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RESUMO 

 

O objetivo deste estudo foi analisar os efeitos agudos de interrupções do 

comportamento sedentário utilizando o exercício isométrico de extensão de 

joelhos em comparação a interrupções com caminhada e ao tempo sentado 

ininterrupto nos indicadores de saúde cardiovascular de adultos saudáveis. 

Trata-se de um ensaio cruzado randomizado realizado na Universidade Nove de 

Julho, onde a população alvo compreendeu sujeitos saudáveis e fisicamente 

inativos acima de 18 anos. Os participantes realizaram, em ordem aleatória, três 

sessões experimentais de três horas: (Sessão controle, interrupções com 

exercício isométrico de extensão de joelhos e interrupções com caminhada), 

onde a ordem foi determinada através de randomização simples automática. Na 

sessão isométrico e na sessão caminhada os participantes realizaram 

interrupções com exercício isométrico de extensão de joelho e com caminhada 

a cada 30 minutos, e na sessão controle permaneceram sentados sem 

interrupções. Antes e após esse período foram avaliadas função vascular 

(desfecho primário), pressão arterial e modulação autonômica cardíaca 

(desfechos secundários). Dezessete indivíduos completaram as três sessão 

experimentais (11 mulheres; 29 ± 10 anos). Os resultados não indicaram efeitos 

significativos na função vascular entre as sessões (p>0,05 para todas). Também 

não foram observadas diferenças significativas na pressão arterial sistólica ou 

diastólica entre as sessões (p>0,05 para todas). A variabilidade da frequência 

cardíaca não apresentou efeitos significativos entre as sessões (p>0,05 para 

todas). Em conclusão, interrupções do comportamento sedentário com exercício 

isométrico parecem não levar a alterações significantes em parâmetros de saúde 

cardiovascular de adultos em comparação a interrupções com caminhada ou ao 

tempo sentado ininterrupto. 

 

Palavras-chave: exercício, sistema cardiovascular, função vascular, isometria, 

tempo sentado. 
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ABSTRACT 

 

The aim of this study was to analyze the acute effects of sedentary behavior 

breaks using isometric leg extension exercise in comparison to walking breaks 

and to uninterrupted sitting time on the cardiovascular health parameters of 

healthy adults. This was a randomized crossover trial, where the target population 

of the present study was comprised of healthy sedentary subjects above 18 years 

of age. The participants performed, in randomized order, three 3-hour 

experimental conditions (Control, Isometric leg extension exercise and walking 

breaks), where the order of the experimental conditions was determined through 

simple automatic randomization. On the isometric and walking conditions the 

participants performed isometric leg extension exercise and walking breaks every 

30 min, and on the control condition remained seated without breaks. Before and 

after this period vascular function (primary outcome), blood pressure and cardiac 

autonomic modulation (secondary outcomes) were measured. Seventeen 

subjects completed the three experimental conditions (11 women; 29 ± 10 years). 

The results did not indicate statistically significant effects on vascular function 

between the experimental conditions (p>0,05 for all). Also, no significant 

differences were observed for systolic blood pressure or diastolic blood pressure 

between the experimental conditions (p>0,05 for all). Heart rate variability did not 

present significant effects between the experimental conditions (p>0,05 for all). 

In conclusion, isometric leg extension breaks do not seem to lead to significant 

changes on cardiovascular health parameters of adults in comparison to walking 

breaks or uninterrupted sitting time. 

 

Keywords: exercise, cardiovascular system, vascular function, isometry, sitting 

time. 
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1. CONTEXTUALIZAÇÃO 

O comportamento sedentário é caracterizado por atividades realizadas na 

posição sentada, deitada ou reclinada, que requerem pouco ou nenhum 

movimento corporal, sejam elas atividades domésticas, recreacionais, de 

transporte ou ocupacionais, e que, substancialmente, não aumentam o gasto 

energético acima do nível de repouso (i.e. gasto inferior a 1,5 METs) (1, 2). 

Estudo de revisão sistemática demonstrou que adultos passam grande parte do 

dia em comportamento sedentário, permanecendo em torno de 6 a 10 horas 

sentados por dia, sobretudo usando computador e assistindo televisão (3). 

Adicionalmente, o estudo ELSA-Brasil desenvolvido em seis capitais brasileiras 

com mais de 13.500 brasileiros, demonstrou que homens e mulheres em idade 

produtiva e, com maior escolaridade, estão mais expostos ao comportamento 

sedentário comparado aos seus pares (4). 

Esses aspectos se agravam, já que estudos demonstraram que a hipertensão 

tem sido diretamente associada com o tempo sentado (5-7), o que é relevante já 

que a hipertensão permanece como o principal fator de risco para doenças 

cardiovasculares e mortalidade por todas as causas (8). 

Além da hipertensão, estudos também têm demonstrado que o tempo 

prolongado na posição sentada prejudica a função vascular dos membros 

inferiores, principalmente as artérias poplítea e femoral. Isto é importante já que 

a função vascular pode ser implicada como um aspecto chave da iniciação e 

progressão de lesões ateroscleróticas (9-12). Devido ao fato de o tempo sentado 

ser um fator de risco independente para a doença cardiovascular (13-18), parece 

plausível que a maior inclinação da vasculatura dos membros inferiores para a 

aterosclerose pode estar relacionada aos efeitos do tempo prolongado na 

posição sentada no endotélio vascular nesta região. Nesse sentido, estudo 

realizado por Morishima et al., (19) demonstrou que permanecer três horas 

ininterruptas na posição sentada promoveu redução em torno de 5% na 

vasodilatação mediada pelo fluxo, principal marcador clínico da função vascular. 

Além deste estudo, Credeur et al., (20) concluiu que o tempo prolongado na 

posição sentada afetou negativamente marcadores de saúde vascular central e 

periférica, o que sustenta a ideia de que o tempo sentado prolongado pode servir 
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como um precursor para o início dos efeitos deletérios na saúde cardiovascular 

associados com o sedentarismo a longo prazo. 

Do mesmo modo, um estudo de revisão também demonstrou que o 

comportamento sedentário está diretamente relacionado à disfunção no controle 

autonômico do coração, caracterizada pelo aumento da modulação do sistema 

nervoso simpático e redução do sistema nervoso parassimpático em repouso 

(21), esta que é um preditor independente de mortalidade e está implicada no 

desenvolvimento da hipertensão (22), o que acarreta a necessidade de encontrar 

intervenções que visem prevenir os efeitos deletérios do tempo sentado na 

saúde cardiovascular. 

Embora haja recomendações mais atuais em relação ao tempo em 

comportamento sedentário (<8 horas em adultos e idosos) (23, 24), isto ainda é 

controverso. Nesse sentido, atualmente a principal recomendação para 

minimizar os efeitos deletérios do comportamento sedentário na saúde 

cardiovascular consiste na realização da quebra deste comportamento por meio 

das chamadas interrupções do comportamento sedentário (25, 26). Também não 

há consenso sobre as recomendações acerca das interrupções, no entanto a 

maior parte dos estudos recomenda que estas interrupções sejam realizados 

com o indivíduo ficando em pé parado ou realizando pequenas caminhadas, 

mesmo que de baixa intensidade, por um período curto (2 a 15 minutos) (25). 

Com relação aos seus possíveis benefícios no sistema cardiovascular, uma 

recente meta-análise (25) observou que a utilização das interrupções promoveu 

pouco impacto na redução dos valores de pressão arterial de adultos mostrando 

que o seu real impacto no sistema cardiovascular ainda necessita ser mais bem 

estudado. Além disso, ainda não são conhecidos os seus efeitos em importantes 

parâmetros de saúde cardiovascular, tais como a função vascular e a modulação 

autonômica cardíaca, de forma que são necessários estudos que investiguem o 

impacto dessas interrupções nesses parâmetros.  

Alguns estudos experimentais têm demonstrado que estímulos que 

promovam aumento do estresse de cisalhamento (shear stress) nas artérias dos 

membros inferiores são capazes de reduzir o impacto deletério do tempo sentado 

na função vascular. De fato, Teixeira et al., (27) ao emergir a perna de homens 

saudáveis a temperaturas aquecidas em 42ºC, um conhecido estimulante do 

estresse de cisalhamento, verificaram aumento na vasodilatação mediada pelo 
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fluxo, enquanto a outra perna que manteve a temperatura ambiente, houve 

redução do indicador. No entanto, do ponto de vista prático, tal estratégia de 

prevenir os efeitos do tempo sentado não é fácil de ser aplicada, já que exige o 

uso de um equipamento sofisticado específico par tal função. 

Nesse sentido, na última década, os exercícios isométricos têm ganhado 

destaque na literatura científica devido aos seus efeitos positivos em diferentes 

indicadores do sistema cardiovascular (28-30), e pelo seu custo relativamente 

baixo e praticidade na aplicação. Dentre as evidências, estudo de O’Driscoll et 

al. (31) demonstraram redução da pressão sistólica e diastólica após uma sessão 

de exercício de agachamento isométrico, o que levaria a uma redução do risco 

cardiovascular destes indivíduos. Outro estudo também verificou que uma única 

sessão de agachamento isométrico promoveu uma melhora da modulação 

autonômica cardíaca em homens pré-hipertensos (32), o que indica um possível 

efeito agudo benéfico do exercício isométrico de membros inferiores nesta 

variável, levando a um melhor controle autonômico. Em relação a função 

vascular, estudo de McGowan et al. (33) verificou efeitos positivos na dilatação 

mediada pelo fluxo após um período de 8 semanas de treinamento isométrico 

com handgrip, no entanto tais efeitos não foram verificados após uma única 

sessão de treinamento, além de ainda não se haver verificado o efeito do 

exercício isométrico de membros inferiores na função vascular. Tais resultados 

demonstram a necessidade de se investigar mais a fundo o efeito do exercício 

isométrico na função vascular após uma sessão de exercício isométrico de 

membros inferiores. 

Assim, por se tratar de uma maior massa muscular exercitada, o que 

potencializaria o efeito local e,  ser um tipo de exercício de rápida execução que 

pode ser realizado em qualquer local, é possível que a realização dos exercícios 

isométricos realizado com membros inferiores possam ser úteis como forma de 

breaks e assim, minimizar os prejuízos na função vascular decorrentes do 

comportamento sedentário, sobretudo naqueles indivíduos que acumulam 

diariamente muito tempo em atividades laborais sentadas. 

Diante do apresentado, observa-se que a população atual, sobretudo 

economicamente ativa, está altamente exposta a longos períodos em 

comportamentos sedentários, em especial devido as atividades laborais. Esses 

comportamentos podem estar associados a diversas consequências em longo 
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prazo para a saúde cardiovascular, incluindo a piora da função vascular e a 

disfunção autonômica, que possui um papel importante no desenvolvimento das 

doenças cardiovasculares. Embora a realização de breaks de comportamento 

sedentário seja recomendada, o real impacto destes na saúde cardiovascular é 

incerto. Uma possível estratégia para melhoria da pressão arterial, função 

vascular e modulação autonômica cardíaca é a realização de exercícios 

isométricos, como forma de breaks a fim de minimizar as consequências do 

comportamento sedentário nos diferentes indicadores de saúde cardiovascular. 

Dessa forma, fica claro a necessidade de testar a hipótese de que o exercício 

isométrico realizado com os membros inferiores possa ser utilizado como 

estratégia durante os breaks do comportamento sedentário. 
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2. OBJETIVO 

 

Analisar os efeitos agudos de interrupções do comportamento sedentário 

utilizando o exercício isométrico de extensão de joelhos em comparação a 

interrupções com caminhada de leve intensidade e ao tempo sentado 

ininterrupto nos indicadores de saúde cardiovascular de adultos saudáveis e 

fisicamente inativos expostos a tempo prolongado na posição sentada. 
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3. MÉTODOS 

 

3.4 – Delineamento do estudo 

Trata-se de um ensaio crossover randomizado realizado na Universidade 

Nove de Julho (São Paulo – São Paulo). O projeto foi aprovado pelo Comitê de 

Ética em Pesquisa da Universidade Nove de Julho. Todos os participantes foram 

esclarecidos acerca dos procedimentos que seriam submetidos, e os que 

aceitaram participar assinaram o Termo de Consentimento Livre e Esclarecido 

previamente a participação no projeto. As coletas de dados foram realizadas de 

maio de 2019 até novembro de 2020. 

 

3.5 – Casuística 

A população alvo do presente estudo compreendeu sujeitos com faixa etária 

acima de 18 anos de ambos os sexos. Todos os sujeitos foram recrutados por 

cartazes nas imediações da Universidade Nove de Julho em São Paulo. 

Ademais, foram veiculados anúncios em redes sociais.  

Os critérios de inclusão do presente estudo foram: a) não apresentar 

diagnóstico de doenças cardiovasculares e diabetes, b) não apresentar alto risco 

cardiovascular (34), c) não participar de programa de exercício físico por pelo 

menos seis meses, d) atividade ocupacional que exija mais de seis horas em 

tempo sentado por dia, e) não ser fumante ou estar em uso de medicamentos.  

 

3.6 – Protocolo 

Em posse dos dados da triagem, foram identificados os sujeitos elegíveis 

para a participação no estudo. Em seguida, todos os sujeitos realizaram 

avaliações da pressão arterial, função vascular e modulação autonômica 

cardíaca. 

Para a análise do efeito agudo do exercício, todos os participantes 

realizaram, em ordem aleatória, três sessões experimentais (controle, 

interrupções com exercício isométrico de extensão de joelhos e interrupções 

com caminhada). A ordem das sessões foi determinada através de 

randomização simples automática (www.randomizer.org). 

about:blank
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O protocolo agudo foi composto por três sessões experimentais: interrupções 

com exercício isométrico de extensão de joelhos (Isométrico); Interrupções com 

caminhada, levantando e realizando caminhadas de curta duração e baixa 

intensidade (Caminhada), e; sessão controle, sentado o tempo todo sem 

interrupções. Todas as sessões foram realizadas com intervalo mínimo de 48 

horas entre elas. As avaliações da pressão arterial, modulação autonômica 

cardíaca e função vascular ocorreram em três momentos: antes do início da 

sessão e 10 e 50 minutos após as sessões. O desenho experimental do 

protocolo agudo está demonstrado na figura 1. 

 

Figura 1. Desenho experimental do estudo.  

 

Para a realização das sessões experimentais, os indivíduos compareceram 

à Universidade em jejum de pelo menos 12 horas e recebem uma alimentação 

padrão, constando de duas barras de cereal e 50 ml de suco. Além disso, 

previamente às sessões, os indivíduos receberam instruções que incluíram: 

ingerir as medicações conforme sua rotina e não realizar exercícios ou ingerir 

bebidas alcóolicas nas 24 horas precedentes à sessão. 

As sessões experimentais foram iniciadas 60 minutos após a ingestão da 

alimentação padrão e tiveram duração aproximada de cinco horas, no total. As 

sessões foram realizadas no período da manhã, iniciando entre 8:00 e 9:00 h, 
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com pelo menos dois dias de intervalo entre elas, e a temperatura do laboratório 

foi mantida entre 20 e 22⁰C.  

Na sessão isométrico, os sujeitos permaneceram 180 minutos sentados; 

entretanto, a cada 30 minutos os sujeitos realizaram uma série de dois minutos 

de duração de extensão de joelhos isométrica bilateral com intensidade de 30% 

da contração voluntária máxima, que foi definida através de uma contração de 5 

segundos, onde os indivíduos foram recomendados a realizarem o máximo de 

forma possível de maneira isométrica durante esse período. 

Na sessão caminhada, os sujeitos permaneceram 180 minutos sentados, 

entretanto, a cada 30 minutos os sujeitos foram orientados a ficar em pé e 

realizar pequenas caminhadas com intensidade baixa, durante dois minutos, 

totalizando 12 minutos. Além disso, foi colocado um acelerômetro nos sujeitos 

(GT3X e GT3X+ da Actigraph Pensacola, FL, USA) para identificar a intensidade 

da caminhada realizada a posteriori. 

Na sessão controle, os sujeitos não realizaram nenhuma estratégia de break, 

permanecendo sentados durante todo o período da sessão experimental. 

 

3.7 – Avaliações 

 

3.7.5 – Triagem 

Inicialmente, os sujeitos interessados em participar do estudo realizaram uma 

triagem de risco cardiovascular a fim de garantir a elegibilidade de inclusão no 

estudo. Nessa triagem foram obtidos os dados sociodemográficos (idade, 

gênero), histórico de saúde, uso de medicamentos e medidas antropométricas 

(massa corporal, estatura e circunferência da cintura), seguindo as 

recomendações do American College of Sports Medicine (34) bem como a 

avaliação da pressão arterial.  

 

3.7.6 – Função vascular 

A vasodilatação mediada pelo fluxo (FMD) foi obtida por meio de 

ultrassonografia de acordo com as recomendações mais recentes (35, 36). 

Foram registradas imagens da artéria poplítea por um aparelho de 

ultrassonografia bidimensional com Doppler espectral e transdutor linear. 
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O diâmetro e o fluxo sanguíneo basal foram registrados continuamente ao 

longo de 90 segundos. Após a gravação basal, um manguito foi inflado, 

posicionado acima do tornozelo, o qual esteve com uma pressão de 50 mm Hg 

acima da pressão arterial sistólica, medida previamente ao exame. A oclusão foi 

então mantida por 5 minutos e, após esse período, liberada rapidamente. As 

gravações do doppler foram retomadas 30 segundos antes de desinflar o 

manguito e foram mantidas por mais 180 segundos. O diâmetro e o fluxo 

sanguíneo pós-oclusão foram medidos após a liberação. A capacidade 

vasodilatadora foi calculada como o percentual de aumento do diâmetro das 

artérias pós-oclusão em relação aos seus valores basais. 

Todas as imagens capturadas foram transferidas ao computador por meio de 

um software de captura de vídeo (Camtasia, TechSmith Corporation, Estados 

Unidos) e salvas em disco rígido externo para posterior análise através de um 

software semiautomático (FMD Studio, Institute of Clinical Physiology, Itália). 

 

3.7.7 – Pressão arterial 

A pressão arterial clínica foi obtida por meio de um monitor automático (HEM-

742, Omron Healthcare, Japão).  Para essa medida, os sujeitos permaneceram 

por 10 minutos em decúbito dorsal, utilizando manguito adequado para a 

circunferência do braço. Foram realizadas medidas consecutivas com um minuto 

de intervalo, no braço direito, até atingir uma diferença inferior a 4 mmHg entre 

duas medidas. O valor utilizado foi a média das duas últimas medidas, conforme 

recomendado pela 7ª Diretriz Brasileira de Hipertensão Arterial (37). 

 

3.7.8 – Modulação autonômica cardíaca 

A modulação autonômica do sistema cardiovascular foi avaliada pela técnica 

da variabilidade da frequência cardíaca. Para tanto, os sujeitos permaneceram 

15 minutos deitados, período no qual foram registrados os intervalos RR, por 

meio de um monitor de frequência cardíaca válido para esta função (Polar V800, 

Polar Electro, Finlândia). Entretanto, os primeiros cinco minutos foram excluídos 

e somente se considera um sinal válido àqueles com pelos menos cinco minutos 

de sinal estacionário, avaliado por um pesquisador experiente. 
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Após a coleta, os intervalos RR foram exportados para o programa Kubios 

HRV (Biosignal Analysis and Medical Imaging Group, Finlândia), cujas análises 

foram realizadas (domínio do tempo e da frequência). Os parâmetros do domínio 

do tempo e da frequência foram analisados, conforme a recomendação atual 

(38). 

 

3.7.9 – Análise estatística 

 Com base em estudo anterior (39), foi realizado o cálculo da amostra 

utilizando como referência o diâmetro da artéria poplítea, que levando em 

consideração effect size de 0,33, poder de 80% e erro alfa de 5%, o número 

mínimo detectado foi de 30 sessões (10 indivíduos). Considerando as perdas 

amostrais e a possível variabilidades dos dados, a amostra do presente estudo 

foi inflada em 30% para 13 indivíduos (39 sessões). 

Inicialmente foi testada a normalidade por meio do teste Shapiro-Wilk e pela 

inspeção visual. A homogeneidade de variância entre as sessões foi analisada 

pelo teste de Levene. A comparação entre as sessões em relação aos valores 

das variáveis cardiovasculares pré-intervenção foi feita através do teste qui-

quadrado de Pearson e teste t para amostras independentes ou seu equivalente 

não paramétrico. 

Para comparar os efeitos das sessões nas variáveis cardiovasculares foram 

utilizadas as Equações de Estimações Generalizadas, seguido de um post-hoc 

das comparações por pares usando a correção de Bonferroni para comparações 

múltiplas. Para todas as análises, foi considerado como significante o valor de 

P<0,05. 
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4. RESULTADOS 

Na figura 2 está apresentado o fluxograma de participação do estudo. No 

total 21 indivíduos foram recrutados, onde 17 concluíram as 3 sessões 

experimentais. 

 

Figura 2. Fluxograma de participação no estudo. FMD – Vasodilatação mediada 

pelo fluxo. VFC – Variabilidade da frequência cardíaca. 

Na tabela 1 estão apresentas as características gerais da amostra dos 

indivíduos que participaram do estudo. 
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Tabela 1. Características gerais da amostra (N=17). 

Variáveis Valores 

Sexo, Mulheres 11 

Idade, Anos 29 ± 10 

IMC, Kg/m² 25,1 ± 5,1 

Circunferência da Cintura, cm 81 ± 13 

Valores apresentados em frequência absoluta, média e desvio padrão. 

A figura 3 apresenta a resposta da função vascular, avaliada através da 

vasodilatação mediada pelo fluxo entre as sessões experimentais. Os resultados 

não indicaram efeitos estatisticamente significativos entre as sessões 

experimentais. 

 

Figura 3. Resposta da função vascular entre as sessões (N=15). S – Sessão. T 

– Tempo. SxT – Interação Sessão x Tempo. 

Na tabela 2 estão apresentadas os resultados dos efeitos das sessões 

experimentais nas variáveis relacionadas a função vascular. Foi encontrado um 

efeito significante do tempo para o tempo para FMD, para a taxa de cisalhamento 

positiva basal, para a taxa de cisalhamento positiva máxima e para a área da 

taxa de cisalhamento positiva para o máximo. Também foi encontrada uma 

interação significante para o tempo para FMD.  
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Tabela 2. Resposta das variáveis relacionadas a função vascular entre as sessões e os tempos (N=15). 

Variáveis Pré Pós 10 min Pós 50 min p 

Diâmetro Basal, mm     

Isométrico 5,6 (1,4) 5,6 (1,4) 5,7 (1,4) S = 0,994 

Caminhada 5,6 (1,1) 5,6 (1,3) 5,7 (1,4) T = 0,861 

Controle 5,7 (1,2) 5,5 (1,3) 5,7 (1,4) SxT = 0,999 

Diâmetro Máximo, mm     

Isométrico 5,9 (1,5) 5,9 (1,4) 5,9 (1,4) S = 0,908 

Caminhada 6,1 (1,2) 6,0 (1,5) 6,1 (1,6) T = 0,903 

Controle 6,1 (1,3) 5,8 (1,3) 6,0 (1,4) SxT = 0,999 

Taxa de Cisalhamento Positiva Basal, sec-1     

Isométrico 61 (30) 44 (13)† 42 (16)† S = 0,666 

Caminhada 58 (24) 42 (16) 38 (16)† T = 0,001* 

Controle 58 (19) 44 (16) 40 (16)† SxT = 0,997 

Taxa de Cisalhamento Positiva Máxima, sec-1     

Isométrico 206 (94) 187 (87) 161 (69) S = 0,475 

Caminhada 201 (91) 161 (65) 153 (87) T = 0,007* 

Controle 226 (87) 185 (82) 163 (77) SxT = 0,973 
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Tabela 2. (Continuação). 

Variáveis Pré Pós 10 min Pós 50 min p 

Área da Taxa de Cisalhamento Positiva, sec-1     

Isométrico 3945 (2552) 4343 (2546) 3313 (1762) S = 0,449 

Caminhada 4640 (2676) 3657 (2028) 3408 (2565) T = 0,069 

Controle 5082 (1918) 4436 (2490) 3689 (2194) SxT = 0,799 

Área da Taxa de Cisalhamento Positiva para o Máximo, sec-1     

Isométrico 3273 (1884) 3597 (2028) 2820 (1482) S = 0,263 

Caminhada 3816 (2112) 3049 (1593) 2456 (1622) T = 0,011* 

Controle 4432 (1709) 3613 (1996) 2973 (1550) SxT = 0,653 

Taxa de Cisalhamento Negativa Basal, sec-1     

Isométrico -24 (17) -26 (15) -28 (24) S = 0,919 

Caminhada -23 (15) -29 (23) -22 (14) T = 0,563 

Controle -24 (17) -28 (18) -26 (17) SxT = 0,891 

FMD – Vasodilatação mediada pelo fluxo. sec – Segundos. mm – Milímetros. S – Sessão. T – Tempo. SxT – Interação Sessão x 

Tempo.  * - p<0,05. † - Significativamente diferente do pré. ‡ - Significativamente diferente do pós 10 min.
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Na figura 3 estão apresentadas as repostas da pressão arterial sistólica 

(A) e diastólica (B) entre as sessões experimentais. Os resultados não indicaram 

efeitos significantes entre as sessões nos períodos avaliados. 

 

Figura 3. Resposta da pressão arterial sistólica (A) e diastólica (B) entre as 

sessões (N=17). S – Sessão. T – Tempo. SxT – Interação Sessão x Tempo. 

Na tabela 3 estão apresentadas os resultados dos efeitos das sessões 

experimentais nas variáveis relacionadas a variabilidade da frequência cardíaca. 

Somente foi encontrado um efeito significativo do tempo para o pNN50. Não 

foram encontradas diferenças estatisticamente significantes entre as sessões 

para nenhuma das demais variáveis. 
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Tabela 3. Resposta da frequência cardíaca e variabilidade da frequência cardíaca entre as sessões e os tempos (N=17). 

Variáveis Pré Pós 10 min Pós 50 min p 

Frequência Cardíaca, bpm     

Isométrico 66 (11) 62 (10) 63 (10) S = 0,981 

Caminhada 66 (10) 63 (12) 63 (9) T = 0,118 

Controle 67 (11) 62 (11) 62 (11) SxT = 0,993 

SDNN, ms     

Isométrico 44 (29) 58 (41) 77 (61) S = 0,368 

Caminhada 39 (27) 69 (71) 51 (18) T = 0,661 

Controle 80 (153) 67 (59) 70 (83) SxT = 0,541 

RMSSD, ms     

Isométrico 47 (34) 65 (49) 86 (78) S = 0,347 

Caminhada 41 (32) 84 (102) 55 (32) T = 0,647 

Controle 92 (185) 79 (79) 81 (118) SxT = 0,560 

pNN50, %     

Isométrico 23,9 (23,3) 32,7 (23,9) 35,0 (25,2) S = 0,888 

Caminhada 19,6 (22,5) 39,4 (24,2)† 27,4 (22,3) T = 0,044* 

Controle 28,6 (25,7) 34,4 (25,2) 29,6 (22,9) SxT = 0,601 
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Tabela 3.  (Continuação). 

Variáveis Pré Pós 10 min Pós 50 min p 

Banda de Baixa Frequência, un     

Isométrico 53,1 (19,8) 51,4 (20,3) 49,7 (18,1) S = 0,414 

Caminhada 46,2 (17,6) 48,8 (20,6) 52,4 (19,3) T = 0,991 

Controle 47,1 (18,0) 47,0 (18,5) 45,7 (18,5) SxT = 0,864 

Banda de Alta Frequência, un     

Isométrico 46,8 (19,8) 48,5 (20,3) 50,1 (18,0) S = 0,406 

Caminhada 53,4 (17,8) 51,0 (20,6) 47,5 (19,3) T = 0,993 

Controle 52,6 (17,9) 53,1 (18,5) 54,2 (18,5) SxT = 0,877 

bpm – Batimentos por minuto; ms – milissegundos; SDNN – Desvio padrão de todos os intervalos NN; RMSSD – Raiz quadrada da 

média das diferenças sucessivas ao quadrado, entre os intervalos NN adjacentes; pNN50 – Contagem do NN50 dividido pelo número 

total de todos os intervalos NN; un – Unidades Normalizadas. S – Sessão. T – Tempo. SxT – Interação Sessão x Tempo. * - p<0,05. 

† - Significativamente diferente do pré. ‡ - Significativamente diferente do pós 10 min. 
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5. DISCUSSÃO 

O objetivo deste estudo foi analisar os efeitos agudos de interrupções do 

comportamento sedentário com exercício isométrico de extensão de joelho em 

comparação a interrupções com caminhada e ao tempo sentado ininterrupto nos 

indicadores de saúde cardiovascular de adultos saudáveis e fisicamente inativos. 

O principal achado foi que interrupções do comportamento sedentário com 

exercício isométrico ou caminhada não levaram a diferenças significantes na 

função vascular, pressão arterial, frequência cardíaca e variabilidade da 

frequência cardíaca de adultos saudáveis em comparação ao tempo sentado 

ininterrupto. 

Os achados deste estudo não indicaram piora na função vascular após a 

sessão com o tempo sentado ininterrupto. Acredita-se um dos fatores 

contribuintes para a falta de piora da função vascular sejam as característica da 

amostra, composta por indivíduos fisicamente inativos que passam tempo 

prolongado na posição sentada, porém jovens e saudáveis. Isto pode haver 

desempenhado um papel protetor para a piora da função vascular. De fato, todos 

os estudos que verificaram a resposta da função vascular em indivíduos com 

algum fator de risco encontraram uma piora na função vascular (40-42). Em 

jovens e saudáveis, apenas um deles verificou uma piora da função vascular 

avaliada na posição sentada após 3 horas ininterruptas na posição sentada (39), 

enquanto os outros não encontraram efeitos significantes nesta variável (43, 44). 

Além dos fatores mencionados acima, acredita-se que a artéria verificada e 

o controle dos movimentos das pernas durante o tempo sentado ininterrupto 

podem ter prevenido uma piora da função vascular. De fato, um desses estudos 

não verificou efeitos significantes dos interrupções do comportamento sedentário 

na função vascular da artéria braquial (43), e acredita-se que esta falta de 

resultados significantes tenha se dado devido a verificação da função vascular 

nos membros superiores, já que um outro estudo verificou que somente a artéria 

femoral sofreu uma piora após o tempo sentado, enquanto a função vascular da 

artéria braquial permaneceu inalterada (41). Tais achados indicam que a piora 

da função vascular causada pelo tempo prolongado na posição sentada parece 

ocorrer somente nas artérias dos membros inferiores.  
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Outro ponto importante foi que no nosso estudo não recomendamos aos 

indivíduos limitarem os movimentos dos membros inferiores durante o tempo 

sentado. A maioria dos estudos prévios reportou que aconselhou aos indivíduos 

a evitarem movimentos excessivos dos membros inferiores, e todos estes viram 

uma redução significante da função vascular dos membros inferiores (39-42). 

Por outro lado,  os estudos que não controlaram os movimentos dos membros 

inferiores durante o tempo sentado não verificaram uma redução significante 

desta variável após o tempo prolongado na posição sentada (43, 44). Essa 

hipótese é corroborada por estudo conduzido por Morishima et al. (19) que 

verificaram que movimentos unilaterais regulares da perna foram eficazes em 

prevenir uma piora da função vascular em comparação a perna contralateral, 

mostrando que os movimentos dos membros inferiores do tempo sentado podem 

acarretar numa prevenção da piora da função vascular e merecem atenção.  

Tendo em vista que não houve piora da função vascular ao permanecer na 

posição sentada sem interrupções, as sessões com a realização dos 

interrupções não promoveram nenhum efeito na função vascular. De fato, a 

maioria dos estudos que reportaram melhora na função vascular nas sessões 

com interrupções do comportamento sedentário verificaram em conjunto uma 

piora neste marcador na sessão com o tempo sentado ininterrupto (39-41), 

enquanto que os estudos que não verificaram uma melhora na função vascular 

após a sessão com interrupções também não verificaram uma piora deste 

marcador na sessão com o tempo sentado ininterrupto (43, 44). Somente um 

estudo não verificou melhoras na função vascular nas sessões com interrupções 

após uma piora deste marcador na sessão sem interrupções (42). Estes efeitos 

opostos parecem demonstrar que quando o tempo prolongado ininterrupto na 

posição sentada leva a uma piora da função vascular, as interrupções do tempo 

sentado são capazes de contrabalancear esses efeitos deletérios, mostrando 

que os indivíduos que estiverem mais propensos a sofrerem uma piora neste 

marcador devido ao comportamento sedentário, também parecem estar mais 

propensos a apresentarem uma prevenção da piora da função vascular quando 

realizam as interrupções do comportamento sedentário. 

Além da função vascular, também não foram encontrados efeitos 

significantes para a pressão arterial em nenhuma das sessões experimentais. 

Assim como para a função vascular, acreditamos que esta falta de resultados 
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tenha ocorrido devido as características da nossa amostra. Os valores de 

pressão arterial em repouso da amostra deste estudo foram normais, o que 

confirma o status saudável destes indivíduos acerca dos valores da pressão 

arterial. Está bem estabelecido na literatura que indivíduos com maiores valores 

de pressão arterial estão mais propensos a sofrerem reduções desta variável 

após a realização do exercício (45, 46). Uma recente meta-análise demonstrou 

que as interrupções do tempo sentado promoveram pouco impacto na redução 

ou atenuação dos valores de pressão arterial (25). Após esta meta-análise, 

novos estudos investigando os efeitos das interrupções do tempo sentado na 

pressão arterial foram publicados (40, 47-57). Estes estudos em sua maioria 

viram efeitos benéficos das interrupções na pressão arterial tanto em indivíduos 

saudáveis (50, 54, 58, 59) quanto em indívuos com diagnóstico de doença ou 

algum fator de risco (47, 49, 51-53, 60, 61). No entanto, alguns estudos não 

conseguiram verificar efeitos significantes das interrupções na pressão arterial 

tanto em indivíduos saudáveis (57, 62) quanto em indivíduos com doenças ou 

fatores de risco (40, 48, 55, 56), o que demonstra que ainda existem aspectos a 

serem esclarecidos acerca dos efeitos das interrupções nesta variável.  

Outra variável investigada no nosso estudo foi a modulação autonômica 

cardíaca, onde não encontramos efeitos signficantes entre as sessões 

experimentais. Não conhecemos nenhum outro estudo que visou verificar os 

efeitos de interrupções do comportamento sedentário na modulação autonômica 

cardíaca, o que impossibilita a comparação dos nossos resultados com outros 

estudos na literatura. Em contrapartida, alguns estudos verificaram a relação do 

comportamento sedentário com variáveis relacionadas à modulação autonômica 

cardíaca (63-67). Estes estudos em sua maioria verificaram que o tempo 

prolongado na posição sentada estava associado a piores índices da modulação 

autonômica cardíaca em trabalhadores de funções predominantemente manuais 

(63, 67), e de que indivíduos obesos apresentam maiores disfunções destas 

variáveis (66). Os poucos estudos que investigaram a relação do comportamento 

sedentário com a modulação autonômica parecem indicar que existe um prejuízo 

do comportamento sedentário neste marcador, mas que essas relações ainda 

merecem ser melhor investigadas.  

Este estudo apresenta algumas limitações que merecem ser salientadas. 

Primeiramente, não houve cegamento do avaliador no momento das sessões 
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experimentais, já que o conhecimento das sessões realizadas pelos indivíduos 

por parte do avaliador pode ter influenciado os resultados. Ainda assim, optou-

se por não rotular as sessões experimentais realizadas no momento da análise 

dos dados a fim de reduzir a influência da realização das sessões experimentais 

com interrupções nos resultados, mas o que não elimina a limitação relacionada 

a falta de cegamento do avaliador nos períodos em que as variáveis foram 

coletadas nas sessões experimentais. O fato deste estudo haver incluído apenas 

indivíduos saudáveis limita a generalização dos resultados para populações de 

mesma idade que apresentem diagnóstico de doenças cardiovasculares ou alto 

risco cardiovascular. Além disso, a falta de controle dos movimentos dos 

membros inferiores durante o tempo sentado pode haver influenciado os 

resultados da função vascular. 

Mesmo com essas limitações, este estudo adiciona novas informações 

significantes no âmbito dos efeitos das interrupções do comportamento 

sedentário na saúde cardiovascular, já que é o primeiro estudo a verificar os 

efeitos da realização de interrupções com exercício isométrico nestas variáveis. 

Além disso, houve controle das refeições realizadas no dia das sessões 

experimentais, o que minimizou os efeitos da dieta nas variáveis 

cardiovasculares, e as sessões experimentais foram realizadas em ordem 

randomizada.  
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6. CONSIDERAÇÕES FINAIS 

Em conclusão, interrupções do comportamento sedentário com exercício 

isométrico parecem não levar a alterações significantes em parâmetros de saúde 

cardiovascular de adultos jovens, saudáveis e fisicamente inativos em 

comparação a interrupções com caminhada ou ao tempo prolongado ininterrupto 

na posição sentada.  
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Abstract 

The aim of this systematic review was to analyze the acute and chronic effects of 

sitting breaks on cardiovascular parameters in adults. PubMed and Web of 

Science databases were searched by two independent searchers for relevant 

studies published until February 2020. Acute or chronic studies reporting the 

effects of sitting breaks or reduction in sitting time on cardiovascular parameters 

were examined. The eligibility criteria was based on PICOS: Population - Humans 

≥ 18 years old; Interventions - Sitting break strategies; Comparisons - 

Uninterrupted sitting; Outcomes - Cardiovascular parameters (blood pressure, 

heart rate, ambulatory blood pressure, vascular function, pulse-wave velocity, 

cerebral blood flow and biomarkers); Study design – Randomized controlled 

trials, non-randomized non-controlled trials and randomized crossover trials. 

Forty-two studies were included, where 32 investigated the acute and 10 the 

chronic effects of sitting breaks or reductions in sitting time. Walking was the main 

acute study strategy, used in different volumes (1 min 40s to 30 min), intensities 

(Light to vigorous) and frequencies (every 20 min to every 2 h). Acute studies 

found improved cardiovascular parameters, especially blood pressure, flow-

mediated dilation, and biomarkers, whereas chronic studies improved blood 

pressure. Breaking up or reducing sitting time improves cardiovascular 

parameters, especially with walking. 

 

Keywords: Sitting breaks; cardiovascular health; physical activity.  
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1. INTRODUCTION 

 Adults spend between six to ten hours sitting a day mostly using the 

computer or watching television [1]. Previous studies have shown that prolonged 

time spent in sedentary behavior is associated with higher blood pressure [2, 3], 

endothelial dysfunction [4, 5] and impaired levels of biomarkers [6], independently 

of physical activity level [7]. This evidence is important because it leads to an 

understanding about not only meeting the current physical activity guidelines (i.e., 

150 minutes of physical activity per week), but also reducing sitting time [8].  

Several studies analyzing the effects of different strategies to breaking up 

the sedentary time on cardiovascular parameters have been performed in last 

years. Furthermore, a meta-analysis investigating the effects of sitting breaks on 

vascular function has been recently published [9], however a wider summary of 

both the acute and chronic effectiveness of sitting breaks on a larger number of 

cardiovascular parameters (i.e., blood pressure, ambulatory blood pressure, 

vascular function, arterial stiffness and cerebral blood flow) had not yet been 

performed. In this study, we summarize the literature regarding the acute and 

chronic effects of breaks in sedentary behavior on cardiovascular parameters in 

adults. 

 

2. METHODS 

2.1.  Protocol and registration 

 The main features from this systematic review protocol (Research stage, 

review question, databases searched, eligibility criteria, outcomes, data 

extraction, risk of bias assessment, data synthesis, type and area of the review) 

have been registered with the International Prospective Register of Systematic 

Reviews (PROSPERO), under the registration number CRD42019125915 

(http://www.crd.york.ac.uk/PROSPERO. The review was prepared and written 

according to the Preferred Reporting Items of Systematic Reviews and Meta-

Analyses (PRISMA) [10]. 

 

2.2.  Eligibility criteria 

To be included, studies had to meet the following eligibility criteria, which 

was based on PICOS [11]: Participants - Humans aged 18 years old or older; 

Interventions - Sitting break strategies; Comparisons - Uninterrupted sitting; 

http://www.crd.york.ac.uk/PROSPERO
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Outcomes - Cardiovascular parameters (blood pressure, heart rate, ambulatory 

blood pressure, vascular function, pulse-wave velocity, cerebral artery blood flow 

and biomarkers); Study design - Randomized controlled trials (RCTs), non-

randomized non-controlled trials (nRnCTs) and randomized crossover trials 

(RCoT). Acute and chronic randomized and non-randomized studies that 

evaluated the effects of interruptions in prolonged sitting or reductions in sitting 

time in at least one of these cardiovascular parameters in adults were included. 

Also, only articles written in English were examined. The article followed all the 

ethical standards according to the journal [12]. 

 

2.3.  Search strategy and study selection 

 An electronic database search was performed on Pubmed and Web of 

Science databases between June and December 2019. A Boolean search 

strategy was developed using keywords related to sedentary behavior, and to the 

concept of breaks. Also, the reference list of all articles meeting the inclusion 

criteria were hand searched. Search terms included keywords related to 

“sedentary behavior” (e.g. sitting, sedentary behavior) and sitting breaks (e.g. 

walking, standing, interruptions). Restrictions on searches were limited to English 

language, clinical trials and humans. The detailed search strategies are available 

in the Supplementary Material - Supplementary File 1. Also, the conduction of a 

search within 24 months of completion of the review is planned. 

  

2.4.  Data extraction 

 All screening and reviewing was done by two independent reviewers, with 

the opinion of a third reviwer in cases of disagreement. After exclusion of 

duplicate titles, the articles retrieved were initially screened by title, then 

abstracts. The full text of articles was obtained for the remaining studies, and in 

case eligibility was confirmed, data were extracted. Two reviewers achieved 

consensus on the data to extract from the included studies, which was as follows: 

study characteristics (i.e. sample size, health status, sex, age), 

interventions/experimental conditions (i.e. intensity, frequency, duration) and 

cardiovascular parameters (blood pressure, heart rate, ambulatory blood 

pressure, vascular function, pulse-wave velocity, cerebral blood flow and 

biomarkers).  
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The methodological quality and risk of bias of included studies were 

assessed through the Tool for the Assessment of Study Quality and reporting in 

Exercise (TESTEX) scale [13]. The scale ranges from 0 to 15, and higher scores 

represent higher methodological quality. The TESTEX results from every acute 

study included are presented in Supplementary Material - Supplementary File 2, 

while the TESTEX results from the chronic studies are presented in 

Supplementary Material - Supplementary File 3. Also, the funding sources from 

every study (when reported) are presented in the Supplementary Material - 

Supplementary File 4. 

. 

3. RESULTS 

3.1.  Search results 

 The seach strategy produced a total of 7793 studies after the exclusion of 

duplicates. Based on titles, 7665 studies were excluded. Thus, 128 full-text 

articles were assessed for eligibility, where 29 studies were included in the 

review. After the revision of all the reference lists, 13 additional studies were 

found eligible, making 42 studies included in the review (Fig. 1). Of the selected 

studies, 32 were randomized crossover trials that investigated the acute effects 

of sitting breaks. 

 

***Insert Figure 1*** 

 

3.2.  Review of  acute studies characteristics 

 A total of 32 randomized crossover trials investigating cardiovascular 

responses to breaks in sitting time were found (Table 1). The studies included 

healthy [14-26], overweight/obese [2, 27-35], pre-hypertensive [36-38], 

hypertensive [3], type-2 diabetes [39], postmenopausal women [40], stroke 

survivors [41], and high cardiometabolic risk subjects [42]. Most studies used 

either walking (78%) or standing (31%) as sitting break strategies, with some 

other strategies including resistance activities (12%), cycling (9%), calisthenics 

(6%) and high-intensity interval exercise (6%). The studies varied in the 

manipulation of breaks in the following dimensions: duration (1 min 40s to 30 

min), frequency (every 20 min to every 2 h) and intensity (Light to vigorous). Also, 

the studies had considerable variation in the duration of experimental sessions 
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(From 30 minutes to up to 2 days). To verifiy the acute cardiovascular responses 

to the breaks in sitting time, studies measured blood pressure [2, 3, 14, 15, 20-

22, 31, 33, 35, 36, 38-42], pulse-wave velocity [3, 38, 42], ambulatory blood 

pressure [27, 34, 37], heart rate [16, 23, 24], flow-mediated dilation [17, 19, 26, 

28, 30, 40], cerebral artery blood flow [18, 32, 38] and biomarkers [14, 20, 21, 23-

25, 28, 29, 31, 33, 39-41]. TESTEX score from the studies ranged from 5 to 8, 

with an average score of 7, indicating moderate quality. 

 

***Insert Table 1*** 

 

3.3.  Results synthesis - Acute studies 

3.3.1. Blood pressure and heart rate 

Overall, the sitting breaks strategies produced positive effects throughout 

the studies, with either short-term decreases or maintenance of blood pressure 

levels. Among the sitting breaks strategies used, intermittent standing and 

walking [2, 3, 14, 20, 22, 33, 35, 36, 39, 41], resistance activities [39, 41] and 

running [43] were effective in decreasing or preventing increases in blood 

pressure levels. On the other hand, some studies interrupting sitting with walking 

[15, 31, 40], standing [15, 38, 40], cycle and sprint [21] and resistance activities 

[42] did not find significant intervention effects for blood pressure. 

The heart rate results showed an overall increase in this parameter after 

the sitting break interventions (standing [14], walking [23, 31, 39], calisthenics 

[16], cycling [21], resistance exercises [39, 42] or a short bout of high-intensity 

interval exercise [24]). Only one study showed significant decreases in heart rate 

after the walking breaks intervention in comparison to sitting and to interruptions 

with resistance activities in overweight/obese adults with type 2 diabetes [39]. 

 

3.3.2. Ambulatory blood pressure 

 Three studies verified the effects of sitting breaks in the ambulatory blood 

pressure [27, 34, 37], using standing [34], light [34, 37], moderate [27] or vigorous 

walking [27] and cycling [34]. Three studies found significant reductions in systolic 

blood pressure after sitting breaks, where some found these reductions with light 

walking [34, 37], standing [34] and cycling [34], and another finding reductions in 

systolic blood pressure with moderate, but not vigorous walking interruptions [27]. 
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Only one of these three studies found a reduction in diastolic blood presure after 

interrupting sitting with light walk [37] in pre-hyperensive adults. 

 

3.3.3. Vascular function 

 Six studies verified the effects of prolonged sitting breaks on vascular 

function [17, 19, 26, 28, 30, 40]. Sitting break interventions strategies such as 

simple resistance activities [28], standing [40] and hourly walking breaks [26] 

prevented reductions in flow-mediated dilation in comparison to uninterrupted 

sitting. In contrast, three studies found no significant effects of sitting breaks with 

calisthenics [17], standing and desk pedaling [30], or less frequent bouts of 

walking (every 2h) [19] on flow-mediated dilation. 

 

3.3.4. Pulse-wave velocity 

 Three studies investigated the effects of prolonged sitting breaks on pulse-

wave velocity [3, 38, 42]. Of these, only one study showed a significant decrease 

in pulse-wave velocity after interrupting sitting with standing [3] in comparison to 

prolonged sitting in overweight/obese pre-to-stage 1 hypertensive patients. The 

other two studies [38, 42], which interrupted sitting with either resistance exercise 

[42] in adults with increased cardiometabolic risk or standing [38] in pre-

hypertensive adults, found no significant results for pulse-wave velocity in 

comparison to sitting. 

 

3.3.5. Cerebral blood flow 

Three studies verified the effects of sitting interruptions in comparison to 

prolonged uninterrupted sitting on cerebral blood flow [18, 32, 38]. Of these, one 

study showed a maintenance in cerebral blood flow after interrupting sitting with 

3 minutes of walking every 30 minutes and with a single interruption with a 30 

minute walk bout in comparison to uninterrupted sitting [32], while another study 

showed that sitting interruptions consisting of 2 minutes of walking every 30 

minutes prevented a significant decrease in cerebral blood flow in compartison to 

uninterrupted sitting [18]. Lastly, a study found that interrupting sitting with 

standing every 30 minutes was not sufficient to prevent a significant decline in 

cerebral artery blood flow in pre-hypertensive adults [38]. 
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3.3.6. Biomarkers 

 The acute effects of prolonged sitting breaks in biomarkers involved the 

following biomarkers: Plasma epinephrine/norepinephrine [31, 33, 39], 

tryglicerides [20, 23], plasma fibrinogen [29, 41], reactive oxygen metabolites 

[25], plasma volume [29], cortisol [24, 31], white blood cell count [29], endothelin-

1 [28], interleukin-6 [31] and interleukin-8 [21]. Of the three studies that verified 

the epinephrine/norepinephrine responses to sitting breaks, one found that walk 

and resistance activities interruptions were able to reduce plasma norepinephrine 

levels in comparison to uninterrupted sitting [39], and another found that a single 

interruption interruption of 30 minutes of walking and 3 minute walk interruptions 

every 30 minutes decreased the levels of epinephrine in comparison to 

uninterrupted sitting only in women [33], while a third study found no signficant 

effects of sitting breaks in plasma epinephrine/norepinephrine when breaking 

sitting with 3 minutes of light walking every 30 minutes [31]. Among the two 

studies that measured the tryglicerides response to sitting breaks, one found that 

a single interruption of 30 minutes of walking reduced trygliceride levels in 

comparison to uninterrupted sitting [23], while another found no significant effects 

in tryglicerides after interrupting sitting with 20 minutes of walking every hour [20]. 

Concerning the two studies that measured fibrinogen levels responses to sitting 

breaks, one study verified that light intensity walking breaks prevented significant 

increases in fibrinogen levels in comparison to uninterrupted sitting in 

overweight/obese adults [29], while another study found no significant effects for 

fibrinogen levels when breaking prolonged sitting with light resistance exercise or 

light walking in stroke survivors [41]. Both the studies that verified the effects of 

sitting breaks on cortisol found no significant effects when interrupting sitting with 

either light walk [31] or high-intensity interval exercise [24]. Increases in reactive 

oxygen metabolites were prevented when sitting was interrupted with either stand 

or walking in comparison to prolonged sitting in a study with healthy adults [25]. 

A study also verified that prolonged unbroken sitting led to significant decreases 

in plasma volume when compared to sitting break interruptions with light and 

moderate walk [29], along with prolonged sitting and moderate intensity walking 

interruptions leading to an increase in white blood cell count in comparison to 

light walking interruptions [29]. A study also showed that resistance exercise 

breaks prevented significant increases in endothelin-1 when compared to 
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unbroken sitting [28]. A study showed that hourly cycling and sprint interruptions 

were able to decrease interleukin-8, while unbroken sitting increased this 

biomarker [21], and another study found no significant results in interleukin-6 

when interrupting sitting with light walking every 30 minutes [31]. 

 An overview of the acute effectiveness of sitting break strategies on 

cardiovascular parameters is presented in Table 2. Walking breaks were the most 

effective in producing beneficial effects on cardiovascular parameters. 

 

***Insert Table 2*** 

 

3.4.  Review of  chronic studies characteristics 

A total of 10 studies investigating the chronic cardiovascular responses to 

breaks or reductions in sitting time were found (Table 3), where 6 studies were 

randomized controlled trials and 4 were non-randomized non-controlled trials. 

The studies included healthy [44-49], overweight/obese [50, 51] and rheumathoid 

arthritis [52] subjects, with a specific study including both healthy and non-healthy 

adults [53], with sample sizes ranging from 12 to 264. Also, the duration of 

interventions varied from 10 weeks up to 12 months. Most studies used long-term 

strategies aimed at sitting reduction or sitting breaks throughout the day, usually 

through constant reminders of the importance of sitting breaks in the work 

environment, with some studies also using treadmill walking workstations. In 

order to verify the chronic cardiovascular responses to these interventions, 

studies evaluated blood pressure [44-48, 50-53], mean arterial pressure [49] and 

biomarkers [46, 48, 50, 52]. TESTEX scores from the studies ranged from 3 to 

10, with an average score of 7, indicating moderate quality, where only one study 

reached 10 points in the scale [51]. 

 

***Insert Table 3*** 

 

3.5.  Results synthesis - Chronic studies 

3.5.1. Blood pressure and heart rate 

 All of the chronic studies investigated the effects of the interventions on 

blood pressure or heart rate. Most studies performed long-term intervention 

composed of constant e-mail, text messages or some form of motivation [44, 45, 
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47-49, 52, 53] as reminders to perform breaks in sitting time in the workplace, 

and found that the interventions were mostly effective in reducing systolic [48, 

53], diastolic [48, 53] and mean arterial pressure [49, 53] after the intervention 

period, along with one study that found that the intervention prevented long-term 

increases in blood pressure in comparison to the control group [44]. In contrast, 

three studies found that these reminders to reduce sitting time did not lead to any 

significant post-intervention blood pressure results [45, 47, 52]. Aside from these 

interventions, two studies used treadmill workstations interventions [46, 50], and 

one study used either exercise, sitting reduction or both combined [51]. Two of 

these studies found significant decreases in systolic blood pressure after the 

intervention [46, 51], and one found that the intervention prevented significant 

increases in blood pressure [50]. 

 

3.5.2. Biomarkers 

 Four studies investigated the chronic effects of either a treadmill 

workstation [46, 50] or of reductions in sitting time interventions [48, 52] on 

biomarkers, and found that the treadmill workstation intervention reduced low-

density lipoprotein and total cholesterol levels [50], along with increased 

hemoglobin A1c levels [46], and the sitting reduction intervention was effective in 

reducing total cholesterol levels [52]. In contrast, one of the studies did not find 

any significant results in biomarkers after the intervention aimed at reducing 

sitting time [48]. 

An overview of the chronic effectiveness of sitting reduction or sitting break 

strategies on cardiovascular parameters is presented in Table 2. 

 

4. DISCUSSION 

 The current review identified studies investigating the acute and chronic 

effects of prolonged sitting breaks on cardiovascular parameters of adults. The 

evidence at hand suggests that breaking prolonged sitting time has beneficial 

acute effects on cardiovascular parameters, especially blood pressure, 

biomarkers and flow-mediated dilation, whereas chronic studies found significant 

improvements in blood pressure, cardiometabolic risk and biomarkers. Among 

the break strategies, walking seems to be the most effective for improvements in 
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blood pressure and biomarkers, while it was not clear which strategy was the 

most effective for improvements in flow-mediated dilation. 

 The main variables that presented significant acute effects from the sitting 

break strategies were blood pressure [2, 3, 14, 20, 22, 33, 35, 36, 39, 41, 43], 

biomarkers [21, 23-25, 28, 29, 33, 39] and flow-mediated dilation [26, 28, 40]. The 

most effective sitting break strategy to lead to these beneficial effects was walking 

[2, 20, 22, 23, 25, 29, 33, 35, 39, 41, 43], except for flow-mediated dilation, where 

no break strategy prevailed on showing significant effects over another [26, 28, 

40]. Also, cerebral blood flow showed significant effects to walking breaks [18, 

32], and no significant effects to standing breaks [38], however the number of 

studies with this variable was small [18, 32, 38]. When considering the other 

variables, there seems to be a tendency for beneficial effects of sitting breaks, 

however due to the smaller number of studies, the variation of break strategies 

and protocols used, along with the different study populations, it cannot be 

confirmed whether one strategy is more efficient than the other. 

 Among the strategies used to verify the acute effects of breaks in sitting 

time on cardiovascular parameters, standing and walking were more frequently 

used, with considerable variations in duration, time frequency between breaks 

and intensity among studies. These differences in protocols might have caused 

the divergences in the results observed in the studies, usually showing a 

tendency for better results when the breaks were performed more frequently 

throughout the interventions [2, 18, 19, 28, 29, 32, 33, 35, 39, 41], showing that 

more frequent bouts of sitting breaks may be more useful in preventing 

impairments in cardiovascular parameters. Aside from frequency, studies had a 

tendency for showing better results when interrupting sitting with walking [2, 18, 

19, 29, 32, 33, 35, 39, 41] or some more dynamic activities, such as calisthenics 

[17] or resistance activities [28, 39]. 

 The studies investigating the chronic effects of long-term strategies aimed 

at reducing the time spent sitting in the workplace found positive results mostly 

for blood pressure levels, where the interventions either reduced [48, 49, 53] or 

prevented increases [44] in this variable, along with finding decreases in 

cardiometabolic risk [45, 48] and improvements in biomarkers [46, 48, 52] after 

the interventions. These results show the importance of also targeting daily sitting 

reduction daily.  
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The main message of this review is that breaks in prolonged sitting seems 

to improve cardiovascular parameters. Among the sitting break strategies, more 

dynamic activities such as walking or light intensity resistance activities, along 

with more frequent bouts of interruptions showed to be more efficient in producing 

these beneficial effects, mainly in blood pressure, vascular function, and 

biomarkers. These results indicate that public health recommendations should 

give more attention to the importance of reducing sitting time throughout the day 

in order to prevent the burden of sedentary behavior on cardiovascular health. 

This study has some limitations that need to be considered. The lack of 

standardization in the sitting break protocols limits the direct comparison within 

studies, along with the different populations included. In the chronic studies, only 

one study reported the adherence to the intervention [49], so in the other studies 

it is not known how much of the intervention was completed by the participants. 

Also, even though most of the interventions in the chronic studies were similar, 

they were not standardized, along with the fact that four studies had no control 

group [46, 48, 50, 53] to make direct comparisons to the interventions. The 

average quality score could also be a limitation, with both the acute and chronic 

studies averaging 7 points, indicating average quality. 

 In conclusion, breaking up prolonged sitting or reducing sitting time 

throughout the day generally leads to acute and chronic beneficial effects in 

cardiovascular parameters of adults. Furthermore, walking breaks seem to be the 

most effective in producing beneficial effects on cardiovascular parameters. 

However, other strategies such as light intensity resistance activities also seem 

to be useful, but more studies are needed to verify the duration, intensity and 

frequency of these other sitting break strategies necessary to elicit these 

beneficial effects on cardiovascular parameters.  
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TABLES 

Table 1. Acute effects of sitting breaks on cardiovascular parameters of adults. 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Miyashita et al. 

2006 

Healthy adults 19 SIT; 6-min run [2 days] Blood 

pressure 

Run ↓ SBP & DBP vs SIT on 

Day 1; Run ↓ SBP vs SIT on 

Day 2 

6 

Miyashita et al. 

2008 

Healthy adults 15 SIT; 3min light walking 

every 30min (A-WALK); 1 

30min walk bout (C-

WALK) [2 days] 

Blood 

pressure 

A-WALK & C-WALK ↓ SBP 

& DBP vs SIT 

7 

Miyashita et al. 

2011 

Normotensive/pre-

hypertensive men 

10 SIT; 10 3-min bouts of run 

(ACUM); 1 continuous 

bout of 30-min run (CONT) 

[2 days] 

Blood 

pressure 

ACUM & CONT ↓ SBP 

vs SIT 

7 

Howard et al. 

2013 

Overweight/obese 

adults 

19 SIT; 2min light walk 

(LIGHT) every 20min; 

2min moderate walk 

(MOD) every 20min [5 h] 

Biomarkers SIT ↑ fibrinogen vs LIGHT; 

SIT ↓ plasma volume vs 

LIGHT & MOD; SIT & MOD 

↑ white blood cell count vs 

LIGHT 

8 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Peddie et al. 

2013 

Healthy adults 70 SIT; 30min walk (WALK); 

1’40’’ short walk bout every 

30min (B-WALK) [9 h] 

Biomarkers; 

Heart rate 

WALK ↓ triglycerides 

vs SIT; B-WALK & 

WALK 

↑ HR vs SIT 

7 

Larsen et al. 

2014 

Overweight/obese 

adults 

19 SIT; 2min light walk every 

20min; 2min moderate walk 

every 20min [5 h] 

Blood pressure Light and moderate 

walking ↓ SBP & DBP 

vs SIT 

6 

Bailey et al. 

2015 

Healthy adults 10 SIT; 2 min stand every 20 

min; 2 min walk every 20 min 

[5 hours] 

Blood pressure → SBP & DBP 5 

Thosar et al. 

2015 

Healthy adults 12 SIT; 5min treadmill walk 

break (ACT) every hour [3 h] 

Flow-mediated 

dilation 

SIT ↓ FMD, Mean & 

Antegrade shear rate; 

ACT → Flow-mediated 

dilation, Shear rate 

7 

Zeigler et al. 

2015 

Pre-hypertensive 

adults 

10 SIT; WALK every hour [8 h] Ambulatory 

blood pressure 

WALK ↓ SBP & DBP 

vs SIT 

7 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Takahashi et al. 

2015 

Healthy adults 15 SIT; 6 bouts of STAND; 1 

bout of 30min moderate 

WALK [2 days] 

Biomarkers SIT ↑ reactive oxygen 

metabolites vs STAND 

& WALK 

7 

Carter et al. 

2015 

Healthy adults 20 SIT; 2min STAND; 2min 

treadmill walk; 2min 

calisthenics [30 min] 

Heart Rate During calisthenics - ↑ 

HR vs all; Recovery - 

calisthenics ↑ HR vs all 

6 

Dempsey et al. 

2016 

Overweight/obese 

adults with Type-2 

Diabetes 

24 SIT; 3min walk every 

30min (SIT-WALK); 3min 

Simple Resistance 

Activities (SRA) every 30 

min [8 hours] 

Plasma 

noradrenaline 

(PN); BP; HR 

SIT-WALK & SRA ↓ 

SBP & DBP vs SIT; SIT-

WALK & SRA ↓ PN vs 

SIT; SIT-WALK ↓ HR 

vs SRA & SIT 

7 

Wennberg et al. 

2016 

Overweight/obese 

adults 

19 SIT; 3 min light walk every 

30 min (WALK) [5 h] 

Biomarkers; BP; 

Heart rate 

WALK ↑ HR vs SIT; 

→ Biomarkers & BP 

7 

Zeigler et al. 

2016 

Overweight/obese 

adults 

9 SIT; STAND, WALK or 

CYCLE every hour [8 h] 

Ambulatory blood 

pressure 

STAND, WALK & 

CYCLE ↓ SBP vs SIT 

7 

Carter et al. 

2017 

Healthy adults 10 SIT; Calisthenics every 

20min [1 h 26 min] 

Flow-mediated 

dilation 

Calisthenics ↑ Shear 

rate vs SIT; → FMD 

6 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Bhammar et al. 

2017 

Overweight/obese 

adults 

10 SIT; 30 min of MOD walk; 

21 x 2 min bouts of MOD 

walk; 8 x 2 min bouts of 

VIG walk [9 hours] 

Ambulatory 

blood pressure 

30-min MOD ↓SBP 

vs SIT 

7 

Kerr et al. 

2017 

Overweight/obese 

postmenopausal 

women 

10 SIT; 2min STAND every 

20min; 2min WALK every 

hour; 10min STAND every 

hour [5 hours] 

BP; FMD 10min STAND ↑ FMD 

vs SIT; → Blood 

pressure 

8 

Barone-Gibbs et al. 

2017 

Overweight/ 

obese pre-to Stage 

1 hypertensives 

25 SIT; STAND-SIT every 30 

min [9 hours] 

BP; PWV STAND-SIT ↓ DBP & 

MAP vs SIT; STAND-

SIT ↓ PWV vs SIT 

6 

Carter et al. 

2018 

Healthy adults 15 SIT; Sit w/ 2min walk every 

30min (2WALK); Sit with 

8min walk every 2h 

(8WALK) [4 h] 

Cerebral artery 

blood flow 

SIT ↓ CABF vs 

2WALK 

7 

Champion et al. 

2018 

Healthy adults 24 SIT; 20min treadmill desk 

walk (INT-SIT) every hour 

[6,5 hours] 

BP; Biomarkers INT-SIT ↓ SBP & DBP 

vs SIT; → Biomarkers 

7 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

English et al. 

2018 

Stroke survivors 19 SIT; 3min of light resistance 

exercise every 30min 

(STAND-EX); 3min walk 

every 30min (WALK) [8 h] 

BP; Plasma 

fibrinogen 

STAND-EX & WALK 

↓ SBP vs SIT; 

→ Plasma fibrinogen 

7 

Kruse et al. 

2018 

Overweight/ 

obese adults 

13 SIT; 4 10min bouts of 

STAND; 4 10min bouts of 

desk pedaling [4 h] 

Flow-mediated 

dilation 

Sitting ↓ FMD 7 

Climie et al. 

2018 

Overweight/ 

obese adults 

19 SIT; 3min simple resistance 

activities (SRA) every 30min 

[5 hours] 

FMD; 

Biomarkers 

SIT ↓ FMD vs SRA; 

SIT ↑ ET-1 vs SRA 

8 

Sperlich et al. 

2018 

Healthy adults 12 SIT; 6 min high-intensity 

interval exercise after 60 min 

(SIT+HIIT) [3 h] 

Biomarkers; 

HR 

SIT+HIIT ↑ HR vs 

SIT; 

→ Biomarkers 

7 

Carter et al. 

2019 

Healthy adults 15 SIT; Sit w/ 2 min walk every 

30 min (2WALK); Sit with 8 

min walk every 2 h (8WALK) 

[4 hours] 

Flow-mediated 

dilation 

SIT ↓ blood flow vs 

8WALK; → FMD; 

→ shear rate 

7 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Wheeler et al. 

2019 

Overweight/ 

obese adults 

12 SIT; EX+SIT: Sit (1 h) + 30min 

walk + Sit (6.5 h); EX+BR: Sit (1 

h) + 30 min walk + Sit (6.5 h) w/ 

3 min walk every 30 min 

[8 hours] 

Cerebral artery 

blood flow 

EX+BR & EX+SIT → 

CABF vs SIT 

7 

Wheeler et al. 

2019 (1) 

Overweight/ 

obese adults 

67 SIT; EX+SIT: Sit (1hr) + 30min 

walk + Sit (6.5hr); EX+BR: Sit 

(1hr) + 30min walk + Sit (6.5hr) 

w/ 3min walk every 30min [8 h] 

BP; Plasma 

epinephrine/ 

norepinephrine 

EX+SIT & EX+BR ↓ 

SBP & DBP vs SIT; 

EX+SIT & EX+BR ↓ 

Epinephrine vs SIT in 

women & ↑ in men 

8 

Freire et al. 

2019 

Adults with 

excess body fat 

25 SIT; Low-volume high-intensity 

interval exercise followed by 

sitting (EX+SIT); 5min walk 

every 20 min (SIT+WB) [10 h] 

Blood pressure SIT+WB ↓ DBP vs SIT 7 
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Table 1. (Continued). 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Altenburg et al. 

2019 

Healthy adults 20 SIT; Sit on a stability ball 

(SIT-ACTIVE); 10 min 

standing every hour (SIT-

STAND) [5 h] 

Biomarkers; 

HR; Blood 

pressure 

SIT-STAND ↑ HR vs SIT & 

SIT-ACTIVE; SIT-STAND 

↓ SBP; 

→ Biomarkers 

6 

Perdomo et al. 

2019 

Pre-hypertensive 

adults 

25 SIT; SIT-STAND every 

30min [9 hours] 

BP; CABF; 

PWV 

SIT & SIT-STAND ↓ CABF 

from morning to midday & 

SIT ↑ CABF from midday 

to afternoon; → PWV & BP 

7 

Kowalsky et al. 

2019 

Adults with 

increased CM risk 

14 SIT; Resistance exercise 

breaks (REX) every 1 h [4 h] 

BP; HR; PWV REX ↑ HR vs SIT; → BP & 

Pulse-wave velocity 

7 

Dogra et al. 

2019 

Healthy adults 10 SIT; Disrupting sitting with 

3min cycling & sprint (DS) 

every hour [4 hours] 

Biomarkers; 

BP; Heart rate 

SIT ↑ IL-8 & DS ↓ IL-8; 

SIT → HR & DS ↑ HR; → 

BP 

6 

[Time in square brackets] indicates total time of experimental conditions. PWV, Pulse wave velocity; BP, Blood pressure; SBP, Systolic 

blood pressure; DBP, Diastolic blood pressure. HR, Heart rate; CM Risk, Cardiometabolic risk; ABP, Ambulatory blood pressure; 

FMD, Flow-mediated dilation; PN, Plasma noradrenaline; CABF, Cerebral Artery Blood Flow. TESTEX, Quality and risk of bias 

assessment score. 
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Table 2. Sitting break strategies and its effectiveness on cardiovascular parameters of adults. 

ABP, Ambulatory blood pressure. PWV, Pulse-wave velocity. CBF, Cerebral Blood Flow. 
  

Strategies Blood Pressure Heart Rate ABP Vascular function PWV CBF Biomarkers 

Acute        
Walking 9/13 (70%) 2/5 (40%) 3/3 (100%) 1/3 (33%) ------------- 2/2 (100%) 6/9 (67%) 
Standing 3/6 (50%) 1/2 (50%) 1/1 (100%) 1/2 (50%) 1/2 (50%) 0/1 (0%) 1/2 (50%) 
Resistance 2/3 (67%) 0/2 (0%) --------------- 1/1 (100%) 0/1 (0%) --------------- 2/3 (67%) 
HIIT 0/1 (0%) 0/1 (0%) --------------- ----------------------- ------------- --------------- 0/1 (0%) 
Cycling 0/1 (0%) 0/1 (0%) 1/1 (100%) 0/1 (0%) ------------- --------------- 1/1 (100%) 
Calisthenics -------------------- 0/1 (0%) --------------- 0/1 (0%) ------------- --------------- ------------- 
        

Chronic        
Sitting reduction 2/4 (50%) ------------ --------------- -------------------- ------------- --------------- 2/2 (100%) 
Sitting interruption 3/4 (75%) ------------ --------------- -------------------- ------------- --------------- ------------- 
Treadmill workstation 2/2 (100%) ------------ --------------- -------------------- ------------- --------------- 2/2 (100%) 
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Table 3. Chronic effects of interrupting or reducing sitting time on cardiovascular parameters. 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

John et al. 
2011 

Overweight 
/obese adults 

12 Treadmill workstation 
intervention [9 mo] 

Biomarkers, 
Blood pressure 

INT ↓ LDL & Total 

Cholesterol; → BP 

6 

Koepp et al. 
2013 

Healthy adults 36 Treadmill workstation 
intervention [12 mo] 

Biomarkers, 
Blood pressure 

INT ↑ hemoglobin 

A1c post-6 mo; INT↓ 

SBP post-6 & 12 

months; INT ↑ HDL 

3 

Keadle et al. 
2014 

Overweight 
/obese adults 

57 Exercise (EX) + sitting 
reduction (rST) + combined 
(EX-rST) + control (CON) 

[12 weeks] 

Blood pressure EX & EX-rST ↓ SBP 10 

Mainsbridge et al. 
2014 

Healthy adults 29 e-health solution (interruptions 
in occupational sitting) + 
Control group [13 weeks] 

Mean arterial 
pressure 

e-health ↓ MAP vs 

CON 

8 

Puig-Ribera et al. 
2015 

Healthy adults 264 Control + Workplace web-
based intervention 

(Walk@WorkSpain) [19 weeks] 

Blood pressure → Blood pressure 9 

Healy et al. 
2017 

Healthy adults 221 Control + Sitting reduction 
groups [12 mo] 

Blood pressure → Blood pressure 8 

Thomsen et al. 
2017 

Rheumatoid 
arthritis patients 

150 Control + SMS aiming 
reduction of sitting time 

[16 weeks] 

Blood pressure; 
Biomarkers 

SIT reduction ↓ 

cholesterol vs CON; 

→ Blood pressure 

8 

Dunning et al. 
2018 

Healthy adults 20 Control + PROMPT (Text 
messages aiming to interrupt 

sitting) [10 weeks] 

Blood pressure  PROMPT → BP 

vs CON 

8 
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Table 3. (Continued). 

[Period in square brackets] indicates total time of interventions. LDL Cholesterol, Low-density lipoprotein cholesterol; PWV, Pulse 
wave velocity; BP, Blood pressure; SBP, Systolic blood pressure; DBP, Diastolic blood pressure. HR, Heart rate; CM Risk, 
Cardiometabolic risk. TESTEX, Quality and risk of bias assessment score. 

Author, year Population N Arms Outcomes Results RoB (TESTEX) 

Mainsbridge et al. 
2018 

Healthy & non-
healthy adults 

228 e-health solution 
(interruptions in 

occupational sitting) [12 mo] 

Blood pressure SBP ↓ 9 mo; DBP & 

MAP ↓ 12 mo 

3 

Winkler et al. 
2018 

Healthy adults 136 Stand Up Victoria 
Intervention (Aimed at 
reducing sitting time) 

[12 months] 

Blood pressure; 
Biomarkers 

INT ↓ SBP post-3 mo; 

INT ↓ DBP, triglycerides 

& cholesterol post-12 mo 

2 
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FIGURES 

 

Figure 1. Flow diagram of database search. 
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Abstract 

Objective: To analyze the acute effects of breaking up sedentary behavior with 

isometric exercise on the cardiovascular health of sedentary adults. Methods: 

This is a three-condition randomized crossover trial. The target population of the 

present study was comprised of healthy and sedentary adults above 18 years of 

age of both sexes. The participants completed, in randomized order, three 

experimental conditions (Control, breaks with isometric leg extension exercise 

and breaks with walking), with the order of the conditions determined through 

simple automatic randomization. All the conditions had in common a period in 

sedentary behavior of three hours. However, during the conditions with isometric 

exercise and walking breaks the participants performed breaks with isometric leg 

extension exercise and with walking every 30 minutes, while in the control 

condition they remained in the sitting position with no breaks. Before and after 

this period vascular function (primary outcome), blood pressure and cardiac 

autonomic modulation (secondary outcomes) were measured. Generalized 

estimated equations were used to analyze the data. Results: The sample was 

comprised of 17 subjects (11 women, 6 men; 29±10 years; 25,1±5,1 kg/m2). The 

results did not indicate significant effects for vascular function between the 

experimental conditions (p>0,05 for all). We also did not find significant 

differences for systolic or diastolic blood pressure among the conditions (p>0,05 

for all). The variables related to heart rate variability did not present significant 

effects between conditions (p>0,05 for all). Conclusion: Breaking up sedentary 

behavior with isometric exercise does not seem to lead to significant effects on 

the cardiovascular health of healthy sedentary adults. 

 

Keywords: exercise; cardiovascular system; vascular function; isometry; sitting 

time.  
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Introduction 

Sedentary behavior is directly associated to high blood pressure (1) and 

with impairments on lower limb vascular function (2, 3), which are risk factors to 

cardiovascular disease and mortality (4) and that can be implicated as an 

important aspect on the emergence and progression of atherosclerotic lesions 

(5). Based on this, the main recommendation to minimize the effects of sedentary 

behavior on cardiovascular health consists in the performance of systematic 

interruptions of this behavior through the so-called breaks, that for the most part 

is performed through light-intensity and short duration walking (6). 

However, a meta-analysis (6) found that the implementation of breaks had 

little impact on the reduction of blood pressure in adults, which along with the lack 

of knowledge about its effects on other cardiovascular parameters such as 

vascular function and cardiac autonomic modulation and the lack of verification 

of the effects of other break strategies beyond walking on these variables, shows 

that its real impact on cardiovascular health needs to be better investigated. 

In this context, in the last decade the isometric exercises have gained 

attention on the literature due to its positive effects in different indicators of the 

cardiovascular system (7, 8), and due to its relative low cost and practical 

application. Based in this evidence, it is possible to hypothesize that the isometric 

exercise can be useful as a break strategy and this, minimize the impairments on 

cardiovascular health caused by sedentary behavior. Thus, the aim of this study 

is to analyze the acute effects of breaking up sedentary behavior with isometric 

leg extension exercise on the cardiovascular health indicators of healthy adults 

exposed to prolonged time in the sitting position. 

 

Methods 

Design and sample 

This study is a randomized crossover trial where healthy and sedentary 

subjects were recruited to participation between May 2019 and December 2020. 

The inclusion criteria were: a) no diagnosis of cardiovascular diseases and 

diabetes, b) do not present high cardiovascular risk, c) do not participate in an 

exercise program for at least six months, d) occupational activity that requires 

more than six hours in the sitting position per day, e) do not be a smoker or be in 

current use of medication. The study was approved by the Nove de Julho 
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University Research Ethics Committee and all participants were clarified about 

the experimental proceedings and signed the written informed consent previously 

to participation. 

 

Experimental Protocol 

For the performance of the experimental conditions, the subjects reported to 

the University in a 12-hour fast and received a standard meal, consisting of two 

cereal bars and 200ml of juice. Also, previously to the conditions, the subjects 

received instructions that included: ingest medications according to routine and 

do not exercise or ingest alcoholic beverages in the 24 hours before the 

experimental conditions. 

The experimental conditions were initiated 60 minutes after the ingestion of 

the standard meal and had a duration of approximately five hours, in total. The 

conditions were performed during the morning, starting between 7:00 and 8:00 h, 

with at least two days of interval between them, and the temperature of the 

laboratory was kept between 20 and 22⁰C. 

After the initial measurement period, the subjects were submitted to the 

experimental conditions, composed of three hours in the sitting position, that were 

performed in randomized order: Control condition – Three hours in the sitting 

position with no breaks; Isometric condition – Three hours in the sitting position 

with two minutes of isometric leg extension exercise breaks at 30% of the 

maximal voluntary contraction every 30 minutes; Walking condition - Three hours 

in the sitting position with two minutes of light-intensity walking breaks 30 

minutes. The order of the conditions was determined through simple automatic 

randomization (www.randomizer.org), and there was an interval of at least 48 

hours between each experimental condition. Vascular function, blood pressure 

and heart rate variability were measured before (Pre) and in two moments (Post-

10 min; Post-50 min) after each experimental condition. The experimental design 

of the study is presented in figure 1. 

***Insert Figure 1*** 

 

Vascular function 

http://www.randomizer.org/
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Vascular function was measured through the flow-mediated dilation (FMD) 

technique, through doppler ultrasonography according to the most recent 

recommendations (9). Images of the popliteal artery were captured through a 

bidimensional ultrasonography device with spectral Doppler and linear 

transductor. The diameter and blood flow were continually registered through 90 

seconds. After the basal recording, a cuff was inflated, positioned above the 

ankle, that was inflated 50 mmHg above the systolic blood pressure, verified 

previously to the measurement. The cuff occlusion was maintained for five 

minutes and, after this period, rapidly released. The doppler recordings were 

restarted 30 seconds before releasing the cuff and were maintained for 180 

seconds more. The diameter and blood flow post-occlusion were measured after 

the cuff release. The vasodilatory capacity was calculated as the percentage of 

increase of the artery diameter post-occlusion regarding its basal values. All the 

images captured were transferred to the computer through a video capture 

software and saved on an external hard drive for posterior analysis through a 

semiautomatic software (FMD Studio, Institute of Clinical Physiology, Italy). 

 

Blood pressure 

Blood pressure was measured through an automatic monitor (HEM-742, 

Omron Healthcare, Japan). For this measurement, the subjects remained 10 

minutes on the supine position, using an adequate cuff for the arm circumference. 

Consecutive measures were taken with a minute of interval between them, on the 

right arm, until reaching a difference lower than 4 mmHg between two 

measurements. The value used for the analysis was the average of the last two 

measures, as recommended by the 7th Brazilian Guidelines of Hypertension (10). 

 

Cardiac autonomic modulation 

Autonomic modulation of the cardiovascular system was measured through 

the heart rate variability technique. Therefore, the subjects remained 10 minutes 

on the supine position, on which the RR intervals were recorded, through a heart 

rate monitor valid for this function (Polar V800, Polar Electro, Finland). However, 

the first five minutes were excluded and was only considered a valid signal those 

with at least five minutes of stationary signal, measured by an experienced 

researcher. 
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After the measurement, the RR intervals were exported to the Kubios HRV 

program (Biosignal Analysis and Medical Imaging Group, Finland), where the 

analysis were performed (time and frequency domain). The time and frequency 

domain parameters were analyzed according to the current recommendations 

(11). 

 

Statistical analysis 

Based on a previous study (12), the sample size calculation was performed 

using as a reference the artery diameter, which considering an effect size of 0,33, 

a power of 80% and alpha error of 5%, o minimal number detected was of 10 

subjects (30 conditions). Considering sample losses and the possible data 

variability, the sample size of the present study was inflated in 30% to 13 subjects 

(39 conditions). 

Data normality was verified through the Shapiro-Wil test and through visual 

inspection. Homogeneity of variance between the experimental conditions was 

analyzed through the Levene test. Generalized estimated equations were used 

to compare the effects of the experimental conditions on the cardiovascular 

variables, followed by a post-hoc of pairwise comparisons using the Bonferroni 

correction for multiple comparisons. 

The Statistical Package for the Social Sciences (SPSS Version 20.0 for 

Windows) was used for the analysis. For all the analysis, a P<0,05 was 

considered as statistically significant. 

 

Results 

The recruiting of the subjects and the completion of the experimental 

conditions occurred between May 2019 and December 2020. The study flowchart 

is presented on figure 2. In total, 21 subjects were recruited, where 17 concluded 

the three experimental conditions. 

***Insert Figure 2*** 

 

The sample characteristics are presented in table 1. The sample was 

comprised of young adults, most being women, with adequate body mass index 

and waist circumference. 
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***Inserir Table 1*** 

 

The vascular function response to the experimental conditions is presented 

on figure 3. The results did not indicate significant effects on vascular function 

between the experimental conditions (p>0,05 for all). 

***Insert Figure 3*** 

 

Table 2 shows the results of the effects of the experimental conditions on the 

variables related to vascular function. No significant effects were found for any of 

the additional vascular function variables (p>0,05 for all). 

***Insert Table 2*** 

 

Figure 4 presents the response of the systolic and diastolic blood pressure 

between the experimental conditions. There were no statistically significant 

differences for systolic or diastolic blood pressure in any of the experimental 

conditions in the periods measured (p>0,05 for all). 

***Insert Figure 4*** 

 

Table 3 presents the data related to heart rate and cardiac autonomic 

modulation. The results did not indicate statistically significant differences for any 

of the experimental condition in the periods verified (p>0,05 for all). 

***Insert Table 3*** 

 

Discussion 

The aim of this study was to analyze the acute effects of breaking up 

sedentary behavior with isometric exercise on the cardiovascular parameters of 

sedentary and healthy adults. The main finding was that breaking up sedentary 

behavior with isometric exercise did not lead to significant differences on vascular 

function, blood pressure, heart rate and heart rate variability of healthy adults 

exposed to prolonged time in the sitting position.  

The findings of this study did not indicate a worsening in vascular function 

after the prolonged uninterrupted sitting condition. We believe that one of the 

contributing factors to this lack of worsening of vascular functional are the sample 

characteristics, composed of sedentary subjects that spend prolonged time in the 
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sitting position, but are young and healthy. This could have served as a protective 

factor for the worsening of vascular function. Indeed, all the studies that verified 

the vascular function responses in subjects with a risk factor found a worsening 

in vascular function (13-15). In young and healthy subjects, only one study found 

a worsening in vascular function measured in the sitting position after three 

uninterrupted hours in the sitting position (12), while the other studies with this 

population did not find significant effects in this marker (16, 17). 

Aside from the factors mentioned above, it is believed that the artery 

measured and control of lower limb movement during the uninterrupted sitting 

period could have prevented a worsening in vascular function. Indeed, one of 

these studies did not verify significant effects of breaking up sedentary behavior 

on brachial artery vascular function (16), where it is believed that this lack of 

significant results was due to the measurement of vascular function on upper 

limbs, since another study verified that only the femoral artery suffered a 

worsening after the time in the sitting position, while brachial artery vascular 

function remained unaltered (14). These findings indicate that the worsening in 

vascular function caused by prolonged time in the sitting position seems to occur 

only on lower limb arteries. Another important point was that we did not 

reccomend the subjects to limit their lower limb movement during the time seated. 

Most previous studies reported that they advised the subjects to prevent 

excessive movement in the lower limbs, and all of them found a significant 

reduction in lower limb vascular function (12-15). On the other hand, the studies 

that did not control lower limb movement during the time seated did not verify a 

significant reduction in this variable after prolonged time in the sitting position (16, 

17). This hypothesis is corroborated by a study conducted by Morishima et al. (2) 

that verified that unilateral leg movement was effective in preventing a worsening 

in vascular function in comparison to the contralateral leg, showing that lower 

limb movement during sitting time can lead to a prevention of worsening in 

vascular function and deserve attention. 

Since there was no worsening in vascular function after the uninterrupted 

sitting condition, the conditions with sitting breaks did not promote any additional 

effect in vascular function. Indeed, most studies thar reported an improvement in 

vascular function on the conditions that sitting was interrupted also verified a 

worsening in this marker in the uninterrupted sitting condition (12-14), while the 
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studies that did not verify an improvement in vascular function after the conditions 

where sitting was interrupted also did not verify a worsening in this marker after 

the uninterrupted sitting condition (16, 17). Only one study did not verify 

improvements in vascular function in the sitting break conditions after finding a 

worsening in this marker after the uninterrupted sitting condition (15). These 

opposite effects seem to demonstrate that when prolonged uninterrupted sitting 

time leads to a worsening in vascular function, the sitting breaks are effective in 

counterbalance these deleterious effects, showing that the subjects that are more 

prone to suffer a worsening in this marker due to sedentary behavior, also seem 

to be more prone to present a prevention of worsenin of vascular function when 

they break sedentary behavior. 

Beyond vascular function, we also did not find significant effects for blood 

pressure in any of the experimental conditions. As for vascular function, we 

believe that this lack of results was due to the sample characteristics. The sample 

resting blood pressure values were normal, which confirms the healthy status of 

these subjects regarding blood pressure values. It is well established in the 

literature that subjects with higher blood pressure valies are more prone to suffer 

reductions in this marker after the performance of exercise (18, 19), which would 

not occur in our sample, since the subjects presented normal blood pressure 

values. A recent meta-analysis showed that sedentary behavior breaks promoted 

little impact on the reduction or attenuation of blood pressure values (6). After this 

meta-analysis, new studies investigating the effects of sitting breaks on blood 

pressure were published (13, 20-30). These studies for the most part verified 

beneficial of breaking up sedentary behavior on blood pressure both in healthy 

(23, 27, 31, 32) and subjects diagnosed with cardiovascular disease or some risk 

factor (20, 22, 24-26, 33, 34). However, some studies were not able to find 

significant effects os sitting breaks on blood pressure for both healthy (30, 35), 

and subjects diagnosed with cardiovascular disease or some risk factor (13, 21, 

28, 29), which demonstrates that there are still factors to be clarified regarding 

the effects of sitting breaks in this marker. Thus, the findings related to blood 

pressure show that indeed there seems to be a beneficial effect of sedentary 

behavior breaks in this marker, but that there is still the need to a standardization 

of the protocols to verify the real effect of sitting breaks on the different 

populations and be able to establish a direct comparison among the studies, and 
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if there can be protective factors to the worsening of vascular function caused by 

prolonged time in sedentary behavior. 

Another variable investigated on our study was autonomic modulation, where 

we did not find significant effects among the experimental conditions. We do not 

know any other study that aimed to verify the effects of sedentary behavior breaks 

on autonomic modulation, which does not allow the comparison of our results 

with other studies in the literature. In contrast, some studies verified the 

relationship of sedentary behavior with variables related to cardiac autonomic 

modulation (36-40). These studies for the most part verified that prolonged time 

in the sitting position was related to worse rates of cardiac autonomic modulation 

in blue-collar workers (36, 40), and that obese subjects present greater 

dysfunctions in these variables (39). The few studies that investigated the 

relationship of sedentary behavior with autonomic modulation seem to indicate 

that there is a damage of sedentary behavior in this marker, but that these 

relationships still need to be better investigated. 

This study has some limitations that need to be addressed. Initially, there was 

no blinding of the assessor during the experimental conditions, that could have 

influenced the results. Still, we opted not to label the experimental conditions 

performed during data analysis, to reduce the influence of the performance of the 

experimental conditions that interrupted sitting time in the results, but that does 

not eliminate the limitation related to the lack of blinding of the assessor on the 

periods that the variables were measured during the experimental conditions. 

The fact that this study included only healthy subjects limits the generalization of 

the results to other populations at the same age range diagnosed with 

cardiovascular diseases or that present high cardiovascular risk. Also, the lack of 

control of lower limb movement during sitting time could have influenced the 

results of vascular function. 

Even with these limitations, this study adds new significant information on the 

scope of the effects of sedentary behavior breaks on cardiovascular health, since 

this is the first study to verify the effects of breaking up prolonged sitting with 

isometric exercise on cardiovascular variables. Also, we controlled the meals 

consumed on the day of the experimental conditions, that minimized the effects 

of diet on the cardiovascular variables, and the experimental conditions were 

performed in randomized order. 
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In conclusion, breaking up sedentary behavior with isometric exercise does 

not seem to lead to significant effects on the cardiovascular parameters of young, 

healthy and sedentary subjects exposed to prolonged time in sedentary bahavior.  
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TABLES 

Table 1. Sample general characteristics (N=17). 

Variables Values 

Sex, Women 11 

Age, Years 29 ± 10 

BMI, Kg/m² 25,1 ± 5,1 

Waist Circumference, cm 81 ± 13 

Values presented in absolute frequency, mean and standard deviation. BMI – 

Body mass index. 
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Table 2. Response of the variables related to vascular function between the experimental conditions and periods measured (N=15). 

Variables Pre Post 10 min Post 50 min p 

Basal Diameter, mm     

Isometric 5.6 (1.4) 5.6 (1.4) 5.7 (1.4) C = 0.994 

Walking 5.6 (1.1) 5.6 (1.3) 5.7 (1.4) T = 0.861 

Control 5.7 (1.2) 5.5 (1.3) 5.7 (1.4) CxT = 0.999 

Maximum Diameter, mm     

Isometric 5.9 (1.5) 5.9 (1.4) 5.9 (1.4) C = 0.908 

Walking 6.1 (1.2) 6.0 (1.5) 6.1 (1.6) T = 0.903 

Control 6.1 (1.3) 5.8 (1.3) 6.0 (1.4) CxT = 0.999 

Positive Shear Rate Baseline, sec-1     

Isometric 61 (30) 44 (13)† 42 (16)† C = 0.666 

Walking 58 (24) 42 (16) 38 (16)† T = 0.001* 

Control 58 (19) 44 (16) 40 (16)† CxT = 0.997 

Positive Shear Rate Maximum, sec-1     

Isometric 206 (94) 187 (87) 161 (69) C = 0.475 

Walking 201 (91) 161 (65) 153 (87) T = 0.007* 

Control 226 (87) 185 (82) 163 (77) CxT = 0.973 
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Table 2. (Continued). 

Variables Pre Post 10 min Post 50 min p 

Positive Shear Rate Area, sec-1     

Isometric 3945 (2552) 4343 (2546) 3313 (1762) C = 0.449 

Walking 4640 (2676) 3657 (2028) 3408 (2565) T = 0.069 

Control 5082 (1918) 4436 (2490) 3689 (2194) CxT = 0.799 

Positive Shear Rate Area to Maximum, sec-1     

Isometric 3273 (1884) 3597 (2028) 2820 (1482) C = 0.263 

Walking 3816 (2112) 3049 (1593) 2456 (1622) T = 0.011* 

Control 4432 (1709) 3613 (1996) 2973 (1550) CxT = 0.653 

Negative Shear Rate Baseline, sec-1     

Isometric -24 (17) -26 (15) -28 (24) C = 0.919 

Walking -23 (15) -29 (23) -22 (14) T = 0.563 

Control -24 (17) -28 (18) -26 (17) CxT = 0.891 

FMD – Flow-mediated dilation; sec – Seconds; mm – Millimeters. C – Condition. T – Time. CxT – Condition x Time interaction. * - 

p<0,05. † - Significantly different from pre. ‡ - Significantly different from post 10 min.
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Table 3. Response of heart rate and heart rate variability between the experimental conditions and periods measured (N=17). 

Variables Pre Post 10 min Post 50 min p 

Heart rate, bpm     

Isometric 66 (11) 62 (10) 63 (10) C = 0.981 

Walking 66 (10) 63 (12) 63 (9) T = 0.118 

Control 67 (11) 62 (11) 62 (11) CxT = 0.993 

SDNN, ms     

Isometric 44 (29) 58 (41) 77 (61) C = 0.368 

Walking 39 (27) 69 (71) 51 (18) T = 0.661 

Control 80 (153) 67 (59) 70 (83) CxT = 0.541 

RMSSD, ms     

Isometric 47 (34) 65 (49) 86 (78) C = 0.347 

Walking 41 (32) 84 (102) 55 (32) T = 0.647 

Control 92 (185) 79 (79) 81 (118) CxT = 0.560 

pNN50, %     

Isometric 23.9 (23.3) 32.7 (23.9) 35.0 (25.2) C = 0.888 

Walking 19.6 (22.5) 39.4 (24.2)† 27.4 (22.3) T = 0.044* 

Control 28.6 (25.7) 34.4 (25.2) 29.6 (22.9) CxT = 0.601 
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Table 3.  (Continued). 

Variables Pre Post 10 min Post 50 min p 

Low Frequency, un     

Isometric 53.1 (19.8) 51.4 (20.3) 49.7 (18.1) C = 0.414 

Walking 46.2 (17.6) 48.8 (20.6) 52.4 (19.3) T = 0.991 

Control 47.1 (18.0) 47.0 (18.5) 45.7 (18.5) CxT = 0.864 

High Frequency, un     

Isometric 46.8 (19.8) 48.5 (20.3) 50.1 (18.0) C = 0.406 

Walking 53.4 (17.8) 51.0 (20.6) 47.5 (19.3) T = 0.993 

Control 52.6 (17.9) 53.1 (18.5) 54.2 (18.5) CxT = 0.877 

bpm – Beats per minute; ms – Milliseconds; SDNN – Standard deviation of all NN intervals; RMSSD – The square root of the mean 

of the sum of the squares of differences between adjacent NN intervals; pNN50 – NN50 count divided by the total number of all NN 

intervals; un – Normalized Units. C – Condition. T – Time. CxT – Condition x Time interaction.     * - p<0,05. † - Significantly different 

from pre. ‡ - Significantly different from post 10 min. 
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FIGURES 

 

Figure 1. Experimental design of the study.  
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Figure 2. Study flowchart. 
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Figure 3. Vascular function response among the experimental conditions. C – 

Condition. T – Time. CxT – Condition x Time Interaction. 



91 

 

 

Figure 4. Systolic (A) and diastolic (B) blood pressure response among the 

experimental conditions. C – Condition. T – Time. CxT – Condition x Time 

Interaction.  
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9. ANEXOS 

9.1. Documento de aprovação do Comitê de Ética em Pesquisa 
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