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RESUMO

EFEITOS DO METODO PILATES E DO TREINO AEROBICO EM SUJEITOS
HIPERTENSOS: ENSAIO CLINICO RANDOMIZADO
AUTORA: Tainara Tolves
ORIENTADOR: Antbnio Marcos Vargas da Silva

A hipertensdo arterial (HA) € um problema mundial que vem causando
elevados indices de morbimortalidade e prejuizos financeiros as sociedades. No
tratamento ndo farmacolégico da HA, as mais diversas diretrizes indicam o
treinamento aerdbico como intervencao fundamental para a melhora destes sujeitos.
O exercicio aerdbico produz inumeros beneficios na populacdo hipertensa, como:
reducdo da presséao arterial, melhora na aptidao cardiorrespiratéria, na variabilidade
da frequéncia cardiaca, no perfil lipidico e metabdlico e na qualidade de vida. O
método Pilates, tem se mostrado grande aliado ndo sé para melhora no
fortalecimento muscular e flexibilidade, como também para melhora da capacidade
respiratoria de individuos saudaveis. Além disso, em hipertensos, tém demonstrado
reducd@o na pressao arterial. O objetivo deste ensaio clinico randomizado € comparar
os efeitos do exercicio aerobico e do método Pilates em sujeitos com HA. Foram
recrutados sujeitos com diagnostico de HA, sedentérios, oriundos da comunidade,
em uso de anti-hipertensivo. O estudo foi realizado nos laboratorios de reabilitacao,
de percepcgdo corporal e de pesquisa em bioquimica clinica, nos prédios 26 e 26-D,
da UFSM, e contou com avaliagcbes antropométricas, medidas de pressao arterial
(casual e 24 horas), variabilidade da frequéncia cardiaca, composi¢cao corporal e
capacidade funcional. Os sujeitos foram randomizados para treinamento com o
método Pilates no solo ou com exercicio aerdbico em esteira ergométrica, durante
oito semanas. Para analise dos dados, foi utilizado o programa GraphPad Prism 5. O
ensaio foi registrado no Clinical Trials, antes do inicio das coletas e aceito pelo
Comité de ética e pesquisa da UFSM. Nao houve mudangas significativas na
pressdo arterial casual e no balanco autondmico em ambos 0s grupos. Houve
reducdo na pressao arterial sistélica, pressdo arterial diastélica e média, medida em
24h, no grupo Pilates. O Pilates teve uma reducdo maior em 24h da PAS em
comparacao com o exercicio aerdbico (diferenca média -5,5 mmHg, 95% IC -10,6 a -
0,4). O grupo gque realizou exercicio aerébico aumentou a capacidade funcional em
relacdo ao grupo Pilates. O método Pilates foi superior ao treino aerdbico no controle
da pressao arterial, principalmente a sistolica, quando monitorada por 24 horas, mas
apenas o exercicio aerébico melhorou a capacidade funcional.

Palavras-chave: Hipertensdo Arterial. Pressdo Arterial. Método Pilates.
Exercicio Aerdbico.



ABSTRACT

EFFECTS OF THE PILATES METHOD AND AEROBIC TRAINING IN
HYPERTENSIVE SUBJECTS: RANDOMIZED CLINICAL TRIAL
AUTHOR: Tainara Tolves
ADVISOR: Antdnio Marcos Vargas da Silva

Hypertension is a worldwide problem that has been causing high rates of
morbimortality and financial losses to the society. In the non-pharmacological
hypertension study treatment, the most diverse guidelines indicate aerobic training as
a fundamental intervention to the improvement of these subjects. Aerobic exercise
produces numerous benefits in the hypertensive population, such as: reduction of
blood pressure, improvement in cardiorespiratory fitness, lipid and metabolic profile
and autonomic balance. The Pilates method has been shown to be a great ally not
only for the improvement of muscle strength and flexibility, but also to improve the
respiratory capacity of healthy individuals. In addition, in hypertense subject there
was a reduction in blood pressure. The purpose of this clinical trial is to compare the
effects of aerobic exercise and Pilates in individuals with hypertension. Subjects with
hypertension diagnosis were recruited as well as sedentary ones, from the
community, under use of anti hypertensive medicine. The was carried at the
laboratories for rehabilitation, body perception and biochemistry research clinic,
buildings 26 and 26-D, UFSM, and had anthropometric assessments, measures of
blood pressure (casual and 24-hour), heart rate variability, body composition and
functional capacity. The subjects were randomised to the training with Pilates method
on the ground or with aerobic exercise on the treadmill for eight weeks. To analyse
the data, the program GraphPad Prism 5 was used. The trial was registered in the
Clinical Trials before the beginning of the collections and accepted by the UFSM
Ethics and Research Committee. There were no significant changes in casual blood
pressure and autonomic balance in both groups. There was a reduction in systolic
blood pressure, diastolic and mean arterial pressure, measured in 24 hours, in the
Pilates group. Pilates had a greater 24 h reduction of SBP compared to aerobic
exercise (mean difference -5.5 mmHg, 95% CIl -10.6 to -0.4). The group that
performed aerobic exercise increased the functional capacity compared to the Pilates
group.The Pilates method was superior to aerobic training in controlling blood
pressure, especially the systolic one, when monitored for 24 hours, but only the
aerobic exercise has improved the functional capacity.

Key-words: Hypertension. Blood Pressure. Pilates method. Aerobic Exercise.



LISTA ABREVIATURAS E SIGLAS

AVC Acidente vascular encefalico

ECA Enzima conversora de angiotensina
DCV Doenca Cardiovascular

FC Frequéncia cardiaca

FR Frequéncia respiratoria

HA Hipertenséo arterial

HF Componente de alta frequéncia
IMC indice de massa corporal

LF Componente de baixa frequéncia

MAPA  Monitorizagdo Ambulatorial da Presséo Arterial

MP Método Pilates

NO Oxido nitrico

PA Presséao arterial

PAS Presséo arterial sistolica
PAD Pressao arterial diastolica
SNA Sistema nervoso autbnomo

Sp0O2 Saturacao periférica de oxigénio

TC6 Teste de caminha de 6 minutos

VFC Variabilidade da frequéncia cardiaca

UFSM  Universidade Federal de Santa Maria
UHF Componente de ultra alta frequéncia

VLF Componente de muito baixa frequéncia
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1 INTRODUGCAO

A hipertensdo arterial (HA) tem aumentado nos ultimos anos, tendo
prevaléncia em 85,7 milhdes de adultos americanos (AMERICAN HEART
ASSOCIATION, 2017). No Brasil, a HA é fator contribuinte, direta ou indiretamente,
para 50% das mortes por doenca cardiovascular, atingindo 32,5% dos brasileiros
adultos, e mais de 60% dos idosos (SCALA et al.,, 2015). Além disso, suas
complicacfes (cardiacas, renais e acidente vascular enceféalico) ttm impacto elevado
na renda familiar e na perda da produtividade do trabalho, estimada em US$4,18
bilhdes entre os anos de 2006 e 2015 (ABEGUNDE et al., 2007).

Em 2018, houve uma nova definicdo para HA: presséao arterial sistdlica (PAS)
de 130-139 mmHg ou pressao arterial diastélica (PAD) de 80-89 mmHg (WHELTON
et al., 2018). Segundo este guideline, a atualizagdo ocorreu devido a varios novos
estudos terem encontrado um aumento progressivo do risco de desenvolver doengas
cardiovasculares (DCV) em pessoas com a pressdo arterial normal, elevada, até
hipertensdo estagio | (WHELTON et al., 2018). Com isso, hd um aumento
substancial na prevaléncia de HA, sendo que em adultos norte-americanos passou
de 32% para 46% (WHELTON et al., 2018).

A alta prevaléncia da doenca na populacao esta sendo impulsionada por dois
fenbmenos: a crescente prevaléncia de obesidade, que é observada nos paises em
desenvolvimento e nos paises desenvolvidos e 0 aumento da idade da populacdo. A
ingestdo elevada de sal na dieta também é um fator importante a ser considerado
em algumas sociedades (WEBER et al., 2013). Outras causas podem ser
encontradas para o desenvolvimento da HA como: estilo de vida sedentario, fatores
genéticos, secundaria a doenca renal crénica, secrecao excessiva de aldosterona no
organismo, apnéia do sono (WEBER et al., 2013), raca/etnia, menor escolaridade e
nivel socioecondmico, uso de tabaco, estressores psicossociais e fatores dietéticos
(consumo excessivo de alcool, maior consumo de gorduras, sédio e menor ingestao
de potassio) (AMERICAN HEART ASSOCIATION, 2017), entre outras.

A regulagéo da pressao arterial (PA) é complexa e ocorre por diferentes vias
no organismo, as vias rapidas (via neurogénica e miogénica) e por via lenta (sistema
renina-angiotensina-aldosterona) (KRIEGER et al., 2013). A via lenta ocorre nos rins,

onde a enzima renina é liberada. Essa enzima transforma o angiotensinogénio
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liberado pelo figado, formando angiotensina |, convertida em angiotensina Il pela
enzima ECA (enzima conversora de angiotensina) (KRIEGER et al., 2013). As acdes
da angiotensina Il no organismo s&o: vasoconstricAo dos vasos sanguineos
periféricos, liberacdo de oxido nitrico (NO), ativacdo do sistema nervoso simpatico e
reducdo do sistema barorreflexo (SANTOS; FAGUNDES-MOURA; SILVA, 2000).
Também age sobre a glandula suprarrenal, para a producdo de aldosterona, que
estimula a reabsorcdo de agua e sodio no organismo (KRIEGER, et al., 2013). A
hiperatividade deste sistema € crucial para o desenvolvimento e manutencdo da
hipertensdo (YAMAZAKI, et al., 1999), além disso, a acao direta da angiotensina |l
sobre o mdusculo liso vascular e sobre a regulacdo do volume por meio da
aldosterona e suas acdes central e periférica no controle da atividade simpatica
contribuem para o processo hipertensivo (IRIGOYEN; CONSOLIM-COLOMBO;
KRIEGER, 2001).

Na via miogénica, as catecolaminas e o fluxo sanguineo, atritando contra as
paredes do vaso sanguineo, induzem a respostas bioquimicas que estimulam o
endotélio. A acdo endotelial ativa a enzima NO sintase, formando NO (6xido nitrico),
que sai do endotélio e, na musculatura lisa, promove relaxamento da musculatura e
inibe a agregacao plaquetaria, constituindo um efeito anticoagulante e antitrombotico
(KRIEGER et al., 2013). Sendo o NO um potente vasodilatador, assume papel
importante no controle da PA (ZAGO; ZANESCO, 2006), com funcao protetora na
HA (VIARO; NOBRE; EVORA, 2000). Na HA ha disfuncdo no endotélio vascular,
com impedimento do vaso-relaxamento, causada por menor atividade do NO, devido
entre outras causas ao estresse oxidativo, que por formar uma parcela maior de
radicais livres, € um desequilibrio entre os sistemas pro-oxidantes e antioxidantes
(VASCONCELOS et al., 2007). Esse excesso de radicais livres por sua vez, ativa a
inflamag&o, aumentando a permeabilidade vascular.

Ja na via neurogénica da regulacdo da PA, had acdo de barorreceptores,
localizados no arco aértico e seio carotideo, que se ligam ao sistema nervoso central
através de suas terminagdes nervosas livres. Os potenciais de acdo gerados pelos
barorreceptores excitam o0 sistema nervoso parassimpatico, que determina a
diminuicdo da frequéncia cardiaca (FC), aumento da atividade do nervo vago e
queda da resisténcia vascular periférica, levando a reducdo da PA (IRIGOYEN;
CONSOLIM-COLOMBO; KRIEGER, 2001). O coracao recebe inervacdo de ambas
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as divisbes do sistema nervoso autdnomo (SNA), simpatica e parassimpatica
(COOTE, 2007), sendo o SNA de extrema importancia para a coordenacgdo da
funcdo cardiovascular. Assim, ele permite, através de suas respostas reflexas,
ajustes do débito cardiaco e da resisténcia vascular periférica, o que contribui para o
equilibrio e manutencdo da PA sistémica durante diferentes situacdes fisiologicas
(IRIGOYEN; CONSOLIM-COLOMBO; KRIEGER, 2001).

Além de colaborar para a regulacdo da PA, a relacdo entre a modulacao
simpatica e parassimpatica (controle autondémico) determina a variabilidade da
frequéncia cardiaca (VFC) (RIBEIRO, et al., 2000), que contribui para a manutengéo
da homeostase no organismo (NOVAIS, et al.,, 2004; VASEGHI; SHIVKUMAR,
2008), e também é uma das mais confiaveis e acessiveis fontes de informacéo sobre
a integridade da modulacdo do SNA sobre o coracdo (RIZAS, et al., 2014).
Alteracbes na FC sédo normais e indicam a habilidade do coracdo em responder aos
multiplos estimulos ambientais e fisiolégicos, caracterizando a VFC (VANDERLEI et
al., 2009).

A VFC é uma medida ndo invasiva, que descreve as oscilacdes dos intervalos
R-R entre os batimentos cardiacos consecutivos (VANDERLEI et al., 2009), sendo
considerada um indice de responsividade autonémica (ACHTEN; JEUKENDRUP,
2003). As oscilagbes entre as ondas R-R, podem ser captadas por instrumentos
como conversores analdgicos digitais, eletrocardidégrafos, e cardiofrequencimetros,
gue se localizam em pontos especificos do corpo através de sensores externos
colocados nessas regides (VANDERLEI et al., 2009).

A VFC pode ser analisada no dominio do tempo e da frequéncia; no dominio
do tempo abrange o desvio padrdo dos intervalos de pulso normais dentro de um
periodo definido, o nimero de diferencas de intervalos cardiacos sucessivos maior
do que 50 ms divididos pelo numero total de intervalos, a média aritmética dos
desvios padrao obtida a cada intervalo de 5 minutos durante registro com periodo de
24 horas e as variagdes dessas formulas (TASK FORCE OF THE EUROPEAN
SOCIETY, 1996). Ja no dominio da frequéncia ou andlise espectral, ocorre
decomposicdo da VFC em componentes oscilatorios fundamentais, sendo o0s
principais: componente de alta frequéncia (HF) que corresponde a modulacao
respiratéria e € um indicador da atuacdo do nervo vago sobre o coragéo;

componente de baixa frequéncia (LF) que representa a acgdo conjunta dos
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componentes vagal e simpatico sobre o coracdo com predominancia do simpatico;
componente de muito baixa frequéncia (VLF) e ultrabaixa frequéncia (ULF), que
parecem estar relacionados ao sistema renina-angiotensina-aldosterona; e a relacao
LF/HF que reflete as alteracbes entre os componentes simpatico e parassimpatico
do SNA, caracterizando o balango autonémico sobre o coracdo (VANDERLEI et al.,
2009).

Estudos demonstraram que em hipertensos a atividade simpatica neural basal
estd aumentada durante os estagios iniciais de desenvolvimento da HA (MANCIA et
al., 1993). Estudos também indicaram a diminuicdo da VFC nesses individuos
(JUNIOR; MOREIRA; DAHER, 2004; KARAS et al. 2008). Sabemos que uma alta
VFC caracteriza o individuo saudavel com eficiente SNA, sendo sinal de boa
adaptacdo (ROQUE, 2009), ja uma VFC reduzida é fator de previsao importante de
complica¢Bes arritmicas, parada cardiaca e de mortalidade (ROBERTS, 2009).

Além das alteragbes da VFC em hipertensos, a PAS também encontra-se
alterada, sendo que ela tem papel fundamental para o diagndstico da maioria dos
hipertensos (WEBER, et al., 2013). Diferencas entre medidas em cada braco desta
variavel é comumente encontrada e associa-se ao aumento de eventos
cardiovasculares futuros (WEINBERG, et al., 2014). Uma diminuigdo de 10 mmHg
na PAS reduz o risco de eventos por DCV grave em 20% e de acidente vascular
encefalico (AVC) em 27% (ETTEHAD et al., 2016) além disso, sabe-se que acima
de 115/75 mmHg, para cada aumento de 20 mmHg na PAS ou 10 mmHg na PAD, o
risco de AVC e eventos cardiovasculares dobra (WEBER et al., 2013).

Medidas de monitorizacdo ambulatoriais da PA sdo superiores a medidas
convencionais em predizer eventos cardiovasculares (KIKUYA et al., 2007), uma das
formas de monitorizacdo ambulatorial utilizada € a MAPA (Monitorizacdo
Ambulatorial da Pressdo Arterial) de 24h. Ela apresenta algumas vantagens ao ser
utilizada como: poder avaliar a PA durante sono, elevacdo matinal e durante as
atividades de vida diaria, atenua o efeito do observador sobre a PA, elimina o viés
de registro, entre outras (SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2011).

Apesar das abordagens bem estabelecidas para diagndéstico e tratamento, o
sucesso do tratamento da hipertensdo tem sido limitado em muitas comunidades,
sendo que menos da metade de todos os hipertensos tém PA controlada

adequadamente (WEBER et al.,, 2013). Para a prevencédo e tratamento da HA,
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segundo a 72 Diretriz Brasileira de Hipertensao Arterial (2016), recomenda-se o
treinamento aerdbico como principal modalidade de intervengdo ndo farmacolégica,
com frequéncia minima de trés vezes na semana, durante 30 minutos no minimo.

Além dos diversos protocolos de treino aerObico que podem repercutir
positivamente na reducdo dos niveis de presséo arterial (SANTOS et al., 2015) e
melhorar a VFC (JUNIOR et al., 2010), eficiéncia ventilatéria (SAUER; PEREZ;
CARLETTI, 2014), entre outros; outras modalidades de exercicio fisico também tém
sido utilizadas na reabilitacdo de sujeitos com HA, como treino resistido, treino
combinado (aerbbico+ resistido) e isométrico, sendo que todas modalidades
diminuem PAS e PAD (HERROD et al., 2018).

Dentre as modalidades, o método Pilates (MP) foi recentemente testado em
mulheres hipertensas e promoveu reducdo da pressdo arterial avaliada pelas
medidas ambulatorial e de 24 horas, tanto em vigilia quanto durante o sono
(MARTINS- MENEZES et al., 2015). O MP foi desenvolvido por Joseph Pilates e é
um método de alongamento e fortalecimento muscular, que utiliza contracdes
excéntricas, concéntricas e isométricas (MUSCULINO; CIPRIANI, 2004). O método
tem como objetivo: melhorar a saude geral e flexibilidade, enfatizando o
fortalecimento do tronco, postura, e combinar a respiragdo com a execucdo de
movimentos (ISACOWITZ; CLIPPINGER, 2013; LATEY, 2001). E baseado em seis
principios fundamentais: concentracdo, centro, controle, precisdo, fluxo do
movimento e respiracdo (MUSCULINO; CIPRIANI, 2004; ISACOWITZ,
CLIPPINGER, 2013).

O MP tem sido uma opc¢ao terapéutica utilizada para diversos fins, como para
reabilitacdo, prevencdo e condicionamento fisico (ANDRADE et al., 2015). Os
beneficios do MP estdo sendo evidenciados ao longo dos ultimos anos, em estudo
no qual Giacomini e colaboradores (2016) encontraram que o MP promove
hipertrofia muscular da parede abdominal, aumento na for¢ga muscular respiratoria e
melhora do desempenho respiratério. Outros relatos demonstraram os efeitos
positivos do MP na funcdo cardiorrespiratéria em sedentarios (LIBERALINO;
SOUSA; SILVA, 2013), na reducao do indice de massa corporal de adolescentes
(JAGO et al., 2006) e na melhora da capacidade funcional em pacientes com
insuficiéncia cardiaca (GUIMARAES et al., 2012).
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Ha poucas evidéncias quanto aos beneficios do MP em hipertensos até o
momento. Ja que os programas de exercicio fisico sdo essenciais nesta populacao,
o desenho deste estudo permitird a comparacao do exercicio aerébico, amplamente
utilizado como padrao-ouro no manejo da HA, com o MP, que podera se mostrar
como uma nova alternativa de terapia ndo farmacoldgica a estes pacientes. Por ser
um meétodo que utiliza varios exercicios na mesma sesséo e que estimula diferentes
habilidades do individuo, que permite atividades em grupo, podendo beneficiar um
maior de numero de sujeitos, é de baixo custo, possui poucas contraindicacfes e
raras reacdes adversas, o MP pode se tornar um grande atrativo, elevando a
aderéncia de pacientes ao tratamento.

Diante do exposto, o0 objetivo geral deste trabalho foi comparar os efeitos do
método Pilates e do treino aerébico em hipertensos. A seguir sera apresentado o
primeiro artigo desenvolvido sobre este trabalho, padronizado nas normas da revista
Journal of Physiotherapy, fator de impacto 4.542 e Qualis A1(Educacao fisica).
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ABSTRACT

Question: Is the Pilates method more effective than the aerobic exercise to
reduce blood pressure in hypertensive individuals? Design: Randomised trial,
concealed allocation, blinded assessor, with 24 participants. Participants:
Hypertensive, sedentary, with antihypertensive medication. Intervention: The
aerobic exercise group (AEG) was treated in 8 weeks, three sessions per week, of 60
minutes, with moderate training. The Pilates method group (PMG) received 2
sessions per week, of 60 minutes, during the same period. Outcome measures:
Primary outcome was casual systolic blood pressure (SBP). Secondary outcomes
were ambulatory blood pressure of 24h, 6 minute walk test (6-MWT) and autonomic
balance evaluated by heart rate variability. Measures were taken pre and post
intervention. Results: The groups were similar on admisson to the study. There were
no significant changes on casual blood pressure in both groups. There was a
reduction on SBP, diastolic and mean blood pressure (MBP), measured on 24h, in
PMG. There was also a 24h SBP reduction in the AEG. The PMG had a greater
reduction on 24h SBP and MBP in comparison to AEG (mean difference -3.4 mmHg,
95% CI -6.6 to -0.2 and -3.3 mmHg, 95% CI -6.3 to -0.3). The PMG had a smaller
distance in 6-MWT in comparison to AEG (mean difference -70.6 m, 95% CI -117.1
to -24.1). The autonomic balance not changed in both groups. Conclusion: The
Pilates method was superior to aerobic training in control blood pressure monitored
for 24 hours in hypertensive, but not on functional capacity or autonomic balance.
Trial registration: NCT03214016.

INTRODUCTION

The most common chronical condition treated with in the primary care is the
hypertension,* reaching approximately 86 million US adults from 2011 to 2014.2
Recently there was an update about the classification of hypertension® and the
control of this disease is important because the studies show that the lowering in
blood pressure (BP) decreases the risk of cardiovascular disease (CVD) and death in
many groups of patients.*

The physical inactivity is an important risk factor for stroke and CVD® and
higher physical fitness delayed the time to onset of hypertension moreover decline

the rate of rise in systolic blood pressure (SBP) over time.® Less than a half of the
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hypertensive patients have the BP under control' and the antihypertensive effect of
the interventions varies according to the adherence of the patients to the therapies.’
The non-pharmacological treatment indicated for hypertensive patients is lifestyle
changes,’ like for example, aerobic exercise recommended as a gold standard by
lowering BP levels® and preventing cardiovascular events.®

Also, evidences have demonstrated that other types of physical exercise are
also beneficial to hypertensive, such as resistance, combined exercise and isometric
exercise® and slow deep breathing.'® A therapeutic option, used for various purposes
in physiotherapy is the Pilates method (PM),** a unique method of strengthening and
stretching exercises, wrapping concentric, eccentric and isometric contractions.*? The
method was tested in hypertensive women, improving the ambulatories BP and of
24-hour BP (during awake and asleep).’®* Furthermore, the PM improving
cardiorespiratory function in sedentaries,** promoted reduction in body mass index
(BMI) in obese teens™ and improved functional capacity and decrease rest diastolic
blood pressure (DBP) in patients with heart failure.®

Until now, no relevant studies have compared a program of usual standard
(aerobic exercise) with the Pilates Method, a promising method, on BP (by casual BP
and 24-hour ambulatory blood pressure monitoring), autonomic balance and
functional capacity in the hypertensive group. Therefore, the aims of this randomised
trial were to answer the following questions:

1. Is the Pilates method more effective than the aerobic exercise to reduce
blood pressure in hypertensive individuals?

2. Is the Pilates method more effective than the aerobic exercise to

improving functional capacity and autonomic balance in hypertensive?

METHODS
Design

This was a randomised, supervised trial with concealed allocation and blinded
evaluators; it was approved by the research ethics committee of the university.

The trial compared the aerobic exercise to PM in people with high blood
pressure and it was registered on clinicaltrials.gov. Randomisation was conducted by
an independent person offsite using a site random.org, randomly ordered a list of 30

allocations with a 1:1 allocation ratio. The allocations were concealed in sealed,



18

numbered, opaque envelopes. Participants were randomised for the trial after the first
evaluation, once they had met the eligibility criteria, given informed consent, and
completed baseline measurement tests. This study started on July 2017 and finished
August 2018, and the trial was reported in accordance with the CONSORT guidelines

for clinical trials of non-pharmacologic treatment.*’

Participants, therapists, centres

The study participants were hypertensive individuals who were taking
antihypertensive medication, older than 18 years and sedentary. Exclusion criteria
were body mass index (BMI) =235 kg/m?, diabetics, using beta blockers, smokers or
those who interrupted the routine less than 6 months, musculoskeletal diseases in
evolution, rheumatologically diseases, other cardiovascular disease, renal disease
due to hypertension, neurological, oncological, immunological and haematological
diseases.

The study was advertised by posters in the university area, including the
university hospital, publications in city newspapers and in social networks. The
program was conducted in laboratories of university, Santa Maria, Brazil. The
intervention was delivered by physiotherapists, participants of search group and all

sessions were supervised by them.

Intervention

The participants were allocated to the aerobic exercise group (AEG) or Pilates
method group (PMG). The AEG held one-hour sessions, consisting of 10 minutes of
stretching and 5 minutes of warm-up on the treadmill, plus 30 minutes of moderate
intensity training and after 5 minutes of cooling in the same treadmill and 10 minutes
of stretching and relaxation. Individuals should maintain a heart rate (HR) between 40
and 70% of reserve HR during training,'® monitored continuously by a pulse
oximeter. The intervention had duration of 8 weeks, with a frequency of 3 times a
week. In the first 4 weeks, the participants have maintained a HR until 60% of
reserve HR and the others 4 weeks they have maintained a HR between 60 and 70%
of reserve HR.

The PMG, held one-hour sessions, twice a week, during 8 weeks. They have
also received two extra sessions for familiarization with exercises. All classes were

administered by the same qualified professional on the classic Pilates method, on the
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ground. We used the exercise protocol previously™® and all volunteers performed the
same training protocol, with the same fundaments of the PM (breathing, imprinting,
pelvic bowl, knee sway, knee folds/stirs, leg slides, spinal bridging, prone hip
extension, head float, ribcage, rotation arms, torso twist, flight, cat) and the same
exercises (the hundred, roll down, roll up, single leg circles, rolling like a ball, single
leg stretch, double leg stretch, spine stretch forward). Afterwards, the basic and
intermediate level phase exercises began (the hundred, the rollup, single leg circles,
rolling like a ball, single leg stretch, double leg stretch, single straight leg, double
straight leg, criss cross, spine stretch forward, open leg rocker, corkscrew, saw,
neckroll, single leg kicks, double leg kicks, neck pull, sidekicks series, small circles,
teaser, seal), always taking into account the biological individuality of each participant
and with an average of 20 exercises per training session and 3 to 10 repetitions per
exercise progression.

Throughout the exercises, the volunteers were advised to associate conscious
breathing to movement through the command to inhale during the preparation/initial
position phase and, as the movement progressed during the execution of the

exercise, slow exhaling was suggested.

Outcome measures

The study outcome measures were obtained at baseline and after 8 weeks for
participants in both groups. The evaluators were properly trained and blinded.

Primary outcome: The primary outcome was the casual SBP. Measured was
according to technical recommendations of the VII Brazilian Guidelines on
Hypertension®® with auscultatory method.

Secondary outcomes: The casual DBP was made according to technical
recommendations of the VII Brazilian Guidelines on Hypertension®® with method
auscultatory. Rest HR was measured with pulse oximeter after 10 minutes of rest, the
rate respiratory (RR) measured in breaths per minute.

Height (cm) was measured using an anthropometer (Professional Sanny®)
and body weight (kg) was measured using a multi-frequency bio impedance
apparatus (InBody520®, Madison, USA). BMI was calculated as weight (kg) divided
by height squared (m?).

The autonomic balance was assessed with fasting of 8h, at the same time of

day for all participants, by heart rate variability (HRV) and the HR signal was acquired
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through a pulse frequency meter mark Polar model 810i.%° The acquisition of ECG
signal (sample rate— 1 kHz) of the time series of interval RR was acquired in
continuous intervals. Data were transferred to a computer and RR intervals were
processed. HRV analysis by software KUBIOS (Kuopio, Finland). HRV was analysed
in the time and frequency domain, using the area of greatest stability in RR intervals
corresponding to 5 min of recordings (containing at least 256 consecutive beats)
during controlled breathing. Volunteers remained in a supine position at rest for 10
min and after wards, data were collected with controlled breathing (12 breaths per
minute; I/E:2/3).%

In the time domain, the variables were the heart rate (HR), standard deviation
of all normal to normal R-R (NN) interval (SDNN), square root of the mean of the
squares of successive R-R interval differences (rMSSD), percentage of intervals
differing more than 50 ms different from preceding interval (PNN50%) and Triangular
Index. At the frequency-domain were total power (TP), low frequency (LF), high
frequency (HF) and sympatho-vagal balance ratio (LF/HF).The analysis of frequency
domain was performed using the spectral power density. This analysis decomposes
the HRV in fundamental oscillatory components: high frequency component (HF)
from 0.15 to 0.4 Hz, which corresponds to the respiratory modulation and indicator of
the vagus nerve action on heart; low frequency component (LF) from 0.04 to 0.15 Hz,
which is due to the joint action of the vagal and sympathetic components on heart,
with sympathetic predominance. The LF/HF index reflects the absolute and relative
changes between the sympathetic and parasympathetic components of ANS,
characterizing the sympatho-vagal balance on heart.?°

The 24-hour Ambulatory Blood Pressure Monitoring (ABPM) was measured
every 15 min during awake period and every 30 min during asleep period, for 24
hour, by an oscillometric device (ABPM monitor, Micromed, version 5.0.1.52, S&o
Paulo, Brazil), was placed on the non-dominant arm of volunteer according the
guideline®®. Pre evaluations were conducted before the experimental period and post
assessments were performed until 72 hours after the end of the experimental period.
The variables analysed were SBP, DBP, mean blood pressure (MBP), HR, mean of
all exam.

The Six Minute Walk Test (6-MWT) was used for functional capacity
assessment and applied according to the recommendations of the American Thoracic

Society.?®
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Data analysis

The sample calculation was estimated to obtain a level of significance (alpha)
of 5% (p <0.05) and power (beta) of 90%. The sample was estimated in 24
individuals, based on the previously study?*, with an effect magnitude of 15.5 mmHg
in SBP.

Data analyses were performed using the GraphPad Prism 5. Data were
assessed for normality using the Kolmogorov-Smirnov test. Data will be presented in
mean and standard deviation (SD) or in percentages. The symmetric distribution data
with two measures will be compared by the paired Student T test and the asymmetric
data by the Wilcoxon test. Variables with more than two measurements will be
compared by two-way ANOVA for repeated measurements, followed by Bonferroni
post hoc test. The differences between the groups will be expressed with their
respective 95% confidence intervals. The level of significance of 5% will be

considered significant (p <0.05).

RESULTS
Flow of participants, therapists, centres through the study

The recruitment occurred from August 2017 to April 2018. The flow of
participants through the trial is presented in Figure 1. Ninety four individuals were
screened from the community, after seeing the posters about study, contacting the
researcher. Only twenty eight individuals were included and randomised. Four
participants were lost to follow-up, two in each group.

The groups are similar on anthropometric characteristics, vital signs,

peripheral oxygen saturation and medications (Table 1).

Compliance with trial protocol

The blinding of recruiter and measurer was successful. The participants and
therapists could not be blinded in this case. All participants had to maintain a
minimum frequency of 80% for analysis. Aerobic exercise group received 22.4 £ 1.7
sessions and the Pilates method group 17.1 + 1.6 sessions on the 8 weeks. No

adverse effects were reported by participants in the groups.

Research question 1
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At week 8, the groups did not significantly differ on the casual SBP and DBP.
The PMG showed a greater reduction on 24-hour SBP and MBP in comparison to
AEG. There were a reduction on 24-hour SBP, DBP and MBP in PMG. There was
also a decrease on 24-hour SBP in AEG. The travelled distance on 6-MWT was
greater in AEG than PMG at week 8 (Table 2).

Research question 2

The outcomes measured by HRV not changed in both groups after 8 weeks

and did not demonstrate any significant effects between groups (Table 3).

DISCUSSION

In this randomised clinical trial, we have found improvement in 24-hour SBP
and MBP in the PMG compared to the AEG after 8 weeks of training in hypertensive
patients. The 24-hour SBP decreased in a both groups. The PMG also reduced 24-
hour DBP and MBP. On the other hand, the BP by the casual measure did not differ
in any of the groups. The functional capacity improvement in AEG and showed a
superior effect to PMG. The autonomic balance did not change after training in both
groups.

The 24h ABPM is a more accurate measure, allows the values to be obtained
closer to the patient's usual values and to establish a better prognosis of major
cardiovascular events.”® As an expected effect of aerobic training in hypertensive
patients, there was a reduction of SBP in 24 hours, as showed in the
metanalysis.®®?® We observed improvement in 24-hour SBP, DBP and MBP after 8
weeks of PM. In addition, we have found a more evident drop in the 24-hour SBP
and MBP in PMG than AEG. This can be explained due to the type of exercise used
in PM, which uses slow and deep breathing as the basis for performing the
movements. The study’® found that slow and deep breathing decreased systolic and
diastolic BP in hypertensive individuals after 8 weeks of training. Other studies have

also found a decrease in BP with breathing training,?"*

as well as the training of
Pilates in hypertensive patients measured for 24-hour.® However, this is the first
clinical trial that showed the superior effect of PM compared to aerobic exercise
training on BP. As previously suggested the breathing control during Pilates allows a

greater expansion of the ribcage and also generates an intrathoracic negative
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pressure, both of which can activate the pulmonary stretching receptors and the
Hering Breuer reflex, reducing systemic vascular resistance and attenuating the
BP.*°

Other hypotheses could be related the neural pathways, but in our study, we
did not find differences in HRV. Some studies have demonstrated that different types
of exercise improve HRV by improving autonomic nervous system response,”
however our sample calculation was performed for the primary outcome, so our
results may have found no differences in these variables as we would require a larger
sample. In addition, the 8 week period of intervention may have been an attenuating
factor for the improvement of autonomic balance control. Our finding goes to that of
in another study,* that after aerobic activity performed for 10 weeks, also did not find
any change in the autonomic balance in healthy.

The casual BP measurement did not change in any group. This measure may
present some disadvantages, it is sensitive to the observer and there may be a
registration bias,?* even with care in the standardization of the evaluation, the
individual may be under various stimuli at isolated moment of the measurement. So,
it is suggested that the casual measure may not have been sensitive enough to
detect differences after the intervention period or that the 8-week training period was
not sufficient to change the BP measurement by auscultatory method.

A decrease of 10 mmHg in SBP reduces the risk of events due to severe
cardiovascular disease by 20% and stroke by 27%.* Reductions of 5-7 mmHg in BP
with aerobic exercise, reflected in a decrease in mortality by 7%, risk of stroke by
14% and coronary heart disease by 9%,*! therefore our results are clinically
important.

Our findings demonstrated that the group that exercised on the treadmill
obtained greater distance 6-MWT, as expected by the greater specificity of this
intervention in comparison with PM. This finding is confirmed in other studies, in
which aerobic activity increases functional capacity,®* however some studies with PM
found an increase in functional capacity, differing from our results. As has been noted
previously,'® has found improvement in functional capacity in the Pilates group when
compared to the conventional group in patients with heart failure. This difference can
be explained by the different populations evaluated, with more severe disease than in
our study, and it was carried out in the initial phase of rehabilitation, inside the

hospital.
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Moreover, a biochemical analysis of blood could promote a better
understanding of the mechanisms involved in our findings and the measure of casual
BP could be measured with multiparametric monitor being more accurate. In
conclusion, the PM has superior effect in reducing BP measured by 24-hour ABPM,
in individuals with hypertension. The PM may prove to be a promising adjunctive
therapy to pharmacological intervention. The aerobic training should be also

encouraged since it attenuated SBP of 24h and improved the functional capacity.
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Table 1 Characteristics of the groups on admission to the study.

Characteristic (Eiﬂl% (r'?\:El(;)
Age (yr), mean (SD) 55.3(10.9) 49 (11.8)
Sex (F/M), n 9/3 9/3
BMI (kg/m®), mean (SD) 27.8 (3.4) 27.2 (3.8)
SBP (mmHg), mean (SD) 137.2 (16.3) 136.2 (20.1)
DBP (mmHg), mean (SD) 90.7 (11.1) 90.4 (16)
Resting HR (bpm), mean (SD) 72.9 (12.2) 70.6 (15.4)
RR (cpm), mean (SD) 16.3 (4.2) 14.7 (2.8)
SpO, (%), mean (SD) 97.2 (1.5) 98.2 (0.6)
Medications, n (%)

ACE inhibitor 2 (16.7) 2 (16.7)
Diuretic 3 (25) 8 (66.7)
Anticoagulant 2 (16.7) 1(8.3)
Angiotensin receptor antagonista 10 (83.3) 7 (58.3)
Calcium channel blockers 2 (16.7) 1(8.3)

PMG = Pilates method group, AEG = aerobic exercise group, F = female, M = male, BMI =
body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, RR
= respiratory rate, SpO, = peripheral capillary oxygen saturation, ACE = angiotensin-converting-
enzyme inhibitor.
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Mean (SD) of each group, mean (SD) difference within each group, and mean (95% CI) difference between
groups for casual blood pressure, 24-hour ambulatory blood pressure monitoring and 6-minute walking distance.

Outcomes Groups Difference within groups Difference between groups
Week 0 Week 8 Week 8 minus Week 0 PMG minus AEG
PMG AEG PMG AEG PMG AEG
(n=12) (n=12) (n=12) (n=12) (n=12) (n=12)
(Cr:;“:é)SBP 137.2 (16.4)  136.2(20.1)  132.1(18.8) 129(12.8)  -5.1(18.7) 7.2 (26.1) 2.1(-16.1 0 20.3)
(Cr:;“:é)DBP 90.7 (11.1) 90.4 (16) 86.3(8.3)  83.4(125)  -4.4(114) 7 (20.5) 2.6 (-10.7 to 15.9)
(Zrﬁ'mhatg)SBP 130.7 (11.6)  126.6(7.3)  1243(12.1) 1237(7.1)  -6.3(5.2) 2.9(2.2) 3.4 (-6.610-0.2)
(Zrﬁ'mh&‘g)DBP 79.8 (8.8) 77.8(6.7) 75.8 (8.1) 77.2 (6.7) 3.9 (4.3) 0.7 (4.1) 3.2 (-6.6100.2)
24-hour MBP 96.7 (9) 94.1 (6.6) 92 (8.5) 92.7 (6) 47 (4.4 1. (2.9) 3.3 (-6.3 10 -0.3)
(mmHgQ)
24-hour HR (mmHg) 75 (12.9) 732(89) 747 (118) 74 (9.9) 0.3 (10.9) 0.8 (5.8) 0.5 (-7.5 10 6.5)
6-MWD (m) 532.8(78)  523(69.6)  550(70.2)  611(865)  17.7(549)  88.3 (61.1) 706 (-117.1 to -24.1)

PMG = Pilates method group, AEG = aerobic exercise group, SBP = systolic blood pressure,

pressure, HR = heart rate, 6-MWD = 6-minute walking distance.

DBP = diastolic blood pressure, MBP = mean blood
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Table 3 Mean (SD) of each group, mean (SD) difference within each group, and mean (95% CI) difference between groups
for heart rate variability.

Difference between

Outcome Groups Difference within groups
groups
Week 0 Week 8 Week 8 minus Week 0 PMG minus AEG

PMG AEG PMG AEG PMG AEG
Time domain
HR (bpm) 69.4 (8.1) 68.7 (9.1) 66.4 (8.1) 67.6 (8.9) -3(7.1) -1.1 (6.8) -1.9(-7.5t0 3.7)
SDNN (ms) 30.7 (10.6) 39.1(17.2) 29.4 (9.5) 36.3 (14.2) -1.3(9.2) -2.8 (13) 1.5 (-7.5t0 10.5)
rMSSD (ms) 24.2 (10.9) 26 (15.1) 20.7 (8.5) 23.2(9.1) -3.6 (11) -2.9 (13.9) -0.7 (-10.7 t0 9.3)
pPNN50 (%) 7.3(9.1) 7.4 (12.5) 4.2 (6.2) 5.3 (6.3) -3.1 (10.8) -2.2(12.2) -0.9 (-10.1 t0 8.3)
Triangular Index 8.2 (2.3) 9.9 (3.3) 8.1(2.2) 9.4 (3) -0.1(2.2) -0.6 (2.3) 0.5(-1.3t0 2.3)
Frequency domain

2 1601.4 1513.3

TP (ms®) 961.6 (662.4) (1319.8) 886.4 (500.4) (1326.2) -75.2 (607) -88.1 (1060.4) 12.9 (-678.4 to 704.2)
LF (ms?) 248.9 (244.2)  259.3 (467.1) 125.7 (78.9) 307.8 (298.7) -123.3 (236.6) -51.5 (455.8) -71.8 (-362.4 t0 218.8)
HF (ms?) 346.1 (256.4) 348.2(321.1) 287.3(260.2) 362.2(272.4) -58.8 (291.7) 14 (378.4) -72.8 (-343.1t0 197.5)
LF (n.u.) 41.3 (15.2) 43.7 (17.7) 33.7 (13.9) 44.1 (12.8) -7.6 (20.6) 0.4 (19.2) -8 (-23.9t0 7.9)
HF (n.u.) 58.7 (15.2) 56.3 (17.7) 66.3 (13.9) 55.9 (12.8) 7.6 (20.6) -0.4 (19.2) 8 (-7.9t0 23.9)
LF/HF ratio 0.8 (0.6) 1(0.9) 0.6 (0.4) 0.9 (0.6) -0.3(0.8) -0.1 (1) -0.2 (-0.9t0 0.5)

PMG = Pilates method group, AEG = aerobic exercise group, HR = heart rate, SDNN = standard deviation of all normal RR intervals recorded in a
time interval, rIMSSD = root means square of successive differences, pNN50 = percentage of adjacent RR intervals whose difference lasts greater than 50 ms,

TP =total power, LF = low frequency, HF = high frequency, LF/HF = relationship between LF and HF component.
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30



31

3 CONCLUSAO

A partir da realizacdo desse ensaio clinico, é possivel afirmar que o
treinamento com método Pilates tem potencial para ser usado como uma
modalidade de prevencdo e tratamento em individuos hipertensos controlados
sedentérios.

O MP comparado ao EA de moderada intensidade proporcionou melhora da
pressdo arterial de 24 horas (sistolica, diastolica e média), 0 que representa
importancia clinica, pois pode ser utlizado como uma terapia ndo-
farmacoldgica coadjuvante nesta populacédo, ajudando a diminuir o risco de eventos
cardiovasculares maiores. O inverso ocorreu na capacidade funcional, em que o EA
foi mais benéfico do que o MP, devido ao treinamento em esteira ser mais especifico
para este tipo de teste. Ndo houve mudancas na variabilidade da frequéncia
cardiaca, porém o célculo amostral ndo foi realizado para estas variaveis e também,
a via neural € apenas uma das vias de regulacdo da presséo arterial. Sugere-se que
em estudo futuros, pesquise-se outras vias que também podem influenciar no
controle da PA.

A falta de tempo é um dos principais motivos a ndo adesdo e a pratica de
atividade fisica regular; o que dificulta a realizacdo de exercicio trés vezes por
semana, conforme recomendado para este perfil de populacdo. Sendo assim, ofertar
programas de treinamento supervisionados que possam ser realizados em duas
vezes na semana, € uma estratégia interessante e adequada para a promocédo da
saude, prevencao e tratamento de individuos hipertensos. Além da eficiéncia
temporal, o Pilates é considerado uma estratégia segura, com boa aceitacdo, com
resultados cardiometabdlicos similares ao exercicio aerébico e superiores sobre
a pressao arterial de 24 horas.

Dessa forma, acredito ter encerrado esta etapa da minha vida académica
contribuindo com o meio cientifico no que tange o uso do MP em hipertensos.
Saliento a imensa satisfacdo com a realizagéo e o resultado deste trabalho, o qual
me proporcionou grandes desafios e grande aprendizado. Acredito que deparar-se
com novas informacdes e conteldos é sempre uma estratégia para o crescimento
pessoal e profissional. Além disso, a interacdo com pesquisadores, pos-
graduandos, académicos, contribuiu de maneira inigualdvel para a producédo do

conhecimento e desenvolvimento da ciéncia.
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