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RESUMO

Introducao: O treino resistido (TR) com restri¢do do fluxo sanguineo (RFS) significa a
realizacdo de exercicios de forga com diminuicdo do fluxo sanguineo arterial para 0s
musculos ativos. A diminuicdo do sangue arterial disponivel para os musculos ativos
impede que a intensidade e o volume do exercicio sejam tdo altos em compara¢do com o
treino resistido sem RFS. As respostas hemodindmicas ao TR-RFS parecem causar
contragdo muscular com baixo fluxo sanguineo, elevando o estresse metabolico,
diminuindo o retorno venoso, exacerbando a atividade simpatica e aumentando a
resisténcia vascular periférica, que juntos aumentam agudamente a tensdo arterial e a
frequéncia cardiaca. No entanto, os efeitos hemodinamicos cronicos do TR-RFS e sua
comparabilidade com o treino resistido sem RFS e mesmo em comparagdo com grupos
sem treino, ainda sdo escassos e precisam ser investigados. Objetivos: O objetivo desta
revisao sistematica com meta-analise da literatura revisada por pares foi examinar 0s
efeitos crénicos do TR-RFS na tensdo arterial em adultos aparentemente saudaveis
(PROSPERO: Registro: CRD42022339510). Metodologia: Foi realizada uma busca
bibliogréfica nas bases de dados PubMed, Sports Discus, Scielo e Web of Science. Dois
revisores independentes extrairam as caracteristicas do estudo e as medidas de tensdo
arterial. Foram avaliados o risco de viés através da Risk of Bias [ferramenta da Cochrane
para ensaios clinicos randomizados (RoB-2)] e a certeza da evidéncia [através da escala
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)].
Um total de oito estudos preencheram os critérios de inclusdo para tensao arterial sistolica
(TAS), diastdlica (TAD) e média (TAM). Resultados: Em relacdo a comparacdo TR-
RFS versus ndo exercicio, ndo foram observadas diferencas significativas a favor do
grupo exercicio (p>0,05). No entanto, quando comparado ao treino de forca sem RFS, o
TR-RFS promoveu melhorias adicionais na TAD (-3,35; IC 95% -6,00 a -0,71; 12 = 14%);
z=-2,48,p=0,01), e também na TAM (-3,96; IC 95% -7,94 a 0,02; 12 = 43%; z = -1,95,
p = 0,05). Conclusédo: Os resultados indicam que o TR-RFS pode promover uma
diminuicdo na TAD, mas a falta de dados sobre este tdpico torna qualquer conclusao

especulativa. Futuras pesquisas sobre este topico sdo garantidas

Palavras-chave: treino de forca; restricdo do fluxo sanguineo; presséo arterial sistolica;

pressdo sanguinea diastolica; efeito cronico
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ABSTRACT

Introduction: Resistance training (RT) with blood flow restriction (BFR) means the
performance of strength exercises with decreased arterial blood flow to the active muscles
and impeded venous return. The decreased available arterial blood into the active muscles
hinders exercise intensity and volume from being as high compared to resistance training
without BFR. Hemodynamic responses to RT-BFR seems to cause muscle contraction at
low blood flow elevates metabolic stress, diminishes venous return, exacerbates
sympathetic activity, and increases peripheral vascular resistance, which together acutely
raise blood pressure and heart rate. Although, the chronic hemodynamic effects of RT-
BFR and its comparability against resistance training without BFR and even versus non-
training conditions are still scarce and need to be investigated. Aims: The purpose of this
systematic review and meta-analysis of peer-reviewed literature was to examine the
chronic effects of resistance training with blood flow restriction (RT-BFR) on blood
pressure in apparently healthy adults (PROSPERO: Registry: CRD42022339510).

Methodology: A literature search was conducted across PubMed, Sports Discus, Scielo
and Web of Science databases. Two independent reviewers extracted study characteristics
and blood pressure measures. Risk of bias [The Cochrane risk of bias tool for randomized
controlled trials (RoB-2)], and the certainty of the evidence [Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE)] were
determined. A total of eight studies met the inclusion criteria for systolic (SBP), diastolic
(DBP) and mean arterial pressure (MAP). Results: Regarding the comparison RT-BFR
versus non-exercise, no significant differences favoring the exercise group were observed
(p>0.05). However, when compared to TRT, the RT-BFR elicited additional
improvements on DBP (-3.35; 95%CI -6.00 to -0.71; 12 = 14%; z = -2.48, p = 0.01), and
on MAP (-3.96; 95%CI -7.94 to 0.02; 12 = 43%; z = -1.95, p = 0.05). Conclusion: Results
indicate that RT-BFR may elicit a decrease in DBP, but the lack of data addressing this

topic makes any conclusion speculative. Future research on this topic is warranted.

Keywords: strength training; blood flow restriction; systolic blood pressure; diastolic

blood pressure; chronic effect
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INTRODUGCAO GERAL

Breves consideracdes historicas do treino com restrigdo do fluxo sanguineo

O treino com restricdo do fluxo sanguineo (RFS) surgiu no Japao, em 1966, quando
Yoshiaki Sato, ao participar em uma cerimonia religiosa, sentiu 0s membros inferiores
dormentes enquanto se posicionava na postura tradicional japonesa, caracterizada pela
posicao sentada sobre as proprias pernas (Sato, 2005). Esta posicao levou a sensacéo de
incomodo, que por sua vez levou a palpacdo da regido dos musculos geminais na tentativa
de aliviar o desconforto (Sato, 2005). Durante este episddio, Yoshiaki Sato percebeu que
a circulacdo sanguinea dos musculos em questdo se encontrava blogueada (Sato, 2005).
De acordo com Yoshiaki Sato, a dorméncia e o desconforto percecionado eram préximos
daqueles sentidos ap6s o treino de exercicios de elevada intensidade (Sato, 2005). Este
facto levou ao desenvolvimento da metodologia de treino com condicionamento do fluxo
sanguineo (Sato, 2005). Subsequentemente, Yoshiaki Sato realizou diversas experiéncias
que consistiam em aplicar diferentes equipamentos caseiros (borrachas de bicicleta,
cordas ou faixas), com diferentes intensidades de pressdao, em diferentes regides
anatdmicas dos membros inferiores. Estas experiéncias permitiram a obtencdo de
algumas pistas metodoldgicas relativamente a posicdo do garrote e ao nivel de
compressdo (Sato, 2005). Em 1967, Yoshiaki Sato foi hospitalizado e diagnosticado com
embolia pulmonar, tendo os médicos desencorajado o uso do treino com RFS (Sato,
2005). Contrariando as recomendac0es, Yoshiaki Sato continuou o0s seus experimentos e
divulgou o método de treino Kaatsu (sinénimo de treino com RFS) em 1973. Ainda em
1973, Yoshiaki Sato sofreu uma lesdo osteoarticular dos membros inferiores, cujo
tratamento implicava a imobilizacdo com gesso (Sato, 2005). A atrofia muscular
resultante do tratamento foi ultrapassada com o treino com RFS, cujo efeito entdo foi
observado pelo médico que o acompanhava (Sato, 2005), representando o inicio da
divulgacdo do treino com RFS entre utilizadores de diferentes idades e com distintas
patologias (Sato, 2005).

Na década de 1990, a comunidade cientifica comecou a investigar os efeitos e
aplicabilidade do treino com RFS em diferentes populagdes (Sato, 2005).
Simultaneamente, Yoshiaki Sato iniciou a comercializa¢do das primeiras bandas elasticas
de compressao no Japdo, Estados Unidos e na Europa ao produzir Kaatsu (Sato, 2005).

Atualmente, medicos, fisioterapeutas e preparadores fisicos utilizam esta metodologia em



diferentes contextos. Além disso, existem cerca de 240 especialistas em treino com RFS

no Japdo, em cerca de 140 instituicGes (Sato, 2005).

Aspetos metodoldgicos do treino com restricdo do fluxo sanguineo e implicacgdes

fisiologicas

O treino com RFS é uma metodologia que combina exercicio fisico de baixa
intensidade a uma oclusao (parcial ou total) da corrente sanguinea para 0s musculos em
exercicio (Patterson et al., 2019). A oclusdo é efetuada por meio de bandas elésticas,
torniquetes ou até mesmo manguitos pneumaticos, que sdo posicionados e fixados na
regido proximal do membro exercitado (Patterson et al., 2019). Este tipo de abordagem
pode ser realizado para membros inferiores ou superiores (Patterson et al., 2019).

A compressdo vascular dificulta o aporte adequado de oxigénio aos musculos ativos
e reduz de forma significativa o retorno sanguineo venoso, provocando o acumulo de
sangue nos membros em oclusdo (Patterson et al., 2019). A oclusao é tanto maior quanto
maior o grau de compressao (Patterson et al., 2019). Outra modificacdo que ocorre com
a compressdo vascular € o aumento da tensdo intramuscular imediatamente abaixo do
material de oclusdo, que dificulta ainda mais o fluxo sanguineo (Patterson et al., 2019).

O treino com RFS aumenta a producdo e acumulacdo de subprodutos ou residuos
metabolicos musculares, como o &cido latico, em resultado da hipoxia. Estes metabdlitos
induzem a fadiga do tecido muscular ativo (Loenneke, Abe, et al., 2012). A presenga de
fadiga e a baixa concentracéo de oxigénio muscular dificultam a realizac&o do exercicio,
que levam a interrupcdo voluntaria do exercicio para eliminacdo dos residuos de
subprodutos. Uma vez que o ambiente intracelular passa a ter pouco ou nenhum oxigénio,
h& um aumento do recrutamento de fibras musculares ndo-oxidativas (isto é, do tipo Il ou
I1x). A ativagéo destas fibras induz a hipertrofia muscular e ao aumento subsequente de
forca (Loenneke, Abe, et al., 2012). Esse mecanismo é similar aquele observado no treino
de alta intensidade (Loenneke, Abe, et al., 2012).

Tradicionalmente, as adaptacfes ao exercicio fisico, como hipertrofia muscular,
aumento da forca muscular e da aptiddo cardiorrespiratéria, sd@o conseguidas
principalmente através do treino de alta intensidade (Loenneke, Abe, et al., 2012).
Contudo, de acordo com alguns estudos cientificos, o treino com RFS parece ser capaz

de induzir a adaptagdes similares, mesmo sendo realizado a baixas intensidades [(20—35%



de 1 Repeticdo Maxima (1RM) e 40% do volume méaximo de oxigénio (VO,méax)]
(Loenneke, Wilson, et al., 2012). O estudo de Abe e colaboradores (2010) demonstrou
que 3 sessdes semanais de treino em ciclo ergémetro a baixa intensidade (<50% do
VO2max) com RFS, durante 8 semanas, induziu a um aumento na area de secgao
transversa do musculo quadriceps femoral de 4,6%. Além disso, também foi observado
um aumento no VO2max absoluto e relativo, enquanto ndo houve alteracdes significativas
para o grupo de controlo. Outro estudo também demonstrou que 3 sessbes de treino de
forca com RFS com baixa intensidade (30% de 1RM) durante 4 semanas foi capaz de
promover um aumento de 17,4% na &rea de sec¢do transversa muscular, em comparacéo
a alteragdes ndo significativas no grupo de controlo (Hill et al., 2021). Além disso, 0s
resultados deste estudo também desmontaram um aumento de 32,3% no pico de torque
conceéntrico de extensdo do antebrago (Hill et al., 2021).

O corpo de evidéncias que foi sendo acumulado permitiu que investigadores
sugerissem que o regime de treino com baixo stress mecénico e RFS possa representar
uma alternativa para pessoas que tenham contraindicagdes para a pratica de exercicio

fisico em intensidades elevadas (Loenneke, Wilson, et al., 2012).

Seguranca técnica do treino com restricdo do fluxo sanguineo

Apesar dos beneficios fisioldégicos conseguidos com o treino com RFS, esta
metodologia de treino tem alguns constrangimentos relacionados com aplicacao incorreta
da banda de compresséo e sele¢do de individuos ndo legiveis.

Em relacdo a aplicacdo inadequada de compressdo, destacam-se 0s eventuais danos a
ramificacGes nervosas, lesdes nos musculos em compressdo e lesBes vasculares
(Nascimento, 2018). Por conseguinte, a correta aplicacdo e compreensdo devem ser
avaliados cautelosamente por parte de um profissional da area da saide e do exercicio
fisico (Nascimento, 2018). Algumas consideracfes importantes devem ser respeitadas,
dentre as quais destacam-se:

1. Treino de curta duracdo e baixa intensidade. O treino de curta duragdo e baixa

intensidade deve ser priorizado em relacdo ao treino de elevada intensidade com RFS. O
treino com BFR de elevada intensidade induz a beneficios reduzidos e apresenta risco

acrescido(Nascimento, 2018) (Nascimento, 2018). Outro ponto importante relacionado a



seguranca se relaciona com a duragédo da RFS, que ndo deve ser por periodos prolongados
(Nascimento, 2018).
2. Hemostasia induzida pelo torniguete. A hemostasia, definida como um conjunto de

processos que decorrem no interior dos vasos sanguineos com o objetivo de manter o
sangue fluido, sem coagulos ou hemorragia, pode ser induzida pela interrup¢éo do fluxo
sanguineo e pela lesdo vascular (Nascimento, 2018).

Dentre os fatores de elegibilidade dos praticantes, representam contraindicacao
absoluta para treino com BFR, a presenca de historia prévia de trombose venosa profunda
e a tendéncia hereditaria para trombose. Gravidez, imobilizacao prologada, insuficiéncia
cardiaca e fibrilhagdo auricular apresentam risco moderado de efeitos adversos.
Individuos com elevado indice de massa corporal, quadriplegia, idade superior a 60 anos
e niveis elevados de hemoglobina séo classificados com risco baixo de efeitos adversos
subsequentes ao exercicio fisico com RFS (Nascimento, 2018). Por fim, este tipo de treino
é contraindicado para individuos com valores de tensdo arterial elevada (>180/100
mmHg), glicemia em jejum >250 mg/dl e obesidade (indice de massa corporal > 30
kg/m?) (Nascimento, 2018).

Entre os efeitos adversos mais frequentes do treino com RFS encontram-se a
coceira, nauseas, dorméncia e hemorragia subcutanea. (Yasuda et al., 2017). De forma
menos frequente, podem ser observados outros efeitos adversos como dor de cabeca,

hipertensdo, dor e sensacao de frio (Yasuda et al., 2017).

Equipamentos e determinacdo dos protocolos de treino com restricdo do fluxo

sanguineo

A aplicacdo da restricdo do fluxo de sangue pode decorrer durante a realizacdo de
exercicios de flexibilidade, aerdbios (marcha ou cicloergébmetro, por exemplo) e em
treino resistido (TR) (Patterson et al., 2019). Contudo, o maior nimero de estudos
existentes se relaciona com o TR com RFS (TR-BFR), que tem como objetivo aumentar
a forca muscular méxima e a massa muscular (Patterson et al., 2019). As tabelas 1 e 2,
adaptadas de Patterson e colaboradores (2019), fornecem uma visdo geral das

recomendacdes para a aplicacdo desses 2 tipos de treino.



Tabela 1. Prescricdo do TR-RFS

Frequéncia 2 — 3 vezes por semana

Intensidade 20 — 40% de 1RM; 75 repeticdes (30 — 15 — 15 — 15)
Tipo Resistido

Tempo > 3 semanas

Manguitos 5 (pequeno), 10/12 (médio), 17/18 cm (grande)
Compresséo 40 — 80% da pressdo de oclusdo arterial
Tempo de Restri¢éo 5 — 10 minutos (reperfusédo entre exercicios)

Nota: RM= repeticdo maxima.

Tabela 2. Prescrigéo de treino de resisténcia com RFS

Frequéncia 2 — 3 vezes por semana
Intensidade <50% de VO,méax

Tipo Cicloergébmetro ou marcha

Tempo >3 semanas

Manguitos 5 (pequeno), 10/12 (médio), 17/18cm (grande)
Compresséo 40 — 80% da pressdo de oclusdo arterial
Tempo de Restricdo 5 — 20 minutos por exercicio

Nota: VO2max: consumo maximo de oxigénio.

A RFS pode ser aplicada nos membros superiores e inferiores. Além disso, a RFS
pode ser agregada enquanto um complemento de um plano de exercicio ja pré-existente,
ou seja, pode ser implementado ao final de uma sessao de treino para promover uma maior
sintese proteica muscular, sem impacto adicional na fase de recuperacdo (Nyakayiru et
al., 2019).

Relativamente aos materiais utilizados para fazer a RFS, destacam-se:

Torniquete: Nesse equipamento a compressao especifica provoca a oclusdo do fluxo
venoso, mas permite o fluxo arterial durante a realizacdo dos exercicios (Patterson et al.,
2019).

Manguito: podem ser feitos de elastico ou nylon. Os materiais elasticos parecem fornecer
uma compresséo de ocluséo arterial significativamente maior em oposi¢do aos manguitos

de nylon. Os manguitos de maiores tamanhos sdo mais utilizados pois permitem uma



restricdo uniforme. A dimensdo dos manguitos é de 10-12 cm. Existem manguitos
especificos para membros superiores e inferiores (Patterson et al., 2019).

Outro ponto a considerar é a magnitude da compressdo no treino com RFS. Ha
indicacdes de que a compressdo seja determinada com base na tenséo arterial sistdlica
(TAS) (Patterson et al., 2019). Neste caso, as recomendacfes para treino com RFS
apontam para compressdes entre 1,2 e 1,5 vezes maior que a TAS. Caso existam técnicas
de ultrassom disponiveis, estas podem ser usadas para determinar o fluxo sanguineo para
0 membro. Neste caso, 0 manguito deve ser insuflado a uma dada press@do minima (que
se quer conhecer), suficiente para desencadear a ocluséo total do fluxo sanguineo arterial.
Esta pressdo é conhecida como presséo de oclusdo arterial e o treino deve rondar os 40—
80% do seu valor. A utilizacdo do ultrassom é mais segura porque garante que as pressoes
exercidas nas estruturas anatbmicas ndo sejam excessivamente elevadas, minimizando o
risco de danificacdo dos tecidos (Loenneke et al., 2013; Patterson et al., 2019).
Genericamente, a pressdo de oclusdo deve ser suficientemente alta para inviabilizar o
retorno venoso, mas deve permitir, a0 mesmo tempo, que algum sangue arterial atinja os
capilares do musculo em exercicio (Patterson et al., 2019). Por fim, a dimensdo do
manguito deve ser ajustada a circunferéncia da coxa do praticante (Patterson et al., 2019).
Na literatura especifica € comum observar a utilizacdo dos mesmos manguitos
(dimensdes iguais) para todos os participantes, independente das diferencas morfoldgicas
individuais.

A titulo conclusivo, as boas praticas sugerem gque a compressdo a ser aplicada no
treino com RFS deve ser dependente dos valores da TAS individual (caso nédo exista
ultrassom) e do tamanho do membro no qual o manguito sera posicionado (Loenneke et
al., 2013).

Aplicabilidade do treino com restricdo do fluxo sanguineo

O recrutamento de fibras musculares do tipo Il aumenta progressivamente conforme
os niveis de forca muscular sdo desenvolvidos. Além disso, essas fibras apresentam um
limiar de ativacéo superior quando comparadas as fibras musculares do tipo I. 1sso sugere
que os treinos resistidos tradicionais de alta intensidade ativam as fibras rapidas (tipo 1),
que possuem maior capacidade para gerar hipertrofia e forga muscular. No entanto, em

pessoas com patologias e idosos (que tém risco acrescido de incapacidade funcional), o



treino mais intenso pode ndo ser bem tolerado e, por isso, pode ser interessante
desenvolver estratégias como o TR-RFS de baixa intensidade (Nascimento, 2018).

Diversos estudos demonstram ganhos de forgca muscular e de massa magra nos
musculos treinados através de metodologias sem e com RFS (Nascimento, 2018),
sugerindo que que a oclusdo causa a ativacdo de um numero suficiente de fibras
musculares rapidas. Dessa forma, o uso do TR-RFS pode ser potencialmente util em
acelerar o aumento da for¢a muscular e da hipertrofia em pacientes com baixa tolerancia
para os treinos de forca de intensidade elevada (Nascimento, 2018).

Ao longo dos ultimos anos, tem sido observado um aumento no numero de artigos
cientificos acerca do treino com RFS. Igualmente, também aumentou o ndmero de
praticantes que utilizam o treino com RFS que justificam a sua utilizacdo para a
otimizacdo de resultados de treinos sem restricdo do fluxo (Patterson & Brandner, 2018).
Ainda, mesmo individuos com baixo condicionamento fisico e que nao conseguem treinar
com elevadas intensidades buscam o TR-RFS como uma alternativa vidvel (Patterson &
Brandner, 2018). O uso do TR-RFS também é observado em programas de reabilitacéo e
até mesmo individuos com patologias, como, por exemplo, a doenca das artérias
coronarias (Kambi¢ et al., 2021). No estudo de Kambi¢ e seus colaboradores (2021), 2
sessOes de TR-RFS de baixa intensidade (30 — 40% de 1RM) durante 8 semanas reduziu
a TAS de repouso (- 5mmHg), contudo sem diferencas significativas quando comparado
ao grupo de controlo que realizava somente treino aerébio. Uma meta-analise recente
mostrou que o treino aerébio com RFS possui eficacia na componente aerdbia (Formiga
et al., 2020). Formiga e colaboradores (2020) verificaram que o treino aerdbio realizado
com RFS melhora significativamente a capacidade aer6bica quando comparado ao
mesmo treino aerébio sem RFS em individuos adultos saudaveis.

Apesar de um extenso nimero de publicacdes nos Gltimos anos sobre o treino com
RFS e do nimero crescente de praticantes, ainda ha questdes importantes que merecerem
investigacdo adicional (Patterson et al., 2019; Patterson & Brandner, 2018).

Treino com restrigdo do fluxo sanguineo na hemodinémica

Uma revisdo da literatura mostrou que a maioria dos estudos se debruca sobre o efeito

agudo do TR-RFS em variaveis da hemodinamica [TAS, tenséo arterial diastélica (TAD),
tensdo arterial média (TAM) e frequéncia cardiaca (FC)] (Neto et al., 2017). Contudo,



ainda néo foi alcancado um consenso que estabeleca o efeito cronico do TR- RFS sobre
as alteragdes promovidas nas variaveis hemodindmicas (Neto et al., 2017).

O TR- RFS ¢é caracterizado pela reducéo ou interrupcao do fluxo sanguineo para um
determinado grupo muscular durante o exercicio resistido. A diminuicdo do fluxo
sanguineo e consequentemente diminui¢do da concentracdo de oxigénio associada a
contragdo muscular proporciona um ambiente com elevada producdo de residuos
metabdlicos musculares (Domingos & Polito, 2018). Desta forma, ha um aumento nas
atividades aferentes, aumento na atividade nervosa simpatica, que, por sua vez, traz um
aumento da FC e da tensao arterial (Domingos & Polito, 2018). Com esse efeito, apos o
restabelecimento do fluxo vascular, a resisténcia vascular periférica reduz, assim como
a TAD e TAM (Neto et al., 2015).

A resposta hipotensiva pode ocorrer em exercicios de maior intensidade e até mesmo
em baixa intensidade (20% de 1RM). No estudo de Neto e colaboradores (2015),
verificou-se uma reducdo significativa da TAS, tanto com o treino de forca com alta
intensidade, quanto com o TR-RFS. Uma possivel explicacédo fisiologica para esse efeito
foi o aumento do 6xido nitrico sintase, uma enzima responsavel pela conversdo da L-
arginina em oxido nitrico, que promove a alteracdes positivas no endotélio vascular, como
a vasodilatacéo (Neto et al., 2015).

Uma revisdo sistematica indicou que o TR-RFS com intensidade de 20-30% de 1RM,
intervalos curtos de recuperacao e volume de até 75 repeticdes, € seguro do ponto de vista
das alteracfes hemodinamicas (Neto et al., 2017).

Alguns estudos publicados demonstram que 0 TR-RFS apresenta um importante
efeito hipotensor em poucas sessdes de treino em jovens adultos saudaveis (Nascimento,
2018). No estudo de Maior e colaboradores (2015), foi observado que 2 sessfes de TR-
RFS com baixa intensidade (40% de 1RM) foram capazes de induzir a um efeito
hipotensor no grupo de treino com RFS. Contudo, esse efeito ndo possui diferengas
significativas quando comparado ao grupo de treino sem RFS. Além disso, outro estudo
de Moriggi Jr e colegas (2015), verificou que uma sessdo de TR-RFS com baixa
intensidade (20% do 1RM) também causou um efeito hipotensor no grupo de treino com
RFS. Contudo, assim como no estudo anterior, ndo foram verificadas diferencas
significativas quando comparado ao grupo de treino sem RFS.

Como observado, estudos reportam beneficios de diferentes tipos treino com RFS em
variaveis da hemodinamica e da aptidao fisica aerObia em pessoas com patologias ou com

baixo condicionamento fisico. No @mbito do treino de forga, a maioria dos estudos



randomizados existentes observam o efeito agudo do exercicio. Além disso, nao existe
uma revisdo sistematica com meta analise sobre o efeito cronico do TR-RFS em
parametros da hemodindmica. Torna-se importante a realizacdo de uma revisdo
sistematica sobre essa tematica, no intuito de identificar fatores que justifiquem as lacunas
vazias apresentada na literatura cientifica. Pesquisas que analisem esses desfechos podem
ampliar o campo do conhecimento sobre segurancga técnica e fornecer informacgdes
pertinentes para inumeros profissionais da salde interessados na préatica dessa técnica,

além de suporte para conducdo de futuros ensaios clinicos.
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OBJETIVO

O objetivo da presente dissertacdo é realizar uma revisao sistematica e meta-
analise de estudos randomizados controlados acerca dos efeitos cronicos de TR-RFS em
parametros hemodinamicos (tensdo arterial) em adultos saudaveis. Ainda, pretende-se

comparar os efeitos do TR-RFS ao treino de forga tradicional.
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METODOLOGIA

A metodologia da presente dissertacdo encontra-se sob forma de artigo cientifico.
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Titulo
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ABSTRACT

The purpose of this systematic review and meta-analysis of peer-reviewed literature was
to examine the chronic effects of resistance training with blood flow restriction (RT-BFR)
on blood pressure in apparently healthy adults (PROSPERO: Registry:
CRD42022339510). A literature search was conducted across PubMed, Sports Discus,
Scielo, and Web of Science databases. Two independent reviewers extracted study
characteristics and blood pressure measures. Risk of bias [The Cochrane risk of bias tool
for randomized controlled trials (RoB-2)], and the certainty of the evidence [Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE)] were used. A
total of eight studies met the inclusion criteria for systolic (SBP), diastolic (DBP) and
mean arterial pressure (MAP). Regarding the comparison RT-BFR versus non-exercise,
no significant differences favoring the exercise group were observed (p>0.05). However,
when compared to traditional resistance training (TRT), the RT-BFR elicited additional
improvements on DBP (-3.35; 95%CI -6.00 to -0.71; 12 = 14%; z = -2.48, p = 0.01), and
on MAP (-3.96; 95%Cl -7.94 t0 0.02; 1> = 43%; z = -1.95, p = 0.05). Results indicate that
RT-BFR may elicit a decrease in DBP, but the lack of data addressing this topic makes

any conclusion speculative. Future research on this topic is warranted

Keywords: strength training, blood flow restriction, blood pressure; chronic effect

Abbreviation list

RT-BFR Resistance training with blood flow restriction
BFR Blood flow restriction
TRT Traditional resistance training
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INTRODUCTION

The practice of performing strength exercises while restricting venous return and
reducing arterial blood flow to the working muscles is referred as resistance training with
blood flow restriction, or RT-BFR for short. An external tourniquet, blood pressure cuff,
or training band is placed proximally to the muscle that is intended to be trained. This
causes a partial or complete occlusion of the muscle's blood flow, which is referred to as
blood flow restriction (BFR)!. When compared to resistance training without flow
restriction, the lower accessible arterial blood entering the active muscles hinders exercise
intensity and volume 2. Thus, the intensity in RT-BFR does not overcome 40% of one-
repetition maximum (1RM) 3,

Despite some controversial data *, available scientific literature has shown that
RT-BFR seems to induce similar muscular morphological and functional adaptations of
traditional resistance training (TRT) with moderate to high loads > 8. Therefore, because
the exercise intensity is lower and the benefits in terms of physical fitness are still present,
RT-BFR is gaining interest amongst clinical populations who are less able to exercise at
high intensities’. In fact, experimental protocols have already been applied to older adults
with osteoarticular conditions &, people living with human immunodeficiency virus °,
amongst others. As a result, many people are of the opinion that RT-BFR is a risk-free
alternative to TRT regimens because of its chronic adaptations that have fewer
osteoarticular repercussions®.

Numerous physiological indicators besides the acute and chronic muscle
adaptations induced by RT-BFR pique the interest of the scientific community; among
them, hemodynamic responses (and safety) play a central role'®. Muscle contraction at
low blood flow elevates metabolic stress, diminishes venous return, exacerbates
sympathetic activity, and increases peripheral vascular resistance, which together acutely
raise blood pressure and heart rate!!. These acute hemodynamic responses seem to return
to baseline values following 5 to 10 minutes of the end of the exercise session 3. In terms
of chronic hemodynamic effects of RT-BFR, the large variability of BFR (compression
intensity and duration, for example) 3, exercise protocol (exercises, intensity, and
volume)®, and participants characteristics make the comparability between studies
difficult. The chronic hemodynamic effects of RT-BFR, as well as their comparability
with resistance training without BFR and even non-training states, are rare and require

more investigation. Therefore, the aim of this study is to conduct a systematic review and
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meta-analysis of randomized control studies (RCTs) investigating the chronic effects of
RT-BFR on hemodynamics parameters (blood pressure) and to compare RT-BFR versus
TRT and control group (CG) in healthy adults.
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MATERIAL AND METHODS
Study design and protocol registration

This systematic review and meta-analysis was guided according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline'? and
the protocol was registered in PROSPERO (registration number CRD42022339510).

Eligibility criteria

Studies were eligible if they (i) were RCTs; (ii) with normotensive or hypertensive
adults (>18 years old); (iii) comparing an experimental group receiving a structured RT-
BFR exercise training; (iv) versus a control group (CG) (that did not receive any exercise
training) or a TRT group, meaning strength training without blood flow occlusion; (v)
assessing peripheral blood pressure; and (vii) were written in English or Portuguese
languages. We excluded literature reviews, letters to the editor, abstracts published in
conference proceedings, studies that assessed the acute effects of a single exercise
session, studies involving people with chronic health conditions, and animal model
studies. For identification of the studies, the relevant electronic databases
PubMed/MEDLINE®, SPORTDiscus®, Scielo® and Web of Science® were searched.

Search strategy

The search was conducted independently by the researchers using the following
search string for all databases: “blood flow restriction” OR “blood flow occlusion” OR
“vascular occlusion” OR “Kaatsu training” AND “blood pressure”. The languages used
were Portuguese and English. To ensure that the union of the search terms was included
in the results, was used the operator ‘OR’ for synonyms and the operator ‘AND’ to
connect these terms. Only studies published between January 2000 and December 2021
were searched, and the last search was conducted on 8™ of September 2022 to ensure that

the whole body of evidence was collected.
Study Selection, Data Extraction and Synthesis

Initially a single author screened the titles and discarded all duplicates.
Subsequently, two reviewers (AR and GB) have independently screened all studies

according to eligibility criteria through the examination of titles and abstracts. Whenever
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there were discrepancies between reviewers, citations were checked by two senior
investigators (LB and CS). The program Mendeley Desktop (1.19.18) was used to store
all studies from the mentioned electronic databases and to examine titles and abstracts of
studies. Data were extracted from the included studies. Data from Cezar et al., (2016),
Fahs et al., (2012) and Ozaki et al., (2013) were transformed from standard error (SE)
into standard deviation (SD) using the following formula?®:
SD= SEx\N
Methodological Quality of Assessment

The Cochrane risk of bias tool for randomized controlled trials (RoB-2)'* was
used to assess the risk of bias. Bias assessment that composes RoB-2 domains was rated
as low risk, some concerns, or high risk. Two authors (AR and GB) independently
reviewed the studies quality, and disagreements were resolved through discussion with a
third author (LB).

Strength of the Body of Evidence Assessment

The certainty of the evidence for each outcome was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach.
GRADE encompasses 5 categories: risk of bias, inconsistency, indirectness, imprecision,

and publication bias and is classified as high, moderate, low, or extremely low *°.
Statistical Analysis

A random-effects model was performed for each outcome selected. Pooled effect
sizes (ES) were presented as unstandardized mean difference (MD) with a 95%
confidence interval (95%CI). A primary analysis was conducted to explore the effects of
BFR vs CG on blood pressure, and as secondary analysis we also compared the exercise
intervention type effects (BFR vs TRT) on blood pressure. Sensitivity analyses were
conducted to detect if any study was responsible for a large proportion of heterogeneity
(1?), which was assessed and qualitatively considered not important if 1> = 0-40%,
moderate if 12 = 30-60%, substantial if 1> = 50-90%, and considerable if 1> = 75-100%
13 Publication bias through visual funnel plot inspection and by Egger’s linear regression
method test was not performed, because outcome analyses had less than 10 studies

included'®. The package “meta” (version 4.11-0) for the R statistical software (version
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4.1.0) was used'’. Overall effects (z-value) were considered statistically significant at p-

value < 0.05.
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RESULTS

Study selection

A total of 9401 references were examined, of which 8574 articles were pre-
selected for analysis of inclusion eligibility after duplicate removal. 8498 titles and
abstracts were excluded after being screened. Following a thorough review of the 76
articles, 68 were removed based on the previously stated criteria. The inclusion criteria
were met by eight studies. Figure 1 depicts the flow diagram of the studies included in
this systematic review and meta-analysis. The selected studies were performed in Brazil
1819 " China ?°, Japan®*?® and the United States of America®* 2°. Seven of them were
written in English and one in Portuguese and were published between 2012 and 2021.

The selected studies encompassed a total of 204 participants (133 men and 71
women) aged between 21 and 71 years old. Four studies include exclusively ment9-2% 25,
1 exclusively women'®, and 3 studies were based on both genders???4. 5 studies %% 24
25 included only young adults, and 3 only older adults® 2223, In terms of blood pressure,
181 participants from 7 studies 1°2° were normotensive while in 1 study *8, 23 participants
were hypertensive or under anti-hypertensive therapy. Among all individuals, 90 were
involved in RT-BFR, 72 in TRT, and 42 in CG. The intervention duration varied of 6 **
21,25 818,20, 24 and 12 weeks?> 2. All the interventions had a training frequency between
2 to 3 times per week, except for the one study 2°, in which participants exercised at a
weekly frequency of 5 times.

Regarding the kind of compression equipment, studies used elastic cuffs 2122 25,
pneumatic cuffs 223 and sphygmomanometers 2%, The compression anatomical region
was the most proximal portion of 1 arm only 2, both arms 8 192123 poth legs and arms
24 or both legs 22 . The intensity of compression was determined based on participants
SBP results obtained in resting conditions 65% 2°, 70% 18 and 80% of the SBP *°,
Alternatively, some have determined the intensity of occlusion compression in absolute
pressures 100 to 160 mmHg 2, 120 to 270 mmHg 2% %, 160 to 200 mmHg %, 250 mmHg
for upper body, and 350 mmHg for lower body?*. The majority of the studies continued
to utilize BFR cuffs without removing them from the commencement of the training
session all the way through to its conclusion, while only ° study reported to release the
cuffs in the recovery intervals between sets. The RT-BFR load intensity ranged from
20%1% 22 2% to 30% of 1RM*® 202224 However, due to the use of elastic bands as

resistance (thick elastic for men and thin for women), one study 23 did not measured the
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maximal strength. Excluding the aforementioned study 23, which employed elastic bands

to represent the external load on the RT-BFR and TRT groups, all remaining studies used

machines and free weights.

In regard to comparison groups against RT-BFR, there was 1 study with CG

(meaning not having any exercise treatment) 22, 4 studies having only TRT*%?1:23 and 3

studies presenting both TRT and CG 8242 In terms of TRT exercise intensity, some
applied high & 22425 ‘moderate 2°, and low % 2% 23 Joads. All the included studies

reported SBP and DBP, and 4 reported MBP values 8-2% 2, One study ?* did not measure
post-intervention SBP, DBP and MAP parameters, this study was only included in the

qualitative synthesis. Table 1 summarizes the full description of the included studies.

Identification

Screening

Identification of studies via databases and registers

Records identified from  Database
searching (N = 9401)

+  PubMed MEDLINE (n= 1301)

e SPORTDiscus (n=913)

* Scielo (n=39)

*  Web of Science (n=7148)

!

r

Records removed before screeming:
Duplicate records removed (n =827)

Records screened (n=8574)

'

Records excluded after analysis
of title and abstract (n = 8498)

Reports soughtfor retrieval (n = 76)

I

Reports assessed for eligibility (n =8)

I

| included | [

Studies included in the qualitative >

synthesis (systematic review, n = 8)

Y

Reports not refrieved (n=68)
+  Acute studies (n=46)
+ Letterto the editor studies (n=8)
+ Isometric training studies (n=9)
+ Chronic disease studies (n=5)

Studies included in the quantitative
synthesis (meta-analysis, n =7)
« RT-BFRVsCG(n=3)

+ SBP(n=3)
+ DBP(n=3)
+  MAP(n=2)
+ RT-BFRvs TRT(n=3)
+ SBP(n=3)
+ DBP(n=3)
+  MAP(n=3)
+ TRTVSCG(n=9)
+ SBP(n=9)
+ DBP(n=9)
« MAP(n=T)

Figure 1. Flow diagram indicating the number of studies retrieved in the literature search, and

the final number of studies included in the meta-analysis
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Abbreviations: RT-BFR, resistance training with blood flow restriction; CG, control group;
TRT, traditional resistance training.

Note: * Some studies have more than one group and then are counted and defined as a new
study.

Table 1. Main features of the included studies
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Participants

Study Protocols

Main findings

Study RT-BFR TRT Control BFR characteristics RT-BFR TRT Control Group * Time Interactions
Cezar et al., (2016)*® n=8, @* n=8, @* n=79* Medial portion of both arms; F:2 sessions per week F: 2 sessions per week No structured SBP changes: | RT-BFR > ->TRT
63.75+11.58 59 +13.03 57.3+8.17 sphygmomanometers (Erkamater™ I: 3 sets, 30% of 1RM; 30 sec I 3 sets, 80% of 1RM; 30 sec  physical exercise (p<0.05); 4 RT-BFR > - CG (p<0.05)
years years years E300, Germany); 70% of resting SBP;  intervals between sets intervals between sets program
Continuously from the beginning to  T: 8 weeks T: 8 weeks DBP changes: {/ RT-BFR > -TRT
the end of the last set. T: Resistance training — 1 T Resistance training — 1 (p<0.05); & RT-BFR > = CG (p<0.05)
exercise (wrist flexion) exercise (wrist flexion)
MAP changes: ' RT-BFR > = TRT
(p<0.05); L RT-BFR > - CG (p<0.05)
Early et al., (2020)* n=11 n=10 n=10 Relatively narrow (5.5 cm wide F:2-3 sessions per week F: 2-3 sessions per week for Maintain their Data not shown. SBP (p=0.44) and DBP
24 + 4 years 23 + 3 years 23 + 3 years arms/7 cm wide legs), elastic, I: 3 sets of 30 reps, 30% 1RM; 8 weeks current exercise (p=0.46) similar between groups.
pneumatic band (BStrong training  30-60 sec rest between sets I: 3 sets of 10 reps, 60% and physical
SystemsTM); placed on both upper  and 2-3 min rest between 1RM; 2-3 min rest between activity levels
arms and both upper thigh; inflated  exercises; progression to a exercises; progression every
to 250mmHg for upper body or  maximum of 50% 1RM 2 weeks by 10% 1RM
350mmHg for lower body; bands T: 8 weeks T: 8 weeks
not deflated between training T': Resistance training — 5 T": Resistance training—5
exercises (Arm Extension; Arm  exercises (Arm Extension;
Curl; Leg Extension; Leg Curl;  Arm Curl; Leg Extension; Leg
Heel Raise) Curl; Heel Raise)
Fahs etal., (2012)® n=10¢J TRT1 n=15d Elastic cuffs (50 mm width, KAATSU  F: 3 sessions per week TRT1: Not assessed SBP changes: = High TRT > - Moderate
21+ 0years n=12 g 23 + 1 years Master; Sato Sports Plaza, Japan) I: 3 sets of 10 reps, 50% of 1RM  F: 3 sessions per week TRT > - RT-BFR > = CG (p>0.05)
21+ 1vyears around both thighs; cuffs applied (upper body); 1 setof30reps+ I: 3 sets of 10 reps, 50% of
with an initial pressure of 40-60 3 sets of 15 reps, 20% of 1RM  1RM (upper body) / 70% of DBP changes: - High TRT > - Moderate
TRT2 mmHg. Cuff pressure started at 160  (lower body); 1 min rest periods ~ 1RM (lower body); 1 min rest TRT > ¢ LI-BFR > - CG (p<0.05)
n=9g mmHg for the first 2 weeks, T:6 weeks periods
21+ 1years increased to 180 mmHg for weeks T": Resistance training — 6 T:6 weeks MAP changes: -> High TRT > -

3/4 and increased to 200 mmHg for
weeks 5/6; cuff pressure was
released upon completion of the 2
lower body exercises.

exercises (lat pulldown, seated

shoulder press, elbow
extension and elbow flexion,
knee extension and knee
flexion)

T": Resistance training — 6
exercises (lat  pulldown,
seated shoulder press, elbow
extension and elbow flexion,
knee extension and knee
flexion)

TRT2:

F: 3 sessions per week

I: 3 sets of 10 reps, 50% of
1RM (upper body); 3 sets of
15 reps, 45% of 1RM (lower
body); 1 min rest periods

T: 6 weeks

T': Resistance training — 6
exercises (lat  pulldown,
seated shoulder press, elbow
extension and elbow flexion,
knee extension and knee
flexion)

Moderate TRT > - LI-BFR > - CG
(p>0.05)
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Ozaki et al., (2013)%*

Silva et al., (2018)%*

Tomohiro Yasuda et al.,
(2015)

Yasuda et al., (2014)?

n=10¢7
23 £ 0years

BFR1
n=9d
26.1 £ 5 years

BFR2
n=84d
23.8+5.6
years

n=9
71.8+6.2
years

n=9
71 +7 years

n=9d
24 £ 1 years

n=84d
22.2+35
years

n=8
68 + 5.1 years

Not assessed

Not assessed

Not assessed

Not assessed

n=10
68 + 6 years

Three (3 cm) wide elastic cuffs
(Kaatsu-Master system, Sato Sports
Plaza, Japan) at proximal region of
both arms; external cuff pressure
(80-130 mmHg) selected based on
resting blood pressure; cuffs used at
100 mmHg and then pressure was
increased by 10 mmHg until 160
mmHg; cuffs released after session

Sphygmomanometer (tourniquet in
extremities - Riester) for the upper
limb (width 60 mm; length 470 mm)
fixed in the axillary region; cuff
pressure used was 80% for RT-BFR
in the resting state; RT-Intermittent
BFR group had a cuff deflated
between sets; RT-continuous BFR
group: cuff kept inflated between
sets but deflated at the end of each
exercise.

Pneumatic cuffs (30-mm width,
KAATSU Master, Sato Sports Plaza,
Japan) around the proximal portion
of both arms; first day of training,
the cuffs inflated to 120 mmHg then
increased by 10-20 mmHg at each
subsequent session until 270 mm Hg
was reached; cuffs remained for the
2 exercises, including rest periods
between sets and exercises

Elastic pressure cuff (50 mm width,
KAATSU Master, Sato Sports Plaza,
Japan) at proximal portion of both
legs; cuff was set at 120 mmHg at
beginning; pressure increased 10—
20 mmHg at each training session
until reach approximately 270
mmHg; cuffs were remained for the
exercises, including rest periods

F: 3 sessions per week

I: 1 set of 30 reps + 3 sets of 15
reps, 30% 1RM; 30 sec rest
between sets

T: 6 weeks

T: Resistance training — 1
exercise (free-weight flat bench
press)

F: 2 sessions per week

I: 4 sets of 15 reps, 20% 1RM; 30
sec rest between sets and 1 min
between exercises

T: Resistance training — 4
exercises (Bench Press, Pull
Over, Triceps and Biceps Pulley)
T": 6 weeks

F: 2 sessions per week

I: 4 sets of 75 repetitions (30,
15, 15, 15) with heavy elastic
band (Green) for men and thin
elastic (Yellow) for women; 30-
sec rest between sets and 90-
sec rest between exercises

T: 12 weeks

T: Resistance training — 2
exercises (bilateral arm curl and
triceps press down)

F: 2 sessions per week

I: 4 sets of 75 reps (30, 20, 15,
and 10, respectively), 20/30%
of 1RM; 30 sec rest between
sets and 90 sec rest between
exercises

T: 12 weeks

T: Resistance training — 2
exercises (Leg Extension and
Leg Press)

F: 3 sessions per week
I: 3 sets of 10 reps, 75% 1RM

for TRT; 2-3 min rest
between sets for TRT
T: 6 weeks

T': Resistance training — 1
exercise (free-weight flat
bench press)

F: 2 sessions per week

I: 4 sets of 15 reps, 20% 1RM;
30 sec rest between sets and
1 min between exercises

T: Resistance training — 4
exercises (Bench Press, Pull
Over, Triceps and Biceps
Pulley)

T": 6 weeks

F: 2 sessions per week

I: 4 sets of 75 repetitions (30,
15, 15, 15) with heavy elastic
band (Green) for men and
thin elastic (Yellow) for
women; 30-sec rest between
sets and 90-sec rest between
exercises

T: 12 weeks

T": Resistance training — 2
exercises (bilateral arm curl
and triceps press down)

Not assessed

Not assessed

Not assessed

Not assessed

Continued their
daily physical
activity

SBP changes: > RT-BFR > -TRT
(p>0.05); - RT-BFR > -> CG (p>0.05)

DBP changes: - RT-BFR > -TRT
(p>0.05); - RT-BFR > -> CG (p>0.05)

SBP changes: - RT-Continuous BFR > -
RT-Intermittent BFR > - TRT (p=0.855)

DBP changes: - RT-Continuous BFR > -
RT-Intermittent BFR > - TRT (p = 0.802)

MAP changes: - RT-Continuous BFR >

- RT-Intermittent BFR > - TRT (p =
0.816)

SBP changes: - RT-BFR > - TRT
(p>0.05); > RT-BFR > - CG (p>0.05)

DBP changes: - RT-BFR > -> TRT
(p>0.05); - RT-BFR > - CG (p>0.05)

SBP changes: { RT-BFR > - CG (p<0.05)

DBP changes: - RT-BFR > - CG (p>0.05)
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Note. BFR: blood flow Restriction training; TRT: traditional resistance training; CG: control group; F: frequency; I: intensity; T: time; T": type; reps: repetition; sec: seconds; 1RM: 1-maximum repetition; SBP: systolic blood pressure; DBP: diastolic blood
pressure; MAP: mean arterial pressure.

Symbols: @ female; & male; * Hypertensive; > no significant change; | significant reduction.

TRT types: TRT1: just TRT; TRT2: moderate TRT

BFR types: BRF1: continuous BFR; BRF2: intermittent BFR

27



Methodological Quality Assessment

The RoB-2 quality assessment showed that 5 studies were rated as some concerns
of bias due to bias from the randomization process, deviations from intended intervention,
bias in measurement of the outcome, and bias in selection of the reported results. Three
studies were rated as high risk of bias due to deviations from intended intervention and
bias in selection of the reported result. The RoB-2 assessment of all included studies is

given in Figure 2.

Risk of bias domains
| b3 | bpa |

000000 0:
000000060
00000000

o] Yolololol I }

Cezar et al., (2016)

Early et al., (2020)

Fahs et al., (2012)

Ozaki et al., (2013)

Study

Silva et al., (2018)

Tomohiro Yasuda et al., (2015)

Yasuda et al., (2014)

0000000~
OOOOOOO0E

Zhao et al., (2021)

Domains: Judgement

D1: Bias arising from the randomization process. )

D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. 2 Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

Figure 2. Assessment of risk of bias of randomized trials with The Risk of Bias 2 (RoB2)

Meta-Analysis
Effects of RT- BFR training on blood pressure

Figure 3 shows the analysis of RT-BFR versus CG, and indicates that for any of
the outcomes assessed, the pooled results of RT-BFR have not provided additional
benefits on SBP (MD: -8.80; 95%CI -19.19 to 1.60; 1= 54%; z = -1.66, p = 0.10), DBP
(-4.69; 95%Cl -10.36 to 0.98; 1>= 22%; z = -1.62, p = 0.10), and MAP ( -8.38; 95%ClI -
18.08 to 1.32; 1> = 55%); z = -1.69, p = 0.09). However, the analysis showed a favorable
tendency to the RT-BFR group.
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Systolic blood pressure (mmHg)

RT-BFR CG

Study Total Mean SD Total Mean SD Mean Difference MD 95%—Cl Weight
Cezar et al., (2016) a 8 -16.0 85 7 34148 —_— -19.43 [-31.89; -6.97] 32.7%
Yasuda et al., (2014) a 9 -8021.2 10 -5.0 135 ; -3.00 [-19.22; 13.22] 24.6%
Fahs et al., (2012) a 10 -6.0 11.6 15 -2.0 10.0 : -4.00 [-12.81; 4.81] 42.7%
Random effects model 27 32 —— -8.80 [-19.19; 1.60] 100.0%
Heterogeneity: I° = 54%, 1° = 45.7453, p = 0.1 f T T 1
Test for overall effect: z = -1.66 (p =0.10) -40 -20 0 20 40

RT-BFR CG
Diastolic blood pressure (mmHg)

RT-BFR CcG

Study Total Mean SD Total Mean SD Mean Difference MD 95%—Cl Weight
Cezar et al., (2016) a 8 -11.2 86 7 00106 - -11.25 [-21.13; -1.37] 2B.4%
Yasuda et al., (2014) a 9 1.0 121 10 1.0 13.5 —-—--— 0.00 [-11.52; 11.52] 21.7%
Fahs et al., (2012) a 10 -40 7.7 15 -1.0 10.0 — -3.00 [-9.98; 3.98] 49.9%
Random effects model 27 32 - -4.69 [-10.36; 0.98] 100.0%
Heterogeneity: 1 = 22%, t° = 4.0767, p = 0.28 ' ' T !
Test for overall effect: z = -1.62 (p =0.10) -40 -20 0 20 40

RT-BFR CG
Mean arterial pressure (mmHg)

RT-BFR CG

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Cezar et al., (2016) a 8-12868 7 1.1 126 —— -13.97 [-24.43; -3.51] 44.0%
Fahs et al., (2012) a 10 -5.0 9.9 15 -1.0 10.0 —r -4.00 [-11.95; 3.95] 56.0%
Random effects model 18 22 --—- -8.38 [-18.08; 1.32] 100.0%
Heterogeneity: I* = 55%, 1° = 27.2394, p = 0.14 ' ! ' !
Test for overall effect: z = -1.69 (p = 0.09) -40 -20 0 20 40

RT-BFR CG

Figure 3. Effects of RT-BFR vs CG on blood pressure.

Notes. SD, standard deviation; MD, mean difference; RT-BFR, resistance training with blood
flow restriction; CG, control group *Z(p) test for overall effect and p-value <0.05.

Effects of TRT versus CG on blood pressure

The analysis showed that TRT has not induced significant changes in SBP (MD:
1.01; 95%CI -4.46 to 6.48; 1= 0%; z = 0.36, p = 0.72), DBP (0.20; 95%ClI -4.27 to 4.68;
12=0%; z = 0.09, p = 0.93) and MAP (0.58; 95%CI -3.90 to 5.07; 1= 0%; z = 0.25, p =
0.80) when compared to the CG, Supplementary Figure S2.

Comparison between RT-BFR vs TRT on blood pressure

Figure 4 shows the analysis of the comparison between different exercise types.
The magnitude of the effect was not significant on SBP (MD: -2.23; 95%CI -6.87 to 2.41,
12=26%; z = -0.94, p = 0.35). Although, there were not observed significant results, the
analysis showed a favorable effect of RT-BFR interventions. However, the RT-BFR
provided additional benefits on DBP (-3.35; 95%Cl -6.00 to -0.71; 1= 14%; z = -2.48, p
=0.01), and on MAP ( -3.96; 95%CI -7.94 to 0.02; 1° = 43%; z = -1.95, p = 0.05) when
compared to TRT only.
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Systolic blood pressure ([mmHg)

RT-BFR TRT
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Cezar et al., (2016) a B -16.0 85 8 -3.513.0 ——| =-12.50 [-23.26;-1.74] 12.7%
Ozaki et al., (2013) a 10 -1.0122 9 B.0 144 —— =7.00 [-19.10; 5.10] 10.8%
Siva ot al., (2018) a 9 33 T8 8 -0.4 132 —1— 3.70 [-6.75;14.158] 13.2%
Silva et al., (2018) b B 089132 8 -04132 - 1.30 [-11.61;14.21] 9.8%
Zhao et al, (2021) a B 14166 8 -1.4135 L= 2.86 [-11.99;17.71]  7.9%
Zhao et al., (2021) b B 54101 8 -14135 -+ 6.86 [-4.83;18.55] 11.3%
Fahs et al., (2012) a 10 -60 116 12 -1.0 111 o =500 [-14.57; 4.57] 14.8%
Fahs et al., (2012) a 10 -60116 9 20108 = -8.00 [-1B.10; 2.10] 13.8%
Tomohiro Yasuda et al., (2015) a 8 -1.021.8 8 -7.0159 —— 6.00 [-12.01; 24.01] 57%
Random effects model 80 78 - -2.23 [-6.87; 2.41] 100.0%
Heterogeneity: I° = 26%, «° = 13.9680, p = 0.22 J J 1
Test for overall effect: z = —0.94 (p = 0.35) 40 -20 © 20 40
RT-BFR TRT
Diastolic blood pressure (mmHg)
RT-BFR TRT
Study Total Mean SD Total Mean SD Mean Difference MD 95%-C1 Welght
Cazar et al., (2016) a B -11.2 86 B 10 99 —— -12.25 [-21.37;-3.13] 8.3%
Ozaki et al., (2013) a 10 00 99 8 20 T2 =200 [=9.73; 573] 11.6%
Silva et al., (2018) a 9 18 64 8 01 85 1.70 [-5.48; 8.89] 13.3%
Silva et al., (2018) b B =-1.6 109 8 01 85 =1.70 [=11.27; 7.87] 7.6%
Zhao et al,, (2021) a B 4.6 107 8 29 54 -7.42 [-1571; 0.87] 10.1%
Zhao et al., (2021} b B -33 90 8 29 54 613 [-13.40; 1.14] 13.1%
Fahs et al,, (2012) a 0 40 77 12 -20 &7 -2.00 [-B8.80; 4.89] 145%
Fahs et al,, (2012) a 10 -40 77 9 00 72 -4.00 [-10.72; 272] 15.2%
Tomehiro Yasuda et al., (2015) a g 1.0108 B =30 1.3 T 4.00 [-6.54;14.64] 6.3%
Random effects model BO 78 =3.35 [ -6.00; =0.71] 100.0%
Hetarogeneity: 2 = 14%, 1° = 0.1955, p = 0.32 I T ! |
Tos! far overall offosl: Z = —2.48 (p = 0.01) 40 =20 0 20 40
RT-BFR TAT
Mean arterial pressure (mmHg)
RT-BFR TRT
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Cezar et al,, (2016) a B -128 68 8 0572 L -12.33 [-19.21; -5.45] 16.5%
Siiva et al., (2018) a 8 23 61 8 0080 230 [-507; 9.67] 15.4%
Sivaetal, (2018) b 8 -0.7 106 8 0090 -0.70 [-10.33; 893] 11.2%
Zhao et al., (2021) a B =286 123 B 1468 =4.00 [-13.72, 572] 11.1%
Zhao et al,, (2021) b 8 -04 68 B8 1468 -1.81 [-8.47, 485) 17.0%
Fahs et al., (2012) a 10 -50 99 12 -3087 -200 [-0.87, 587] 14.3%
Fahs et al., (2012) a i0 -50 99 9 3072 -8.00 [-15.73; -0.27] 14.6%
Random effects model &1 61 =3.96 [=7.94; 0.02] 100.0%
Hetarogenaity: I¥ = 43%, «° = 12.7048, p = 0.10 ' ' ' ' '
Test for overall effect: z = =1.95 (p = 0.05) —40 =20 0 20 40
RT-BFR TRT

Figure 4. Comparison between RT-BFR and TRT on blood pressure.

Notes. SD, standard deviation; MD, mean difference; RT-BFR, resistance training with blood
flow restriction; TRT, traditional restriction training. *Z(p) test for overall effect and p-value
<0.05.

Certainty of Evidence

The certainty of the evidence for each outcome using the GRADE approach is
presented in Table 2. The analysis of the RT-BFR vs CG effects on SBP (3 RCTS; 59
participants) and MAP (2 RCTS, 40 participants) showed a low certainty of the evidence.
On the other hand, DBP analysis (3 RCTS; 59 participants) presented a moderate certainty
of the evidence. On the analysis of TRT vs CG a moderate certainty of the evidence was
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seen for SBP, DBP, and MAP all with (3 RCTS, 66 participants). A moderate certainty
of the evidence was also seen for the analysis of RT-BFR vs TRT for SBP and DBP with
(9 RCTs, 158 participants), and for MAP (7 RCTS, 122 participants).

Sensitivity Analysis

The study identified that contributed the most to the heterogeneity from the
analysis of RT-BFR vs CG was'® because the participants from this study were
hypertensive. The studies identified in the analysis of RT-BFR vs TRT were Cezar et al.,
18 and Yasuda et al.,?. Details of sensitivity analysis can be seen in Supplementary
Figures S3 and S4. The removal of these studies from the analysis of SBP decrease the 12
values in the following analyses:

a) RT-BFR versus CG: The I? decreased from 54% to 0% on SBP, and on
DBP from 22% to 0%.

b) RT-BFR versus TRT: The I?decreased from 26% to 5% on SBP, from 14
% to 0% on DBP, and from 43% to 0% on MAP.

Table 2. Summary of findings. Certainty of evidence.
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Table 2. Summary of findings. Certainty of evidence.

Absolute effect

-, . o . ;
Outcomes! Studies Certainty assessment Ne of patients (95% CI) Certainty
Risk of bias® Inconsistency* Indirectness Imprecision® Other considerations
Y P CoO1l  COo2
RT-BFR vs CG
SBP (mm Hg) SMD -0.58 dHOO LOW
3 RCTs serious® not serious* not serious not serious none 27 32 (-1.29 t0 -0.13)
DBP (mm Hg) 3RCTs SMD -0.38 SDDO MODERATE
serious® not serious not serious not serious none 27 32 (-0.91t0 0.14)
MAP (mm Hg) 2 RCTs SMD -0.76 ®DO0O LOW
serious® not serious* not serious not serious none 18 22 (-1.67t00.14)
TRT vs CG
SBP (mm Ho) 3 RCTs serious® not serious not serious not serious none 29 37 SMD 0.06 ©SO0O MODERATE
(-0.43 to 0.56)
DBP (mm Hg)
3 RCTs serious® not serious not serious not serious none 29 37 SMD 0.02 ©SO0O MODERATE
(-0.47 t0 0.51)
MAP (mm Hg) SMD -0.36 S©DDO MODERATE
3 RCTs serious® not serious not serious not serious none 29 37 (-0.47 to 0.52)
RT-BFRvs TRT
SBP (mm Hg) 9RCTs serious® not serious not serious not serious none 80 78 SMD -0.14 ©OSO MODERATE
(-0.48 t0 0.20)
DBP (mm Hg)
9IRCTs serious®™ not serious not serious not serious none 80 78 SMD -0.34 ©SO0O MODERATE
(-0.66 to -0.02)
MAP (mm Hg) 7RCTs SMD -0.39 SDPO MODERATE
serious® not serious not serious not serious none 61 61 (-0.79 t0 0.01)

Abbreviations: SBP= systolic blood pressure; DBP= diastolic blood pressure; MAP= mean arterial pressure; Cl = confidence interval; RCT = randomized controlled trial; CO1= comparator 1; CO2= comparator 2; SMD = standard mean difference.
1 Hemodynamics outcomes.

2 Number of studies included in the analyses. Some studies presented more than two groups.

3 Two studies in the overall risk of bias assessment for all RCT indicated “High risk of bias” and one study in the overall risk of bias assessment indicated as “some concerns” (Rob 2 tool).

% One study in the overall risk of bias assessment for all RCT indicated “High risk of bias” and one study in the overall risk of bias assessment indicated as “some concerns” (Rob 2 tool).

3 One study in the overall risk of bias assessment for all RCT indicated “High risk of bias” and one study in the overall risk of bias assessment indicated as “some concerns” (Rob 2 tool).

% One study in the overall risk of bias assessment for all RCT indicated “High risk of bias” and 8 studies in the overall risk of bias assessment indicated as “some concerns” (Rob 2 tool).

% One study in the overall risk of bias assessment for all RCT indicated “High risk of bias” and 6 studies in the overall risk of bias assessment indicated as “some concerns” (Rob 2 tool).

* Presences of moderate between-study heterogeneity (12 >50%) observed in the meta-analysis.

5 All the studies presented adequate sample size according to power calculation for meta-analysis.

GRADE Working Group grades of evidence

High certainty: The current evidence provides a very good indication of the likely effect, and the likelihood that the actual effect will be substantially different is low.

Moderate certainty: The current evidence provides a good indication of the likely effect, and the likelihood that the actual effect of the treatment will not be substantially different is moderate.
Low certainty: The current evidence provides some indication of the likely effect, but the likelihood that the actual effect will be substantially different is high.

Very low certainty: The current evidence does not provide a reliable indication of the likely effect, and the likelihood that the actual effect will be substantially different is very high.
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DISCUSSION

The present systematic review and meta-analysis provides a synthesis of the
evidence suggesting that RT-BFR training showed a non-significant tendency to reduce
SBP, DBP and MAP compared to non-exercise conditions.

Neither a large nor a small number of studies have specifically looked at the
effects of RT-BFR in either normotensive or hypertensive adult populations, therefore
this is something that needs to be pointed out. In addition, available evidence on resistance
training without BFR showed a substantial reduction in blood pressure parameters?, and
the exercise-induced hypotension is selectively superior amongst participants with high
values of blood pressures?. In the case of the normotensive subjects, the choric effect of
resistance training seems to be residual because blood pressure values were low at
baseline?®. In our analysis, only 1 study® was based on hypertensive participants, and it
explained why we did not reach the statistically significant level. These results somehow
reflected on the synthesis of the certainty of the evidence, in which the findings were
classified as low to SBP and MAP, and as moderate to DBP. Attempting to explain the
results found in the comparison between RT-BFR and CG, we performed a sub-analysis
confronting TRT and CG, and results agree with the previous analysis, possibly because
of the sample characteristics of the included studies (mainly normotensive participants).
Contrary to what was found on the analysis of RT-BFR versus CG, this analysis even
with a low number of pooled studies, showed a moderate certainty of the evidence.

Although the main analysis did not demonstrate a significant effect of RT-BFR
versus CG, we performed a sub-analysis comparing RT-BFR and TRT. The results
showed an additive effect of RT-BFR on DBP and MAP, which was supported by a
moderate certainty of the evidence. A possible explanation for this positive result of RT-
BFR is the fact that after releasing blood vessels from compression, the reperfusion of
blood flow into the training muscle capillaries induces to the release of endothelium-
dependent vasodilator substances such as nitric oxide, resulting in a vasodilatation and
consequent diminished peripheral vascular resistance, that chronically might reduce both
DBP and MBP because of the reduction of peripheral vascular resistance 27 28,

A sensitivity study was conducted, and the results showed a wide range of
variation, from 0% to 40%. Those analyses with a moderate to high 12 were submitted to
a sensitivity analysis in order to produce the most accurate evidence synthesis possible.

At most, we were able to find one study that included people who had hypertension*®.
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Removing this study, the 1> decreased, but as was previously indicated, RT-BFR was not
superior to CG or TRT in improving the outcomes of interest.

We hypothesized that people who were subjected to an RT-BFR protocol on a
regular basis would experience lower blood pressure than those who did not engage in
regular physical activity. This was based on expected chronic effect of RT-BFR in reduce
peripheral arterial resistance 28, improve arterial stiffness 2 and increase nitric oxide /,
nonetheless we failed in proving our hypothesis, which could somehow be explained by
constraints. This meta-analysis has some caveats due to methodological difficulties such
as a lack of full description of training regimens, blood flow restriction parameters, and
blood pressure measurements, that restricted us from selecting other sensitivity analyses.
In addition, in most studies, hemodynamic variables are not the primary outcomes and
there are some studies that post-intervention hemodynamic results are not reported. In
fact, in our systematic review we have one study that was not included into the meta-
analyses because of the absence of post-training hemodynamic measurements.

In addition, the quantity of participants and the existing limited number of pooled
studies both reflect constraints, which highlights the significance of conducting additional
randomized controlled research about this subject. The fact that it is the first study to carry
out a certainty of evidence analysis using controlled metadata alone, is one of the study’s
major strengths. In addition, we conducted sensitivity analysis and employed the
instrument that was considered to be the best appropriate for bias analysis (RoB-2). This

allowed us to identify the study that was the significant contributor to the heterogeneity.
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CONCLUSION

Our findings suggest that RT-BFR may reduce DBP, although the scarcity of data
on the subject yields any conclusion dubious. Future research on this subject is required.
As a practical implication, our findings indicate that, while the size of the effect of RT-
BFR may not be overpowering, it may be clinically meaningful for hypertensive

individuals.
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SUPPLEMENTAL APPENDIX

Systolic blood pressure (mmHg)

TRT CcG
Study Total Mean SD Total Mean SD Mean Difference MD 95%—Cl Weight
Cezaretal, (2016) b 8 -3513.0 7 34148 —+—|— -6.93 [-21.13; 7.27] 14.8%
Fahs et al., (2012) b 12 -1.0 111 15 -2.0 10.0 — 1.00 [-7.08; 9.08] 45.7%
Fahs et al., (2012) c 9 2.0 10.8 15 -2.0 10.0 r 4.00 [ -4.70;12.70] 39.5%
Random effects model 29 37 : 1.01 [ —-4.46; 6.48] 100.0%
Heterogeneity: IZ = 0%, 1° < 0.0001, p = 0.44 ) ! ' !
Test for overall effect: z = 0.36 (p = 0.72) -40 -20 0 20 40

TRT CG

Diastolic blood pressure (mmHg)

TRT cG
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Cezar et al., (2016) b 8 1.0 9.9 7 0.0 10.6 —:0— 1.00 [-9.46; 11.46] 18.3%
Fahs et al., (2012) b 12 -2087 15 -1.0 100 —— -1.00 [-8.08; 6.08] 39.9%
Fahs et al., (2012) ¢ 9 0072 15 -1.0 100 — 1.00 [-5.92; 7.92] 41.8%
Random effects model 29 37 l 0.20 [-4.27; 4.68] 100.0%
Heterogeneity: IZ = 0%, v = 0, p = 0.91 T T 1 T
Test for overall effect: z = 0.09 (p = 0.93) -40 -20 0 20 40

TRT CG

Mean arterial pressure (mmHg)

TRT CG
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Cezar et al., (2016) b 8 -0572 7 111286 —-f— -1.64 [-12.23; 8.95] 17.9%
Fahs et al., (2012) b 12 -3087 15 -1.0 10.0 —— —-2.00 [-9.08; 5.08] 40.1%
Fahs et al., (2012) ¢ 9 3072 15 -1.010.0 = 4.00 [-2.92;10.92] 42.0%
Random effects model 29 37 - 0.58 [ -3.90; 5.07] 100.0%
Heterogeneity: 12 = 0%, 12 = 0, p = 0.45 I ! J
Test for overall effect: z = 0.25 (p = 0.80) -40 -20 ] 20 40

Supplementary Figure S2. Effects of TRT vs CG on blood pressure.

Notes. SD, standard deviation; MD, mean difference; TRT, traditional resistance
training; CG, control group. *Z(p) test for overall effect and p-value <0.05.
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Systolic blood pressure (mmHg)

RT-BFR CG
Study Total Mean SD Total Mean SD
Yasuda et al., (2014) a 9 -8021.2 10 -50135
Fahs et al., (2012) a 10 -6.0 1186 15 -2.0 100
Random effects model 19 25

Heterogeneity: I° = 0%, ©* =0, p = 0.92

Test for overall effect: z = -0.95 (p = 0.34) -40

Diastolic blood pressure (mmHg)

RT-BFR CG
Study Total Mean SD Total Mean SD
Yasuda et al., (2014) a 9 10121 10 1.0135

Fahs et al., (2012) a M0 -40 77 15 -1.0100

Random effects model 19 25
Heterogeneity: I° = 0%, v° = 0, p = 0.66

Test for overall effect: z = -0.72 (p = 0.47) -40

Mean Difference

MD 95%~Cl Weight

-3.00 [-19.22;13.22] 22.8%
-4.00 [-12.81; 4.81] 77.2%

-3.77 [-11.52; 3.97] 100.0%
|

-20 0 20
RT-BFR CG

Mean Difference

40

MD 95%~Cl Weight

0.00 [-11.52; 11.52] 26.9%
-3.00 [-9.98; 3.98] 73.1%

-20 0 20
RT-BFR CG

-2.19 [-B.17; 3.78] 100.0%
|

40

Supplementary Figure S3. Sensitivity analysis for SBP and DBP.

Notes: Analysis without the study of Cezar et al., (2016) a.
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Systolic blood pressure (mmHg)

Study

Ozaki et al., (2013) a
Silva et al., (2018) a
Silva et al., (2018) b
Zhao et al., (2021) a
Zhao et al., (2021) b
Fahs et al., (2012) a
Fahs etal., (2012) a

Random effects model

10
10

63

Heterogeneity: I = 5%, t° = 4.0020, p = 0.39
Test for overall effect: z = -0.57 (p = 0.57)

Diastolic blood pressure (mmHg)

Study

Ozaki et al., (2013) a
Silva et al., (2018) a
Silva et al., (2018) b
Zhao et al., (2021) a
Zhao et al.,, (2021) b
Fahs et al,, (2012) a
Fahs et al., (2012) a

10
9
8
8
8

10

10

Random effects model 63
Heterogeneity: I° = 0%, v* =0, p = 0.71
Test for overall effect: z = -2.08 (p = 0.04)

Mean arterial pressure (mmHg)

Study

Silva et al., (2018) a
Silva et al., (2018) b
Zhao et al., (2021) a
Zhao et al,, (2021) b
Fahs et al., (2012) a
Fahs et al., (2012) a

Random effects model

9
8
8
8
10
10

53

Heterogeneity: I° = 0%, ¥* =0, p = 0.57
Test for overall effect: 2z = -1.36 (p =0.17)

RT-BFR TRT
Total Mean SD Total Mean SD Mean Difference MD 95%~Cl
-1.0 122 9 6.0144 — ~7.00 [-19.10; 5.10]
33 78 8 -04132 —il— 3.70 [ -6.75; 14.15]
0.9 13.2 8 -04 132 y 1.30 [-11.61; 14.21]
14 166 8 -14 135 1 2.86 [-11.99;17.71]
5.4 10.1 8 -1.4 135 - 6.86 [-4.83;18.55]
-60 116 12 -1.0 111 — -5.00 [-14.57; 4.57)
-6.0 116 9 20108 —- -8.00 [-18.10; 2.10]
62 g -1.32 [-5.87; 3.22]
1 1 ] 1
-40 =20 0 40
RT-BFR TRT
RT-BFR TRT
Total Mean SD Total Mean SD Mean Difference MD 95%~ClI
00 99 9 2072 -2.00 [-9.73; 5.73]
18 64 8 0185 1.70 [-5.49; 8.89]
-16109 8 0185 -1.70 [=11.27; 7.87)
-46 10.7 8 2954 ~-7.42 [-15.71; 0.87]
-33 9.0 8 2954 -6.13 [-13.40; 1.14]
-40 77 12 -2087 -2.00 [-8.89; 4.89]
-40 7.7 9 0072 -4.00 [-10.72; 2.72)
62 -3.02 [ -5.87; -0.18]
T | I 1
-40 =20 0 20 40
RT-BFR TRT
RT-BFR TRT
Total Mean SD Total Mean SD Mean Difference MD 95%~Cl
23 6.1 8 0090 2.30 [-5.07; 9.67]
-0.7 10.6 8 0090 -0.70 [-10.33; 8.93]
-26 123 8 1468 -4.00 [-13.72; 5.72]
-04 68 8 1468 -1.81 [-8.47; 4.85]
-50 99 12 -3087 -2.00 [-9.87; 5.87]
-50 99 9 3072 -8.00 [-15.73; -0.27]
53 -2.25 [-5.49; 0.99]
] ] !
-40 -20 0 20 40
RT-BFR TRT

Supplementary Figure S4. Sensitivity analysis for SBP and DBP.

Weight

12.8%
16.6%
11.4%

8.8%
13.6%
19.3%
17.6%

100.0%

Weight

13.5%
15.6%

11.8%
15.3%
17.0%
17.9%

100.0%

Weight

19.3%
11.3%
11.1%
23.7%
17.0%
17.6%

100.0%

Notes: Analysis without the study of Cezar et al., (2016) a, and Tomohiro Yasuda et al.,

(2015) a, and MAP without the study of Cezar et al., (2016) a.
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Data base Search terms Number of
studies
PubMed/MEDLINE (("blood flow restriction*"[Title/Abstract]) OR ("blood flow 1301
occlusion "[Title/Abstract])) OR ("vascular occlusion
"[Title/Abstract]) OR (" kaatsu training "[Title/Abstract]) AND (("
blood pressure "[Title/Abstract])
SPORTDiscus ALL= (blood flow restriction AND blood flow occlusion AND 913
vascular occlusion AND kaatsu training) AND ALL= (blood
pressure)
Scielo (*blood flow restriction) OR (blood flow occlusion) OR (vascular 39
occlusion) OR (kaatsu training) AND (blood pressure)
Web of science ALL=( blood flow restriction AND blood flow occlusion AND 7148

vascular occlusion AND kaatsu training ) AND ALL=(blood
pressure)

Supplementary Table 1. Search strategy
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CONCLUSAO

Os resultados da presente dissertagdo de mestrado que o RT-RFS pode induzir uma
diminuicdo cronica na TAD e na TAM. Contudo, o nimero reduzido de estudos e de
participantes submetidos aos protocolos de TR-RFS torna qualquer conclusao
especulativa no que diz respeito ao efeito crénico do TR-RFS em adultos saudaveis.
Assim sendo, sdo necessarios mais estudos experimentais acerca deste tema. sobre este
tema.

Embora a magnitude do efeito do TR-RFS possa ndo ser esmagadora, 0S nossos
resultados dao pistas de que esta metodologia de treino pode ser clinicamente relevante

para pessoas hipertensas.
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