ano, enquanto que em homens foi de 61,21 pessoas-ano 

(Hirsch et al., 2016). Um estudo norte-americano investigou a incidência da DP em 5 coortes 

epidemiológicas e estimou que a incidência de DP ajustada por idade e sexo variaram de 108 a 

212 por 100.000 entre pessoas com 65 anos ou mais, e de 47 a 77 por 100.000 entre pessoas 

com 45 anos ou mais, aumentando com a idade e é maior entre os homens (Willis et al., 2022).  
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2.2.2 Etiologia e fisiopatologia 

 

A etiologia da DP ainda permanece em investigação e, na maioria dos casos, parece 

ser multifatorial, com uma dependência da interação entre a suscetibilidade genética e a 

exposição a insultos ambientais (Schapira, 2006). Estudos mostram que, fatores ambientais 

como a exposição a pesticidas, habitação na zona rural e atividade na agricultura aumentam o 

risco para o desenvolvimento da DP; hábitos de vida, como o tabagismo, consumo de café e 

uso de anti-inflamatórios são possíveis fatores relacionados ao menor risco de desenvolver a 

doença (Noyce et al., 2012; Priyadarshi et al., 2001).  

As características histopatológicas cruciais para o diagnóstico da DP idiopática 

incluem perda neuronal dopaminérgica em áreas específicas da substância negra e acúmulo 

disseminado de proteína intracelular α-sinucleína, que formam os corpos de Lewy (Armstrong 

& Okun, 2020; Dauer & Przedborski, 2003; Poewe et al., 2017). Em estágios iniciais, a perda 

dopaminérgica restringe-se à substância negra ventrolateral, porém, à medida em que a doença 

progride, há uma disseminação nas vias nigroestriatais (Damier et al., 1999; Fearnley & Lees, 

1991). Essa seletividade de morte neuronal dopaminérgica pode estar relacionada a uma maior 

vulnerabilidade frente à insultos tóxicos devido a falhas em processos bioquímicos e 

fisiológicos associados ao envelhecimento (Schapira & Jenner, 2011). 

A hipótese de Braak é o modelo mais aceito para a progressão da DP e divide-se em 

seis estágios. Nos estágios 1 e 2, os indivíduos são assintomáticos e as inclusões de α-sinucleína 

ocorrem no tronco encefálico e bulbo olfatório, nos estágios 3 e 4 estas inclusões progridem 

para neurônios do mesencéfalo e prosencéfalo basal, proporcionando o aparecimento de 

sintomas motores, e nos estágios 5 e 6, o acúmulo da α-sinucleína é encontrado em regiões 

límbicas e neocorticais  (Figura 1; Braak et al., 2003).  Assim, a deposição dos corpos de Lewy 

na DP ocorre, a princípio, em neurônios colinérgicos e monoaminérgicos do tronco encefálico 

e em neurônios do sistema olfativo e progridem para regiões límbicas e corticais, sugerindo que 

a DP surge vários anos antes do aparecimento dos sintomas motores (Poewe et al., 2017). As 

formas hereditárias representam 5% a 10% dos casos da DP e os mecanismos relacionados a 

neuropatologia da doença incluem perturbações nas vias moleculares da proteostase da α-

sinucleína, função mitocondrial, estresse oxidativo, homeostase do cálcio, transporte axonal e 

neuroinflamação (Poewe et al., 2017). 
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Figura 1. Sistema de estadiamento da hipótese de Braak para a DP (DOTY, 2012). 
 

A fisiopatologia dos circuitos motores na DP relaciona-se com os núcleos da base, que 

formam uma complexa rede de circuitos paralelos que integram regiões cerebrais associativas, 

oculomotora, límbica, motora e tálamo (Alexander et al., 1986; Kopell et al., 2006). A perda de 

dopamina no estriado, com efeitos opostos nas vias direta e indireta, leva a um aumento da 

excitação do circuito do globo pálido interno e substância negra reticulada, aumentando a 

inibição do tálamo devido a disfunção na liberação do ácido gama-aminobutírico (GABA) que, 

consequentemente, leva a uma diminuição da ativação do córtex frontal, resultando na 

diminuição da atividade motora vista na DP (Figura 2) (DeMaagd & Philip, 2015). Esse modelo 

de atividade de núcleos encefálicos apoiou a execução da cirurgia estereotáxica no tratamento 

da DP em meados dos anos 90, pois o sintoma da bradicinesia passou a ser considerado uma 

consequência fisiológica do aumento inibitório dos núcleos da base, como consequência da 

hiperativação dos núcleos subtalâmico e globo pálido interno  (Poewe et al., 2017). 
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Figura 2. Atividade dos circuitos do córtex motor na DP. Adaptado de POEWE et al., 2017.  
 

2.2.3 Sintomas clínicos 

Em estágios iniciais da doença, é comum o aparecimento de sintomas não-motores 

anos antes da sintomatologia motora clássica (Figura 3). A fase prodrômica da DP pode ocorrer 

em até 20 anos antes do diagnóstico clínico e incluem a hiposmia, disfunção autonômica 

(especialmente, constipação), ansiedade, depressão, sonolência excessiva diurna e o transtorno 

comportamental do sono REM (do inglês: Rapid Eye Movement) (Balestrino & Schapira, 2020; 

Jankovic, 2008; Kalia & Lang, 2015; Rana et al., 2015). Outras características não-motoras se 

desenvolvem após o diagnóstico e com a progressão da doença, causando incapacidade 

clinicamente significativa; estas incluem o comprometimento cognitivo, demência dor, fadiga, 

hipotensão postural, sintomas urinários e sintomas psicóticos (Kalia & Lang, 2015; Poewe et 

al., 2017).  

A medida a doença avança, quando cerca de 60% a 80% dos neurônios 

dopaminérgicos foram depletados, surgem os sintomas motores clássicos, a bradicinesia 

(lentidão de movimento), rigidez muscular, tremor (Herrero et al., 2015; Massano & Bhatia, 

2012). Sintomas motores axiais, como instabilidade postural com quedas frequentes e 
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congelamento da marcha, disfagia e disfunção da fala, costumam surgir em fases mais tardias 

da doença (Kalia & Lang, 2015). 

Nos estágios mais avançados, é comum o surgimento de complicações, devido à longa 

exposição ou ao aumento na dose da medicação dopaminérgica, a levodopa (Kim et al., 2020). 

Dentre as complicações, existem as flutuações motoras e não-motoras, que surgem entre os 

períodos On (bom controle dos sintomas devida a medicação) e Off (perda ou redução do 

controle de sintomas) (Kalia & Lang, 2015) e as discinesias induzidas por levodopa, que afetam 

cerca de 40% dos indivíduos com DP após 6 anos de uso da levodopa (Ahlskog & Muenter, 

2001). 

Além disso, as características motoras e não motoras resistentes ao tratamento 

dopaminérgico tornam-se mais proeminentes. Após cerca de 20 anos de doença, até 81% dos 

pacientes com DP podem apresentar congelamento da marcha e quedas, 83% evoluem para 

algum quadro demencial e até 50% dos pacientes relatam disfagia (Hely et al., 2008). Nessa 

fase, os sintomas autonômicos, como incontinência urinária, constipação com necessidade de 

laxativos diários, e hipotensão postural sintomática são características não-motoras relevantes 

nesses estágios mais avançados (Kalia & Lang, 2015).  

 

 

Figura 3. Sintomas clínicos associados à progressão da DP (Kalia & Lang, 2015). 

 

2.2.4 Diagnóstico 

O diagnóstico da DP é realizado pela avaliação dos sinais e sintomas clínicos, mas só 

pode ser confirmado através de análise histológica pós-morte. Nessa análise, é verificada a 

presença de corpos de Lewy em neurônios e neuritos de Lewy em axônios residuais (Shults, 

2006). Quando a DP é diagnosticada, estima-se que mais de 60% dos neurônios dopaminérgicos 
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já foram perdidos (Fearnley & Lees, 1991; Ma et al., 1997). Isso ocorre porque ainda hoje o 

diagnóstico desta doença é essencialmente clínico e baseia-se em sintomas motores, ou seja, na 

presença de bradicinesia e pelo menos um sintoma motor cardinal, tremor de repouso e/ou 

rigidez, segundo os critérios do Banco de Cérebros de Londres (Hughes et al., 1992). Há 

também, a classificação da Movement Disorders Society (MDS) que identifica no primeiro 

momento o parkinsonismo e depois a DP como consequência do parkinsonismo, utilizando três 

características diagnósticas: os critérios de apoio, exclusões absolutas e as bandeiras vermelhas. 

Ambas as classificações apresentam boa sensibilidade e especificidade para diagnóstico da DP, 

entretanto, os critérios da MDS têm sido mais sensíveis e específicos que a classificação do 

Banco de Cérebros de Londres (Postuma et al., 2018). 

Normalmente, os primeiros sinais motores manifestam-se apenas em um lado do corpo 

e essa assimetria permanece durante todo o curso da doença (Feis et al., 2015). A média de 

idade de início é por volta dos 50 anos, mas pode variar bastante, desde menos de 40 até mais 

de 80 anos (Rizek et al., 2016). A DP de início precoce é tipicamente caracterizada como aquela 

que se inicia antes dos 45 anos de idade, onde, mais de 10% desses pacientes têm um 

componente genético. Entretanto, quando a doença se manifesta antes dos 30 anos de idade, 

mais de 40% dos casos têm uma causa genética identificada (Alcalay et al., 2010; Marder et al., 

2010). 

O diagnóstico clínico da DP pode parecer uma tarefa simples quando os sintomas 

motores clássicos estão presentes, mas em estágios iniciais, as taxas de erro podem ser de até 

24%, mesmo em centros especializados (Kalia & Lang, 2015). Os erros comuns incluem 

confundir com outras doenças, principalmente com outros tipos de parkinsonismos atípicos, 

como a atrofia de múltiplos sistemas, paralisia supranuclear progressiva e degeneração 

corticobasal, ou com tremor essencial, parkinsonismo induzido por drogas e parkinsonismo 

vascular (Tolosa et al., 2006). O uso de critérios clínicos padrão podem melhorar a precisão, 

mas ainda assim, a precisão diagnóstica na primeira visita é apenas ligeiramente superior a 80% 

(Jellinger, 2016). Testes diagnósticos e biomarcadores são necessários para aumentar a 

confiança no diagnóstico inicial e prodrômico da DP. Recentemente, ensaios de amplificação 

por semente (seed amplification assay) da alfa-sinucleína têm mostrado excelente acurácia 

diagnóstica, sugerindo que possam ser úteis inclusive para o diagnóstico pré-motor (Siderowf 

et al., 2023). Por conta disso, novas propostas de critérios diagnósticos para pesquisa têm sido 

propostos. 
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2.2.5 Tratamentos na Doença de Parkinson  

A levodopa desempenha um papel crucial como precursor da dopamina e é a principal 

substância utilizada para repor a dopamina no tratamento da DP (Verschuur et al., 2019). Esse 

medicamento demonstra ser particularmente eficaz no alívio dos sinais e sintomas motores 

desta doença, além de servir para confirmar o diagnóstico clínico da DP (Koller et al., 2000). 

Além da levodopa, o tratamento medicamentoso para os sintomas motores pode ser 

feito com medicamentos complementares como inibidores da monoamina oxidase-B (MAO-

B), inibidores da catecol-orto-metil-transferase, amantadina, anticolinérgicos e agonistas da 

dopamina (Mouchaileh & Hughes, 2020). Quando os efeitos colaterais da medicação oral são 

limitantes para a eficácia terapêutica, mesmo após o ajuste de dose, ou quando os sintomas são 

refratários à medicação, opções cirúrgicas ou tratamento avançados de infusão podem ser 

considerados. Esses tratamentos incluem a estimulação cerebral profunda (do inglês Deep brain 

Stimulation - DBS), procedimentos de ablação e dispositivos de infusão de medicamentos 

dopaminérgicos (Sharma et al., 2020). 

 
 

2.2.6 Fatores de risco e protetivos 

Embora a etiologia da DP ainda não seja totalmente compreendida, há evidências de 

que vários fatores de risco possam contribuir para o seu desenvolvimento. Um dos fatores de 

risco mais bem estabelecidos para a DP é a idade. Estima-se que a prevalência da doença 

aumenta com a idade, sendo rara antes dos 50 anos e se tornando mais comum após os 60 anos 

(de Lau & Breteler, 2006). Além disso, estudos têm mostrado que homens têm um risco 

ligeiramente maior do que mulheres (Wirdefeldt et al., 2011). 

Outro fator de risco para a DP é a exposição a toxinas ambientais. Vários estudos têm 

mostrado uma associação entre a doença com exposição a pesticidas e herbicidas, como o 

paraquate e o glifosato (Dhillon et al., 2008; Elbaz et al., 2004; Hancock et al., 2008; Tanner et 

al., 2009, 2011). Aspectos como viver em zona rural, trabalho agrícola e use de água de poço 

reforçam a associação entre pesticidas e o risco de desenvolver a DP (Wirdefeldt et al., 2011). 

Além disso, a exposição a metais pesados, como manganês e chumbo, também foi associada a 

um maior risco de DP (Tan et al., 2003a).  

Alguns estudos sugerem que a genética pode desempenhar um papel importante no 

desenvolvimento da DP. Mutação em certos genes, como SNCA, LRRK2 e GBA, têm sido 

associados a um risco aumentado de DP (Hernandez et al., 2016; Lill et al., 2012). Além disso, 
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ter um familiar de primeiro grau com a doença aumenta o risco em duas a três vezes (Wirdefeldt 

et al., 2011). 

Fatores de estilo de vida também têm sido associado com a DP. O tabagismo e o 

consumo de café são amplamente investigados em estudos prospectivos e de caso-controle 

como um fator de proteção para o desenvolvimento da DP.  Em estudos de coorte, o risco 

relativo para DP em fumantes versus nunca fumantes houve uma variação entre 0,27 e 0,56 

(Chen et al., 2010; Grandinetti et al., 1994; Tan et al., 2007; Thacker et al., 2007). Porém, o 

mecanismo exato pelo qual o tabagismo protege contra a doença ainda não está claro, mas pode 

estar relacionado à nicotina presente no tabaco (Wirdefeldt et al., 2011). Uma ampla quantidade 

de estudos de caso-controle também relatou uma associação inversa de DP com café ou 

quantidade total de ingestão de cafeína (Benedetti et al., 2000a, 2000b; Hancock et al., 2007; 

Nefzger et al., 1968; Powers et al., 2008; Tan et al., 2003b, 2003c; Tan et al., 2007). 

No mesmo sentido, o ácido úrico (AU) pode ter um papel neuroprotetor para a DP. 

Estudos mostram que altos níveis de AU no plasma podem diminuir o risco de desenvolver a 

DP (de Lau et al., 2005; Weisskopf et al., 2007). Uma meta-análise mostrou que concentrações 

séricas de AU são significativamente menores em pacientes com DP de ambos os sexos em 

comparação com controles (Wen et al., 2017). Os mecanismos biológicos subjacentes a estas 

relações ainda não são firmemente estabelecidos. Entretanto, a proposta mais aceita é de que o 

AU é um antioxidante, que em baixas concentrações predispõe ao estresse oxidativo, 

contribuindo para a degeneração dos neurônios dopaminérgicos e levando ao aparecimento 

inicial dos sintomas da DP e ao seu agravamento ao longo do tempo (Seifar et al., 2022).  
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3 MARCO CONCEITUAL 

Apesar da DP ser heterogênea, há algumas hipóteses que sustentam o seu surgimento. 

Primeiramente, a DP de início precoce está associada a formas hereditárias da doença, com 

variantes patogênicas nos genes PRNK, PINK1, DJ-1, SNCA e LRRK2. A DP  de início tardio, 

de forma esporádica, é caracterizada por um processo gradual de desenvolvimento que pode 

levar décadas. Em pessoas de meia-idade, certos agentes tóxicos ambientais, como pesticidas, 

poluentes do ar e metais pesados podem entrar no organismo pela boca ou pelo nariz, podendo 

causar sinucleinopatia patológica em indivíduos suscetíveis, por meio de mecanismos como 

inflamação ou disbiose do microbioma. Ao longo do tempo, essa patologia pode progredir para 

as estruturas olfativas centrais e/ou tronco encefálico inferior, causando sintomas como 

comprometimento olfativo e distúrbios do sono. Em alguns casos, ao longo dos anos, os 

indivíduos afetados podem desenvolver déficits motores que podem levar a um diagnóstico de 

DP (Figura 5). Nesses casos esporádicos, cerca de 90 variantes genéticas de risco, todas com 

tamanho de efeito pequeno, podem somar-se aos fatores ambientais e explicar a 

susceptibilidade de alguns indivíduos. 

 

 

Figura 5. Marco conceitual.  
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4 JUSTIFICATIVA 

Os dados epidemiológicos sobre a DP e síndromes parkinsonianas são escassos, 

especialmente na América do Sul, e são de extrema importância para o planejamento de 

intervenções de saúde pública e para a condução de ensaios clínicos. Estudar a população 

brasileira é uma oportunidade única, pois possui a maior população da América do Sul com 

uma das maiores heterogeneidades sociais e culturais. O impacto sanitário e econômico das 

doenças associadas ao envelhecimento, como a DP, é crítico em um país em desenvolvimento 

como o Brasil, com um sistema de saúde universal de financiamento público e um déficit no 

sistema previdenciário. As informações geradas nesse estudo também poderão ser importantes 

para outros países da América Latina e mesmo os EUA, com um número crescente de latinos 

devido à imigração. Por fim, explorar fatores ambientais e socioeconômicos associados à DP 

pode fornecer vislumbres sobre mecanismos fisiopatológicos, expor necessidades urgentes de 

cuidados clínicos e qualificar o debate público sobre os possíveis fatores ambientais 

modificáveis.  
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5 OBJETIVOS 

5.1 Objetivo Geral 

Estimar a prevalência da DP e outras síndromes parkinsonianas em amostras de base 

populacional de idosos residentes no município de Veranópolis (RS). 

 

5.2 Objetivos Específicos 

 Revisar sistematicamente a epidemiologia da DP em países de renda baixa a média-alta, 

de acordo com a classificação da Organização para Cooperação e Desenvolvimento 

Econômico (OCDE). 

 Descrever um protocolo de estudo epidemiológico para determinação da prevalência e 

incidência da DP e outras síndromes parkinsonianas em uma população de idosos acima 

de 60 anos; 

 Determinar a prevalência geral e prevalência ajustada para sexo e grupos etários da DP; 

 Determinar a prevalência geral e prevalência ajustada para sexo e grupos etários de 

Parkinsonismo; 

 Determinar a prevalência geral e prevalência ajustada para zona de moradia e sexo da 

DP e de síndromes parkinsonianas; 
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ABSTRACT 

 

Parkinson's disease (PD) is a common neurodegenerative disease that has become a growing 

public health challenge. Estimates of the epidemiology of PD have focused on data from high 

high-income countries, being low-, middle-income, and emerging countries poorly described. 

We conducted a systematic review and meta-analysis of the PD prevalence studies in low- and 

middle-income countries. Systematic literature search was performed in Medline/PubMed, 

Embase, LILACS, and Web of Science databases in February 2023. Data were analyzed by 

geographic area (Latin America & Caribbean, Sub-Saharan Africa, South Asia, East Asia & 

Pacific, Middle East & North Africa, and Europe & Central Asia), age group, and sex. Meta-

regression was used to compare subgroups. Cochran's Q and I2 tests were used to quantify 

heterogeneity. Of 4,327 assessed articles, a total of 57 studies were deemed suitable for review 

and 36 studies were included in the meta-analysis. Data analysis by geographic region showed 

that prevalence differed across regions and ranged from 49 per 100,000 (Sub-Saharan Africa) 

to 1,081 per 100,000 (Latin America & the Caribbean). There was an increasing prevalence of 

PD with advancing age (per 100,000): 7 in 40 to 49 years, 158 in 50 to 59 years, 603 in 60 to 

69 years, 1,251 in 70 to 79 years, and 2,181 in over the age of 80. The prevalence of men and 

women was similar. There is an increase in the prevalence of PD in populations with higher 5-

year GDP per capita and higher life expectancy. Our findings suggest a higher prevalence of 

PD in these populations, exceeding the estimates provided by the Global Burden of Disease 

(GBD) for countries with a low sociodemographic index, and a lower prevalence of PD 

identified in the age group more than 70 years, when examining data from developed regions 

globally.  

 

Introduction 

Parkinson’s disease (PD) is one of the most common neurodegenerative diseases. It is 

a chronic and progressive neurological disorder that affects movements, primarily caused by 

the degeneration of dopamine-producing neurons in the brain. PD affects people of all ages, but 

it is most commonly diagnosed in individuals over 60. The prevalence of PD varies worldwide, 

and while it is often considered a disease more common in developed countries, it is 

increasingly recognized as a significant health issue in low and upper-middle-income 

countries.1 

Research on the prevalence of PD has predominantly focused on high-income 

countries, leaving a noticeable gap in our understanding of its impact on low- and middle-
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income countries. Nonetheless, studying PD prevalence and distribution among lower-income 

countries is crucial to acknowledge its burden and aid in planning healthcare services and public 

policies for these populations. It is anticipated that as lower-income nations develop and life 

expectancy rises, the majority of the PD burden will arise from these countries, posing 

challenges at local and global levels.2 Additionally, investigating specific ethnic and 

environmental risk factors influencing PD prevalence in diverse settings can bring novel 

insights into understanding disease physiopathology and epidemiology.3,4 

A significant challenge worldwide is the prevalence estimation in different countries 

once the environmental conditions and ethnic characteristics are widely distinct. The increase 

in the burden of PD emphasized the need to monitor epidemiological data in different 

populations. In an effort to better understand the prevalence and distribution of PD among 

lower-income and underrepresented countries, we conducted a systematic review of the 

literature to identify epidemiological studies that evaluated the prevalence of PD performed in 

populations or representative samples from least-developed to upper-middle-income countries 

according to the Organization for Economic Co-operation and Development (OECD) 

classification. 

 

Methods 

Eligibility criteria, information sources and search strategy 

We conducted a systematic literature search to identify relevant articles on the 

epidemiology of PD in population-based studies conducted in low to upper-middle-income 

countries. Our search included studies reporting the crude prevalence of PD, the total number 

of participants, and the number of diagnosed PD patients. We considered articles available in 

English, Spanish, Portuguese, French, or Chinese languages. In cases where articles were 

unavailable or lacked the minimum required information in the abstract, the reviewers sought 

the full text from the corresponding authors. If there was no response, those articles were 

excluded from the analyses. When the full article was not available, we included studies where 

the relevant information was presented in the abstract. Studies were included irrespective of 

their year of publication. Low- to middle-income countries were defined according to the 

OECD, with reporting of 2022 and 2023 flows.5 Also, we included studies with data on public 

or private health services with representative samples of the local population.  

Two authors of this review (G.M.P and N.M.S) developed a comprehensive search 

strategy for four databases. Medline/PubMed, Embase, LILACS, and Web of Science databases 

were searched on February 02, 2023. This review followed all recommendations of the 
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PRISMA methodology.6 The search strategy included title/abstract analysis of articles. The 

complete search strategies with research terms used for each database are provided in 

Supplemental Table 1. Review articles or original studies that used data from previous studies 

were excluded. Studies presenting data from specific groups (samples not representing the local 

community or population), such as veteran groups, elderly institutions, clinics, or patients 

admitted to teaching hospitals, were excluded from the review.  

 

Selection and data collection process 

Results were exported to Rayyan software (https://rayyan.ai/) to manage references 

and remove duplicates. Unique records were screened independently by two reviewers (G.M.P 

and N.M.S). A third reviewer (D.T.S.) evaluated and resolved the data divergences. After 

finalizing the selection of included articles, five reviewers (D.T.S., D.C.F., G.A.M., G.M.P., 

and N.M.S.) were assigned to extract data from each report independently.  

A structured data collection process was implemented using forms specifically created 

for this review. The data extracted from each eligible study included the following 

characteristics: author and affiliation, country/city/province where the study was conducted, 

sample or population size, frequency of PD cases, crude and/or standardized prevalence or 

incidence (reported as cases per 100,000 persons), study design, mean age of participants, 

duration of the study, and the diagnostic criteria or protocol used to establish PD cases. If 

available, secondary prevalence measures such as sociodemographic data (sex, age) and living 

area (urban or rural) were also extracted. In cases where multiple studies were conducted in the 

same country, the data were summarized as a range of cases per region, while unique data were 

presented individually for each study measure. 

Additional sociodemographic data from each study's country was obtained using data 

from the World Bank.7 Countries were categorized geographically into different regions, 

including Latin America & Caribbean, Sub-Saharan Africa, South Asia, East Asia & Pacific, 

Middle East & North Africa, and Europe & Central Asia. For each study, representative 

estimates of the country's life GDP per capita were calculated by averaging the last 5 available 

measures preceding the year of the study publication. This retrospective averaging approach 

aimed to provide a more accurate reflection of the social conditions of the country during the 

period in which the study was conducted. Life expectancy at birth was obtained from the last 

available measure next to the study’s publication date.  
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Quality assessment 

The quality of each included study was evaluated using a quality assessment instrument 

created from recommendations for evaluating prevalence studies.8 This tool is based on eight 

criteria that measure the accuracy of the clinical assessment, the integrity of the statistical 

analysis, and the sample's representativeness for the target demographic. For each study, a score 

ranging from 0 to 8 was generated, providing 1 point for each positive or not applicable 

criterion. 

 

Data analysis and synthesis 

The primary outcome measure of this study was the crude prevalence of PD per 

100,000 inhabitants, particularly within specific pre-specified age intervals. The calculation for 

the crude prevalence for each study was performed using the following formula: 

 

𝐶𝑟𝑢𝑑𝑒 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 = 𝑃𝐷
௦௦

௧௧ ௦
 𝑥 100,000         

 

Geographical and methodological data of all included studies were described, but, to 

ensure a more reliable and representative estimate of prevalence, only those that met the 

following criteria were included in the meta-analysis: (1) utilized a door-to-door methodology, 

(2) involved evaluation by a neurologist or movement disorder specialist, and (3) attained a 

quality score of 5 or higher.  

The 'metaprop' package of the R Statistical Software 3.5.1 (R Core Team 2018) was 

used for a meta-analysis of single proportions. The overall results were analyzed using the 

random effects model, which involved estimating both within-study and between-study 

variances.9 The variance was stabilized using the Freeman-Tukey double arcsine 

transformation, which addresses issues with extreme prevalence rates or small sample sizes. 

The DerSimonian and Laird method was employed to estimate the between-study variability 

and calculate the overall effect size in the meta-analysis.  

To quantify the heterogeneity between studies, the Cochran's Q test and Higgin's & 

Thompson's I2 statistic, along with its corresponding 95% confidence intervals, were utilized.10 

Publication bias was investigated using the Begg11 and Egger's12 tests. To identify the sources 

of heterogeneity in the meta-analysis, we conducted meta-regression analyses among all studies 

included in the meta-analysis using a mixed-effects model. This analysis considered both 

methodological factors, such as study quality, minimum included age, year of publication, and 
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number of participants, as well as sociodemographic variables, including the geographical 

region of the country, life expectancy at birth, and GDP per capita. Lastly, we performed 

subgroup analyses to explore the influence of certain variables on PD prevalence and, for each, 

the Chi-square was used to identify potential differences between subgroups. 

 

Results 

A total of 4,327 articles were identified in the initial search. Following the elimination 

of duplicates, the remaining 3,666 unique articles underwent screening based on their titles and 

abstracts. Out of these, 96 articles met the predefined inclusion criteria. After conducting a 

thorough evaluation of the complete articles, a total of 57 studies were deemed suitable for 

review. A complete overview of the selection process is presented in Figure 1. 

Of the 57 articles, we identified 63 cohorts (some articles reported data from studies in 

more than one country). There were 20 cohorts in Latin America & Caribbean (1 study 

investigated 7 different countries),13–26 18 in East Asia & Pacific,27–44 10 in Sub-Saharan 

Africa,45–54 7 in South Asia,55–61 6 in Middle East & North Africa,62–67 and 2 in Europe & 

Central Asia.68,69 The median sample size and PD cases were, respectively, 9,411 (IQR 2,526 - 

34,874) and 31 (IQR 9 - 78). Studies varied greatly in the minimum age of inclusion and 

methodological aspects, but 50.8% of the cohorts evaluated patients at least 40 years of age. 

Most of the studies were of door-to-door design (85.7%), had a census or probabilistic sampling 

approach (65.1%), involved a final diagnosis by a neurologist or PD specialist (79.41%), and 

used standardized diagnostic criteria (54%). Countries with the most studies were China 

(25.4%), followed by India (9.5%), Egypt, and Mexico (each: 6.3%) (Figure 2). Among all 

studies, the average 5-year GDP per capita (USD) was 4,486 ± 3,708, being highest in Europe 

& Central Asia and lowest in South Asia. The median life expectancy at birth was 71 (67 - 76), 

being highest in Europe & Central Asia and lowest in Sub-Saharan Africa. Data for each region 

are detailed in Table 1. All detailed information on the data extracted in each study can be found 

in Supplemental Table 2. Meta-analyses were performed in 36 out of the 63 studies according 

to our pre-specified selection criteria.  

 

Geographic region 

PD prevalence found was 516 per 100,000 inhabitants, which significantly differed in 

all six geographic regions evaluated (p < 0.01; Figure 3).  Latin America & the Caribbean had 

the highest prevalence with 1,081 per 100,000 inhabitants, followed by East Asia & Pacific 

(688 per 100,000), Europe & Central Asia (464 per 100,000), Middle East & North Asia (264 
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per 100,000), South Asia (94 per 100,000), and Sub-Saharan Africa (49 per 100,000). 

Heterogeneity measures were high both as a whole and in each geographic region. The Berg 

test was negative for publication bias (p = 0.48), but the Egger's test was positive (p < 0.0001). 

 

Age and sex analysis 

Meta-analysis of data from all regions revealed an increasing prevalence of PD with 

advancing age. The prevalence rates per 100,000 individuals were as follows: 7 for individuals 

aged 40 to 49 years, 158 for individuals aged 50 to 59 years, 603 for individuals aged 60 to 69 

years, 1,251 for individuals aged 70 to 79 years, and 2,181 for individuals over the age of 80 

(Table 2). The effect of sex on the prevalence of PD was also examined and no significant 

differences regarding PD prevalence among sexes were identified in all (p = 0.72) and specific 

geographic regions (Supplemental Table 3). Heterogeneity measures were high in all sex and 

age subgroups.  

 

Sociodemographic indicators 

PD prevalence has been observed to increase as the 5-year GDP per capita increases. 

Meta-regression supported this significant and progressive increase, which was most 

pronounced in the third and fourth quartiles (USD 6,776 and 11,677, respectively). 

Similarly, the prevalence of PD also significantly increased with life expectancy at birth, 

with a slight decrease being observed in populations over 76 years of age (fourth quartile). 

These associations are graphically displayed in Figure 4 and detailed in Table 3. Due to the 

limited number of studies reporting data for rural18,33,42,56,62,63,65 or urban33,42,62–64 housing areas, 

conducting a meta-analysis for these specific indicators was not feasible. 

 

Methodological and data quality analysis 

We performed an analysis to determine whether prevalence data differed based on the 

study quality score or methodological variables (Table 3). For methodological variables, we 

performed a meta-analysis for minimum age, year of publication, number of participants, and 

standardized diagnostic criteria. High prevalence rates were found by meta-regression in the 

minimum age of 50 years or higher (1286  per 100,000), studies published after the year 2021 

showed a higher prevalence (1901 per 100,000) than older studies published before 2004 (143 

per 100,000). Studies with ≥ 19,194 participants had lower PD cases (301 and 148 per 100,000) 

than studies with ≤ 1,174 participants (10,174 per 100,000). Also, studies that used standardized 

diagnostic criteria obtained a higher prevalence (809 per 100,000). No statistically significant 
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difference was found by meta-regression in the high-quality studies (7 or 8 points) when 

compared to low-quality studies (5 or 6 points). 

 

Discussion 

This review aimed to provide an overview of PD prevalence in low- to upper-middle-

income countries and how it is distributed according to geographic region, sex, and age. We 

identified that PD prevalence varied greatly among geographical regions and factors such as 

countries' life expectancy at birth and GDP per capita were significantly associated with this 

prevalence. We also observed no significant differences between the prevalence of PD among 

genders and that PD prevalence significantly increased with age. Lastly, methodological factors 

of studies such as a lower minimum inclusion age, using standardized diagnostic criteria, and 

the number of participants also significantly influenced PD prevalence, which probably 

contributes to the high heterogeneity identified in our analyses despite subgrouping by age and 

gender.  

In the door-to-door studies conducted in low- to middle-income countries, we observed 

a high crude prevalence of PD cases (516 per 100,000). This figure contrasts with the 

prevalence estimated by the Global Burden of Disease (GBD) in 2019 for countries with low 

(65.71 per 100,000), lower-middle (82.16 per 100,000), and middle (112 per 100,000) socio-

demographic index.70 When examining different geographic areas, the prevalence identified in 

our meta-analysis exceeded the GBD estimated values for Latin America and the Caribbean 

(ranging from 87.4 to 100.8 per 100,000), East Asia (145.44 per 100,000), and Central Asia 

(83.07 per 100,000). However, the GBD values for Sub-Saharan Africa (ranging from 55.94 to 

71.79 per 100,000) and South Asia (72.7 per 100,000) closely aligned with the prevalence rates 

shown in our study.70 However, these data must be viewed with caution, as differences observed 

in prevalence may be justified due to methodological differences between our study and the 

GBD, since the prevalence rates presented are reflections of studies with different designs. Here 

we include in the meta-analysis only the crude prevalence from door-to-door cohorts in which 

there was also a diagnostic confirmation by a neurologist and minimum quality criteria. In 

contrast, the GBD also incorporates data from medical registry data, which has a higher risk of 

bias in the miscoding and misclassification of the disease and possible missed diagnosis due to 

the absence of screening procedures. Additionally, the GBD results reflect the age-standardized 

rate of prevalence, and our study sought to obtain the crude prevalence of PD. Our observed 

general prevalence is also higher than the one identified by a study published in 2014 with a 

similar methodology and that included all countries (315 per 100,000).8 There are several 
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factors that may justify the observed difference in prevalence such as the inclusion of new 

published studies (especially those published after 2021, which identified a high prevalence of 

PD) and minor differences in selection criteria and methodological differences among selected 

studies. 

Our data showed an increase in prevalence with increasing age, in keeping with previous 

studies that establish aging as a risk factor for PD.71,72 The prevalence rates in the age groups 

of 50 to 69 years old are similar to those found in studies conducted in Europe, North America, 

and Australia,8 whereas when looking at the age groups above 70 years old, the reported 

prevalence tends to be higher in studies from developed countries (ranging from 1,602 to 2,953 

per 100,000).8 This higher prevalence is likely driven by population growth and aging in these 

regions since life expectancy tends to be higher in developed countries.7  

The prevalence of PD showed an increase in studies in countries with higher 5-year-

GDP. It has been described that the burden of the disease increases as socioeconomic status 

improves, likely as a consequence of human activity, especially industrialization and intensive 

agriculture.73 Moreover, a country's GDP per capita improves the life expectancy at birth by 

promoting economic development and growth,74 which leads to a raising in longevity and the 

burden of neurodegenerative diseases.  

Other aspects should be considered while interpreting lower PD prevalence associated 

with a lower economic index, such as lack of access to specialized care in movement disorders 

and lack of investment in carrying out studies with more robust methodologies. Furthermore, 

while aging is garnering increasing attention from policymakers and stakeholders, there is a 

lack of recognition regarding age-related diseases in low- and middle-income countries. As a 

result, there is limited availability of epidemiological data on the burden of PD. It is estimated 

that two-thirds of the population aged 60 and over will live in low- and middle-income countries 

by 2050.75 In addition to dealing with growing aging, these regions will also need to address 

the escalating burden of chronic and neurodegenerative conditions, including PD, while facing 

limitations in terms of resources and infrastructure. Therefore, correctly understanding the 

burden of PD will be critical to mitigating the economic impact of aging and establishing 

sustainable healthcare systems for future generations. 

Regarding differences between men and women, the prevalence of PD was similar in 

both sexes generally and in each geographic region. Numerous studies have consistently shown 

a male-to-female ratio over 1.5:1 for PD cases, particularly in Western countries.20,76–78 

However, studies conducted in Asian populations have reported a higher proportion of females 

affected by PD.79–82 This difference in Asia has been attributed to women being more exposed 



46 
 

to various risk factors, including pesticide use, head trauma, agricultural occupations, exposure 

to toxins, dietary deficiencies, and consumption of well water.83 The observed disparities in PD 

prevalence must consider the genetic heterogeneity and diverse environmental factors to which 

different populations are exposed. It is important to note that the number of studies conducted 

in Western and Asian populations in this meta-analysis was comparable, which may have 

influenced the observed prevalence rates in relation to sex. Furthermore, it is crucial to consider 

the heterogeneity in the minimum age of the individuals included in the studies, ranging from 

18 to 45 years with a median age of 45 years. It is reasonable to expect that younger individuals 

may have a more significant contribution from genetic factors, with less influence from sex.84 

We observed considerable imbalances in the distribution of studies by geographical 

region and ethnicity. While China was widely described in the studies (25.4%), other ethnic 

groups were less studied, for example, populations from Europe & Central Asia (3.17%) and 

Middle East & North Africa (9.52%), which reveals a significant underrepresentation of certain 

populations in PD research as previously identified in other studies.3,85 Regarding some specific 

methodological factors, it is important to note that, although diagnostic criteria have been 

available since the end of the 1980s,86–91 we found that only 54% of the studies reported using 

some diagnostic criteria to identify PD cases. Additionally, we observed that approximately 

20.6% of the published studies on this topic did not involve an evaluation by a neurologist or a 

movement disorders specialist and that only 65.1% used a census or probabilistic sampling 

approach. These and other findings illustrate that some estimates of PD prevalence in lower-

income countries could be of lower quality and highlight the need for future studies on this 

topic to address these limitations. 

Our analysis revealed significant variation in the prevalence of PD, reflecting a high 

heterogeneity in our meta-analysis, even when considering each continental region separately. 

Several confounding factors may account for this heterogeneity. Firstly, we have to note that 

PD itself carries a heterogeneous burden in its clinical presentation, involving genetic and 

environmental factors, which can act as potential confounders when evaluating prevalence in 

regions with distinct characteristics. Secondly, intrinsic confounding factors of the samples may 

also influence the heterogeneity found, such as selection bias. Thirdly, the methodological 

differences among studies conducted within the same regions and across different regions are 

relevant confounding factors in our analysis.  

Regarding the data quality scoring, our meta-analysis showed no statistically significant 

difference in the prevalence reported by high- and low-quality studies. However, when taking 

into account specific methodological and quality factors, some of them proved to have a 
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substantial impact on the observed prevalence, such as the minimum age of the population and 

the number of participants included. Since the prevalence and incidence of PD are expected to 

increase with age,70 the lack of uniformity in the minimum age of the population included in 

the studies calls for a more careful look at the reported crude prevalence. Additionally, sample 

size and randomization are essential for the correct estimation of prevalence, when a census 

assessment is not possible. The use of validated and standardized diagnostic criteria is also 

reflected in the accuracy of identifying PD cases. A previous study demonstrated the impact of 

different configurations of diagnostic criteria, revealing a potential reduction of up to 65% in 

the identification of PD cases based on the chosen criterion.92  

Some limitations were relevant in this study. The heterogeneity of methodologies 

probably impacted the results found. Due to insufficient data, such as the provision of adequate 

raw data or by subgroups in some articles, we were unable to make simplistic comparisons 

within subgroups, such as the distinctions between rural and urban populations. Additionally, 

Egger's test identified a possible publication bias, which implies that some of the conducted 

studies were never published, possibly introducing bias to our results. Moreover, the clinical 

definition of PD itself is a great challenge and is accompanied by diagnostic errors when the 

diagnostic criteria are not standardized, increasing the risk of bias.  

On the other hand, we need to consider several factors that have contributed to the 

importance of this study. We only included in our meta-analysis studies that meet a minimum 

quality criteria, ensuring that the prevalence obtained was representative of the population. 

Additionally, we investigated differences in geographic subgroups and the influence of 

sociodemographic factors and evaluated the effect of methodological factors on their results, 

thus providing valuable insights into PD prevalence and distribution within countries. 

Conducting robust studies with standardized methodologies should be encouraged. 

Attention should be given to the clinical diagnosis, especially in regard to the choice of a 

validated screening instrument, the utilization of recognized and recommended diagnostic 

criteria, and the selection of adequately trained professionals with experience in diagnosing 

movement disorders. These results will become increasingly important as world populations 

age, and correctly estimating the PD burden is necessary for planning and directing public 

policies to address PD management. 

In conclusion, our results showed the differences in reported prevalence within low- to 

upper-middle-income countries, with populations often underrepresented and situated in 

diverse geographic areas with distinct cultural, environmental, and demographic factors. Our 

findings suggest an overall higher prevalence of PD in these populations, exceeding the 
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estimates provided by the GBD for countries with a low sociodemographic index. However, 

we highlighted that several social and economic factors may contribute to underestimating the 

real prevalence in poorer regions. Furthermore, our study highlighted various methodological 

challenges and emphasized the impact of methodological flaws and how the lack of 

standardization can affect the elucidation of fundamental epidemiological data such as 

prevalence, mainly when performed in populations with diverse characteristics. 
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Figure 1. Flowchart of the selection process. 

 

Figure 2. Number of door to door studies by countries. 

 

 

Figure 3 Prevalence rate according geographic region.  
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Figure 4. Prevalence of PD vs. (a) GDP per capita and (b) life expectancy according to globe 
region.  
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Table 1. General characteristics of the included studies according to global regions.   

 All Regions 
Studies in the Meta-

analysis 

Latin 
America  

& Caribbean 

East Asia & 
Pacific 

Sub-Saharan 
Africa 

South Asia 
Middle East  

& North 
Africa 

Europe & 
Central Asia 

Study characteristics         

 Number of studies 63¹ 36 20 18 10 7 6 2 

 Year of publication 
2015 (2003 

- 2020) 2013 (2004 - 2021) 
2018 (2005 - 

2022) 
2016 (2003 - 

2019) 
2009 (1993 - 

2016) 
2016 (2002 - 

2018) 
2012 (1998 

- 2013) 
2018 (2016 

-2020) 

 Participants (n) 
9,411 

(2,526 - 
34,874) 

6,594 (1,768 - 
19,194) 

1,617 (1,035 
- 9,694) 

13,766 (6,006 
- 69,498) 

19,542 
(2,647 - 
51,470) 

14,010 
(7,748 - 
41,270) 

11,833 
(8,066 - 
30,026) 

18,039 
(13,963 - 
221,15) 

 PD cases (n) 31 (9 - 78) 24 (9 - 45) 27 (9 - 48) 88 (28 - 151) 7 (2 - 27) 9 (6 - 26) 34 (33 - 37) 69 (44 - 93) 

 Minimum age (yrs) 40 (15 - 60) 45 (18 - 64) 40 (32 - 65) 52 (37 - 60) 18 (0 - 45) 12 (2 - 25) 7 (0 - 40) 18 (18 - 18) 

 
Study quality 
assessment (pts) 5.3 ± 1.7 6.0 ± 1.0 5.4 ± 1.6 5.4 ± 1.8 5.3 ± 2 4.6 ± 1.4 5.2 ± 2.5 6.5 ± 2.1 

 Study design, DTD  54 (85.7%) 36 (100%) 15 (75%) 17 (94.4%) 7 (70%) 7 (100%) 6 (100%) 2 (100%) 

 

Census or 
probabilistic 
approach 41 (65.1%) 27 (75%) 8 (40%) 13 (72.2%) 8 (80%) 5 (71.4%) 5 (83.3%) 2 (100%) 

 
Dx by a neurologist 
or PD specialist  50 (79.4%) 36 (100%) 17 (85%) 11 (61.1%) 7 (70%) 7 (100%) 6 (100%) 2 (100%) 

 
Standardized 
diagnostic criteria 34 (54%) 24 (66.7%) 14 (70%) 10 (55.6%) 4 (40%) 7 (100%) 4 (66.7%) 2 (100%) 

 Area          
  Urban 18 (28.6%) 10 (27.8%) 8 (40%) 7 (38.9%) - 1 (14.3%) 2 (33.3%) - 

  Rural 15 (23.8%) 10 (27.8%) 4 (20%) 1 (5.6%) 4 (40%) 5 (71.4%) - 1 (50%) 
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  Both or not 
specified 

30 (45.5%) 15 (44.4%) 8 (40%) 10 (55.5%) 6 (60%) 1 (14.3%) 4 (66.7%) 1 (50%) 

Country 
characteristcs 

        

 Most common 
country 

        

  1° 
China 

(25.4%) China (22.2%) 
Mexico 
(20%) 

China (88.8%) 
Nigeria 
(30%) 

India 
(85.7%) 

Egypt 
(66.6%) 

Turkey 
(100%) 

  2° India (9.5%) 
Egypt/India/Peru 

(8.3%) 
Peru (15%) 

Philippines 
(5.6%) 

Tanzania 
(20%) 

Pakistan 
(14.3%) 

Libya 
(16.7%) 

- 

  3° 
Egypt / 
Mexico 
(6.3%) 

Mexico/Turkey 
(5.6%) 

Colombia 
(15%) 

Thailand 
(5.6%) 

Other (10% 
each) 

- 
Tunisia 
(16.7%) 

- 

 

5-Year GDP Per 
Capita (USD) 

3,072 
(1,064 - 
7,941) 

2,473 (1,148 - 6,776) 
6,636 (3,612 

- 9,274) 
6,444 (1,136 - 

8,870) 
718 (546 - 

1,336) 
1,232 (690 - 

1,759) 
2,703 (2,473 

- 2,703) 

10,558 
(9,998 - 
11,117) 

 
Life Expectancy 
(yrs) 71 (67 - 76) 

71 (70 - 74) 73 (71 - 75) 77 (72 - 78) 60 (56 - 65) 67 (63 - 70) 70 (70 - 70) 76 (76 - 76) 

DTD = door-to-door; GDP = Gross domestic product; Dx = diagnosis; PD = Parkinson's disease. Life expectancy and 5 year GDP per capita 
were based on the year each study was published. Variables are expressed in percentage, mean and standard deviation or median and 
interquartile range. ¹ Of the 57 included, one was multicentric reporting data from 7 different countries. 
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Table 2. Prevalence of PD by age group (per 100,000). 

Subgroup variables Prevalence per 100,000 (95% CI) I² (%) [95%-CI] Cochran's Q 

Sex    

 Female 814 (480 - 1,229) 99 (99 - 99) 0 

 Male 900 (538 - 1,347) 99 (99 - 99) < 0.01 

Age    
 ≥ 50 years 576 (81 - 1,482) 98 (97 - 98) < 0.01 

 40 - 49 years 7 (0 - 48) 0 (0 - 90) < 0.01 

 50 - 59 years 158 (17 - 398) 85 (73 - 92) < 0.01 

 60 - 69 years 603 (126 - 1,380) 98 (96 - 98) < 0.01 

 70 - 79 years 1,251 (559 - 2,154) 98 (97 - 98) < 0.01 

 ≥ 80 years 2,181 (662 - 4,426) 98 (97 - 98) < 0.01 
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Table 3. Influence of methodological and sociodemographic variables in PD prevalence 

    

Prevalence per 
100,000 (95% CI) 

 Heterogeneity  Univariate 
Metaregression 

     I² (95% CI) 
Cochr
an's Q 

 
β 

coeficien
t 

p-
value 

Sociodemographic variables         

 Life Expectancy**         
  First quartile (70 yrs)  64 (10 - 156)  92% (86 - 95) < 0.01  - - 
  Second quartile (71 yrs)  614 (214 - 1,207)  96% (94 - 97) < 0.01  0.0510 0.0133 
  Third quartile (74 yrs)  960 (404 - 1,741)  99% (98 - 99) < 0.01  0.0708 0.0006 
  Fourth quartile (78 yrs)  724 (283 - 1,359)  99% (99 - 99) < 0.01  0.0576 0.0050 
 5-Year GDP per Capita**         

  First quartile (USD 
1,148)  107 (7- 305)  97% (96 - 98) < 0.01  - - 

  Second quartile (USD 
2,473)  230 (84 - 445)  98% (98 - 99) < 0.01  0.0150 0.4148 

  Third quartile (USD 
6,776)  876 (392 - 1,538)  95% (91 - 97) < 0.01  0.0615 0.0015 

  Fourth quartile (USD 
11,677)  1,214 (597 - 2,039)  99% (99 - 99) 

< 0.01 
 0.0765 

< 
0.0001 

           

Methodological variables         

 Minimum Inclusion Age**         

 
 Lower than 50  160 (63 - 296)  98% (98 - 99) < 0.01  - - 

 
 50 or Higher 

 1,286 (868 - 1,783)  93% (90 - 95) 
< 0.01 

 0.0729 
< 

0.0001 

 Year of Publication*         
  First quartile (≤ 2004)  143 (27 -344)  98% (97 - 98) < 0.01  - - 
  Second quartile (≤ 2013)  449 (117 - 980)  99% (99 - 99) < 0.01  0.0295 0.0975 
  Third quartile (≤ 2021)  430 (160 - 824)  99% (99 - 99) < 0.01  0.0274 0.1194 

  Fourth quartile (> 2021) 
 1,901 (1,518 - 2,326)  52% (0 - 79) 0.05  0.0996 

< 
0.0001 

 Participants**         
  First quartile (n = 1,768)  1,174 (538 - 2,036)  93% (88 - 95) < 0.01  - - 

  Second quartile (n = 
6,594)  820 (397 - 1,388)  95% (93 - 97) < 0.01  -0.0193 0.3506 
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  Third quartile (n = 
19,194)  301 (75 - 674)  98% (98 - 99) < 0.01  -0.0554  0.0069 

  Fourth quartile (n = 
3,869,162)  148 (21 - 387)  100% (99 - 100) 

< 0.01 
 -0.0721 0.0004 

 Standard Dx Criteria**         
  No  116 (42 - 222)  89% (83 - 93) < 0.01  - - 
  Yes  809 (480 - 1,219)  100% (99 - 100) 0  0.0533 0.0006 
 Study Quality         
  < 7  521 (229 - 925)  99% (99 - 99) < 0.01  - - 
  7 or 8  514 (237 - 892)  99% (99 - 99) < 0.01  -0.0003 0.9867 

Dx = diagnosis. 95% CI = Confidence Interval at the 95% level | * p < 0.05 ** p < 0.01 for 
the overall meta-analysis of subgroup variables. 
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Supplementary material 

Supplementary Table 1. Search Terms and Strategies 
 
All Searches Conducted on February 03, 2023 
 

Database ID Query Results 

PUBMED #1 "Parkinson Disease"[Mesh] OR “Idiopathic Parkinson's 
Disease” OR “Primary Parkinsonism” OR 
“Parkinsonism, Primary” OR “Parkinson Disease, 
Idiopathic” OR “Parkinson's Disease” OR “Parkinson's 
Disease, Idiopathic” OR “Idiopathic Parkinson 
Disease” OR “Paralysis Agitans” 

125 

#2 “Epidemiology”[Mesh] OR “Epidemiologic 
Studies”[Mesh] OR “Epidemiological Studies” OR 
“Epidemiological Study” OR “Studies, 
Epidemiological” OR “Study, Epidemiological” OR 
“Studies, Epidemiologic” OR “Epidemiologic Study” 
OR “Study, Epidemiologic” 

3149416 

#3 
"epidemiology [Subheading]"[Mesh] OR "epidemics” 
OR "frequency” OR "surveillance” OR "morbidity” OR 
"occurrence” OR "outbreaks” OR "prevalence” OR 
"endemics” OR "incidence” 

3603640 

#4 
“Community-Based Participatory Research”[Mesh]  5896 

#5 
“Developing Countries”[Mesh] OR “Countries, 
Developing”[tiab] OR “Country, Developing”[tiab] 
OR “Developing Country”[tiab] OR “Least Developed 
Countries”[tiab] OR “Countries, Least 
Developed”[tiab] OR “Country, Least 
Developed”[tiab] OR “Developed Countries, 
Least”[tiab] OR “Developed Country, Least”[tiab] OR 
“Least Developed Country”[tiab] OR “Less-Developed 
Countries”[tiab] OR “Countries, Less-
Developed”[tiab] OR “Country, Less-Developed”[tiab] 
OR “Less Developed Countries”[tiab] OR “Less-
Developed Country”[tiab] OR “Under-Developed 
Nations”[tiab] OR “Nation, Under-Developed”[tiab] 
OR “Nations, Under-Developed”[tiab] OR “Under 
Developed Nations”[tiab] OR “Under-Developed 
Nation”[tiab] OR “Third-World Countries”[tiab] OR 
“Countries, Third-World”[tiab] OR “Country, Third-

90165 
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World”[tiab] OR “Third World Countries”[tiab] OR 
“Third-World Country”[tiab] OR “Third-World 
Nations”[tiab] OR “Nation, Third-World”[tiab] OR 
“Nations, Third-World”[tiab] OR “Third World 
Nations”[tiab] OR “Third-World Nation”[tiab] OR 
“Under-Developed Countries”[tiab] OR “Countries, 
Under-Developed”[tiab] OR “Country, Under-
Developed”[tiab] OR “Under Developed 
Countries”[tiab] OR “Under-Developed Country”[tiab] 
OR “Developing Nations”[tiab] OR “Developing 
Nation”[tiab] OR “Nations, Developing”[tiab] OR 
“Less-Developed Nations”[tiab] OR “Less Developed 
Nations”[tiab] OR “Less-Developed Nation”[tiab] OR 
“Nation, Less-Developed”[tiab] OR “Nations, Less-
Developed”[tiab] 

#6 
“Afghanistan”[Mesh] OR “Angola”[Mesh] OR 
“Bangladesh”[Mesh] OR “Benin”[Mesh] OR 
“Republic of Benin”[tiab] OR “Dahomey”[tiab] OR 
“Bhutan”[Mesh] OR “Burkina Faso”[Mesh] OR 
“Upper Volta”[tiab] OR “Burkina Fasso”[tiab] OR 
“Burundi”[Mesh] OR “Republic of Burundi”[tiab] OR 
“Urundi”[tiab] OR “Cambodia”[Mesh] OR “Khmer 
Republic”[tiab] OR “Kampuchea”[tiab] OR “Central 
African Republic”[Mesh] OR “Ubangi-Shari”[tiab] OR 
“Chad”[Mesh] OR “Comoros”[Mesh] OR “Comoro 
Islands”[tiab] OR “Mayotte”[tiab] OR “Democratic 
Republic of the Congo”[Mesh] OR “Congo 
(Kinshasa)”[tiab] OR “Zaire”[tiab] OR “Belgian 
Congo”[tiab] OR “Katanga”[tiab] OR 
“Djibouti”[Mesh] OR “Republic of Djibouti”[tiab] OR 
“French Somaliland”[tiab] OR “Eritrea”[Mesh] OR 
“Ethiopia”[Mesh] OR “Federal Democratic Republic 
of Ethiopia”[tiab] OR “Gambia”[Mesh] OR “Republic 
of the Gambia”[tiab] OR “Guinea”[Mesh] OR 
“Republic of Guinea”[tiab] OR “French Guinea”[tiab] 
OR “Guinea-Bissau”[Mesh] OR “Republic of Guinea-
Bissau”[tiab] OR “Portuguese Guinea”[tiab] OR 
“Haiti”[Mesh] OR “Kiribati”[tiab] OR “Laos”[Mesh] 
OR “Lesotho”[Mesh] OR “Basutoland”[tiab] OR 
“Kingdom of Lesotho”[tiab] OR “Liberia”[Mesh] OR 
“Republic of Liberia”[tiab] OR “Madagascar”[Mesh] 
OR “Malagasy Republic”[tiab] OR “Malawi”[Mesh] 
OR “Republic of Malawi”[tiab] OR “Nyasaland”[tiab] 
OR “Mali”[Mesh] OR “Republic of Mali”[tiab] OR 
“Mauritania”[Mesh] OR “Mozambique”[Mesh] OR 
“Republic of Mozambique”[tiab] OR “Portuguese East 
Africa”[tiab] OR “Myanmar”[Mesh] OR 
“Nepal”[Mesh] OR “Federal Democratic Republic of 
Nepal”[tiab] OR “Niger”[Mesh] OR “Republic of 

151334 
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Niger”[tiab] OR “Rwanda”[Mesh] OR “Republic of 
Rwanda”[tiab] OR “Ruanda”[tiab] OR “Sao Tome and 
Principe”[Mesh] OR “Senegal”[Mesh] OR “Republic 
of Senegal”[tiab] OR “Sierra Leone”[Mesh] OR 
“Republic of Sierra Leone”[tiab] OR “Solomon 
Islands”[tiab] OR “Somalia”[Mesh] OR “South 
Sudan”[Mesh] OR “Sudan”[Mesh] OR “Republic of 
the Sudan”[tiab] OR “Tanzania”[Mesh] OR “Timor-
Leste”[Mesh] OR “United Republic of Tanzania”[tiab] 
OR “Zanzibar”[tiab] OR “Tanganyika”[tiab] OR 
“Togo”[Mesh] OR “Togolese Republic”[tiab] OR 
“Tuvalu”[tiab] OR “Uganda”[Mesh] OR “Republic of 
Uganda”[tiab] OR “Vanuatu”[Mesh] OR “New 
Hebrides”[tiab] OR “Yemen”[Mesh] OR “Republic of 
Yemen”[tiab] OR “Democratic Yemen”[tiab] OR 
“Sanaa”[tiab] OR “North Yemen”[tiab] OR 
“Aden”[tiab] OR “South Yemen”[tiab] OR 
“Zambia”[Mesh] OR “Northern Rhodesia”[tiab] OR 
“Republic of Zambia”[tiab] 

#7 
“Democratic People's Republic of Korea”[Mesh] OR 
“North Korea”[tiab] OR “Zimbabwe”[Mesh] OR 
“Zimbabwe Rhodesia”[tiab] OR “Southern 
Rhodesia”[tiab] OR “Republic of Zimbabwe”[tiab] 

7113 

#8 
“Armenia”[Mesh] OR “Armenian SSR”[tiab] OR 
“Armenian S.S.R.”[tiab] OR “Bolivia”[Mesh] OR 
“Cabo Verde”[Mesh] OR “Republic of Cape 
Verde”[tiab] OR “Cape Verde”[tiab] OR 
“Cameroon”[Mesh] OR “United Republic of 
Cameroon”[tiab] OR “Cameroons”[tiab] OR 
“Congo”[Mesh] OR “Republic of the Congo”[tiab] OR 
“Congo (Brazzaville)”[tiab] OR “Côte d'Ivoire”[Mesh] 
OR “Ivory Coast”[tiab] OR “Egypt”[Mesh] OR “Arab 
Republic of Egypt”[tiab] OR “United Arab 
Republic”[tiab] OR “El Salvador”[Mesh] OR 
“Eswatini”[Mesh] OR “Swaziland”[tiab] OR “Georgia 
(Republic)”[Mesh] OR “Georgia SSR”[tiab] OR 
“Republic of Georgia”[tiab] OR “Georgian SSR”[tiab] 
OR “Georgia (Western Asia)”[tiab] OR “Georgian 
S.S.R.”[tiab] OR “Ghana”[Mesh] OR “Republic of 
Ghana”[tiab] OR “Gold Coast”[tiab] OR 
“Guatemala”[Mesh] OR “Honduras”[Mesh] OR 
“India”[Mesh] OR “Republic of India”[tiab] OR 
“Indonesia”[Mesh] OR “Jordan”[Mesh] OR 
“Kenya”[Mesh] OR “Republic of Kenya”[tiab] OR 
“Kosovo”[Mesh] OR “Republic of Kosovo”[tiab] OR 
“Kyrgyzstan”[Mesh] OR “Kirghizia”[tiab] OR 
“Kyrgyz Republic”[tiab] OR “Kirghiz SSR”[tiab] OR 
“Kirgizstan”[tiab] OR “Kirghiz S.S.R.”[tiab] OR 

489695 
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“Micronesia”[Mesh] OR “Johnston Island”[tiab] OR 
“Kiribati”[tiab] OR “Gilbert Islands”[tiab] OR 
“Mariana Islands”[tiab] OR “Marshall Islands”[tiab] 
OR “Nauru”[tiab] OR “Northern Mariana 
Islands”[tiab] OR “Pacific Islands (Trust 
Territory)”[tiab] OR “Tuvalu”[tiab] OR “Ellice 
Islands”[tiab] OR “Caroline Islands”[tiab] OR 
“Moldova”[Mesh] OR “Moldavia”[tiab] OR 
“Moldavian SSR”[tiab] OR “Moldavian S.S.R.”[tiab] 
OR “Mongolia”[Mesh] OR “Morocco”[Mesh] OR 
“Ifni”[tiab] OR “Nicaragua”[Mesh] OR 
“Nigeria”[Mesh] OR “Federal Republic of 
Nigeria”[tiab] OR “Pakistan”[Mesh] OR “Islamic 
Republic of Pakistan”[tiab] OR “Papua New 
Guinea”[Mesh] OR “Philippines”[Mesh] OR 
“Phillipines”[tiab] OR “Phillippines”[tiab] OR 
“Philipines”[tiab] OR “Sri Lanka”[Mesh] OR 
“Ceylon”[tiab] OR “Syria”[Mesh] OR 
“Tajikistan”[Mesh] OR “Tadjikistan”[tiab] OR 
“Tadzhik S.S.R.”[tiab] OR “Tadzhik SSR”[tiab] OR 
“Tadzhikistan”[tiab] OR “Tokelau”[tiab] OR 
“Tunisia”[Mesh] OR “Ukraine”[Mesh] OR 
“Uzbekistan”[Mesh] OR “Uzbek SSR”[tiab] OR 
“Republic of Uzbekistan”[tiab] OR “Uzbek 
S.S.R.”[tiab] OR “Vietnam”[Mesh] OR “Viet 
Nam”[tiab] OR “North Vietnam”[tiab] OR “Middle 
East”[Mesh] OR “West Bank”[tiab] OR “Gaza 
Strip”[tiab] OR “Gaza Strip (Palestine)” 

#9 
“Albania”[Mesh] OR “Algeria”[Mesh] OR “Antigua 
and Barbuda”[Mesh] OR “Barbuda and Antigua”[tiab] 
OR “Barbuda”[tiab] OR “Antigua”[tiab] OR 
“Argentina”[Mesh] OR “Azerbaijan”[Mesh] OR 
“Azerbaijan SSR”[tiab] OR “Azerbaijan S.S.R.”[tiab] 
OR “Belarus”[tiab] OR “Belize”[Mesh] OR “British 
Honduras”[tiab] OR “Bosnia and Herzegovina”[Mesh] 
OR “Bosnia”[tiab] OR “Bosnia and Hercegovina”[tiab] 
OR “Bosnia-Herzegovina”[tiab] OR 
“Botswana”[Mesh] OR “Bechuanaland”[tiab] OR 
“Kalahari”[tiab] OR “Brazil”[Mesh] OR 
“China”[Mesh] OR “People's Republic of China”[tiab] 
OR “Mainland China”[tiab] OR “Manchuria”[tiab] OR 
“Sinkiang”[tiab] OR “Inner Mongolia”[tiab] OR 
“Colombia”[Mesh] OR “Cook Islands”[tiab] OR 
“Costa Rica”[Mesh] OR “Cuba”[Mesh] OR 
“Dominica”[Mesh] OR “Dominican Republic”[Mesh] 
OR “Ecuador”[Mesh] OR “Galapagos Islands”[tiab] 
OR “Equatorial Guinea”[Mesh] OR “Republic of 
Equatorial Guinea”[tiab] OR “Spanish Guinea”[tiab] 
OR “Rio Muni”[tiab] OR “Fiji”[Mesh] OR 

700607
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“Gabon”[Mesh] OR “Gabonese Republic”[tiab] OR 
“Grenada”[Mesh] OR “Guyana”[Mesh] OR “British 
Guiana”[tiab] OR “Iran”[Mesh] OR “Islamic Republic 
of Iran”[tiab] OR “Iraq”[Mesh] OR “Republic of 
Iraq”[tiab] OR “Jamaica”[Mesh] OR 
“Kazakhstan”[Mesh] OR “Kazakh SSR”[tiab] OR 
“Kazakh S.S.R.”[tiab] OR “Lebanon”[Mesh] OR 
“Libya”[Mesh] OR “Malaysia”[Mesh] OR “Federation 
of Malaya”[tiab] OR “Malaya”[tiab] OR “Sabah”[tiab] 
OR “Sarawak”[tiab] OR “Malay Peninsula”[tiab] OR 
“Maldives”[tiab] OR “Marshall Islands”[tiab] OR 
“Mauritius”[Mesh] OR “Agalega Islands”[tiab] OR 
“Mexico”[Mesh] OR “Montenegro”[Mesh] OR 
“Montserrat”[tiab] OR “Namibia”[Mesh] OR 
“Southwest Africa”[tiab] OR “Republic of 
Namibia”[tiab] OR “South West Africa”[tiab] OR 
“Nauru”[tiab] OR “Niue”[tiab] OR “Republic of North 
Macedonia”[Mesh] OR “Palau”[Mesh] OR 
“Panama”[Mesh] OR “Paraguay”[Mesh] OR 
“Peru”[Mesh] OR “Atlantic Islands”[Mesh] OR “St. 
Helena”[tiab] OR “Saint Helena”[tiab] OR “Saint 
Lucia”[Mesh] OR “St. Lucia”[tiab] OR “Saint Vincent 
and the Grenadines”[Mesh] OR “St. Vincent and the 
Grenadines”[tiab] OR “Grenadines”[tiab] OR 
“Samoa”[Mesh] OR “Samoan Islands”[tiab] OR 
“Samoa Islands”[tiab] OR “Serbia”[Mesh] OR “South 
Africa”[Mesh] OR “Union of South Africa”[tiab] OR 
“Republic of South Africa”[tiab] OR 
“Suriname”[Mesh] OR “Dutch Guiana”[tiab] OR 
“Surinam”[tiab] OR “Thailand”[Mesh] OR “Kingdom 
of Thailand”[tiab] OR “Siam”[tiab] OR 
“Tonga”[Mesh] OR “Turkey”[Mesh] OR 
“Turkmenistan”[Mesh] OR “Turkmen SSR”[tiab] OR 
“Turkmen S.S.R.”[tiab] OR “Venezuela”[Mesh] OR 
“Wallis and Futuna Islands”[tiab] 

#10 (#1 AND (#2 OR #3 OR #4) AND (#5 OR #6 OR #7 
OR #8 OR #9))  

1066 

Web of 
Science #1 (((ALL=(Parkinson’s disease))) AND 

ALL=(Epidemiology OR "Community-Based 
Participatory Research" OR Prevalence OR Incidence)) 

9949 
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#2 ALL=("Developing Countries" OR "Developing 
Nation" OR "Least Developed Countries" OR "Less 
Developed Countries" OR "Third World Countries" OR 
"Under Developed Countries" OR "Third-World 
Countries" OR "Third-World Country" OR "Third-
World Nation" OR "Under-Developed Country") 

154069 

 

#3 ALL=("Bosnia and Herzegovina" OR Botswana OR 
Brazil OR China OR Colombia OR "Costa Rica" OR 
Cuba OR Dominica OR "Dominican Republic" OR 
Ecuador OR "Equatorial Guinea" OR Fiji OR Gabon 
OR Grenada OR Guyana OR Iran OR Iraq OR Jamaica 
OR Kazakhstan OR Lebanon OR Libya OR Malaysia 
OR Maldives OR "Marshall Islands" OR Mauritius OR 
Mexico OR Montenegro OR Montserrat OR Namibia 
OR Nauru OR Niue OR "North Macedonia" OR Palau 
OR Panama OR Paraguay OR Peru OR "Saint Helena" 
OR "Saint Lucia" OR "Saint Vincent and the 
Grenadines" OR Samoa OR Serbia OR "South Africa" 
OR Suriname OR Thailand OR Tonga OR Turkey OR 
Turkmenistan OR Venezuela OR "Wallis and Futuna 
Islands") 

13464458 

 

#4 #1 AND (#2 OR #3) 1862 

LILACS 
(BVS) 

 

("parkinson disease" OR "parkinson's disease" OR 
"Primary Parkinsonism") AND (Epidemiology OR 
"Community-Based Participatory Research" OR 
"Prevalence" OR "Prevalence Studies" OR "Prevalence 
Study" OR "Incidence" OR "Incidence Studies" OR 
"Incidence Study") AND ("Developing Countries" OR 
"Developing Nation" OR "Least Developed Countries" 
OR "Less Developed Countries" OR "Third World 
Countries" OR "Under Developed Countries" OR 
"Third-World Countries" OR "Third-World Country" 
OR "Third-World Nation" OR "Under-Developed 
Country" OR "Under-Developed Nation" OR "Under 
Developed Countries" OR Afghanistan OR Angola OR 
Bangladesh OR Benin OR Bhutan OR "Burkina Faso" 
OR Burundi OR Cambodia OR "Central African 
Republic" OR Chad OR Comoros OR "Democratic 
Republic of the Congo" OR Djibouti OR Eritrea OR 
Ethiopia OR Gambia OR Guinea OR "Guinea-Bissau" 
OR Haiti OR Kiribati OR Laos OR Lesotho OR Liberia 
OR Madagascar OR Malawi OR Mali OR Mauritania 

57 
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OR Mozambique OR Myanmar OR Nepal OR Niger 
OR Rwanda OR "Sao Tome and Principe" OR Senegal 
OR "Sierra Leone" OR "Solomon Islands" OR Somalia 
OR "South Sudan" OR Sudan OR Tanzania OR 
"Timor-Leste" OR Togo OR Tuvalu OR Uganda OR 
Yemen OR Zambia OR "Democratic People's Republic 
of Korea" OR Zimbabwe OR Armenia OR Algeria OR 
"Antigua and Barbuda" OR Argentina OR Azerbaijan 
OR Belarus OR Belize OR "Bosnia and Herzegovina" 
OR Botswana OR Brazil OR China OR Colombia OR 
"Costa Rica" OR Cuba OR Dominica OR "Dominican 
Republic" OR Ecuador OR "Equatorial Guinea" OR 
Fiji OR Gabon OR Grenada OR Guyana OR Iran OR 
Iraq OR Jamaica OR Kazakhstan OR Lebanon OR 
Libya OR Malaysia OR Maldives OR "Marshall 
Islands" OR Mauritius OR Mexico OR Montenegro OR 
Montserrat OR Namibia OR Nauru OR Niue OR 
"North Macedonia" OR Palau OR Panama OR 
Paraguay OR Peru OR "Saint Helena" OR "Saint 
Lucia" OR "Saint Vincent and the Grenadines" OR 
Samoa OR Serbia OR "South Africa" OR Suriname OR 
Thailand OR Tonga OR Turkey OR Turkmenistan OR 
Venezuela OR "Wallis and Futuna Islands") AND ( 
db:("LILACS")) 

Embase 
#1  'parkinson disease'/exp OR 'paralysis agitans':ti,ab,kw 

OR 'parkinson disease':ti,ab,kw OR 'parkinson disease, 
symptomatic':ti,ab,kw OR 'parkinson´s 
disease':ti,ab,kw OR 'parkinsons disease':ti,ab,kw 

216449 

 

#2 'epidemiology'/exp OR 'clinical epidemiology':ti,ab,kw 
OR 'cohort effect':ti,ab,kw OR 'confounding factors 
(epidemiology)':ti,ab,kw OR 'confounding factors, 
epidemiologic':ti,ab,kw OR 'controlled before after 
studies':ti,ab,kw OR 'controlled before and after 
studies':ti,ab,kw OR 'controlled before and after 
study':ti,ab,kw OR 'controlled before-after 
studies':ti,ab,kw OR 'effect modifier, 
epidemiologic':ti,ab,kw OR 'effect modifiers 
(epidemiology)':ti,ab,kw OR 'effect modifiers 
(psychology)':ti,ab,kw OR 'environmental 
epidemiology':ti,ab,kw OR 'epidemiologic 
factors':ti,ab,kw OR 'epidemiologic methods':ti,ab,kw 
OR 'epidemiologic research':ti,ab,kw OR 
'epidemiologic research design':ti,ab,kw OR 
'epidemiologic studies':ti,ab,kw OR 'epidemiologic 
study characteristics':ti,ab,kw OR 'epidemiologic study 
characteristics as topic':ti,ab,kw OR 'epidemiologic 

4352163 
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survey':ti,ab,kw OR 'epidemiological research':ti,ab,kw 
OR 'epidemiology model':ti,ab,kw OR 
'epidemiometry':ti,ab,kw OR 'healthy worker 
effect':ti,ab,kw OR 'historically controlled 
study':ti,ab,kw OR 'interrupted time series 
analysis':ti,ab,kw OR 'precipitating factors':ti,ab,kw 
OR 'sampling studies':ti,ab,kw 

 

#3 'prevalence'/exp OR 'prevalence study':ti,ab,kw OR 
'incidence'/exp OR 'incidence rate':ti,ab,kw OR 'rate, 
incidence':ti,ab,kw 

1518953 

 

#4 'population based case control study'/exp OR 
'population based case control':ti,ab,kw 

23059 

 

#5 'developing country'/exp OR 'country, 
underdeveloped':ti,ab,kw OR 'developing area':ti,ab,kw 
OR 'developing countries':ti,ab,kw OR 'less-developed 
country':ti,ab,kw OR 'third world country':ti,ab,kw OR 
'under-developed country':ti,ab,kw OR 
'underdeveloped countries':ti,ab,kw OR 
'underdeveloped country':ti,ab,kw 

152195 

 

#6 'Afghanistan'/exp OR 'Angola'/exp OR 
'Bangladesh'/exp OR 'east pakistan':ti,ab,kw  OR 
'Benin'/exp OR 'dahomey':ti,ab,kw  OR 'Bhutan'/exp 
OR 'Burkina Faso'/exp OR 'upper volta':ti,ab,kw OR 
'Burundi'/exp OR 'Cambodia'/exp OR 
'kampudja':ti,ab,kw OR 'khmer republic':ti,ab,kw OR 
'Central African Republic'/exp OR 'Centrafrican 
Republic; Centrafrique':ti,ab,kw OR 'Central African 
Empire':ti,ab,kw  OR 'Chad'/exp OR 'Tchad':ti,ab,kw 
OR 'Comoros'/exp OR 'comoro islands':ti,ab,kw OR 
'Democratic Republic Congo'/exp OR 'belgian 
congo':ti,ab,kw OR 'congo leopoldville':ti,ab,kw OR 
'democratic republic of the congo':ti,ab,kw OR 
'Zaire'  OR 'Djibouti'/exp OR 'afar and issa 
land':ti,ab,kw OR 'french sudan':ti,ab,kw OR 
'Eritrea'/exp OR 'Ethiopia'/exp OR 'Gambia'/exp OR 
'The Gambia':ti,ab,kw OR 'Guinea'/exp OR 'Guinea-
Bissau'/exp OR 'guinea bissau':ti,ab,kw OR 'portuguese 
guinea':ti,ab,kw OR 'Haiti'/exp OR 'Kiribati'/exp OR 
'Laos'/exp OR 'lao people´s democratic 
republic':ti,ab,kw OR 'Lesotho'/exp OR 
'basutoland':ti,ab,kw OR 'Liberia'/exp OR 
'Madagascar'/exp OR 'Malagasy Republic':ti,ab,kw OR 
'Malawi'/exp OR 'Mali'/exp OR 'Mauritania'/exp OR 

205577 
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'mauretania':ti,ab,kw OR 'Mozambique'/exp OR 
'mocambique':ti,ab,kw OR 'Myanmar'/exp OR 'Burma' 
OR 'Nepal'/exp OR 'Niger'/exp OR 'Rwanda'/exp OR 
'Sao Tome and Principe'/exp OR 'Senegal'/exp OR 
'Sierra Leone'/exp OR 'Solomon Islands'/exp OR 
'Somalia'/exp OR 'South Sudan'/exp OR 'South 
Sudan'/exp OR 'Sudan'/exp OR 'Tanzania'/exp OR 
'tanganyika':ti,ab,kw OR 'tanzania':ti,ab,kw OR 'united 
republic of':ti,ab,kw OR 'zanzibar':ti,ab,kw OR 'Timor-
Leste'/exp OR 'East Timor':ti,ab,kw OR 
'Timor':ti,ab,kw OR 'Togo'/exp OR 'Tuvalu'/exp OR 
'Uganda'/exp OR 'Vanuatu'/exp OR 'Yemen'/exp OR 
'aden':ti,ab,kw OR 'Republic of Yemen':ti,ab,kw OR 
'south yemen':ti,ab,kw OR 'yemen democratic 
republic':ti,ab,kw OR 'yemen, northern':ti,ab,kw OR 
'Zambia'/exp OR 'northern rhodesia':ti,ab,kw 

 

#7 'North Korea'/exp OR 'democratic people´s republic of 
Korea':ti,ab,kw OR 'korea, democratic people´s 
republic of':ti,ab,kw OR 'Korean People´s 
Republic':ti,ab,kw OR 'Zimbabwe'/exp OR 
'rhodesia':ti,ab,kw OR 'southern rhodesia':ti,ab,kw 

8971 

 

#8 'Armenia'/exp OR 'Armenian S.S.R.':ti,ab,kw OR 
'Armenian Soviet Socialist Republic':ti,ab,kw OR 
'Armenian SSR':ti,ab,kw OR 'Republic of 
Armenia':ti,ab,kw OR 'Bolivia'/exp OR 'Cape 
Verde'/exp OR 'Cabo Verde':ti,ab,kw OR 'Cape Verde 
Republic':ti,ab,kw OR 'Republic of Cape 
Verde':ti,ab,kw OR 'Cameroon'/exp OR 
'cameroun':ti,ab,kw OR 'Congo'/exp OR 'congo 
brazzaville':ti,ab,kw OR 'Republic of Congo':ti,ab,kw 
OR 'Cote d`Ivoire'/exp OR 'Ivory Coast':ti,ab,kw OR 
'Egypt'/exp OR 'united arab republic':ti,ab,kw OR 'El 
Salvador'/exp OR 'salvador':ti,ab,kw OR 'Eswatini'/exp 
OR 'Swaziland':ti,ab,kw OR 'Georgia (republic)'/exp 
OR 'Georgian S.S.R.':ti,ab,kw OR 'Georgian Soviet 
Socialist Republic':ti,ab,kw OR 'Georgian 
SSR':ti,ab,kw OR 'Ghana'/exp OR 'Guatemala'/exp OR 
'Honduras'/exp OR 'India'/exp OR 'Indian 
Union':ti,ab,kw OR 'Republic of India':ti,ab,kw OR 
'Union of India':ti,ab,kw OR 'Indonesia'/exp OR 
'Jordan'/exp OR 'transjordan':ti,ab,kw OR 'Kenya'/exp 
OR 'Kosovo'/exp OR 'Republic of Kosovo':ti,ab,kw OR 
'Kyrgyzstan'/exp OR 'Kirghiz S.S.R.':ti,ab,kw OR 
'Kirghiz Soviet Socialist Republic':ti,ab,kw OR 
'Kirghiz SSR':ti,ab,kw OR 'Kirghizia':ti,ab,kw OR 
'Kyrgyz Republic':ti,ab,kw OR 'Federated States of 
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Micronesia'/exp OR 'Micronesia':ti,ab,kw OR 
'Moldova'/exp OR 'Moldavia':ti,ab,kw OR 'Moldavian 
S.S.R.':ti,ab,kw OR 'Moldavian Soviet Socialist 
Republic':ti,ab,kw OR 'Moldavian SSR':ti,ab,kw OR 
'Republic of Moldavia':ti,ab,kw OR 'Republic of 
Moldova':ti,ab,kw OR 'Mongolia'/exp OR 'Mongolian 
People´s Republic':ti,ab,kw OR 'outer 
mongolia':ti,ab,kw OR 'Morocco'/exp OR 
'Nicaragua'/exp OR 'Nigeria'/exp OR 'Pakistan'/exp OR 
'Papua New Guinea'/exp OR 'New Guinea 
Papua':ti,ab,kw OR 'Papua and New Guinea':ti,ab,kw 
OR 'Philippines'/exp OR 'the philippines':ti,ab,kw OR 
'Sri Lanka'/exp OR 'ceylon':ti,ab,kw OR 'Syrian Arab 
Republic'/exp OR 'Syria':ti,ab,kw OR 'Tajikistan'/exp 
OR 'Republic of Tajikistan':ti,ab,kw OR 'Tadzhik 
S.S.R.':ti,ab,kw OR 'Tadzhik Soviet Socialist 
Republic':ti,ab,kw OR 'Tadzhik SSR':ti,ab,kw OR 
'Tadzhikistan':ti,ab,kw OR 'Tokelau'/exp OR 
'Tunisia'/exp OR 'tunesia':ti,ab,kw OR 'Ukraine'/exp 
OR 'Ukraina':ti,ab,kw OR 'Ukrainian S.S.R.':ti,ab,kw 
OR 'Ukrainian Soviet Socialist Republic':ti,ab,kw OR 
'Ukrainian SSR':ti,ab,kw OR 'Uzbekistan'/exp OR 
'Republic of Uzbekistan':ti,ab,kw OR 'Uzbek 
S.S.R.':ti,ab,kw OR 'Uzbek Soviet Socialist 
Republic':ti,ab,kw OR 'Uzbek SSR':ti,ab,kw OR 'Viet 
Nam'/exp OR 'vietnam':ti,ab,kw OR 'gaza strip 
palestine '/exp 

 

#9 'Albania'/exp OR 'Algeria'/exp OR 'Antigua':ti,ab,kw 
OR 'Barbuda and Antigua':ti,ab,kw OR 'Argentina'/exp 
OR 'Azerbaijan S.S.R.':ti,ab,kw OR 'Azerbaijan Soviet 
Socialist Republic':ti,ab,kw OR 'Azerbaijan 
SSR':ti,ab,kw OR 'Republic of Azerbaijan':ti,ab,kw OR 
'Byelarus':ti,ab,kw OR 'Byelorussia':ti,ab,kw OR 
'Byelorussian S.S.R.':ti,ab,kw OR 'Byelorussian Soviet 
Socialist Republic':ti,ab,kw OR 'Byelorussian 
SSR':ti,ab,kw OR 'Republic of Belarus':ti,ab,kw OR 
'White Russia':ti,ab,kw OR 'Belize'/exp OR 'british 
honduras':ti,ab,kw OR 'Bosnia and Herzegovina'/exp 
OR 'Bosnia and Herzegowina':ti,ab,kw OR 'Bosnia 
Herzegovina':ti,ab,kw OR 'Bosnia-
Herzegovina':ti,ab,kw OR 'Botswana'/exp OR 
'bechuanaland':ti,ab,kw OR 'Brazil'/exp OR 'Federative 
Republic of Brazil':ti,ab,kw OR 'United States of 
Brazil':ti,ab,kw OR 'China'/exp OR 'Beijing':ti,ab,kw 
OR 'Chinese People´s Republic':ti,ab,kw OR 'People´s 
Republic of China':ti,ab,kw OR 'Colombia'/exp OR 
'columbia':ti,ab,kw OR 'Cook Islands'/exp OR 'Costa 
Rica'/exp OR 'Dominica'/exp OR 'Dominican 
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Republic'/exp OR 'Ecuador'/exp OR 'guinea':ti,ab,kw 
OR 'equatorial':ti,ab,kw OR 'rio muni':ti,ab,kw OR 
'Fiji'/exp OR 'Gabon'/exp OR 'gaboon':ti,ab,kw OR 
'Grenada'/exp OR 'Guyana'/exp OR 'guiana':ti,ab,kw 
OR 'british':ti,ab,kw OR 'Iran'/exp OR 'Iran (Islamic 
Republic of)':ti,ab,kw OR 'Islamic Republic of 
Iran':ti,ab,kw OR 'Persia':ti,ab,kw OR 'Iraq'/exp OR 
'Jamaica'/exp OR 'Kazakhstan'/exp OR 'Kazak 
SSR':ti,ab,kw OR 'Kazakh S.S.R.':ti,ab,kw OR 'Kazakh 
Soviet Socialist Republic':ti,ab,kw OR 'Kazakh 
SSR':ti,ab,kw OR 'Republic of Kazakhstan':ti,ab,kw 
OR 'Lebanon'/exp OR 'Libyan Arab Jamahiriya'/exp 
OR 'libia':ti,ab,kw OR 'Libya':ti,ab,kw OR 
'Malaysia'/exp OR 'Malaya':ti,ab,kw OR 'North 
Borneo':ti,ab,kw OR 'Maldives'/exp OR 'Marshall 
Islands'/exp OR 'Mauritius'/exp OR 'United Mexican 
States':ti,ab,kw OR 'United States of Mexico':ti,ab,kw 
OR 'Montenegro (republic)'/exp OR 
'Montenegro':ti,ab,kw OR 'Montserrat'/exp OR 
'Namibia'/exp OR 'southwest africa':ti,ab,kw OR 
'Nauru'/exp OR 'Niue'/exp OR 'Republic of North 
Macedonia'/exp OR 'Macedonia (republic)':ti,ab,kw 
OR 'macedonia, the former yugoslav republic 
of':ti,ab,kw OR 'Palau'/exp OR 'Republic of 
Belau':ti,ab,kw OR 'Republic of Palau':ti,ab,kw OR 
'Panama'/exp OR 'panama canal zone':ti,ab,kw OR 
'Paraguay'/exp OR 'Peru'/exp OR 'Saint Helena'/exp OR 
'St. Helena':ti,ab,kw OR 'Saint Lucia'/exp OR 'St. 
Lucia':ti,ab,kw OR 'Saint Vincent and the 
Grenadines'/exp OR 'St. Vincent and the 
Grenadines'/exp OR 'Samoa'/exp OR 'Independent 
State of Samoa':ti,ab,kw OR 'Samoa, independent 
state':ti,ab,kw OR 'Samoa, Western':ti,ab,kw OR 
'Western Samoa':ti,ab,kw OR 'Serbia'/exp OR 'South 
Africa'/exp OR 'Suriname'/exp OR 'surinam':ti,ab,kw 
OR 'Thailand'/exp OR 'siam':ti,ab,kw OR 'Tonga'/exp 
OR 'Turkey (republic)'/exp OR 'Istanbul':ti,ab,kw OR 
'turkey (country)':ti,ab,kw OR 'Turkish 
Republic':ti,ab,kw OR 'Turkmenistan'/exp OR 
'Turkmen S.S.R.':ti,ab,kw OR 'Turkmen Soviet 
Socialist Republic':ti,ab,kw OR 'Turkmen 
SSR':ti,ab,kw OR 'Turkmenian Soviet Socialist 
Republic':ti,ab,kw OR 'Turkmenian SSR':ti,ab,kw OR 
'Venezuela'/exp OR 'Wallis and Futuna'/exp OR 'wallis 
and futuna islands':ti,ab,kw 

 

#10 #1 AND (#2 OR #3 OR #4) AND (#5 OR #6 OR #7 OR 
#8 OR #9) 
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ABSTRACT 

Introduction: Parkinsonism is one of the most common neurological disorders affecting 
elderly. Several population-based studies have determined the epidemiology of parkinsonism, 
mainly Parkinson’s Disease (PD), but still there are few evidence in Brazilian population. The 
aim of this protocol study is to assess the prevalence and incidence of cases of PD and other 
parkinsonian syndromes in a 5-year cohort in a population-based study in the southern region 
of Brazil. 

Methods and analysis: A prospective population-based longitudinal study, with a Cohort of 
development of cases of Parkinsonism divided in two phases: In phase-I, two questionnaires to 
screen for parkinsonism (Tanner's questionnaire) and Rapid eyes Movement (REM) sleep 
behavior disorder (REM Sleep Behavior Disorder Single-Question Screen) and a short 
interview will be conduct in all elderly residents of Veranópolis, (the first longevity Brazilian 
county located in Rio Grande do Sul, Brazil) aged 60 or over. The positive screened cases will 
be examined independently by at least 2 movement disorder-trained physicians and prevalence 
will be determined. A wide evaluation of prodromic symptoms, risk factors and clinical 
characteristics will be carried out. Subtle parkinsonism, all suspects cases and a healthy sample 
will be followed by 5 years in a cohort of development of Parkinsonism cases. For crude 
incidence, all individuals admitted at the beginning of the study will be re-evaluated. 

Ethics and dissemination: The study was approved by the research ethics committee of the 
Hospital de Clínicas de Porto Alegre (protocol nº 4.095.609). All participants provide their 
informed consent before evaluations. Findings of this survey will be disseminated through peer-
reviewed publication and will be presented at conferences. 

 

Keywords: Parkinson’s Disease, Parkinsonism, Prodromal symptoms, Population-based study, 
Risk factors.   
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ARTICLE SUMMARY 

Strengths and limitations of this study 

► A strength of the prevalence study is the use of validated instruments for screening for 
Parkinsonism and REM Sleep Behavior Disorder. 

► A key strength is the annually repeated measures design, which will facilitate the tracking 
of changes and appearance of symptoms over time. 

► The follow-up of subtle cases in this study is interesting for investigating the behavior of the 
course of Parkinson's disease.  

►The present study will be carried out in a city characterized by longevity and allowing a wide 
screening in the age groups of individuals. 

► A limitation of this study is the focus on elderly living in the city of southern region of 
Brazil. Thus, study findings may not generalize to all population living in other regions of the 
country. 

 

 

INTRODUCTION 

Parkinsonism is one of the most common neurological disorders that affects older 

adults and presents an association with the increased risk of adverse health outcomes and age-

related brain pathologies. [1] There are different types of parkinsonism, which can be primary 

such as Parkinson’s disease (PD) or secondary to medication or other neurological conditions 

such as vascular and other neurodegenerative diseases. [2]  

PD is a cause frequently identified as parkinsonism and has an estimated prevalence 

of 0.3% in industrialized countries for the entire population, and may vary according to the age 

group, where, in people under the age of 60, it ranges from 0.13% to 1.6% and reaches the 

maximum of 9% for individuals over 80 years old. [3] Also, there is a slight predominance in 

males. [4] The incidence is thought to be 15 to 17 cases per 100,000 person-years. [5,6]  

The prevalence and incidence of PD and parkinsonism varies considerably in research 

reports, probably because the methodological differences, differences in case ascertainment, 

use of diagnostic criteria, geographical location, result of genetic and environmental factors and 

ethnic differences. [6, 7] However, based-population studies have been estimating rates more 

concisely and less variation due to the local geographic control and similar methodologies. [8–

10] 

To our knowledge, in Brazil only two studies with this approach has determined the 

prevalence of parkinsonism. In the population-based study carried out in Bambuí city (state of 

Minas Gerais), the prevalence found was 3.3% for PD among those over 64 years of age. [7] 
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For other parkinsonian syndromes, only one study conducted in the southwest of the country 

provides data on individuals over 75 years old and found a crude prevalence of 10.7% of 

parkinsonian syndromes in this population. [11] Thereby, other Brazilian regions with different 

environmental and genetic characteristics lack studies on the epidemiology of parkinsonism. 

Veranópolis, a municipal district in the northeast of Rio Grande do Sul, is considered one of 

the cities of Brazil with high life expectancy. In 90’s Veranópolis was recognized as the first 

longevity Brazilian county. Also, it was the first Brazilian city to receive the certificate of 

“Friendly City for the Elderly” by World Health Organization. [12]  Life expectancy is 

estimated in 77.9 years for women and 73.2 years for men. [13] This fact has been stimulated 

researchers to investigate determinants of longevity and several features’ diseases related with 

aging.    

Aging process is the most important risk factor to PD [6] and the differential diagnosis 

among parkinsonian syndromes is often a difficult task, based on the characterization and 

evolution of clinical signs. Also, considering the prevalence and incidence of parkinsonism is 

little known in Brazil and there is a high longevity in Veranópolis, we propose this protocol 

study to assess the prevalence of cases of PD and other parkinsonian syndromes and to verify 

the conversion of prodromal symptoms to parkinsonian syndromes in a 5-year cohort in a 

population-based of elderly in Veranópolis, Brazil. 

 

METHODS 

Study design 

This protocol will be carried out in two distinct phases. Phase-I (baseline survey) will 

be a cross-sectional, observational, population-based study, with the prevalence of cases of PD 

and other parkinsonism. Phase-II (incidence of parkinsonism) will be a prospective population-

based longitudinal study, with a development cohort of cases of Parkinsonism. In this phase, 

participants who reach the end of phase-I will be followed up annually for a period of 5 years. 

Also, all participants contacted in phase-I will be reassessed in order to determinate the 

incidence of parkinsonism.  

 

Eligibility 

Eligible individuals are those ≥aged 60 years, living in Veranópolis, Rio Grande do 

Sul, Brazil.  

Population and recruitment 
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This study will be carried out with the participation of elderly people aged 60 or over, 

living in the county of Veranópolis, Rio Grande do Sul, Brazil, and will be developed as an arm 

of the Veranópolis project: Studies on Aging, Longevity and Quality of Life, which addresses a 

large number of elderly people in the city. 

According to the last census, the population of Veranópolis is estimated at 25,936 

inhabitants, where 3,493 individuals are over 60 years old. [14] Thus, our goal is to recruit the 

largest possible number of individuals over 60 years old of this city at the baseline survey in 

order to establish a census of the crude prevalence of PD and other parkinsonian syndromes. 

Initial recruitment started in August, 2020 and the final recruitment is expected to occur in 

January 2023. Initially, participants have been invited to participate via advertisements in local 

radio programs, where information about the study, the importance of this investigation and 

how they could be contacted have been provided. Two distinct methods are used in order to 

improve the recruitment of the baseline participants. First, we contact by a phone call all 

individuals registered in the Veranópolis project. Second, a door-to-door approach will be 

conducted to assess the individuals registered in the health units or those who cannot be reached 

by phone. 

For second phase, those who screening positively showing clinical signs or symptoms 

will be invited to participate in the 5-year cohort. A paired sample by age and sex that does not 

show any type of symptoms will also be invited to participate in the cohort. They will be 

selected from negative screened in the first phase (Figure 1). Matching will consider one control 

for two confirmed cases in cohort study. 

 In addition, participants who obtain a clinical diagnosis of PD will be admitted to the 

cohort to monitor the progression of the disease. 

 

Figure 1 Flowchart of the study design. Prevalence of parkinsonism will be determinate in 
phase-I and, incidence of cases in phase-II. PD, Parkinson’s disease; RBD1Q, REM Sleep 
Behavior Disorder Single-Question Screen. 
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Patient and public involvement 

Patients and/or the public were not involved in the design, conduct, reporting, or 

dissemination plans of this research. 

 

Measures 

We choose our instruments for cohort survey following the Movement Disorders 

Society (MDS) recommendation of the last update of criteria for Prodromal Parkinson’s Disease 

[15] in order to evaluate potential predictive values of risk and prodromal markers in our 

individuals. Therefore, we also included additional domains which are relevant for the general 

clinical aspects, as well as screening questionnaire for phase-I. 

The instruments for data collection are divided into five classes: 1- Clinical and 

sociodemographic screening; 2- Parkinsonian syndrome screening, 3- Prodromal screening, 

which includes the evaluation of non-motor symptoms such as (a) REM sleep behavioral 

disorder (RBD), (b) Hyposmia, (c) Constipation, (d) Postural hypotension, (e) Depressive 

symptoms, (f) Excessive daytime somnolence, (g) Global cognitive deficit, (h) Aggressiveness 

and (i) Loss of verbal fluency; 4 - Quality of Life and Nutritional Assessment; and 5 - Screening 

of biochemical markers.  An overview of all the clinical aspects and instruments is presented in 

table 1. 
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Table 1. Measures and instruments of the survey. 

 

Procedures 

We plan to execute a two-phase survey ascertainment approach to verify the 

prevalence (phase-I, the baseline survey) and incidence of cases (phase-II, the cohort survey). 

A flowchart of the procedures in each phase is presented in Figure 1.  

 

Baseline survey - Investigating the Prevalence of Parkinsonian Syndromes and Non-Motor 

Symptoms Associated with Parkinson's Disease 

In phase-I, a cross-sectional study will be carried out in a first step to assess the 

prevalence of parkinsonian syndromes. Trained interviewers will contact by phone or in their 

residence in Veranópolis and apply the Tanner’s questionnaire, RBDQ1 (items 2 and 3.a) and 

questions that address the following aspects: age, sex, coffee consumption and smoking habits. 

Interviews are occurring daily by phone and presential door-to-door is expected to occur once 

a week. Those who present positive scores for motor and / or non-motor symptoms will be 

referred for neurological evaluation. These individuals will perform a neurological evaluation 

using MDS-UPDRS. During the consultation, individuals will be evaluated by two movement 

disorder-trained neurologists. All suspect cases will be evaluated by a senior neurologist expert 

in movement disorders to confirm the diagnosis and etiologic classification of parkinsonism. 

Presential consultations will occur monthly at Moriguchi Institute. In each case, we attempt to 

provide a cause of parkinsonism according current diagnosis criteria (Table 2). 

 

Table 2. Definition of Parkinsonism causes according current diagnosis criteria. 

 

 

If participants did not receive a definitive diagnosis after neurological assessment, then 

they will receive one of the diagnostic impressions according the following conditions: 

A. Diagnosis of Clinically Established Probable PD 

B. Diagnosis of Clinically Established PD 

C. Atypical parkinsonism 

D. Secondary parkinsonism 

E. Motor symptoms secondary to another neurological condition (non-parkinsonian 

condition, example stroke, Amyotrophic lateral sclerosis, etc.) 
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F. Motor symptoms secondary to a condition other than CNS disease (osteoarthritis, 

musculoskeletal injuries, etc.) 

G. Presence of RBD with no motor symptoms 

H. Presence of subtle parkinsonism without diagnostic criteria for the conditions above 

Once a neurological condition is identified, the individual will receive guidance from 

the neurologist and professional team on the available treatments. After performing the 

diagnostic impression, individuals classified in groups A, B, G and H and a sample of 

asymptomatic individuals will respond to the instruments corresponding to the complete 

clinical and sociodemographic questionnaire, prodromal and risk markers, quality of life and 

nutritional assessment. During the appointment, a blood sample will be collected to the analyses 

of biomarkers. Sample processing will occur in two different forms. Samples for routine exams 

will be processed at the local laboratory unit that serves the city community, following the 

processing protocols of the biochemical unit. To measure the levels of transferrin, ferritin, iron 

and uric acid, a blood collection will be made with a total volume of 10 ml of venous blood 

from the patients. The samples will be placed in tubes without anticoagulant and centrifuged, 

the plasma serum will be frozen at a temperature of -80 ºC until analysis. The serum levels of 

the evaluated markers will be measured using Enzyme-linked Immunoabsorbent Assay kits 

(ELISA method), using commercial reagents according to the manufacturer's instructions.  

 

Cohort survey - Investigation of the Incidence of Parkinsonian Syndromes and the risk of 

converting associated non-motor symptoms to Parkinson's disease 

Participants who have reached the end of phase-I will be invited to participate in the 

cohort. However, groups C-F will be excluded from this phase once they have a specific 

diagnosis according to the consensus criteria or have no suspicion of prodromal symptoms. 

Thus, participants with primary PD diagnosis, changes suggestive of RBD without motor 

changes and the presence of subtle parkinsonism without diagnostic criteria for the above 

conditions (groups A-B and G-H), and the control sample will be followed up annually up to 

complete 5 years.  

In addition, in order to verify the new cases of parkinsonism in real elderly population 

of Veranópolis, all participants screened at the beginning of the study will be contacted and 

evaluated after 5 years.  

Annually, neurological evaluations will be performed, including the assessments using 

the same instruments and blood collection samples as in phase-I. We plan to perform five 

consecutive collections from the completion of phase-I. Screening questionnaire will be applied 
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in controls in order to verify the development of parkinsonism syndromes in this group. In case 

of positive screening in this group, the participant will receive the same orientations and follow-

up as the other positive parkinsonian participant. The expected follow-up period is 5 years.  

 

Analytical approach 

Survey data initially will be stored in the Excel program from the Microsoft Office 

professional plus 2019. For each instrument, we will follow all recommended methods of 

summarization and presentation of data. During the data collection we will monitor missing 

data according the number of participants admitted and take proactive measures to minimize it 

in the future collections. We plan to use for minor missing data a multiple imputation method, 

where the imputed items are used to obtain punctual estimates.  

For quantitative analyses we will export data to IBM® SPSS® Statistics for Windows 

V.26. Quantitative variables will be assessed to verify its distribution characteristics. In case of 

asymmetry, non-parametric tests, transformation methods of data or alternative methods (e.g., 

qualitative analysis) will used appropriately if necessary. Descriptive analysis will be used to 

characterize participant’s responses or scores using mean, standard deviation of mean, median, 

minimum and maximum, or percentage, according the variable type and considering the 

distribution analysis. For comparisons, in dichotomic variables we will use χ2 test and, t-test for 

continuous variables, as sociodemographic status, clinical assessments and biomarkers. Non-

parametric tests will be used properly when necessary.  

In cross-sectional survey, prevalence rates will be obtained for all types of 

parkinsonism found and for specific etiologies, according to age and sex, using χ2 test. For 

association between risk factors, multiple linear or logistic regression will be performed for 

continuous outcomes or Poisson regression with robust variances, for the analysis of qualitative 

variables.  

In Cohort survey, we will employ Cox proportional hazard models in order to 

determine the number of participants with development of PD or other parkinsonism type. Also, 

generalized linear mixed model or logistic mixed regression will be used to repeated measures. 

All associations will be first assessed using univariate models, after in multivariate analysis we 

will include specific covariates in each model according the clinical relevance associated with 

the outcome of interest. Time variable will be an important continuous predictor in the models 

(being coded as 0 months = 0, 12 months = 1, 2 years = 2, 3 years = 3, 4 years = 4 and, 5 years 

= 5). In all analyzes, the significance level corresponding to p <0.05 will be considered. 
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RECRUITMENT PROGRESS 

We start the recruitment of phase-I in August 2020 and until now, 766 elderly people 

were partially screened, and presented a mean age of 73.00 ± 8.33 years, schooling of 8.64 ± 

9.66 years of study and 59% (452) were women. Regarding smoking habits, 73.5% never 

smoked, 23.8% reported previous smoking habits and only 2.7% currently smokes. The initial 

screening for parkinsonism, according Tanner’s Questionnaire, 20.7% had a positive outcome 

and RBD1Q showed 10.6% of individual had a positive screening for REM sleep disorders. 

Thus, of the sample collected, 25.4% were considered able to perform the neurological 

appointment. Phase-I is in progress only by phone call due to COVID-19 pandemic. We 

estimate start the neurological assessment in July 2021, following all preventive and health 

measures provided by local health authorities and World Health Organization.  
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ABSTRACT 

 

Introduction: Parkinson's disease (PD) is a common neurodegenerative disorder that affects 

people of all backgrounds. Understanding its prevalence in Latin America, particularly Brazil, 

is crucial for assessing healthcare access, burden, and potential environmental factors. Limited 

data exist about PD in this region, highlighting the need for more comprehensive 

epidemiological studies. Objective: To assess the prevalence of parkinsonism and explore its 

risk factors in a cohort of individuals aged 60 years or older in Veranópolis-RS, a city in 

southern Brazil. Methods: This population-based census study was composed of 3,470 subjects 

over 59 years who responded to a 9-question screening questionnaire for Parkinsonism, Single-

Question Screen (RBD1Q), and questions about having PD or the use of antiparkinsonian drugs. 

All subjects positively screened were examined by a movement disorder-trained neurologist to 

confirm the diagnosis. Prevalence rates were provided by gender, age, and living area. Missing 

data for the outcome were imputed based on the logistic model, considering gender and age. 
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Results: In this cohort, the estimated prevalence of parkinsonism was 3.8% (95%CI, 3.19 – 

4.50), without differences between sex in all ages, and the prevalence of PD was 1.64% (95%CI, 

1.25 – 2.12), with significative higher in men (2.17%, 95%IC: 1.49 – 3.06) than in women 

(1.25%, 95%IC: 0.81 – 1.84; p = 0.047). Subgroup analysis showed a difference between sexes 

only in the age group of 70-74 (p = 0.017) and 75-79 (p = 0.016) years. There were no 

significant differences in the prevalence rates of PD between urban and rural areas. 

Conclusion:  The prevalence estimates of PD and parkinsonism in Southern Brazil are lower 

than the prevalence found in a previous similar study in the Southeast region of Brazil and 

appear to be comparable to the prevalence found in populations of developed countries. 

 

Introduction 

Recent reports have shown that the incidence and prevalence of Parkinson’s disease 

(PD) are rising considerably in the past two decades, probably one of the fastest-growing 

neurological conditions worldwide.1 Some authors suggest that this epidemiological pattern 

resembles a pandemic, and recent projections have predicted an increased PD prevalence of 

10% beyond what would be expected just because of the aging of the population.2,3 Until now, 

PD was thought to be more common in high-income countries,1 and evidence shows that 

industrialization, environmental pollution, and lifestyle factors may partially explain the fast 

rise of PD cases in developed and wealthier societies.3  Still, some developing countries also 

had significant increases in PD prevalence in the last decades,1 indicating that similar risk 

factors may be present in these less developed regions. PD prevalence seems to be even higher 

in Latin America when compared to Asia and Europe/North America/Australia.4  

One of the challenges of PD prevalence studies is the difficulty in establishing the 

clinical diagnosis and the wide variation in existing estimates between geographic areas and 

study groups. Few studies have been conducted in Latin America to estimate the prevalence of 

parkinsonism and PD,5–9 with only one population-based door-to-door studies representing the 

Brazilian population.10 The Brazilian population is getting older, and people over 65 years are 

expected to surpass the younger ones in 2040.11 PD is a disorder that causes progressive 

disability and dependence, which represents a significant social and economic burden. The 

projected increase in the prevalence of diseases associated with aging, especially PD, which 

seems to be rising beyond what would be expected just by the aging process, represents severe 

health and economic threat.  

Considering that many of the world’s most populous nations are developing countries 

facing a demographic transition, which causes the aging of their populations, a thorough 
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analysis of the current epidemiology of PD in these regions, such as Brazil, is needed. We aim 

to estimate the prevalence of parkinsonism and PD in a cohort of individuals aged 60 years or 

older in Veranópolis-RS, a city in southern Brazil.  

 

Methods 

Study Area and Population 

The present investigation is part of the Prodromal and Overt Parkinson’s Disease 

Epidemiological Study in Brazil (PROBE-PD), a population-based study that investigates the 

prevalence of Parkinson’s disease in different Brazilian populations, which encompasses the 

North, Northeast, South, and Midwest regions of the country (https://probe-pd.org/). This door-

to-door two-phase study was conducted in a community of long-lived older people in southern 

Brazil. Veranópolis is a city located in the Northeast region of Rio Grande do Sul and is known 

as one of the cities with the highest life expectancy in Brazil, estimated at 75.3 years, with the 

Human Development Index (HDI) of 0.773 (Figure 1). The population is estimated at 22,810 

inhabitants, where 3,493 are over 60 years old 12. Our target population was all eligible residents 

aged 60 or older in the updated 2010 census (n=3,493).  The prevalence date was July 1, 2020. 

Recruitment strategies and ethical procedures were previously described for our group (Pereira 

et al., 2021). 

 

 

Figure 1. Location and leading economic activities in Veranópolis. 

 

Study Design 

We used a two-phase case ascertainment approach depicted in Figure 2. In the first 

phase, all residents of the selected communities aged 60 years or over were screened for 

parkinsonism through e Tanner’s questionnaire adapted by Barbosa et al (Barbosa et al., 2006), 

and REM Sleep Behavior Disorder (RBD) through the Single-Question Screen (RBD1Q) 

(Postuma et al., 2012). We also asked about antiparkinsonian drug use (levodopa, dopamine 

agonists, other antiparkinsonian drugs, and dopamine-receptor blocking agents), and a single 

question about having PD (Do you have Parkinson's disease?). Households were contacted up 

to three times to trace eligible participants not at home or available at the moment of the 

assessment. Suspected Parkinsonism was defined as two or more points in Tanner’s 

questionnaire or a positive response for antiparkinsonian drugs or having PD. Suspected RBD 
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were also evaluated (through a positive response in RBD1Q) once RBD is strongly associated 

with synuclein syndromes. 

In the second phase, subjects screened in the first phase for suspected parkinsonism or 

RBD were evaluated in person by a neurologist experienced in PD assessment. The subjects 

were classified in one of these diagnostic categories: (1) Parkinson's disease, (2) atypical 

parkinsonian disorders, (3) secondary parkinsonian disorders, (4) motor symptoms secondary 

to another neurological condition, (5) motor symptoms secondary to a condition other than CNS 

disorder, (6) suspected RBD, (7) subtle parkinsonian disorders of uncertain significance or (8) 

unspecific complaints. The diagnosed subjects were referred to their general practitioners for 

usual care.  

 

 

Figure 2. Flowchart of data collection. 
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PD and Parkinsonism diagnosis 

We defined PD according to MDS clinical diagnostic criteria for Parkinson's disease 

13. Other parkinsonism was classified based on previously described diagnostic criteria or 

consensus 14. In case of suspected misdiagnosis, we repeated neurological examinations after at 

least one month by assessing disease progression, levodopa response, brain imaging, and blood 

test results when available. 

 

Data analysis 

Prevalence rates were obtained for all types of Parkinsonism and PD, according to age and sex. 

The 95% confidence intervals were calculated as described by Gardner and Altman. Data 

analysis was performed using the Stata Statistical v. 16.0 software package. Estimates of 

prevalence and other sample characteristics were expressed as percentages. Missing data for 

the outcome were imputed based on the logistic model (binary variables), considering gender 

and age. The process was carried out by resampling with 100 replications using the "mi impute" 

command set in the statistical package Stata, version 16.0. Specifically, general sex differences 

or a weighted by subgroups age were evaluated by the chi-squared test. The significance level 

was set at 5%. General characteristics were expressed by mean, standard deviation, number of 

cases, or relative frequency. 

 

Results 

Screening data 

Of 3,493 elderlies, 3,470 (99,34%) responded to the screening phase. Of these, 1,471 

(42.4%) were men, and 1,999 (57.6%) were women, with a mean age of 71.22±7.92 years, 

ranging from 60 to 105 years, and a mean educational level of 7.31±5.16 years. 2,870 (82.7%) 

lived in urban areas. The age distribution of this cohort is as follows: 60 to 64 years, 876 

(25.2%), 65 to 69 years, 866 (25%), 70 to 74 years, 729 (21%), 75 to 79 years, 455 (13.1%), 

and ≥80 years, 544 (15.7%). 1,355 (39.05%) subjects responded positively in the screening 

phase. Of these, 1,147 (33.05%) were positively screened by the Tanner's Questionnaire, and 

486 (14%) by the RBD1Q, where 278 participants responded positively in both instruments. 59 

subjects (1.7%) self-reported having PD and were concurrently taking levodopa along with 

amantadine (n = 8), pramipexole (n = 20), or rasagiline (n = 1). Notably, all of these individuals 

exhibited a positive response in Tanner's Questionnaire. 735 (64,08%) positively screened were 

invited to phase II; 34 subjects were not examined in Phase II due to death, totaling 701 subjects 

evaluated in Phase II. Comparing those screened positive who were evaluated by a neurologist 
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and those who have not yet been evaluated, the formers are relatively older.  (Table 1). The 

number of individuals evaluated by neurologist was similar across age groups, except for the 

65-69 and 75-79 age groups, where a higher proportion underwent evaluation (Figure 2). 

 

Table 1. Sociodemographic characteristics of the elderly assessed by neurologists and those 

who have not yet been assessed. 

F = female; M = male; R = rural; U = urban.  

 

 

Figure 2. Absolut frequency of assessed and not assessed participants by age group. 

 

Parkinsonism prevalence 

The number of confirmed cases of parkinsonism was 73 (13.8% of investigated cases), 

with a crude prevalence of 2.10% (95%CI, 1.65 – 2.64). Among them, 40 patients were male 

and 33 were female, with a crude prevalence of 2.72% (95% CI, 1.95 – 3.68) and 1.65% (95% 

CI, 1.13 – 2.31; p = 0.041), respectively. The identified parkinsonism types are as follows: 32 

cases of Parkinson's disease (PD), 35 cases of secondary parkinsonism (which included seven 

cases of vascular and 28 drug-induced parkinsonism) one case of multiple system atrophy, three 

cases of dementia with Lewy bodies, and two cases of progressive supranuclear palsy (Figure 

3). 

 

Figure 3. Actual frequency of parkinsonism cases. DP = Parkinson’s disease; MSA = Multiple 

system atrophy; LBD = Lewy body dementia; PSP = Progressive supranuclear palsy. 

 

The actual frequency of cases by age is described in Figure 3a. After imputation, the 

estimated prevalence of parkinsonism was 3.8% (95%CI, 3.19 – 4.50), without differences 

between sex in all ages. A significative difference was estimated between sexes only in the age 

group of 75-79 years, with higher prevalence among men (table 2).  

 

Table 2. Age- and sex-specific prevalence rates of parkinsonism for the population over 60 

years in the study cohort. 

 

 

Figure 4. Frequency of cases of parkinsonism (a) and PD (b) by sex and age group. 
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Parkinson’s disease 

We detected PD in 32 subjects, yielding a crude prevalence of 0.92 (95% CI, 0.63 – 

1.30). Eighteen of these patients were male, and 14 were female, with a crude prevalence of 

1.22% (95% CI, 0.73 – 1.93) and 0.70% (95% CI, 0.38 – 1.17) respectively. There was no 

statistically significant difference in PD prevalence between men and women (P = 0.157). The 

frequency of cases was described in Figure 4b.  After imputation, the estimated prevalence of 

PD was 1.64% (95%CI, 1.25 – 2.12). The general prevalence rate was significative higher in 

men (2.17% 95%IC: 1.49 – 3.06) than in women (1.25% 95%IC: 0.81 – 1.84; p = 0.047). 

Subgroup analysis showed a significative difference between sexes only in the age group of 70-

74 (p = 0.017) and 75-79 (p = 0.016) years (Table 3). There were no significant differences in 

the prevalence rates of PD between urban and rural areas (p = 1.000; Table 4). 

 

Table 3. Age- and sex-specific prevalence rates of PD for the population over 60 years in the 

study cohort. 

Age Group Total % (95%CI) Female % (95%CI) Male % (95%CI) P 

60-64 0.46 (0.12 – 1.16) 0.41 (0.05 – 1.47) 0.52 (0.06 – 1.86) 0.809 

65-69 0.58 (0.19 – 1.34) 0.82 (0.22 – 2.08) 0.26 (0.01 – 1.47) 0.287 

70-74 1.23 (0.57 – 2.33) 0.25 (0.01 – 1.36) 2.48 (1.08 – 4.84) 0.017 

75-79 3.08 (1.69 – 5.11) 1.17 (0.24 – 3.38) 5.33 (2.79 – 9.67) 0.016 

≥ 80 4.60 (2.99 – 6.71) 4.20 (2.37 – 6.83) 5.35 (2.59 – 9.61) 0.701 

All ages 1.64 (1.25 – 2.12) 1.25 (0.81 – 1.84) 2.17 (1.49 – 3.06) 0.047 
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Table 4. Prevalence rates of parkinsonism and PD according to the living area. 
 

Urban % (95%CI) Rural % (95%CI) P 

Parkinsonism 
   

  Male 4.51 (3.41 – 5.85) 4.74 (2.55 – 7.98) 0.873 

  Female 3.29 (2.49 – 4.27) 3.07 (1.48 - 5.57) 0.843 

  Total 3.80 (3.13 – 4.56) 3.83 (2.44 – 5.70) 0.960 

PD 
   

  Male 2.09 (1.36 – 3.07) 2.55 (1.03 – 5.19) 0.641 

  Female 1.31 (0.83 – 1.98) 0.92 (0.19 – 2.66) 0.562 

  Total 1.64 (1.20 – 2.17) 1.67 (0.80 – 3.04) 0.147 

 

Discussion 

The present study estimated the prevalence of parkinsonism and PD among individuals 

over 60 years of age in a long-lived community in southern Brazil based on results from an 

epidemiological cohort to identify ongoing parkinsonism. The prevalence for parkinsonism was 

estimated at 3.8% and for PD 1.64%. We observed that the prevalence of parkinsonism and 

especially PD tends to increase with age. Interestingly, the commonly expected difference 

between men and women in PD, in our sample seemed to occur in older age groups from 70 

years old. Our estimates were not able to show differences in the prevalence of cases found in 

rural and urban areas. 

Our estimated prevalence of parkinsonism was lower than that reported in a population 

from Southeast Brazil (7.2%)10 and in other populations in Latin America,15 particularly among 

individuals aged over 64 years. Nevertheless, our estimate was more in line with studies 

conducted in European populations.16 For instance, Spanish studies found prevalence ranging 

from 1.1% to 5.44%17–19, and a study carried out in an Italian archipelago reported a prevalence 

of 3.3% among individuals aged over 39 years.20 This discrepancy in the prevalence found 

should mainly consider factors from the local region and the population itself. For example, it 

is known that Latin American countries are more likely to present a higher frequency of 

vascular risk factors,21–23 as well as the fact that polypharmacy is related to increasing age,24,25 

which may influence the increase in vascular parkinsonism and parkinsonism induced by drugs. 

The presence of these two factors may, in part, explain the higher numbers of parkinsonism 

observed in general in Latin America. However, the population investigated in this study is 

characterized by its longevity and the city of Veranópolis implements strategies to monitor the 
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elderly population and develop policies aimed at improving the quality of life of the elderly,26 

which can positively influence the better control of medications for this elderly population and 

also in the implementation of preventive actions for cardiovascular risk, reflecting a lower 

prevalence of secondary parkinsonism, for example. 

The estimate for the prevalence of PD was also lower than that previously observed in 

the Brazilian population-based cohort in the city of Bambuí, which found a prevalence of 3.3% 

of PD cases in elderly people over 65 years of age.10 However, it was within the range estimated 

in the community study of prevalence in 6 Latin countries (Mexico, Puerto Rico, Cuba, 

Venezuela, Peru, and the Dominican Republic) in rural and urban populations, which estimated 

an overall prevalence for Latin America at 2.0%, with the lowest estimated in Peru (1.2%) and 

the highest in Cuba (2.6%).15 Overall, we found that our estimate closely resembles the 

prevalence of regions in Europe, North America, and Australia reported by a meta-analysis that 

pooled data from previous door-to-door population studies.4 This similarity occurs in the 60-69 

age group (0.54%), but in age groups above 70 years, our prevalence seems to be higher than 

that found in developed countries and lower than that reported for South America.4 There are 

several potential explanations for the differences in prevalence estimates between our study and 

previous reports on the prevalence of Parkinson's disease (PD). These variations could be 

attributed to environmental factors, genetic factors, or differences in the methodologies 

employed by the studies. PD is believed to arise from a complex interplay between aging, 

genetic susceptibility, and environmental exposures such as pesticides, heavy metals, 

chemicals, and head trauma.27 The interactions between genes and the environment can be 

intricate and may differ among populations, leading to heterogeneity in the characteristics and 

clinical features of PD.28 One hypothesis for our PD prevalence estimate presenting values 

between developed countries and South America is the interaction between the strong presence 

of Italian and German ancestry in the elderly population studied, the miscegenation of the 

Latino population and exposure to environmental insults. 

The trend indicating an increasing prevalence of both parkinsonism and PD with 

advancing age is consistently observed due to the natural process of aging, which has been 

extensively documented in previous population studies.4,29–31 However, we have noticed that this 

increase becomes more pronounced in the later stages, typically beginning at the age of 70 

years, similar to the data observed in the epidemiological study of Bambuí, where there was a 

peak in the prevalence of Parkinson's disease in the age group above 84 years.10 Indeed, prior 

research has identified a peak occurring around the age of 70 years up to even older age 

groups;6,16,29,32 However, others showed a slight decrease starting from the age of 80 years.33–37 The 
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differences in the prevalence of Parkinson's disease in older ages can be partially explained by 

the underdiagnosis of parkinsonism in this age group, either due to the difficulty in 

distinguishing parkinsonian signs from other age-related conditions10 or due to the methodology 

of studies where PD cases are only detected through medical records.15 

Our findings are in line with clinical observations and PD prevalence studies, indicating 

that there is a discrepancy between genders, with a higher prevalence in men.4,15,19,38–40 However, 

this difference proved to be age-dependent, being more prominent in men aged 70 to 79 years. 

A meta-analysis showed that between 60 and 69 years the prevalence is similar between men 

(389/100,000) and women (392/100,000) and the differences become more accentuated in older 

elderly people.4 A possible explanation for the greater difference in the prevalence of PD 

between genders in older elderly people in the investigated population is their high life 

expectancy for both genders, which results in a higher proportion of elderly people in each age 

group analyzed. As men have a higher prevalence of PD, it is expected that the number of cases 

will be more notable in men belonging to the more advanced age groups. In addition, there are 

reports indicating that women have a more benign phenotype, with slower progression, which 

may lead to a later diagnosis compared to men.41 

It is crucial to highlight that our estimates did not identify a statistically significant 

difference in the prevalence of PD between rural and urban living. However, it is important to 

acknowledge that several studies have reported an elevated risk of developing PD in rural 

populations when compared to their urban counterparts.42–45 This increased risk is often related 

to various environmental exposures, including pesticides46–48 and well water consumption.49 

Although our analysis did not yield a significant difference, it is essential to interpret these 

findings cautiously. One factor contributing to this outcome is the relatively low number of 

subjects evaluated in the rural region. Additionally, data imputation was performed, taking age 

and gender into account as control factors, but potential confounding variables might still 

influence the results. Therefore, these findings warrant further investigation and should be 

considered in the context of the broader body of research on this topic. 

The present study presents some limitations that must be taken into account when 

interpreting the obtained results. Firstly, it is important to emphasize that Parkinson's disease 

(PD) is relatively rare, diagnosed based on clinical signs. Even with the diagnostic impression 

being made by neurologists with clinical experience in movement disorders, potentially 

significant errors can occur, especially in the early years of the disease, where symptoms may 

be under-identified or confused with other common disorders in the elderly. Therefore, it is 

crucial to exercise caution when interpreting the results of this study. A second concern involves 
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our estimation based on high data imputation. Although it is a reliable statistical method, we 

consider it necessary to conclude the investigation in the remaining population to arrive at the 

actual prevalence, reducing the possibility of underestimating the results, particularly in the 

investigated rural population. 

In conclusion, the prevalence estimates reported for PD and parkinsonism in Southern 

Brazil are lower than the prevalence found in the population of a city in the Southeast region of 

Brazil and appear to be comparable to the prevalence found in populations of developed 

countries. These observed similarities in prevalence between southern Brazil and developed 

countries underscore the need for global collaboration in research and health efforts related to 

PD and Parkinsonism. Comparative studies across different populations can shed light on 

potential risk factors, preventive strategies, and therapeutic interventions, leading to better 

patient care and better health outcomes worldwide. 
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8 Considerações finais 

Os estudos realizados nesta tese estão dentro de uma linha de pesquisa voltada para 

epidemiologia da DP e outras formas de Parkinsonismo. A DP é um distúrbio 

neurodegenerativo de alta prevalência em todo o mundo, impactando pessoas de todos os 

grupos socioeconômicos. Esta tese de doutorado teve como objetivo primário avaliar a 

prevalência da DP em países em desenvolvimento e explorou sua interação com fatores 

ambientais e demográficos. Ao examinar a situação da DP no Brasil, em particular na região 

sul do país, essa pesquisa contribuiu significativamente para o entendimento da prevalência e 

dos fatores associados à doença, bem como para contextualizar esses achados dentro do cenário 

global. 

Os três artigos apresentados nesta tese oferecem uma visão abrangente da situação da 

DP no contexto global e local. O primeiro artigo, uma revisão sistemática e meta-análise, 

destaca a variação na prevalência da DP em diferentes regiões do mundo, relacionando-a a 

fatores socioeconômicos e demográficos. Estes dados destacam o aumento da prevalência da 

DP com o aumento do PIB per capita e expectativa de vida, mostrando o papel das 

desigualdades socioeconômicas no acesso aos cuidados de saúde neurológicos, especificamente 

em países em desenvolvimento como o Brasil. A falta de recursos médicos e especialistas 

nessas regiões ressalta a necessidade urgente de políticas públicas e estratégias de saúde que 

visem a redução dessas disparidades. O segundo artigo detalha o protocolo do estudo de base 

populacional realizado na região sul do Brasil, oferecendo informações sobre a metodologia 

empregada e a importância do estudo de incidência. O terceiro artigo fornece estimativas sólidas 

das prevalências de parkinsonismo e DP na região sul do Brasil, com conclusões relevantes 

sobre a distribuição por idade, gênero e área de residência. 

Surpreendentemente, as taxas de prevalência de DP encontradas na região de 

Veranópolis-RS parecem ser comparáveis às de países desenvolvidos, diferindo das 

expectativas iniciais. A constatação de uma menor prevalência de DP em idades acima de 70 

anos na região do estudo contrasta com dados globais, possivelmente sugerindo diferenças nas 

características demográficas e ambientais locais. Considerando que Veranópolis possui um alto 

índice de desenvolvimento humano (IDH), uma maior expectativa de vida e maiores 

indicadores de qualidade de vida associados a políticas públicas voltadas ao envelhecimento 

saudável, consideramos que esses principais fatores possam explicar a menor prevalência de 

DP.  

Em suma, esta tese oferece uma contribuição significativa para o conhecimento da 

epidemiologia da DP, destacando a complexidade dos fatores que afetam sua prevalência e 
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distribuição. A importância de abordar questões socioeconômicas, ambientais e demográficas 

ao considerar estratégias de prevenção e tratamento da DP não pode ser subestimada. As 

descobertas deste estudo fornecem percepções para formuladores de políticas de saúde, 

pesquisadores e profissionais médicos, e incentivam uma abordagem abrangente para enfrentar 

os desafios apresentados pela DP em diferentes contextos.  



119 
 

 

9 Perspectivas futuras 

Um direcionamento de pesquisas futuras no campo da pesquisa epidemiológica da DP 

é importante e pode levar a maiores descobertas para o manejo, diagnóstico e compreensão da 

carga da doença em regiões distintas. Assim, este estudo seguirá com sua proposta para finalizar 

o objetivo de identificação da epidemiologia da DP em Veranópolis, bem como em outras três 

regiões do Brasil (Pará, Distrito Federal e Bahia). Além disso, propomos seguir investigações 

para melhor compreensão dos distúrbios prodrômicos que precedem o diagnóstico da DP, 

especialmente, o distúrbio comportamental do sono REM. Também esperamos aprofundar o 

estudo de fatores de risco ambientais, como exposição a agrotóxicos e metais pesados. 
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Item 
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ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. 38 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing 
knowledge. 

38, 39 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the 
review addresses. 

39 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how 
studies were grouped for the syntheses. 

39 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference 
lists and other sources searched or consulted to identify studies. 
Specify the date when each source was last searched or consulted. 

39 

Search strategy 7 Present the full search strategies for all databases, registers and 
websites, including any filters and limits used. 

39 

Selection process 8 Specify the methods used to decide whether a study met the inclusion 
criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, 
and if applicable, details of automation tools used in the process. 

40 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how 
many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from 
study investigators, and if applicable, details of automation tools used 
in the process. 

40 

Data items  10a List and define all outcomes for which data were sought. Specify 
whether all results that were compatible with each outcome domain in 
each study were sought (e.g. for all measures, time points, analyses), 
and if not, the methods used to decide which results to collect. 

- 

10b List and define all other variables for which data were sought (e.g. 
participant and intervention characteristics, funding sources). Describe 
any assumptions made about any missing or unclear information. 

40 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included 
studies, including details of the tool(s) used, how many reviewers 
assessed each study and whether they worked independently, and if 
applicable, details of automation tools used in the process. 

41 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean 
difference) used in the synthesis or presentation of results. 

- 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for 
each synthesis (e.g. tabulating the study intervention characteristics 
and comparing against the planned groups for each synthesis (item 
#5)). 

41 

13b Describe any methods required to prepare the data for presentation or 
synthesis, such as handling of missing summary statistics, or data 
conversions. 

41 

13c Describe any methods used to tabulate or visually display results of 
individual studies and syntheses. 

41 

13d Describe any methods used to synthesize results and provide a 
rationale for the choice(s). If meta-analysis was performed, describe 
the model(s), method(s) to identify the presence and extent of 
statistical heterogeneity, and software package(s) used. 

41, 42 
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Item 
# 

Checklist item  
Location 
where item 
is reported  

13e Describe any methods used to explore possible causes of 
heterogeneity among study results (e.g. subgroup analysis, meta-
regression). 

41, 42 

13f Describe any sensitivity analyses conducted to assess robustness of 
the synthesized results. 

- 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing 
results in a synthesis (arising from reporting biases). 

- 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the 
body of evidence for an outcome. 

- 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the 
number of records identified in the search to the number of studies 
included in the review, ideally using a flow diagram. 

42 

16b Cite studies that might appear to meet the inclusion criteria, but which 
were excluded, and explain why they were excluded. 

42 

Study 
characteristics  

17 Cite each included study and present its characteristics. 42,60, 76-
81 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. 43 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for 
each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured 
tables or plots. 

57-63 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of 
bias among contributing studies. 

76-81 

20b Present results of all statistical syntheses conducted. If meta-analysis 
was done, present for each the summary estimate and its precision 
(e.g. confidence/credible interval) and measures of statistical 
heterogeneity. If comparing groups, describe the direction of the 
effect. 

42-44 

20c Present results of all investigations of possible causes of 
heterogeneity among study results. 

43 

20d Present results of all sensitivity analyses conducted to assess the 
robustness of the synthesized results. 

- 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising 
from reporting biases) for each synthesis assessed. 

- 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of 
evidence for each outcome assessed. 

- 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other 
evidence. 

44 

23b Discuss any limitations of the evidence included in the review. 47 

23c Discuss any limitations of the review processes used. 47 

23d Discuss implications of the results for practice, policy, and future 
research. 

47 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name 
and registration number, or state that the review was not registered. 

- 

24b Indicate where the review protocol can be accessed, or state that a 
protocol was not prepared. 

- 

24c Describe and explain any amendments to information provided at 
registration or in the protocol. 

- 

Support 25 Describe sources of financial or non-financial support for the review, - 
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and the role of the funders or sponsors in the review. 

Competing 
interests 

26 Declare any competing interests of review authors. - 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they 
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included studies; data used for all analyses; analytic code; any other 
materials used in the review. 
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  Item 
 No Recommendation Paper 2 Paper 3 

Title and 
abstract 

1 (a) Indicate the study’s design with a commonly used term in 
the title or the abstract 

83 100 

  (b) Provide in the abstract an informative and balanced 
summary of what was done and what was found 

84 100 

Introduction     

Background/ 

rationale 

2 Explain the scientific background and rationale for the 
investigation being reported 

85 101 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

86 101 

Methods     

Study design 4 Present key elements of study design early in the paper 86 102 

Setting 5 Describe the setting, locations, and relevant dates, including 
periods of recruitment, exposure, follow-up, and data 
collection 

87 104 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 
selection of participants 

87 101 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable 

89 104 

Data sources/ 
measurement 

8* For each variable of interest, give sources of data and details 
of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one 
group 

94 104 

Bias 9 Describe any efforts to address potential sources of bias - - 

Study size 10 Explain how the study size was arrived at 87 101 

Quantitative 
variables 

11 Explain how quantitative variables were handled in the 
analyses. If applicable, describe which groupings were chosen 
and why 

90 105 

Statistical 
methods 

12 (a) Describe all statistical methods, including those used to 
control for confounding 

94 105 

  (b) Describe any methods used to examine subgroups and 
interactions 

95 105 

  (c) Explain how missing data were addressed 94 105 
  (d) If applicable, describe analytical methods taking account of 

sampling strategy 
- - 

  (e) Describe any sensitivity analyses - - 

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-
up, and analysed 

- 105 

  (b) Give reasons for non-participation at each stage - 105 
  (c) Consider use of a flow diagram - 104 

Descriptive 
data 

14* (a) Give characteristics of study participants (eg demographic, 
clinical, social) and information on exposures and potential 
confounders 

95 105,106 

  (b) Indicate number of participants with missing data for each - - 
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variable of interest 

Outcome data 15* Report numbers of outcome events or summary measures - 106-108 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence 
interval). Make clear which confounders were adjusted for and 
why they were included 

- 108, 109 

  (b) Report category boundaries when continuous variables 
were categorized 

- - 

  (c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period 

- - 

Other 
analyses 

17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses 

- 109 

Discussion     

Key results 18 Summarise key results with reference to study objectives - 109 

Limitations 19 Discuss limitations of the study, taking into account 
sources of potential bias or imprecision. Discuss both 
direction and magnitude of any potential bias 

- 111, 112 

Interpretati
on 

20 Give a cautious overall interpretation of results 
considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant 
evidence 

- 109-112 

Generalisab
ility 

21 Discuss the generalisability (external validity) of the 
study results 

- 112 

Other 
information 

  -  

Funding 22 Give the source of funding and the role of the funders for 
the present study and, if 
applicable, for the original study on which the present 
article is based 
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