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Resumo

Introducio: Mulheres apos a menopausa fazem parte dos grupos de risco para hipertensao e
uma das formas de tratar essa condigao € a pratica regular de exercicios fisicos. Contudo, ainda
ndo se tem bem descrito se as drogas anti-hipertensivas influenciam a capacidade dos exercicios
de auxiliar no controle da pressao arterial (PA). Objetivo: Verificar as diferencas das respostas
pressdricas ao treinamento com exercicios combinados entre mulheres hipertensas apos a
menopausa sob influéncia de B-bloqueadores ou bloqueadores de receptores de angiotensina.
Métodos: 21 mulheres hipertensas apds a menopausa foram divididas em 2 grupos: BRA+Ex -
usuarias de bloqueadores de receptores AT1 de Angiotensina II (n=11); e BB+Ex - usuérias de
B-bloqueadores adrenérgicos (n=10). Antes e ap6s 12 semanas de treinamento combinado
(Exercicios aerobios e resistidos) de intensidade moderada, foram submetidas a uma bateria de
avaliagdes que incluiam: antropometria, medidas de repouso e ambulatoriais de PA, frequéncia
cardiaca (FC) e duplo produto (DP), além de analise de variabilidade de PA (VPA). Resultados:
As equagoes de estimacao generalizadas de dois fatores (grupo * tempo) demonstraram efeitos
do tempo com reducdes na PA sistélica (PAS) de repouso (p=0,009; ABRA+Ex = -5,24+6,4;
ABB+Ex=-1,6+6,0 mmHg), de vigilia (p=0,002) e de 24h (p=0,006; 24h ABRA+Ex =-5,7£8,3;
24h ABB+Ex = -3,1+6,7 mmHg), além de quedas em DP, Desvios padrdes de PAS (i.e. VPA),
Cargas pressoricas de PAS e na area abaixo da curva de PAS de 24h em ambos os grupos
(p=0,005). Foram encontrados efeitos de grupo com menores valores em BB+Ex em FC de
repouso (p=0,009), vigilia (p=0,005), sono (p=0,003) e 24h (p=0,004), além de DP de repouso
(p=0,002), vigilia (p=0,002), sono (p=0,001) e 24h (p=0,001). Ademais, demonstramos efeitos
de interagdo com melhoras mais acentuadas na VPA de BB+Ex evidenciados nos desvios
padrdes de vigilia da PAS (p=0,047; ABRA+Ex =-0,1+£2,2; ABB+Ex =-2,3+2,8 mmHg) e PA
diastolica (PAD) (p=0,018; ABRA+Ex = -0,7£1,6; ABB+Ex = -1,3+1,6 mmHg). Conclusdes:
As respostas pressoricas ap0s treinamento com exercicios combinados de média intensidade
foram similares entre BB+Ex e BRA+Ex. Este treinamento foi capaz de reduzir PAS e DP
durante os periodos de vigilia e 24h e reduzir a variabilidade de PAS em ambos os grupos, mas

estas respostas de variabilidade parecem ser mais acentuadas em BB+Ex.

Palavras chave: Hipertensdo. Exercicio Aerdbio. Exercicio Resistido. Pressdo Arterial.

Variabilidade De Pressdo Arterial. Pressao Arterial Ambulatorial. Anti-Hipertensivos.



Abstract

Introduction: Postmenopausal women are a hypertension risk group, and one of the ways of
treating this condition is the practice of regular physical exercises. However, it has not been
well described whether antihypertensive drugs influence this ability of exercises to assist in
blood pressure control. Objective: The different blood pressure responses were investigated
after combined exercise training in hypertensive postmenopausal women under influence of -
blockers or angiotensin receptor blockers. Methods: 21 postmenopausal hypertensive patients
were divided into 2 groups: ARB+Ex - angiotensin AT1 receptor blockers users (n=11); and
BB+EXx - B-adrenergic blockers users (n=10). Before and after 12 weeks of combined (aerobic
and resistance) moderate intensity exercise training, volunteers underwent a battery of
evaluations that included: anthropometry, resting and outpatient measures of BP, heart rate
(HR) and double product (DP), as well as BP variability analysis (BPV). Results: The
generalized two-factor estimation equation test (GEE; time * group) showed time effects with
reductions in systolic BP (SPB) at rest (p=0.009; AARB+Ex = -5.2+6.4; ABB+Ex= -1.6+6.0
mmHg), awake and 24h (p=0.006; 24h AARB+Ex =-5.748.3; 24h ABB+Ex =-3.1£6.7 mmHg),
as well as falls in Double Product, SBP standard deviations (i.e. BPV), SPB pressure loads and
24h SBP area under curve in both groups (p=0.005). Group effects were observed with lower
values in BB+Ex in HR at rest (p=0.009), awake (p=0.005), sleep (p=0.003) and 24h (p=0.004),
as well as DP at rest (p=0.002), awake (p=0.002), sleep (p=0.001) and 24h (p=0.001).
Furthermore, were found interaction effects with greater BB+Ex improvements in BPV in
awake SBP standard variation (p=0.047; AARB+Ex = -0.1£2.2; ABB+Ex = -2.3+2.8 mmHg)
and awake Diastolic BP (DBP) standard variation (p=0.018; AARB+Ex = -0.7+1.6; ABB+Ex
= -1.3£1.6 mmHg). Conclusions: Resting and ambulatorial BP responses after moderate
intensity combined exercise training are similar between BB+Ex and ARB+Ex. This training
can reduce SBP and DP during awake and 24h values and reduce SBP variability in both groups,

but it seems that these variability responses are greater in BB+Ex.

Key Words: Hypertension. Aerobic Exercise. Resistance Exercise. Climacteric. Blood

Pressure Variability. Ambulatory Blood Pressure. Antihypertensive.
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1 Introducio

O climatério compreende o periodo de transi¢do fisiologica da fase reprodutiva para a
ndo reprodutiva na mulher (WARD; DENERIS, 2018). Existem alguns conceitos importantes
para o entendimento desta fase, dos quais o principal marco ¢ a menopausa, um ponto
determinado retroativamente apos 12 meses sem ciclo menstrual. Assim, o periodo sintomatico
anterior a este evento ¢ chamado de pré-menopausa e o periodo apos este evento ¢ chamado de
pés-menopausa (WARD; DENERIS, 2018). Neste sentido, a amenorreia permanente a partir
da menopausa se deve a faléncia total da fung@o ovariana na produgao e liberagao de estrogénio
e da ovulagdo (ABBAS et al., 2018; WARD; DENERIS, 2018). Desta forma, o déficit hormonal
desta fase pode causar aumento do peso corporal, alteragdes do perfil lipidico, mudanga nos
depositos de gordura, aparecimento de doengas metabdlicas, bem como aumento na incidéncia
de hipertensao arterial (HA) e outras doencas cardiovasculares (ABBAS et al., 2018).

A HA, por sua vez, ¢ caracterizada pelo aumento sustentado da pressao arterial (PA)
acima dos niveis normais de repouso e ¢ considerada como uma doenga cronica degenerativa
(MALACHIAS et al., 2016). Desta forma, ¢ considerado hipertenso pela Sociedade Brasileira
de Cardiologia (MALACHIAS et al., 2016) um individuo que, na auséncia de terapia
farmacoldgica, tem niveis pressoricos de repouso cronicamente maiores ou iguais a 140 mmHg
para a PA sistolica (PAS) e/ou 90 mmHg para PA diastolica (PAD). Num contexto mais amplo,
a diretriz Americana (WHELTON ef al., 2017) redefiniu os valores minimos de PA para
considerar HA em 130 mmHg de PAS por 80 mmHg de PAD, dado que estes valores ja
aumentam o risco de complicacdes cardiovasculares futuras (WHELTON et al., 2017).

Assim, estudos envolvendo doencas cardiovasculares sdo de grande importancia no
ambito da saude publica, pois sdo as principais causas de morbidade e de mortalidade no Brasil,
com impacto socioecondmico elevado nos sistemas de saude (MALACHIAS et al., 2016).
Além disso, a incidéncia de doencas cardiovasculares ¢ elevada em mulheres apds a menopausa
quando comparadas aos homens de mesma faixa etaria e as mulheres na pré-menopausa (DI
GIOSIA et al., 2018; ZILBERMAN et al., 2015), o que torna este um grupo importante para
estudarmos formas de combater este problema.

A pratica de exercicio fisico regular por sua vez, ¢ sugerida como uma estratégia
fundamental para o controle e o tratamento da HA, por promover reajuste da PA de repouso em
curto (CARVALHO et al., 2014; HALLIWILL et al., 2013) e longo prazo (CARVALHO et
al.,2014; DE SOUSA et al., 2017; TIBANA et al., 2015), inclusive em mulheres hipertensas
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apds a menopausa (LIN; LEE, 2018; SON et al., 2017a, 2017b). Além disso, ha indicios de que
em pacientes hipertensos, os mecanismos de reducao e regulacdo da PA pelos exercicios sao
melhores evidenciados que em normotensos (CORNELISSEN; SMART, 2013), o que pode
contribuir para a prevengao de eventos cardiovasculares futuros, como infarto do miocardio e
acidente vascular encefalico (BUNDY et al., 2017).

Entretanto, apesar dos resultados relevantes do treinamento fisico em hipertensos, ndo
se sabe se algumas caracteristicas idiossincraticas desta populagao interferem nestas respostas,
como o tipo do medicamento anti-hipertensivo utilizado. Neste sentido, em uma robusta meta
analise (NACI et al., 2018), que envolveu 197 estudos sobre efeitos do exercicio e 194 estudos
sobre efeitos dos anti-hipertensivos na PA sistdlica, publicados entre 1976 e 2018, Naci e
colaboradores ndo encontraram nenhum estudo que confrontasse as respostas da PA ao
exercicio e aos medicamentos, ressaltando a existéncia desta lacuna. Além disso, reforcam a
importancia da compreensdo deste tema para garantir a eficiéncia do tratamento anti-
hipertensivo. Portanto, compreender melhor os métodos de tratamento e prevencao de doengas
cardiovasculares, assim como o papel do exercicio fisico regular no controle pressorico ¢ de
grande relevancia para area da saude publica, tanto no que se refere a melhoria na qualidade de
vida, quanto aos gastos com medicamentos ¢ do sistema de atendimento a satide para essa
populagdo. Além disso, compreender as interacdes entre os tratamentos farmacoldgicos e nao
farmacologicos pode influenciar nas escolhas de combinacdes entre estes e garantir a

efetividade deste tratamento de forma individualizada.
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2 Fundamentacio Teorica

A HA atinge 32,5% dos individuos adultos e contribui para cerca de 50% das mortes
por doengas cardiovasculares no Brasil (MALACHIAS et al., 2016). E caracterizada por niveis
elevados de PA em repouso (MALACHIAS et al., 2016; WHELTON et al., 2017),
frequentemente associada ao risco de eventos cardiovasculares, acidentes cerebrais e doencas
renais (BHAGANI; KAPIL; LOBO, 2018). Com o avango da idade, diferengas no
comportamento da PA sdo observadas, com maior incidéncia de HA em mulheres a partir da
quinta década de vida (DI GIOSIA et al., 2018) e que podem causar lesdes de 6rgao alvo graves
nesta populagdo (MUIESAN et al., 2018). Essa incidéncia pode ser explicada pelo climatério:
o periodo de transicdo fisioldgica da fase reprodutiva para a ndo reprodutiva nas mulheres,
caracterizado por deficiéncia de estrogénio, alteragdes no perfil lipidico, ganho de peso e altos
indices de sedentarismo (WARD; DENERIS, 2018), que levam ao aparecimento de doencgas
cardiovasculares e metabolicas, bem como aumento da incidéncia de HA nesta populagao (DI
GIOSIA et al., 2018). Dentre estes, um dos fatores mais relevantes € a falta de estrogénio, pois
este hormonio interfere na modulacdo da PA de forma substancial através de acdo endotelial
(WASSERTHEIL-SMOLLER et al., 2000), ja que este hormonio age em receptores especificos
do endotélio, que elevam a producdo de substincias vasodilatadoras, como Prostaciclinas e
Oxido Nitrico (CARDOSO JUNIOR et al., 2007; ZANESCO; ZAROS, 2009).

De forma ampla, recomendam-se interven¢des medicamentosas € ndo-medicamentosas
para o tratamento da HA (WHELTON et al., 2017). Dentre as medidas farmacoldgicas, as
principais escolhas de classes de drogas de primeira linha sao: Diuréticos tiazidicos, Inibidores
de Enzima conversora de Angiotensina, Bloqueadores de canais de calcio, Bloqueadores de
receptores de Angiotensina (BRA) e [-bloqueadores adrenérgicos (BB). Dentre estes,
destacamos neste trabalho as duas tltimas, por serem classes de medicamentos amplamente
prescritas, além de agir por mecanismos fisiologicos dispares.

Neste sentido, os BRA agem de forma bastante sist€émica, bloqueando os receptores
ATI de Angiotensina II. Estes receptores sdo abundantes em diversos tecidos relacionados ao
controle de PA, como: vasos, coragdo, rins, suprarrenais € nervos, mas sua acdo anti-
hipertensiva primaria ocorre nos vasos periféricos (ABRAHAM; WHITE; WHITE, 2015). Ao
efetivar o bloqueio dos receptores alvo, hd aumento de adenosina monofosfato ciclica e
diminui¢do da liberagao de inositol trifosfato e de varios metabolitos do 4cido araquidénico, o

que causa relaxamento da musculatura vascular e portanto queda de PA (ABRAHAM; WHITE;
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WHITE, 2015). Adicionalmente, este bloqueio resulta em reducdo da liberacdo de
catecolaminas e consequente reducdo da hiperatividade nervosa simpatica (ABRAHAM;
WHITE; WHITE, 2015) e na diminuigdo da liberacao e producao de aldosterona, o que por sua
vez causa diminui¢do de reabsor¢ao de sodio e dgua no tibulo proximal e portanto da PA
(MALACHIAS et al., 2016). Além de ter poucos efeitos adversos, com raras observacdes de
exantemas, esta classe de medicamentos proporciona redugcdo da morbimortalidade
cardiovascular e por nefropatias principalmente em populagdes de alto risco ou com outras
doencas associadas (MALACHIAS et al., 2016). Alguns exemplos desses medicamentos
comercializados no Brasil sdo: Losartana, Olmesartana e Valsartana.

Os BB por sua vez tem um mecanismo anti-hipertensivo complexo que pode envolver
o bloqueio de canais adrenérgicos do tipo f em diversas partes do corpo, como: cora¢ao, rins €
musculatura esquelética (MALACHIAS ef al., 2016). Contudo, seus efeitos tem cardter mais
central, causando diminui¢ao do débito cardiaco com grande regulagdo da frequéncia cardiaca,
reducdo da secrecdo de renina pelos rins, adaptacdo de barorreceptores e diminui¢do das
catecolaminas nas sinapses nervosas (LOPEZ—SENDON et al., 2004; MALACHIAS et al.,
2016). Medicamentos de primeira geracdo, como o propranolol, tem agdo ndo seletiva com
afinidade similar entre os receptores Bl (localizados principalmente no coragdo) e P2
(localizados especialmente nos vasos e musculos esqueléticos), ja os medicamentos de segunda
geracdo, como o atenolol, tem agdo seletiva em receptores do tipo Bl (WIYSONGE et al.,
2017). Além disso, medicamentos de 3* geracdo, como o nebivolol, t€ém efeito vasodilatador
adicional, seja por bloqueio receptor o adrenérgico ou por aumentar a sintese e liberagdo de
6xido nitrico no endotélio vascular (LOPEZ-SENDON et al., 2004; MALACHIAS et al.,
2016). De acordo com a diretriz supracitada (MALACHIAS et al., 2016), sdao eficazes no
tratamento da HA e tem reducdo de morbidade e mortalidade cardiovasculares bem
documentada em grupos com idade inferior a 60 anos. Contudo, apresentam diversos efeitos
adversos (MALACHIAS et al., 2016), dos quais destacamos: broncoespasmo, bradicardia e
vasoconstri¢ao periférica.

Entretanto, antes da indicagao de agentes terapéuticos ¢ recomendado em todos os niveis
de hipertensdo, alteracdes no estilo de vida visando melhora e manutencdo do resultado
hipotensor a partir de fatores de risco modificaveis, dentre eles: reducdo no consumo de alcool,
sodio e tabaco (MALACHIAS et al., 2016), aquisicdo de habitos alimentares adequados
(ASHOR; LARA; SIERVO, 2017) e a pratica de exercicios fisicos regulares (DE SOUSA et
al., 2017). O ultimo contribui com quedas na PA a curto (CARVALHO et al., 2014;
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HALLIWILL et al., 2013) e longo prazo (CARVALHO et al., 2014; DE SOUSA et al., 2017;
TIBANA et al., 2015), além de colaborar no controle de diversos fatores de risco, como:
controle lipidico (GIOLO et al., 2018), fungdo endotelial (SANTOS-PARKER; LAROCCA;
SEALS, 2014), perfil oxidativo (ASHOR; LARA; SIERVO, 2017; GIOLO et al., 2018),
regulacdo autondmica (COTE et al., 2015), sintomas do climatério (COSTA et al., 2017) e da
saude cardiovascular de forma geral em mulheres hipertensas ap6s a menopausa (LIN; LEE,
2018)

Neste sentido, diversos estudos (CORNELISSEN; SMART, 2013; NACI et al., 2018)
demonstraram resultados positivos ao associar periodos de exercicios fisicos regulares a
reducdo da PA em populagdes hipertensas, demonstrando resultados similares aos apresentados
pelo tratamento farmacolégico (NACI et al., 2018). Contudo, vale destacar que a maioria dos
estudos mostra que fases de treinamento com exercicios aerobicos sao eficazes no tratamento
da HA (HACKAM et al., 2013; HECKSTEDEN; GRUTTERS; MEYER, 2013). Outros
(CORNELISSEN; SMART, 2013; HERROD et al., 2018) demonstraram que o treinamento
resistido pode ser eficaz. Por fim, poucos abordaram a reducao da PA de repouso e ambulatorial
e de sua variabilidade (VPA) apds treinamento com exercicio combinado (PEDRALLI et al.,
2016; SON et al., 2017a), mesmo que estes apresentem resultados meta-analiticos promissores
(NACI et al., 2018) e que as diretrizes (MALACHIAS et al., 2016; WHELTON et al., 2017)
recomendem sessoes de ao menos 30 minutos de exercicios aerobios de média intensidade e
complementacdo com exercicios resistidos como componentes do treinamento para o
hipertenso. Quanto as caracteristicas do exercicio, a meta-analise de Cornelissen e
colaboradores (CORNELISSEN; SMART, 2013) demonstrou melhores resultados pressoricos
em treinamentos com exercicios de intensidades de moderadas a altas, com sessoes de ao menos
30 minutos, supervisionadas, em participantes do sexo masculino e especialmente em
hipertensos.

Além disso, vale destacar que o exercicio age sobre diversos mecanismos de regulacao
da PA similares aos dos medicamentos supracitados, causando: 1) Aumento da sensibilidade
barorreflexa (LIN; LEE, 2018); 2) Melhora de stiffness arterial e vasodilatagdo dependentes do
endotélio, associados a biodisponibilidade de oxido nitrico e causada por aumento de atividade
enzimatica e fosforilagdo de enzima oxido nitrico sintase, além de aumento nas concentragdes
disponiveis de nitrito, nitrato e 6xidos de nitrogénio (Son et al., 2017); 3) Reducao da disfungao
autondmica associada a HA, causando aumento do tonus vagal e diminui¢do do tonus simpatico

(BESNIER et al., 2017; LIN; LEE, 2018); 4) Melhora da fun¢do endotelial induzida por
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aumento de producdo e liberagdo de substincias vasodilatadoras como Acetilcolina e
Bradicinina (LIN; LEE, 2018) e; 5) Melhoras na vasodilatacio mediada por fluxo sanguineo,
sendo mais aparentes na macrovasculatura em relagao a microvasculatura (VINET et al., 2018).

Dadas as semelhangas entre os mecanismos anti-hipertensivos dos medicamentos e dos
exercicios, surge a hipdtese de que estas respostas poderiam interferir umas nas outras. Assim,
a compreensao da interagdo das diferentes formas de tratamento da HA poderia influenciar na
escolha da combinagao entre medidas farmacologicas e de estilo de vida de forma a garantir a
maior efetividade do tratamento. Contudo, estas respostas ainda nao estao claras na literatura e
tém sido demonstradas apenas em alguns ensaios com exercicios de forma aguda (QUEIROZ
et al., 2017; RAMIREZ-JIMENEZ et al., 2018b, 2018a). Com relacdo ao exercicio de forma
cronica, uma recente meta-andlise (NACI et al., 2018) que envolveu 391 estudos sobre efeitos
dos anti-hipertensivos e dos exercicios na PA sistolica, ndo encontrou nenhum estudo entre
1976 e 2018 que averiguasse a relagdo entre as respostas pressoricas ao exercicio € aos anti-
hipertensivos.

Para tanto, existem diversos métodos de avaliacao dos valores de PA apds fase de
treinamento. O primeiro deles ¢ a medida em repouso de PA, que tem grande importancia
clinica na prevengao e tratamento de HA, mas que limita a analise do comportamento da PA a
apenas um momento do dia, além de exigir a realizagdo de técnicas adequadas de medida e
varias visitas dos pacientes para assegurar a consisténcia dos resultados (HINDERLITER;
VOORA; VIERA, 2018). Assim, a monitorizacdo ambulatorial de PA (MAPA) passou a ser
utilizada, ja que fornece informagdes sobre os niveis de PA de 24 horas durante as atividades
diarias usuais e durante o sono, permitindo a distingao entre os fenotipos da PA (normotensdo
sustentada, hipertensdo sustentada, hipertensdo mascarada e hipertensdo do jaleco branco)
(HINDERLITER; VOORA; VIERA, 2018). Além disso, fornece informacdes sobre o
comportamento temporal da PA (HANSEN et al., 2010), técnica conhecida como anélise de
variabilidade de PA (VPA), sendo que o aumento dessa variabilidade estd associado a um maior
risco de eventos cardiovasculares ¢ mortalidade (PARATI et al.,2013; STEVENS et al., 2016).

Desta forma, ao investigar as repostas pressoricas (PA e VPA) aos exercicios
combinados em mulheres hipertensas ap6s a menopausa sob efeito de diferentes classes de anti-
hipertensivos (BRA e BB), produzimos informacdes ainda ndo descritas na literatura e que
podem influenciar nas escolhas de combinagdes entre tratamentos anti-hipertensivos
farmacoldgicos e ndo farmacologicos. A hipdtese inicial foi que haveriam quedas na PA de

repouso, sob estresse e na VPA independente dos medicamentos, mas que as respostas em BRA
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seriam mais acentuadas que em BB por agirem de forma mais sistémica, além do efeito
cronotropico negativo de BB (LOPEZ-SENDON et al., 2004) que poderia limitar as cargas

absolutas de treinamento durante o exercicio aerdbio.

3 Objetivos

O objetivo deste estudo foi investigar as repostas da pressao arterial apds o treinamento
com exercicios aerobios e resistidos combinados em mulheres hipertensas apos a menopausa

sob efeito de duas classes distintas de anti-hipertensivos.

3.1. Objetivos especificos

Verificar se as respostas da PA apds o treinamento combinado s3o influenciadas pelo
uso de BB e BRA através dos resultados de PA de repouso, da MAPA de 24 horas e da andlise
de VPA de 24 horas.

Para tanto, o presente estudo serd apresentado em formato de artigo cientifico no

proximo capitulo.
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Introduction

Hypertension (HT) is a common disease in both sexes, characterized by sustained high
blood pressure (BP) at rest (Malachias et al., 2016; Whelton et al., 2017), often associated with
the risk of cardiovascular events, stroke and kidney disease (Bhagani et al., 2018). With
advancing age, differences in BP behavior are observed, with a higher incidence in women after
the 5™ decade of life (Di Giosia ef al., 2018). This incidence can be explained by climacteric:
period of physiological transition from reproductive to non-reproductive phase in women,
characterized by estrogen deficiency, alterations in the lipid profile, weight gain, high sedentary
indices (Ward and Deneris, 2018) and onset of cardiovascular and metabolic diseases, as well
as increased incidence of HT (Di Giosia et al., 2018) causing specific organ damage in women

(Muiesan et al., 2018).

Pharmacological and non-pharmacological interventions are widely recommended for
HT treatment (Whelton et al., 2017). Among pharmacological treatments, two extensively
prescribed antihypertensive classes but with different mechanisms, are f-adrenergic blockers
(BB) and Angiotensin Receptor Blockers (ARB). The antihypertensive mechanism of BB
involves mainly central mechanisms, with blockade of B-adrenergic receptors, which causes a
decrease in cardiac output, renin secretion, synaptic catecholamines and baroreceptors
adaptations (Malachias et al., 2016). ARB has more systemic effects, antagonizing AT1
receptors of Angiotensin II, causing vasodilation and decreasing aldosterone release and
production, which causes sodium and water reabsorption causing BP reductions (Malachias et

al., 2016).

Regarding non-medication interventions, it is emphasized that physical exercises
training may reduce BP in patients with normal or high blood pressure (Cornelissen and Smart,
2013), including in postmenopausal women (Lin and Lee, 2018; Son ef al., 2017). However,
few studies have addressed resting and ambulatory BP (ABPM) and its variability (BPV)
changes after combined aerobic and resistance exercise training (Son et al., 2017), even though
guidelines (Malachias et al., 2016; Whelton et al., 2017) recommend at least 30 minutes of
moderate intensity aerobic exercises associated with resistance exercises. In addition, it should
be noted that the exercise acts on several mechanisms of BP regulation similar to those of the
aforementioned drugs, causing possible improvements in autonomic regulation (Besnier ef al.,

2017), baroreflex sensitivity and bioavailability of vasodilator agents in hypertensive
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postmenopausal women (Lin and Lee, 2018; Son et al., 2017). Therefore, the effects of exercise
and medication, hypothetically can be added, may be independent or may depend on some

saturated pathway.

Then, the objective of this study was to investigate BP responses (resting BP, ABPM
and BPV) after combined aerobic and resistance exercises training in hypertensive
postmenopausal women under effects of two different antihypertensive-drugs (ARB and BB).
Our hypothesis was that BP and BPV could be lower after exercise training, but the use of BB
could attenuate these responses by its chronotropic effect, reducing absolute workload of
exercise comparing with lager systemic responses of the ARB. This information has not yet
been described and may influence the choices of combinations between pharmacological and

non-pharmacological antihypertensive treatments.

Material and methods

Participants

Twenty one women volunteered through advertising in electronic and traditional media
(Social medias, TV and radio) during 2016 and 2017. From this register were selected those
that fit the following inclusion criteria: 1) Women aged between 50 and 70 years; 2)
Amenorrhea of at least 12 months and [FSH]>40mIU/mL; 3) Be able to perform physical
exercises; 4) Under antihypertensive treatment only with: ARB or BB, without drugs or dose
changes for 12 months; 5) Do not present history of other cardiovascular diseases; 6) Non-
smokers; 7) No diagnosis of Diabetes Mellitus or renal pathologies; 8) Do not use hormonal
therapies; and 9) Do not be uncompensated hypertensive. Before starting the training program,
they presented a medical certificate releasing participation in the exercise program and signed
the Consent Form, and they were instructed to maintain their eating habits during the study.
They were divided into 2 groups: ARB users (ARB+Ex; n=11) and BB users (BB+Ex; n=10).

Those who changed dose or medication during the study were discarded from the analyzes, as

shown in Figure 1.
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Assessed for eligibility (n = 407) |

Excluded (n=373)
o Did not meet the inclusion criteria (n=332)
o Refused to participate (n=4)
e Otherreasons (n=37)

| Alocated (1=34) |
[

v *mm v
Users of Angiotensin AT1 Receptor Blockers (n=17) Users of B-Adrenergic Blockers (n=17) |

v y

Loss to follow-up (n=6) Loss to follow-up (n=7)

o Personal problems (n=1) o Personal problems (n=2)

o Incompatible frequency or schedule (n=4) o Incompatible frequency or schedule (n=3)

o Health problems not related to the study (n=1) o Health problems not related to the study (n=1)
o Antihypertensive drugs changes (n=0) o Antihypertensive drugs changes (n=1)

| Analyzed (n=11) m Analyzed (n=10) |

Figure 1 - Follow-up flowchart

General Procedures

This study was a comparative parallel clinical trial and has international registration of
clinical studies in "Clinicaltrials.gov" (Registry: NCT03531034) and was approved by local
Human Research Ethics Committee (Registry: 40622414.9.0000.5152). The procedures were
performed at Federal university of Uberlandia. Before 12 weeks of training, volunteers went
through a battery of evaluations which will be better explained below, that include: body
composition and anthropometry, physical capacity and cardiovascular measurements. After
that, they performed a familiarization with the exercises used in the training. Thus, the sessions
for strength evaluation (1 repetition maximum test - IRM) and an incremental treadmill test for
aerobic exercise prescription were started. The exercise program was performed three times a
week on non-consecutive days for 12 weeks. Between 48 and 96 hours after the end of the 12

weeks of training all evaluations were performed again.

Body composition and anthropometry
The anthropometric evaluations were performed in an isolated environment, in which
are measured: 1) body mass, through an electronic scale (Filizola®, Sao Paulo, SP, Brazil); 2)
height, measured with fixed stadiometer (Sanny®, Sao Bernardo do Campo, SP, Brazil) and;
3) abdominal circumference, through an inelastic tape measuring 0.5 cm wide (Filizola®, Sao

Paulo, SP, Brazil) placed on the umbilical scar. The evaluation of the body composition was
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performed through tetra polar bioimpedance (InBody 230 Trepel®; Perafita, Portugal). The
level of physical activity was assessed by the International Physical Activity Questionnaire

(IPAQ short version), validated for Brazilian population (Matsudo et al., 2001).

Cardiovascular measurements

Resting BP and HR was monitored through calibrated and validated automatic monitors
(Asmar et al., 2010) (Omron® HEM-7113, Shimogyo-ku, Kyoto, Japan) in 3 non-consecutive
days. At each moment of measurement, 3 measurements of systolic BP (SBP), diastolic BP
(DBP), heart rate (HR) and Double Product (DP) were performed and considered as the mean
for analysis. Values outside the 95% confidence interval were discarded, being considered the
average of the others. In addition, the ABPM was performed in the pre and post-training periods
for 24 hours (Dyna Map + Cardios®, Sao Paulo, SP, Brazil). Such a device measured SBP,
DBP, mean BP (MBP), Pulse Pressure (PP), HR and DP every 15 minutes between 07:00 and
23:00 and every 30 minutes between 23:00 and 07:00.

Thus, the ABPM values associated with daily report information that they filled while
they were with the device allowed us to evaluate the following BPV indices in awake, asleep
and 24h periods: 1) Standard deviation (SD = VE(BPx - BPmean)2/n) of BP; 2) Average real
variability (ARV = Z(BPx-BPx.1)/n); 3) Morning surge (MS = the first 2 hours of awakening/
BPmean of the smallest asleep and adjacent BP); 4) BP Nocturnal dipping (ND = (BPawake -
BPasieep)x100/BPawake); S5) BP loads: percentage of 24h SBP greater than 130 mmHg, greater
than 135 mmHg during awake and greater than 120 mmHg during sleep; and 24h DBP greater
than 80 mmHg, greater than 85 mmHg during awake and greater than 70 mmHg during sleep.

Exercise training program
The exercise training consisted of the combination of aerobic and resistance exercises
in the same session, three times a week on non-consecutive days for 12 weeks (36 sessions).
Each session lasted approximately 60 minutes, and every day they did about 30 minutes of
aerobic exercises and 30 minutes of resistance exercises. In addition, at each session the order
of the exercises was reversed and monitored through HR monitors and subjective perceived

effort scale to ensure safety.

The intensity of the aerobic physical exercise was determined through an incremental

treadmill test with 2-minute stages and 1% of treadmill inclination increments per stage until
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the volunteers reached voluntary exhaustion. The speed of the treadmill was fixed at 5.5 km/h
and the exercise intensity was imposed by the treadmill inclination (Puga et al., 2012). This
protocol was chosen because it allows to reach maximum parameters without the motor
limitation of the running with this population. At the beginning of each aerobic session a 5-
minute warm-up on a treadmill with a velocity of 5.5 km/h and 1% of inclination was
performed. After that, the aerobic training consisted of a 25-minute walk with fixed speed (5.5
km/h) and overload imposed by the inclination of the treadmill, aiming to reach the intensity
between 65 and 75% of the maximum workload (last completed stage reached in the
incremental test). This intensity consisted on the same % (65 to 75%) of the VO, peak, with is
well described as moderate intensity. The exercise intensity was increased by 20% after 6 weeks

of training as exercise training overload.

In order to assess maximum strength in resistance exercises before exercise training, we
initially performed 2 familiarizations with the 1 Maximum Repetition test (1RM), and then
performed the 1RM test (Brown and Weir, 2001). Briefly, we performed a warm-up protocol
consisting of 2 sets of exercise to be performed at intensities around 50 and 80% of the
subjective estimate of IRM, with 8 and 3 repetitions respectively. After this warm up, there
was a maximum of 5 attempts per exercise to find the highest workload that they can only make

a full movement (concentric and eccentric).

The following resistance exercises were performed: Leg press 45° (hip and knee
extension), Chest press in vertical machine (shoulder horizontal abduction with elbow
extension), Anterior latissimus dorsi pulldown (shoulder abduction and elbow flexion), Squat
with lumbar Swiss ball support (hip and knee extension), and classic Abdominal crunch (spine
flexion with fixed hip and flexed knee on a flat surface). These were selected by stimulating
large muscle groups, in order to obtain greater cardiovascular and muscular changes. Each
exercise was performed in a traditional 3-series format of 8-12 repetitions with 60 seconds rest
between sets and exercises. The intensity was determined through repetition zones of 8 to 12
complete movements until there was motor alteration that compromised the correct technique
of the exercise or the required execution speed (around 3s per complete movement). The order
of the exercises was alternated between agonist muscle groups. The exception to this training
format was abdominal, which was performed through maximal repetitions without external
load. This phase of the training lasted between 27 and 30 minutes. The load readjustment

occurred daily in order to maintain the repetition zone.
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Statistical analyzes

The results were presented in mean + standard deviation of pre and post intervention,
besides their variation (A) and lower and upper limits of the 95% confidence interval. The chi-
square test (x2) was used to analyze the distribution between the groups of physical activity
level and polytherapy with thiazide diuretics. The calculation of area under the curve (AUC) of
24h SBP and DPB where performed using trapezoidal method. To compare the pre-training
general characteristics the student's t-test was used. A two-factor (Time and group) generalized
estimating equation (GEE) technique to understand the effects of training and the influence of
medications, with Bonferroni post hoc when necessary. All analyzes were performed using
IBM® SPSS® Statistics 21 and GraphPad Prism® version 5. The significance level was
adopted at p<0.05.

Results

Before the training began, the y? test showed no group differences of previous training
level classification (p=0.27) or on polytherapies with thiazide diuretics distribution (p=0.81, 6
polytherapies each group). In ARB+Ex all antihypertensives are losartan and in BB+Ex there
are 7 atenolol users and 3 of propranolol. Table 1 shows no group differences in overall
characteristics prior to exercise training, except for the maximum HR in the treadmill

incremental test (p<<0.001). All analyzed volunteers performed at least 80% of the sessions.

Table 1 — General Characteristics prior to exercise training

ARB (n=11) BB (n=10) p
Initial Age (years) 58.1+6.2 576+27 0.821
Time after menopause (years) 94+6.7 9.1+6.1 0.926
Height (m) 1.58 £ 0.05 1.60 £0.12 0.730
Abdominal circumference (cm) 96.9+9.7 95.9+10.1 0.819
Body Mass (kg) 742 +105 704 +£9.7 0.404
Body Mass Index (kg/m?) 296+4.2 2717142 0.310
Fat mass (%) 431+6.7 38.7+6.6 0.154
Lean mass (%) 53.5%6.3 578+6.2 0.150
[LH] (mUl/MI) 474 +£15.8 446+22.2 0.738
[FSH] (ul) 83.1+£228 84.4 +35.0 0.917
Resting SBP M73+117 1148 +5.9 0.553
Resting DBP 73079 71.3+6.4 0.599
Maximum treadmill inclination (%) 84+33 74+33 0.512
Maximum HR (bpm) 1574 £12.3 128.1£16.2 <0.001
Leg Press maximum strength (kg) 185.0 £ 835 202.0 +48.9 0.581
Chest Press maximum strength (kg) 302+6.5 31.3+10.6 0.771
Lat Pulldown maximum strength (kg) 324+76 36.5%6.5 0.207

HR: Heart Rate; [LH]: Luteinizing Hormone Concentration; [FSH]: Follicle Stimulating Hormone Concentration; ARB+EX:
Angiotensin AT1 receptor blockers users; BB+Ex: -blockers users.
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Figure 2 shows BP, HR and DP values at rest. There were no interaction effects (group
* time), but it is noted a decreasing time effect (p=0.009) on resting SBP values (ARB+Ex pre
= 117.27£11.66 and post = 112.09+7.86; BB+Ex pre = 114.80+5.86 and post = 113.204+5.13
mmHg) with no group effect and no changes in resting DBP. In addition, there was a group
effect with lower BB+Ex values in HR (p=0.009) and DP (p=0.002) and a time effect (p=0.026)
with reductions in DP in both groups (AARB+Ex = -471.76+£982.76; ABB+Ex = -
252.57+533.26 mmHg.bpm).
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Figure 2 - Blood pressure (A and B), heart rate (C) and double product (D) at rest. BP: Blood Pressure; SBP: systolic BP;
DBP: diastolic BP; HR: Heart rate; DP: Double product; *: Time Effect; #: Group effect; ARB+Ex: Angiotensin AT1 receptor
blockers users and exercise; BB+Ex: B-blockers users and exercise.

Figure 3 represents 24h ABPM values of BP, HR and DP. There were no interaction
effects in any of these variables, but rather reductions (time effects) in 24h (p=0.006; AARB+Ex
=-5.68+8.32; ABB+Ex =-3.14 + 6.69 mmHg) and awake SBP (p=0.002; AARB+Ex = -6.69 +
9.03; ABB+Ex = -3.36 = 5.93 mmHg) after exercise training. Besides that, PP decreases (time
effect) during 24h (p=0.002), awake (p=0.002) and asleep periods (p=0.009). Groups effects
with lower values in BB+Ex were evidenced in all day phases in HR (24h p=0.004; awake
p=0.005; asleep p=0.003) and DP (24h p=0.001; awake p=0.002; asleep p=0.001), besides time
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effects with DP reduction of 24h (p=0.008; AARB+Ex =-557.66 = 978.90 ; ABB+Ex =-417.43
+ 748.16 mmHg.bpm) and awake (p<0.001; AARB+Ex =-810.38 + 959.87; ABB+Ex =-502.32
+ 809.31 mmHg.bpm).
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Figure 3 —~Ambulatorial blood pressure, heart rate and double product. Panels A-F represents: Systolic (A), Diastolic (B)
and Mean (C) Blood pressures, Pulse pressure (D), Heart Rate (E) and Double product (F). SBP: Systolic Blood Pressure;
DBP: Diastolic Blood Pressure; MBP: Mean blood pressure; PP: Pulse Pressure; HR: Heart rate; DP: Double Product; *: Time
effect; #: Group effect; ARB+Ex: Angiotensin AT1 receptor blockers users; BB+Ex: B-blockers users.

Table 2 shows BPV values. There were interactions effects in SBP and DBP awake SD
with a greater tendency to fall in BB+Ex. In addition, there was a reduction (time effect) of SBP
standard deviations (SD), except in asleep phase, demonstrating training capacity to reduce SBP
oscillations during the day. Besides that, the number of SBP peaks above normal values (i.e.

pressure loads) was lower after training in the 24 hour and awake phases.
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Table 2 - Blood pressure variability indexes and blood pressure loads

ARB+Ex (n=11); BB+Ex (n=10) M+SD Pre M%SD Post A A95%IC pTime p Group p inter.
SBP indexes

ARB+Ex 13.1+23 128+11 -03+x28 -20 13

SD 24h (mmHg) BB4Ex 130£27 111:17 -20%¢23 -34 -06 oot 16142
SOavake(mH) G 13332 f00s21 23s2s 40 05 0% T8 04
SDwloop (MHY)  Baug (04431 o1a22 A2eds 48 4 4B 4
S0 (i) BeE 117526 89415 19123 92 05 U8 300
ARY (mmk) BeEs 09531 92:15 17134 47 03 U5 68
DBP indexes

S0 24h (mmg) BovEs 104208 84s13 10x1d 22 0 A5 T 25
Soawake(MMH)  Bge, agso7 9sis 1ais 23 04 X0 768 0
SOwloon (MHY) G, 6oi28 70s20 O4sd0 28 19 S W
Sodn () B 92229 82sis A0sis 21 01 O &6 02
ARY (mmk) BoEs 64591 60215 15200 42 0o ¥ T8 08

Another indexes

SBP Nocturnal Dipping (%) ARB+Ex 9175 56%102 -35%£89 -87 17

BB+Ex 7.7+84 84176 08+84 42 57

o ARB+Ex 118+92 85+110 -32+114 -100 35
DBP Nocturnal Dipping (%)  ppygy 1174108 121+107 04+116 -64 73 04 638 457

_ ARB+Ex 227+81 257+105 29+149 -59 117
SBP Moming surge (MMHg) pp.ey 1844137 230484 464166 52 144 262 223 799

, ARB+Ex 199+49 214+48 15+59 -20 49
DBP Morning surge (MmHg) ppyr,  186+136 203+72 17156 -74 109 16 647 960

451 815 243

Blood Pressure Load
ARB+Ex 25.1+221 137165 -114+147 -201 -2.7

SBP 24h > 130 (%) BB+Ex 149145 65:63 -84£106 -147 21 <001 19 580
SBPAvaKe> T35 0H  Gag, f06s123 a1s38 75305 far 1o 01 12 6%
SBP Asleep > 120 (%) ggfgfx g;gigs? ﬂgig?g :g;zggg :113?2 172%9 244 B48 810
D8P 24180 (4 BeE 270s040 M4kl 68232 205 69 K % S8
amony MEERIES B S0
OBPASRSD>TO0) Bt 3k 36sws 24sais 210 22 B SR

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SD: Standard deviation; SDdn: SD day and night; ARV: Average
real variability; Blood pressure Load: percentage of measures above standard; Cl: Confidence interval; Inter.: Interaction;
ARB+EXx: Angiotensin AT1 receptor blockers users and exercise; BB+Ex: B-blockers users and exercise.
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Figure 4 represents 24-hour blood pressure curves used for the calculation of 24h SBP
(Panel A) and DBP (Panel B) areas under the curves (AUC), as well as their respective AUC
values (Panels C and D). There were no interaction or group effects but rather reduction (time
effect p=0.005) in 24h SBP AUC (AARB+Ex = -136.8 + 175.8; ABB+Ex = -72.1 £ 176.5
mmHg.24h). No changes were found in DBP (AARB+Ex = -49.8 = 99.18; ABB+Ex =-2.4 +
140.15 mmHg.24h).
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Figure 4 - 24h blood pressure and correspondent area under the curve. Panels A and B represents hourly mean values
of systolic and diastolic BP respectively. Panels C and D represents values of 24h area under the curve of systolic and diastolic
BP respectively, in these panels the circles connected by lines represents individual values. AUC: Area under the curve; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; *: Time Effect; ARB+Ex: Angiotensin AT1 receptor blockers users and
exercise; BB+Ex: B-blockers users and exercise.
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Discussion

This study aimed to evaluate cardiovascular effects of combined aerobic and resistance
exercise training in hypertensive postmenopausal women under effect of f-adrenergic blockers
and angiotensin receptor blockers antihypertensive-drugs. Our main finding was that both
groups had similar responses in resting and ambulatory blood pressure after combined exercise
training but BPV in BB+Ex (SBP and DBP awake SD) were greater than in ARB+Ex group.
Furthermore, 12 weeks of combined moderate intensity training are enough to reduce resting,
awake and 24h SBP and DP, SD of 24h and awake SBP (BPV), as well as reductions in SBP

loads of 24h and awake in both groups of postmenopausal women with hypertension.

Regarding the characteristics of exercise, this training volume (60 minutes/day) was
chosen because at moderate intensity it can provide significant changes in BP (Cornelissen and
Smart, 2013). Despite the hypothesis that BB+Ex would perform the aerobic exercises with
lower absolute load, this was not confirmed (Maximum load on pre-training treadmill test:
ARB+Ex = 8.42 £+ 3.35; BB+Ex= 7.42 £+ 3.33 % of inclination) even with the difference in the
maximum HR reached in the same test (Maximum HR on pre-training treadmill test: ARB+Ex
= 157.40 + 12.34; BB+Ex = 128.10 = 16.17 bpm). Moreover, exercise may act attenuating
several risk factors associated with HT such as: lower lean mass (Butcher ef al., 2018), high fat
mass percentage (Das et al., 2018), besides the diverse cardiovascular benefits in
postmenopausal women (Lin and Lee, 2018). Another important point of exercise in relation to
HT, and which further emphasizes the need for exercise in this population is the low adherence
to drug treatment (Peacock and Krousel-Wood, 2017). This not only requires the use of non-
pharmacological strategies as a form of treatment, but has also become one of the main demands

of patients, caregivers and health professionals (Khan et al., 2017).

In this sense, an important evidence is that exercise training may decrease resting BP
(Cornelissen and Smart, 2013), including in hypertensive postmenopausal women (Lin and Lee,
2018; Son et al., 2017). Furthermore, we emphasize the importance of ambulatory measurement
in hypertensive patients (Whelton ef al., 2017), since it provides monitoring information and
BP behavior over 24 hours. In general, high BP values and their variability during 24 hours are
associated with a higher cardiovascular risk, becoming an important parameter for the
monitoring of cardiovascular health (Zawadzki et al., 2017). With respect to exercise

characteristics, the Cornelissen and Smart meta-analysis (2013) showed more pronounced
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results in SBP and DBP after isometric training, in addition to positive and fairly consistent
evidences about aerobic and resisted exercises, but combined training seems to reduce only
DBP. Moreover, this study showed better results in moderate to high intensity exercises, with
sessions of at least 30 minutes, supervised, in male participants and especially in hypertensive
patients. In contrast, the present study demonstrated more significant falls in SBP even with
moderate intensity supervised combined training in hypertensive women, in consonance with
another meta-analysis (Naci et al., 2018) that found combined exercise training as the main

strategy for SBP control.

Concerning the possible physiological mechanisms responsible for these BP falls, in a
recent review of cardiovascular benefits of physical training in hypertensive postmenopausal
women, Lin and Lee (2018) describe various of these mechanisms, as: 1) increased baroreflex
sensitivity; 2) reduction of autonomic dysfunction, with increase vagal tonus and reduction of
sympathetic tone; 3) improvement of endothelial function induced by serum increase of
vasodilators such as acetylcholine and bradykinin, being that the responses appear to be more
evident in macrovasculature in relation to microvasculature with rapid improvements in
mediated flow dilation even after combined exercises (Vinet et al., 2018); 4) Improvements in
nitric oxide metabolism due to increased enzymatic activity and phosphorylation of nitric oxide
synthase enzyme, as well as increases in nitrite/nitrate and nitrogen oxide serum concentrations
that cause endothelium-dependent vasodilation, reduced vascular resistance and improved

arterial stiffness in peripheral arteries, even after combined exercises in this population (Son ef

al., 2017).

Considering drug classes, we could not find studies comparing its influence on chronic
exercise effects, but acutely, Angiotensin converting enzyme inhibitors do not seem to
potentiate the hypotensive effects of exercises (Queiroz ef al., 2017) and an intense exercise
session seems to have independent but additive effects with ARB (Ramirez-Jimenez et al.,
2018a), being greater than the isolated exercise (Ramirez-Jimenez et al., 2018b, 2018a). No
studies in our knowledge described these responses using BB drugs. In this sense, the present
study showed that moderate intensity combined exercise training can improve resting, awake,
24-hour and 24-hour AUC SBP of hypertensive women after menopause, independent of the
use of ARB or BB drugs, and do not altered DBP. Since exercise acts by many different
mechanisms as above mentioned, the differences between ARB and BB may be blunted, so that

one mechanism overlaps another that is saturated or blocked. Worth highlighting that reductions
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around 5 mmHg of SBP and 2 mmHg of DBP are sufficient to reduce the risk of stroke in 13
and 11.5% respectively (Reboldi et al., 2011). Moreover theses BP reductions can avoid
myocardial infarction, stroke and mortality caused by cardiovascular diseases (Bundy et al.,

2017).

Besides that, reductions of BPV over time after exercise training in populations with
cardiovascular dysfunctions also appear to be promising (Izdebska et al., 2004; Marcus et al.,
2016) and their results can be independent of BP control (Marcus et al., 2016). Thus, decreases
found in SD of SBP and DBP in the present study are consistent with literature. However, it
should be noted that the majority of BPV studies use aerobic training (Izdebska et al., 2004;
Pagonas et al., 2014), only few use dynamic resistance training (Alex ef al., 2013) or isometric
(Taylor et al., 2003) and studies with combined exercise training are even rarer (Marcus et al.,
2016). Besides that, not just the type, but the exercise intensity seems to be related to the BPV
variations, in a bell-shaped relationship with the best results in moderate intensities (Iwasaki et
al., 2003). Its effect pathway seems to be more influenced by endothelium and vascular smooth
muscle adaptations to training than of sympathetic vasomotor activity variations (Iwasaki et al.,
2003). The primary role of vessels is also reaffirmed by the consistent results of improvements
by pharmacological interventions on BPV after the use of calcium channel blockers (Eguchi,
2016; Vishram et al., 2015; Webb et al., 2010) for causing significant improvements in vascular

compliance by vasodilation (Eguchi, 2016).

In this sense, we did not find any study relating classes of medication with exercise in
BPV, but in an isolated way, drugs present quite diversified results among classes. In a robust
meta-analysis, Webb and collaborators (2010) evaluated the effects of different
antihypertensive classes on visit to visit analysis and showed superior results of calcium channel
blockers compared to any other class of drugs in decreasing interindividual BPV. Although
these results were more evident in SBP, the pattern of DBP responses was similar, but milder.
Regarding ambulatory BPV, calcium channel blockers appear to have greater influence on
ambulatorial BPV than ARB (Eguchi et al., 2016; Frattola et al., 2000), even if they also show
favorable results (Mitsuhashi et al., 2009). Although less consistent, the less promising results
seem to be related to the use of BB (Eguchi, 2016; Webb et al., 2010), but it is worth
emphasizing that a smaller number of studies of ambulatory variability are performed with this

type of drug in relation to ARB or calcium channel blockers (Eguchi, 2016). Another detail
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worth mentioning is that pharmacological improvements in ambulatory BPV also appear to be

independent of BP reductions (Eguchi, 2016).

Regarding the BPV comparison between ARB and BB, our study shows smoothly
reductions in awake SBP and DBP SD in ARB+Ex even if the initial values were similar
between groups. The non-existence of baseline differences between groups is in accordance to
the above-mentioned meta-analysis (Webb et al., 2010), that demonstrates similar effects of
these classes of drugs. Complementary, Vishram et al. study (2015) compared ARB and BB
based treatment groups for 24 months (without exercise intervention) and did not find any
differences between them. However, it is worth mentioning that in this study, both intervention
arms were associated with calcium channel blockers and has a visit-to-visit and non-ambulatory
analysis. Concerning the different response patterns, the SD decreases in BB+Ex are as
expected in population with cardio-metabolic diseases after the exercise training (Marcus et al.,
2016). On the other hand, the vasodilator action of ARB+Ex may have saturated the mechanism
of action of exercise training, given BPV apparent vessel-dependent response to exercise
(Iwasaki et al., 2003). Moreover, the worse vascular health of postmenopausal women (Lin and
Lee, 2018) could mitigate BPV response, preventing more pronounced responses even in

BB+Ex.

The present study presents some limitations, such as: few volunteers, there is no
untreated group, existence of polytherapies and the non-standardization of doses and active
principles. In this sense, although there are no 3rd generation BB users for having additional
vasodilatory effects, BB+Ex has 3 propranolol users, and since it is non-selective drug, could
induce more systemic responses than atenolol users, although, we did not detect differences in
their response patterns in relation to the rest of the group. On the other hand, some
characteristics minimized these limitations, such as: there were no differences in physical
activity levels, number of polytherapies or anthropometric and pressure characteristics between
groups at baseline, training intensities corresponded to the same relative effort and they all took
the same drug and dosage for at least 1 year to be adapted to the drug effects. Thus, the results
cannot be generalized to other exercise types, other drugs classes or other populations. But they
suggest that moderate intensity combined exercise may be a good strategy to maintain
cardiovascular health in hypertensive postmenopausal women, and it appears that BPV

responses can be more pronounced in BB+Ex. However, this is an incipient response and further
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studies are needed to elucidate the influence of various classes of antihypertensive-drugs on

exercise responses.

Conclusion
Resting and ambulatory blood pressure responses after combining aerobic and
resistance moderate intensity exercise training are similar between postmenopausal
hypertensive women using both B-adrenergic blockers and angiotensin receptor blockers
antihypertensive-drugs. This exercise training can reduce SBP and DP during awake and 24h
values and reduce SBP variability in both groups, but it seems that BPV responses are greater

in B-adrenergic blockers users.
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Supplementary data

Ambulatorial blood pressure, Heart rate and Double Product

M#DP Pre  M+DP Post A A95% Cl  pTime pGroup plinter.
SBP
ARB+Ex 1219 115+ 8 648 -0 1
24h (mmHg) BB+Ex 11647 13+5  3+7 g 1 008 2428
ARB+EX 1249 M7+9 6749 12 -1
Awake (mmHg) BB+Ex 11847 14+6  3s5 7 o 002 149304
ARB+Ex  112+13  110£11  -2+9 8 3
Asleep (mmHg) BB+Ex 108+ 12 1059 4+13 a2 3 82887
DBP
ARB+Ex  73+9 7110 244 4 0
24h (mmHg) BB+Ex 71+8 7146 06 3 3 %9 761 34
ARB+Ex  75+9 7310 244 5 0
Awake (mmHg) BB+Ex 7348 7346 0+5 3 3 1% T8 292
ARB+Ex 66+ 11 66+ 11 0¢8 5 4
Asleep (mmHg) BB+Ex 6410 6448 0£10 6 6 002 563 06
MBP
ARB+Ex ~ 90+7 90+8 446 4 3
24h (mmHg) BB+Ex  89+8 89+7 A+7 5 3 806710940
ARB+Ex  93+7 91+8 146 5 2
Awake (mmHg) BB+Ex 91+8 90+7 146 4 9 ,367 ,710 ,904
ARB+Ex 8310 85 + 11 249 3 7
Asleep (mmHg) BB+Ex 8249 819 Ax12 8 g 00 80 4%
PP
ARB+Ex 48+ 10 44+6 4+7 8 0
24h (mmHg) BB+Ex 44+6 45 33 5 4 002 31979
ARB+Ex 48+ 10 4446 447 8 0
Awake (mmHg) — ppipy 4547 M6 3:4 5 o 002 289 692
ARB+Ex 46+ 11 447 247 6§ 2
Asleep (MmHO)  ppiex 4425 414 4x3 5 o 09 AT
HR
ARB+Ex  75+7 7448 146 5 3
24h (mmHg) BB+Ex  67+7 65+ 8 2t6 5 2 04 T3
ARB+Ex  78+8 7549 247 6§ 1
Awake (mmHg) BB+Ex  69+8 66+ 9 2+6 5 2 0% 005 9%
ARB+Ex  65+5 66 + 5 147 2 5
Asleep (mmHg) BB+Ex 61+6 59+4 2+3 4 o 8 008 145
DP
ARB+Ex 9085+1055 85274969 -558+979 -1133 18
24h (mmHg.bpm) BB+Ex 77774957 7360+1040 -417+748 857 22 008 00T 704
ARB+Ex 9634+ 1171 8824+1125 -810+960 -1375 -246
Awake (mmHg.bpm)  pR.E " 812711007 7625+ 1162 -502+809 -978 26 000 002 413
Acloep (mmbgbpm)  ARBYEX TISTE1004 2263 355043 8B 519 o g o

BB+Ex 6572 +744  6130+551 -442+662 -831 -53
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MBP: Mean Blood Pressure; PP: Pulse Pressure; Cl:
Confidence interval; Inter.: Interaction; ARB+Ex: Angiotensin AT1 receptor blockers users and exercise; BB+Ex: B-blockers
users and exercise.




40

CONSORT checkKlist
Section/Topic It;'o" Checklist item o?g:;eﬂo
Title and abstract
1a  Identification as a randomised trial in the title -
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) -
Introduction
Background and objectives 2a  Scientific background and explanation of rationale 20
2b  Specific objectives or hypotheses 21
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio 22
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons -
Participants 4a  Eligibility criteria for participants 21
4b  Settings and locations where the data were collected 22
Interventions 5  The interventions for each group with sufficient details to allow replication, including how and when they were actually administered 22-24
6a  Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed 22-24
Outcomes . , . _—
6b  Any changes to trial outcomes after the trial commenced, with reasons -
Sample size 7a  How samp!e size was dete'rmined o . o
7b  When applicable, explanation of any interim analyses and stopping guidelines -
Randomisation:
Sequence generation 8a  Method used to generate the random allocation sequence -
8b  Type of randomisation; details of any restriction (such as blocking and block size) -
Allocati . Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps
ocation concealment mechanism 9 4 . .
taken to conceal the sequence until interventions were assigned -
Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions -
113 If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes)
Blinding and how -
11b  If relevant, description of the similarity of interventions -
Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes 25
12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses -



Results

iir;ig%aenr: dfg/\)/ (a diagram is strongly 13a primary outcome 2
13b  For each group, losses and exclusions after randomisation, together with reasons 22

Recruitment 14a  Dates defining the periods of recruitment and follow-up 23
14b  Why the trial ended or was stopped -

Baseline data 15  Atable showing baseline demographic and clinical characteristics for each group 25

Numbers analysed 16 g?oru(:)?h group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned 2

For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95%
C 17a ) ;

Outcomes and estimation confidence interval) 25-29
17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended -

Ancillary analyses 18 (I;{fpsllcj)lrt:tgl;yany other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from _

Harms 19 Allimportant harms or unintended effects in each group (for specific guidance see CONSORT for harms) -

Discussion

Limitations 20  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 33

Generalisability 21 Generalisability (external validity, applicability) of the trial findings 33

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 29-33

Other information

Registration 23 Registration number and name of trial registry 22

Protocol 24 Where the full trial protocol can be accessed, if available 22

Funding 25  Sources of funding and other support (such as supply of drugs), role of funders 34

For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the

41




42

REFERENCIAS

ABBAS, S. Z.; SANGAWAN, V.; DAS, A.; PANDEY, A. K. Assessment of cardiovascular
risk in natural and surgical menopause. Indian Journal of Endocrinology and Metabolism, [s.
L], v. 22, n. 2, p. 223-228, 2018. Disponivel em:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85047260789&d0i=10.4103%2Fijem.IJEM-620-
17&partnerID=40&md5=0e1ce7588c4545¢a652d8d7b84645af9. Acesso em: 2 nov. 2018.
https://www.doi.org/10.4103/ijem.IJEM_620 17

ABRAHAM, H. M. A.; WHITE, C. M.; WHITE, W. B. The Comparative Efficacy and Safety
of the Angiotensin Receptor Blockers in the Management of Hypertension and Other
Cardiovascular Diseases. Drug Safety. [s. 1.], v. 38, n. 1, p. 33-54, 2015. Disponivel em:
https://link.springer.com/article/10.1007%2Fs40264-014-0239-7. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1007/s40264-014-0239-7

ASHOR, A. W.; LARA, J.; SIERVO, M. Medium-term effects of dietary nitrate
supplementation on systolic and diastolic blood pressure in adults. Journal of Hypertension,
[s. L], v.35,n. 7, p. 13531359, 2017. Disponivel em:
http://insights.ovid.com/crossref?an=00004872-201707000-00004. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1097/HJH.0000000000001305

BESNIER, F.; LABRUNEE, M.; PATHAK, A.; PAVY-LE TRAON, A.; GALES, C;
SENARD, J. M.; GUIRAUD, T. Exercise training-induced modification in autonomic
nervous system: An update for cardiac patients. Annals of Physical and Rehabilitation
Medicine, [s. L], v. 60, n. 1, p. 27-35, 2017. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S1877065716300811?via%3Dihub. Acesso
em: 2 nov. 2018.

https://www.doi.org/10.1016/j.rehab.2016.07.002

BHAGANI, S.; KAPIL, V.; LOBO, M. D. Hypertension. Nature Reviews Disease Primers, [s.
1], v. 46, n. 9, p. 509-515, 2018. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S1357303918301555. Acesso em: 2 nov.
2018.

https://www.doi.org/10.1016/;.mpmed.2018.06.009

BUNDY, J. D.; LI, C.; STUCHLIK, P.; BU, X.; KELLY, T. N.; MILLS, K. T.; HE, H.;
CHEN, J.; WHELTON, P. K.; HE, J. Systolic Blood Pressure Reduction and Risk of
Cardiovascular Disease and Mortality: A Systematic Review and Network Meta-analysis.
JAMA cardiology, [s. 1.], v. 70118, n. 7, p. 775-781, 2017. Disponivel em:
http://www.ncbi.nlm.nih.gov/pubmed/28564682. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1001/jamacardio.2017.1421

CARDOSO JUNIOR, C. G.; FORJAZ, C. L. M.; ONEDA, B.; MORIYAMA, C. K,;
TINUCCI, T.; FONSECA, A. M. Climatério, Hipertensao arterial e qualidade de vida.
Hipertensao, [s. l.], v. 10, p. 144-151, 2007. Disponivel em:
http://www.sbh.org.br/hipertensao/2007 N4 V10/Rev_Hipertensdao 4 2007.pdf. Acesso em:
2 nov. 2018.


https://www.doi.org/10.4103/ijem.IJEM_620_17
https://www.doi.org/10.1007/s40264-014-0239-7
https://www.doi.org/10.1097/HJH.0000000000001305
https://www.doi.org/10.1016/j.rehab.2016.07.002
https://www.doi.org/10.1016/j.mpmed.2018.06.009
https://www.doi.org/10.1001/jamacardio.2017.1421

43

CARVALHO, R. S. T.; PIRES, C. M. R.; JUNQUEIRA, G. C.; FREITAS, D.; MARCHI-
ALVES, L. M. Hypotensive Response Magnitude and Duration in Hypertensives: Continuous
and Interval Exercise. Arquivos Brasileiros de Cardiologia, [s. L.], v. 104, n. 3, p. 23441,
2014. Disponivel em: http://www.gnresearch.org/doi/10.5935/abc.20140193. Acesso em: 2
nov. 2018.

https://www.doi.org/10.5935/abc.20140193

CORNELISSEN, V. A.; SMART, N. A. Exercise Training for Blood Pressure: A Systematic
Review and Meta-analysis. Journal of the American Heart Association, [s. l.], v. 2, n. 1, p.
€004473—-e004473, 2013. Disponivel em:
http://jaha.ahajournals.org/cgi/doi/10.1161/JAHA.112.004473. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1161/JAHA.112.004473

COSTA, J. G.; GIOLO, J. S.; MARIANO, 1. M.; BATISTA, J. P.; RIBEIRO, A. L. A;
SOUZA, T. C. F.; DE OLIVEIRA, E. P.; RESENDE, A. P. M.; PUGA, G. M. Combined
exercise training reduces climacteric symptoms without the additive effects of isoflavone
supplementation: A clinical, controlled, randomised, double-blind study. Nutrition and health,
[s. L], v. 23, n. 4, p. 271-279, 2017. Disponivel em:
http://journals.sagepub.com/doi/10.1177/0260106017727359. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1177/0260106017727359

COTE, A. T.; BREDIN, S. S. D.; PHILLIPS, A. A.; KOEHLE, M. S.; WARBURTON, D. E.
R. Greater autonomic modulation during post-exercise hypotension following high-intensity
interval exercise in endurance-trained men and women. European Journal of Applied
Physiology, [s. L], v. 115, n. 1, p. 81-89, 2015. Disponivel em:
http://link.springer.com/10.1007/s00421-014-2996-5. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1007/s00421-014-2996-5

DE SOUSA, E. C.; ABRAHIN, O.; FERREIRA, A. L. L.; RODRIGUES, R. P.; ALVES, E.
A. C.; VIEIRA, R. P. Resistance training alone reduces systolic and diastolic blood pressure
in prehypertensive and hypertensive individuals: Meta-analysis. Hypertension Research, [s.
1], v. 40, n. 11, p. 927-931, 2017. Disponivel em: http://dx.doi.org/10.1038/hr.2017.69.
Acesso em: 2 nov. 2018.

https://www.doi.org/10.1038/hr.2017.69

DI GIOSIA, P.; GIORGINI, P.; STAMERRA, C. A.; PETRARCA, M.; FERRI, C.;
SAHEBKAR, A. Gender Differences in Epidemiology, Pathophysiology, and Treatment of
Hypertension. Current Atherosclerosis Reports, [s. 1.], v. 20, n. 3, p. 13, 2018. Disponivel em:
http://link.springer.com/10.1007/s11883-018-0716-z. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1007/s11883-018-0716-z

GIOLO, J. S.; COSTA, J. G.; DA CUNHA-JUNIOR, J. P.; PAJUABA, A. C. A. M,;
TAKETOMI, E. A.; DE SOUZA, A. V.; CAIXETA, D. C.; PEIXOTO, L. G.; DE
OLIVEIRA, E. P.; EVERMAN, S.; ESPINDOLA, F. S.; PUGA, G. M. The effects of
1soflavone supplementation plus combined exercise on lipid levels, and inflammatory and
oxidative stress markers in postmenopausal women. Nutrients, [s. 1.], v. 10, n. 4, p. 1-11,
2018. Disponivel em: https://www.mdpi.com/2072-6643/10/4/424. Acesso em: 2 nov. 2018.
https://www.doi.org/10.3390/nul10040424



https://www.doi.org/10.5935/abc.20140193
https://www.doi.org/10.1161/JAHA.112.004473
https://www.doi.org/10.1177/0260106017727359
https://www.doi.org/10.1007/s00421-014-2996-5
https://www.doi.org/10.1038/hr.2017.69
https://www.doi.org/10.1007/s11883-018-0716-z
https://www.doi.org/10.3390/nu10040424

44

HACKAM, D. G. et al. The 2013 Canadian Hypertension Education Program
Recommendations for Blood Pressure Measurement, Diagnosis, Assessment of Risk,
Prevention, and Treatment of Hypertension. Canadian Journal of Cardiology, [s. 1.], v. 29, n.
5, p. 528-542, 2013. Disponivel em:
http://linkinghub.elsevier.com/retrieve/pii/S0828282X13000263. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1016/j.cjca.2013.01.005

HALLIWILL, J. R.; BUCK, T. M.; LACEWELL, A. N.; ROMERO, S. A. Postexercise
hypotension and sustained postexercise vasodilatation: What happens after we exercise?
Experimental Physiology, [s. .], v. 98, n. 1, p. 7-18, 2013. Disponivel em:
http://doi.wiley.com/10.1113/expphysiol.2011.058065. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1113/expphysiol.2011.058065

HANSEN, T. W.; THIJS, L.; L1, Y.; BOGGIA, J.; KIKUYA, M.; BIORKLUND-
BODEGARD, K.; RICHART, T.; OHKUBO, T.; JEPPESEN, J.; TORP-PEDERSEN, C.;
DOLAN, E.; KUZNETSOVA, T.; STOLARZ-SKRZYPEK, K.; TIKHONOFF, V.;
MALYUTINA, S.; CASIGLIA, E.; NIKITIN, Y.; LIND, L.; SANDOYA, E.; KAWECKA-
JASZCZ, K.; IMAL Y.; WANG, J.; IBSEN, H.; O’BRIEN, E.; STAESSEN, J. A. Prognostic
Value of Reading-to-Reading Blood Pressure Variability Over 24 Hours in 8938 Subjects
From 11 Populations. Hypertension, [s. L.], v. 55, n. 4, p. 1049-1057, 2010. Disponivel em:
http://hyper.ahajournals.org/cgi/doi/10.1161/HYPERTENSIONAHA.109.140798. Acesso
em: 2 nov. 2018.

https://www.doi.org/10.1161/HYPERTENSIONAHA.109.140798

HECKSTEDEN, A.; GRUTTERS, T.; MEYER, T. Association between postexercise
hypotension and long-term training-induced blood pressure reduction: A pilot study. Clinical
Journal of Sport Medicine, [s. 1.], v. 23, n. 1, p. 58-63, 2013. Disponivel em:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00042752-
201301000-00008. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1097/JSM.0b013e31825b6974

HERROD, P. J. J.; DOLEMAN, B.; BLACKWELL, J. E. M.; O’ BOYLE, F.; WILLIAMS, J.
P.; LUND, J. N.; PHILLIPS, B. E. Exercise and other nonpharmacological strategies to
reduce blood pressure in older adults: a systematic review and meta-analysis. Journal of the
American Society of Hypertension, [s. l.], v. 12, n. 4, p. 248-267, 2018. Disponivel em:
https://doi.org/10.1016/j.Jash.2018.01.008. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1016/j.jash.2018.01.008

HINDERLITER, A. L.; VOORA, R. A.; VIERA, A. J. Implementing ABPM into Clinical
Practice. Current Hypertension Reports [s. 1.], 2018. Disponivel em:
https://link.springer.com/article/10.1007%2Fs11906-018-0805-y. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1007/s11906-018-0805-y

LIN, Y. Y.; LEE, S. Da. Cardiovascular benefits of exercise training in postmenopausal
hypertension. International Journal of Molecular Sciences, [s. 1.], v. 19, n. 9, 2018. Disponivel
em: https://www.mdpi.com/1422-0067/19/9/2523. Acesso em: 2 nov. 2018.
https://www.doi.org/10.3390/iims19092523



https://www.doi.org/10.1016/j.cjca.2013.01.005
https://www.doi.org/10.1113/expphysiol.2011.058065
https://www.doi.org/10.1161/HYPERTENSIONAHA.109.140798
https://www.doi.org/10.1097/JSM.0b013e31825b6974
https://www.doi.org/10.1016/j.jash.2018.01.008
https://www.doi.org/10.1007/s11906-018-0805-y
https://www.doi.org/10.3390/ijms19092523

45

LOPEZ-SENDON, I.; SWEDBERG, K.; MCMURRAY, J.; TAMARGO, J.; AP, A. M_;
DARGIE, H.; TENDERA, M.; WAAGSTEIN, F.; KIEKSHUS, J.; LECHAT, P.; TORP-
PEDERSEN, C.; CARDIOLOGY, T. F. O. B.-B. of the E. S. of; UK, J. M.; UK, H. D.;
POLAND, M. T.; KIEKSHUS, J.; FRANCE, P. L.; DENMARK, C. T.; COMMITTEE, E. S.
C.; CPG, G.; PRIORI, S. G.; ANGELES, M.; GARC, A.; FRANCE, K. M.; UK, K. A. F;
UK, D. J.; IRELAND, P. K.; KLEIN, W. Expert consensus document on -adrenergic
receptor blockers: The Task Force on Beta-Blockers of the European Society of Cardiology.
European Heart Journal, [s. L.], v. 25, n. 15, p. 1341-1362, 2004. Disponivel em:
https://academic.oup.com/eurheartj/article-lookup/doi/10.1016/j.ehj.2004.06.002. Acesso em:
2 nov. 2018.

https://www.doi.org/10.1016/1.ehj.2004.06.002

MALACHIAS, M. et al. 7a Diretriz Brasileira de Hipertensdao Arterial. Arquivos Brasileiros
de Cardiologia, [s. 1.], v. 107, n. 3, p. 01-83, 2016. Disponivel em:
http://publicacoes.cardiol.br/2014/diretrizes/2016/05_HIPERTENSAO_ARTERIAL.pdf.
Acesso em: 2 nov. 2018.

https://www.doi.org/10.5935/abc.20160151

MUIESAN, M. L.; PAINI, A.; AGGIUSTI, C.; BERTACCHINI, F.; ROSEI C. A.;
SALVETTI, M. Hypertension and Organ Damage in Women. High Blood Pressure and
Cardiovascular Prevention, [s. 1.], v. 25, n. 3, p. 245-252, 2018. Disponivel em:
https://doi.org/10.1007/s40292-018-0265-0. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1007/s40292-018-0265-0

NACI, H.; SALCHER-KONRAD, M.; DIAS, S.; BLUM, M. R.; SAHOO, S. A.; NUNAN,
D.; IOANNIDIS, J. P. A. How does exercise treatment compare with antihypertensive
medications ? A network meta-analysis of 391 randomised controlled trials assessing exercise
and medication effects on systolic blood pressure. British Journal of Sports Medicine. [s. 1.],
v. 0, n. 0, p. 1-12, 2018. Disponivel em:
https://bjsm.bmj.com/content/early/2018/12/05/bjsports-2018-099921. Acesso em: 2 nov.
2018.

https://www.doi.org/10.1136/bjsports-2018-099921

PARATI, G.; OCHOA, J. E.; LOMBARDI, C.; BILO, G. Assessment and management of
blood-pressure variability. Nature Reviews Cardiology, [s. L], v. 10, n. 3, p. 143-155, 2013.
Disponivel em: http://www.nature.com/articles/nrcardio.2013.1. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1038/nrcardio.2013.1

PEDRALLI, M. L.; WACLAWOVSKY, G.; CAMACHO, A.; MARKOSKI, M. M.;
CASTRO, I.; LEHNEN, A. M. Study of endothelial function response to exercise training in
hypertensive individuals (SEFRET): Study protocol for a randomized controlled trial. Trials,
[s. L], v. 17,n. 1, p. 84, 2016. Disponivel em: http://www.trialsjournal.com/content/17/1/84.
Acesso em: 2 nov. 2018.

https://www.doi.org/10.1186/s13063-016-1210-y

QUEIROZ, A.; SOUSA, J.; SILVA, N.; TOBALDINL, E.; ORTEGA, K.; DE OLIVEIRA, E.;
BRUM, P.; MONTANO, N.; MION, D.; TINUCCI, T.; DE MORAES FORJAZ, C. Captopril


https://www.doi.org/10.1016/j.ehj.2004.06.002
https://www.doi.org/10.5935/abc.20160151
https://www.doi.org/10.1007/s40292-018-0265-0
https://www.doi.org/10.1136/bjsports-2018-099921
https://www.doi.org/10.1038/nrcardio.2013.1
https://www.doi.org/10.1186/s13063-016-1210-y

46

does not Potentiate Post-Exercise Hypotension: A Randomized Crossover Study. International
Journal of Sports Medicine, [s. 1.], v. 38, n. 04, p. 270-277, 2017. Disponivel em:
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0042-123044. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1055/s-0042-123044

RAMIREZ-JIMENEZ, M.; FERNANDEZ-ELIAS, V.; MORALES-PALOMO, F.; ORTEGA,
J. F.; MORA-RODRIGUEZ, R. Intense aerobic exercise lowers blood pressure in individuals
with metabolic syndrome taking antihypertensive medicine. Blood Pressure Monitoring, [s.
1.], v. 23, n. 5, p. 230-236, 2018a. Disponivel em:
https://insights.ovid.com/crossref?an=00126097-201810000-00003. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1097/MBP.0000000000000328

RAMIREZ-JIMENEZ, M.; MORALES-PALOMO, F.; ORTEGA, J. F.; MORA-
RODRIGUEZ, R. Effects of intense aerobic exercise and/or antihypertensive medication in
individuals with metabolic syndrome. Scandinavian Journal of Medicine and Science in
Sports, [s. L], v. 28, n. 9, p. 2042-2051, 2018b. Disponivel em:
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13218. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1111/sms.13218

SANTOS-PARKER, J. R.; LAROCCA, T. J.; SEALS, D. R. Aerobic exercise and other
healthy lifestyle factors that influence vascular aging. Advances in Physiology Education, [s.
1.], v. 38, n. 4, p. 296-307, 2014. Disponivel em:
http://ajpadvan.physiology.org/lookup/doi/10.1152/advan.00088.2014. Acesso em: 2 nov.
2018.

https://www.doi.org/10.1152/advan.00088.2014

SON, W.-M.; SUNG, K.-D.; CHO, J.-M.; PARK, S.-Y. Combined exercise reduces arterial
stiffness, blood pressure, and blood markers for cardiovascular risk in postmenopausal
women with hypertension. Menopause, [s. L.], v. 24, v. 2016/10/26, n. 3, p. 262-268, 2017a.
Disponivel em: http://insights.ovid.com/crossref?an=00042192-201703000-00006. Acesso
em: 2 nov. 2018.

https://www.doi.org/10.1097/GME.0000000000000765

SON, W. M.; SUNG, K. D.; BHARATH, L. P.; CHOI, K. J.; PARK, S. Y. Combined
exercise training reduces blood pressure, arterial stiffness, and insulin resistance in obese
prehypertensive adolescent girls. Clinical and Experimental Hypertension, [s. .], v. 39, v.
2017/06/08, n. 6, p. 546-552, 2017b. Disponivel em:
https://www.tandfonline.com/doi/abs/10.1080/10641963.2017.1288742?journal Code=iceh20.
Acesso em: 2 nov. 2018.

https://www.doi.org/10.1080/10641963.2017.1288742

STEVENS, S. L.; WOOD, S.; KOSHIARIS, C.; LAW, K.; GLASZIOU, P.; STEVENS, R. J,;
MCMANUS, R. J. Blood pressure variability and cardiovascular disease: Systematic review
and meta-analysis. BMJ (Online), [s. 1.], v. 354, p. 14098, 2016. Disponivel em:
http://www.bmj.com/lookup/doi/10.1136/bm;j.i14098. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1136/bmj.i4098

TIBANA, R. A.; DE SOUSA, N. M. F.; DA CUNHA NASCIMENTO, D.; PEREIRA, G. B;;


https://www.doi.org/10.1055/s-0042-123044
https://www.doi.org/10.1097/MBP.0000000000000328
https://www.doi.org/10.1111/sms.13218
https://www.doi.org/10.1152/advan.00088.2014
https://www.doi.org/10.1097/GME.0000000000000765
https://www.doi.org/10.1080/10641963.2017.1288742
https://www.doi.org/10.1136/bmj.i4098

47

THOMAS, S. G.; BALSAMO, S.; SIMOES, H. G.; PRESTES, J. Correlation between acute
and chronic 24-hour blood pressure response to resistance training in adult women.
International Journal of Sports Medicine, [s. l.], v. 36, n. 1, p. 82—89, 2015. Disponivel em:
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0034-1382017. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1055/s-0034-1382017

VINET, A.; OBERT, P.; COURTEIX, D.; CHAPIER, R.; LESOURD, B.; VERNEY, J.;
DUTHEIL, F.; WALTHER, G. Different modalities of exercise improve macrovascular
function but not microvascular function in metabolic syndrome: The RESOLVE randomized
trial. International Journal of Cardiology, [s. l.], v. 267, p. 165—170, 2018. Disponivel em:
https://doi.org/10.1016/].1ijcard.2018.05.073. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1016/j.ijcard.2018.05.073

WARD, K.; DENERIS, A. An Update on Menopause Management. Journal of Midwifery &
Women'’s Health, [s. 1.], p. 1-10, 2018. Disponivel em:
http://doi.wiley.com/10.1111/jmwh.12737. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1111/jmwh.12737

WASSERTHEIL-SMOLLER, S.; ANDERSON, G.; PSATY, B. M.; BLACK, H. R;;
MANSON, J.; WONG, N.; FRANCIS, J.; GRIMM, R.; KOTCHEN, T.; LANGER, R_;
LASSER, N. Hypertension and Its Treatment in Postmenopausal Women: Baseline Data from
the Women’s Health Initiative. Hypertension, [s. 1.], v. 36, p. 780—789, 2000. Disponivel em:
http://hyper.ahajournals.org/content/36/5/780%5CnPermissions. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1161/01.HYP.36.5.780

WHELTON, P. K.; CAREY, R. M.; ARONOW, W. S.; OVBIAGELE, B.; CASEY, D. E.;
SMITH, S. C.; COLLINS, K. J.; SPENCER, C. C.; HIMMELFARB, C. D.; STAFFORD, R.
S.; DEPALMA, S. M.; TALER, S. J.; GIDDING, S.; THOMAS, R. J.; JAMERSON, K. A;;
WILLIAMS, K. A.; JONES, D. W.; WILLIAMSON, J. D.; MACLAUGHLIN, E. J;
WRIGHT, J. T.; MAURI, L. 2017 Guideline for the Prevention, Detection, Evaluation, and
Management of High Blood Pressure in Adults A Report of the American College of
Cardiology/The American Heart Association. Journal of American College of Cardiology, [s.
L], v. 71, n. 6, p. 283, 2017. Disponivel em: http://www.ncbi.nlm.nih.gov/pubmed/29133356.
Acesso em: 2 nov. 2018.

https://http://doi.org/10.1016/].jacc.2017.07.745

WIYSONGE, C.; BRADLEY, H.; VOLMINK, J.; MAYOSI, B.; OPIE, L. Beta-blockers for
hypertension ( Review ). Cochrane Database of Systematic Reviews. [s. .], n. 1, 2017.
Disponivel em:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002003.pub5/full. Acesso
em: 2 nov. 2018.

https://www.doi.org/10.1002/14651858.CD002003.pub5

ZANESCO, A.; ZAROS, P. R. Exercicio fisico e menopausa. Revista Brasileira de
Ginecologia e Obstetricia, [s. 1], v. 31, n. 5, 2009. Disponivel em:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
72032009000500009&Ing=pt&nrm=iso&tlng=pt. Acesso em: 2 nov. 2018.
https://www.doi.org/10.1590/S0100-72032009000500009



https://www.doi.org/10.1055/s-0034-1382017
https://www.doi.org/10.1016/j.ijcard.2018.05.073
https://www.doi.org/10.1111/jmwh.12737
https://www.doi.org/10.1161/01.HYP.36.5.780
https://http/doi.org/10.1016/j.jacc.2017.07.745
https://www.doi.org/10.1002/14651858.CD002003.pub5
https://www.doi.org/10.1590/S0100-72032009000500009

48

ZILBERMAN, J. M.; CEREZO, G. H.; DEL SUELDO, M.; FERNANDEZ-PEREZ, C.;
MARTELL-CLAROS, N.; VICARIO, A. Association Between Hypertension, Menopause,
and Cognition in Women. Journal of clinical hypertension (Greenwich, Conn.), [s. L], v. 17,
n. 12, p. 970-976, 2015. Disponivel em: http://doi.wiley.com/10.1111/jch.12643. Acesso em:
2 nov. 2018.

https://www.doi.org/10.1111/jch.12643



https://www.doi.org/10.1111/jch.12643

