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RESUMO

Introducdo: Diversas estratégias ndo farmacoldgicas tém sido empregadas para gerenciar a
pressao arterial (PA) em individuos hipertensos, dentre elas o exercicio fisico, que diminui a
PA através da reducdo da hiperatividade simpatica e da disfungdo vascular. No &mbito das
técnicas ndo invasivas destaca-se a estimulacdo transcraniana por corrente continua (ETCC)
como uma intervencdo segura utilizada para tratar diversas condicdes clinicas, entretanto sua
eficcia para potenciar os efeitos do exercicio fisico sobre a PA de hipertensos ainda néo foi
testada. Objetivo: Avaliar se a ETCC pode potencializar os efeitos do exercicio fisico sobre a
PA e modulacdo autondmica cardiaca em individuos com hipertensdo arterial. Métodos: Ensaio
clinico controlado e randomizado que incluiu individuos com hipertensdo arterial (pressao
arterial sistélica >120 <160 mmHg e/ou diastolica >80 <100 mmHg), os quais foram
randomizados para o Grupo ETCC ativo + exercicio aerébio ou Grupo ETCC sham + exercicio
aerobio. A ETCC foi aplicada através de corrente continua com intensidade de 2mA por 20
minutos, logo apds foi realizada a sessdo de treinamento aerébio durante 40 minutos.
Previamente ao protocolo experimental, os hipertensos realizaram exames bioquimicos,
monitorizacdo da PA por 24h, variabilidade da frequéncia cardiaca, teste ergométrico e
medidas antropomeétricas. Ao fim da primeira e décima segunda sessdes a PA e variabilidade
da frequéncia cardiaca foram coletadas novamente. Resultados: Artigo 1: A PAS durante o
sono foi estatisticamente menor no grupo ETCC ativo ap06s a intervencdo (p = 0.03). Nenhuma
diferenca estatistica foi encontrada para a PAD durante o sono (p = 0.08). A PAD ap06s 3 horas
da intervencao demonstrou um significante decréscimo no grupo ETCC ativo (DM: -7.19; p =
0.01). Além disso, na andlise intragrupo ocorreu uma diminuicdo da PAS ap6s 3 horas da
intervencgéo, somente no grupo ETCC ativo (p = 0.04). N&o ocorreu reducdo significante na PA
durante a vigilia e 24 horas nos grupos ETCC ativo ou sham. Nenhuma diferenca entre 0s
grupos foi detectada sobre a variabilidade da frequéncia cardiaca. Artigo 2: A ETCC ndo foi
capaz de potencializar os efeitos do exercicio fisico sobre a PA e variabilidade da frequéncia
cardiaca apoés as 12 sessdes. Conclusdo: A ETCC potencializou os efeitos do exercicio fisico
sobre a PA a curto prazo durante o sono e nas primeiras 3 horas ap6s uma sessao, entretanto
apos 12 sessdes nenhuma diferenca foi detectada.

Palavras-chave: Hipertensdo Arterial, Estimulagdo Transcraniana por Corrente Continua,
Pressdo Arterial, Exercicio.



ABSTRACT

Introduction: Several non-pharmacological strategies have been used to manage blood
pressure (BP) in hypertensive individuals, including physical exercise which reduces BP by
decreasing sympathetic hyperactivity and vascular dysfunction. In the scope of non-invasive
techniques, transcranial direct current stimulation (TDCS) stands out as a safe intervention to
treat several clinical conditions, however, its effectiveness to potentiate the effects of physical
exercise on hypertensive people have not yet been tested. Objective: To assess whether tDCS
can enhance the effects of physical exercise on BP and heart rate variability in hypertensive
individuals. Methods: A randomized controlled clinical trial that included individuals with
arterial hypertension (systolic blood pressure >120 <160 mmHg and/or diastolic >80 <100
mmHg), who were randomized to the active tDCS + aerobic exercise group or tDCS sham +
aerobic exercise group. tDCS was applied through the direct current with an intensity of 2mA
for 20 minutes. Then, aerobic training session was performed for 40 minutes. Prior to the
experimental protocol, hypertensive patients underwent biochemical tests, 24-hour BP
monitoring, ergometric test, heart rate variability, and anthropometric measurements. At the
end of the first and twelfth sessions, BP and heart rate variability were collected again. Results:
Article 1. SBP during sleep was statistically lower in the tDCS active group after the
intervention (p = 0.03). No statistical difference was found for DBP during sleep (p = 0.08).
DBP 3 hours after the intervention showed a significant decrease in the active tDCS group
(MD: -7.19; p = 0.01). Furthermore, in the intragroup analysis, there was a decrease in SBP 3
hours after the intervention, only for the active tDCS group (p = 0.04). There was no significant
reduction in BP during wakefulness and 24 hours in the active or sham tDCS groups. No
difference between groups was detected in heart rate variability. Article 2: tDCS was not able
to potentiate the effects of physical exercise on systolic and diastolic BP and heart rate
variability after 12 sessions. Conclusion: tDCS potentiated the effects of physical exercise on
BP in the short-term during sleep and the first 3 hours after the session, however after 12
sessions no difference was detected between groups.

Keywords: Arterial Hypertension, Transcranial Direct Current Stimulation, Blood Pressure,
Exercise.



RESUMEN

Introduccidn: Se han utilizado varias estrategias no farmacologicas para controlar la presion
arterial (PA) en individuos hipertensos, incluido el ejercicio fisico, que reduce la PA al reducir
la hiperactividad simpatica y la disfuncién vascular. En el ambito de las técnicas no invasivas,
la estimulacidn transcraneal por corriente continua (tDCS) se destaca como una intervencion
segura utilizada para tratar diversas condiciones clinicas, sin embargo, aln no se ha probado
su eficacia para potenciar los efectos del ejercicio fisico en la PA de pacientes hipertensos.
Objetivo: Evaluar si la ETCD puede mejorar los efectos del ejercicio fisico sobre la PA 'y la
modulacién auténoma cardiaca en individuos con hipertension arterial. Métodos: Ensayo
clinico controlado aleatorizado que incluyd a individuos con hipertension arterial (presion
arterial sistolica> 120 <160 mmHg y/o diastélica> 80 <100 mmHg), quienes fueron
aleatorizados al grupo de ETCD activo + ejercicio aerdbico o ETCD simulado + ejercicio
aerobico. La ETCD se aplico mediante corriente continua con una intensidad de 2mA durante
20 minutos, luego de lo cual se realizd la sesion de entrenamiento aerdbico durante 40 minutos.
Antes del protocolo experimental, los hipertensos se sometieron a pruebas bioguimicas,
monitorizacion de la PA las 24 horas, variabilidad de la frecuencia cardiaca, prueba de esfuerzo
y medidas antropométricas. Al final de la primera y duodécima sesién, se recogieron
nuevamente la variabilidad de la PA y la frecuencia cardiaca. Resultados: Articulo 1: PAS
durante el suefio fue estadisticamente menor en el grupo activo de ETCD después de la
intervencion (p = 0.03). No se encontraron diferencias estadisticas para la PAD durante el
suefio (p = 0,08). La PAD 3 horas después de la intervencion mostrd una disminucion
significativa en el grupo de ETCD activo (DM: -7,19; p = 0,01). Ademas, en el analisis
intragrupo, hubo una disminucion de la PAS 3 horas después de la intervencion, solo en el
grupo de ETCD activa (p = 0,04). No hubo una reduccion significativa de la PA durante la
vigilia y 24 horas en el grupo de ETCD activo o simulado. No se detectaron diferencias entre
los grupos en la variabilidad de la frecuencia cardiaca. Articulo 2: ETCD no pudo potenciar los
efectos del ejercicio fisico sobre la PA sistdlica y diastdlica y la variabilidad de la frecuencia
cardiaca después de 12 sesiones. Conclusion: ETCD potencio los efectos del ejercicio fisico
sobre la presion arterial a corto plazo durante el suefio y en las primeras 3 horas después de la
sesion, sin embargo después de 12 sesiones no se detectd diferencia.

Palabras clave: hipertension arterial, estimulacion transcraneal de corriente directa, presion
arterial, ejercicio.
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INTRODUCAO

A hipertensdo arterial € uma doenca cronica e ndo transmissivel que geralmente esta
associada a outras comorbidades, e é considerada uma das principais causas de morte no Brasil
e no mundo (FLACK; ADEKOLA, 2020). A prevaléncia da hipertensdo arterial no Brasil é
similar as observadas no mundo, acometendo por volta de 30% dos individuos adultos
(SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2010; KEARNEY et al., 2005;
MINISTERIO DA SAUDE, 2018). Os individuos hipertensos s&o mais suscetiveis a
desenvolver doencas cardiovasculares e acidente vascular encefalico e, estdo também mais
propicios a adquirir prejuizos funcionais (FARACO; IADECOLA, 2013). Destaca-se que a
hipertensdo também pode gerar problemas nas estruturas cerebrais, através, por exemplo, de
lesOes vasculares e ocasionar disfung¢des cognitivas que afetam diretamente as fungdes motoras
desses individuos (FARACO; IADECOLA, 2013; FINDLATER et al.,2018).

Existem diversas formas de tratamento, além das terapias medicamentosas
(THOMPSON et al., 1989), que tém sido utilizadas como estratégias terapéuticas eficazes para
gerenciar adequadamente a Presséo Arterial (PA), a exemplo das mudancas no estilo de vida,
as quais tém sido amplamente necessarias e indicadas para esses pacientes. Além disso, uma
boa qualidade do sono (DICKINSON et al., 2006), dietas regulando a ingesta de sal
(FRISOLI et al., 2012), moderacéo alcodlica e de fumo (LO et al., 2018) e a prética regular de
Exercicio Fisico (EF) (FARINATTI; MONTEIRO; OLIVEIRA, 2016) parecem ser as mais
indicadas e eficientes para controlar a PA nos hipertensos.

O exercicio aerdbio € amplamente reconhecido como estratégia terapéutica (nivel de
evidéncia A) para controlar/reduzir os niveis de PA em hipertensos (VI Brazilian Guidelines
on Hypertension, 2010; BORJESSON et al., 2016). Essa intervengio tem se mostrado eficaz,
de baixo custo e reduz o risco de morbimortalidade nesses pacientes (SCHULTZ et al., 2013;
MANDSAGER et al., 2018). Quanto aos mecanismos pelos quais o exercicio aerdbio reduz a
PA, diversos estudos tém identificado que alteracfes nos niveis de neurotransmissores, como
a norepinefrina e citocinas pro-inflamatorias (LI et al., 2018), reducdo da resisténcia vascular
periférica e da atividade simpatica, bem como, aumentos da atividade vagal e da sensibilidade
barorreflexa sdo consideradas provaveis moduladoras dessa resposta pressorica (LEMOS et al.,
2018; CONSTANTINO et al., 2017).

Considerando a hiperatividade simpética relacionada a hipertensdo arterial, sabe-se que
ela é um fator de risco para a surgimento e agravamento das doencas cardiovasculares (FINK,
2018; ZIEGLER et al., 2017), bem como € fator independente para a mortalidade (HEVESI et

al., 2018). Neste sentido, estratégias terapéuticas ndo farmacoldgicas, as quais podem auxiliar


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29457339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemos%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=29694556
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nesta reducdo da atividade simpética tém sido alvo de estudo, e mostra-se como potencial
terapia para reduzir a PA (SHARMAN; GERCHE; COOMBES, 2015).

A Estimulagdo Transcraniana por Corrente Continua (ETCC), que é uma estratégia
terapéutica ndo invasiva, barata, segura, movel e de facil aplicacdo (BIKSON et al., 2016), tem
sido empreendida como modalidade de tratamento para diferentes situacdes de satde, como
transtornos depressivos maiores, 0s quais estdo intimamente associados a doencas
cardiovasculares (SAMPAIO et al., 2012). Essa técnica tem como objetivo neuromodular
diferentes regides cerebrais (FAGERLUND; HANSEN; ASLAKSEN, 2015; DONNELL etal.,
2015) através de alteracbes na sua excitabilidade e atividade, por meio da modificacdo dos
limiares das membranas neuronais celulares. A modulacédo gerada pela ETCC é dependente de
diversos fatores, por exemplo, polaridade, intensidade, tempo e posicionamento dos eletrodos
ativo e de referéncia. (NITSCHE et al., 2003a). Além disso, sugere-se também que a ETCC
pode influenciar sobre a taxa de descarga elétrica das células neurais durante a estimulacao
(AGNEW; MCCREERY, 1987). E importante ressaltar que os efeitos pos-estimulagio se
devem também a mudancas geradas em alguns neurotransmissores, como 0 acido gama-
aminobutirico, glutamato e N-metil-D-aspartato que estdo envolvidos no processo de
neuroplasticidade (LIEBANTZ et al., 2002).

No que se refere especificamente a PA, postula-se que o sistema nervoso central esta
envolvido com o surgimento e severidade da hipertensdo arterial, além disso tem sido
considerado a chave para a regulacdo da PA por causa de suas conexdes anatomicas e
funcionais com o nacleo bulbar cardiovascular (BA-M’"HAMED et al., 1996; VILTART et al.,
2003). Neste sentido, alguns estudos tém demonstrado que a ETCC pode efetivamente, atraves
da modulacao das funcdes corticais, influenciar diretamente sobre a PA (COGIAMANIAN et
al., 2010) assim como, sobre a variabilidade da frequéncia cardiaca, que sofre influéncia dos
eixos hipotalamo-hipofise-adrenal e simpatico-adrenomedular. (BRUNONI et al., 2013).
Acredita-se também que a neuromodulacao possa interferir sobre as respostas hemodinamicas
e funcdes autondmicas cardiacas (CLANCY et al., 2014), dessa forma, alterando a atividade
neuronal de projecOes sub-corticais e corticais para o coracdo (VILTART et al., 2003; LANG
et al., 2005).

A acdo da neuromodulacdo sobre as regides corticais sao capazes de alterar as respostas
cardiovasculares, principalmente através de estimulos sobre estruturas que apresentam
projecdes para o tronco cerebral, nicleo trato solitario, medula rostral ventrolateral e areas
cinzentas periventricular/periaquedutal. Por isso, acredita-se que o cortex insular parece ser

uma regido cerebral importante para o controle dos parametros hemodinamicos e autondmicos


https://www.ncbi.nlm.nih.gov/pubmed/?term=McCreery%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=3808255
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cardiacos (COGIAMANIAN et al., 2010). A regido cortical insular, a qual encontra-se inserida
profundamente a regido do cdrtex temporal é considerada componente chave para o controle
de pardmetros cardiovasculares (NAGAI; HOSHIDE; KARIO, 2010), especialmente o cortex
insular esquerdo que tem apresentado interferéncia em algumas func@es cardiacas, como a PA
e frequéncia cardiaca, ao ser estimulado (OPPENHEIMER et al., 1992).

Salienta-se que as mudancas que ocorrem nos barorreceptores sdo mediadas por
estruturas que compdem o ndcleo trato solitario e a medula rostral ventrolateral, os quais
apresentam conexdes com diversas regides do sistema nervoso central. Essas conexdes que
ocorrem entre as diversas regides sdo capazes de alterar a atividade simpatica e a PA (CHEN;
BONHAM, 2010; NAGAI; HOSHIDE; KARIO, 2010). Apesar do entendimento a respeito da
acdo da ETCC sobre regides de controle neural cardiovascular, o Unico estudo publicado até o
momento que utilizou a ETCC sobre hipertensos apresenta muitas limitagdes (RODRIGUES
et al., 2021), por isso ainda ndo existem informacdes que comprovem a eficacia dessa técnica
sobre a reducéo da PA nessa populacao.

N&o obstante, ha estudos em individuos saudaveis e ciclistas treinados demonstrando
que a modulacdo de algumas &reas cerebrais, como cortex motor primario, parte dorsolateral
do cortex pré-frontal e cortex temporal podem interferir nas respostas autonémicas e
hemodindmicas cardiacas (BRUNONI et al., 2013; OKANO et al., 2015; SOARES et al.,
2016).

Nos hipotetizamos que a associagdo da ETCC ativa associada ao exercicio aerobio pode
potencializar a queda da PA com maior magnitude em comparacdo & ETCC sham associada ao
treinamento aerébio. Provavelmente, 0 mecanismo responsavel por esta melhor responsividade

pressorica seja devido a inibicdo da atividade simpatica e aumento da atividade parassimpatica.
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REFERENCIAL TEORICO
Influéncia do Exercicio Fisico sobre a Presséo Arterial

A reducdo da PA no periodo de repouso pode ocorrer durante horas ao fim do EF,
através de um fendmeno conhecido por Hipotensao Arterial Pés-Exercicio (HPE) (LATERZA,;
RONDON; NEGRAO, 2007), que é um parametro de grande importancia clinica para
hipertensos. Um dos fatores que podem influenciar diretamente sobre a HPE é a diminuicao do
débito cardiaco, devido ao menor enchimento ventricular e consequentemente diminuicdo do
volume sistélico de ejecdo (BRANDAO et al., 2002). Ressalta-se que a resisténcia vascular
periférica (HARA; FLORAS, 1995), alteracdes na concentracdo de norepinefrina e calicreina
(CHEN; BONHAM, 2010; GOMES; DOEDERLEIN, 2011) sdo fatores que também podem
interferir na resposta da HPE.

Além dos fatores supracitados, o sistema nervoso central também apresenta grande
relevancia sobre a modulacdo da HPE, devido principalmente as alteracdes no periodo de
recuperacdo sobre as atividades simpatica, parassimpatica, e o balanco simpatico vagal
(FONSECA et al., 2018). Apesar dos mecanismos para explicar essa situacao, ainda ndo serem
totalmente esclarecidos, acredita-se que o barorreflexo arterial mediado pela agéo do sistema
nervoso autdbnomo simpatico e a transducdo da atividade simpatica sobre a resisténcia vascular
periférica sdo fatores importantes que podem justificar a resposta da HPE (HALLIWILL;
TAYLOR; ECKBERG, 1996; CHANDLER; RODENBAUGH; DICARLO, 1998).

E importante ressaltar que a duracio da HPE esta associada a prética de EF, isto &,
quando comparado ao dia que ndo foi realizado EF, a resposta da HPE é menos acentuada
(BRANDAO RONDON et al., 2002). Os mecanismos relacionados a reducdo da PA como
forma de resposta imediata a pratica do EF tem sido alvo de diversas investigacdes, e nos tem
evidenciado gque tanto mecanismos periféricos quanto centrais tém sido responsaveis por esses
ajustes pressoricos.

Enquanto poucas sessdes de EF geram uma resposta a curto prazo no sistema
cardiovascular, diversas sessdes de EF promovem adaptacOes cronicas nesse sistema
(HAMER, 2006). A pratica de EF de forma cronica proporciona importantes adaptacdes sobre
o controle barorreflexo da atividade nervosa simpatica muscular e frequéncia cardiaca, os quais
apresentam associa¢cdes com a diminuicdo da PA em hipertensos (LATERZA et al., 2007). A
acdo do sistema nervoso autbnomo apds a pratica do EF é capaz de modificar o funcionamento
da frequéncia cardiaca, principalmente por causa da estimulacdo beta adrenérgica (WILLIAMS
et al., 1981), de fatores intrinsecos (SMITH et al., 1989) e pela modulagdo parassimpética

(MASROOR et al., 2018). A modulacdo autonémica vagal e alteracdo do tdnus vasomotor
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parecem ser componentes importantes que interferem sobre a resposta ndo apenas da FC, mas
também da PA ap6s 0 EF (OKAMOTO; MASUHARA; IKUTA, 2007). Em relagdo a atividade
nervosa simpatica muscular, esse desfecho apresenta associacdo com a concentracdo de
noradrenalina plasmatica e a resisténcia vascular periférica (URATA et al., 1987), que é um
parametro importante e que também sofre acdo por via reflexa, dos masculos esqueléticos
envolvidos no EF, gerando uma diminuigdo da PA (PERI-OKONNY et al., 2015).

Considerando a influéncia da resposta endotelial sobre a PA, ressalta-se que apds a
pratica de EF, a sintese de 6xido nitrico pelas células nervosas € alterada e esse
neurotransmissor tem a capacidade de agir sobre a funcdo endotelial e a autorregulacdo
cerebrovascular, as quais estdo comprometidas em hipertensos e envolvidas no processo de
neuroplasticidade (CHAPMAN et al., 2013). Além do mais, € importante destacar que apés o
EF o Oxido nitrico tem a capacidade alterar a resposta cardiovascular, por meio de
interferéncias sobre a medula rostral ventrolateral (ALLY; MAHER, 2008).

Além dos mecanismos periféricos, ha evidéncias demonstrando que mecanismos
centrais envolvidos com a hiperatividade simpatica sdo fatores relevantes para 0 aumento da
PA, devido a sua influéncia sobre a vasoconstri¢do e aumento débito cardiaco, além disso, esse
aumento da agdo simpatica apresenta diferentes magnitudes, de acordo com o estagio da
hipertensdo (SMITH et al., 2004). Alteracdes na PA podem acontecer também por causa de
alteragdes oxidativas geradas no sistema nervoso central, as quais séo diminuidas com a pratica
de EF de forma cronica, principalmente devido a sua a¢éo sobre as citocinas pro-inflamatérias
e ativacdo das microglias no nucleo hipotaldémico paraventricular (MASSON et al., 2014;
MASSON et al., 2015).

No que se refere aos mecanismos que envolvem a transmissao de informacoes sobre a
medula e que interferem sobre a PA, tém-se demonstrado que as alteracdes da PA também
podem ocorrer por meio de informag6es transmitidas para o nucleo trato solitario no bulbo
raquidiano, que esta envolvido no processamento de transmissdo de informacdes aferentes
atraves dos receptores cardiovasculares (quimiorreceptores e barorreceptores aferentes arteriais
e mecanorreceptores e quimiorreceptores aferentes cardiacos vagais) (SPYER, 1994;
CIRIELLO; HOCHSTENBACH; RODER, 1994, TER HORST; STREEFLAND, 1994). Além
disso, o ndcleo trato solitario apresenta conexdes extensas com diversas estruturas envolvidas
com o controle autonémico, como a ponte, mesencéfalo, tdlamo, hipotadlamo e cortex motor.
As informacdes aferentes que chegam ao nucleo trato solitario geradas pela contracdo muscular
proporcionam uma cascata de reagfes que ativam seus neurdnios e consequentemente 0s

neurdnios da medula caudal ventrolateral, assim inibindo a medula rostral ventrolateral
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gerando uma reducdo da atividade simpatica para 0 coracdo e vasos periféricos. Ressalta-se
que a ativacdo do ndcleo trato solitario, por meio de informacdes aferentes advindas da acéo
muscular também pode excitar o nicleo motor dorsal do vago e nlcleo ambiguo para aumentar
a atividade parassimpatica (POTTS, 2001; POTTS et al., 2003; ZUBCEVIC; POTTS, 2010).

Outro importante mecanismo que pode sofrer alterages em sua regulacdo no nucleo
trato solitario e causar perturbacGes nas sinapses neuronais, envolve os niveis do
neurotransmissor acido gama-aminobutirico (SPARY et al., 2008). A ativacao dos receptores
gabaérgicos, atraves de sua acdo inibitéria aumentam a frequéncia cardiaca e acdo simpatica
(POTTS et al., 2003). Ressalta-se que a hipertensdo também esta associada a alteracdes no
funcionamento dos receptores do tipo gabaérgicos, os quais interferem no controle da PA,
através da mediacao da acdo simpéatica (STEVENSON et al., 2017; DAVERN et al., 2014).

No que se refere a pratica de EF, ha estudos demontrando seus efeitos a curto e longo
prazos sobre o controle da PA de individuos hipertensos, por meio da acdo em mecanismos
centrais e periféricos sobre desfechos hemodinamicos e autondmicos. Ressalta-se que embora
alguns estudos ndo apresentem redugdes significativas na PA sistolica e diastdlica ao
treinamento fisico, as caracteristicas dos participantes, limitacdes metodolégicas, como perdas
amostrais e os protocolos apresentados séo fatores que podem justificar esses resultados
(GONG et al., 2018; RADOVANOVIC et al., 2016).

Gong et al. (2018) demonstraram que apesar do tempo de treinamento fisico de 15
semanas, a intensidade/tipo dos exercicios, a falta de controle de variaveis relacionadas a
alimentacdo e a falta de métodos de mensuracdo da intensidade de exercicios podem ter sido
fatores que influenciaram na ndo diminuicao da PA nos hipertensos avaliados. Radovanovic et
al. (2016) mesmo ao realizar o controle alimentar e o protocolo de estudos envolver a pratica
de exercicio fisico aerdbio durante 16 semanas, a grande perda amostral pareceu ser um fator
que influenciou diretamente nos resultados relativos a esse desfecho pressorico.

Ainda, estudos prévios tém relatado que as repostas pressoricas relacionadas a poucas
ou diversas sessdes treinamento fisico podem promover reducdo da PA sistdlica, mas sem
alterar de maneira significante os valores da PA diastélica (ARIJA et al., 2018; CUNHA et al.,
2016; FERRARI et al., 2017). Sabe-se que diversos fatores podem afetar as respostas do
sistema cardiovascular ao exercicio fisico nos hipertensos, como o desenho de estudo proposto,
o tipo de intervencdo fisica realizada, a medicacdo anti-hipertensiva e as caracteristicas clinicas
dos pacientes. Por isso, ensaios clinicos de alta qualidade devem ser elaborados, na tentativa

de tornar os dados menos imprecisos.
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O quadro 1 demonstra um resumo de estudos publicados nos Gltimos anos sobre 0s

efeitos do exercicio aerdbio sobre a PA em pacientes com hipertenséo arterial.



Quadro 1. Efeitos dos diversos protocolos de exercicio fisico sobre parametros hemodinamicos e autondmicos cardiaco.
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Autor, Ano

Método

Principais resultados

Arcaetal., 2014

Ensaio clinico: Exercicios no solo (n= 19); Exercicios aquéaticos (n=19); GC (n=
14)
Exercicios 3x semana durante, 12 semanas consecutivas por 50 minutos

| PAsistdlica (- 12.2 mmHg)
< PAD

Pagonas et al., 2014

Ensaio clinico: Gl: (n= 36), GC: (n=36).
Treinamento aer6bio:8-12 semanas, durante 30-36 min.

| PAS (- 6.2 mmHg)
| PAD: (- 3.0 mmHg)

Sikiru; Okoye, 2014

Ensaio clinico: Gl (n=162); GC (n= 161)
Exercicio aerobio de leve intensidade, 3x semana por 8 semanas

| PAS (- 13.94 mmHg)
| PAD: (- 7.41 mmHg)

Mohr et al., 2014

Ensaio clinico: Grupo exercicio alta intensidade (n=21); Grupo moderada
intensidade (n=21); GC (n=20)
Exercicio aer6bio na piscina durante 15 semanas

| PAS (6%)
 PAD

Goessler etal., 2015

Cross-over: 34 hipertensos
Caminhada por 55 minutos (60-75% da frequéncia cardiaca de reserva e sessdo
controle)

— PAS
| PAD: (- 6.5 mmHg)

Ohta et al., 2015

Cross-over: 65 hipertensos.
Caminhadas diarias (10.000 passos) durante 4 semanas, 0 grupo controle manteve
as atividades rotineiras

| PA (-2.6 mmHg) (HPE)

Cunhaetal., 2016

Cross-over: 18 hipertensas obesas
Exercicio aerdbio realizado no ambiente aquatico durante 45 minutos.

| PAS (- 2.68 mmHg)
«— PAD

Radovanovic et al., 2016

Ensaio clinico: GI (n=15); GC (n=15)
Exercicios 3x semana, por 16 semanas

< PAS e PAD

Santos et al., 2016

Cross-over: 20 hipertensos resistentes
Exercicios aerdbios leve (50% FC maxima), moderada (75% FC méaxima) por 45
minutos em uma bicicleta e controle (repouso durante 45 minutos).

| PAS (- 9.4 mmHg)
| PAD: (- 5.7 mmHg)

Damorim et al., 2017

Ensaio clinico: Treinamento de forga: (n= 28); Exercicio aerobio: (n= 27)
50 sessfes/3x semana, por 17 semanas

| PAS (- 16.5 mmHg)
| PAD: (- 11.6 mmHg)

Ferrari et al., 2017

Cross-over: 20 idosos hipertensos
3 intervenc0es: exercicio aerdbio, exercicio aerdbio + treinamento de forca e uma
sessdo controle sem exercicios

| PAS (- 7 mmHg) exercicio aerdbio
«— PAD

Imazu et al., 2017

Cross-over: 51 hipertensos treinados; 50 hipertensos sedentarios
Protocolo: Sessao de exercicio aerébio e uma sessao controle

| PAS (- 9.3 mmHg)
| PAD: (- 12.4 mmHg)

Izadi, 2017

Ensaio clinico: Gl: (n=15); GC: (n=15)

| PAS (- 6.3 mmHg)
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Programa de TIAI: 3x semana por 6 semanas

| PAD: (- 3.6 mmHg)

arijaetal., 2018

Ensaio clinico: GI: (n=152); GC: (n=55)
Sessdes de 120 min/semana, por 9 meses

JPAS (- 8.68 mmHg)
— PAD

Gong et al., 2018

Ensaio clinico: Gl: (n=232); GC: (n=218)
Programa de exercicios fisicos durante 15 semanas

< PAS e PAD

He; Wei; Can; 2018

Ensaio clinico: 46 hipertensos; 23 normotensos
Caminhada 3x semana por 12 semanas

| PAS (- 22.6 mmHg)

Liu et al., 2018

Ensaio clinico: 128 hipertensos Gl: (n=43); GC: (n=43); GI2: (n=42)
Sessdes de 150 min/semana, por 4 meses

| PAS (- 11.9 mmHg)
| PAD (- 6.9 mmHg)

RAmirez-Jimenez et al., 2018

Cross-over: 23 hipertensos
4 sessbes/intervalo de 2 semanas entre elas

| PAS (-6.3 mmHg)

Pires et al., 2020

Ensaio clinico 37 hipertensos
Programa de exercicios fisicos durante 8 semanas

| PAS (- 5.1 mmHg)
«— PAD

GlI: Grupo Intervencédo; GC: Grupo Controle; PA: Pressdo Arterial; PAS: Pressdo Arterial Sistolica; PAD: Pressdo Arterial Diastolica; FC: Frequéncia Cardiaca; HPE: Hipotensao Pés-Exercicio;
TIAI: Treinamento Intervalado de Alta Intensidade; «<» Sem Alteragdo; | Diminuicdo (Queda).
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Uma revisdo publicada recentemente ratifica as informacdes apresentadas no quadro 1,
demonstrando que o EF fornece melhorias sobre a PA. Esse estudo ressalta que quanto maior
a quantidade de EF praticado, menores os riscos de desenvolver hipertensdo (LIU, etal., 2017).
Além do mais, ha outras evidéncias (revisdo de ensaios clinicos) apontando que o EF é capaz
de diminuir consideravelmente a PA sistdlica (3 a 20 mmHg) e PA diastdlica (3 a 13 mmHg)
de individuos hipertensos (BORJESSON et al., 2016).

Efeitos da ETCC sobre as respostas cardiovasculares

IntervencOes seguras que possam potencializar os efeitos do EF sobre mecanismos que
interferem sobre a PA sdo extremamente importantes porque o0 aumento da PA por longos
periodos pode trazer sérios problemas as pessoas, como elevagdo dos riscos de problemas
cardiovasculares e morte (BUNDY et al., 2017). Considerando esses pressupostos, acreditamos
que a ETCC é uma tecnica que pode potencializar os efeitos do EF sobre desfechos
cardiovasculares.

Tem-se postulado que a acdo da ETCC ocorre por mecanismos diversos, a curto e longo
prazo, por exemplo, existe um termo conhecido como “doutrina somatica” que tem sido usado
afirmando que os efeitos da ETCC sobre o cortex humano sdo dependentes da polaridade
utilizada durante a estimulacdo. A ETCC anddica produz uma maior excitabilidade somatica,
enquanto que a ETCC catddica uma maior hiperpolarizacdo soméatica (RAHMAN et al., 2013).
E importante ressaltar que esse conceito merece ser melhor explorado porque o fluxo de
corrente continua liberada durante a estimulacédo nao se limita apenas as células neuronais ou
ao corpo celular, mas sim aos diversos compartimentos e células presentes no cortex, como
interneurdnios, glia, dendritos, axénios, etc. Essas estruturas podem se tornar mais excitaveis,
enguanto outras hiperpolarizadas seja com a corrente anodica e/ou catodica (BIKSON et al.,
2004; CHAN; HOUNSGAARD; NICHOLSON, 1988; RADMAN et al., 2007). O campo
elétrico gerado pelo fluxo da corrente, posicionamento dos eletrodos e das estruturas neuronais
também sdo fatores que interferem nos efeitos da ETCC (BIKSON et al., 2004).

Considerando células corticais humanas tipicas, tem-se postulado que os efeitos da
ETCC anddica e catddica durante o periodo de estimulacdo sdo dependentes de sua a¢ao sobre
canais idnicos dependentes de voltagem presentes na membrana celular neuronal (NITSCHE
etal., 2003b). Ressalta-se que uma quantidade maior de estimulagdes pode gerar efeitos a longo
prazo, mesmo apés o término da estimulagdo (MONTE-SILVA et al., 2013). Alguns autores
tém especulado que o processo de neuroplasticidade que ocorre ap6s a estimulacao por longos

periodos envolve a acdo de receptores glutamatérgicos como o receptor N-Metil D-Aspartato
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(NITSCHE et al., 2003b; NITSCHE et al., 2004). E importante ressaltar que alteragdes no
neurotransmissor acido gama-aminobutirico também dependem das alteragcdes nos potenciais
elétricos das membranas celulares para gerar efeitos sobre a plasticidade sinaptica. (NAYAK;
BROWNING, 1999). Portanto, a atividade dos neurotransmissores sdo extremamente
importante para as alteragcdes no sistema nervoso central proporcionadas pela ETCC (STAGG
etal., 2009).

Dados de uma metanalise (MAKOVAC; THAYER; OTTAVIANI, 2017) que
investigou os efeitos da neuromodulacdo ndo invasiva, sobre a resposta cardiovascular em
humanos ndo demonstrou resultados significativos sobre a acdo da ETCC quando considerado
pardmetros hemodindmicos e autondmicos cardiacos, como a PA e a frequéncia cardiaca
(ASLAKSEN; VASYLENKO; FAGERLUND, 2014; FLOEL et al., 2008; HAMNER et al.,
2015; RAIMUNDO; URIBE; BRASIL-NETO, 2012). Entretanto, outros autores
demonstraram que a estimulacdo sobre T3 foi capaz de aumentar a atividade parassimpatica e
diminuir a atividade simpatica em atletas (MONTENEGRO et al., 2011). O local escolhido
para ser neuroestimulado podem estar associados a esses diferentes achados
(MAKOVAC; THAYER; OTTAVIANI, 2017).

Acredita-se que algumas regides corticais apresentam areas que podem interferir sobre
o controle autondmico devido as suas conexdes anatdmicas e funcionais com o nucleo bulbar
cardiovascular (BA-M’HAMED et al., 1996; VILTART et al., 2003). No que se refere
especificamente ao cértex insular, devido as suas conexdes com regides mais distais, por
exemplo, com o ndcleo do trato solitario e a medula rostral ventrolateral (NAGAI; HOSHIDE;
KARIO, 2010) acreditamos que essa area exerca influéncia sobre o controle cardiovascular nos
seres humanos.

Ainda, no tocante aos efeitos da ETCC sobre as respostas hemodindmicas e
autondémicas cardiaca, os resultados observados sdo divergentes. Considerando os estudos
publicados na Gltima década, a maioria em individuos saudaveis, observa-se que a ETCC nao
afetou significativamente alguns parametros hemodinamicos (VERNIERI et al., 2010;
CLANCY et al., 2014, VANDERMEEREN et al.,2010; RAIMUNDO et al.,2012;
ASLAKSENVASYL et al., 2014; HAMNER et al., 2015; VITOR COSTA et al., 2015;
BARWOOD et al., 2016; NIKOLIN et al., 2017). Estes achados podem ser devido,
principalmente, as areas que receberam a neuromodulagdo, como o cdrtex motor primario e
parte dorsolateral do cortex pré frontal.

Similar resultado foi verificado por Okano et al., (2017), estes autores propuseram um

protocolo de ETCC que promoveu estimulos na area cortical insular esquerda, os resultados
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sugerem que protocolo utilizado pode ndo ter gerado estimulo suficiente para promover
alteracGes corticais que ajustassem o controle autondmico cardiaco. Aditivamente, Soares et
al. (2016) ndo observaram ajustes autondémicos cardiaco, contudo, verificaram que a ETCC foi
capaz de promover reducdo da PA sistolica em individuos saudaveis.

Apesar dos estudos mais recentes que utilizaram a ETCC em individuos pés-acidente
vascular encefalico e hipertensos tenham demonstrado algumas alteracdes nos parametros
hemodindmicos e pressoricos apds as intervencdes, as limitacbes metodoldgicas dos estudos
deixam duvidas sobre os verdadeiros resultados (HEINZ et al., 2020 e RODRIGUES et al.,
2021).

No quadro 2 estdo apresentados estudos que avaliaram os efeitos da ETCC sobre
parametros hemodinamicos e autonémicos cardiacos, com as respectivas montagens e 0s

principais resultados.



Quadro 2. Desenho dos estudos, montagem da ETCC e resultados relacionados as respostas hemodinamicas e autonémicas cardiaca.
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Métodos

Principais resultados

Autor, Ano
Desenho do estudo/ Montagem da ETCC Intensidade Quantidade
amostra (mA) (duracéo)
da sessao
Vandermeeren, Jamar, GP / Saudaveis Anodo: Area Fz ou Catodo: Tibia direita 1 1 (20 min) < PA, VFC e balango
Ossemann, 2010 (n=30) Tibia direita ou Area Fz simpatico vagal: ETCC
ativa vs sham
Vernieri et al., 2010 CO/ Saudaveis Anodo: Cortex motor Catodo: Brago 1 1 (15 min) < VFC e FC média
(n=10) primério esquerdo M1 | ipsilateral ou Cortex
(C3) ou Brago motor primario
ipsilateral esquerdo M1 (C3)
Montenegro et al., CO/ Atletas e ndo Anodo: Cértex insular | Cétodo: SO direita 2 2 (20 min) 1 AF, | BF (somente em
2011 atletas (n=20) esquerdo (T3) (Fp2) atletas): ETCC ativa vs
sham
Raimundo, Uribe, Br GP / Saudaveis Anodo: Cortex motor Cétodo: SO direita 1 1(20min) | < PAeFC: ETCC ativa
asil-Neto, 2012 (n=50) primario esquerdo M1 (Fp2) vs sham
(C3)
Brunoni et al., 2013 CO/ Saudaveis Anodo: CPFDL Cétodo: CPFDL 15 3 (33 min) 1 VFC (AF): ap6s a
(n=20) esquerdo (F3) ou direito (F4) ou ETCC anddica vs sham e
CPFDL direito (F4) ou CPFDL esquerdo catddica
sham (F3) ou sham
Aslaksenvasylenko, Fa GP / Saudaveis Anodo: Cortex motor | Cétodo: SO esquerda 2 1 (7 min) < PAS: ETCC ativa vs
gerlund, 2014 (n=75) primério direito M1 (Fpl) sham.
(C4)
Clancy et al., 2014 CO/ Saudaveis Anodo: Cértex motor | Catodo: Contralateral 1 2 (15 min) 1 VFC (BF): ETCC
(n=22) primario M1 SO (Fpl ou Fp2) ou anodica vs catodica e

Hemisfério ndo
dominante (C3 ou C4)
ou contralateral SO
(Fpl ou Fp2)

Cortex motor
priméario M1
Hemisfério ndo

sham

«— FC e PA: ETCC ativa
vs sham
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dominante (C3 ou

C4)
Hamner et al., 2015 CO/ Saudaveis Anodo: Cértex motor Cétodo: SO direita 2 2 (40 min) «— PA, FC, fluxo
(n=15) primério esquerdo M1 (Fp2) sanguineo e resisténcia
(C3) vascular periférica:
ETCC ativa vs sham
Vitor-Costaet al., 2015 CO/ Fisicamente Anodo: Bilateral M1 Catodo: 2 3 (13 min) <« FC: ETCC ativa vs
ativos (n=11) (4rea Cz) ou Protuberancia sham
protuberancia occipital | occipital ou bilateral
M1 (&rea Cz)
Barwood et al., 2016 CO/ Saudaveis Anodo: Cértex insular | Catodo: SO direita 1,5;3,5 2 (20 min) < FC: ETCC ativa vs
(n=14) esquerdo (T3) (Fp2) (experimento 1) sham em todos 0s
2;4,5 experimentos
(experimento 2)
Piccirillo et al., 2016 CO/ Jovens e ldosos | Anodo: Cortex insular | Cétodo: SO direita 2 2 (15 min) | BF, BF/AF, resisténcia
(n=50) esquerdo (T3) (Fp2) periférica e T AF
(idosos): ETCC ativa vs
sham
Soares et al., 2016 CO/ Saudaveis Anodo: Cértex motor Cétodo: SO direita 2 2 (20 min) | PAS (- 6 mmHg)
(n=12) primario esquerdo M1 (Fp2) apos ETCC ativa
(C3)
< VFC, PAD e média
Nikolin et al., 2017 GP/ Participantes Anodo: CPFDL Catodo: CPFDL 2 1(15min) | < AFeBF: ETCC ativa
saudaveis (n=20) esquerdo (F3) direito (F4) vs sham
Okano et al., 2017 CO/ Participantes Anodo: Cértex insular | Catodo: SO direita 2 2 (20 min) «— FCeVFC: ETCC
saudaveis sedentarios esquerdo (T3) (Fp2) ativa vs sham
(n=13)
Petrocchi et al., 2017 CO/ Participantes Anodo: Cértex insular | Cétodo: SO direita 2 2 (15 min) 1 AF: ETCC ativa vs
saudaveis (n=34) esquerdo (T3) (Fp2) sham
Heinz et al., 2020 CO/ individuos pés- | Anodo: Cortex insular Catodo: sobre o 2 1 (20 min) — VFCePA

AVC (n=12)

esquerdo (T3)

musculo deltdide
contralateral
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Rodrigues et al., 2021

CO/ hipertensos
(n=13)

Anodo: Cortex motor
primério esquerdo M1
(C3)

Cétodo: SO direita
(Fp2)

1 (20 min)

| PAS (- 8.4 mmHg)
| PAD (-5.4)
ETCC ativa vs sham

CO: Cross-over; GP: Grupos paralelos; SO: Area Supra Orbital; PA: Pressdo Arterial; VFC: Variabilidade da Frequéncia Cardiaca; CPFDL: Cértex Pré-Frontal DorsolLateral;

FC: Frequéncia Cardiaca; AF: Alta Frequéncia; BF: Baixa Frequéncia; AF/BF: razdo entre as bandas de alta e baixa frequéncia.
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SESSAO I1: Objetivos
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OBJETIVO GERAL

Avaliar os efeitos da ETCC anddica sobre o cértex insular (lobo temporal esquerdo -

T3) associada ao exercicio aerébio sobre a pressao arterial em individuos hipertensos.

OBJETIVO ESPECIFICO

Avaliar os efeitos da ETCC anddica sobre o cortex insular (lobo temporal esquerdo -
T3) associada ao exercicio aerébio sobre a variabilidade da frequéncia cardiaca em individuos

hipertensos.
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SESSAO I11: Procedimentos Metodol4gicos
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CASUISTICA E METODOS

Tipo de Estudo

Este estudo é um ensaio clinico, randomizado com dois grupos paralelos e com sigilo
de alocacdo que seguiu as recomendagfes do Consolidated Standards of Reporting Trials-
CONSORT (SCHULZ et al., 2010).

Local e Duracéo do Estudo
Este estudo foi realizado no periodo de janeiro a setembro de 2020. Apds triagem, 0s
pacientes realizaram coleta dos sinais, medidas antropométricas e bioquimicas.

Posteriormente, as intervengdes foram realizadas e as analises apds as sessdes foram refeitas.

Considerac@es Eticas e Registro do Estudo

Este estudo foi aprovado pelo Comité de Etica em Pesquisa em Seres Humanos,
obedecendo criteriosamente a resolucdo 466/12 do Conselho Nacional de Saude (CAAE:
04864918.3.0000.5184, Numero do Parecer: 3.101.577; Anexo 1) e foi registrado na
Plataforma de Registro Brasileiro de Ensaios Clinicos (NUmero de registro: RBR-56jg3n). Os
dados deste ensaio clinicos estdo armazenados em uma plataforma digital (doi:
10.5281/zenodo.5790939).

E importante mencionar que antes do inicio do estudo todos os voluntérios assinaram o
Termo de Consentimento Livre e Esclarecido (TCLE), certificando sua concordancia em
participar do estudo. Previamente a essa concordancia, os voluntarios receberam informacoes
detalhadas sobre os objetivos do estudo, os procedimentos que seriam submetidos, riscos e
beneficios. Ainda, foi comunicado que sua identidade seria mantida em sigilo e que a qualquer
momento poderia descontinuar do estudo.
Critérios de Elegibilidade

Os individuos foram recrutados por meio de andncios nas midias eletrénicas/sociais e
unidades basicas de saude. Foram incluidos individuos de ambos os sexos com idade acima de
18 anos, diagnosticados com hipertensao arterial, de acordo com a Medida Ambulatorial de
Pressdo Arterial (MAPA) de 24 horas (PA sistolica >120 <160 mmHg e/ou diastolica >80 <100
mmHg) (WHELTON et al., 2018).

Foram excluidos pacientes que estavam sob medicacdo betabloqueadora,
apresentassem historico de doencas hematoldgicas, neuroldgicas, doencas vasculares
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periféricas e acidente vascular encefalico, tivessem problemas cognitivos que impossibilitasse
a execucdo de comandos, apresentassem limitacdes fisicas que impedisse a realizagdo do
protocolo de exercicios, possuissem aneurisma dissecante, doencas epilépticas, historico de
convulsdes, implantes metélicos na regido da cabeca, gestantes, alteracbes no
eletrocardiograma ou tenham mudado a terapia medicamentosa por um periodo menor que 2
meses.

Os participantes foram descontinuados do estudo, caso consumissem mais que 30 ml
de alcool e/ou 200 mg de cafeina por dia, faltassem 1 sess&o, iniciassem uso de qualquer terapia
de reposicdo hormonal, modificassem a classe ou a dosagem dos medicamentos anti-

hipertensivos ou engravidassem.

Randomizacao, Sigilo de Alocacdo e Analise por Intencdo de Tratar

Apos a inclusdo, os participantes com hipertensdo elevada, estgio 1 e/ou estagio 2
foram randomizados de forma estratificada, utilizando os valores da PA de 24 horas, através
de sequéncias numéricas geradas pelo site www.randomization.com. Todo processo de
randomizacao foi feito por um pesquisador que nao fez parte da pesquisa.

Os individuos foram randomizados e alocados para o grupo (ETCC Ativo: GA) de
pacientes hipertensos que receberam a ETCC ativa e fizeram exercicios aerobios de moderada
intensidade ou para o grupo (ETCC Sham: GS) de hipertensos que receberam a ETCC sham e
realizaram exercicios aerobios de moderada intensidade.

O sigilo de alocacao foi feito por meio de envelopes opacos e 0 acesso a esse contetdo
ocorreu apenas por um pesquisador que nao fazia parte do estudo para que o0s participantes
incluidos e os pesquisadores que estavam fazendo as avaliagdes estivessem cegos em relagdo

a alocacdo da amostra.

Protocolo Experimental

Previamente ao protocolo experimental, 0s hipertensos realizaram exames bioguimicos,
teste de ergométrico, foram coletadas as medidas antropométricas, ECG e usaram a MAPA por
24 horas para que fosse coletada a PA (baseline). Alem do mais, todos receberam orientacGes
para evitar ingerir bebidas alcoolicas e cafeina, praticar exercicios ou usar tabaco 24 horas

antes das avaliagoes.


http://www.randomization.com/
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Na figura 1 estdo apresentados o protocolo do estudo e a sequéncia dos procedimentos
que os pacientes com hipertensdo arterial realizaram. No primeiro dia do protocolo de
intervencgdes, assim que chegaram ao ambiente da pesquisa, descansaram por 15 minutos.
Posteriormente, foi realizada a ETCC ativa ou sham por 20 minutos e logo apds término da
estimulagdo realizaram a sess&o de exercicio fisico, conforme protocolo previamente descrito.
Doze sessOes foram realizadas em dias ndo consecutivos.

Logo apos a primeira (T1) e a décima segunda (T2) sessbes os individuos em posicdo
supina foram reinstrumentados para que fossem coletados os sinais referentes ao ECG, e por

fim realizaram a medida da PA por 24 horas.

Pacientes elegiveis (n = 63)

Excluidos (n = 43)
—»| -PASe PAD <120/80 (n=29)
- PAS and/or PAD > 160/100 (n = 14)

Randomizados (n = 20)
|

v v

. o Amostra sanguinea .
Baseline ».| * Sociodemograficos Baseline

(Primeira avaliagao) o Teste ergométrico (Primeira avaliagdo)
o ECG e MAPA-24h

A

ETCC ativa + EF (n=10) |, | *ECG < ETCC sham + EF (n=10)
(T1 — apds 12 sessdo) * MAPA-24h (T1 — apds 12 sesséo)
I |
ETCC ativa + EF (n=10 * ECG =
; a( 0 | . oA «—| ETCC sham + EF (n=10)
(T2 —apbs a 128 sessdo ) (T2 —apos a 122 sessdo )
I I
(n =10) v (n=10)
Anli intengdo de trat =0 . li i 5 =
nalise por intencdo de tratar (n = 0) Andlise por intencdo de tratar (n =0)

Figura 1. Desenho do estudo.

PAS: Pressdo Arterial Sistolica; PAD: Pressdo Arterial Diast6lica; ETCC: Estimulacdo Transcraniana
com Corrente Continua; EF: Exercicio Fisico; MAPA: Medida Ambulatorial da Pressdo Arterial; ECG:
EletroCardioGrama;
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Medidas e Avaliacéo
Variaveis Sociodemograficas e Medidas Antropométricas

Os elementos sociodemograficos coletados foram o nome, idade, sexo, telefone, estado
civil, uso de cigarros, quantidade de medicagdes em uso, peso/altura, escolaridade,
circunferéncia da cintura e pescoco e historico de doencas (Anexo).

Para mensurar as varidveis antropométricas foram utilizados uma balanca eletronica
acoplada com um estadiometro da marca Welmy® modelo W200, com precisdo de 0,1 kg e
0,1 cm, respectivamente. Os valores de peso (kg) e estatura (cm) foram utilizados para

determinar o IMC.

Exames Laboratoriais

Para 0s exames bioquimicos foram coletados 5ml de sangue por puncao transcutanea
na veia do antebrago, em seguida o sangue foi centrifugado a uma velocidade de 1500 rpm por
15 minutos, para separar o0s elementos figurados e o soro. Todo esse procedimento foi realizado
por um profissional da area com vasta experiéncia, utilizando os meétodos de assepsia
necessarios, como alcool, algodao, luvas e seringas descartaveis para a manutencao da higiene
obedecendo as orientacdes conforme resolugdo n°466/12 do Conselho de Saude do Brasil para
experimentos com humanos. As analises bioguimicas de glicose, hemograma, colesterol total
e fracdes, e triglicerideos foram realizadas com a devida utilizagdo das técnicas e equipamentos

necessarios para obtengdo dos valores das varidveis (MOURA, 1982).

Teste Ergométrico

A avaliacdo da capacidade aerdbia foi realizada em uma esteira ergométrica para
determinar a frequéncia cardiaca/zona alvo de treinamento. Para realizar o teste, 0s pacientes
foram colocados na esteira rolante iniciando-se o exercicio com o protocolo escalonado,
aumentando-se a velocidade da esteira a cada 2-3min, totalizando 8 a 12 minutos. A interrupgéo
do exame ocorreu quando o paciente apresentou cansago, exaustdo, sintomas indicativos de
anormalidades cardiovasculares, alteracbes compativeis com isquemia, alteracdes
significativas do ritmo cardiaco ou atingisse a frequéncia cardiaca maxima. Essa mensuracao
da capacidade aerobia foi feita para que pudéssemos prescrever a intensidade de exercicio
desejada, baseado na frequéncia cardiaca, para cada um dos participantes (LOLLGEN; LEYK,
2018).
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Desfechos do Estudo
Pressdo Arterial

Para responder ao objetivo priméario deste estudo foi avaliada a PA, através da
Monitorizagdo Ambulatorial da Pressdo Arterial (MAPA®; Dyna-MAPA — CARDIQOS, Brasil)
que permite avaliar o comportamento fisiolégico da PA na vigilia, no sono, durante 3 e 24
horas. Todo o procedimento de coleta da PA seguiu as recomendacdes da European Society of
Hypertension Practice Guidelines for home blood pressure monitoring (PARATI et al., 2010).
Para aquisicdo da PA, os individuos foram instrumentados com o manguito colocado no brago
ndo dominante e, com cinto que continha o equipamento da MAPA. Além da instrumentacao
com a MAPA, os individuos foram orientados a preencher um diario sobre os acontecimentos
e rotina que ocorreu durante o dia (hora de comer, se teve algum estresse fisico ou psicolégico,
hora de deitar para dormir e ao acordar).

Variabilidade da frequéncia cardiaca

O Eletrocardiograma (ECG) (CARDIOS™, Brasil) na derivacdo DIl bipolar foi
utilizado para coletar o sinal elétrico do coracdo, a partir de trés eletrodos que foram colocados
no térax do individuo, ap6s assepsia e tricotomia. As séries temporais do intervalo cardiaco
foram obtidas pelo software do proprio Holter com base na variabilidade da frequéncia cardiaca
no dominio do tempo e frequéncia.

Para a analise no dominio do tempo foram feitas analises dos intervalos RR através do
desvio padrdo de todos os intervalos RR (SDNN), a raiz quadrada da média do quadrado das
diferencas entre intervalos RR normais adjacentes, em um intervalo de tempo (rMSSD), o
PNN50 que representa a porcentagem dos intervalos RR adjacentes com diferenca de duracdo
maior que 50 ms, expressos em ms, e a interpolacéo triangular do histograma de intervalo NN
(TINN). Esses indices podem representar tanto a atividade simpatica/parassimpética quanto
apenas a parassimpatica (AUBERT; SEPS, BECKERS, 2003; NISKANEN et al., 2004;).

Na analise da VFC no dominio de frequéncia foram utilizadas as variacdes da
frequéncia cardiaca nas bandas de Baixa Frequéncia (BF) (0.03-0.15 Hz), as quais tém sido
associadas com a modulagdo simpética e parassimpatica, as bandas de Alta Frequéncia (AF)
(0.15-0.40 Hz), associadas a modulagdo parassimpatica e a bandas de muito baixa frequéncia

(<0.04). Além dos componentes absolutos e normalizados das bandas de BF e AF, o balango
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simpato-vagal ou autondmico foi obtido, a partir da razdo entre as bandas de AF e BF (CAMM
etal., 1996).
Intervencao
Estimulacao Transcraniana com Corrente Continua

O protocolo da ETCC foi realizado com estimulagéo ativa ou sham. A estimulacéo ativa
foi realizada com eletrodo (&nodo) posicionado sobre o escalpo da regido do cértex insular
(lobo temporal esquerdo — T3), area localizada a 40% de distancia a esquerda do ponto Cz e a
10% de distancia do tragus, e o outro eletrodo (catodo) sobre a regido supraorbital contralateral
(Fp2), de acordo com as normas internacionais para o sistema 10-20 EEG (DASILVA et al.,
2011). Os eletrodos tém tamanho de 35 cm? e antes de serem posicionados foram imersos em
uma solucéo salina (150 mMols de NaCl diluido em agua). Uma corrente elétrica constante de
2 mA foi aplicada por 20 minutos e os eletrodos foram mantidos sobre o escalpo por uma
bandagem elastica. A estimulacdo Sham foi realizada com eletrodo posicionado no mesmo
local da ETCC ativa, entretanto a corrente de 2mA foi liberada por apenas 30 segundos (rampa

de 10 segundos). A figura 2 demonstra as regides do cdrtex temporal e insular.

Figura 2. A: Cortex temporal esquerdo em amarelo (superficial); b: cértex insular esquerdo em
vermelho (apés retirada do cdrtex temporal). Feito na plataforma biodigital.

Durante a ETCC ativa as pessoas geralmente relatam sentir formigamentos sobre os
eletrodos e esse método para intervencdo Sham teve o objetivo de fornecer inicialmente essa
sensacdo, a qual é semelhante a percebida durante a ETCC ativa. O dispositivo que emitiu a
corrente foi idéntico para a ETCC ativa e sham, isto é, funcionou da mesma forma e durante o
mesmo tempo para ambos os grupos. Os eletrodos (&nodo e catodo) foram ligados a um

aparelho, o qual estava conectado a uma bateria de 9 Volts com corrente sendo controlada por



36

um multimetro digital profissional (DT832, WeiHua Electronic Co., Ltd, China) com um erro
padrdo de +1.5% (SILVA-FILHO et al., 2018).

Todas as estimulagdes ocorreram imediatamente antes da execugdo dos exercicios e 0
protocolo foi baseado em estudos prévios que analisaram desfechos hemodindmicos e
autonémicos cardiacos (OKANO et al., 2015; SOARES et al., 2016) e que utilizaram a area
T3 para ser neuromodulada (OKANO et al., 2015).

Monitorizagdo da ETCC

Para avaliar os possiveis efeitos adversos, 0s participantes responderam no final de cada
sessao se sentiram “formigamento”, “queimacdo”, “dor de cabega”, tonturas ou qualquer outro
sintoma (MATSUMOTO; UGAWA, 2016). Ao ser questionado sobre a intensidade destes
efeitos, os individuos responderam usando as seguintes magnitudes de respostas: 0 para
nenhum sintoma relatado, 1 para intensidade leve, 2 para intensidade moderada e 3 para
intensidade forte.
Exercicio Aerdbio

As sessdes de exercicios aerébio foram feitas em uma esteira ergométrica sem
inclinacdo. Inicialmente foi feito um aquecimento (5 minutos a 57-63% da FC pico),
posteriormente, durante 30 minutos o exercicio fisico foi feito a 64%-76% da FC maxima/pico
(intensidade moderada) e por fim foi feita a volta & calma (5 minutos a 57-63% da FC
méxima/pico), ilustrado na figura 3. Todo o protocolo foi baseado em recomendagfes do
American College Sports Medicine (categoria A de evidéncia) sobre a pratica de exercicios
aerobicos de moderada intensidade para individuos hipertensos (GARBER et al., 2011;
PESCATELLO, 2015; PESCATELLO 2015b).
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Aguecimento Protocolo de Exercicios Volta & calma
5 minutos a 57-63% 30 minutos a 64%-76% da 5 minutos & 57-63%
da FC méax/pico FC max/pico da FC max/pico

Figura 3. Protocolo das sessdes de exercicios aerébio.
FC Max/pico: Frequéncia cardiaca maxima ou de pico.

Analise estatistica

As analises foram realizadas por meio do software Jamovi (3rd generation). Além do
mais, utilizou-se o Graph Pad Prism 5 para a construcdo dos graficos. Os testes de Shapiro-
Wilk e Levene foram aplicados para avaliar a normalidade da distribuicdo e homogeneidade
da variancia dos dados, respectivamente. As caracteristicas demograficas basais e 0s escores
clinicos foram comparados entre o grupo ETCC ativo e sham usando o teste t de Student para
variaveis continuas e o teste do Qui-quadrado para variaveis categoricas.

Andlises apos a 1?2 sessdo: para a PAS e PAD (vigilia, sono, 3 e 24 horas) foram
mensuradas a média e desvio padrdo (DP), diferenca média (DM), erro padrdo (EP) , tamanho
do efeito (eta square) e o p valor. Para as variaveis autondmicas foram calculadas a DM, EP e
p valor.

Analises ap0s a 12? sessdo: para a PAS e PAD (vigilia, sono, 3 e 24 horas) foram
mensuradas a média e DP, DM, intervalo de confianga, EP e p valor. Além disso, as diferengas
intragrupos pré e pds-intervencdes (delta) também foram calculadas. Ressalta-se que na anélise
da PAS e PAD durante as 3 horas, foi considerada a diferenca entre trés horas ap6s a Gltima
intervencdo e trés horas do baseline no mesmo periodo do dia.

O General Linear Model foi usado como teste de hipdtese para determinar o efeito da
ETCC ap0s a intervengdo entre os grupos e o eta square foi calculado para mensurar o tamanho
do efeito. O indice de massa corporal foi inserido como covariante. A significancia estatistica
foi estabelecida em p < 0,05. A relevancia clinica minima considerada para a PA sistolica e

diastolica cronica foi uma queda de 4.11 e 1.79 mmHg, respectivamente (LEE et al., 2021).
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SESSAO IV: Resultados e Discussao
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RESULTADOS E DISCUSSAO

Esta tese optou por seguir o modelo de artigo cientifico, em conformidade com a Norma
002/2015 que “Dispde sobre a normatizacdo para elaboracdo das dissertacOes e teses do
PAPGEF UPE/UFPB”.

Desta forma, os resultados e discussao serdo apresentados no formato de dois artigos,

um deles aceito e 0 outro em processo de analise.

Artigo 1. Effects of transcranial direct current stimulation associated with an aerobic exercise
bout on blood pressure and autonomic modulation of hypertensive patients: A pilot randomized
clinical trial, foi publicado no periédico Autonomic Neuroscience: Basic and Clinical, Vol.

235, n°102866, com fator de impacto 3.1 e classificado como A3.

Artigo 2. Twelve sessions of tDCS does not potentiate the effects of aerobic exercise on blood
pressure and heart rate variability of hypertensive patients: a pilot randomized controlled trial,
foi submetido ao periddico Physical Therapy & Rehabilitation Journal, com fator de impacto
3.0.


https://www.journals.elsevier.com/autonomic-neuroscience-basic-and-clinical
https://academic.oup.com/ptj
https://academic.oup.com/ptj
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ARTICLE INFO ABSTRACT

Keywords:

Transcranial direct current stimulation
Blood pressure

Autonomic nervous system

Exercise

Hypertension

The objective of this article was to evaluate the effects of an aerobic exercise bout associated with a single session
of anodal transcranial direct current stimulation (tDCS) over the left temporal lobe on blood pressure (BP) and
heart rate variability (HRV) in hypertensive people. After met the inclusion criteria, twenty hypertensive people
were randomized to active-tDCS or sham-tDCS group. Initially, they provided their sociodemographic data, a
blood sample, and went through an evaluation of the cardiorespiratory performance. Then, a single session of
tDCS with an intensity of 2 mA over the left lobe during 20 min was cairied out. After tDCS, it was performed a
session of moderate-intensity aerobic exercise during 40 min. BP during 24 h and HRV measurements were
performed before (baseline) and after the intervention. Systolic BP during sleep time decreased in the active-tDCS
group (p = 0.008). Diastolic BP showed a significant decrease 3 h after the intervention in the active-tDCS group
(p = 0.01). An intragroup comparison showed a significant decrease in systolic BP 3 h after intervention only for
the active-tDCS group (p = 0.04). Besides, there was a trend toward a difference in wake for diastolic BP for
active-tDCS (p = 0.07). Lastly, there were no changes in the HRV for both groups. It is suggested that anodal tDCS
associated with moderate-intensity aerobic exercise can decrease systolic and diastolic BP of hypertensive people
during sleep time and 3 h after the intervention.

1. Introduction

Hypertension is a chronic condition with high prevalence world-
wide. High blood pressure (BP) has a strong association with coronary
heart disease, stroke, and end-stage renal disease. Also, it is among the
main causes of mortality and disability (Whelton et al., 2017). Guideline
recommendations provide pharmacological and nonpharmacological
management to prevent and control high BP (Whelton et al., 2017).
Recent treatment guideline emphasizes the importance of non-
pharmacological interventions for mild or moderate hypertension aim-
ing to control BP and improve quality of life (Ghadieh and Saab, 2015).

The reduction in BP post-exercise is clinically relevant and could be
observed for hours after an exercise session (de Brito et al., 2019). A

structured exercise program decreases systolic blood pressure (SBP) and
diastolic blood pressure (DBP) and has been frequently recommended
for adults (Cornelissen and Smart, 2013). In hypertensive individuals,
aerobic training reaches a threshold reduction of 4,4 mmHg in SBP after
ten sessions because of cardiac output reduction and sympathetic ac-
tivity decreases. The improvements of the vascular tone and reduction of
peripheric vascular resistance also are important factors that influence
BP reduction (Damorim et al., 2017; Sabbahi et al., 2016).
Long-lasting adaptation in central nervous system (CNS) contributes
to the maintenance of hypertension. In this sense, the lifetime environ-
mental and physiological challenges can modify mechanisms that
mediate hypertensive response sensitization (Johnson and Xue, 2018).
Thereby, studies suggest the importance of the CNS to control
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physiological and behavioral systems associated with BP response
(Johnson and Xue, 2018). The left structure of the insular cortex pre-
dominantly controls parasympathetic cardiovascular parameters and is
involved in post-exercise hypotension through changes in its neural
activity and blood flow (Okano et al., 2015). The influence of the CNS on
post-exercise hypotension is considered important to produce baroreflex
and vascular adaptations (Oliveira et al., 2018).

Neuromodulatory interventions focused on the autonomic nervous
system (ANS) could improve neuroplasticity and hypotension, providing
a new strategy and complementary treatment to control BP (Cogi-
amanian et al., 2010). Transcranial Direct Current Stimulation (tDCS) is
a wearable, low-risk, tool to potentiate the effects of physical exercise
mainly due to an increase in parasympathetic response (Heinz et al.,
2020). Varied populations including healthy subjects, post-stroke pa-
tients and athletes showed changes in sympathetic and parasympathetic
nervous system activity after neuromodulation (Okano et al., 2015;
Heinz et al., 2020; Clancy et al., 2014). A proposed mechanism for these
effects is delayed vagal withdrawal and reduced sympathetic modula-
tion. Neuroplasticity of several cortical areas has been reported after
tDCS treatment (Okano et al., 2015; Heinz et al., 2020; Clancy et al.,
2014).

The association of aerobic exercise with tDCS may potentiate the
effects on BP mainly through ANS functioning modulation. We hy-
pothesized a significant difference in post-exercise hypotension in hy-
pertensive individuals who underwent aerobic exercise associated with
tDCS compared with aerobic exercise alone. This study evaluates the
effects of an aerobic exercise bout associated with a single session of
anodal tDCS over the left temporal lobe (T3) on BP and Heart Rate
Variability (HRV) in hypertensive people.

2. Material and methods
2.1. Trial design

This is a parallel, triple blinded clinical trial with two arms. The
study was conducted according to the Consolidated Standards of
Reporting Trials (CONSORT), declaration of Helsinki (1964), and reso-
lution No. 466/12 of the National Health Council. The study was per-
formed at the Federal University of Paraiba and registered in the Ethics
Committee (Number: 3.101.577), and the Brazilian Clinical Trials
platform (ID: RBR-56jg3n) on March 05, 2019. It is a pilot study and
preliminary data about the use of tDCS in hypertensive individuals were
assessed. The effect of tDCS on SBP, DBP, and HRV parameters can be
used to determine the power and sample size for future studies.

2.2. Participants

Participants were recruited through advertisements in electronic/
social media and Health Units. The study included individuals of both
sexes, aged over 18 years, diagnosed with arterial hypertension, ac-
cording to the Ambulatory Blood Pressure Measurement (ABPM) (sys-
tolic BP > 120 < 160 mmHg) and/or diastolic (>80 < 100 mmHg)
(Whelton et al., 2017). The study excluded individual with any history
of hematological and neurological diseases; taking beta-blocking medi-
cation; presence of peripheral vascular diseases, previous stroke,
cognitive impairment, dissecting aneurysm, epileptic diseases, history of
seizures; physical limitations that prevent the performance of the exer-
cise protocol; metallic implants in the head; pregnancy or lactating;
changes in the electrocardiogram or changed drug therapy for less than
2 months. Participants were discontinued from the study if they
consumed more than 30 g of alcohol and/or 200 mg of caffeine per day,
started using any hormone replacement therapy, or modified the class or
dosage of antihypertensive drugs.

Participants were randomly allocated to the active-tDCS or sham-
tDCS groups. The entire randomization process was carried out by
staff who were not otherwise participating in the study. The included
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participants and the researchers conducting evaluation were blind to the
allocation of the sample.

2.3. Outcomes

After being elected to the study, the participants provided their
sociodemographic data, a blood sample, went through an evaluation of
the cardiorespiratory performance, measurement of the BP, and elec-
trocardiogram. It was assessed data from primary and secondary out-
comes before (baseline) and after intervention (T1) in wake and sleep,
completing 24 h of measurement. A complementary analysis was done
for SBP and DBP 3 h after intervention.

Sociodemographic data were assessed to characterize the sample and
included age, sex, telephone, use of cigarettes, medications, weight (kg),
height (m), neck circumference, and comorbidities (diabetes). To mea-
sure anthropometric variables, an electronic scale coupled with a
Welmy™ model W200 stadiometer was used, with an accuracy of 0.1 kg
and 0.1 cm, respectively. The values of weight and height were used to
determine body mass index.

The assessment of aerobic capacity was performed on a treadmill to
determine the heart rate/target zone of training. The patients were
placed on the treadmill, starting the exercise according to the protocol
chosen by an experienced cardiologist, increasing the treadmill speed
every 2-3 min, totaling 8 to 12 min. The examination was interrupted if
the patients experienced tiredness, exhaustion, symptoms indicative of
cardiovascular abnormalities, changes compatible with ischemia, sig-
nificant changes in heart rhythm, or reaching maximum heart rate. This
measurement of aerobic capacity was carried out to prescribe the
desired exercise intensity, based on heart rate, for each participant
(Lollgen and Leyk, 2018).

To answer the primary objective of this study, BP was evaluated
through Ambulatory Blood Pressure Monitoring (ABPM; Dyna-MAPA -
CARDIOS™, Brazil) that allows the assessment of the physiological
behavior of blood pressure for 24 h in baseline and 24 h after inter-
vention. The entire BP collection procedure followed the recommen-
dations of the European Society of Hypertension Practice Guidelines for
home BP monitoring (Parati et al., 2010). For assessment of BP, in-
dividuals were instrumented with a cuff that was placed on the non-
dominant arm and, with a belt that contained the ABPM equipment.
In addition to the ABPM instrumentation, individuals were instructed to
fill in a diary about the events and routine that occurred during the day
(period of meals, if had any physical or psychological stress, time to
sleep, and when woke up).

Besides, at baseline and after intervention (T1), the Holter Electro-
CardioGram (ECG) monitoring (CARDIOS™, Brazil) in the bipolar DII
derivation was used to collect the electrical signal from the heart for 15
min in a supine position, however, it was considered a 5-minute anal-
ysis. Three electrodes were placed on the individuals' chest, after asepsis
and trichotomy. Time series of the cardiac interval was obtained by the
Holter software based on the HRV in the domain of time and frequency.
For the time domain, different RR intervals analysis were performed and
represented in ms according to the following variables: pNN50, rMSSD,
SDNN, TINN. These indices represent both sympathetic/para-
sympathetic activity and/or parasympathetic activity. In the analysis of
HRV in the frequency domain, variations in heart rate were analyzed in
very low frequency (VLF) bands (0.0033-0.04 Hz), low frequency (LF)
bands (0.03-0.15 Hz), which have been associated with sympathetic and
parasympathetic modulation, and high frequency (HF) bands
(0.15-0.40 Hz), associated with parasympathetic modulation. In addi-
tion to the absolute and normalized components of the LF and HF bands,
the autonomic balance was obtained from the ratio between HF and LF
(Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996).

For biochemical tests, 5 ml of blood was collected by a trans-
cutaneous puncture in the forearm vein, then the blood was centrifuged
at a speed of 1500 rpm for 15 min, to separate the figured elements and
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the serum. This entire procedure was performed by an experienced
professional, using the necessary asepsis methods. Biochemical analyzes
of glucose, blood count, total cholesterol and fractions, and triglycerides
were performed with the proper use of the techniques and equipment
necessary to obtain the values of the variables (International Council for
Standardization in Haematology et al., 2014). The flowchart of the study
is illustrated in Fig. 1.

2.4. Interventions

tDCS protocol was performed for one session using active or sham
stimulation. Active stimulation was performed with an anode electrode
positioned over left temporal lobe (T3) and the cathode electrode placed
on the contralateral supraorbital region (Fp2). Electrode positioning was
determined according to international standards for the 10-20 EEG
system (Bikson et al., 2016). The electrodes contact area was 35 em? (5
cm x 7 cm) and were saturated with saline solution (150 mM NacCl). A
constant electric current of 2 mA was applied for 20 min. Sham stimu-
lation was performed with the same electrode montage, with 2 mA
current applied for 30 s (Bikson et al., 2016; Lefaucheur et al., 2017).
The electrodes were connected to a custom tDCS device with current
monitored by a multimeter (DT832, WeiHua Electronic Co., Ltd.,
China). tDCS stimulation was performed immediately before the exer-
cise session.

Immediately after tDCS, aerobic exercise was carried out on a
treadmill with no inclination. Initially, a warm-up was performed (5 min
at 57%-63% of maximum/peak heart rate), then, for 30 min, physical
exercise was carried out at 64%-76% of maximum/peak heart rate
(moderate intensity) and finally, cool down (5 min at 57%-63% of
maximum/peak heart rate). The entire protocol was based on the
American College of Sports Medicine (ACSM) recommendations (cate-
gory A of evidence) on the practice of moderate-intensity aerobic ex-
ercises for hypertensive individuals (Pescatello et al., 2004; Garber
et al., 2011). Fig. 2 illustrates the study protocol in both groups and
ABPM evaluation during 3 h after interventions.
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Wake Sleep Wake Sleep
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Fig. 2. Timeline of the intervention. 24 h of ABPM was assessed in baseline and
after tDCS + aerobic exercise for both groups in a parallel trial (T1). A sec-
ondary analysis was performed with ABPM 3 h after intervention.

2.5. Statistical methods

Analyses were performed using the SPSS software (V.19.0, Chicago,
USA). Quantitative variables were expressed as means and standard
deviations (SD). For SBP and DBP the mean difference (MD) and stan-
dard error (SE) were calculated. The Shapiro-Wilk and Levene's test
were applied to assess the normality of the distribution and homogeneity
of variance of the data, respectively. The baseline demographic char-
acteristics and clinical scores were compared between the sham and
active group using Student's t-test (or nonparametric) for continuous
variables and chi-square test for categorical variables. ANCOVA was
used to determine the effect of tDCS on post-intervention after con-
trolling for pre-intervention and BMI. Post hoc analysis was performed
with a Bonferroni adjustment. Statistical significance was set at p < 0.05.

3. Results

A total of 63 individuals were screened for eligibility. Forty-three
individuals were excluded for not meeting the inclusion criteria.
Twenty participants were randomized to each group (active-tDCS or
sham-tDCS) and all patients completed the entire experimental protocol
(Fig. 1). No unexpected or severe adverse effect occurred during tDCS

Assessed for eligibility (n = 63)

—»| -SBPe DBP < 120/80 (n=29)

Excluded (n =43)

- SBP and/or DBP > 160/100 (n = 14)

Randomized (n = 20)

v

v

Baseline
(First Evaluation)

¢ Blood sample
L 5| ° Sociodemographic le—
e Ergometric test

e ECG and ABPM-24h

Baseline
(First Evaluation)

|

Active-tDCS + PE (n = 10)
(Second evaluation)

e ECG

o ABPM-24h

Sham-tDCS + PE (n = 10)
(Second evaluation)

I

|

(n=10)
Intention-to-treat analysis (n = 0)

(n=10)
Intention-to-treat analysis (n = 0)

Fig. 1. Flowchart of the study. PE: Physical exercise; ECG: Electrocardiogram; ABPM: Ambulatory blood pressure monitoring; ABPM-24 h: Ambulatory blood
pressure monitoring for 24 h; SBP: Systolic blood pressure; DBP: Diastolic blood pressure. tDCS: Transcranial direct current stimulation.
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and exercise protocols. No significant difference between groups was
found for socio-demographic and clinical characteristics in the baseline,
except for body mass index (Table 1). ANCOVA was performed and BMI
was added as a covariate.

SBP during sleep was significantly lower in the active-tDCS group in
post-intervention F (1.16) = 9.165 p = 0.008, partial nz = 0.36 (MD:
—6.35; SE: 2.1). However, no significant difference was found for DBP
during sleep F (1.16) = 3.888, p = 0.06, partial 2 = 0.19 (MD: —3.49;
SE: 1.77). DBP 3 h after intervention showed a significant decrease in
active-tDCS group F (1.16) = 7.204, p = 0.01, partial n2 = 0.31 (MD:
—7.46; SE: 2.78) (Fig. 3). Also, an intragroup comparison showed a
significant decrease in SBP 3 h after intervention only for active-tDCS
group (p = 0.04). A decrease in wake SBP was found for active-tDCS,
but no significant difference between group was found F (1.16) =
1.376, p = 0.25, partial r]z = 0.07 (MD: —3.61; SE: 3.08). Note a trend
toward difference in wake DBP for active-tDCS F (1.16) = 3.519, p =
0.07, partial n2 = 0.18 (MD: —3.91; SE: 2.08). There was a decrease in
SBP mean (MD: —3.67; SE: 2.4) and DBP mean (MD: —3.02; SE: 1.67) for
active-tDCS group, but no significant difference was found (p = 0.14 and
p = 0.08 respectively). Blood pressure results is shown in Fig. 3.

No significant difference between groups was found for HRV pa-
rameters according by ANCOVA (Table 2).

4. Discussion

This study assessed the acute effects of anodal tDCS associated with
an aerobic exercise bout on BP and ANS in hypertensive individuals. SBP
decreased during sleep time and 3 h after the intervention in the active-
tDCS group. Also, DBP was reduced significantly 3 h after the inter-
vention in the active-tDCS group. There were no changes in the HRV
parameters for both groups. To our knowledge, this is the first study to
show the effect of tDCS associated with aerobic exercise on BP and ANS
in hypertensive individuals.

Postexercise hypotension may directly contribute to the chronic re-
ductions in BP in hypertensive patients, but the mechanism of how
pressure is regulated, and the long-term changes remains unclear (Hal-
liwill et al., 2013). It was suggested that the magnitude of postexercise
hypotension can predict the longer-term benefits (Halliwill et al., 2013)
and previous studies suggest that neuromodulation can infer in ANS and
cardiovascular control (Sampaio et al., 2012). We speculate that the
association of both interventions might have increased the para-
sympathetic modulation and reduced the sympathetic activity.

tDCS has emerged as a strategy to modulate BP and HRV variables in
different chronic conditions, (Heinz et al., 2020; Sampaio et al., 2012)
aiming at decreasing cardiovascular risk (Sampaio et al., 2012). Aerobic

Table 1
Baseline socio-demographic and clinical characteristics.
Outcomes Active-tDCS Sham-tDCS p value
(n=10) (n = 10)
Age (years) 56.8 +7.5 51.1+12.8 0.09
BMI 29.4 +£1.8 30.8 £ 4.9 0.01
Neck circumference (cm) 37.7 £ 3.5 38.1 +3.6 0.65
Sex (female %) 70% 60% 0.63
Smoke (yes %) 20% 10% 0.53
Comorbidities (diabetes) 30% 20% 0.60
Biochemical tests
Red-blood cells (p/1) 4.67 +£0.44 4.49 £+ 0.57 0.43
Hematocrit (%) 42.1 £3.1 40.6 + 5.7 0.50
Platelets (p/1) 243.1 £259 230.5 + 54.2 0.51
Glucose (mg/dl) 103.4 + 35.3 108.2 +59.4 0.82
Total cholesterol (mg/dl) 203.1 +£59.6 178.0 + 32.4 0.25
LDL-cholesterol (mg/dl) 123.8 +51.8 105.2 +29.9 0.33
HDL-cholesterol (mg/dl) 51.7 £15.4 54.8 £18.3 0.68
Triglycerides (mg/dl) 175.5 +113.4 164.6 + 62.7 0.79

Data presented in mean and standard deviation; %: percentual; cm: centimeters;
p/1: Units per liter; mg/dl: milligrams per deciliter.
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exercise is considered the gold standard treatment to control BP and has
shown improvement in cardiometabolic function through different
mechanisms (Boutcher and Boutcher, 2017). The association with both
methods may potentiate the regulatory mechanisms involved in the
emergency of high BP. One of the paths involved in this response is the
sympathetic and parasympathetic activity which interferes with
vascular tone and peripheral resistance (Fagard and Cornelissen, 2007).
However, in this study, no significant change was found for HRV after
intervention for both groups.

Sleep time showed a significant reduction in SBP after the inter-
vention for the active-tDCS group. Sleep is a physiologic process that is
not completely understood. However, its restorative effects on the brain
have been extensively studied, (Krone et al., 2017) including the GABA
and glutamate neurotransmitters which regulate the sleep process. Some
authors showed that tDCS was able to alter the concentration of these
neurotransmitters (Heimrath et al., 2020). The influence of endogenous
mechanisms may promote changes in cardiac output and consequently
on BP. Many of these mechanisms are controlled by the hypothalamus
and are essential for controlling BP (Fabbian et al., 2013; Saper et al.,
2005). Exercise is considered a potent physiological stimulus over the
hypothalamus (Duclos and Tabarin, 2016). Besides, tDCS can modulate
the hypothalamus across different pathways through several cortical
regions (Brunelin and Fecteau, 2015). So, it is possible that tDCS asso-
ciated with physical exercise might have potentiated the effects over the
hypothalamus, improving its functioning and decreasing BP during
sleep time.

Considering the short-term effects there was a reduction in SBP and
DBP 3 h after the intervention. Previous studies described the post-
exercise hypotension, related to vascular resistance decreasing, after
aerobic exercise. As the insular cortex is an area responsible for the
control of arterial hypertension (de Brito et al., 2019; Cogiamanian
et al., 2010), we suggest that anodal tDCS over the insular cortex could
be a strategy to potentialize the effects of postexercise hypotension.
Corroborating this assumption (Okano et al., 2015), showed that healthy
subjects with high aerobic capacity presented higher vagal modulation
of the heart rate and greater HRV, comparing active to sham-tDCS.
Anodal tDCS over the left insular cortex may have increased the para-
sympathetic modulation at rest (Montenegro et al., 2011). But these
effects in hypertensive individuals are still unknown.

Future investigations involving additional numbers of sessions of
tDCS and different intensity of effort or duration of exercise could pro-
vide more information about the mechanism of action and physiological
results. tDCS seems to be a safe and useful resource to improve cardio-
vascular parameters in hypertensive individuals, however the use of
tDCS associated with physical exercise needs to be more elucidated.

There were some limitations in this study. It is important to mention
that vasodilating substances (Olver and Laughlin, 2016), insulin resis-
tance (Whillier, 2020), and kidney function (Wilkinson et al., 2016) can
also affect blood pressure and it was not measured. Also, the HRV,
evaluated by the Holter should be assessed during 24 h, so a better
correlation between blood pressure and HRV would be performed

properly.
5. Conclusion

Anodal tDCS over the left temporal lobe associated with aerobic
physical exercise was able to decrease systolic and diastolic BP of hy-
pertensive people during sleep time and 3 h after the intervention. No
changes were detected in the HRV after the intervention.
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difference only in active tDCS group. **Denote significant difference between groups.
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Table 2
Baseline vs after intervention (T1) in heart rate variability parameters between
groups according to ANCOVA.

Outcomes Mean difference Std. error f p value
HF ms2 147.94 213.8 0.479 0.49
HF nu 4.38 7.56 0.335 0.57
LF HF 0.21 0.54 0.155 0.69
LF ms2 71.094 79.750 0.795 0.38
LF nu 4.372 7.568 0.334 0:57
pNN50 7.229 5.264 1.886 0.18
rMSSD 10 7.470 1.795 0.19
SDNN 6.716 5.300 1.605 0.22
TINN 30.296 20.027 2.288 0.15
VLF 56.564 69.171 0.669 0.42

HF: High-frequency power; LF: Low-frequency power; pNN50: Percentage of
adjacent NN intervals differing by more than 50 milliseconds; rMSSD: Square
root of the mean squared difference of successive RR intervals; SDNN: Standard
deviation of RR intervals; TINN: Triangular interpolation of NN interval histo-
gram; VLF: Very low frequency.

MB as the inventor. MB has equity in Soterix Medical Inc.
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Artigo 2

TWELVE SESSIONS OF TDCS DOES NOT POTENTIATE THE EFFECTS OF
AEROBIC EXERCISE ON BLOOD PRESSURE AND HEART RATE VARIABILITY
OF HYPERTENSIVE PATIENTS: APILOT RANDOMIZED CONTROLLED TRIAL

Edson Silva-Filho, Amilton da Cruz Santos, Maria do Socorro Brasileiro-Santos
Abstract

Objective: To verify the effects of transcranial direct current stimulation (tDCS) associated
with moderate-intensity aerobic exercise (AE) on blood pressure (BP) and heart rate variability
(HRV) of hypertensive individuals. Method: This is a triple-blinded clinical trial with two
arms that included hypertensive individuals (systolic BP> 120 <160 mmHg and or diastolic (>
80 <100 mmHg) according to the ambulatory BP monitoring for 24 h. Subjects were
randomized into two groups: active tDCS + AE or sham tDCS + AE. BP and HRV outcomes
were analyzed before (baseline) and after the nonconsecutive twelve sessions. Anode tDCS
was applied for 20 minutes over the left temporal cortex and cathode electrode over the
contralateral supraorbital area with an intensity of 2 mA. After each stimulation, moderate-
intensity AE was carried out on a treadmill for 40 minutes. Results: A total of 20 individuals
were analyzed (53.9 + 10.6 years, 30.1 + 3.7 Kg/m?). No differences between groups were
found for BP and HRV after interventions. However, considering individual differences, both
groups presented a numeric reduction of the systolic (bigger than 5.39 mmHg) and diastolic
(bigger than 2.66 mmHg) BP for all variables. Nevertheless, in the active group, the percentage
of people who reduced systolic and diastolic BP was bigger than the sham group. Conclusion:
Despite no differences were detected in between groups analysis, a bigger quantity of
responders in the active group presented a systolic and diastolic numeric reduction after
interventions. Impact: tDCS is a low-cost and safe strategy associated with AE provided a
numeric reduction of BP in hypertensive individuals and might be considered as an additional
technique to be inserted in clinical practice.

Keywords: Blood pressure, heart rate, transcranial direct current stimulation, exercise:
aerobic performance, hypertension, sleep
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INTRODUCTION

The humans’ central nervous system plays an important role to control blood pressure
(BP) through projections to the nucleus tractus solitarius, dorsal nucleus of the vagus and
ventrolateral medulla. These structures modulate autonomic functioning through branches to
the heart and peripheral vasculature (GUYENET et al., 2020). In this sense, sympathetic and
parasympathetic malfunctioning can lead to the emergency of high BP (HIROOKA, 2020).

Non-pharmacological treatments focused on the central nervous system, such as non-
invasive brain stimulation’s strategies have been used to treat diverse health conditions by
modulating several cortical and surrounded areas (ELSNER et al., 2020; FREGNI et al., 2021).
Transcranial direct current stimulation (tDCS) is a low-cost and easy-to-use brain stimulation
modality that has demonstrated evidences of efficacy to treat nontransmissible chronic diseases
such as stroke (ELSNER et al., 2020) and hypertension (FLACK & ADEKOLA, 2020; SILVA-
FILHO et al., 2021). The use of tDCS to control BP can be an associate alternative to
pharmacological and nonpharmacological interventions with potentially reduced side-effects
and more brain targeted outcomes (FREGNI et al., 2021).

It is important to mention that physical exercise is considered a gold standard treatment
to modulate BP (FLACK & ADEKOLA, 2020). Some authors showed that the association of
tDCS and physical exercise has potentiated the modulation of BP in hypertensive people
(SILVA-FILHO et al., 2021; RODRIGUES et al., 2021). Possibly, if individuals with high BP
respond to this chronic combined intervention, it could be a strategy to potentiate a long-term
control of the BP. Considering these assumptions, this study aims to investigate the effects of
anodal tDCS over temporal cortex associated with moderate-intensity aerobic exercise on BP

and heart rate variability of hypertensive individuals.

METHOD
Trial design

It is a parallel, triple-blinded clinical trial with two arms that followed the Consolidated
Standards of Reporting Trials (CONSORT) recommendations (SCHULZ et al., 2010) and was
performed according to the declaration of Helsinki (1964), and resolution No. 466/12 of the
National Health Council. This study was performed at the Federal University of Paraiba and
registered in the Ethics Committee (Certificate of Presentation of Ethical Appreciation:
04864918.3.0000.5184, ID: 3.101.577; Anexo 1), and the Brazilian Clinical Trials platform
(RBR-56jg3n) on March 05, 2019. The data of this trial are stored on a digital platform (doi:
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10.5281/zenodo.5790939). All of the participants signed the informed consent before starting
the trial.

Participants
The participants in this study were recruited through advertisements in the Health Units

and social media. They were included according to the following criteria: (1) both sexes; (2)
aged over 18 years old; (3) arterial hypertension diagnosis according to the ambulatory blood
pressure monitoring (24 hours measurement; systolic BP> 120 <160 mmHg and/or diastolic (>
80 <100 mmHg) (WHELTON et al., 2018). Individuals who (1) presented a history of
hematological or neurological diseases; (2) were taking beta-blocking medication; (3) with
presence of peripheral vascular diseases; (4) previous stroke; (5) cognitive damage by any
cause; (6) dissecting aneurysm; (7) epileptic issues; (8) seizures; (9) physical limitations that
interfere in the exercise protocol; (10) metallic implants in the head; (11) pregnancy or
lactating; (12) alterations in the drug therapy during less than 2 months were excluded. They
were discontinued if (1) consumed more than 30ml of alcohol or 200g of caffeine a day; (2)
began using any hormone replacement therapy; (3) or modified the class or dosage of

antihypertensive drugs.

Interventions

Twelve nonconsecutive interventions were performed three times a week in both
groups. It began with 20 minutes of tDCS (active or sham), and right after stimulation,
hypertensive people practiced 40 minutes of moderate-intensity aerobic exercise. Figure 1
illustrates the study protocol.

The intervention protocol started with the positioning of the anode electrode over the
left temporal lobe (T3) and the cathode electrode on the contralateral supraorbital region (Fp2),
according to international standards for the 10-20 EEG system. The electrodes were connected
to a tDCS device controlled through a professional digital multimeter (DT832, WeiHua
Electronic Co., Ltd, China) with a standard error of + 1.5%. The electrodes measured 35 cm?
and were immersed in a saline solution (approximately 12 ml per sponge) before being placed
on subject’s scalp. For 20 minutes a constant direct electric current of 2 mA was delivered. For
sham-tDCS the same procedures were followed except current was applied for only 30 seconds
(BIKSON et al., 2016).

Immediately after neuromodulation, 40 minutes of aerobic exercise was performed on

a treadmill without inclination. First, a warm-up for 5 minutes at 57%-63% of maximum/peak
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heart rate was carried out. Then, the intensity was increased to 64%-76% of maximum/peak
heart rate (moderate intensity) during 30 minutes. Finally, a cool down for 5 minutes at 57%-
63% of maximum/peak heart rate was performed to conclude the session. The entire protocol
was based on the American College of Sports Medicine recommendations (category A of
evidence) on the practice of moderate-intensity aerobic exercises for hypertensive individuals
(PESCATELLO et al., 2004; GARBER et al., 2011).

Outcomes

Initially, sociodemographic, blood sample, heart rate variability, blood pressure and
heart rate variability were measured. Aerobic capacity was performed after BP measurement.
After evaluation, the patients performed 12 sessions, 3 times a week, of tDCS and physical
exercise. Lastly, the heart rate variability and blood pressure were monitored again (figure 1).

Sociodemographic data included information about age, weight, height, abdominal
circumference, sex, use of cigarettes, education level, marital status, comorbidities (diabetes),
amount of anti-hypertensive drugs. The values of weight and height, collected by an electronic
scale coupled with a Welmy™ model W200 stadiometer, were used to determine body mass
index.

For biochemical tests, blood samples were collected by an experienced professional.
Biochemical analyzes of glucose, blood count, total cholesterol and fractions, and triglycerides
were performed according to the International Council for Standardization in Haematology
(INTERNATIONAL COUNCIL FOR STANDARDIZATION IN HAEMATOLOGY, 2014).

Aerobic capacity was measured on a treadmill, aiming to find the heart rate/target zone
of training, individually. The patients began the test according to the protocol chosen by an
experienced cardiologist. The speed of the treadmill was increased every 2-3 minutes, totaling
8 to 12 minutes. The test was immediately interrupted in case of the patient experienced
tiredness, exhaustion, symptoms indicative of cardiovascular abnormalities, changes
compatible with ischemia, significant changes in heart rhythm, or reaching maximum heart rate
(LOLLGEN & LEYK, 2018).

The BP was collected through the Ambulatory Blood Pressure Monitoring (ABPM;
Dyna-MAPA - CARDIOS™, Brazil) for 24 hours (including awake and sleep periods),
according to the recommendations of the European Society of Hypertension Practice
Guidelines for home BP monitoring (PARATI et al., 2010). The individuals were instrumented
with a cuff placed on the non-dominant arm and, with a belt attached to the ABPM equipment.

Subjects were guided to write down in a diary all the events that occurred in the day, such as
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physiological or psychological stresses, period of meals, sleep, and wake. It is important to
highlight that systolic and diastolic BP were measured and evaluated individually for the wake
and sleep times, 24 hours after the interventions; and the differences between BP post-
intervention and BP at baseline. Also, BP was analyzed during 3 hours, considering the
differences between three hours after the last intervention and three hours at baseline in the
same period of the day.

The Holter ElectroCardioGram monitoring (CARDIOS™, Brazil) in the bipolar DIl
derivation (3 electrodes) was utilized to record ECG for 15 minutes in a supine position,
however, it was considered a 5-minute analysis. The variables square root of the mean squared
difference of successive RR intervals (rMSSD), standard deviation of RR intervals (SDNN)
and triangular interpolation of NN interval histogram (TINN) represent the time domain in ms
and pNN50 in percentage. The very low frequency (VLF) (0.0033-0.04 Hz), low frequency
(LF) (0.03-0.15 Hz), high frequency (HF) bands (0.15-0.40 Hz), and the autonomic balance
from the ratio between HF and LF represent the frequency domain (TASK FORCE OF THE
EUROPEAN SOCIETY OF CARDIOLOGY, 1996).

Randomization

The sample was allocated to the active-tDCS or sham-tDCS groups through a numerical
sequence created by the www.random.org platform. The randomization process was performed
by an individual not otherwise involved in the study. Besides, the allocation concealment was
carried out through opaque envelopes and the access to this content was done only by the

researcher who was following the participants during the sessions.

Statistical methods

Analyses were performed using the SPSS software (V.19.0, Chicago, USA). Also, it
was used Graphpad Prism software to create the graphs. Mean, standard deviation and error,
mean difference, delta and confidence interval represent quantitative results for systolic BP and
diastolic BP. To measure the normality of the distribution and homogeneity of variance of the
data we used the Kolmogorov-Smirnov and Levene’s test, respectively. The baseline
demographic characteristics and clinical scores were compared between the sham and active
group using Student's t-test for continuous variables and chi-square test for categorical
variables. Independent general linear model was used to determine the effect of stimulation on
both groups (post-intervention) and eta square was calculated to measure effect size. Body

mass index (BMI) was inserted as a covariant. Statistical significance was set at p < 0.05. The
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minimal clinical relevance for systolic and diastolic BP adopted was a decrease of 4.11 and
1.79 mmHg, respectively (LEE et al., 2021).

RESULTS

Initially, sixty-three patients were considered potentially eligible to participate in the
study. After ABPM measurement, 20 individuals were randomized into the two groups (active
or sham tDCS plus physical exercise). Table 1 shows patients’ socio-demographic and clinical
data of both groups. It shows that most people are above fifty years old, female, non-smoking
and married. There were no differences between groups for all variables, except for BMI (p <
0.05).

For intergroup analysis, for all moments, SBP and DBP presented a nonsignificant p-
value (> 0.05) and small effect size (< 0.06). Table 2 presents the mean difference between
groups, standard error and p-value related to the BP.

Table 3 shows intergroup analysis of HRV variables after interventions. Despite, all
variables having presented a no significant p-value and confident interval going throw the null
line, for some domains, such as HF ms2, HF nu, and pNN50 the effect size was between 0.06
and 0.1. Besides, intragroup analysis of all HRV variables, no differences were detected.

Figure 2 shows the individual responses of SBP and DBP considering pre (T1) and post-
(T?2) interventions of the active and sham groups. No statistical differences were identified for
BP intragroup analysis (p> 0.05). However, although people from both groups had a reducing
in BP, it is possible to identify that more individuals from the active group showed a bigger
magnitude of BP decreasing compared to individuals from the sham group.

DISCUSSION

This study showed that tDCS was not effective to potentiate the effects of moderate-
intensity aerobic exercise on BP and heart rate variability. Also, physical exercise was not able
to decrease BP significantly. However, individuals from both groups presented a numeric
reduction of the systolic (bigger than 4.11 mmHg) and diastolic (bigger than 1.79 mmHg) BP
for all variables.

Aerobic exercise has been considered a gold standard non-pharmacological treatment
to decrease BP in hypertensive individuals (MANCIA et al., 2013; BORJESSON et al., 2016).
Different central and peripheral mechanisms, related to physical exercise, have been described
as important components to interfere with BP and heart rate variability (LARSON; SYMONS
& JALILI, 2012; DE BRITO et al., 2019). One of the main components to modulate BP is the
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diameter alterations of the periphery vascular (MANCIA et al., 2013), which can be influenced
by the central and autonomic nervous system, endothelial factors (COGIAMANIAN et al.,
2010; VITAL et al., 2014) and hormones (HANSEN et al., 2020).

So far, there is no consensus about BP evaluation because different variables such as
period of the day, the timing of BP measurements and days with different activities might
influence the BP response (WALLACE et al., 2005). As we did not control the period of the
day that people practiced physical exercise, it might have generated differences between the
individuals™ response (DE BRITO et al., 2015). However, it is emphasized that this trial showed
four BP temporal analysis assessments, in an attempt to detect modification on BP in different
moments and using the same period of the day (baseline) as a control for 3hrs-analysis.

The association between tDCS and aerobic exercise has been showing effects on
controlling BP and heart rate variability of young men (FARINATTI et al., 2019), post-stroke
(HEINZ et al., 2020) and athletes (MONTENEGRO et al., 2011). However, in this trial tDCS
and physical exercise on hypertensive people presented no effects. It can be justified because
hypertensive people present deficiency on the endothelial (KONUKOGLU; UZUN, 2017) and
autonomic (MANCIA; GRASSI, 2014) mechanisms that regulates BP. Despite the small
changes in BP generated in both groups, it is possible that the chronicity of the clinical
condition might have unable better adjustments.

It is important to mention that the reasons that justify a small effect of the interventions
on BP in both groups were the lack of control related to the individual antihypertensive
medication class, sodium intake, and the practice of physical exercise previously which can be
associated with a decreasing of the BP before the trial. Also, the sample size was small and it
can have increased the dispersion of the groups and decreased the effect size between them.

CONCLUSION

tDCS was not able to potentiate the effects of moderate-intensity aerobic exercise on
BP and heart rate variability of hypertensive individuals. However, the effects of combined
interventions generated a clinical relevance decrease in BP of hypertensive people. It remains
to be investigated if different tDCS stimuli sites and protocols associated to physical exercise

is able to potentiate the magnitude of the central nervous system response on BP.
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Table 1. Socio-demographic and clinical data.

Outcomes Active tDCS + PE Sham tDCS + PE
(n=10) (n=10)

Age 56.8+7.5 51.1+12.8
BMI 294+18 30.8+4.9
Abdominal circumference (cm) 99371 1029+ 12.6
Sex

Male 30% 40%

Female 70% 60%
Smoke (no %) 80% 90%
Schooling

Elementary school 30% 50%

High school 30% 30%

Undergraduate 40% 20%
Civil state

Married 70% 60%

Single 0% 30%

Divorced 10% 10%

Widow 20% 0%
Comorbidities (diabetes) 30% 20%
Antihypertensive drugs

No drugs 40% 30%

1drug 10% 30%

2-3 drugs 40% 40%

>4 drugs 10% 0%
Biochemical tests

Red-blood (u/L) 4.67 +0.44 4.49 +0.57

Hemoglobin (g/dL) 13.9+0.91 131+1.8

Hematocrit (%) 421+3.1 40.6 5.7

Glucose (mg/dL) 103.4+£35.3 108.2 £59.4

Monocytes (u/L) 317.8 £190.7 212.1+95.1

Leukocytes (u/L) 6998.5 + 1716.1 6830.0 £ 936.2

Lymphocytes (u/L) 2735.8 +910.1 25004 + 827.7

Platelets (u/L) 243.1+£259 230.5+54.2

Total cholesterol (mg/dL) 203.1 +59.6 178.0 £ 32.4

HDL-cholesterol (mg/dL) 51.7+15.4 54.8 +£18.3

LDL-cholesterol (mg/dL) 123.8 £51.8 105.2 £29.9

Triglycerides (mg/dL) 1755+ 1134 164.6 £ 62.7

PE: Physical exercise; Data presented in mean and standard deviation; %: percentage; cm: centimeters; u/L:
Units per liter; mg/dL: milligrams per deciliter; BMI: body mass index.
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Table 2. Between groups analysis of systolic and diastolic blood pressure during wake and sleep time,
24 hours and 3 hours after interventions.

Blood pressure Mean difference (CI) Std. error p value
SBP wake 3.4 (-8.74;15.6) 5.7 0.55
DBP wake 0.9 (-7.37;9.36) 3.9 0.80
SBP sleep 2.0(-8.1;12.2) 4.8 0.67
DBP sleep -2.5(-11.2;6.2) 4.1 0.55

SBP 24 hours 2.4 (-8.9;13.8) 54 0.65

DBP 24 hours 0.1(-7.9;8.1) 3.8 0.97

SBP after 3h 3.6 (-9.2;16.5) 6.1 0.55
DBP after 3h -0.3(-8.8;8.2) 4.0 0.94

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Confidence interval: 95%. SE: standard error. Mean

difference between sham and active group. According to the independent GLM.

Table 3. Between groups analysis of heart rate variability variables after interventions.

Outcomes Mean difference (CI) Std. error p value
VLF (ms?) -53.4 (-290.7;183.8) 112.4 0.64
LF (ms?) -116.2 (-336.2;103.7) 104.2 0.28
LF (nu) -16.1 (-39.5;7.1) 11.0 0.16
HF (ms?) 146.9 (-67.8;361.8) 101.8 0.16
HF (nu) 16.1 (-7.1;39.5) 11.0 0.16
LF/HF (%) -1.09 (-3.6;1.5) 1.2 0.38
pPNNS50 (%) 4.4 (-3.5;12.5) 3.8 0.25
rMSSD (ms) 10.6 (-15.2;36.5) 12.2 0.39
SDNN (ms) 2.2 (-16.1;20.7) 8.7 0.79
TINN (ms) -9.8 (-48.7;29.0) 18.4 0.60

ms?: meters per seconds squared; ms: meters per second; nu: normal units; %: percentage; VLF: Very low
frequency; LF: Low-frequency band; HF: High- frequency band; pNN50: Percentage of adjacent NN intervals
differing by more than 50 milliseconds; rMSSD: Square root of the mean squared difference of successive RR
intervals; SDNN: Standard deviation of RR intervals; TINN: Triangular interpolation of NN interval histogram.
Cl:95%, SE: standard error. According to the independent GLM.
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Figure 1. lllustrates the study protocol.
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Figure 2. It shows people from active and sham groups (10 individuals per group) during awake and
sleep times, during 24 hours and 3h hours post-intervention. The results represent pre (T1) and post
(T2) intervention of systolic and diastolic blood pressures.
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CONSIDERAGCOES FINAIS

A partir dos resultados observados nesta tese, concluimos que a ETCC foi capaz de
potencializar os efeitos do exercicio aerobio sobre a PA durante as primeiras trés horas e sono.
Contudo, a ETCC associada ao exercicio aerdbio por quatro semanas nao foi capaz de gerar
efeitos sobre os parametros pressorico e autonémico cardiaco. No que se refere a variabilidade

da frequéncia cardiaca, nenhuma alterag&o foi detectada.
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ANEXOS
PARECER CONSUBSTANCIADO DO CEP

INSTITUTO DE EDUCAGAO £~ Plataforma
SUPERIOR DA PARAIBA - [ESP & <8rasil

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: EFEITOS DA NEUROMODULACAO DO CORTEX INSULAR SOBRE A PRESSAO
ARTERIAL EM HIPERTENSOS SUBMETIDOS AO EXERCICIO AEROBIO.
Pesquisador: Maria do Socorro Brasileiro Santos
Area Tematica:
Verséo: 1
CAAE: 04864918.3.0000.5184
Instituicdo Proponente: Instituto de Educacdo Superior da Paraiba - IESP
Patrocinador Principal: Financiamento Préprio

Consideracoes Finais a critério do CEP:

Este parecer foi elaborado b do nos doct abaixo relaci d
Tipo Documento Arquivo Postagem Autor Situagéo

Informacdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 18/12/2018 Aceito

do Projeto ROJETO_1277391.pdf 21:28:50

Projeto Detalhado / |CEP.pdf 18/12/2018 |Maria do Socorro Aceito

Brochura 21:27:52 |Brasileiro Santos

Investigador

Folha de Rosto folha_rosto_Edson.pdf 18/12/2018 |Maria do Socorro Aceito
14:34:55 | Brasileiro Santos

Outros ANUENCIA pdf 17/12/2018 |Maria do Socorro Aceito
15:59:25 | Brasileiro Santos

Outros Declaracao.pdf 17/12/2018 |Maria do Socorro Aceito
15:58:17 | Brasileiro Santos

Outros Certidao.pdf 17/12/2018 |Maria do Socorro Aceito
15:58:05 | Brasileiro Santos

TCLE /Termos de | TCLE.pdf 17/12/2018 |Maria do Socorro Aceito

Assentimento / 15:47:50 |Brasileiro Santos

Justificativa de

Auséncia

Cronograma Cronograma.pdf 17/12/2018 |Maria do Socorro Aceito
15:47:41 | Brasileiro Santos

Orgamento Orcamento.pdf 17/12/2018 |Maria do Socorro Aceito
15:47:28 | Brasileiro Santos

Situagao do Parecer:
Aprovado

Necessita Apreciaciao da CONEP:
Nao

CABEDELO, 22 de Dezembro de 2018

Assinado por:
ROGERIO MARCIO LUCKWU DOS SANTOS
(Coordenador(a))

REGISTRO NO BRAZILIAN REGISTRY OF CLINICAL TRIALS (REBEC)

RBR-56jg3n Effects of Neuromodulation on Blood Pressure of hypertenses submitted to Physical Exercise
Date of registration: 03/26/2019 (Mm/dd/yywy)
Last approval date : 01/13/2020 (mmdd/yyyy)
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APENDICES

Variaveis Sociodemograéficas, Antropométricas e Composic¢éo Corporal

Nome: Data [/
Idade: Sexo: F[ 1M[ ] Fone:( ) - E-mail: Estado
civil: [ ] Solteiro (a) [ ]Casado (a) [ ]Viavo(a) [ ] Divorciado (a)

Nivel de Escolaridade:

Dados antropométricos e de saude
Massa corporea: kg Estatura; cm. Composicao corporal

Circunferéncias: Cintura cm Pescogo cm
Possui algum tipo de doenca? [ ] Diabetes [ ] Hipertenséo [ ]Outros

Qual (is)?

Faz uso de medicamento (s)? [ ] Sim [ 1Naéo

Qual (is)?

Fumante: [ ] Sim [ ]Néo
Quanto tempo?

Ex-fumante: [ ] Sim [ 1Nao
Quanto tempo?

Pratica algum exercicio fisico? [ ] Sim [ ]Né&o
Quantas vezes na semana? Qual duragéo?

Quantidade de estimulacGes e exercicios.

1 2 |3 |4 |5 |6 |7 |8 |9 10 | 11 | 12
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