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RESUMO

O objetivo da presente tese foi investigar, sob a perspectiva de alguns dos determinantes sociais
da satude (raca-cor, iniquidade geografica), questdes relacionadas a raga-cor € ao impacto da
inatividade fisica nas complicagdes associadas ao diabetes. A revisao de literatura contextualiza
a atual carga do diabetes ao redor do mundo, trazendo evidéncias disponiveis do impacto da
inatividade fisica sobre as complicagdes micro e macrovasculares associadas ao diabetes, as
iniquidades verificadas no Brasil e no mundo na expressao das complicacdes, e os desafios para
estudos em diabetes e atividade fisica. Neste volume, sdo apresentados dois artigos com os
seguintes objetivos: artigo 1) Examinar a associacdo entre (in)atividade fisica e complicacdes
relacionadas ao diabetes de acordo com a raga-cor na populagao brasileira; artigo 2) Através do
calculo da Fragao Atribuivel a Populacao (PAF), estimar a proporg¢ao de casos de complicagdes
macrovasculares e microvasculares atribuiveis a inatividade fisica em pessoas com diabetes em
nivel nacional, regional e global. No primeiro artigo, observamos que no Brasil persistem
disparidades raciais na pratica de atividade fisica e que a associagdo entre inatividade fisica e
as complicagdes associadas ao diabetes sdo diferentes segundo os dominios da atividade fisica.
No segundo estudo, verificamos valores de PAF mais elevados para acidente vascular cerebral,
doenca arterial coronariana e retinopatia. E identificamos que a América Latina, o Caribe ¢ a
regido do Mediterraneo apresentaram o maior PAF para a inatividade fisica por complicagdes
macrovasculares e microvasculares associadas ao diabetes.

Palavras-chave: inatividade fisica; diabetes; complicagdes macrovasculares; complicagdes
microvasculares; fragao atribuivel a populacao.



ABSTRACT

The aim of this thesis was to investigate, from the perspective of some social determinants of
health, issues related to race/color and the impact of physical inactivity on complications
associated with diabetes. The literature review contextualizes the current burden of diabetes
worldwide, presenting, based on available evidence, the role of physical activity on micro and
macrovascular complications associated with diabetes, the inequalities observed in Brazil and
worldwide in the expression of complications, along with the challenges for studies on diabetes
and physical activity. This volume presents two articles with the following objectives: Article
1) To examine the association between physical (in)activity and diabetes-related complications
according to race/color in the Brazilian population; Article 2) By calculating the Population
Attributable Fraction (PAF), to estimate the proportion of cases of macrovascular and
microvascular complications attributable to physical inactivity in people with diabetes at
national, regional, and global levels. In the first article, we observed that in Brazil, racial
disparities persist in the practice of physical activity, and that the association between physical
(in)activity and complications associated with diabetes differs according to the domains of
physical activity. In the second study, we found higher PAF values for stroke, coronary artery
disease, and retinopathy. And we identified that Latin America, the Caribbean, and the
Mediterranean region had the highest PAF for physical inactivity due to macrovascular and
microvascular complications associated with diabetes.

Keywords: physical inactivity, diabetes; macrovascular complications; microvascular
complications; population attributable fraction.



ADA
AVC
AF
DCR
DT2
EUA
IDF
PAF
HvAlc

LISTA DE ABREVIATURAS E SIGLAS

American Diabetes Association
Acidente Vascular Cerebral
Atividade Fisica

Doenca Renal Cronica

Diabetes Tipo 2

Estados Unidos da América
International Diabetes Federation
Fragdo Atribuivel Populacional

Hemoglobina Glicada



SUMARIO

1 INTRODUGAQ . ...eoeuereerrenerernesessesessssessssessssesssesssessesessssessasessssessesessssessesessessssssssnes 11
L1 JUSTIFICATIV A.....iiiintiicnnneeicsnnneeisssnssessssssssssssssssssssssssssssssssssssssssssssssssssssans 12
1.2 OBJETIVOS ...iiiititicinntiicssnneeecsinseessssssssessssssssssssssssssssssssssssssssssssssssssssssssssssans 12
1.2.1 Objetivos do eStuAO 1 .......cueeeeiiiiiiiiiiisissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 12
1.2.2 ODbjetivos d0 eStUAO 2 ......ccuuuriiiiisisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 13
2 REVISAO DA LITERATURA .....covetrterererererereessnsssssesesesesssssesssesssssssssssssssesssssssssssssens 14
3 REFERENCIAS DA REVISAO DE LITERATURA .......cucvueeerererereresesssesessseseseseses 20
4 ARTIGO L.neiiiiiiineiiiiinnticissneniecsssssiessssssseessssssssessssssssssssssssssssssssssssssssssssssssssssssssns 26

6 CONSIDERACOES FINAIS ......ceeterrereerereressssssssssssssesessssssssssssssssssssssssssssssssssssssssssssses 62



11

1 INTRODUCAO

O diabetes ¢ uma complexa condi¢do cronica de satde. Em 2021, aproximadamente
537 milhdes de pessoas viviam com diabetes em todo o mundo, sendo o diabetes tipo 2 (DT2)
responsavel por cerca de 95% desses casos (Ong et al., 2023). Segundo as ultimas evidéncias
disponiveis, em 2021, estimou-se que o diabetes represente um custo global de
aproximadamente 966 bilhdes de dolares (International Diabetes Federation, 2021). Porém, a
elevada carga econdmica e social do diabetes ¢ distribuida de forma desigual entre os estratos
socioecondmicos. Por exemplo, dados de 2021 indicam que trés em cada quatro pessoas com
diabetes viviam em paises de baixa ou média renda, como o Brasil (International Diabetes
Federation, 2021; Ong et al., 2023).

Adicionalmente, o diabetes estd associado com maior risco para complicacdes
macrovasculares (ex.: AVC e microvasculares (ex.: retinopatia) (Farmaki et al., 2021; Faselis
et al., 2019). Tais complica¢des abrangem uma variedade de condi¢des, incluindo doengas
cardiovasculares, doenca renal cronica e neuropatias. O diabetes aumenta significativamente o
risco de desenvolver doencas cardiacas, como doenga arterial coronariana, insuficiéncia
cardiaca e AVC, devido a danificacao dos vasos sanguineos pela hiperglicemia cronica, levando
a aterosclerose (Glovaci; Fan; Wong, 2019; Nelson; Peterson; Pagidipati, 2019). A nefropatia
diabética € uma das principais causas de insuficiéncia renal, resultando em dialise ou transplante
renal. A retinopatia diabética, causa comum de cegueira, e a neuropatia periférica, que afeta os
nervos periféricos, especialmente nos pés, aumentam o risco de ulceras, gangrena e amputacao
(Faselis et al., 2019). Ainda, a neuropatia diabética foi a condigao associada ao sistema nervoso
central com maior aumento nos anos de vida ajustados para incapacidade devido a doenga entre
1990 até 2021 no mundo (Ong et al., 2023). Essas complica¢des enfatizam a necessidade de
controle rigoroso do diabetes e adogdao de hébitos saudaveis para prevenir ou reduzir seu
impacto.

Diante desse cendrio, torna-se imperativo identificar estratégias que visem reduzir o
risco de complicagdes cardiovasculares e metabdlicas em pacientes com diabetes, a fim de
mitigar o impacto global da doenca. Nesse contexto, a atividade fisica emerge como uma
estratégia comportamental essencial, ja que evidéncias refor¢am a associacdo da pratica de
atividades fisicas com a reducdo do risco de desenvolvimento do diabetes e de suas

complicagdes (Rietz et al., 2022).
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1.1 JUSTIFICATIVA

Estudos prévios identificaram as propor¢des de casos de diabetes (Lee et al., 2012) e
também a mortalidade em pessoas com diabetes (Silva et al., 2019) que poderiam ser atribuidas
a inatividade fisica. Ainda, uma revisao sistematica com meta-analise revelou que a inatividade
fisica esta associada ao maior risco para complicagdes macrovasculares e microvasculares
relacionadas ao diabetes (Rietz et al., 2022). Com base em nosso conhecimento, este sera o
primeiro estudo que identificard as propor¢des de casos de complicacdes macrovasculares e
microvasculares relacionadas a diabetes atribuiveis a inatividade fisica.

Diante do aumento exponencial da incidéncia de diabetes e dos altos niveis de
inatividade fisica na populagdo global, ¢ crucial monitorar e apresentar evidéncias cientificas
solidas aos gestores em todas as esferas. Isso permite que reconhecam a oportunidade de
promover a atividade fisica de maneira eficaz, reduzindo assim a carga associada ao diabetes
em nivel individual e populacional. Essa abordagem melhora a qualidade de vida da populagao
e diminui os gastos com saude que poderiam ser evitados através de investimentos em politicas
e programas de promogao de atividade fisica eficazes, adaptados as particularidades de cada

regido e voltados a grupos prioritarios.

1.2 OBJETIVOS
Examinar a associagdo entre inatividade fisica e complicagdes relacionadas ao diabetes em

populagdo adulta.

1.2.1 Objetivos do estudo 1

Objetivo geral
Examinar a associacdo entre inatividade fisica e complicacdes relacionadas ao diabetes de

acordo com a raga-cor na populagdo brasileira.

Objetivos especificos
a) Estimar a prevaléncia de inatividade fisica de acordo com a cor da pele;
b) Estimar a prevaléncia de atividade fisica segundo os dominios (lazer, deslocamento,

ocupacional e doméstica) em pessoas com diabetes, de acordo com a cor da pele.
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1.2.2 Objetivos do estudo 2

Objetivo geral

Estimar a propor¢dao de complicacdes macrovasculares e microvasculares associadas ao
diabetes que sdao potencialmente atribuiveis a inatividade fisica no nivel nacional, regional e
global.

Objetivos especificos

Estimar a fracdo atribuivel populacional (FAP; PAF em inglés) da atividade fisica em nivel
global, regional e nacional para:

a) doenca cardiovascular;

b) doenga arterial coronariana;

¢) acidente vascular cerebral;

d) insuficiéncia cardiaca;

e) retinopatia.
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2 REVISAO DA LITERATURA

A prevaléncia de diabetes no mundo aumentou 90,5% entre 1990 e 2021, sendo que
em regides como a Africa e Oriente Médio o aumento foi mais expressivo (161,5% no mesmo
periodo) (Ong et al., 2023). Em 2023, no Brasil, um inquérito abrangendo todos os 26 estados
e o Distrito Federal, com uma amostra representativa da populagdo brasileira, revelou variagdes
significativas nas prevaléncias de diabetes. Por exemplo, em Rio Branco, localizada na regiao
Norte do pais, a prevaléncia foi de 5,6% (1C95% 3,9 - 7,3), enquanto em Sao Paulo, na regido
Sudeste, atingiu 12,1% (IC95% 9,3 - 14,9) (Brasil. Ministério da Satde, 2023). Essas
disparidades ndo se limitam apenas ao acesso ao diagnostico de diabetes, mas também afetam
0 acesso aos servigos de saude e, consequentemente, a manutencdo do tratamento, devido as
condigdes de vida enfrentadas pelas pessoas nessas regioes. No Brasil, historicamente, as
regides Norte ¢ Nordeste concentram maior pobreza em comparagdo com as regides Sul e
Sudeste (Silva et al., 2019). Essa persistente desigualdade geografica no Brasil reforca a
importancia de investigagdes considerando os determinantes sociais da saude em um pais tao
heterogéneo.

Os custos associados a doenca alcancaram 966 bilhdes de dolares em 2021,
representando um aumento de 316% nos gastos em saude em relagdo aos ultimos 15 anos
(International Diabetes Federation, 2021). Dados da Federagdo Internacional do Diabetes
mostram que mais de 537 milhdes de pessoas viviam em 2021 com diabetes no mundo, sendo
que 75% oriundas de paises de baixa e média renda (International Diabetes Federation, 2021).
Ainda, as projecdes do IDF sugerem um aumento exponencial nos proximos anos, atingindo
783 milhdes em 2045. Infelizmente, tal crescimento serd mais agressivo em regides menos
favorecidas (Katzmarzyk et al., 2022). Na América Latina, espera-se um aumento de 50% de
casos, enquanto essa proje¢do atinge 134% na Africa. Para comparagio, ¢ esperado um aumento
de 23% na América do Norte e 13% na Europa no mesmo periodo (International Diabetes
Federation, 2021).

A abordagem terapéutica para o manejo glicémico no DT2 baseia-se no tratamento
farmacologico e nao-farmacoldgico, incluindo, portanto, modificagdes comportamentais
(Zheng; Ley; Hu, 2018). Em contrapartida, o manejo inadequado da glicemia, como acesso
comprometido ao servico de saude e a medicacao, aumenta também o risco para complicagdes
relacionadas ao diabetes (Ong et al.,, 2023; Sartore et al, 2023). Entre as principais
complicagdes associadas ao diabetes pode-se destacar as macrovasculares (doengas

cardiovasculares, infarto, insuficiéncia cardiaca, doenga arterial coronariana, doenca arterial
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periférica) e as microvasculares (nefropatia, retinopatia e neuropatia diabética)(Harding et al.,
2019; Li et al., 2019).

As complicagdes do diabetes impactam a carga da doenca. A retinopatia diabética,
DRC e a neuropatia periférica sao as complicagdes mais frequente da doenga (Li et al., 2019).
Estima-se que 40% das pessoas que vivem com diabetes desenvolvem DRC, elevando o risco
de eventos cardiovasculares, insuficiéncia renal e morte (International Diabetes Federation,
2021). Observa-se um aumento nos casos de DRC por DT2 padronizada por idade, com uma
relagdo inversa entre a incidéncia de DRC e o nivel socioecondmico dos paises (Li et al., 2021).
Entre as complicacdes de membros inferiores, a neuropatia periférica, comum em pessoas com
diabetes, aumenta o risco de ulceras nos pés e amputagdes. Ja a retinopatia diabética, em 2020,
foi identificada como a principal causa de cegueira na populacao adulta entre 20 ¢ 74 anos
(Kropp et al., 2023; Stitt et al., 2016). Uma meta-analise agrupada de participantes individuais
envolvendo 35 estudos realizados em todo o mundo de 1980 a 2008 estimou a prevaléncia
global de retinopatia diabética entre pacientes com diabetes em 34,6% (Yau ef al., 2012).

As doencas cardiovasculares, como doenca arterial coronariana, doenca
cerebrovascular e doenga arterial periférica, representam um desafio para pessoas com diabetes,
sendo a principal causa de mortes nesse grupo (International Diabetes Federation, 2021). O
risco de desenvolver doenca arterial periférica, por exemplo, ¢ duas vezes maior em pessoas
com diabetes do que em pessoas sem a doencga (Soyoye et al., 2021).

Contudo, evidéncias sobre disparidades em complicagdes do diabetes entre diferentes
grupos raciais e étnicos sao escassas. Nos Estados Unidos da América (EUA), as prevaléncias
de DRC e retinopatia diabética em adultos com diabetes sdo 35% e 47% maior em negros do
que em brancos, respectivamente (Barsegian et al., 2017). Individuos negros e hispanicos com
retinopatia diabética tém mais chance de progredir para deficiéncia visual e cegueira do que
individuos brancos (Barsegian et al., 2017; Coney; Scott, 2022). Em relacdo a neuropatia
diabética, pessoas negras vivendo com diabetes tém 44% maior chance de amputacdo de
membros inferiores do que em pacientes brancos (Goldberg ef al., 2012). Um estudo prévio
revelou que adultos negros com diabetes nos EUA apresentam maior dificuldade em atingir as
recomendacdes de manejo da diabetes sugeridas pela ADA: HbAlc <7,0% e colesterol LDL
(<100 mg/dL). Consequentemente, a maior ocorréncia de complicagdes macrovasculares e
microvasculares na populacdo negra pode ser explicada pelo pior controle da doenga nessa
populagdo (Stark Casagrande et al., 2013). O controle pressorico e lipidico estd associado a um
menor risco para mortalidade e incidéncia de doengas cardiovasculares, a principal causa de

mortes em pessoas com diabetes (Harding et al., 2019). Ainda, redugdes na HbAlc e na pressao
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arterial estdo associadas a menor risco para complicagdes microvasculares (Harding et al.,
2019). Assim, o manejo inadequado da diabetes pode estar associado a maior ocorréncia de
complicagdes em algumas populagdes do que em outras (Harding ef al., 2019).

Por fim, embora tenha ocorrido um declinio geral na morbidade cardiovascular, doenca
isquémica do coracao e AVC entre pessoas com diabetes, individuos negros com diabetes ainda
sdo desproporcionalmente afetados por doencas cerebrovasculares (Desai et al., 2015;
Mozaffarian et al., 2016). Um estudo com dados da NHANES, nos Estados Unidos, mostrou
que a prevaléncia de pré-diabetes e diabetes nao diagnosticados em pessoas com histdorico de
AVC foi maior em negros (37,8% e 7,5%) do que em brancos (31,6% e 3,1%) e mexicanos
(26,3% e 4,4%) (Kim et al., 2017). Apesar de estar em declinio, a mortalidade cardiovascular
continua a ser a principal causa de morte para pessoas com diabetes, ocorrendo mais do que o
dobro em pessoas com diabetes, do que em adultos sem diabetes (Cheng et al., 2018). Nos
EUA, as mortes por diabetes foram maiores em populagdes negras, indigenas
americanas/nativas do Alasca e hispanicas em comparacdo com a populacdo branca nao-
hispanica. Um estudo recente mostrou que mulheres negras com diabetes tinham uma taxa de
mortalidade ajustada por idade duas vezes maior do que mulheres brancas com diabetes
(Rodriguez et al., 2019). Considerando o impacto das complicagdes micro € macrovasculares
relacionadas ao diabetes, pesquisas sao necessarias para identificar possiveis estratégias para

reduzir as disparidades e garantir a equidade no tratamento.

Inatividade fisica como fator de risco para o diabetes

Atingir as atuais recomendagdes de pratica regular de atividade fisica tem sido
associada com menor incidéncia de complicagdes micro e macrovasculares associadas ao
diabetes (Rietz ef al., 2022). Além do controle inadequado da DT2, fatores comportamentais
como o alimentagdo inadequada (ex.: consumo de alimentos ultraprocessados), excesso de
peso, tabagismo, consumo excessivo de bebidas alcoolicas e inatividade fisica (<150 minutos
de atividade fisica moderada-a-vigorosa por semana) (Bull ef al., 2020) estao associados ao
aumento do risco para complicacdes (ElSayed ef al., 2024). A aderéncia a uma dieta saudavel
e pratica regular de atividade fisica tém papel determinante sobre a preven¢do e tratamento
clinico do diabetes (Johansen et al., 2017; Rietz et al., 2022; Umpierre et al., 2011). Porém, no
Brasil, tem sido mostrado que a propor¢dao de individuos atingindo as recomendacdes de
atividade fisica ¢ 57% menor em adultos com diabetes do que na populagdo em geral (Forechi

et al., 2018; Mielke et al., 2021).
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A inatividade fisica ¢ um dos fatores comportamentais modificaveis que tem
importante impacto sobre a incidéncia e prevaléncia de casos de diabetes e suas complicagdes
associadas (Katzmarzyk et al., 2022; Rietz et al., 2022). Estima-se que entre 2020 e 2030,
aproximadamente 11,2 milhdes de novos casos de diabetes irdo ocorrer ao redor do mundo
devido a inatividade fisica. Aliada a carga de morbimortalidade desta projecdo, a carga
financeira aos sistemas de satde atribuivel a inatividade fisica ¢ estimada em 47 bilhdes de
dolares no mesmo periodo (Santos et al., 2023). No Brasil, cerca de 33% do custo do sistema
publico de satde com hospitalizagdes relacionadas a diabetes em 2013 pode ser atribuido a
inatividade fisica (Szwarcwald et al, 2021). Ainda, o percentual de mortes atribuidas a
inatividade fisica em pessoas com diabetes foi de 3% em 2016 (Silva et al., 2019). Apesar de a
mortalidade atribuivel a inatividade fisica na populacao ter permanecido estavel entre 1990 e
2016, ela aumentou em estados brasileiros com menor niveis socioecondmicos, o que pode ser
explicado pelo aumento da prevaléncia de inatividade fisica nesses estados.

Recentemente foi lancado o Guia de Atividade Fisica para a Populagdo Brasileira
(2021), o qual orienta sobre a pratica de atividade fisica para diversos grupos populacionais (i.e.
criancas e adolescentes, idosos, gestantes) (Brasil. Ministério da Saude. Secretaria de Atengao
Priméria a Saude. Departamento de Promocdo da Saude., 2021). Este ¢ um documento
elaborado a partir de um processo cuidadoso, com uso de evidéncias nacionais e internacionais,
e rodas de conversas com grupos de interesse da sociedade. Contudo, o Guia ainda nao
apresenta contetidos sobre as diferencas sociais, culturais e raciais que influenciam a aderéncia
a pratica de atividades fisicas nos diferentes contextos sociais apresentados no Brasil
(Crochemore-Silva et al., 2020; Knuth; Antunes, 2021). Nesse sentido, pode-se destacar o
aumento na prevaléncia de pratica de atividade fisica na populagao adulta no Brasil nos tltimos
anos (MINISTERIO DA SAUDE DO BRASIL, 2024), e também é observado um aumento da
iniquidade socioeconOmica e racial da atividade fisica no pais (Ferrari et al., 2021; Ricardo et
al., 2022). Tal achado ressalta que a pratica de atividades fisicas ndo € apenas uma simples
questao de escolha, mas também de possibilidades.

Os determinantes sociais da satde perpassam pela pratica de atividade fisica. A
exemplo do Brasil, caracteristicas como cor da pele negra, sexo feminino, menor escolaridade,
maior idade e menor renda sdo fatores associados a inatividade fisica no lazer e ao pior manejo
glicémico (Crochemore-Silva et al., 2020; Mielke ef al., 2022) Da mesma forma, perpassam as
disparidades regionais na pratica de atividade fisica. Apesar da prevaléncia de inatividade fisica

ser maior em paises de alta renda (Guthold et al., 2018), a carga total especialmente para o
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desenvolvimento de novos casos de condi¢cdes cronicas ndo transmissiveis, incluindo o
diabetes, serd maior para os paises de baixa e média renda (Santos et al., 2023).

Como consequéncia dessas disparidades, populacdes negras e indigenas apresentam
piores resultados no controle glicémico, com maior risco de desenvolver complicacdes da
diabetes. Reduzir essas disparidades exige um esfor¢o multifacetado. E necessario implementar
intervengdes direcionadas para diminuir os fatores de risco na populagdo negra e indigena,
melhorar o acesso a educacdo em diabetes e servigos de saude de qualidade, e ampliar a
representatividade de profissionais de satde negros e indigenas. Politicas publicas voltadas para
a equidade racial no acesso a satde e aos determinantes sociais da saude também sdo
fundamentais. Somente através de acdes conjuntas e investimentos em estratégias eficazes

poderemos alcangar um futuro mais justo e equitativo para todos, onde todos tenham acesso a

saude de qualidade e a oportunidade de viver uma vida plena e saudavel.

Perspectivas e desafios para estudos de diabetes e atividade fisica

As evidéncias dos beneficios da atividade fisica regular para pessoas com diabetes
estdo bem estabelecidas. No entanto, explorar como os determinantes sociais da saude
influenciam esses comportamentos ainda ¢ um campo vasto ¢ em desenvolvimento.
Compreender e propor resolugdes para as desigualdades no cuidado do diabetes e na promogao
da atividade fisica ¢ um desafio complexo que varia em diferentes niveis, desde o individual
até o global. Dado o relevante impacto da questdo racial no acesso e cuidados na satde no brasil,
como nosso primeiro esfor¢o nesse sentido, buscamos investigar a associa¢ao entre inatividade
fisica e complicagdes relacionadas ao diabetes de acordo com a raga na populacao brasileira.

Posteriormente, expandindo o contexto, considerando as previsoes de alta incidéncia
de diabetes ao redor do mundo, para além de focar somente na relacdo da atividade fisica e
diabetes, pesquisas sobre o impacto da inatividade fisica relacionado as complicacdes da doenca
sdo cruciais. Compreender essa relagdo ¢ essencial para justificar investimentos em politicas e
programas de atividade fisica para a populacdo com diabetes, especialmente para mitigar o
potencial aumento nos casos de complicagdes associadas a doenga. Nesse sentido, um estudo
de meta-analise evidencia que a associagdo protetora entre atividade fisica no lazer e
mortalidade por todas as causas ¢ 2,2 vezes mais forte para o tempo de atividade fisica no lazer
do que para a atividade fisica no deslocamento ou ocupacional (Dal Canto et al., 2011). Estudos
que avaliam a carga da inatividade fisica podem ser os catalisadores para justificar a
necessidade de politicas e programas de incentivo e conscientizacao da pratica de atividades

fisicas para pessoas com diabetes a fim de prevenir agravos e complicagdes relacionadas.
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Entendemos estes esfor¢os como o primeiro passo, pois as iniquidades persistem
devido a barreiras sociais além da raga-cor, no acesso aos cuidados de saude, perpassando por
questdes ligadas a género, classe social, educacdo, ambiente, acessibilidade, economia e
politicas publicas. Abordar essas questdes ¢ essencial para garantir que todos tenham
conhecimento e acesso ao direito a uma saide adequada, o que representa desafios tanto

tedricos quanto praticos.
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Racial health disparities: a population-based analysis of physical activity and diabetes-related

complications in Brazil.

Abstract

Objectives: Racial disparity in physical activity in people with diabetes in Brazil remains
scarcely investigated. We examined the association between physical activity and diabetes-
related complications according to race in the Brazilian population.

Study design: Cross-sectional

Methods: We analyzed data from the 2019 National Health Survey, a population-based survey
of Brazilian adults. We used a self-reported questionnaire to assess physical activity during
commuting, leisure-time, domestic, and occupational activities. Diabetes-related complications
included vision, kidney, and circulatory impairment, foot ulcers, diabetic coma, and all-cause
complications. We used robust Poisson regression models with restricted cubic splines to
examine the association between physical activity and diabetes-related complications.
Results: We included 2,529 adults with diabetes (48.9% women; mean age: 53.5+11.9 years).
One-third experienced diabetes-related complications. Black adults performed less leisure-time
and more occupational and commuting physical activity than white participants. Black
participants showed a higher probability of all-cause (1.61; 95%CI: 1.29, 2.02) and vision
complications (1.58; 95%CI: 1.23, 2.04) compared to white participants independent of
physical activity status. Only leisure-time physical activity was associated with a reduced
probability of all-cause complications (PR: 0.78; 0.71, 0.86) whereas commuting and
occupational physical activity were not associated with any diabetes-related complications.
Physically inactive, Brown adults showed a higher probability of kidney, circulatory, vision,
and all-cause complications than active, white adults. However, physical activity attenuated the
probability of these complications in Brown participants.

Conclusion: The association between physical activity and diabetes-related complications is
domain-specific. We revealed a racial disparity in physical activity in people with diabetes in

Brazil.

Keywords: diabetes mellitus, physical activity, diabetes complications, disparity, health

inequities.
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Background

Diabetes is a growing public health problem. In 2050, 1.31 billion people will be living with
diabetes worldwide. Previous population-based survey estimated that 8% of the Brazilian
population reported a medical diagnosis of diabetes in 2019'. However, approximately 46% of
these prevalent cases cannot achieve the target of <7% for glycated hemoglobin, which
increases the risk of diabetes-related complications, including retinopathy and nephropathy?. In
addition, the economic cost of chronic diseases such as hypertension, diabetes, and obesity
within the Brazilian Unified Health System (SUS) exceeded US$ 890 million, with
approximately 30% of this expenditure allocated to diabetes treatment?. Therefore, strategies

are required to reduce the burden of diabetes and its related complications.

Globally, 11.2 million new cases of diabetes due to physical inactivity will occur between 2020
and 2030, Physical activity (PA) has been associated with reduced risk of incident diabetes
and macrovascular and microvascular complications>®. In this sense, the Brazilian Diabetes
Society recommends that people with diabetes use aerobic and resistance exercises as non-
pharmacological approaches to managing the disease’. However, a study with 14,521 free-
living middle-aged and older adults in Brazil showed that only 14% of the participants with
diabetes adhere to the PA recommendations, with a lower proportion of participants with worse
socioeconomic conditions®. Corroborating the sex and socioeconomic inequalities in access to

leisure-time PA in Brazil®!°,

Public efforts to promote PA as a complementary therapy for people with diabetes must address
the complexities of social status intersections to attenuate the observed inequalities. However,
no study has investigated the association between PA and diabetes and its related complications
through the lens of social determinants of health (SDH). SDH substantially impacts diabetes
management, complications, and PA'"!2. For example, women, non-white, older people, and
lower socioeconomic positions are associated with worse diabetes management and low PA
levels'3. Although clinical and environmental factors such as the coexistence of other health
conditions, the obesity pandemic, and demographic transition are associated with the increasing

prevalence of diabetes, the impact of social inequalities on health cannot be neglected!*!5,

Social inequalities, such as those resulting from structural racism, impact morbidity and

16-18

mortality outcomes in diabetes'®'°. The scenario of social inequalities generates health

inequities, with the historically most vulnerable groups being the most negatively affected!®.
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However, no study has investigated the presence of racial/ethnic disparity in the practice of PA
in people with diabetes in Brazil. Therefore, this study aimed to examine the association
between PA and diabetes-related complications according to the race groups in the Brazilian

population.

Methods

Study design

This study utilized secondary data from the 2019 Brazilian National Health Survey (NHS)
edition. The NHS is a cross-sectional, nationwide household-based survey developed by the
Brazilian Institute for Geography and Statistics (IBGE) in collaboration with the Ministry of
Health to provide insights into the health characteristics of the Brazilian population. Data from
the NHS are publicly accessible and received approval from the Brazilian National Ethics

Research Commission. Participants provided written informed consent.

The sampling process is based on a probabilistic and representative sample of the Brazilian
population. Data collection involved interviewing selected participants in households aged 15
years or older. However, for this study, we only utilized data from respondents aged 18 years
or older who had received clinical diabetes diagnoses and had data on four domains of PA.

Further details about the sampling and data collection can be found elsewhere®’.

Exposures

In this study, sociodemographic information (sex, age, skin color, income, and education) and
lifestyle data were utilized. One should note that, in the present study, race was self-determined
based on skin color and classified as black, brown (or pardo), and white. Lifestyle information
included questions about leisure-time, occupational, commuting, and domestic PA, alcohol
consumption (never, less than once a month, less than once a week, 1-2 days/week, 3-4

days/week, 5+ days/week), and smoking (smoker, never smoked or ex-smoker).

Physical activity

We analyzed all PA domains (leisure-time, occupational, commuting, and domestic activities).
The weekly time spent in each domain was calculated by multiplying the number of days per
week by the time spent in these activities per day. For each domain, participants who performed

at least 150 minutes of PA per week were considered physically active, according to the 2020
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World Health Organization Guideline of Physical Activity and Sedentary Behavior?'- while

those who did not reach recommended levels were classified as physically inactive.

Leisure-time PA was assessed using the question: "In the last three months, have you practiced
any type of physical exercise or sport? (do not consider physical therapy)". The following
question assessed occupational PA: "At work, do you do heavy cleaning, carry weight, or do
any other heavy activity that requires intense physical effort?". If yes, participants reported the
frequency and time per day during a typical week. For commuting PA, we combined the
following questions: "To get to or from work, do you travel on foot or by bicycle?" and "In
your usual activities (such as going to a course, school, or club or taking someone to a course,
school or club), how many days a week do you do any activity that involves walking or cycling?
(Except work)". If participants answered yes to these questions, we asked the number of days
per week and duration. For domestic PA, we used the following question: "In your domestic
activities, do you do heavy cleaning, carry weight or do any other heavy activity that requires

intense physical effort? (do not consider activity)".

Outcome

The NHS questionnaire addressed questions about different chronic health conditions. The
medical diagnosis of DM was assessed using the following question: "Has a doctor ever
diagnosed you with diabetes?". Among the participants who reported yes, the diabetes-related
complications were investigated by asking, "Do you have or have you had any of these
complications due to diabetes?". The answer options were a) vision problems, b) heart attack
or stroke or other circulatory problems, c¢) kidney problems, d) foot ulcer/wound or amputation
of limbs (feet, legs, hands or arms), e) diabetic coma, and f) other. Participants who answered

yes to at least one complication associated with DM were included in the statistical analysis.

Statistical analysis
Descriptive analyses were performed using means with their respective 95% confidence
intervals (95%CI), standard deviation (+SD), or median and interquartile range for continuous

variables. Categorical variables were summarized using total and relative frequencies.

We used ternary plots to illustrate the contribution of each PA domain to the overall PA. We
aggregated domestic and occupational PA to fit a three-part component. We used Poisson

regression with robust variance to examine the association between each domain of PA (leisure-
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time, occupational, domestic, and commuting) and the presence of diabetes-related
complications, stratified by race. This analysis was adjusted for age, sex, income, smoking,
alcohol consumption, and hypertension. These variables were associated with the probability
of diabetes-related complications (p<0.20) (Supplementary Table 1). Results are presented in
tables, providing prevalence ratios with their respective 95%CI and figures. The analyses were
performed using STATA v.14.2 (Stata Corp, College Station, Texas, USA) and R Version 4.2.1.
(R Core Team, 2021, The R Foundation for Statistical Computing, Vienna, Austria).

Results

Sample characteristics

We analyzed data from 2,529 adults with diabetes in Brazil with valid data on PA, diabetes-
related complications, and covariates (Supplementary Figure 1). Table 1 illustrates the
sociodemographic and behavioral characteristics of participants with diabetes, stratified by race
in the Brazilian population. A total of 2,529 people were enrolled in this study, with 48.9%
female and an average age of 53.5 (+11.9) years. Approximately 31.4% reported a per capita
income >1 and <2 minimum wages. A significant proportion of participants completed less than
elementary school (43.9%). Most participants (61.4%) reported no alcohol consumption, while
11.1% were current smokers. Nearly 35.7% of the sample were categorized as
overweight. Additionally, 55.4% had been diagnosed with hypertension, and 29.7%
experienced diabetes-related complications, with vision impairment being the most common at

23.8%.

Racial disparities in physical activity

We identified racial disparities in domain-specific PA levels among participants with diabetes
in the Brazilian population. Black individuals practiced more PA in occupational and
commuting domains than white (p=0.002 and p<0.001, respectively) and brown (p=0.001 in
both domains) participants (Supplementary Table 2). They also practiced less leisure-time PA
than white participants. No difference was observed in the domestic domain across groups. We
also illustrated the proportion of weekly PA spent in each domain according to race in

Supplementary Figure 2.

We compared the proportion of the time spent in each PA domain. Participants spent more time
in occupational PA regardless of the racial/ethnic group (p=0.099), with proportions varying

from 66.7% in brown to 69.2% in white participants (Figure 1). We observed no significant
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difference in the proportion of weekly PA spent in domestic activities among race groups
(p=0.283). However, white participants spent less time commuting PA than black (p=0.002)
and brown (p=0.001) participants (Figure 1). Leisure-time PA was the domain with the lowest
engagement across ethnic groups. The proportion of weekly PA practiced during leisure time

is lower in black than white adults with diabetes in Brazil (p=0.012).

Diabetes-related complications

We observed that participants with diabetes-related complications spent less time in leisure-
time PA than those without (Supplementary Figure 3). Table 3 shows the association between
domain-specific PA and diabetes-related complications. We observed that reaching the
recommended levels of PA during leisure was associated with a lower probability of any
complication, experiencing impairment in vision and circulatory system, kidney problems, and
foot wulcers compared to individuals with physically inactive participants with
diabetes. Meeting the recommendations for PA in domestic activities was associated with a
lower probability of foot ulcers. Commuting and occupational domains were not associated

with the presence of diabetes-related complications.

Black participants showed a higher probability of vision complications associated with diabetes
than their white counterparts (PR: 1.16; 95%CI: 1.00, 1.33; Supplementary Figure 4). No other
associations between race and compilations were observed. However, there was a significant
interaction term (p=0.046) between race and leisure-time PA with the probability of diabetes-
related complications (Figure 2). Compared to white, physically active participants, active
Brown and Black participants showed a higher probability of any complications and vision
complications. Physical inactivity was associated with a higher probability of any and vision
complications regardless of race. In addition, physical inactivity was associated with a higher
probability of kidney, circulatory, and vision complications in Brown compared to active, white
adults. However, PA attenuated the probability of any, kidney, ulcer, and circulatory

complications in Brown participants (Figure 2).

We examined the association between domain-specific PA, measured in minutes per week, and
diabetes-related complications according to race using Poisson regression with robust variance
with restricted cubic splines (Supplementary Table 2 and Supplementary Figures 5-8). We
observed no statistically significant associations. However, leisure-time PA was inversely

associated with a reduced likelihood of developing foot ulcers (p=0.034). We observed that the
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probability of foot ulcer decreases through the spectrum of leisure-time PA in white
participants. However, only high levels of leisure-time PA (500 minutes per week, 3.3x higher
than the WHO recommendation) were associated with a lower probability of foot ulcers in
Brown and Black individuals compared to white participants engaging in zero leisure activity

per week (Supplementary Figure 9).

Physical activity counseling

We also compared the proportion of participants who reached the recommended level of PA
during leisure time according to PA counseling during medical visits (Supplementary Figure
10). Although we observed no difference in PA counseling among race (p=0.472), the
proportion of physically active participants was higher in those who received PA counseling

(16.7% vs 3.5%).

Discussion

This study aimed to examine the association between PA and diabetes-related complications
according to the ethnicity in the Brazilian population. Overall, the PA adherence in leisure time
was lower among all groups. However, we identified disparities in PA practices and diabetes-
related complications among the racial groups. White participants spent less time commuting
and more time in leisure-time PA compared to black participants. Also, Brown and Black
participants showed a higher probability of any complications and vision complications.
Physical inactivity was associated with a higher probability of all-cause and vision
complications regardless of race. In contrast, leisure-time PA was inversely associated with less

likelihood of foot ulcer development.

The unfavorable socioeconomic characteristics of our sample, such as lower per capita
minimum wages and lower levels of education, are factors directly associated with the social
determinants of health and are linked to lower PA participation, especially in leisure time??. It
is important to note that individual self-care behaviors do not solely determine adherence to PA
recommendations by the population. In the context of race, white participants are more likely
to reach sufficient PA levels compared to other ethnic groups, particularly in comparison to
black individuals®>?*, Persistent profiles of individuals engaging in recommended levels of PA,
especially in leisure-time PA, tend to be male, young, white, with higher levels of education,

and those with better socioeconomic status'3-25,



35

Black participants demonstrated a higher likelihood of engaging in PA within the occupational
and commuting domains. In light of this finding, it is crucial to consider the occupational PA
paradox, which explores both the benefits and potential harmful effects associated with
occupational PA. As evidence suggests, high levels of occupational PA can benefit certain
health aspects, such as reducing the risk of certain cancers (e.g., colon and prostate), coronary
heart disease, ischemic stroke, and promoting mental well-being?. On the other hand, high
occupational PA levels have been associated with adverse health effects, including an increased
risk of all-cause mortality in men, depression, anxiety, osteoarthritis, and sleep disturbances?®.
Also, the health effects of occupational PA appear to be detrimental in people living with
cardiovascular disease and type 2 diabetes?’-?®. This paradox is characterized by divergent

research findings, particularly when considering ethnic differences?®-°.

The disparity in commuting PA between black and white participants can be attributed to
various factors. One of the key elements contributing to this difference is impaired walkability,
meaning that certain neighborhoods lack infrastructure conducive to walking or cycling.
Additionally, socioeconomic factors such as low income and limited access to education play
a role. These circumstances often limit transportation options, compelling individuals,
particularly those from disadvantaged backgrounds, to rely on active commuting methods. This
phenomenon underscores the pivotal role of environmental and transport conditions in shaping
commuting behaviors. Previous studies emphasize how individuals in economically challenged
situations tend to opt for active modes of commuting due to the specific characteristics of their
built environment®'32, This suggests a complex interplay between socio-economic factors,
neighborhood infrastructure, and commuting choices, shedding light on the multifaceted nature

of commuting PA disparities between racial and ethnic groups.

Regardless of the race, our observations revealed a compelling trend: those who engaged in
regular physical activity (PA) during their leisure time experienced significantly lower
probabilities of diabetes-related complications compared to their physically inactive
counterparts. Specifically, individuals who met the recommended levels of PA exhibited
reduced risks of complications such as impaired vision, circulatory issues, kidney problems,
and foot ulcers. This noteworthy finding underscores the substantial health benefits associated
with engaging in regular PA among people living with diabetes. The positive outcomes can be
attributed to the physiological effects of PA on glycemic management, a process crucial for

individuals with diabetes. Previous research studies have consistently highlighted the positive
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impact of PA on glycemic control’*34. By actively managing blood sugar levels, regular PA not
only contributes to overall well-being but also serves as a pivotal factor in mitigating diabetes-
related complications, thereby enhancing the quality of life for individuals grappling with this

chronic condition.

However, Brown and Black participants exhibited a higher likelihood of experiencing
complications. Black individuals with diabetes in Brazil have a greater probability of
developing microvascular lesions®>. This may be linked to the higher prevalence of other
comorbidities associated with poorer cardiovascular health, such as obesity and hypertension,
in this population.’®3” Furthermore, engaging in leisure-time PA was associated with a reduced
likelihood of vision, ulcers, and any diabetes-related complications. However, our study
revealed that Black individuals spend less time in this realm of PA compared to their White
counterparts. Our findings highlight the racial disparities in diabetes-related complications and
underscore the importance of addressing these disparities through targeted interventions and

health promotion efforts.

Furthermore, previous observations have highlighted the significant impact of race on health
outcomes, underscoring the pervasive influence of structural racism on health outcomes®®3°.
Regrettably, there is ample evidence indicating suboptimal management of historical minority
groups, particularly in terms of glycated hemoglobin (HbAlc) control, leading to unfavorable
outcomes in diabetes among vulnerable populations*’. In Brazil, such race-based analyses are
scarce. However, some evidence suggests that individuals from Black and Brown communities
living in disadvantaged circumstances are at a higher risk of developing hypertension and
diabetes and a higher probability of having unhealthy behavior*'. Our study further supports
the existing evidence that highlights the increased risks encountered by individuals from Black
and Brown communities in disadvantaged situations, encompassing both health conditions and

unhealthy behaviors in Brazil.

The detrimental effects of racial inequalities, especially when combined with other social
determinants of health, on individual and population-level health outcomes have been well-
established'?. Over time, skin color has determined access to diagnosis, management, diabetes
education, and an individual's ability to address and prevent potential diabetes-related
complications and mortality*>. Furthermore, the deep-seated roots of racism also impact an

individual's psychosocial factors, which, in turn, contribute to perpetuating the disparities in
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healthcare among the Black population (e.g., self-efficacy, social support, chronic stress,

discrimination)'7-18,

Additionally, we must acknowledge some limitations in our study. We did not have access to
clinical data, such as objective measures of HbAlc for estimating glycemic control. Our PA
assessment was based on indirect measurements, although this was the available tool given our
sample size. However, this population-based study provides a comprehensive exploration of
various domains of PA, a perspective not commonly utilized in studies on PA in Brazil,
particularly regarding its ethnic considerations. In addition, self-reported questions, such as the
ones used in the survey, are widely used in other population-based surveys, thus improving

comparability between studies.

In conclusion, we examined the association between PA and diabetes-related complications
according to the race groups in the Brazilian population. Our findings revealed significant racial
disparities in PA adherence in individuals with diabetes in Brazil. We also demonstrated that
the association between PA and diabetes-related complications is domain-specific. This
highlights the need for targeted interventions considering the different needs in PA promotion
strategies among the racial groups to address these disparities and improve overall health
outcomes for all racial groups according to their specific needs and opportunities. We also
emphasize the necessity for experimental and observational studies to consider the
epidemiological characteristics of the Brazilian population, considering the proportion of Black

and White individuals, from participant selection to the dissemination of study results.
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Figure legend

Figure 1. Distribution of physical activity by domains in Brazilian adults with diabetes
stratified by race. Brazilian National Health Survey, 2019. (n=2,529)

Figure 2. The probability of diabetes-related complications by race and physical activity level
among people with diabetes. Brazilian National Health Survey, 2019. (n=2,529). Participants
who performed at least 150 minutes of PA per week were considered “active”, according to the
2020 World Health Organization Guideline of Physical Activity and Sedentary Behavior.

Participants not reaching this cutoff were defined as “inactive”.
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Table 1. Characteristics of participants with diabetes by race in the Brazilian population.
Brazilian National Health Survey, 2019. (n=2,529)

White Black Brown Overall
(N=931) (N=330) (N=1215) (N=2529)

Sex, female
Age, year
Income per capita, in MW
<0.5
0.5-1
>] & <2
2-3
>3
Schooling
Less than elementary school
Incomplete high school
Incomplete college
Completed college
Alcohol
Never
Less than once a month
Less than once a week
1-2 days/week
3-4 days/week
5+ days/week
Body mass index
Normal
Overweight
Obesity

Smoking

408 (43.8%) 189 (57.3%) 617 (50.8%) 1237 (48.9%)
54.9 (12.0) 52.3(11.6) 52.7(11.9) 53.5(11.9)

91 (9.8%) 67 (20.3%) 258 (21.2%)424 (16.8%)
169 (18.2%)97 (29.4%) 340 (28.0%)615 (24.3%)
301 (32.3%) 110 (33.3%) 371 (30.5%) 795 (31.4%)
152 (16.3%)25 (7.6%) 113 (9.3%) 293 (11.6%)
218 (23.4%)31 (9.4%) 133 (10.9%)402 (15.9%)

354 (38.0%) 152 (46.1%) 588 (48.4%) 1111 (43.9%)
108 (11.6%)42 (12.7%) 159 (13.1%)315 (12.5%)
269 (28.9%)97 (29.4%) 317 (26.1%)698 (27.6%)
200 (21.5%)39 (11.8%) 151 (12.4%)405 (16.0%)

539 (57.9%) 197 (59.7%) 783 (64.4%) 1554 (61.4%)
101 (10.8%)31 (9.4%) 148 (12.2%)288 (11.4%)
39 (4.2%) 12 (3.6%) 40 (3.3%) 93 (3.7%)
183 (19.7%)75 (22.7%) 189 (15.6%)451 (17.8%)
27 (2.9%) 10 (3.0%) 34 (2.8%) 74 (2.9%)
42 (45%) 5(1.5%) 21 (1.7%) 69 (2.7%)
204 (21.9%)62 (18.8%) 234 (19.3%)509 (20.1%)
341 (36.6%) 110 (33.3%) 432 (35.6%) 902 (35.7%)
305 (32.8%) 100 (30.3%) 361 (29.7%) 781 (30.9%)
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Smoker 104 (11.2%)37 (11.2%) 135 (11.1%)289 (11.4%)

Never smoked 535 (57.5%) 193 (58.5%) 684 (56.3%) 1439 (56.9%)

Ex-smoker 292 (31.4%) 100 (30.3%)396 (32.6%)801 (31.7%)
Hypertension, yes 507 (54.5%) 196 (59.4%) 668 (55.0%) 1401 (55.4%)

Diabetes-related complication, yes

Vision impairment 190 (20.4%) 85 (25.8%) 319 (26.3%)603 (23.8%)
Ulcer 32(3.4%) 7(2.1%) 49 (4.0%) 89 (3.5%)
Circulatory problem 32 (3.4%) 10(3.0%) 52 (4.3%) 96 (3.8%)
Kidney impairment 60 (6.4%) 14 (4.2%) 79 (6.5%) 156 (6.2%)
Diabetic coma 13 (1.4%) 5(1.5%) 21(1.7%) 39 (1.5%)

Any diabetes-related complications248 (28.6%)100 (30.3%)393 (32.3%) 752 (29.7%)

MW: minimum wages.



46

Table 2. Association between domain-specific physical activity (minutes per week) and
diabetes-related complications. Brazilian National Health Survey, 2019. (n=2,529)

PA Domain Any Vision Circulatory Kidney  Foot Coma
complication ulcers

Domestic 0.97 0.99 1.05 0.95 0.56 1.30
(0.86, 1.10) (0.86, (0.70, (0.70, (0.33, (0.71,

1.15) 1.57) 1.30) 0.96) 2.38)

Commuting  1.04 1.02 0.83 1.19 0.85 1.17
(0.92, 1.19) (0.88, (0.51, (0.86, (0.52, (0.59,

1.19) 1.34) 1.64) 1.40) 2.31)

Occupational 1.01 1.01 0.79 1.18 0.89 0.80
(0.90, 1.14) (0.88, (0.52, (0.87, (0.59, (0.42,

1.16) 1.21) 1.58) 1.36) 1.51)

Leisure-time  0.78 0.82 0.59 0.61 0.51 0.82
(0.71, 0.86) (0.74, (0.44, (0.48, (0.37, (0.52,

0.92) 0.80) 0.78) 0.70) 1.30)
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Figure 1. Distribution of physical activity by domains in Brazilian adults with diabetes
stratified by race. Brazilian National Health Survey, 2019. (n=2,529)
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Figure 2. The probability of diabetes-related complications by race and physical activity level
among people with diabetes. Brazilian National Health Survey, 2019. (n=2,529). Participants
who performed at least 150 minutes of PA per week were considered “active”, according to the
2020 World Health Organization Guideline of Physical Activity and Sedentary Behavior.
Participants not reaching this cutoff were defined as “inactive”.
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Supplementary Table 1. Association between domain-specific physical activity (minutes per
week) and diabetes-related complications. Brazilian National Health Survey, 2019. (n=2,529)

PR p-value

Sex, female 0.86 (0.81,0.92) <0.001
Age, year 0.99 (0.99, 0.99) <0.001
Income per capita, in MW <0.001

<0.5 Ref

0.5-1 0.87 (0.80, 0.94)

>] & <2 0.83 (0.76, 0.91)

2-3 0.76 (0.66, 0.87)

>3 0.63 (0.55,0.73)
Schooling 0.084

Less than elementary school Ref

Incomplete high school 1.01 (0.92, 1.12)

Incomplete college 0.95 (0.87, 1.04)

Completed college 0.88 (0.76, 1.02)
Alcohol <0.001

Never Ref

Less than once a month 0.79 (0.69, 0.90)

Less than once a week 0.65 (0.48, 0.87)

1-2 days/week 0.68 (0.60, 0.78)

3-4 days/week 1.03 (0.83, 1.29)

5+ days/week 0.83 (0.64, 1.07)
Body mass index 0.218

Normal Ref

Overweight 1.02 (0.93, 1.11)

Obesity 0.95 (0.86, 1.04)
Smoking 0.058

Smoker Ref

Never smoked 0.90 (0.81, 0.99)

Ex-smoker 0.95 (0.86, 1.07)

Hypertension, yes 1.14 (1.06, 1.22) <0.001
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Supplementary Table 2. Domain-specific physical activity level in participants with diabetes
by race/ethnicity in the Brazilian population. Brazilian National Health Survey, 2019. (n=2,529)

Occupational Commuting Domestic Leisure

| | | | | |
Skin color

White 0 (0-480)P 0 (0-100>¢ 0 (0-0) 0 (0-90)
Black 30 (0-900)*¢ 50 (0-200)*¢ 0 (0-0) 0 (0-0)
Brown 0 (0-540) 20 (0-140)* 0 (0-0) 0 (0-75)

p-value <0.001 <0.001 0.160 0.021

Values in median and interquartile range.

4 Statistically significant difference compared to white participants;
b Statistically significant difference compared to black participants;
¢ Statistically significant difference compared to brown participants.
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Supplementary Table 3. Association between domain-specific physical activity (minutes per
week) and diabetes-related complications. Brazilian National Health Survey, 2019. (n=2,529)

PA Domain Any complication Vision  Circulatory Kidney Ulcer Coma

Domestic p=0.988 p=0.787 p=0.774 p=0.742 p=0.552 p=0.403
Commuting  p=0.600 p=0.470 p=0.231 p=0.403 p=0.339 p=0.723
Occupational p=0.922 p=0.789 p=0.489 p=0.925 p=0.951 p=0.839

Leisure p=0.619 p=0.875 p=0.913 p=0.240 p=0.034 p=0.140
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Supplementary Figure 1. Flowchart of inclusion of participants for the present study.

No data on physical
activity and covariates
(n=4,829)
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Supplementary Figure 2. Ternary plot of the distribution of three domains (leisure,
commuting, and household plus occupational) of weekly physical activity according to skin
color. Dots represent each participant (A), and circular rings represent 50%, 90%, and 95%
confidence intervals of physical activity distribution.
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Supplementary Figure 4. The probability of diabetes-related complications by race/ethnicity
among people with diabetes. Brazilian National Health Survey, 2019. (n=2,529)
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Supplementary Figure 5. Association of domestic physical activity with diabetes-related
complications, estimated through Poisson regression with robust variance using restricted cubic
splines and adjusting for age, sex, income, and alcohol consumption. Solid lines are point
estimates of change along the spectrum of domestic physical activity, and the stippled area
indicates the 95% confidence zone. The accompanying histograms show the distribution of
domestic physical activity (percentage of the study sample; right vertical axis).



57

PR

------------------------------------ 10032

05+ +50

00+ et S RS T S T — A — I —  S—

0 400 BoC 1200 1600 .'.i(l) 2400 2000 200
Occupatonal PA (minfweek)

Skin color B White [ Black ard Brown

Supplementary Figure 6. Association of occupational physical activity with diabetes-related
complications, estimated through Poisson regression with robust variance using restricted cubic
splines and adjusting for age, sex, income, and alcohol consumption. Solid lines are point
estimates of change along the spectrum of occupational physical activity, and the stippled area
indicates the 95% confidence zone. The accompanying histograms show the distribution of
occupational physical activity (percentage of study sample; right vertical axis).



58

- 2T p— +10038

0.51 -80

00+ oo S R B R A R —

0 100 200 300 400 500 &0 700 80% 900
Commuting PA (minweek)

Skin color B White [ Black ard Brown

Supplementary Figure 7. Association of commuting physical activity with diabetes-related
complications, estimated through Poisson regression with robust variance using restricted cubic
splines and adjusting for age, sex, income, and alcohol consumption. Solid lines are point
estimates of change along the spectrum of commuting physical activity, and the stippled area
indicates the 95% confidence zone. The accompanying histograms show the distribution of
commuting physical activity (percentage of the study sample; right vertical axis).
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Supplementary Figure 8. Association of leisure physical activity with diabetes-related
complications, estimated through Poisson regression with robust variance using restricted cubic
splines and adjusting for age, sex, income, and alcohol consumption. Solid lines are point
estimates of change along the spectrum of leisure physical activity, and the stippled area
indicates the 95% confidence zone. The accompanying histograms show the distribution of
leisure physical activity (percentage of the study sample; right vertical axis).
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Supplementary Figure 9. Association of leisure physical activity with diabetes-related ulcers,
estimated through Poisson regression with robust variance using restricted cubic splines and
adjusting for age, sex, income, and alcohol consumption. Solid lines are point estimates of
change along the spectrum of leisure physical activity, and the stippled area indicates the 95%
confidence zone. The accompanying histograms show the distribution of leisure physical
activity (percentage of the study sample; right vertical axis).
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Supplementary Figure 10. Prevalence of physical activity practice by physical activity
counseling in Brazilian adults with diabetes. Brazilian National Health Survey, 2019.
(n=2,529).
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6 CONSIDERACOES FINAIS

Aqui destacamos os principais resultados com base nos estudos manuscritos
produzidos nesta tese. Em relacao ao problema de pesquisa sobre distribui¢do da inatividade
fisica entre pessoas de diferentes caracteristicas de raga-cor, o artigo 1 revelou disparidades
raciais na pratica de atividades fisica em pessoas vivendo com diabetes no contexto brasileiro.
Individuos que se autodeclaram com cor da pele preta praticaram mais AF nos dominios
ocupacional e de deslocamento quando comparados aos seus pares com cor da pele branca ou
parda. Em consonancia, as pessoas vivendo com diabetes que declararam sua cor da pele branca
apresentaram maior pratica de atividades fisicas no dominio do lazer. Por fim, pessoas com
diabetes que alcancaram as recomendagdes de AF no lazer (>= 150 minutos/semana de AF
moderada ou 75 minutos/semana de AF vigorosa) apresentaram menor probabilidade de
qualquer complicagdo associada ao diabetes, comprometimento visual e circulatorio, doenca
renal e tlceras nos pés quando comparados a pessoas fisicamente inativas com diabetes.

No segundo estudo, onde exploramos as complicacoes relacionadas com o diabetes e
inatividade fisica, observamos que, globalmente,
cerca de 10% das complica¢cdes micro e macrovasculares do diabetes, incluindo eventos cardio-
e cerebrovasculares, poderiam ser prevenidos eliminando a inatividade fisica. A analise
mostrou que paises de baixa e média renda tém proporg¢des atribuiveis de complicagdes como
acidente vascular cerebral e retinopatia maiores do que em paises de alta renda.
Especificamente, as regides da América Latina, Mediterraneo, América do Norte, Caribe,
Europa e Pacifico apresentaram altos valores de fragdo atribuivel populacional (PAF) para
acidente vascular cerebral, evidenciando uma carga significativa de complicacdes do diabetes
associadas a inatividade fisica nessas areas.

De forma geral, nossos resultados destacam reflexdes necessarias sobre a pratica de
atividade fisica, ressaltando inicialmente as disparidades raciais na aderéncia a pratica de
atividade fisica entre pessoas vivendo com diabetes no Brasil. Os resultados reforcam a
necessidade urgente de promogao de atividades fisicas voltadas as necessidades da populagao
preta e parta com diabetes. Além disso, destacamos o impacto da inatividade fisica nas
complicagdes micro e macrovasculares do diabetes. Essas complicagdes representam elevada
carga individual e coletiva que variam de acordo com as diferentes regides no mundo e entre

mulheres e pessoas € com baixa escolaridade.



