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RESUMO   

Indivíduos pós-acidente vascular encefálico (AVE) apresentam baixos níveis de aptidão 

cardiorrespiratória (ACR). Por isso, diretrizes recomendam que esses indivíduos realizem 

exercícios aeróbios. Portanto, este desfecho deve ser sistematicamente avaliado. O critério de 

referência para avaliação da ACR, teste de esforço cardiopulmonar (TECP), apresenta 

aplicabilidade clínica limitada. Como alternativa, equações para predizer o consumo máximo 

de oxigênio (VO2max) têm sido utilizadas. Como ainda não foram desenvolvidas para indivíduos 

pós-AVE, utilizar equações disponíveis na literatura pode ser uma alternativa. Porém, ainda 

não foi investigada a validade dessas equações para predizer o VO2max de indivíduos pós-AVE. 

Portanto, a presente dissertação apresentou dois objetivos que foram respondidos e 

apresentados em dois artigos distintos: artigo-1 e artigo-2. O artigo-1 teve como objetivo 

investigar a validade das equações disponíveis na literatura para predizer o VO2max de 

indivíduos pós-AVE. O artigo-2 teve como objetivo desenvolver uma equação com 

aplicabilidade clínica e adequada validade para predizer o VO2max de indivíduos pós-AVE. Em 

ambos, foram incluídos indivíduos pós-AVE na fase crônica capazes de deambular 

independentemente. No artigo-1, quatro equações desenvolvidas para indivíduos sedentários 

foram selecionadas considerando os seguintes critérios: variáveis possíveis de serem obtidas 

com indivíduos pós-AVE, ter equação para indivíduos do sexo masculino e feminino no mesmo 

estudo, realizar o TECP na esteira para obter o VO2max. Para investigar a validade, a 

concordância entre o VO2max medido e predito foi analisada utilizando o coeficiente de 

correlação intraclasse (CCI) com intervalo de confiança de 95% (IC95%) e o método de Bland-

Altman (α=5%). No artigo-2, regressões múltiplas foram realizadas (etapa-1). Variável 

dependente: VO2max (ml.kg–1.min–1). Variáveis independentes: idade (anos), sexo (1-feminino; 

2-masculino) e índice de massa corporal (IMC) (kg/m2) (consideradas em ambas as análises) e 

distância (metros) caminhada no Teste de Caminhada de Seis Minutos (TC6) (considerada 

apenas na Equação-1) ou no Incremental Shuttle Walk Test (ISWT) (considerada apenas na 

Equação-2). Para investigar a validade (etapa-2), a concordância entre o VO2max medido e 

predito foi analisada utilizando o CCI com IC95% e o método de Bland-Altman (α=5%). No 

artigo-1, 50 indivíduos (55±12 anos; 67±74 meses pós-AVE) foram incluídos. Para as quatro 

equações, o IC95% do CCI incluiu o valor zero e o método de Bland-Altman mostrou que elas 

superestimaram o VO2max (viés médio variando de 1,92 a 9,24 ml.kg–1.min–1). No artigo-2, 50 

indivíduos foram incluídos na etapa-1 (55±12 anos; 67±74 meses pós-AVE) e 20 na etapa-2 

(58±8 anos; 60±46 meses pós-AVE). As quatro variáveis independentes de cada equação foram 

retidas (Equação-1: R²=0,68, p<0,001; Equação-2: R²=0,58, p<0,001). Equação-1: CCI=0,73 

(IC95%=0,30 a 0,89; p=0,004), viés médio=0,003 ml.kg–1.min–1. Equação-2: CCI impreciso 

(IC95%=-0,12 a 0,82), uma vez que o IC95% incluiu o valor zero, viés médio=0,971 ml.kg–

1.min–1. Em conclusão, as equações desenvolvidas para indivíduos sedentários não 

apresentaram adequada validade para predizer o VO2max de indivíduos pós-AVE e, portanto, 

não podem ser utilizadas com esses indivíduos. Somente a Equação-1 desenvolvida no presente 

estudo (VO2max=22,239+0,020*distância no TC6+4,039*sexo-0,157*idade-0,265*IMC) 

apresentou adequada validade para predizer o VO2max de indivíduos pós-AVE e, portanto, deve 

ser utilizada na impossibilidade da realização do TECP. 

 

Palavras-chave: Aptidão Cardiorrespiratória. Consumo de Oxigênio. Teste de Esforço. Teste 

de Caminhada. Reprodutibilidade dos Testes. Acidente Vascular Cerebral. 

 

 



 
 

ABSTRACT 

Individuals after stroke have low levels of cardiorespiratory fitness (CRF). For this reason, 

guidelines recommend that these individuals perform aerobic exercise. Therefore, this outcome 

must be systematically evaluated. The reference criterion for evaluating the CRF, 

cardiopulmonary exercise test (CPET), has limited clinical applicability. As an alternative, 

equations to predict maximal oxygen consumption (VO2max) have been used. As they have not 

yet been developed for individuals after stroke, using equations available in the literature can 

be an alternative. However, the validity of these equations to predict the VO2max of individuals 

after stroke has not yet been investigated. Therefore, this dissertation presented two objectives 

that were answered and presented in two different articles: article-1 and article-2. Article-1 

aimed to investigate the validity of equations available in the literature to predict the VO2max of 

individuals after stroke. Article-2 aimed to develop an equation with clinical applicability and 

adequate validity to predict the VO2max of individuals after stroke. In both, individuals after 

chronic stroke able to walk independently were included. In article-1, four equations developed 

for sedentary individuals were selected considering the following criteria: variables possible to 

be obtained with individuals after stroke, having an equation for male and female individuals 

in the same study, performing the CPET on the treadmill to obtain the VO2max. To investigate 

validity, the agreement between measured and predicted VO2max was analyzed using the 

intraclass correlation coefficient (ICC) with a 95% confidence interval (95%CI) and the Bland-

Altman method (α=5%). In article-2, multiple regressions were performed (step-1). Dependent 

variable: VO2max (ml.kg–1.min–1). Independent variables: age (years), sex (1-female; 2-male) 

and body mass index (BMI) (kg/m2) (considered in both analyses) and distance (meters) in the 

Six-Minute Walk Test (6MWT) (considered only in Equation-1) or in the Incremental Shuttle 

Walk Test (ISWT) (considered only in Equation-2). To investigate validity (step-2), the 

agreement between measured and predicted VO2max was analyzed using the ICC with 95%CI 

and the Bland-Altman method (α=5%). In article-1, 50 individuals (55±12 years; 67±74 months 

after stroke) were included. For the four equations, the 95%CI of the ICC included the zero 

value and the Bland-Altman method showed that they overestimated the VO2max (mean bias 

ranging from 1.92 to 9.24 ml.kg–1.min–1). In article-2, 50 individuals were included in stage-1 

(55±12 years; 67±74 months after stroke) and 20 in stage-2 (58±8 years; 60±46 months after 

stroke). The four independent variables of each equation were retained (Equation-1: R²=0.68, 

p<0.001; Equation-2: R²=0.58, p<0.001). Equation-1: ICC=0.73 (95%CI=0.30 to 0.89; 

p=0.004), mean bias=0.003 ml.kg–1.min–1. Equation-2: ICC imprecise (95%CI=-0.12 to 0.82), 

since the 95%CI included the zero value, mean bias=0.971 ml.kg–1.min–1. In conclusion, the 

equations developed for sedentary individuals did not show adequate validity to predict the 

VO2max of individuals after stroke and, therefore, cannot be used with these individuals. Only 

Equation-1 developed in the present study (VO2max =22.239+0.020*distance in the 

6MWT+4.039*sex-0.157*age-0.265*BMI) presented adequate validity to predict the VO2max 

of individuals after stroke and, therefore, should be used in the impossibility of performing the 

CPET. 

 

Keywords: Cardiorespiratory Fitness. Oxygen Consumption. Exercise Test. Walk Test. 

Reproducibility of Tests. Stroke. 
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PREFÁCIO 

Esta dissertação foi elaborada seguindo as orientações estabelecidas na regulamentação 

para elaboração das Dissertações e Teses do Programa de Pós-Graduação em Ciências da 

Reabilitação da Escola de Educação Física, Fisioterapia e Terapia Ocupacional da Universidade 

Federal de Minas Gerais (Nº004 /2018, de 03 de abril de 2018), e é composta por quatro partes. 

A primeira é constituída pela introdução, que contém uma revisão bibliográfica sobre o tema 

proposto, a problematização, e a justificativa do estudo, e os dois objetivos. A segunda parte é 

composta pelo Artigo-1, que contempla o objetivo-1 da presente dissertação, que foi redigido 

de acordo com as normas do periódico Annals of Physical and Rehabilitation Medicine (ISSN: 

1877-0657). Esse artigo foi submetido para este periódico em abril de 2021. O artigo foi 

avaliado por dois revisores e dois editores que deram a ele uma pontuação de prioridade menor 

do que o necessário para aceitação. Porém, o editor chefe do manuscrito pontuou o potencial 

do estudo e considerou uma nova submissão do manuscrito no formato de carta ao editor. Neste 

sentido, esta nova versão do manuscrito foi desenvolvida e apresentada nesta dissertação no 

formato de carta ao editor. A segunda parte é composta pelo Artigo-2, que contempla o 

objetivo-2 da presente dissertação. Este artigo foi redigido de acordo com as normas do 

periódico Clinical Rehabilitation (ISSN: 1477-0873), e a sua submissão será realizada após as 

considerações da banca examinadora. A quarta e última parte contém as considerações finais 

acerca dos resultados encontrados. Por fim, é apresentado um mini currículo da autora desta 

presente dissertação. 

 

 

 

 

 

 

 

 

 

 

 



13 
 

1 INTRODUÇÃO 

O acidente vascular encefálico (AVE) é considerado, globalmente, como a segunda 

principal causa de morte e incapacidade, resultando em mais de 13 milhões de novos casos 

anualmente (STOVNER et al., 2018). A prevalência global do AVE é de 101,5 milhões casos 

(VIRANI et al., 2021). Considerando o período de 1990 a 2019, houve um aumento de 43% do 

número absoluto de mortes devido ao AVE (VIRANI et al., 2021). A prevalência elevada do 

AVE tem se concentrado em países de baixa e média renda, como o Brasil (VIRANI et al., 

2021). No Brasil, estima-se que aproximadamente 2,3 milhões de pessoas vivem com AVE e 

que, deste total, 568 mil apresentam quadro grave da doença ou limitações muito graves 

(BENSENOR et al., 2015). Além disso, projeções futuras apontam que a incidência do AVE 

continuará aumentando e que os custos para os sistemas de saúde irão dobrar considerando o 

período de 2015 a 2035 (VIRANI et al., 2021). Portanto, mais indivíduos irão conviver com as 

incapacidades decorrentes do AVE. 

Baixos níveis de aptidão cardiorrespiratória (ACR) estão associados com diversas 

incapacidades que os indivíduos pós-AVE podem apresentar (SMITH; SAUNDERS; MEAD, 

2012, FAN; JIA, 2020). A ACR informa sobre a capacidade dos sistemas cardiovascular e 

respiratório de prover sangue rico em oxigênio e do sistema neuromusculoesquelético de 

utilizar esse oxigênio durante a atividade física sustentada (CASPERSEN; POWELL; 

CHRISTENSON, 1985). Além disso, a ACR tem sido considerada um sinal clínico vital que 

deve ser rotineiramente avaliado na prática clínica, para que os profissionais possam gerenciar 

melhor a saúde do indivíduo (ROSS et al., 2016). Em indivíduos pós-AVE, baixos níveis de 

ACR estão associados a limitações para realizar atividades de vida diária e ao aumento do risco 

de morte (FAN; JIA, 2020, ACSM, 2018). Por isso, estudos recentes têm recomendado que 

indivíduos pós-AVE realizem exercícios aeróbios para aumentar o nível de ACR (BILLINGER 

et al., 2014, MACKAY-LYONS et al. 2020, SAUNDERS et al., 2020). Para isso, a ACR desses 

indivíduos deve ser cuidadosamente e sistematicamente avaliada. 

Uma medida que reflete a ACR é o consumo máximo de oxigênio (VO2max) (ACSM, 

2018). O critério de referência para obtenção dessa medida é o teste de esforço cardiopulmonar 

(TECP) (MENEGHELO et al., 2010; NEDER; NERY, 2002, WASSERMAN et al., 2005). 

Porém, este teste apresenta aplicabilidade clínica limitada, pois demanda: ambiente com 

temperatura entre 22 e 24°C e umidade relativa do ar entre 50 e 70%; equipamentos de alto 

custo, como esteira e analisador de gases; materiais como medicamentos, oxigênio e 

desfibrilador; e equipe especializada e treinada (MENEGHELO et al., 2010, NEDER; NERY, 
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2002, WASSERMAN et al., 2005). Nos Estados Unidos, apenas cerca de 22% dos 

fisioterapeutas relataram ter os resultados do TECP de indivíduos pós-AVE quando 

prescreveram exercícios aeróbios para essa população (BOYNE et al., 2017). No Canadá, 

apenas 2% dos fisioterapeutas relataram usar o TECP para avaliar a segurança e a indicação do 

exercício aeróbio no processo de reabilitação de adultos com disfunções neurológicas (DOYLE; 

MACKAY-LYONS, 2013). Considerando que esses dados são de países desenvolvidos, 

provavelmente o TECP é ainda menos utilizado em países subdesenvolvidos ou em 

desenvolvimento, como o Brasil. Por isso, alternativas ao uso do TECP têm sido investigadas, 

como por exemplo, o uso de equações de predição do VO2max (ACSM, 2018). Porém, não foram 

encontrados estudos que desenvolveram uma equação de predição do VO2max para indivíduos 

pós-AVE. 

Foram encontrados apenas dois estudos que desenvolveram equações de predição do 

VO2max para indivíduos adultos acometidos por condições neurológicas, e ambos tiveram como 

amostra indivíduos que sofreram lesão medular (ZEPETNEK et al., 2016, VINET et al., 2002). 

Zepetnek et al. (2016) obtiveram o VO2max durante o TECP e durante o teste de braço de 6 

minutos (TB6) e consideraram as seguintes variáveis potenciais para desenvolver a equação: 

VO2max obtido durante o TB6, idade, tempo de lesão, Escala de Comprometimento da American 

Spinal Injury Association (ASIA), índice de massa corporal (IMC), pressão arterial média e 

avaliação subjetiva de esforço. A única variável retida na equação foi o VO2max identificado 

durante o TB6 (ZEPETNEK et al., 2016), o que limita sua aplicabilidade clínica uma vez que 

há a necessidade do uso do analisador de gases durante o TB6.  

No estudo conduzido por Vinet et al. (2002) com atletas em uso de cadeiras de rodas 

que tiveram lesão medular, um conjunto de variáveis foi considerado para elaborar a equação. 

As variáveis coletadas no exame clínico foram: idade, nível de lesão medular, altura, peso, IMC, 

massa corporal magra, volume muscular do braço e comprimento do braço (VINET et al., 

2002). A variável mecânica (resistência total da cadeira) foi obtida durante o teste de 

desaceleração (VINET et al., 2002). Em síntese, neste teste, o indivíduo conduz a cadeira de 

rodas por 20 metros e o respectivo tempo gasto nos primeiros dez metros de aceleração, nos 

últimos dez metros com velocidade constante, e para desacelerar são registrados (VINET et al., 

2002). A fórmula para o cálculo da resistência total da cadeira foi: 10 metros*(massa do 

indivíduo + massa da cadeira de rodas)/somatório dos tempos registrados (VINET et al., 2002). 

As variáveis fisiológicas (VO2max e frequência cardíaca máxima), biomecânica (número de 

impulsos realizados com a cadeira) e de desempenho (distância máxima e velocidade máxima) 

foram coletadas durante o teste de Léger e Boucher adaptado para atletas dependentes de 
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cadeira de rodas (VINET et al., 2002). Em síntese, este é um teste com velocidade incremental 

que segue o ritmo imposto por meio de uma fita de áudio em que o indivíduo conduz a cadeira 

de rodas num percurso de 400 metros marcado a cada 50 metros com pilões (VINET et al., 

2002). As variáveis retidas nesta equação foram: nível de lesão medular, velocidade máxima 

de condução da cadeira de rodas, idade e IMC (VINET et al., 2002). Uma limitação deste estudo 

é o fato da equação de predição do VO2max não ter sido elaborada pela obtenção do VO2max 

utilizando um TECP, o que pode comprometer a validade da equação em predizer o VO2max. 

Além disso, foram utilizadas variáveis de testes que não são comumente utilizados na prática 

clínica com indivíduos pós-AVE, o que limita sua aplicabilidade neste grupo específico. 

Ross et al. (2010) elaboraram uma equação de predição do VO2max baseada na distância 

caminhada no Teste de caminhada de 6 minutos (TC6) (única variável retida na equação) para 

pacientes com diversas condições cardiopulmonares. A amostra do estudo foi composta por 

1083 indivíduos (ROSS et al., 2010). Os resultados mostraram uma baixa precisão para uso da 

equação quando se tem como objetivo avaliar um indivíduo, e os autores recomendaram o uso 

da equação apenas para grupos de indivíduos que apresentam doenças cardiopulmonares 

(ROSS et al., 2010). Desta forma, a aplicabilidade clínica da equação é limitada quando se tem 

o objetivo de avaliar a ACR específica de cada indivíduo pós-AVE. 

Foram encontrados seis estudos que tiveram o propósito de elaborar equações de 

predição do VO2max para indivíduos sedentários (NEVES et al., 2015, LIMA et al., 2019, 

BRUCE; KUSUMI; HOSMER, 1973, WASSERMAN et al., 2005, ALMEIDA et al., 2014, 

SILVA et al., 2018). Neves et al. (2015) e Lima et al. (2019), no Brasil, desenvolveram 

equações de predição do VO2max para homens e mulheres, com idade entre 18 e 45 anos. Neves 

et al. (2015) utilizaram as variáveis idade, IMC, distância percorrida no Incremental Shuttle 

Walk Test (ISWT) e velocidade de marcha referente ao último nível concluído do ISWT, e as 

variáveis retidas foram IMC e velocidade de marcha. Lima et al. (2019) utilizaram as variáveis 

idade, peso, altura e distância percorrida no ISWT, e as variáveis retidas foram idade e distância 

percorrida no ISWT. Ambas as equações apresentam limitações em relação à aplicabilidade, 

pois incluíram somente indivíduos com idade entre 18 e 45 anos. 

Bruce, Kusumi e Hosmer (1973), nos Estados Unidos, consideraram as variáveis sexo, 

idade, atividade física, peso corporal, altura e histórico de tabagismo para desenvolver a 

equação, e a única variável retida foi idade. Wasserman et al. (2005), nos Estados Unidos, 

consideraram as variáveis idade, peso e altura para desenvolver a equação, e a única variável 

retida na equação foi a idade. Almeida et al. (2014), no Brasil, consideraram as variáveis sexo, 

idade, IMC e nível de atividade física para desenvolver a equação, e todas as variáveis ficaram 
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retidas. Silva et al. (2018), nos Estados Unidos, não informaram sobre o processo de 

determinação das variáveis incluídas na elaboração da equação, mas as variáveis retidas foram 

idade, sexo, peso, altura e modalidade de exercício (esteira ou ciclo ergômetro). Essas equações 

(BRUCE; KUSUMI; HOSMER, 1973, WASSERMAN et al., 2005, ALMEIDA et al., 2014, 

SILVA et al., 2018) apresentam variáveis que as tornam potencialmente aplicáveis para 

predizer o VO2max de diferentes populações, como por exemplo, de indivíduos pós-AVE.  

Apesar disso, é importante considerar que um instrumento ou método desenvolvido para 

uma população específica pode não ser válido para outras populações (PORTNEY; WATKINS, 

2015). Portanto, antes de utilizar um instrumento ou método com uma amostra diferente para a 

qual ele foi desenvolvido é importante investigar a sua validade (PORTNEY; WATKINS, 

2015). Almeida et al. (2014) investigaram a validade de duas equações desenvolvidas 

previamente para predizer o VO2max de indivíduos sedentários, ativos ou atletas, e que não 

tinham alterações patológicas no TECP. Uma das equações selecionadas foi desenvolvida por 

Wasserman et al. (2005), com o propósito de predizer o VO2max de indivíduos sedentários. A 

outra equação selecionada foi desenvolvida por Jones e Campbel (1982), e não foram 

encontradas informações na literatura sobre as características da amostra envolvida na 

elaboração da equação. Os resultados encontrados por Almeida et al. (2014) mostraram que as 

duas equações selecionadas não apresentaram adequada validade para predizer o VO2max dos 

indivíduos sedentários, ativos ou atletas, e que não tinham alterações patológicas no TECP.  

Ribeiro-Samora et al. (2017) investigaram a validade de quatro equações desenvolvidas 

previamente para predizer o VO2max de indivíduos com insuficiência cardíaca crônica. Três das 

equações selecionadas foram desenvolvidas para predizer o VO2max de indivíduos com 

insuficiência cardíaca crônica (CAHALIN et al., 1996, ADEDOYIN et al., 2010), e a outra 

equação foi desenvolvida para predizer o VO2max de indivíduos que apresentavam diversas 

doenças cardiopulmonares (ROSS et al., 2010). Os resultados encontrados por Ribeiro-Samora 

et al. (2017) mostraram que as quatro equações selecionadas não apresentaram adequada 

validade para predizer o VO2max de indivíduos com insuficiência cardíaca crônica.  

Considerando estes resultados, apesar das equações desenvolvidas para indivíduos 

sedentários (BRUCE; KUSUMI; HOSMER, 1973, WASSERMAN et al., 2005, ALMEIDA et 

al., 2014, SILVA et al., 2018) apresentarem variáveis possíveis de serem obtidas com 

indivíduos pós-AVE, elas podem não ser válidas para predizer o VO2máx desses indivíduos. 

Portanto, antes de serem utilizadas, é preciso investigar a validade nesta população específica.  

A ACR é influenciada por fatores como idade, sexo, composição corporal e presença de 

doença crônica (ACSM, 2018, WASSERMAN et al., 2005). Por essa razão, essas variáveis têm 
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sido utilizadas para desenvolver equações de predição do VO2max (NEVES et al., 2015, LIMA 

et al., 2019, VINET et al., 2002). Variáveis de testes clínicos também têm sido utilizadas para 

desenvolver equações de predição do VO2max (NEVES et al., 2015, LIMA et al., 2019, VINET 

et al., 2002). O IMC e a deambulação funcional são determinantes da ACR de indivíduos pós-

AVE (BAERT et al., 2012). Em relação à deambulação funcional, correlação significa foi 

encontrada entre a distância caminhada em dois testes clínicos frequentemente realizados com 

indivíduos pós-AVE na fase crônica e o VO2max: TC6 (r=0,4; p<0,005) (PANG; ENG; 

DAWSON, 2005) e ISWT (r=0,42; p=0,002) (QUINTINO et al., 2020). Este conjunto de 

variáveis (idade, sexo, IMC, e distância caminha nos testes clínicos) é fácil de ser obtido na 

prática clínica, pois exige pouco tempo para obtenção e interpretação dos resultados, apresenta 

baixo custo e não necessita de equipamentos ou treinamento especializado (TYSON; 

CONNELL, 2009). Portanto, estas variáveis poderiam ser utilizadas para desenvolver uma 

equação com aplicabilidade clínica específica para predizer o VO2max de indivíduos pós-AVE. 

Em síntese, considerando que os indivíduos pós-AVE apresentam baixos níveis de ACR 

(FAN; JIA, 2020), que a ACR tem sido considerada como um sinal vital que deve ser 

rotineiramente avaliado na prática clínica (ROSS et al., 2016), e que diretrizes têm 

recomendado o aumento dos níveis de ACR desses indivíduos para melhora da saúde e 

funcionalidade (BILLINGER et al., 2014), torna-se necessário avaliar cuidadosamente e 

sistematicamente este desfecho. Porém, o TECP, que é considerado critério de referência para 

obtenção do VO2max, apresenta aplicabilidade clínica limitada (MENEGHELO et al., 2010, 

NEDER; NERY, 2002, WASSERMAN et al., 2005). Como alternativa, equações de predição 

do VO2max são descritas na literatura (ACSM, 2018). Porém, não foram encontrados estudos 

que investigaram a validade dessas equações para predizer o VO2max de indivíduos pós-AVE 

na fase crônica. Além disso, também não foram encontrados estudos que elaboraram uma 

equação específica para predizer o VO2max de indivíduos pós-AVE na fase crônica. Desta forma, 

é importante investigar a validade das equações já desenvolvidas para predizer o VO2max de 

indivíduos pós-AVE na fase crônica e elaborar uma equação específica para esta população. 

 

1.1 Objetivos 

A presente dissertação apresentou dois objetivos que foram abordados com o 

desenvolvimento de dois artigos distintos: 

1. Objetivo-1 (artigo-1): investigar a validade das equações de predição do VO2max já 

disponíveis na literatura para predizer o VO2max de indivíduos pós-AVE na fase crônica.  
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2. Objetivo-2 (artigo-2): desenvolver uma equação com aplicabilidade clínica e adequada 

validade para predizer o VO2max para indivíduos pós-AVE na fase crônica. 
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Dear Editor, 

 

The cardiorespiratory fitness (CRF) is considered a clinical vital sign that should be 

routinely evaluated [1]. Individuals after stroke have low levels of CRF, which are associated 

with limitations to perform activities of daily living and increased risk of death [2,3]. Therefore, 

individuals after stroke should perform aerobic exercise to increase the levels of CRF [4]. The 

cardiopulmonary exercise test (CPET) is considered the criterion standard for assessing the 

CRF by measuring the maximum oxygen consumption (VO2max) [5]. However, it has limited 
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clinical applicability since it requires specific physical environment, expensive equipment, and 

trained staff [5,6]. This may explain why the CRF of individuals after stroke has not been 

routinely evaluated, even in developed countries [7].  

Using equations to predict the VO2max has been suggested as an alternative to the CPET 

[3]. However, no equation has been developed to individuals after stroke. Using equations 

already developed for other subjects could be an alternative to obtain the VO2max of individuals 

with stroke. However, equations developed for one population might not be adequate for others 

[8-10], and it is recommended to investigate the validity of an instrument or method before 

using it with a different sample from that it was developed [8]. Thus, the objective of the present 

study was to investigate whether equations to predict the VO2max previously developed are valid 

to predict the VO2max of individuals after chronic stroke. 

A cross-sectional study approved by the ethics committee was performed. Individuals 

were invited to voluntarily participate, were informed that there would be no compensation, 

and signed the written informed consent. The inclusion criteria were: age≥20 years old; 

diagnosis of chronic stroke (≥six months) [11]; and ability to walk independently for at least 10 

minutes (this information was obtained during telephone calls), with or without walking device. 

The exclusion criteria were: cognitive deficit, evaluated by the Mini Mental State Examination 

[12], or inability to respond to the following verbal commands: “raise your unaffected arm and 

open your hand” [13]; pain or other neurological, cardiopulmonary or musculoskeletal 

conditions that could compromise the performance of the test (i.e. Parkinson’s disease, 

arthritis). Considering the Consensus-based Standards for the Selection of Health Measurement 

Instruments (COSMIN) a sample of 50 individuals was determined [14]. 

The participants performed the CPET on the treadmill with gas analyzer (CPX Ultima 

Medical Graphics®, USA) and 12-lead electrocardiographic records [3]. A ramp protocol was 

performed: 3 minutes warm-up; increments were applied at each one-minute (increments were 

determined for each participant); after the end of the test, 3 minutes of walking without incline 

and a further 3 minutes of sitting rest [15]. The CPET was considered maximum if an RER>1.00 

was reached [16]. The CPET was interrupted if the participant requested it or if the professionals 

detect any adverse signs or symptoms [3]. The VO2max was obtained considering the highest 

value averaged of the three last blocks of 10 seconds’ measures at peak exercise [6]. Data 

collection were carried out by experienced staff in one day in a research laboratory. 

The following criteria to select the equations were established: including variables that 

could be obtained with individuals after stroke (to ensure clinical applicability); the VO2max 

used to develop the equation should have been obtained through the CPET performed on a 
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treadmill (considering the attainment of the VO2max is influenced by the modality of the CPET); 

and equations to predict the VO2max for male and female individuals should have been 

elaborated in the same study.  

Four equations were selected [6,9,17,18], as shown in the Table 2. The equations were 

developed considering the following samples: Equation-1-295 sedentary individuals; 138 men: 

48.6±11.1 years, and 157 women: 41.4±11.2 years [17]; Equation-2-1000 sedentary individuals 

[6]; Equation-3-2495 individuals: 43±15 years [9]; Equation-4-7617 able-bodied individuals: 

42.8±13 years [18].  

Shapiro-Wilk test was used to verify the normality of the data. Descriptive statistics 

were used. The agreement between the VO2max obtained in the CPET and the VO2max predicted 

by the equations was evaluated utilizing the intraclass correlation coefficient (ICC) with a 95% 

confidence interval (CI), the Bland-Altman method (mean bias, 95% limits of agreement (LoA), 

root mean squared error (RSME)) and repeated measures ANOVA. The magnitude of the 

significant correlations was classified following the criteria of Munro [19]. The Bonferroni test 

was used as the post hoc analysis. All data were analyzed in SPSS version 19 (SPSS Inc., 

Chicago, IL, United States) (α=5%). 

A total of 184 individuals were recruited by telephone, but 123 were excluded mainly 

due to unavailability to attend the assessment (n=42/34%) and due to difficulties related to 

transportation (n=35/29%). Sixty-one individuals were assessed and 11 were excluded, mainly 

because they were unable to perform CPET (n=6/55%). Thus, 50 individuals were included in 

the study. The flowchart of the present study is available as a supplementary file. The 

descriptive characteristics of the sample are described in Table 1. There was no missing data. 

 

[Insert Table 1 about here] 

 

The average VO2max obtained in the CPET and predicted by the four selected equations 

[6,9,17,18] are described in Table 2. Significant and positive agreement (p<0.05) was found 

only between the VO2max predicted by the Equations-1 [17] and Equation-2 [6] and the VO2max 

measured in the CPET. However, the magnitude of the correlation was low (0.35 and 0.42, 

respectively). Furthermore, the 95%CI for all correlations included the zero value, which 

compromises the agreement between the measured values. 

 

[Insert Table 2 about here] 

 



22 
 

The Bland-Altman method (Figure 1 and Table 2) showed that the four selected 

equations [6,9,17,18] overestimated the VO2max between 9% and 45%. The RMSE ranged 

between 6.7 and 10.7 ml.kg–1.min–1. The results showed that the mean bias (mean difference 

between the VO2max measured in the CPET and VO2max predicted by the equations) was not 

close to the central axis. Therefore, it showed that the mean bias distribution was related to the 

mean value of the VO2max measured in the CPET and the VO2max predicted by the equations. 

Furthermore, for the four equations [6,9,17,18], the 95%LoA (difference between the upper 

limit of agreement (ULA) and lower limit of agreement (LLA)) in the graphs showed great 

amplitude. Finally, the analysis of repeated measures ANOVA showed that only the average of 

the VO2max predicted by Equation-3 [9] was not statistically different from the average of the 

VO2max obtained in the CPET (p=0.446). For the other equations (1, 2 and 4) [6,17,18] there 

was statistically difference between the average of the VO2max predicted and the VO2max 

obtained in the CPET (p<0.0001). 

 

[Insert Figure 1 about here] 

 

The three analyzes together showed that the Equations-1 [17], 2 [6] and 4 [18] were not 

able to accurately estimate the VO2max of individuals after chronic stroke. The average of the 

VO2max predicted by the Equation-3 [9] was not statistically different from the average VO2max 

measured in the CPET according to the repeated measures ANOVA complementary analysis. 

However, the ICC with 95%CI and Bland-Altman method showed that there was no agreement 

between the values of the VO2max measured in the CPET and the VO2max predicted by the 

Equation-3 [9]. These analyzes (ICC with 95%CI and Bland-Altman method) consider the 

value of the individual and not the average of the values [8]. This is important in clinical 

practice, since we must develop the intervention plan through the assessment made 

individually. Therefore, none of the selected equations [6,9,17,18] showed adequate validity to 

predict the VO2max of individuals after chronic stroke. 

To estimate the VO2max using prediction equations already developed, it is important to 

ensure that the characteristics of the individuals are similar to the characteristics of the sample 

used to develop these equations to avoid estimating values of the VO2max that are not close to 

the real value [6]. This fact might explain why the prediction equations selected [6,9,17,18] did 

not show adequate validity to predict the VO2max of individuals after chronic stroke. Individuals 

after stroke have compromised CRF when compared to healthy individuals [2]. And possibly 

they also have lower CRF when compared to able-bodied and sedentary individuals. 
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The variables presented in the selected equations [6,9,17,18] may not be those more 

responsible for explaining the variability of the VO2max of individuals after stroke, what can 

also explain the results of the present study. Baert et al. [20] investigated the determinants of 

CRF considering 3, 6 and 12 months after stroke. Considering only individuals after chronic 

stroke, the determinants found were: knee extensors muscle strength of the nonparetic leg, 

functional ambulation, body mass index (BMI) and health-related quality of life [20]. 

Therefore, these variables might better explain the variability of the VO2max of individuals after 

stroke. 

Finally, it is important to consider that individuals with chronic diseases, such as stroke, 

rarely reach the VO2max plateau in the CPET, even though they really make a maximum effort 

during the test [3]. Generally, the CPET of these individuals is limited by local muscle factors 

or fatigue rather than central circulatory dynamics [3]. In the present study, a ramp protocol 

was used, as recommended, and an RER>1.00 was reached (Table 1). Therefore, the 

participants performed maximal effort. These low RER values can be explained by the fact that 

individuals have low levels of CRF, which justifies the overestimation of VO2max by the 

equations selected. 

The results of the present study cannot be generalized for individuals in the acute or 

subacute phase after stroke. Furthermore, the sample of the present study included only 

individuals who were able to walk independently. Future research should address these 

limitations. In conclusion, none of the selected equations [6,9,17,18] showed adequate validity 

to predict the VO2max of individuals after chronic stroke and should not be used. The results of 

this study will contribute to avoid errors in the rehabilitation process of these individuals. Since 

the equations overestimated the VO2max by up to 45%, an individual with a low CRF could be 

assessed incorrectly as having an adequate level of CRF, which can compromise rehabilitation 

care. Future studies should develop an equation to predict the VO2max of individuals after stroke. 
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Table 1. Descriptive characteristics of individuals after chronic stroke (n=50) 

Variable Measures 

Age, years, mean (SD); [min-max] 55 (12); [28-82] 

Sex, n men (%) 33 (66) 

Body mass index (kg/m2), mean (SD); [min-max] 28 (4); [21-35] 

Stroke type, n ischemic (%) 41 (82) 

Paretic side, n (%)  

Right 27 (54) 

Left 21 (42) 

Absent hemiparesis 2 (4) 

Time after stroke, months, mean (SD); [min-max] 67 (74); [6-370] 

Fugl-Meyer Upper Extremity Assessment (score: 0–66), n (%)  
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Legend: SD, standard deviation; kg/m2, kilogram per square meter; m/s, meters per second; 

ml.kg–1.min–1, milliliter per kilogram per minute; VO2max, maximum oxygen consumption; 

RER, respiratory exchange ratio; cardiopulmonary exercise test, CPET. 

 

 

 

 

 

 

Mild motor impairments 35 (70) 

Moderate motor impairments 5 (10) 

Severe motor impairments 10 (20) 

Fugl-Meyer Lower Extremity Assessment (score: 0–34), n (%)  

Mild motor impairments 32 (64) 

Moderate motor impairments 14 (28) 

Severe motor impairments 4 (8) 

Comfortable gait speed, m/s, mean (SD); [min-max]  1.01 (0.29); [0.46-1.68] 

VO2max (ml.kg–1.min–1), mean (SD); [min-max] 20.3 (3.9); [12.5-33.9] 

RER, mean (SD); [min-max] 1.1 (0.1); [1.0-1.4] 
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Table 2. Equations selected and the agreement between the VO2max measured in the CPET and the VO2max predicted by the equations (ICC with 

95%CI and Bland-Altman method (mean bias, 95%LoA, RSME)) (n = 50) 

Legend: CPET, cardiopulmonary exercise test; VO2max, maximum oxygen consumption; ml.kg–1.min–1, milliliter per kilogram per minute; LoA, 

limits of agreement; RSME, root mean squared error; SD, standard deviation; ICC, intraclass correlation coefficient; CI, confidence interval; mean 

bias (%), ratio between mean bias and VO2max measured in the CPET. 

 Equations selected 

VO2max  

(ml.kg–1.min–1), 

mean (SD);  

[min-max] 

ICC p 
95%CI of 

the ICC 

Mean 

bias (%) 
95%LoA 

RSME 

(ml.kg–

1.min–1) 

CPET - 20.3 (3.9); [12.5-33.9] - - - -  - 

Equation-1 [17] 
VO2max (male)=57.8-0.445*age in years 

VO2max (female)=41.2-0.343*age in years 
29.6 (6.0); [17.9-44.5] 0.35 <0.001 -0.19, 0.70 -9.2 (45%) 0.2, -18.7 10.4 

Equation-2 [6] 
VO2max (male)=(50.72-0.372*age in years)*1.1 

VO2max (female)=(22.78-0.17*age in years)*1.1 
26.8 (8.9); [12.3-43.5] 0.42 0.003 -0.08, 0.69 -6.4 (32%) 8.6, -21.4 9.9 

Equation-3 [9] 

VO2max =53.478+(-7.518*sex 1 for male, 2 for female)+(-

0.254*age in years)+(-0.430*BMI)+(6.132*physical 

activity 1 sedentary; 2 active; 3 athletes) 

22.3 (5.8); [13.9-41.9] 0.20 0.213 -0.37, 0.52 -1.9 (9%) 11, -14.8 6.7 

Equation-4 [18] 

VO2max =45.2-(0.35*age in years)-(10.9*sex 1 male; 2 

female)-(0.15*weight in pounds)+(0.68*height in 

inches)-(0.46*test mode 1 treadmill; 2 cycle ergometer) 

26.7 (8.0); [16.1-48.9] 0.06 0.374 -0.33, 0.38 -6.3 (31%) 10.7, -23.4 10.7 
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Figure 1. Bland-Altman method of the VO2max (ml.kg–1.min–1) measured in the CPET and 

estimated by Equations 1-4. Legend: VO2max, maximum oxygen consumption; ml.kg–1.min–1, 

milliliter per kilogram per minute; CPET, cardiopulmonary exercise testing; ULA, upper limit 

of agreement; LLA, lower limit of agreement. 
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Figure 2. Participant recruitment flowchart. 
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Background and Purpose: There is no equation to predict the maximum oxygen consumption 

(VO2max) of individuals with stroke. Equations developed for sedentary individuals were not 

valid to predict the VO2max of these individuals. Therefore, the objective of this study was to 

develop an equation with clinical applicability and adequate validity to predict the VO2max of 

individuals with stroke. 

Methods: In this cross-sectional study, individuals with chronic stroke able to walk 

independently were included. Step-1: to develop the equation multiple regressions analysis 

were performed. Dependent variable: VO2max (ml.kg–1.min–1) obtained by the cardiopulmonary 

exercise test (CPET). Independent variables: age (years), sex (1-female, 2-male), body mass 

index (BMI) (kg/m2), and distance (meters) in the Six-Minute Walk Test (6MWT) (Equation-

1) or in the Incremental Shuttle Walk Test (ISWT) (Equation-2). Step-2: to investigate the 

validity, the agreement between the VO2max measured and predicted was evaluated with the 

intraclass correlation coefficient (ICC) with 95% confidence interval (95%CI) and the Bland-

Altman method (α=5%). 

Results: Step-1: 50 individuals (55±12 years) assessed. All the four independent variables for 

each equation were retained (Equation-1: R²=0.68, p<0.001; Equation-2: R²=0.58, p<0.001). 

Step-2: 20 individuals (58±8 years) assessed. Equation-1: ICC=0.73 (95%CI=0.30, 0.89; 

p=0.004), mean bias=0.003 ml.kg–1.min–1. Equation-2: imprecise ICC (95%CI=-0.12, 0.82), 

mean bias=0.971 ml.kg–1.min–1. The Equation-1 (VO2max=22.239+0.02*distance in the 

6MWT+4.039*sex-0.157*age-0.265*BMI) showed adequate validity.  

Discussion and Conclusions: An equation with clinical applicability and adequate validity was 

developed to predict the VO2max of individuals with stroke and it should be used when it is 

impossible to perform the CPET. 

 

Keywords: Oxygen Consumption; Cardiorespiratory Fitness; Walk Test; Stroke. 
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Introduction 

Individuals with stroke have impaired cardiorespiratory fitness.1 The cardiorespiratory 

fitness, commonly expressed by maximum oxygen consumption (VO2max; ml.kg-1.ml-1), informs 

about the ability of the cardiovascular and respiratory systems to provide oxygen-rich blood.2,3 

The cardiorespiratory fitness also informs about the neuromusculoskeletal system to use this 

oxygen during an activity performed for a long time.2,3 Low levels of cardiorespiratory fitness 

of individuals with stroke are associated with an increased risk of cardiovascular diseases 

(including stroke) and limitations to perform activities.1,3 Therefore, clinical guidelines have 

recommended that individuals with stroke perform aerobic exercise to increase 

cardiorespiratory fitness levels.4-6 In addition, the cardiorespiratory fitness has been considered 

a vital clinical sign that must be frequently evaluated in clinical practice for health and 

functionality care of individual.7 Thus, the assessment of cardiorespiratory fitness is important 

for the rehabilitation process of individuals with stroke. 

The cardiopulmonary exercise test (CPET) is the criterion reference for the evaluation 

of the cardiorespiratory fitness.8,9 However, the CPET has limited clinical applicability due to 

a demand for a physical environment with specific temperature and humidity, expensive 

equipment and materials, and specialized and trained staff.8,9 As an alternative, studies have 

developed equations to predict the VO2max of different populations, such as able-bodied and 

sedentary individuals.10,11 Silva et al.10 developed one equation to predict the VO2max based on 

age, sex, weight, height, and test mode (treadmill or cycle ergometer), with a coefficient of 

determination (R2) of 0.62 (p<0.01). Almeida et al.11 developed one equation to predict the 

VO2max based on sex, age, body mass index (BMI) and level of physical activity (sedentary, 

active or athletes), with a R2 of 0.68 (p<0.001). These previous equations have variables that 

are easily obtained in clinical practice with individuals with stroke.10,11 However, these 

equations developed for able-bodied and sedentary individuals are not valid to predict the 

VO2max of individuals with stroke.12 In addition, it was not found a specifically developed 

equation to predict the VO2max of individuals with stroke. 

The cardiorespiratory fitness is influenced by factors such as age, sex, body composition 

and presence of chronic disease.3,13 Therefore, these variables are often used to develop 

equations to predict the VO2max. The BMI and functional ambulation are determinants of the 

cardiorespiratory fitness of individuals with stroke.14 Age, sex and BMI are variables that 

should be considered to develop an equation to predict the VO2max of individuals with stroke, 

but variables related to functional ambulation should also be considered. In individuals with 

stroke, the VO2max is significantly correlated with the distance covered in field walk tests, such 
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as the Six-Minute Walk Test (6MWT) (r=0.40; p<0.005)15 and the Incremental Shuttle Walk 

Test (ISWT) (r=0.42; p=0.002).16 These set of variables (age, sex, BMI, and distance covered 

in field walk tests) are easy to obtain in clinical practice since they require a short time for data 

collection and interpretation of the results, present low cost, and do not require specialized 

equipment or training.17 Therefore, the objective of the present study was to develop an equation 

with clinical applicability and adequate validity to predict the VO2max of individuals with stroke. 

Methods 

Design 

This is a cross-sectional study that was approved by the ethics committee [the 

information will be inserted in the final version]. All participants signed an informed consent 

form. This study followed the STrengthening the Reporting of OBservational studies in 

Epidemiology (STROBE) guidelines for cross-sectional studies.18 

Participants 

Individuals were recruited in the city of [the information will be inserted in the final 

version]. The recruitment strategies were: dissemination of the project on social networks and 

public places, contact with individuals who have participated in previous research projects, and 

active search in outpatient clinics and hospitals. The inclusion criteria were: age of at least 20 

years old; diagnosis of chronic stroke (at least six months with stroke);19 and ability to walk 

independently for at least 10 minutes, with or without the aid of a walking device. The exclusion 

criteria were: possible cognitive deficit, evaluated by Mini Mental State Examination 

(determined by the education-adjusted cut-off scores: 13 points for those participants who were 

illiterate; 18 points for those with elementary and middle school; and 26 points for those with 

high-school),20 or inability to respond to the following verbal commands: “raise your unaffected 

arm and open your hand”;21 pain or other neurological, cardiopulmonary or musculoskeletal 

conditions that could compromise the performance of the test (i.e. Parkinson’s disease, multiple 

sclerosis, arthritis). 

Dependent and independent variables 

 Dependent variable: maximum oxygen consumption (VO2max)  

The VO2max was obtained by the CPET, considered the criterion reference test to 

evaluate the cardiorespiratory fitness, and was operationalized considering the highest value 

averaged of the three last blocks of 10 seconds’ measures at peak exercise.3 

The CPET is safe to be performed with individuals with chronic stroke.22 The 

recommendations of the American College of Sports Medicine (ACSM) were followed.3 The 

test was performed on the treadmill with gas analyzer (CPX Ultima Medical Graphics®, USA) 
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and 12-lead electrocardiographic records following the incremental ramp protocol.3,23 A three-

minute warm-up period was performed. Increments were applied at each one-minute interval 

(the increment was determined individually for each participant). After the end of the test, 

participants performed three minutes of walking without slope and had a further three minutes 

of sitting rest.23 The test was considered maximum if a value of respiratory exchange ratio 

(RER)≥1.00 was reached.24 The CPET was interrupted if the participant requested it or if the 

professionals detected any adverse signs or symptoms that indicated the need to interrupt the 

test.3 Blood pressure was measured, and a scale of perceived exertion was used, with a score 

ranging from 0 to 10.3,25 The VO2max was obtained considering the highest value averaged of 

the three last blocks of 10 seconds’ measures at peak exercise.3,13 

Independent variables: age, sex, BMI and functional ambulation 

Four independent variables were determined: age (in years), sex (1 for female, 2 for 

male), BMI (in kg/m2), and functional ambulation (in meters). Equation-1: age, sex, BMI and 

the distance in the 6MWT and Equation-2: age, sex, BMI and the distance in the ISWT. 

Functional ambulation was evaluated by the 6MWT and the ISWT and operationalized 

considering the distance covered in both tests in meters. The 6MWT was performed according 

to the American Thoracic Society recommendations.26 Only one trial was performed following 

recommendations for individuals with stroke.27 The participant was instructed to walk as far as 

possible in the 30-meter corridor for six minutes.26 The gait speed was determined by the 

participant.26 During the test, an examiner was behind the participant verbally encouraging him 

every minute with standardized phrases.26 A second examiner recorded vital signs, the 

subjective perception of effort and the distance covered.26 The 6MWT presents adequate test-

retest reliability and concurrent validity to estimate the cardiorespiratory fitness of individuals 

with chronic stroke.28,29 The ISWT is an incremental test, and has 12 stages, with duration of 

one minute each.26 Two cones were positioned with 9 meters apart them and participants were 

asked to walk making the round trip, surrounding the cones (the turn in the cone is considered 

to have 0.50 meters).26 The test speed is determined by an external sound stimulus, and it 

increases 0.17 m/s at each stage (the initial speed is 0.50 m/s).26 The vital signs and the 

subjective perception of effort were evaluated.22 The number of stages that the participant 

performed was multiplied by 10 meters and the distance (in meters) was obtained.26 The ISWT 

presents adequate test-retest and inter-rater reliabilities, construct validity to assess exercise 

capacity and concurrent validity to estimate the cardiorespiratory fitness of individuals with 

chronic stroke.16 

Procedures 
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The evaluations were performed in two days with a maximum interval of 14 days 

between them.15 On the first day, participants were informed about the research objective, were 

invited to voluntarily participate, were informed that there would be no compensation, and 

signed the written informed consent. In addition, the variables age, sex, BMI, stroke type, 

paretic side, time since the onset of stroke, and comfortable gait speed (measured by the 10-

meter walk test (10mWT)30) were collected and, then, the CPET was performed. On the second 

day, participants performed the field tests (6MWT and ISWT), with an interval between them 

that guaranteed that the participant's heart rate and blood pressure had returned to the rest value. 

The CPET was carried out in a university laboratory and the other tests (6MWT and ISWT) 

were carried out in an indoor corridor that had the distance marked every meter on the ground. 

Data collection was carried out by a staff with experience. 

Sample size calculation 

In the step-1, regression analyzes were performed to develop the two equations to 

predict the VO2max and the sample size was calculated considering the following formula: 

n=10*(P+1), where P is the number of independent variables.31 Four independent variables 

were used in the present study to elaborate each VO2max prediction equation: age, sex, BMI, 

distance in the 6MWT or in the ISWT. Therefore, at least 50 individuals were needed to 

elaborate each VO2max prediction equation. A sample of 20 individuals was planned to perform 

the step-2, considering previous studies that had similar objectives to the present study.32,33 

Statistical analyzes 

The normality of the data was verified, and descriptive analyses were performed. In the 

step-1, two equations to predict the VO2max were developed through the stepwise multiple linear 

regression analysis. The assumptions for the elaboration of the multiple linear regression 

analysis were evaluated. In the step-2, the validity of the equations developed was investigated. 

For this, the means of measured and predicted VO2max were compared using the paired t-test 

and the agreement between the measured and predicted VO2max was investigated using the 

intraclass correlation coefficient (ICC) with 95% confidence interval (95%CI) and the Bland-

Altman method (mean bias: the mean of the difference between the VO2max predicted by the 

equations and the VO2max measured by the CPET; it is expected that the bias will show a value 

close to zero). The magnitude of the significant correlations was classified as follows: 0.00-

0.25 very low; 0.26-0.49 low; 0.50-0.69 moderate; 0.70-0.89 high; 0.90-1.00 very high.34 The 

equations should have an adequate result in the three statistical analyzes to be considered as 

having adequate validity. All data were analyzed in SPSS version 19 (SPSS Inc., Chicago, IL, 
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United States). The level of significance established for inferential statistical analysis was 

α=5%. 

Results 

Participants 

Two hundred and sixty individuals were recruited by telephone. A total of 85 individuals 

were assessed and 70 individuals were included in the study. There was no missing data. The 

reasons for exclusion of participants are described in Figure 1. The first 50 participants were 

part of the step-1 of the study and the remaining 20 participants were part of the step-2 of the 

study. The descriptive characteristics of the sample are described in Table 1. 

 

[Insert Figure 1 here] 

 

[Insert Table 1 here] 

 

Step-1: development of the equations to predict the VO2max of individuals with stroke 

Equation-1 (sex, age, BMI, distance in the 6MWT) showed an adjusted R² of 0.65 and 

a R² of 0.68 (p<0.001). Equation-2 (sex, age, BMI, distance in the ISWT) showed an adjusted 

R² of 0.54 and a R² of 0.58 (p<0.001). As shown in Table 2, all the four independent variables 

for each equation were retained in the models generated in the regression analyses. 

 

Equation-1:   

VO2max=22.239+0.020*distance in the 6MWT+4.039*sex-0.157*age-0.265*BMI.  

 

Equation-2:  

VO2max=26.782-0.180*age+4.096*sex+0.008*distance in the ISWT-0.210*BMI.  

 

The measures and codes of the variables were: age in years, sex (1 for female and 2 for 

male), BMI in kg/m2, and the distance in the 6MWT for Equation-1 or the ISWT for Equation-

2 in meters. As shown in Table 2, for both equations, the sex variable had a higher beta weight. 

 

[Insert Table 2 here] 

 

Step-2: investigation of the validity of the developed equations 
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The paired t-test showed that there was not significance statistically difference between 

the means of the VO2max measured by the CPET and the VO2max predicted by both Equation-1 

(p=0.997) and Equation-2 (p=0.354).  

The agreement between the VO2max predicted by the equations and the VO2max obtained 

by the CPET are shown in the Table 3. The agreement between the VO2max predicted by the 

Equation-1 and the VO2max obtained by the CPET showed an ICC of 0.73 (95%CI=0.30, 0.89; 

p=0.004). The agreement between the VO2max predicted by the Equation-2 and the VO2max 

obtained by the CPET showed an imprecise ICC (95%CI=-0.12, 0.82), since the zero value was 

included in the 95%CI. 

 

[Insert Table 3 here] 

 

The Bland-Altman method showed a mean bias of 0.003 ml.kg–1.min–1 for Equation-1 

and of 0.971 ml.kg–1.min–1 for Equation-2, as showed in Figure 2. 

 

[Insert Figure 2 here] 

 

Discussion 

This is the first study that developed equations to predict the VO2max of individuals with 

stroke. Two equations were developed, however, only the Equation-1 showed an adequate 

result in the three statistical analyzes used to investigate validity. The development of an 

equation with clinical applicability and adequate validity to predict the VO2max of individuals 

with stroke has an important clinical relevance. It will allow the cardiorespiratory fitness of 

these individuals to be predicted using a set of variables (age, sex, BMI, and distance in the 

6MWT) that are easy to obtain in clinical practice, because they require a short time for data 

collection and interpretation of the results, present low cost, and do not require specialized 

equipment or training.17 

The variables sex, age and BMI were retained in the multiple linear regression model, 

showing that they contribute to explain the variability of the VO2max of individuals with stroke. 

This confirms data already described in the literature that showed that there is a relationship 

between age, sex, and BMI with cardiorespiratory fitness, both for healthy individuals and for 

individuals with stroke.13,14 The distance covered in the field tests were also used to develop 

the equations to predict the VO2max for other populations.32,33 Significant correlations between 

the VO2max and the distance covered in the field tests (6MWT and ISWT) by individuals with 
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stroke have also been described in the literature.15,16 In the present study, these variables also 

contributed to explain the variability of VO2max of individuals with stroke and, therefore, were 

retained in the developed equations. However, only the equation developed with the distance 

covered in the 6MWT (Equation-1) had adequate validity.  

To correctly use the Equation-1 in clinical practice, it is important to analyze the 

variability of the variables included in the equation developed. As shown in the Table 2, the 

sample included individuals with stroke: with different age (ranging from 28 to 82 years), of 

both sexes (female and male), with BMI including normal weight, overweight and obese 

individuals (ranging from 19 to 35 kg/m2),35 and with different values in the distance in the 

6MWT (ranging from 159 to 548 meters). Therefore, there was variability in the sample 

regarding the set of variables used to develop the equation (Equation-1) and it can predict the 

VO2max of individuals with stroke who have different ages, of both sexes, considered normal 

weight, overweight and obese in relation to BMI, and who are able to walk different distances 

in the 6MWT. 

For the use of the Equation-1, it is important to analyze the R² of the equations. As 

previously described, Silva et al.10 and Almeida et al.11 developed equation to predict the 

VO2max of able-bodied and sedentary individuals and showed an R2 of 0.62 (p<0.01) and 0.68 

(p<0.001), respectively. In the present study, Equation-1 showed a R² of 0.68 (p<0.001). 

Therefore, this equation showed a R² value similar to that previously described in the literature. 

Equation-1 is able of explaining 68% of the variability of the VO2max of individuals with stroke. 

In addition, for the use of Equation-1 it is important to analyze its validity. Silva et al.10 

and Almeida et al.11 also investigated the validity of the equations developed in their studies. 

Silva et al.10 reported that the equation developed was able to predict the VO2max close to the 

measured value in the CPET (35.3±8.5 ml.kg–1.min–1 and 36.0±10.5 ml.kg–1.min–1, 

respectively). In addition, using the Bland-Altman method, Silva et al.10 showed a mean bias of 

0.547 ml.kg–1.min–1 for men and a bias of 0.900 ml.kg–1.min–1 for woman. Almeida et al.11 

showed that there was no significant difference between the VO2max measured by the CPET and 

the VO2max predicted by the equation developed (29.9 ml.kg–1.min–1 and 29.8 ml.kg–1.min–1, 

respectively). In addition, Almeida et al.11 showed a correlation coefficient of 0.90 between the 

VO2max measured by the CPET and the VO2max predicted by the equation developed. In the 

present study, the Equation-1 showed adequate validity to predict the VO2max of individuals 

with stroke. There was no significant difference between the VO2max measured by the CPET 

and the VO2max predicted by the developed equation. Furthermore, the agreement between the 

VO2max measured by the CPET and the VO2max predicted by the developed equation showed an 
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ICC of 0.73 (95%CI=0.30, 0.89; p=0.004), and the bias was of 0.003 ml.kg–1.min–1 according 

to the Bland-Altman method. Therefore, the use of the Equation-1 with individuals with stroke 

to predict the VO2max of this population is recommended. 

On the other hand, the Equation-2 did not show adequate validity, since the 95%CI of 

the ICC between the VO2max measured by the CPET and the VO2max predicted by the equation 

included the zero value. Why did the Equation-2 not have adequate validity to predict the 

VO2max of individuals with stroke? Beta weights is an important measure that informs about 

how much each independent variable contributed to explain the dependent variable. The module 

of the beta weights values, showed in the Table 2, for the variables age, sex and BMI were 

similar in both equations: age (0.46 in the Equation-1 and 0.53 in the Equation-2), sex (0.49 in 

the Equation-1 and 0.50 in the Equation-2), and BMI (0.26 in the Equation-1 and 0.21 in the 

Equation-2). However, when the modules of the beta weight values of the distance covered in 

the field tests are compared, it is possible to notice that the distance in the 6MWT (beta 

weight=0.49) contributed more to explain the dependent variable (VO2max) than the distance 

covered in the ISWT (beta weight=0.36). Consequently, this variable (distance in the 6MWT) 

contributed more to the R2 of the Equation-1, being greater than the R2 of the Equation-2. The 

smaller predictive power of the Equation-2 (R2=0.58) results in a lower capacity to predict the 

VO2max of individuals with stroke and this is confirmed when its validity was investigated. 

The present study had some limitations: a small sample size was used to investigate the 

validity of the developed equations and approximately 30% of the variability of the VO2max of 

individuals with stroke were not explained. Future studies should meet these limitations 

previously pointed out, investigate the validity of the Equation-1 to predict the VO2max of 

individuals with acute and subacute stroke, and if positive results are not found, a specific 

equation for these individuals must be developed. In addition, future studies should investigate 

alternatives to assess the cardiorespiratory fitness of individuals with stroke who do not walk 

independently and investigate other measurement properties of Equation-1, such as 

responsiveness. The aim was to develop an equation for individuals with chronic stroke able to 

walk independently. Therefore, the use of the Equation-1 with individuals with acute and 

subacute stroke or with individuals with stroke that are not able to walk independently should 

be done with caution.  

The use of Equation-1 developed in this study for individuals with chronic stroke able 

to walk independently should be encouraged in the clinical practice. As oriented by clinical 

guidelines, the rehabilitation process of individuals with stroke should include the routine 

assessment of cardiorespiratory fitness, as well as the prescription of aerobic exercise to 
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increase the cardiorespiratory fitness levels of these individuals.4-7 So far, a method with clinical 

applicability and adequate validity to assess this outcome has not been described in the 

literature. Equation-1 developed in this study meets these criteria: it has clinical applicability 

since it presents a set of variables (age, sex, BMI, and distance in the 6MWT) that require a 

short time for data collection and interpretation of the results, present low cost, and do not 

require specialized equipment or training;13 and it has adequate validity as shown in the results 

presented. Therefore, the use of this equation is recommended when the objective is to evaluate 

the cardiorespiratory fitness of individuals with stroke when it is not possible to perform the 

CPET. The results of the present study have important relevance for the rehabilitation process 

of these individuals, mainly in the evaluation process. 

 

Clinical Messages: 

• An equation with clinical applicability and adequate validity was developed to predict 

the VO2max of individuals with chronic stroke. 

• VO2max=22.239+0.020*distance in the Six-minute walk test+4.039*sex-0.157*age-

0.265*body mass index. 

• The equation should be used in individuals with chronic stroke when it is impossible to 

perform the cardiopulmonary exercise test. 
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Table 1. Descriptive characteristics of individuals after stroke. 

Variables Step-1 (n=50) Step-2 (n=20) 

Age, years, mean (SD); [min-max] 55 (12); [28-82] 58 (8); [41-70] 

Sex, n men (%) 33 (66) 14 (70) 

Body mass index (kg/m2), mean (SD); [min-max] 28 (4); [21-35] 27 (4); [19-33] 

Stroke type, n ischemic (%) 41 (82) 17 (85) 

Paretic side, n (%)   
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Right 27 (54) 6 (30) 

Left 23 (46) 14 (70) 

Time after stroke, months, mean (SD); [min-max] 67 (74); [6-370] 60 (46); [11-187] 

Comfortable gait speed, m/s, mean (SD); [min-max] 1.0 (0.3); [0.5-1.7] 1.1 (0.2); [0.7-1.4] 

Distance in the 6MWT, m, mean (SD); [min-max] 364 (95); [159-548] 410 (93); [214-542] 

Distance in the ISWT, m, mean (SD); [min-max] 290 (169); [50-710] 307 (133); [100-560] 

VO2max, ml.kg–1.min–1, mean (SD); [min-max] 20.3 (3.9); [12.5-33.9] 21.1 (5.1); [13.6-30.0] 

RER, mean (SD); [min-max] 1.1 (0.1); [1.0-1.4] 1.1 (0.1); [1.0-1.3] 

Legend: SD, standard deviation; kg/m2, kilogram per square meter; m/s, meters per second; m, 

meter; ml.kg–1.min–1, milliliter per kilogram per minute; 6MWT, Six-Minute Walk Test; 

ISWT, Incremental Shuttle Walk Test; VO2max, maximum oxygen consumption; RER, 

respiratory exchange ratio; CPET, cardiopulmonary exercise test. 

 

 

 

 

 

 

 

 

 

 

Table 2. Coefficients of the variables included in the Equation-1 and Equation-2. 

Coefficients 

Equation-1 

 Constant Age Sex BMI Distance in the 6MWT  

Unstandardized 

coefficients 

22.239 
-0.157 4.039 -0.265 0.020 

 

Beta weights - -0.461 0.493 -0.258 0.491  
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Equation-2 

 Constant Age Sex BMI Distance in the ISWT  

Unstandardized 

coefficients 

26.782 
-0.180 4.096 -0.210 0.008 

 

Beta weights - -0.526 0.500 -0.205 0.363  

Legend: BMI, body mass index; 6MWT, Six-Minute Walk Test; ISWT, Incremental Shuttle 

Walk Test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Agreement between the VO2max measured by the CPET and predicted by the equations 

(n=20). 

 
VO2max (ml.kg–1.min–1), 

mean (SD); [min-max] 
ICC p 95%CI 

VO2max measured by the CPET 21.1 (5.1); [13.6-30.0] - - - 
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VO2max predicted by the Equation-1 21.1 (3.1); [16.5-27.8] 0.73 0.004 0.30, 0.89 

VO2max predicted by the Equation-2 20.2 (2.8); [15.9-26.1] 0.55 0.045 -0.12, 0.82 

Legend: VO2max, maximum oxygen consumption; SD, standard deviation; ICC, intraclass 

correlation coefficient; CI, confidence interval; CPET, cardiopulmonary exercise test; 

Equation-1: sex, age, body mass index, distance in the Six-Minute Walk Test; Equation-2: sex, 

age, body mass index, distance in the Incremental Shuttle Walk Test. 
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Figure 1. Participant recruitment flowchart. 
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Figure 2. Bland-Altman method of VO2max (ml.kg–1.min–1) measured in the CPET and 

predicted by Equation-1 and 2. Legend: VO2max - maximum oxygen consumption; CPET - 

cardiopulmonary exercise testing; Equation-1: sex, age, body mass index, distance in the Six-

Minute Walk Test; Equation-2: sex, age, body mass index, distance in the Incremental Shuttle 

Walk Test; ULA - upper limit of agreement; LLA - lower limit of agreement. 
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4 CONSIDERAÇÕES FINAIS 

A presente dissertação teve como objetivo: investigar a validade das equações de 

predição do VO2max já disponíveis na literatura para predizer o VO2max de indivíduos pós-AVE 

na fase crônica e desenvolver uma equação com aplicabilidade clínica e adequada validade para 

predizer o VO2max para indivíduos pós-AVE na fase crônica. Pelo nosso conhecimento, este foi 

o primeiro estudo desenvolvido com estes objetivos. Os resultados mostraram que as equações 

já desenvolvidas para indivíduos sedentários e disponíveis na literatura não são válidas para 

predizer o VO2max de indivíduos pós-AVE na fase crônica. Portanto, essas equações não podem 

ser utilizadas com esses indivíduos. Além disso, foi desenvolvida uma equação específica, com 

aplicabilidade clínica e adequada validade para predizer o VO2max de indivíduos pós-AVE. 

Portanto, essa equação deve ser utilizada com esses indivíduos na impossibilidade da realização 

do TECP. Nesse sentido, os resultados do presente estudo contribuirão para a reabilitação de 

indivíduos pós-AVE, principalmente no processo de avaliação da ACR desses indivíduos. 

A presente dissertação também contribui para o direcionamento de futuras pesquisas. 

Nos dois estudos transversais realizados para responder aos objetivos propostos na presente 

dissertação, foram incluídos somente indivíduos pós-AVE na fase crônica e que fossem capazes 

de deambular independentemente. Portanto, é importante investigar se as equações já 

desenvolvidas para predizer o VO2max de indivíduos sedentários são válidas para predizer o 

VO2max de indivíduos pós-AVE nas fases aguda e subaguda e se a equação desenvolvida no 

presente estudo é válida para predizer o VO2max de indivíduos pós-AVE nas fases aguda e 

subaguda, determinando se há a necessidade de desenvolver uma equação específica para 

predizer o VO2max de indivíduos pós-AVE nessas fases. Indivíduos pós-AVE que não 

deambulam independentemente devem ser considerados para a realização de futuros estudos 

sobre esta temática. Embora a Equação-1 desenvolvida na presente dissertação tenha sido capaz 

de explicar 68% da variabilidade do VO2max de indivíduos pós-AVE na fase crônica, e que este 

valor é semelhante ao de outras equações já desenvolvidas para outros grupos populacionais, é 

importante considerar que aproximadamente 30% da variabilidade do VO2max de indivíduos 

pós-AVE não foi explicada. Portanto, estudos futuros devem investigar se outras variáveis que 

podem contribuir para explicar a variabilidade do VO2max de indivíduos pós-AVE aumentaria 

o poder preditivo da equação, sem reduzir a sua aplicabilidade clínica. Além disso, é importante 

que a validade da Equação-1 seja investigada utilizando um tamanho amostral que atenda as 

recomendações literatura. 
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Por fim, o presente estudo está de acordo com a linha de pesquisa “Estudos em 

reabilitação neurológica no adulto” do programa de Pós-graduação em Ciências da 

Reabilitação. A proposta do presente estudo baseou-se modelo conceitual da Classificação 

Internacional de Funcionalidade, Incapacidade e Saúde (CIF) da Organização Mundial de 

Saúde (OMS, 2001). O desfecho ACR, que é uma categoria relacionada ao domínio de estrutura 

e função do corpo da CIF, foi abordado e ele apresenta importante relação com a atividade e 

participação dos indivíduos pós-AVE. Neste sentido, os resultados do presente estudo 

contribuirão positivamente para abordagens relacionadas à funcionalidade desses indivíduos. 
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