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RESUMO 

Objetivo: Esta revisão sistemática com meta-análise e meta-regressão avaliou a efetividade do 

treinamento combinado e a influência das variáveis do exercício aeróbio e de força, dentro de 

um programa de treinamento combinado (TC), na redução da PA em adultos com hipertensão. 

Métodos: Foram incluídos ensaios clínicos randomizados, em adultos com hipertensão, de 

intervenções envolvendo TC versus um grupo controle sem exercício (CG). As pesquisas nas 

bases de dados MEDLINE via PubMed, Cochrane Central, EMBASE, Scopus, e LILACS 

foram pesquisadas até dezembro de 2021 para busca dos estudos. A qualidade metodológica 

dos estudos foi avaliada utilizando a lista de verificação da TESTEX. Foi realizada uma meta-

análise de efeitos aleatórios utilizando como base a diferença média (MD) de alteração da PA 

em relação à linha de base comparando o TC versus CG. Foram realizadas análises de meta-

regressão para avaliar a relação entre as variáveis do TC (duração da intervenção, frequência 

semanal, intensidade, volume semanal, e frequência) e as mudanças sobre a PA. Resultados: 

Foram analisados trinta e sete estudos com 41 intervenções (1942 participantes). Os resultados 

agrupados com 95% de intervalo de confiança (95% IC) na PA sistólica (PAS) e diastólica 

(PAD) indicaram uma diminuição significativa do TC em comparação com o CG, mas contendo 

uma heterogeneidade significativa (PAS, -6,4 mmHg; 95% IC, -9,1 a -3,6; PAD, -3,7 mmHg; 

95% IC, -4,9 a -2,4). A análise de meta-regressão revelou que um aumento da intensidade do 

exercício e do volume semanal de treinamento está associado a uma maior magnitude de 

redução na PAS. Já na PAD, apenas o aumento da intensidade apresentou tal associação. 

Conclusão: O TC é uma intervenção eficaz para reduzir a PAS/PAD e a manipulação de 

diferentes variáveis do treinamento influencia a magnitude de redução da PA em adultos com 

hipertensão. 

Palavras-chave: Exercício Físico; Exercícios em Circuitos; Pressão Arterial; Hipertensão; 

Fatores de Risco de Doenças Cardíacas
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1 INTRODUÇÃO  

A hipertensão arterial sistêmica (HAS) é o principal fator de risco para doenças 

cardiovasculares, contribuindo de maneira importante para morbidade e mortalidade da 

população no Brasil e no mundo1,2. Estima-se que a prevalência global de HAS em adultos de 

30 a 79 anos é 32% em mulheres e 34% em homens3. Dada a alta prevalência e as consequências 

negativas da HAS, diferentes estratégias têm sido utilizadas no manejo desta condição. Além 

de estratégias farmacológicas, mudanças no estilo de vida através da prática regular de 

exercícios físicos (EF) são altamente recomendadas6, incluindo naqueles que já fazem uso de 

tratamento medicamentoso4,5, podendo ser tão eficaz quanto a maioria dos medicamentos anti-

hipertensivos para a redução da PA em indivíduos adultos com HAS7,8. 

Indivíduos adultos com HAS são aconselhados a praticar pelo menos 30 minutos de 

exercícios aeróbios de intensidade moderada, em 5-7 dias/semana por pelo menos 150 minutos 

por semana. Além disso, exercícios resistidos são recomendados em 2-3 dias por semana5,9. O 

treinamento físico composto por exercícios aeróbios é considerado o principal tipo de EF para 

a prevenção, tratamento e controle da HAS, existindo um amplo consenso de evidências de que 

o treinamento aeróbio é altamente eficaz na redução PA, com magnitudes interessantes de 

redução (-6/10 mmHg),10,11. Já os programas de treinamento compostos apenas por exercícios 

resistidos, embora eficazes, parecem promover reduções mais modestas na PA em indivíduos 

adultos com HAS (-2/4 mmHg)12,13. 

Estratégias que associem a realização de exercícios resistidos e aeróbios em um mesmo 

treinamento (i.e., treinamento combinado - TC) tem sido amplamente indicadas para promoção 

da saúde, justamente por permitir que diferentes benefícios, oriundos de cada tipo de 

treinamento, sejam obtidos simultaneamente14. O treinamento aeróbio é considerado a melhor 

estratégia para melhorar a aptidão cardiorrespiratória e outros fatores de risco 
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cardiometabólicos (i.e., obesidade, dislipidemia e perfil glicêmico)15,16, enquanto o treinamento 

resistido é a intervenção fundamental para ganhos de força, potência e massa muscular17.  

Devido aos potenciais benefícios da combinação de exercícios aeróbios e resistidos na 

saúde da população, diferentes estudos têm sido conduzidos para avaliar os efeitos do TC na 

PA de adultos normotensos e hipertensos. Reduções importantes na PA sistólica e diastólica  (-

5/4 mmHg) podem ser obtidas através desse modelo de treinamento, com maiores magnitudes 

em indivíduos com valores de PA repouso mais elevadas11. Entretanto, ainda não é claro a 

influência das diferentes variáveis de cada tipo de exercício relacionados a frequência, 

intensidade do exercício, volume e ordem de execução dos exercícios aeróbios e resistidos19, 

nas mudanças da pressão arterial ao final de programas de TC em indivíduos adultos com HAS. 
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2 REVISÃO DE LITERATURA 

2.1 Hipertensão Arterial Sistêmica 

A HAS é caracterizada pela elevação crônica da pressão arterial (PA) acima de 140 mmHg 

ou 90 mmHg para PA sistólica e diastólica, respectivamente, sendo a PA o produto do débito 

cardíaco e da resistência vascular periférica5. Pacientes com HAS podem apresentar aumento 

de um fator ou ambos, no qual, em adultos mais novos o débito cardíaco é frequentemente 

elevado, enquanto em idosos o aumento da resistência vascular periférica desempenha um papel 

dominante20. O controle da PA é de enorme importância clínica e de saúde pública devido à 

alta prevalência de HAS, com um aumento consistente nas tendências de prevalência. Estima-

se que a prevalência global de HAS em adultos de 30 a 79 anos é 32% em mulheres e 34% em 

homens em todo mundo, e no Brasil o percentual de mulheres e homens com PA maior ou igual 

que 140 por 90 mmHg é de 42% e 47%, respectivamente3,21. 

 A elevada sustentação da PA é responsável a longo prazo por danos aos órgãos-alvo que 

resultam em aumento da morbidade e mortalidade, sendo responsável por 8,5 milhões de mortes 

por acidente vascular cerebral, doença isquêmica do coração e outras doenças vasculares e 

renais em todo o mundo3,4. Em média, uma redução de 5 mmHg da PA sistólica é capaz de 

reduzir o risco de um evento cardiovascular maior em cerca de 10%, e para acidente vascular 

cerebral, insuficiência cardíaca e doença cardíaca isquêmica em 13%, 12% e 8%, 

respectivamente22. A causa da HAS é de natureza multifatorial, com fatores ambientais, 

genéticos e determinantes sociais possuindo o potencial para contribuir para o seu 

desenvolvimento23. Embora a causa da PA elevada é complexa e multifacetada entre adultos, 

evidências consistentes destacam a inatividade física, tabagismo, consumo excessivo de álcool 

e maus hábitos alimentares (i.e., alto teor de sódio, baixo teor de potássio, frutas limitadas e 

pouca ingestão de vegetais) como os principais contribuintes24,25.  
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O manejo adequado da HAS é vital para amenizar as possíveis incapacidades e perda de 

qualidade de vida, além do aumento de custos dos sistemas de saúde, com importante impacto 

socioeconômico26. Para tanto, a abordagem terapêutica inclui medidas não-farmacológicas e o 

uso de fármacos anti-hipertensivos, a fim de reduzir a PA, proteger órgãos-alvo e prevenir 

desfechos cardiovasculares e renais27. Diretrizes mais recentes para o manejo da HAS4,5 

recomendam a instituição de medidas com estilo de vida, sempre que apropriado, em todos os 

indivíduos adultos com HAS, incluindo aqueles que necessitam de tratamento 

medicamentoso.  A redução da ingestão de álcool e sal, cessação do tabagismo, realização de 

EF regular, perda de peso e dieta, são as principais mudanças no estilo de vida que determinam 

os melhores resultados para prevenção e tratamento da HAS28. 

2.2 Exercício Físico e Pressão Arterial 

Mudanças no estilo de vida são essenciais para o tratamento da HAS, fato corroborado 

por diretrizes nacionais5 e internacionais4 sobre o tema, que recomendam abordagens baseadas 

apenas no estilo de vida como a primeira linha de terapia para redução da PA. O EF é 

considerado uma estratégia não-farmacológica eficaz na prevenção e tratamento da HAS, 

podendo fazer parte do tratamento através de mudanças no estilo de vida para adultos de baixo 

risco ou pode ser usado em combinação com fármacos para indivíduos adultos com HAS com 

perfil de risco aumentado8,29.  

Em meta-análise de rede recente7, no qual 391 ensaios clínicos randomizados foram 

incluídos (n=39.742), foi realizado uma comparação sobre os efeitos na redução da PA sistólica 

do uso de medicamentos anti-hipertensivos e intervenções de EF, onde foram observados que 

diferentes tipos de intervenções de EF parecem ser tão eficazes quanto a maioria dos 

medicamentos anti-hipertensivos em adultos com PA elevada (>140/90 mmHg) com redução 

semelhante de -8 mmHg na PA sistólica. Descobertas que possibilitam formar a base de 

discussões baseadas em evidências sobre os benefícios do EF na redução da PA. 
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Ainda não é claro os mecanismos responsáveis exatos dos efeitos benéficos que o EF 

produz sobre a PA, provavelmente porque a regulação da PA é complexa e multifatorial, 

entretanto o possível principal mecanismo pelo qual o EF pode afetar a PA é a regulação da 

função endotelial. O óxido nítrico (NO) é um mediador chave da função endotelial, e estudos 

clínicos e pré-clínicos confirmaram a capacidade do EF de melhorar a vasodilatação endotelial 

dependente de NO30. A alta produção de NO ocorre em resposta ao aumento do fluxo sanguíneo 

para compensar o estresse de cisalhamento por vasodilatação31, de forma que, o EF resulta em 

exposição repetida ao estresse de cisalhamento, melhorando assim a biodisponibilidade do 

NO32. Além disso, mecanismos subjacentes como: aumento na complacência vascular 

(capacidade do vaso de se contrair e relaxar); aumento na capacidade de bombeamento do 

coração, reduzindo a frequência cardíaca e a pressão do fluxo coronário; atenuação da atividade 

nervosa simpática, pelo aumento da atividade vagal; neovascularização e melhora da 

sensibilidade a insulina, são possíveis mecanismos responsáveis pela redução da PA através do 

EF33,34.  

Indivíduos adultos com HAS são aconselhados a praticar pelo menos 30 minutos de 

exercícios aeróbios de intensidade moderada, em 5-7 dias/semana por pelo menos 150 minutos 

por semana. Além disso, exercícios resistidos são recomendados 2-3 dias por semana5,9. Mais 

de 20 meta-análises foram realizadas desde o ano 2000 para verificar os efeitos da redução PA 

através de programas de treinamento com exercícios aeróbios, existindo um amplo consenso de 

evidências de que o exercício aeróbio deve ser prescrito como o principal tipo de EF para a 

prevenção, tratamento e controle da HAS, em particular, devido ao treinamento aeróbio ser 

capaz em reduzir a PA em maiores magnitudes (-6/10 mmHg), possuir mais estudos de 

qualidade sobre o tema, e por reunir inúmeros estudos que utilizaram a medida ambulatorial de 

pressão arterial como método de avaliação10,11. Já nos programas de exercícios resistidos, mais 

de 7 meta-análises foram realizadas acerca do tema12,35. Esses estudos também sugerem que 
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esse tipo de treinamento pode ser eficaz na redução de PA, especialmente naqueles com PA de 

repouso mais elevada. Entretanto, os programas de treinamento compostos apenas por 

exercícios resistidos, embora eficazes, parecem promover reduções mais modestas na PA em 

indivíduos adultos com HAS (-2/4 mmHg)12,13. 

2.3 Treinamento Combinado e Pressão Arterial 

O treinamento combinado (TC), que envolve a combinação de exercícios aeróbios e 

resistidos em um mesmo programa de treinamento, tem sido a modalidade de EF mais indicada 

para promoção da saúde, devido ao seu potencial de induzir simultaneamente ganhos oriundos 

dessas duas formas de treinamento14. De certa forma, o treinamento aeróbio é considerado a 

melhor estratégia de EF para melhorar a aptidão cardiorrespiratória e outros fatores de risco 

cardiometabólicos (i.e., obesidade, dislipidemia e perfil glicêmico)15,16, enquanto o treinamento 

resistido é a intervenção fundamental para ganhos de força muscular, ganho de massa muscular 

e densidade óssea, embora também é capaz de produzir melhorias na saúde cardiometabólica17.  

Até a presente revisão, poucos estudos originais foram conduzidos para avaliar os 

efeitos do TC na PA, quando essa é o desfecho primário do estudo. Em um estudo recente, 

publicado na European Association of Preventive Cardiology11, os autores realizaram uma 

análise agrupada de 6 meta-análises acerca do tema, onde observaram reduções da PA sistólica 

e diastólica com TC (-5/4 mmHg) com maiores reduções em adultos com PA mais elevadas. 

Em outra meta-análise de rede recente, ao comparar 5 modalidades diferentes de EF, o TC foi 

o melhor tratamento de EF para diminuir a PA em adultos com sobrepeso e obesidade36. 

Entretanto, uma alta heterogeneidade estatística foi encontrada nas meta-análises com TC na 

redução da PA, fato que sugere cautela ao interpretar os resultados. Em particular, a 

heterogeneidade estatística se deve a grande heterogeneidade metodológica envolvida na 

manipulação e prescrição do TC, que envolve a manipulação das variáveis do treinamento, tanto 

do aeróbio quanto do resistido. 
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Diferentes variáveis podem ser capazes de influenciar as respostas cardiovasculares e 

hemodinâmicas do treinamento realizado. Destaca-se, entre as mais comuns, a frequência 

(duração da intervenção [semanas], frequência semanal [dias] e comparecimento às sessões de 

treino [%]) intensidade (%VO2max e %1RM para treinamento aeróbio e resistido, 

respectivamente), volume (treinamento aeróbio [min/semana] e resistido 

[séries*repetições*exercícios/semana) e ordem de execução dos exercícios aeróbios e 

resistidos19.  

Em relação as variáveis de frequência semanal e duração da intervenção, é recomendado 

que o EF seja realizado em uma maior frequência por semana (≥3 dias) por um período de no 

mínimo 12 semanas para redução da PA37. O motivo pelo qual o EF deve ser recomendado na 

maioria dos dias, é devido a PA ser mais baixa nos dias em que as pessoas se exercitam em 

comparação com os dias em que não realizam EF. Esta resposta fisiológica é denominada 

hipotensão pós-exercício (HPE)38, onde a HPE é a redução imediata na PA que ocorre após 

uma única sessão isolada de EF39, sendo a magnitude da HPE fortemente relacionado as 

mudanças no longo prazo na PA com o treinamento físico40.  

No que diz respeito na manipulação do volume e da intensidade, parece que o exercício 

realizado com intensidades mais altas e em maiores volumes é capaz de promover reduções em 

maiores magnitudes na PA em indivíduos adultos com HAS41,42. Em meta-análise recente, 

pesquisadores decidiram investigar os efeitos na progressão da intensidade e do volume na 

redução da PA em indivíduos adultos com HAS. Mesmo os autores não encontrando diferença 

na redução da PA entre o treinamento aeróbio com e sem progressão, reduções de maiores 

magnitudes (-13/7 mmHg) ocorreram em estudos que progrediram nas variáveis de intensidade 

e volume separadamente43. Da mesma forma para o treinamento resistido, maiores reduções 

foram observadas quando realizado em maiores intensidades e volumes12,13.    
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Parece existir uma relação dose-resposta dessas variáveis do treinamento sobre a PA, 

no qual maiores doses de EF seriam mais efetivas42,44. Em uma meta-análise de estudos de 

corte45, foi quantificado a relação dose-resposta entre EF e incidência de hipertensão em adultos 

com PA normal. Entre 330.222 adultos com PA normal, ocorreram 67.698 casos incidentes de 

hipertensão (20,5% da amostra) após 2 a 20 anos de seguimento. O risco de hipertensão foi 

reduzido em 6% quando realizado 150 min/semana de EF moderado-vigoroso em adultos com 

PA normal. O efeito protetor aumentou em cerca de 6% para cada aumento adicional de 150 

min/semana; já para adultos com 300 min/semana de EF leve, moderada e/ou vigorosa, o risco 

de hipertensão foi reduzido em 12%; e para aqueles com doses elevadas de EF (900 

min/semana), o risco de hipertensão foi reduzido em 33%. Até o presente momento, nenhuma 

meta-análise incluindo ensaios clínicos randomizados investigou de que forma a manipulação 

das diferentes variáveis do TC influenciam nas mudanças sobre a PA em indivíduos adultos 

com HAS11,16.  
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3 JUSTIFICATIVA 

O presente estudo justifica-se pela necessidade de entender os potenciais efeitos do 

treinamento combinado sobre a pressão arterial em indivíduos adultos com HAS, visto que 

ainda existem lacunas sobre a possível relação dose-resposta entre as diferentes variáveis do 

treinamento combinado (frequência, intensidade, volume e ordem de execução) sobre as 

mudanças da PA. Tais achados serão importantes para entendermos qual é a dose ideal de 

exercícios aeróbios e de força, em um programa de treinamento combinado, para indivíduos 

adultos com HAS. 
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4 OBJETIVOS 

4.1 Objetivo Geral 

Avaliar a efetividade do treinamento combinado e verificar a influência das variáveis 

do exercício aeróbio e de força, em um programa de treinamento combinado, sobre a redução 

da pressão arterial em indivíduos adultos com hipertensão arterial. 

4.2 Objetivos Específicos 

Sumarizar, através de abordagem meta-analítica, a variação na pressão arterial após 

programa de treinamento combinado versus um grupo controle sem exercício em indivíduos 

adultos com hipertensão arterial. 

Verificar uma possível relação dose-resposta das seguintes variáveis do treinamento 

combinado: frequência (duração da intervenção [semanas], frequência semanal [dias] e 

comparecimento às sessões de treino [%]) intensidade (%VO2max e %1RM para treinamento 

aeróbio e resistido, respectivamente), volume (treinamento aeróbio [min/semana] e resistido 

[séries*repetições*exercícios/semana) e ordem de execução dos exercícios aeróbios e 

resistidos, através de meta-regressões sobre as mudanças da pressão arterial em indivíduos 

adultos com hipertensão arterial. 
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ABSTRACT 

Aim: The purpose of this systematic review with meta-analysis and meta-regression evaluated 

the efficacy of combined training and the influence of acute variables of aerobic and strength 

exercise within a combined training program on BP reduction in adults with hypertension. 

Methods: Randomized clinical trials in adults with hypertension of interventions involving CT 

versus a non-exercise control group (CG) were included. Searches of MEDLINE via PubMed, 

Cochrane Central, EMBASE, Scopus, and LILACS databases were searched between June and 

December 2021 to find the studies. The methodological quality of the studies was assessed 

using the TESTEX checklist. A random effects meta-analysis was performed using the mean 

difference (MD) in BP change from baseline comparing CT versus CG as the effective measure. 

A simple meta-regression analysis was performed to assess the relationship between the CT 

variables (follow-up, weekly frequency, intensity, weekly volume, and frequency) and BP 

reduction. Results: Thirty-seven studies with 41 interventions (1942 participants) were 

analyzed. The pooled MDs results with 95% confidence interval (95% CI) on systolic (SBP) 

and diastolic (DBP) BP indicated a significant decrease in CT compared with CG, but 

containing significant heterogeneity (SBP, -6.4 mmHg; 95% CI, -9.1 to -3.6; DBP, -3.7 mmHg; 

95% CI, -4.9 to -2.4). Meta-regression analysis revealed that an increase in exercise intensity 

and weekly training volume is associated with a greater magnitude of reduction in SBP. In DBP, 

only the increase in intensity showed such an association. Conclusion: CT is an effective 

intervention to reduce SBP/DBP and the manipulation of different acute training variables 

influences the magnitude of BP reduction in adults with hypertension. 

Keywords: Exercise; Circuit-Based Exercise; Blood pressure; Cardiovascular diseases; Heart 

disease risk factors 
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INTRODUCTION 

Hypertension is the main risk factor for cardiovascular diseases and mortality1, with increased 

prevalence due to aging2 and physical inactivity3. Regular physical exercise has been suggested 

as the first line of non-pharmacological therapy for hypertension4,5. Current guidelines for the 

treatment of hypertension have suggested aerobic training as the most efficacy exercise 

intervention for BP reduction, with reductions between 6-10 mmHg6,7. Resistance training 

performed alone also reduces BP among adults with hypertension but at lower magnitudes (i.e., 

2-3 mmHg)8,9. In addition to the benefit on blood pressure, aerobic training is considered the 

best exercise strategy to improve cardiorespiratory fitness and other cardiometabolic risk 

factors (i.e., obesity, dyslipidemia, and glycemic profile)10,11, while resistance training is the 

cornerstone intervention muscle strength, muscle mass gain, and bone density12. Taken 

together, the combination of aerobic and resistance training, known as combined training, 

seems to be the ideal physical exercise modality for simultaneously improving these health-

related outcomes13.  

The meta-analysis that has evaluated the effects of combined training on blood pressure has 

found controversial results, with reductions in systolic and diastolic BP between 1 and 6 

mmHg7,11,14,15 or no reduction16,17. The variation in BP response after combined training may 

be related to the use of different acute training variables during each type of exercise (i.e., 

aerobic and resistance), such as time of follow-up (weeks), weekly frequency (days), exercise 

intensity (%VO2max and %1RM for aerobic and resistance training, respectively), and weekly 

volume (min.∙week)18. Previous meta-analyses investigated associations between the acute 

training variables of aerobic training and resistance training alone on blood pressure behavior, 

in which potential dose-response relationships between acute variables and BP reduction were 

observed, with higher training doses promoting greater reductions19,20. However, there is 

insufficient evidence to determine how much the relationship between the magnitude of BP 
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reduction and exercise varies as a function of follow-up, weekly frequency, exercise intensity, 

and weekly volume.  

No previous meta-analysis has verified the effects of combined training in adults with 

hypertension alone and also no exploration of statistical heterogeneity considering acute 

variables of combined training as a potential modifier in effect size was performed. Our 

systematic review aims to update the evidence on the effects of combined training and, in 

particular, to study the dose-response relationship of follow-up, frequency, intensity, and the 

weekly volume of combined training interventions on BP reduction in adults with hypertension. 

2. METHODS  

We followed the instructions outlined in the Cochrane Handbook for Systematic Reviews to 

conduct our systematic review21. In addition, the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA)22, and implemented PRISMA in Exercise, 

Rehabilitation, Sport medicine and SporTs science (PERSiST)23 for reporting systematic 

reviews were also followed. This study is registered on the International Prospective Register 

of Systematic Reviews: PROSPERO (CRD42021284886). 

Eligibility Criteria 

Types of studies 

Only randomized controlled trials comparing a combined training intervention (i.e., aerobic + 

resistance) with a non-exercise control treatment were eligible for this study. 

Participants 

We included studies with adults ≥ 18 years (men and women) with hypertension (SBP ≥ 130 

mmHg or DBP ≥ 80 mmHg or using any antihypertensive medication)4. Studies with 

participants who had metabolic or cardiovascular risk factors in combination with hypertension 
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were also included. We excluded studies with populations with cardiovascular or other diseases 

(i.e., cancer, HIV/AIDS, lung and cognitive disorders).  

Combined training interventions 

The combined training interventions included the combination of any aerobic exercise on land 

(i.e., cycling, walking, or running) with any dynamic resistance/strength training performed 

near each other (i.e., in a single session or on separate days), with a minimum duration of 4 

weeks. Combined training was considered in which the participants performed the training with 

supervision by an exercise training specialist. Unsupervised combined training programs and 

with co-interventions (diet or lifestyle counseling and titration of medication) were not 

included.  

Non-exercising control interventions 

As a comparator intervention, a group of the participants who did not perform any type of 

regular exercise training was included. Studies in which the control group was involved in any 

exercise or physical activity intervention (including stretching) were excluded. 

Outcomes assessment  

The outcomes of interest were measurements of changes in systolic and/or diastolic BP after 

combined training interventions that could be assessed by different BP measurement methods 

(i.e., auscultatory, oscillometric or ambulatory monitoring) 

Search strategy  

We systematically searched in PubMed, Cochrane Central, Embase, Scopus, and LILACS 

databases, between June and December 2021. In the search strategy, we used the terms 

"Combined training" and "Randomized clinical trials, complementing with the addition of 

keywords (synonyms) and MeSH/ DeCS terms through boolean operators (AND/OR). The 
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complete search strategy that was used in all databases is detailed in the supplementary table 

S1. 

Previous systematic reviews of related topics were also searched for relevant studies9,14 and 

references of identified potentially relevant studies were manually searched for inclusion of 

additional studies. In addition, to search the gray literature (unpublished studies) we used 

Google Scholar24 to identify possible studies eligible for inclusion in the review. There was no 

language or year of study limitation in our search, however we found only studies published in 

English or Portuguese that met the eligibility criteria. All searches were conducted by the same 

author (V.M.S.), the search results were collated using EndNote software (Thomson Reuters, 

New York), and duplicates were removed.  

Selection and Data collection process 

The screening was carried out independently, following the exclusion of duplicate articles by 

two reviewers blind (V.M.S. and L.B.D). Initially, these authors screened titles and abstracts to 

identify potentially relevant articles according to the eligibility criteria described above. Any 

study selected for the next step of the evaluation was analysis in full text and considered if, after 

the randomization, reported pre-post intervention BP changes after a combined training 

intervention versus a control group. Disagreements regarding the eligibility of the studies were 

resolved by consensus and, eventually, by a third reviewer (R.F). The study selection process 

followed the PRISMA flowchart in figure 123.    

The authors (V.M.S. and L.B.D.) independently performed data extraction using a standardized 

form in Microsoft Excel (2020). Data regarding the characterization of the sample (number of 

participants included in the analysis, age of the participants, athletic category, baseline BP 

values, gender of the sample, and cardiovascular risks factors) were extracted; protocol 

adherence (session attendance [%]), sample loss rate (participants dropout [%]), acute variables 
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of the combined training interventions (weekly duration [min.∙week-1], volume, frequency, 

follow-up, intensity and type) and method of BP assessment used in each study were also 

collected. Data were extracted in their original units of mean, and measures of dispersion 

(standard deviation, standard error, confidence interval) or the mean difference before and after 

the training period for the systolic and diastolic BP results of interventions (i.e., combined 

training and control groups). If there was not enough information, the authors of these studies 

(n=4)25-28 were contacted via e-mail. Three studies25,26,28 did not respond to the email. So, we 

used the online Web Plot Digitizer software (https://apps.automeris.io/wpd/) to extract BP data 

for further analysis in our review. In addition, we performed the classification and 

standardization of the combined training intensity (aerobic + resistance) for further analysis at 

Low = 1; Moderate = 2; Vigorous = 319. Being low when performed between 37-45%VO2max 

and 30-49%1RM; moderate between 46-63%VO2max and 50-69%1RM; vigorous ≥64%VO2max 

and ≥70%1RM. In studies that did not report the intensity of aerobic exercise in %VO2max, the 

intensity was converted to %VO2max using the classification of exercise intensity 

correspondence table19. 

Methodological quality  

The methodological quality of the included studies was assessed using the “Tool for the 

assesment of Study qualiTy and reporting in EXercise” (TESTEX) checklist29, two reviewers 

(V.M.S. and L.B.D.) evaluated each study and they worked independently. The checklist has 

two sections that refer to study quality (items 1–5) and study reporting (items 6–12). Each item 

on the TESTEX checklist is answered with a “yes” if the criteria are satisfied or with a “no” if 

the criteria are not satisfied (only the answer “yes” is associated with a point). Items 6 and 8 

have three and two questions, respectively. The answer “yes” to each of these sub-questions is 

also associated with a point. Therefore, the maximum number of possible points on the checklist 

is 15. Based on the summary scores, we classified studies from 0 to 5 points as a low quality 



31 

 

study, from 16 to 10 points as a medium quality study, and from 11 to 15 points as a high quality 

study. 

Data synthesis and statistical analysis  

Effect sizes were calculated based on the change score (mean difference, MD) with a 95% 

confidence interval (95% CI) between baseline and follow-up measures to demonstrate the 

clinical impact of combined training. Random effects models were used because great 

heterogeneity was expected due to the different methodological variations of the studies. 

Primarily, an pooled analysis of combined training versus the control group on the effects on 

systolic and diastolic BP was conducted. P values ≤0.05 were considered statistically 

significant. Heterogeneity was assessed using the Cochran Q (chi2) test, with P ≤0.05 indicating 

statistically significant heterogeneity between treatment effects. The extent of heterogeneity 

was quantified using the inconsistency index (I2), and values >50% were considered to represent 

substantial heterogeneity21.  

Subgroup analyses were performed to investigate possible factors that promoted statistical 

heterogeneity in our analysis. We assumed that different baseline BP values, BP assessment 

methods, and assessment of systolic and diastolic BP as the primary or secondary outcomes 

may have influenced heterogeneity. Meta-regression analysis was performed to investigate 

potential moderators in estimating effect: baseline BP values follow-up duration (weeks), 

weekly frequency (number of sessions per week), intensity (aerobic + resistance), weekly 

volume (min∙week-1), attendance, mean age, and TEXTEX score. A minimum of 10 studies per 

moderator was required to perform meta-regression21. 

Publication bias was assessed by visually examining the asymmetry of the funnel plot of the 

analysis variable (systolic and diastolic BP). The Egger test was used to verify the funnel 

asymmetry, being considered significant when P ≤ 0.05. In case of publication bias, the trim 
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and fill method would be performed to identify and correct the asymmetry of the funnel plot 

and produce a new effect estimate. Statistical analysis and the forest plots were performed in 

OpenMeta Analyst Software version 10.1030. 

RESULTS 

A total of 4606 records were retrieved from database searches, of which 2764 records were 

duplicates. A further 1784 records were eliminated after the screening of titles and abstracts. 

Seventeen potentially relevant articles were identified from the screening of systematic review 

and gray literature reference lists.  

After screening the full text of 99 articles (82 via databases and 17 other methods), 37 

randomized clinical trials were included in this review. Four trials included multiple arms of 

combined training, therefore 41 interventions for systolic BP and 38 interventions for diastolic 

BP were included. Participants were randomized individually in all clinical trials. The flowchart 

of study selection is shown in figure 1. 

Study characteristics 

A detailed summary of the characteristics of the 37 studies (41 interventions) included is 

described in supplementary material table S2. Most of the included studies were European 

(32%) or Brazilian (30%). In total, 37 trials including 1942 participants (1028 combined 

training and 914 control group without exercise) aged 60 years (range 39-85 years) were 

analysis. Fifteen trials (40%) included populations with chronic diseases and cardiovascular 

risk factors (i.e., type 2 diabetes, obesity, metabolic syndrome) in combination with 

hypertension. On average, participants had baseline systolic BP values of 138 mmHg (range 

124-160 mmHg), and diastolic BP of 82 mmHg (range 70-95 mmHg). 
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The combined training programs lasted 22 weeks (range 4-52 weeks) and were performed 3 

days a week (range 1-5 days). The participants achieved adherence of 86% to the training 

sessions (range 70-100%), and the dropout rate was 7% (range 0-24%).  

Of the 37 studies, 20 studies (54%) fully reported details of the combined training program. 

The individual details of the combined training program are presented in supplementary 

material table S2. The intensity of aerobic exercise during the combined training was 65% 

VO2max (range 40-85% VO2max), each aerobic exercise session lasted 30 minutes (range 17-45 

minutes), and were performed on treadmills, bicycles or ellipticals. During the resistance 

training, an intensity corresponding to 65% (range 50-80%) of the one maximum repetition test 

(1RM), 8-20 repetitions per set, 1-4 sets per exercise, and a total of 5-15 exercises per session 

were adopted. The weekly volume of the combined training was 170 min∙week-1 (range 60-270 

min∙week-1).  All studies reported the order of execution of aerobic and resistance exercises 

during combined training. Twenty-six interventions initiated with aerobic exercises followed 

by resistance exercises, and 10 started with resistance exercises followed by aerobic exercises 

and during 5 combined training interventions, the aerobic and resistance exercises were 

performed on separate days.  

In the control interventions, participants were usually instructed to continue with their habitual 

activity (n=16 studies). Seven studies provided lifestyle advice and discussion about physical 

activity levels, but no structured/supervised exercise to the control group. In another 3 studies, 

participants had to visit the research laboratory 2-3 days a week to attend lectures with lifestyle 

themed sessions. Eleven studies did not report details about the control group. 

Combined training effect on blood pressure 

The systolic (n=41 interventions) and diastolic (n=38 interventions) BP results after combined 

training are presented in figures 2 and 3. When compared to the control, combined training 
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reduced systolic BP (MD: -6.4 mmHg, 95% CI: 9.1 to -3.7, P < 0.001) and diastolic BP (MD: 

-3.7 mmHg, 95% CI: 5.0 to -2.4, P < 0.001). There was significant heterogeneity between 

studies in systolic BP (I2 = 84%, P for heterogeneity <0.001) and diastolic BP (I2 =68%, P for 

heterogeneity <0.001) after combined training. Figure 2 and 3 shows the forest plots for systolic 

and diastolic BP. 

Quality assessment (Risk of bias) and publication bias 

Supplementary Material Figure S1 presents the results of the quality assessment. The average 

score on the checklist was 8 points (range 4-14 points). Based on the qualitative classification, 

8 studies presented high methodological quality, 24 studies medium, and 5 low methodological 

qualities. Egger's regression test showed no publication bias for combined training in the 

analysis of systolic (P = 0.96) and diastolic (P = 0.63) BP (see Figure S2 and S3 in 

Supplementary material). 

Subgroup analysis 

Table 2 displays the results of the subgroup analysis, we found that the baseline BP and the 

method used to evaluate BP can influence the magnitude of BP reduction after combined 

training. A higher BP value at baseline is associated with greater BP reduction after combined 

training. In relation to the BP measurement, for systolic BP, only the studies that assessed BP 

through the oscillometric method showed BP reductions after combined training. For diastolic 

BP, the oscillometric and the auscultatory methods reduced BP after exercise. No significant 

BP reductions after combined training were observed when BP was assessed through the 

ambulatory BP monitoring method (P= 0.17). Finally, when analysing studies that assessed 

systolic and diastolic BP as primary or secondary outcome, we observed greater magnitudes of 

reduction in systolic and diastolic BP when studied the primary outcome.  

Meta-regression 
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According to the results of the meta-regression analysis baseline BP, weekly volume, and the 

intensity of the combined training intervention were associated with the magnitude of BP 

reduction after the exercise interventions. For systolic BP, baseline BP between 135-165 mmHg 

seems to promote greater reductions after combined training. Similarly, combined training 

interventions performed for 150-270 min.week-1 with moderate to vigorous intensities seem to 

promote greater reductions in systolic BP. For diastolic BP, baseline BP between 75-95 mmHg 

and moderate or vigorous intensities seem to promote greater reductions after a combined 

training intervention. Mean age, attendance, weekly frequency, follow-up duration, and 

TEXTEX score were not associated with any additional BP improvement after combined 

training (Table 3).  

DISCUSSION 

The purpose of our study was to evaluate the efficacy of combined training and deepen the 

dose-response relationship of the acute training variables in the reduction of BP in adults with 

hypertension. We found a reduction in systolic and diastolic BP of -6.4 mmHg and -3.7 mmHg, 

respectively, favouring the combined training versus a control group without exercise. 

Furthermore, our findings showed that baseline BP values, weekly volume, and intensity were 

possible moderators in the BP reduction response. The findings found in the present review are 

clinically important, mainly due to the role of BP as a predictor of cardiovascular disease and 

mortality31,32. The magnitudes of reduction we found through interventions with combined 

training (-6.4/-3.7 mmHg) are shown to reduce stroke and heart failure by 13%, coronary artery 

disease by 8%, and cardiovascular death by 5%33. Previous reviews have also found a beneficial 

effect of combined training on BP reduction, however smaller magnitudes of reduction were 

observed (-3/-4 mmHg)14,15. The explanation why we observed a greater magnitude of BP 

reduction in the present study is possibly due to the update of new evidence on the subject and, 

mainly, to our eligibility criteria for inclusion of studies in the review (only adults with 
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hypertension in all age groups and interventions with combined training without co-

intervention). 

The analysis indicated considerable heterogeneity21 in relation to changes in the overall analysis 

of the combined training versus the control group (I2 = 84% for systolic BP, I2 = 68% for 

diastolic BP). We performed meta-regression analyses to investigate possible moderators 

influencing heterogeneity. Results showed an association between baseline values, weekly 

volume, and intensity for greater systolic BP reduction, and for diastolic BP baseline values and 

weekly volume were associated with greater reductions. These analysis are based on 25-41 

interventions, which is greater than the minimum number of 20 observations recommended for 

meta-regression analysis34. The results suggest that adults with hypertension elevated resting 

BP values may benefit even more from combined training interventions, this is possibly because 

the magnitude of the BP reduction after exercise is directly related to the preintervention BP of 

the participants35. Furthermore, it seems that combined training when performed for longer 

periods, with higher intensities, may result in greater reductions in BP, with the total overload 

of training (volume + intensity) being of great importance for the reduction of BP, both for 

aerobic exercises7,36, and resistance exercises8,37. With combined training, we have the 

simultaneous performance of these modalities of physical exercise, where we must be careful 

to apply the minimum dose when we combine aerobic and resistance exercises to achieve 

reductions in BP. Through meta-regression we could observe a minimum dose to be applied 

with the combined training, we observed that studies carried out with larger weekly volumes at 

moderate-vigorous intensities showed reductions in BP of greater magnitude, and when carried 

out at smaller volumes at low intensities, smaller magnitudes were observed. It appears that 

intensity and volume of combined training are determinants of BP reduction in a dose-response 

pattern, possibly because when exercise is performed at higher volumes and intensities, a 

greater acute peak of BP reduction occurs in the training session, so that the acute reduction in 
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BP after exercise may predict the extent of BP lowering after chronic training interventions38,39. 

The mechanisms that explain a greater reduction in BP through increases in volume and 

intensity of combined training have not yet been completely clarified, it is possible that different 

isolated or combined physiological routes contributed to such a phenomenon. Evidence 

suggests that greater improvements in endothelial function, increased insulin sensitivity and 

neural parameters, such as reduced sympathetic activation, explain the mechanisms behind the 

benefits when exercise training is performed at higher exercise volumes and intensities40,41. 

However, further studies on the chronic effects of different intensities and volumes of aerobic 

and resistance exercises in adults with hypertension should be explored. 

When organized into subgroups, we found greater effect modifications in the magnitude of the 

reduction of systolic and diastolic BP in studies that used oscillometric/auscultatory methods 

to measure BP, while in studies that used 24h ambulatory monitoring no reductions were 

observed (P = 0.13 for systolic; P = 0.17 for diastolic). It is well known that the use of 

ambulatory monitoring over a 24h period is the gold standard for measuring BP, and may 

promote more accurate measurements due to the multiple readings taken throughout the day, 

and may be more useful in not overestimating actual BP and identifying possible masked, white 

coat hypertension42. In addition, oscillometric and auscultatory methods for BP measurement 

may produce uncertainties in the measurements due to the different protocols used that increase 

their variability43. In the studies included in this review, the measurement protocols with 

oscillometric and auscultatory methods differed between the trials, the differences in 

measurement techniques between the trials include the device used, the use and duration of a 

resting period, the number of measurements taken and the number of measurement occasions, 

protocol differences that may have influenced the BP results. A possible explanation for not 

finding a reduction in subgroup analysis by ambulatory monitoring is that of the 4 interventions 

included in the analysis, 2 interventions had adults with controlled hypertension <130/80 
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mmHg44 where no reductions in BP were observed with combined training, whereas 2 other 

interventions observed reductions with ambulatory monitoring26,45.  

The findings of this systematic review need to be considered in the context of some limitations. 

We found statistically significant heterogeneity for the main outcomes of systolic and diastolic 

BP. However, we were able to explain this heterogeneity by meta-regression analysis, where 

methodological variations and differences between studies were explained by the moderators 

of combined training volume and intensity and baseline BP values of participants in the studies. 

Furthermore, although the meta-regression analysis did not indicate influence of study quality 

on effect estimates, most studies were of medium-high quality and randomized clinical trials, 

however, few studies adequately reported the process of randomization, allocation concealment 

or blinding of outcome assessment, which may have affected the estimates of outcomes with 

combined training. Another limitation that can be pointed out and may have influenced the 

results, is that most studies used oscillometric and auscultatory methods for BP measurement, 

instead of a gold standard method such as 24h ambulatory monitoring that would allow greater 

reliability in pre- and post-intervention BP measurements.It is recommended to future 

researchers that further studies are needed using ambulatory monitoring for BP assessment. It 

is worth noting that the present findings by subgroup analysis and meta-regression should be 

interpreted with caution, false negative and false positive significance tests increase in 

likelihood as more sensitivity analyses are performed21. Furthermore, subgroup analyses and 

meta-regressions are observational in nature and are not based on random comparisons. We 

encourage more studies with combined training to be conducted, in particular, using ambulatory 

monitoring to assess BP, and especially to directly investigate the effects of different acute 

training variables. 

The strengths of our systematic review are also evident. This is the first review that evaluated 

the effects of combined training versus a control group without exercise to include only adults 
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with hypertension, who did not perform any other co-intervention with professional monitoring 

during exercise sessions. We produced new updates about the effects of combined training on 

the reduction of BP, where through meta-regression analysis, we were able to demonstrate a 

possible influence of the acute training variables of physical exercise, especially on the volume 

and intensity in the reduction of BP, which was the main objective of our study. Another strong 

point to be highlighted is that we correctly implemented the practices recommended in 

systematic reviews, which included independent procedures in practically all phases and taking 

specific care to avoid the duplication of results generated by common samples in different 

studies. Similarly, we found no publication bias in our analysis, which reinforces the extensive 

search we conducted in the databases including positive and negative studies on the topic. 

CONCLUSION 

Our findings suggest that the combined training is an effective intervention in reducing systolic 

and diastolic BP in adults with hypertension. In addition, we evidenced a potential dose-

response relationship between the magnitude of BP reduction with higher volumes and the 

intensity of the combined training. Even though more evidence is necessary, the combined 

training appears as an effective supporting intervention for BP reduction, especially in those 

with higher resting BP values. 

 

Acknowledgements 

Vinícius M. Schneider received a scholarship from Conselho Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq; no. 130843/2021 0). 

Conflict of interest 

None declared.  



40 

 

 

  



41 

 

REFERENCES 

 

1. Zhou B, Carrillo-Larco RM, Danaei G, et al. Worldwide trends in hypertension 

prevalence and progress in treatment and control from 1990 to 2019: a pooled analysis of 

1201 population-representative studies with 104 million participants. The Lancet 

2021;398:957-980. doi: 10.1016/s0140-6736(21)01330-1 

2. Barroso WKS, Rodrigues CIS, Bortolotto LA, et al. Diretrizes Brasileiras de 

Hipertensão Arterial – 2020. Arquivos Brasileiros de Cardiologia 2021;116:516-658. doi: 

10.36660/abc.20201238 

3. Roth GA, Mensah GA, Johnson CO, et al. Global Burden of Cardiovascular Diseases 

and Risk Factors, 1990-2019: Update From the GBD 2019 Study. J Am Coll Cardiol 

2020;76:2982-3021. doi: 10.1016/j.jacc.2020.11.010 

4. Whelton PK, Carey RM, Aronow WS, et al. 2017 

ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the 

Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: 

Executive Summary: A Report of the American College of Cardiology/American Heart 

Association Task F. Hypertension 2018;71:1269-1324. doi: 10.1161/hyp.0000000000000066 

5. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines for the 

management of arterial hypertension. Journal of Hypertension 2018;36:1953-2041. doi: 

10.1097/hjh.0000000000001940 

6. Costa EC, Hay JL, Kehler DS, et al. Effects of High-Intensity Interval Training 

Versus Moderate-Intensity Continuous Training On Blood Pressure in Adults with Pre- to 

Established Hypertension: A Systematic Review and Meta-Analysis of Randomized Trials. 

Sports Medicine 2018;48:2127-2142. doi: 10.1007/s40279-018-0944-y 

7. Cornelissen VA, Smart NA. Exercise Training for Blood Pressure: A Systematic 

Review and Meta‐analysis. Journal of the American Heart Association 2013;2:e004473-

e004473. doi: 10.1161/jaha.112.004473 

8. Macdonald HV, Johnson BT, Huedo‐Medina TB, et al. Dynamic Resistance Training 

as Stand‐Alone Antihypertensive Lifestyle Therapy: A Meta‐Analysis. Journal of the 

American Heart Association 2016;5:e003231. doi: 10.1161/jaha.116.003231 

9. Hanssen H, Boardman H, Deiseroth A, et al. Personalized exercise prescription in the 

prevention and treatment of arterial hypertension: a Consensus Document from the European 

Association of Preventive Cardiology (EAPC) and the ESC Council on Hypertension. 

European Journal of Preventive Cardiology 2022;29:205-215. doi: 10.1093/eurjpc/zwaa141 

10. Wewege MA, Thom JM, Rye KA, Parmenter BJ. Aerobic, resistance or combined 

training: A systematic review and meta-analysis of exercise to reduce cardiovascular risk in 

adults with metabolic syndrome. Atherosclerosis 2018;274:162-171. doi: 

10.1016/j.atherosclerosis.2018.05.002 

11. Pattyn N, Cornelissen VA, Eshghi SRT, Vanhees L. The Effect of Exercise on the 

Cardiovascular Risk Factors Constituting the Metabolic Syndrome. Sports Medicine 

2013;43:121-133. doi: 10.1007/s40279-012-0003-z 

12. Fragala MS, Cadore EL, Dorgo S, et al. Resistance Training for Older Adults. Journal 

of Strength and Conditioning Research 2019;33:2019-2052. doi: 

10.1519/jsc.0000000000003230 

13. American College of Sports M, Chodzko-Zajko WJ, Proctor DN, et al. American 

College of Sports Medicine position stand. Exercise and physical activity for older adults. 

Med Sci Sports Exerc 2009;41:1510-1530. doi: 10.1249/MSS.0b013e3181a0c95c 

14. Corso LM, Macdonald HV, Johnson BT, et al. Is Concurrent Training Efficacious 

Antihypertensive Therapy? A Meta-analysis. Med Sci Sports Exerc 2016;48:2398-2406. doi: 

10.1249/MSS.0000000000001056 



42 

 

15. Schneider VM, Frank P, Fuchs SC, Ferrari R. Effects of recreational sports and 

combined training on blood pressure and glycated hemoglobin in middle-aged and older 

adults: A systematic review with meta-analysis. Exp Gerontol 2021;154:111549. doi: 

10.1016/j.exger.2021.111549 

16. Saco-Ledo G, Valenzuela PL, Ruiz-Hurtado G, Ruilope LM, Lucia A. Exercise 

Reduces Ambulatory Blood Pressure in Patients With Hypertension: A Systematic Review 

and Meta-Analysis of Randomized Controlled Trials. J Am Heart Assoc 2020;9:e018487. doi: 

10.1161/JAHA.120.018487 

17. Bersaoui M, Baldew SM, Cornelis N, Toelsie J, Cornelissen VA. The effect of 

exercise training on blood pressure in African and Asian populations: A systematic review 

and meta-analysis of randomized controlled trials. Eur J Prev Cardiol 2020;27:457-472. doi: 

10.1177/2047487319871233 

18. Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine 

position stand. Quantity and quality of exercise for developing and maintaining 

cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: 

guidance for prescribing exercise. Med Sci Sports Exerc 2011;43:1334-1359. doi: 

10.1249/MSS.0b013e318213fefb 

19. Oja P, Kelly P, Murtagh EM, et al. Effects of frequency, intensity, duration and 

volume of walking interventions on CVD risk factors: a systematic review and meta-

regression analysis of randomised controlled trials among inactive healthy adults. British 

Journal of Sports Medicine 2018;52:769-775. doi: 10.1136/bjsports-2017-098558 

20. Igarashi Y, Akazawa N, Maeda S. The form of exercise to decrease resting blood 

pressure in older adults: A systematic review and meta-analysis. Arch Gerontol Geriatr 

2021;96:104431. doi: 10.1016/j.archger.2021.104431 

21. Chandler J CM, Thomas J, Higgins JPT, Deeks JJ, Clarke MJ. Chapter I: Introduction. 

In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). 

Cochrane handbook for systematic reviews of interventions, version 6.2 (uptaded February 

2021). Cochrane 2021. doi:  

22. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

23. Ardern CL, Büttner F, Andrade R, et al. Implementing the 27 PRISMA 2020 

Statement items for systematic reviews in the sport and exercise medicine, musculoskeletal 

rehabilitation and sports science fields: the PERSiST (implementing Prisma in Exercise, 

Rehabilitation, Sport medicine and SporTs sc. British Journal of Sports Medicine 

2022;56:175-195. doi: 10.1136/bjsports-2021-103987 

24. LLC G. Google Scholar. https://scholar.google.com.br/  

25. Son WM, Sung KD, Cho JM, Park SY. Combined exercise reduces arterial stiffness, 

blood pressure, and blood markers for cardiovascular risk in postmenopausal women with 

hypertension. Menopause 2017;24:262-268. doi: 10.1097/GME.0000000000000765 

26. Lima LG, Bonardi JTM, Campos GO, et al. Combined aerobic and resistance training: 

are there additional benefits for older hypertensive adults? Clinics (Sao Paulo) 2017;72:363-

369. doi: 10.6061/clinics/2017(06)06 

27. de Oliveira SN, Pereira Moro AR, Polito MD, Helena de Jesus J, de Souza Bezerra E. 

Effects of Concurrent Training with Elastic Tubes in Hypertensive Patients: A Blind 

Controlled Randomized Clinical Trial. Exp Aging Res 2020;46:68-82. doi: 

10.1080/0361073X.2019.1693030 

28. Puggaard L, Larsen JB, Støvring H, Jeune B. Maximal oxygen uptake, muscle 

strength and walking speed in 85-year-old women: Effects of increased physical activity. 

Aging Clinical and Experimental Research 2000;12:180-189. doi: 10.1007/bf03339835 

https://scholar.google.com.br/


43 

 

29. Smart NA, Waldron M, Ismail H, et al. Validation of a new tool for the assessment of 

study quality and reporting in exercise training studies. International Journal of Evidence-

Based Healthcare 2015;13:9-18. doi: 10.1097/xeb.0000000000000020 

30. Wallace BC, Dahabreh IJ, Trikalinos TA, et al. Closing the Gap between 

Methodologists and End-Users: R as a Computational Back-End. Journal of Statistical 

Software 2012;49:1 - 15. doi: 10.18637/jss.v049.i05 

31. Bundy JD, Li C, Stuchlik P, et al. Systolic Blood Pressure Reduction and Risk of 

Cardiovascular Disease and Mortality. JAMA Cardiology 2017;2:775. doi: 

10.1001/jamacardio.2017.1421 

32. Sega R, Facchetti R, Bombelli M, et al. Prognostic Value of Ambulatory and Home 

Blood Pressures Compared With Office Blood Pressure in the General Population. 

Circulation 2005;111:1777-1783. doi: 10.1161/01.cir.0000160923.04524.5b 

33. Rahimi K, Bidel Z, Nazarzadeh M, et al. Pharmacological blood pressure lowering for 

primary and secondary prevention of cardiovascular disease across different levels of blood 

pressure: an individual participant-level data meta-analysis. The Lancet 2021;397:1625-1636. 

doi: 10.1016/s0140-6736(21)00590-0 

34. Gagnier JJ, Moher D, Boon H, Bombardier C, Beyene J. An empirical study using 

permutation-based resampling in meta-regression. Systematic Reviews 2012;1:18. doi: 

10.1186/2046-4053-1-18 

35. Di Somma S. Importance of Rapid and Effective Reduction of Blood Pressure in 

Treating Hypertension for the Prevention of Cardiovascular Diseases : A Lesson from the 

VALUE Study. High Blood Press Cardiovasc Prev 2005;12:135-140. doi: 

10.2165/00151642-200512030-00004 

36. Karoline De Morais P, Sales MM, Alves De Almeida J, et al. Effects of aerobic 

exercise intensity on 24-h ambulatory blood pressure in individuals with type 2 diabetes and 

prehypertension. Journal of Physical Therapy Science 2015;27:51-56. doi: 10.1589/jpts.27.51 

37. De Sousa EC, Abrahin O, Ferreira ALL, et al. Resistance training alone reduces 

systolic and diastolic blood pressure in prehypertensive and hypertensive individuals: meta-

analysis. Hypertension Research 2017;40:927-931. doi: 10.1038/hr.2017.69 

38. Pescatello LS, MacDonald HV, Lamberti L, Johnson BT. Exercise for Hypertension: 

A Prescription Update Integrating Existing Recommendations with Emerging Research. Curr 

Hypertens Rep 2015;17:87. doi: 10.1007/s11906-015-0600-y 

39. Dos Santos ES, Asano RY, Filho IG, et al. Acute and chronic cardiovascular response 

to 16 weeks of combined eccentric or traditional resistance and aerobic training in elderly 

hypertensive women: a randomized controlled trial. J Strength Cond Res 2014;28:3073-3084. 

doi: 10.1519/JSC.0000000000000537 

40. Lu Z, Song Y, Chen H, et al. A Mixed Comparisons of Aerobic Training With 

Different Volumes and Intensities of Physical Exercise in Patients With Hypertension: A 

Systematic Review and Network Meta-Analysis. Front Cardiovasc Med 2021;8:770975. doi: 

10.3389/fcvm.2021.770975 

41. Valenzuela PL, Carrera-Bastos P, Gálvez BG, et al. Lifestyle interventions for the 

prevention and treatment of hypertension. Nature Reviews Cardiology 2021;18:251-275. doi: 

10.1038/s41569-020-00437-9 

42. Shimbo D, Abdalla M, Falzon L, Townsend RR, Muntner P. Role of Ambulatory and 

Home Blood Pressure Monitoring in Clinical Practice. Annals of Internal Medicine 

2015;163:691-700. doi: 10.7326/m15-1270 

43. Giorgini P, Weder AB, Jackson EA, Brook RD. A review of blood pressure 

measurement protocols among hypertension trials: implications for "evidence-based" clinical 

practice. J Am Soc Hypertens 2014;8:670-676. doi: 10.1016/j.jash.2014.07.024 



44 

 

44. Guimarães GV, Ciolac EG, Carvalho VO, et al. Effects of continuous vs. interval 

exercise training on blood pressure and arterial stiffness in treated hypertension. Hypertension 

Research 2010;33:627-632. doi: 10.1038/hr.2010.42 

45. Barroso WKS, Jardim PCBV, Vitorino PV, Bittencourt A, Miquetichuc F. Influência 

da atividade física programada na pressão arterial de idosos hipertensos sob tratamento não-

farmacológico. Revista da Associação Médica Brasileira 2008;54. doi: 10.1590/s0104-

42302008000400018 

 

  



45 

 

Figure legends 

Figure 1.  PRISMA flow diagram 

Figure 2. Random-effects meta-analysis of the effects of combined training versus control 

group in the reduction of systolic blood pressure.  

Figure 3. Random-effects meta-analysis of the effects of combined training versus control 

group in the reduction of diastolic blood pressure.  
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Tables 

 

 

Table 1. Subgroup analysis for net change in blood pressure 

  

Number of  

participants    

Subgroup 

Number of 

interventions CT CON 

Mean difference 

[95% CI] P values Heterogeneity 

Systolic Blood 

Pressure       
Baseline BP 

values        

>140 mmHg 20 617 576 −8.74 [-12.37 to -5.11] < 0.01 I² = 84%, P < 0.01 

130–139 mmHg 14 249 202 −3.93 [-9.19 to 1.33] 0.14   I² = 83%, P < 0.01 

120–129 mmHg 6 138 121 −3.13 [-7.41 to 1.14] 0.15            I² = 9%, P = 0.35 

BP assessment 

methods       

Oscillometric 16 462 394 −7.80 [-12.93 to -2.64]    0.03            I² = 86%, P < 0.01 

Auscultatory 8 224 208 −1.90 [-7.70 to 3.86] 0.51   I² = 70%, P < 0.01 

ABPM 4 69 38 −8.34 [-19.35 to 2.65] 0.13   I² = 78%, P = 0.03 

 Primary 

outcome 15 431 380        −9.55 [-15.20 to -3.90]  <0.01            I² = 89%, P < 0.01 

 Secondary 

outcome 26 603 534 −4.52 [-7.62 to -1.42] 0.04            I² = 79%, P < 0.01 

Diastolic Blood Pressure 

   

>90 mmHg 5 104 71 −11.15 [-14.24 to -8.07]    <0.01      I² = 28%, P = 0.02 

80–89 mmHg 19 488 424 −2.94 [-4.66 to -1.21]  <0.01   I² = 69%, P < 0.01 

<80 mmHg 13 338 330 −2.02 [-3.22 to -0.82]  <0.01            I² = 0%, P = 0.98 

BP assessment 

methods       

Oscillometric 16 459 396 −3.51 [-5.80 to -1.22] 0.03       I² = 73%, P < 0.01 

Auscultatory 8 228 207 −4.19 [-6.78 to -1.60] 0.02       I² = 48%, P = 0.06 

ABPM 4 69 38 −3.07 [-7.51 to 1.35] 0.17     I² = 0%, P = 0.87 

 Primary 

outcome 15 431 380 −5.33 [-7.73 to -2.92] <0.01       I² = 71%, P < 0.01 

 Secondary 

outcome 23 529 460 −2.66 [-4.26 to -1.06] <0.01       I² = 69%, P < 0.01 

ABPM: ambulatory blood pressure monitoring; BP: blood pressure CT: combined training; CG: control group; P values statistically 

significant (P < 0.05).  



47 

 

  

 

 

 

Table 2. Meta-regression analysis for relationships between net change in blood pressure and moderators 

Moderator   

Number of 

interventions estimates   Coefficient   

P 

value 

Systolic Blood Pressure  41     
Baseline Systolic (per 1mmHg)  40  −0.56 (−0.81 to −0.31)  < 0.01 

Age (per 1 year)  40  −0.03 (−0.37 to 0.30)  0.84 

Attendance (per 1%)  26  −0.01 (−0.19 to 0.23)  0.10 

Frequency (per 1 day/week)   41  −1.53 (−5.96 to 2.89)  0.49 

Weekly volume (per 1 min/week)  33  −0.06 (−0.13 to −0.03)  0.03 

Follow-up (per 1 week)  41  0.16 (−0.03 to 0.36)  0.10 

Intensity (1=low, 2= moderate, 3= vigorous) 28  −5.70 (−11.36 to −0.05)  0.04 

TESTEX score (per 1 point)   41   0.71 (−0.45 to 1.87)  0.23 

Diastolic Blood Pressure  38     
Baseline Diastolic (per 1mmHg)  38  −0.33 (−0.52 to −0.13)  < 0.01 

Age (per 1 year)  37  −0.06 (−0.17 to 0.16)  0.94 

Attendance (per 1%)  26  −0.19 (−0.50 to 0.10)  0.20 

Frequency (per 1 day/week)  38  −1.02 (−3.48 to 1.42)  0.41 

Weekly volume (per 1 min/week)  30  −0.03 (−0.06 to 0.03)  0.70 

Follow-up (per 1 week)  38  0.05 (−0.04 to 0.15)  0.27 

Intensity (1=low, 2= moderate, 3= vigorous) 25  −3.14 (−6.07 to −0.22)  0.03 

TESTEX score (per 1 point)   38   0.34 (−0.19 to 0.88)   0.20 

Values: mean (95% Confidence Interval); Coefficient: describe how the blood pressure variable (the combined training effect) 

changes with a unit increase in the moderators (the potential effect modifier); P values statistically significant (P < 0.05). 
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Material Suplementar do Artigo 

Supplementary Material Table S1. Literature search strategy used for all databases 

PubMed  

#1 (Circuit-Based Exercise[mh] OR “Concurrent training” OR “Combined training” OR 

“simultaneous training” OR “aerobic exercise with resistance training” OR “multicomponent 

training” OR “multicomponent exercise” OR “circuit training” OR “circuit resistance training” 

OR “combined exercise training” OR “multi-modal exercise training” OR “concurrent 

exercise” OR “combined exercise” OR “Combined exercise training”) 

#2 ("randomized controlled trial” OR “controlled clinical trial” OR “randomized controlled 

trials”[mh] OR “random allocation”[mh] OR “clinical trial” OR clinical trials[mh]) 

EMBASE 

('circuit-based exercise'/exp OR 'circuit-based exercise' OR 'concurrent training'/exp OR 'concurrent 

training' OR 'combined training' OR 'simultaneous training' OR 'aerobic exercise with resistance 

training' OR 'multicomponent training'/exp OR 'multicomponent training' OR 'multicomponent exercise' 

OR 'circuit training'/exp OR 'circuit training' OR 'circuit resistance training'/exp OR 'circuit resistance 

training' OR 'multi-modal exercise training' OR 'concurrent exercise' OR 'combined exercise' OR 

'combined exercise training') AND ('randomized controlled trial'/exp OR 'randomized controlled trial' 

OR 'controlled clinical trial'/exp OR 'controlled clinical trial' OR 'randomized controlled trials'/exp OR 

'randomized controlled trials' OR 'random allocation'/exp OR 'random allocation' OR 'clinical trial'/exp 

OR 'clinical trial' OR 'clinical trials'/exp OR 'clinical trials') 

Scopus 

TITLE-ABS-KEY ((“Circuit-Based Exercise” OR “Concurrent training” OR “Combined training” OR 

“simultaneous training” OR “aerobic exercise with resistance training” OR “multicomponent training” 

OR “multicomponent exercise” OR “circuit training” OR “circuit resistance training” OR “combined 

exercise training” OR “multi-modal exercise training” OR “concurrent exercise” OR “combined 

exercise” OR “Combined exercise training”)) AND (("randomized controlled trial” OR “controlled 

clinical trial” OR “randomized controlled trials” OR “random allocation” OR “clinical trial” OR 

“clinical trials”)) AND  (LIMIT-TO ( DOCTYPE,  "ar" ))  



52 

 

 

 

 

LILACS 

(("Circuit-Based Exercise" OR “concurrent training” OR “combined training” OR “simultaneous 

training” OR “aerobic exercise with resistance training” OR “multi-component training” OR 

“multicomponent exercise” OR “circuit training” OR “circuit resistance training” OR “combined 

exercise training” OR “multi-modal exercise training” OR “concurrent exercise” OR “combined 

exercise” OR “combined exercise training”)) AND (db:("LILACS") AND 

type_of_study:("clinical_trials")) 
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Supplementary Material Figure S1. The methodological quality of studies included in the 

meta-analysis. 

 

Study quality: 1 = Eligibility criteria specified; 2 = Randomization specified; 3 = Allocation 

concealment; 4 = Groups similar at baseline; 5 = Blinding of assessor (for at least one key outcome) 

Study reporting: 6 = Outcome measures assessed in 85% of participants (6a = 1 point if completion rate 

is [85%; 6b = 1 point if adverse events are reported; 6c = 1 point if exercise attendance is reported); 7 = 

Intention-to-treat analysis; 8 = Between-group statistical comparisons reported (8a = 1 point if between-

group statistical comparisons are reported for the primary outcome measure of interest; 8b = 1 point if 

between-group statistical comparisons are reported for at least one secondary outcome measure); 9 = 

Point measures and measures of variability for all reported outcome measures; 10 = Activity monitoring 

in control groups; 11 = Relative exercise intensity remained constant; 12 = Exercise volume and energy 

expenditure  

+ meet the criteria; - do not meet the criteria 
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Supplementary Material Figure S2.  Funnel plot of the effect of combined training versus 

control group for systolic blood pressure. The solid line represents the pooled effect estimate 

expressed as the mean difference (MD) for each analysis. Dashed lines present pseudo-95% 

confidence intervals and the circles represent effect estimates for each included study. 

 

Regression test for Funnel plot asymmetry ("Egger's test")  

   z  p  

sei   -0.039   0.969  
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Supplementary Material Figure S3.  Funnel plot of the effect of combined training versus 

control group for diastolic blood pressure. The solid line represents the pooled effect estimate 

expressed as the mean difference (MD) for each analysis. Dashed lines present pseudo-95% 

confidence intervals and the circles represent effect estimates for each included study. 

 

Regression test for Funnel plot asymmetry ("Egger's test")  

   z  p  

sei   0.479  0.632  
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7 CONSIDERAÇÕES FINAIS 

A HAS possui elevada prevalência, sendo responsável por milhões de mortes 

prematuras. Mudanças no estilo de vida constituem estratégias recomendadas na prevenção e 

tratamento da hipertensão, e a prática de exercício físico regular através do treinamento 

combinado vem sendo utilizada como principal orientação das diretrizes para tratamento e 

prevenção da HAS. 

Os resultados desta dissertação confirmam a eficácia do treinamento combinado na 

redução crônica da pressão arterial em indivíduos adultos com HAS. Além do mais, foi possível 

identificar moderadores como a intensidade e volume dos exercícios aeróbios e resistidos, que 

parecem influenciar a magnitude de redução da pressão arterial em indivíduos adultos com 

HAS. 

 

 


