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RESUMO

Introducio: A hipertensao arterial tem maior prevaléncia nas mulheres apds a menopausa € o
exercicio fisico tem sido considerado um importante meio alternativo de tratamento e
prevengdo dessa doenga. Objetivo: O objetivo deste estudo foi verificar as respostas agudas e
cronicas da pressao arterial ambulatorial apds exercicios aerobios e resistidos combinados.
Métodos: Participaram 14 mulheres hipertensas medicadas e na pos-menopausa (58,8+1,0
anos, 27,7+1,2 Kg/m? e 7,2+1,5 anos pds a menopausa), submetidas a uma sessido aguda e ao
treinamento por dez semanas com exercicios aerdbios e resistidos combinados. A sessdo
aguda teve duracdo de 45 minutos, sendo cinco de aquecimento, 20 minutos de exercicio
aerdbio na esteira e 20 minutos de exercicio resistido, e o treinamento consistiu em 30 sessoes
com 0s mesmos exercicios. A pressdo arterial foi avaliada em repouso e durante 24 horas pela
Monitorizacdo Ambulatorial da Pressdo Arterial (MAPA). A MAPA foi realizada em trés
momentos, sendo repouso pré treinamento (Linha base), apds uma sessdo aguda de exercicio
(Agudo) e repouso apo6s o treinamento (Cronico). A partir dos dados da MAPA foi calculado
a variabilidade da pressao arterial (VPA) e a area abaixo da curva (AUC) da pressdo arterial
ao longo do tempo. Resultados: A analise estatistica mostrou que a AUC da PAS, PAD e
PAM no momento Cronico foi menor quando comparado com o momento Linha base, porém
ndo houve diferenca entre os momentos Agudo e Linha base. A VPA da PAS, PAD e PAM
reduziu no momento Agudo em relagdo a Linha base, porém nao houve diferenca entre os
momentos Cronico e Linha base. Conclusido: O exercicio combinado reduz a pressao arterial
ambulatorial de maneira cronica, sem alteracdo ap6és uma Unica sessdo aguda. Em
contrapartida, a VPA reduz apdés uma Unica sessdo aguda, porém ndo altera de maneira

cronica.

Palavras-chave: Variabilidade da pressdo arterial. Hipotensdo pos-exercicio. Hipertensao.

Pos-menopausa. Exercicio aerobio e resistido.



ABSTRACT

Introduction: Hypertension has a higher prevalence in postmenopausal women and physical
exercise has been considered an important alternative of treatment and prevention of this
disease. Objective: Verify acute and chronic responses to ambulatory blood pressure after
combined aerobic and resisted exercises. Methods: Participated in 14 postmenopausal women
and medicated hypertensive (58.8+1.0 years, 27.7+1.2 Kg/m? e 7.2+1.5 years post
menopause), submitted to an acute session and to training for ten weeks with combined
exercises. It consisted of thirty sessions lasting 45 minutes, five of warm-up, 20 minutes of
aerobic exercise on the treadmill and 20 minutes of resisted exercise. Blood pressure was
assessed at rest and for 24 hours by Ambulatory Blood Pressure Monitoring (ABPM). The
ABPM was performed in three moments, being pre-training at rest (Baseline), after an acute
exercise session (Acute) and rest after training (Chronic). From the ABPM data it was
calculated blood pressure variability (BPV) and the area under the curve (AUC) of blood
pressure. Results: Statistical analysis showed that the AUC of SBP, DBP and MBP at the
time Chronic was smaller when compared to the Baseline moment, but there was no
difference between the Acute and Baseline moments. The BPV of the SBP, DBP and MBP at
the reduced Acute in relation to the Baseline, but there was no difference between the Chronic
and Baseline moments. Conclusion: The combined exercise reduces chronic ambulatory
blood pressure without change after a single acute session. In contrast, BPV reduces after a

single acute session, but does not change in a chronic way.

Keywords: Variability of blood pressure, post exercise hypotension, hypertension, post
menopause, aerobic and resisted exercise.
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1 INTRODUCAO

A hipertensdo arterial (HA) ¢ uma doenga comum em toda a populagdo,
frequentemente associada ao risco de eventos cardiovasculares, acidentes cerebrais e doencas
renais, podendo ser agravada por fatores de risco como dislipidemia, obesidade, intolerancia a
glicose e diabetes melitus (WEBER et al., 2014), e além disso representa importante problema
de saude publica, por afetar diretamente a qualidade de vida e resultar em gastos
socioeconomicos elevados (MALACHIAS et al., 2016). Com o avango da idade, observa-se
aumento da pressdo arterial indicando rigidez progressiva da circulagdo arterial (WEBER et
al., 2014) e a partir da quinta década de vida, as mulheres apresentam maior prevaléncia de
hipertensao (RECKELHOFF, 2001).

O climatério ¢ definido pela Organizagdo Mundial da Saude como a fase de cessagdo
da capacidade reprodutiva da mulher, em que ha perda da funcionalidade dos ovarios e
redug¢do da producao de esterdides. A menopausa ¢ definida como a ultima menstruagao
decorrente do climatério ¢ o periodo apdés a menopausa ¢ caracterizado por distirbios
urinarios, alteracdes do perfil lipidico, ganho de peso e altos indices de sedentarismo
(BRASIL, 2008). As doencas cardiovasculares (DCV) sao mais prevalentes em mulheres na
p6s menopausa, o que sugere um efeito protetor dos hormdnios femininos sobre o sistema
cardiovascular (DUBEY et al., 2004; ORSHAL et al., 2004).

O estrogeno desempenha fun¢do cardioprotetora no organismo das mulheres, portanto
a deficiéncia deste hormonio no periodo ap6s a menopausa esta relacionada com aumento da
incidéncia de doengas cardiovasculares, principalmente a hipertensdo arterial
(RECKELHOFF, 2001; COYLEWRIGHT et al., 2008; MAAS et al., 2009).

O controle da pressao arterial (PA) ¢ importante na prevencao e tratamento de
doencas. A monitorizacdo ambulatorial da pressao arterial (MAPA) € capaz de monitorar o
comportamento e a variabilidade da PA em 24 horas. A variabilidade da pressdo arterial
(VPA) ¢ um importante prognostico de morbidade e mortalidade, principalmente em
hipertensos, que possuem altos niveis de VPA e esta associada ao maior risco de eventos
cardiovasculares (HANSEN et al., 2010; PARATI et al., 2013).

O tratamento da HA esta associado a intervengdes medicamentosas ¢ nao
medicamentosas. As medidas alternativas indicam principalmente mudanga no estilo de vida
dos hipertensos, incluindo a pratica regular de exercicio fisico (CARDOSO JR et al., 2007;
ANUNCIACAO et al., 2011). Ha estudos que indicam que o exercicio fisico praticado agudo

e cronicamente ¢ capaz de reduzir a PA ambulatorial em populagdo hipertensa
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(HECKSTEDEN et al., 2013; IMAZU et al., 2017; RAMIREZ-JIMENEZ et al., 2017). Os
exercicios aerdbios e resistidos isoladamente sdo eficazes no controle da PA, porém alguns
estudos encontraram reducdo da PA ao combinarem os dois tipos de exercicios. Ha poucos
estudos que abordam a redu¢ao da PA ambulatorial e a VPA em exercicios aerdbios e
resistidos combinados (MELO et al., 2006; HACKAM et al., 2013; HECKSTEDEN et al.,
2013). Percebemos assim, a necessidade de pesquisar sobre o efeito da pratica de exercicio
combinado sobre a PA ambulatorial, considerando a importancia clinica na vida da populagao
hipertensa, tanto no indicativo de mortalidade e morbidade, quanto no controle dos niveis

pressoricos.

2 REVISAO DE LITERATURA
2.1 Hipertensao e menopausa

A HA ¢ caracterizada pelo aumento cronico da pressao arterial sistdlica (PAS) acima
de 140mmHg e diastolica (PAD) de 90mmHg (SCALA et al., 2015). Estudos norte-
americanos revelaram que a HA aumenta drasticamente com a idade e representa mais mortes
por doencas cardiovasculares (DCV) do que qualquer outro fator de risco. No Brasil, a HA
atinge 36 milhdes de individuos adultos, contribuindo para 50% das mortes por DCV e
encontra-se maior prevaléncia em mulheres quando comparado com homens da mesma idade
(MALACHIAS et al., 2016; WHELTON et al, 2017).

Um dos fatores que poderia explicar a maior prevaléncia de HA nas mulheres ¢ a
menor producdo de estrogénio, causada pelo climatério (ZANESCO et al., 2009). O
climatério ¢ um fendmeno enddcrino decorrente do esgotamento dos foliculos ovarianos que
ocorre em mulheres de meia idade. Inicia-se entre os 35 e 40 anos, estendendo-se aos 65 anos,
caracterizando-se por um estado de hipoestrogenismo progressivo e compreende o periodo de
transi¢do fisioldgica da fase reprodutiva para ndo reprodutiva na mulher. Dentro desse periodo
ocorre a faléncia total da funcdo ovariana, interferindo na producao de hormonios esteroides e
na ovulagdo, acarretando em amenorreia permanente, ou menopausa. Assim, o periodo
correspondente ap6s o evento da menopausa ¢ denominado de periodo pds-menopausa
(HURD, 1998; BOSSEMEYER, 1999; FREITAS, 2001).

O estrogénio desempenha importante fungdo cardioprotetora no organismo
(WASSERTHEIL-SMOLLER et al., 2000). E acredita-se que sua deficiéncia gera algumas

alteragcdes no organismo, como elevagdo do peso corporal, principalmente devido ao
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sedentarismo, mudanc¢a nos depdsitos de gordura, alteragdes do perfil lipidico (OLIVEIRA et
al., 2005; ESHTIAGHI et al., 2012) e aparecimento de doengas metabolicas, bem como
aumento na incidéncia de HA (COYLEWRIGHT et. al., 2008; ZANESCO et al., 2009).

A terapia de reposi¢cdo hormonal (TRH) ¢ um tratamento alternativo que surgiu com o
objetivo de melhorar os sintomas causados pela poés-menopausa e suprir a deficiéncia de
hormdnios, porém seus maleficios e beneficios ainda sdo controversos (PARDINI, 2014). Ha
estudos que mostram que a TRH pode nao reduzir os riscos de doengas cardiovasculares e até
mesmo aumentar a incidéncia de hipertensdo (SCUTERI et al., 2001; MOSCA et al., 2007).
Porém, estudiosos acreditam que a TRH pode ser importante na reducdo dos sintomas
provenientes da menopausa, do risco cardiovascular, de osteoporose e cancer de colon, e que
quanto antes se iniciar a reposi¢ao menor os maleficios, principalmente cardiovasculares
(HICKEY et al, 2012; PARDINI, 2014). Devido a falta de consenso sobre os beneficios do
TRH foram sugeridas mudangas no estilo de vida, principalmente em relagdo a pratica de

exercicio fisico regular e o controle da hipertensao arterial (ZANESCO et al., 2009).

2.2 Hipertensao e exercicio

O tratamento da HA ¢ realizado por intervengdes medicamentosas € nao
medicamentosas. Embora os medicamentos anti hipertensivos sejam eficazes e tenham efeitos
colaterais minimos, os custos econdmicos € os cuidados com a saitde estdo aumentando
gradativamente. Dessa forma, sdo indicados como medida alternativa e preventiva, mudancas
no estilo de vida, como redu¢do do consumo de alcool e tabaco, melhora dos habitos
alimentares e a pratica de exercicios fisicos (CARDOSO JR et al., 2007; ANUNCIACAO et
al., 2011). A pratica regular de exercicio fisico € capaz de reduzir o acimulo de gordura
corporal e os sintomas climatéricos, promover alteragdes no perfil lipidico, e ainda melhorar a
qualidade de vida das mulheres ap6s a menopausa. Além disso, os beneficios do exercicio
para HA vao além da reducdo dos niveis pressoricos, pois promove diminuicdo da
mortalidade, mesmo quando ndo ha queda nos valores de pressao arterial (ZANESCO et al.,
2007; ZANESCO et al., 2009; CHAGAS et al., 2015).

Recomenda-se para o tratamento e prevengdo da HA, a pratica de exercicios aerobios e
resistidos combinados, proporcionando os efeitos benéficos de ambos os tipos de exercicio,
principalmente no controle da pressao arterial (PESCATELLO et al., 2004; CORNELISSEN
et al., 2013; MALACHIAS et al., 2016). O exercicio fisico aerdbio envolve grandes grupos
musculares em atividades dindmicas repetitivas que resultam em aumentos na frequéncia

cardiaca e no gasto de energia e ¢ considerado um importante fator de prevencao de doengas
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cardiovasculares, incluindo a hipertensao arterial, pois sua pratica afeta diretamente o controle
da PA, além de agir favoravelmente na massa corporea, gordura corporal, circunferéncia da
cintura, lipidios no sangue e sensibilidade a insulina. O exercicio resistido dinamico envolve
contragdes concéntricas e excéntricas dos musculos e ¢ a atividade que se realiza o esforgo
contra uma forca adversa gerada e ¢ especificamente para aumento de forca muscular,
poténcia e resisténcia muscular e tem sido cada vez mais estudo no controle da PA. A
combinagdo de exercicios aerobios e resistidos ¢ importante no controle e redugao da pressao,
além de melhorar a composi¢do corporal, forca e aptidao aerobia (CORNELISSEN et al.,
2005; HUNTER et al., 2013).

Ha evidéncias de que o exercicio fisico promove reducdo da PA de forma aguda e
cronica. E a reducdo ¢ maior em hipertensos, devido ao fato dos individuos normotensos ja
terem o nivel basal da pressdo arterial normal o que impede a magnitude da queda pressoérica
a niveis menores que os basais (MACDONALD, 2002). Uma sessdo aguda de exercicio fisico
¢ capaz de reduzir a PA durante o periodo de até 24 horas e este fendmeno ¢ chamado de
hipotensdo pods-exercicio (HPE), e é caracterizado pela diminuigdo sustentada da PA apos o
exercicio quando comparada aos valores pré-exercicio ou medidas de controle, efetuadas
quando nenhum exercicio ¢ realizado (PESCATELLO et al., 2004; MORAIS, 2015).
Cronicamente, o exercicio fisico também ¢ capaz de reduzir a PA devido as adaptacdes
cardiovasculares. Foi sugerido que a magnitude da HPE pode contribuir diretamente e prever
as redugdes cronicas da PA induzidas por treinamento, entretanto os mecanismos especificos
responsdveis por essas mudangas ainda ndo estdo claros (LIU et al., 2012; HECKSTEDEN et
al., 2013; GURJAO et al., 2013).

Segundo a meta-analise de Cornelissen et al., (2013), parece que ap0ds a pratica cronica
de exercicios aerobios e resistidos combinados ha redugdo significativa na PAD sem
alteracdes na PAS. Dos Santos et al., (2014), encontraram redu¢do da PAS e PAD apos 16
semanas de treinamento aerdbios e resistidos combinados, comprovando que a pratica ¢
segura e eficaz em mulheres idosas com hipertensao.

Os principais mecanismos que contribuem para os efeitos anti-hipertensivos do
exercicio agudo e cronico ainda ndo estdo definidos e as alteragdes da PA sdo provavelmente
secundarias a numerosos fatores, porém nao ha duvidas sobre o efeito hipotensor do exercicio
fisico. H& algumas explicagdes fisioldgicas que podem justificar essa redugdo, como a
diminuicdo da resisténcia periférica, a maior biodisponibilidade de substancias
vasodilatadoras, como o 6xido nitrico, reducdo da atividade barorreflexa, do débito cardiaco e

do volume sistolico, alteracdes no volume sanguineo, na atividade do sistema nervoso
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simpatico, disponibilidade de adrenalina e noradrenalina e na termorregulagdo. Essas
alteracdes estdo diretamente ligadas as respostas agudas e as adaptagdes ao treinamento fisico

de longo prazo (FORJAZ et al., 1998; CHEN et al., 2010; HALLIWILL, 2013).

2.3 Monitorizacio ambulatorial da pressao arterial e exercicio

A PA de repouso ¢ medida com o paciente sentado em ambiente confortavel e tem
sido utilizada para comparacao de valores das primeiras horas de hipotensao pods exercicio,
devido a dificuldade de mensurar e monitorar as atividades de vida didrias dos individuos.
Apesar disso, estudos demonstraram que a redugdo da PA pode prolongar por até 24 horas
apoOs a pratica de exercicio e para essa mensuracdo, aconselha-se o uso da monitorizagdo
ambulatorial da pressdo arterial (MAPA) (HANSEN et al., 2010; ANUNCIACAO et al.,
2011). A MAPA ¢ o método que permite o registro indireto e intermitente da PA durante 24
horas, enquanto o paciente realiza suas atividades habituais na vigilia e durante o sono. As
principais vantagens dessa medicdo ¢ o maior nimero de medidas obtidas, conseguindo
refletir a atividade habitual do sujeito e reduzindo o efeito da sindrome do avental branco, que
¢ o valor referente a diferenca (superior a 20 mmHg na PAS e 10 mmHg na PAD) entre a
medida da PA no consultorio e a média da MAPA na vigilia, sem que haja mudanga no
diagnostico de normotensao e hipertensdo (NOBRE et al., 1998; MALACHIAS et al., 2016).

Quando se associa a MAPA ao exercicio fisico, os achados sao controversos, ha
estudos que encontraram HPE ambulatorial em sujeitos normotensos (FORJAZ et al., 2000;
PESCATELLO et al., 2003), enquanto outros ndo identificaram alteracdes pressoricas pos
exercicio (QUINN, 2000; FORJAZ et al., 2004). Porém, em hipertensos, a maioria dos
estudos encontrou reducao significativa da PA ambulatorial (PESCATELLO et al., 2007,
QUINN, 2000; TAYLOR-TOLBERT et al., 2000). Segundo Cardoso Jr. et al., (2010), a
pratica de exercicio aerdbio e resistido ¢ capaz de reduzir a PA ambulatorial, principalmente
em hipertensos, tanto agudo quanto cronicamente. Porém, ha poucas evidéncias sobre a
redugdo da PA ambulatorial ap0ds a pratica de exercicios aerdbios e resistidos combinados.

Nos parametros obtidos pela MAPA, as médias de PA sdo os melhores dados a serem
analisados, pois apresentam maiores indices de correlacdo com o prognoéstico cardiovascular e
a andlise dos periodos de 24 horas, vigilia e sono, e area abaixo da curva ¢ essencial para
avaliacdo das médias de pressao. Além disso, existe uma variagdao continua de medidas da PA
que varia de acordo com as atividades do individuo, conhecida como variabilidade da pressao

arterial ambulatorial (VPA), que possui grande correlacdo progndstica com eventos
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cardiovasculares subsequentes e desenvolvimento de lesdo em o6rgdos-alvo (FRATTOLA et
al., 1993; MALACHIAS et al., 2016).

A VPA pode ser calculada nas medidas de PAS, PAD e pressao arterial média (PAM)
e ¢ analisada por trés indices distintos, sendo eles: desvio padrdo (SD) em 24 horas ponderado
pelo intervalo de tempo entre as leituras consecutivas (SD24); a média dos SUDS diurnos e
noturnos ponderadas para a duracdo do intervalo em cada um dos dois periodos (SDdn) e a
variabilidade real média (ARV24) ponderada para o intervalo de tempo entre as leituras
consecutivas. O SDdn ¢ a média dos valores de SD diurnos e noturnos corrigidos para o
numero de horas incluido em cada um dos dois periodos, eliminando a influéncia da diferenca
da pressdo arterial dia-noite a partir da estimativa da variabilidade da pressdo arterial, de
acordo com a seguinte formula: SDdn = [(SDdia X horas incluidas no dia) + (SDnoite X horas
incluidas na noite)] / (horas incluidas no dia + noite). O ARVy4 ¢ a média das diferencas
absolutas de medigdes consecutivas, seguindo a ordem em que as medidas de PA sdo obtidas,

calculado pela seguinte formula:
1 n—1
ﬂRV:ﬂka}{lElﬁﬂ— BR, |
=1

Onde k varia de 1 an-1 e w € o intervalo de tempo entre BPk e BPk + 1. n ¢ o nimero
de leituras de pressdo sanguinea (HANSEN et al., 2010).

Ainda ndo ha muitas evidéncias da resposta da VPA ao exercicio fisico. Chehuen et
al., (2014), realizou doze semanas de caminhada com homens previamente diagnosticados
com doenca arterial periférica e sintomas de claudicagcdo e encontraram redugdo cronica da
VPA sistdlica no SDx. A VPA sistolica, quando relacionada ao risco de eventos
cardiovasculares em hipertensos, pode ser classificada em baixa, média ou alta. E considerada
média quando os valores de SD»4 estdo entre 12,0 e 15,2 mmHg e de ARV24 entre 8,3 € 9,8
mmHg (MENA et al., 2005; HANSEN et al., 2010).

Apesar das evidéncias do valor prognoéstico da reducdo da PA ambulatorial, da VPA e
dos beneficios do exercicio fisico em pacientes hipertensos, ha poucos estudos que abordem
esses aspectos em conjunto e ainda a pratica de exercicios fisicos aerobios e resistidos
combinados. Sendo assim, ¢ importante investigarmos o comportamento da PA ambulatorial

apos a pratica desses exercicios fisicos.
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3 OBJETIVOS

Verificar as respostas agudas e cronicas da pressdo arterial ambulatorial apds exercicios

aerdbios e resistidos combinados em mulheres hipertensas e ap6s a menopausa.

Objetivos especificos
Verificar as respostas agudas e cronicas da monitorizagdo ambulatorial da pressao arterial nos
parametros:

Analise da média de 24 horas, sono ¢ vigilia

Area abaixo da curva da PAS, PAD e PAM ao longo do tempo

Variabilidade da pressao arterial
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Acute and chronic effects of combined exercise on ambulatory blood pressure in

hypertensive and postmenopausal women

ABSTRACT

Introduction: Hypertension has a higher prevalence in postmenopausal women, and physical
exercise has been considered an important alternative means of treatment and prevention of
this disease. Purpose: Verify acute and chronic responses to ambulatory blood pressure after
combined aerobic and resisted exercises. Methods: Participants were 14 postmenopausal
women taking medicated hypertensives (58.8+1.0 years of age, weighing 27.7+1.2 kg/m? and
7.2+1.5 years post menopause) and were submitted to an acute session and to training for ten
weeks with combined exercise. This consisted of thirty sessions lasting 45 minutes, 5 minutes
of warm-up, 20 minutes of aerobic exercise on the treadmill and 20 minutes of resisted
exercise. Blood pressure was assessed at rest and for 24 hours by ambulatory blood pressure
monitoring (ABPM). ABPM was performed on three occasions: pre-training at rest
(Baseline), after an acute exercise session (Acute) and rest after training (Chronic). From the
ABPM data, blood pressure variability (BPV) and the area under the curve (AUC) of blood
pressure were calculated. Results: Statistical analysis showed that the AUC of systolic blood
pressure (SBP), diastolic blood pressure (DBP) and mean blood pressure (MBP) for the
Chronic measurement was smaller than the Baseline measurement, but there was no
difference between the Acute and Baseline measurements. The BPV of SBP, DBP and MBP
was reduced for the Acute measurement in relation to Baseline, but there was no difference
between the Chronic and Baseline measurements. Conclusion: Combined exercise reduces
chronic ambulatory blood pressure, but not does after a single acute session. In contrast, BPV

decreases after a single acute session, but does not change chronically.

Key words: Variability of blood pressure, post exercise hypotension, hypertension, post

menopause, aerobic and resisted exercise.
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Introduction

Hypertension (AH) is a multifactorial disease, is a common in the whole population,
characterized by elevated blood pressure levels (>140 / 90 mmHg), often associated with the
risk of cardiovascular events, brain accidents and renal diseases. It can be aggravated by risk
factors such as dyslipidemia, obesity, glucose intolerance and diabetes mellitus (Weber et al.,
2014). With advancing age, differences in blood pressure behavior are observed, with a higher
prevalence in women from the fifth decade of life (Cesarino et al., 2008). This prevalence can
be explained by climacteric: the period of physiological transition from the reproductive to
non-reproductive phase in women, characterized by estrogen deficiency, changes in lipid
profile, weight gain, high sedentary indices (Maas et al., 2009) and onset of cardiovascular
and metabolic diseases, as well as increased incidence of hypertension (Reckelhoff, 2001).

Hypertension is a common disease in all genders. With advancing age, differences in
blood pressure behavior are observed, with a higher prevalence in women from the fifth
decade of life (Cesarino et al., 2008). This prevalence can be explained by climacteric: the
period of physiological transition from the reproductive to non-reproductive phase in women,
characterized by estrogen deficiency, changes in lipid profile, weight gain, high sedentary
indices (Maas et al., 2009) and onset of cardiovascular and metabolic diseases, as well as
increased incidence of hypertension (Reckelhoft, 2001).

Blood pressure (BP) at rest has been used to compare post-exercise hypotension values
and is of clinical importance in the prevention and treatment of diseases (Anunciacdo et al.,
2011), but this measure limits the temporal analysis of BP behavior. Thus, ambulatory BP
began to be used, which not only provides information on BP levels, but also on the variation
of BP in relation to time (Hansen et al., 2010). Blood pressure variability (BPV) analyzes
three parameters — SDa4: standard deviation in 24 hours; SDdn: mean diurnal and nocturnal

deviations and ARVa4: average real variability in 24 hours — and the increase in this
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variability is associated with a higher risk of cardiovascular events and mortality rates (Parati
et al., 2013). Some studies (Parati et al., 1987; Frattola et al., 1993) have suggested that
increased BPV is associated with an increase in subsequent cardiovascular events. Hansen et
al. (2010) evidenced that hypertensive individuals with high BPV present a higher risk of
mortality.

For treating hypertension, drug and non-drug interventions are recommended,
including changes in lifestyle, such as reduction in alcohol and tobacco consumption,
adequate eating habits and regular physical exercise (Cardoso Junior et al., 2007; Anunciacao
et al.,2011). Some studies have shown positive results when they associated physical exercise
and reduction of ambulatory blood pressure (Imazu et al., 2017; Ramirez-Jimenez et al.,
2017) in hypertensive populations. Moreover, it has been shown that acute (Imazu et al.,
2017; Ramirez-Jimenez et al., 2017) and chronic exercise (Gurjao et al., 2013; Hecksteden et
al., 2013) can reduce blood pressure. Although most studies have shown that aerobic exercise
is effective in treating hypertension (Hackam et al., 2013; Hecksteden et al., 2013), some
authors have found that resisted exercise can also be effective (Melo et al., 2006), but few
studies have addressed the reduction of ambulatory blood pressure and BPV in combined
exercise. In this way, it is important to know the behavior of ambulatory blood pressure and
BPV levels, especially in the hypertensive population, since these values may be indicative of
a reduction in morbidity and mortality in this population.

Therefore, the purpose of this study was to investigate the acute and chronic responses
of combined aerobic and resisted physical exercise in ambulatory blood pressure and blood

pressure variability in hypertensive postmenopausal women.
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Methods
Experimental Approach

The exercise program consisted of an acute session evaluation, followed by ten weeks
of combined aerobic and resisted training. After being recruited, the volunteers answered an
anamnesis questionnaire and performed the anthropometric, ergometric and maximal
repetition (1RM) evaluations. Following this, they were submitted to ambulatory blood
pressure monitoring (ABPM) on two pre-training occasions: at rest without exercise and after
a single acute exercise session. After training, the anthropometry and the 1RM test were

reevaluated and the participants were again submitted to ABPM, at rest without exercise.

Participants

The sample calculation was performed by the G*Power software, considering a power
of 80% and an alpha error of 0.05. Fourteen hypertensive medicated and postmenopausal
women (one year of permanent amenorrhea), aged between 50 and 70 years, were eligible for
physical exercise. Participants signed the Free and Informed Consent Term, and the study was
forwarded and approved at the Ethics and Research Committee of the Federal University of
Uberlandia under the number 002095/2015 and submitted to the Clinicaltrials.gov platform by
identification NCT03160989. Exclusion criteria were diabetes, hypertension medicated with
beta-blockers, the use of hormone replacement therapy, smoking, cancer treatment or any
pathology that prevented the practice of physical activity. Table 1 shows the drugs used by the

volunteers. There were no changes in drug dosages during the time of evaluation.

***TABLE 1 HERE***
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Anthropometry

Body mass was calculated using the Filizola scales brand (Filizola Ltda., Brazil). The
stature was measured with a Sanny fixed stadiometer, and waist circumference, hip and
abdomen measures were determined using a Sanny inelastic tape measure 0.5 cm wide (Sao
Paulo, SP, Brazil). Bioimpedance was performed on the Biodynamics model 450c
(Biodynamics, Shoreline, United States) device using the instrument's own reading software

to estimate total lean mass, fat mass and body fat percentage.

Exercise testing and training

The aerobic and resisted combined training program was performed for 10 weeks at a
frequency of three times weekly on non-consecutive days, completing 30 exercise sessions.
Each session lasted 45 minutes, divided into 5 minutes of warm-up and 20 minutes for each
type of exercise. The order of aerobic and resisted exercises was reversed at each training
session.

The intensity of resisted exercise was prescribed based on the 1RM test according to
Nieman (2002). After two sessions of familiarization with bodybuilding equipment, the 1RM
test was performed to obtain the maximum load (in kg). After five weeks of training, a new
IRM test was performed to adjust the training load. The resisted training consisted of seven
bodybuilding exercises in series format: leg press at a 45° angle, bench press, lat pull-down,
squat on the swiss ball, peck deck, seated row and abdominal exercises. For each exercise,
two sets of 15 repetitions were performed in the intensity of 60—70% of 1RM with a 40-
second interval between sets and exercises.

The aerobic exercise consisted of 20 minutes on the treadmill at a fixed speed of 5.5
km/h, and intensity was imposed by increasing the inclination of the treadmill. Initially,

familiarization was performed, and the intensity was determined by the inclination of the
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treadmill at which the volunteers reached the heart rate zone between Ventilatory Threshold 1
(LV1) and Ventilatory Threshold 2 (LV2), determined by the incremental treadmill test. For
the test, the Cosmed Quark CPET (Rome, Italy) ergospirometer was used and it consisted of
two-minute stages and 1% incline increments until volunteers reached voluntary exhaustion.
The speed of the treadmill was set at 5.5 km/h during all stages and overload was determined
only on the slope of the treadmill according to the protocol by Puga et al. (2012). After five
weeks of training, due to physiological adaptation to the exercises, the inclination of the

treadmill was readjusted to the heart rate zone between LV1 and LV2.

Measures of resting and ambulatory blood pressure

To measure blood pressure and resting heart rate, the OMRON HEM-7113 automatic
blood pressure monitor was used, duly calibrated and validated for these resting measures.
The 24-hour ABPM was performed using the Dyna Mapa+-Cardius device, which was also
calibrated and validated. The rest measures were performed three times, with a one minute
interval between the measurements and considering the average of the measurements for
analysis, were always measured in the seated position and preceded by 15 minutes of absolute
rest. The ABPM always took place in the morning (between 7 am and 9 am) and was
scheduled to take place every 15 minutes in the wake period (between 7 am and 11 pm) and
every 30 minutes during the sleep period (between 11 pm and 7 am). Based systolic blood
pressure (SBP), diastolic blood pressure (DBP) and mean blood pressure (MBP) measures in
the 24 hour, sleep and wake periods, the values of the area below the curve (AUC) and
ambulatory blood pressure variability were calculated.

The volunteers were submitted to an evaluation of resting blood pressure on two
occasions — pre- and post-training — and to the ABPM on three days: Baseline — assessment at

rest pre-training without exercise; Acute — evaluation after a single acute session of combined
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aerobic and resisted exercises (randomized order) at a pre-defined intensity from the
ergometric tests and maximal repetition. When they arrived at the laboratory, the volunteers
performed a single exercise session lasting 45 minutes, and immediately after that session
personal hygiene was recommended for a maximum time of 20 minutes after which the
ABPM apparatus was applied; Chronic — evaluation at rest without exercise, after ten weeks
of training. The device was placed between 48 and 72 hours after the last exercise unit, in
order to remove the acute effect of the last training session (Figure 1). The moments Baseline

and Acute were performed in randomized order.

*#* FIGURE 1 HERE ***

Blood pressure variability (BPV)

BPV was analyzed by three different indices: 24-hour standard deviation (SD)
weighted by the time interval between consecutive readings (SD24); the mean diurnal and
nocturnal deviations weighted for the duration of the daytime and nighttime interval (SDdn)
and the average real variability (ARV24) weighted for the time interval between consecutive
readings.

The SDdn is the mean of daytime and nighttime standard deviations corrected for the
number of hours included in each of the two periods, eliminating the influence of the day-
night blood pressure difference from the BPV estimate. The ARV24 averages the absolute
differences of measurements and consecutive counts for the order in which the blood pressure

measurements are obtained (Hansen ef al., 2010).

Statistical analysis
Results were presented as mean + standard error. To verify the normality of the

results, the Shapiro-Wilk test was used. The AUC was calculated by the trapezoidal method to
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evaluate the behavior of the variables over time using Graph Pad Prism software, version 4.
ANOVA for repeated measures was applied to analyze the results comparing the Baseline and
Acute measurements and the Baseline and Chronic measurements. All analyses were

performed using Statistica software version 10.0. The level of significance was set at p<0.05.

Results

Volunteers to participate in the program comprised 123 women, of whom 93 were
excluded because they did not meet the inclusion criteria of the study. The remaining 30
participants started the tests, but five were excluded because they were impeded from
exercise, and four women gave up for personal reasons. We started the project with 21
women, three of whom gave up for diseases unrelated to the study, three for personal reasons
and one was excluded due to changing the dosage of her antihypertensive medication during
the intervention, resulting in 14 volunteers. Of these, all 14 volunteers completed the thirty
training sessions and reported that they maintained their diet and medicament dosage
throughout the intervention.

The volunteers considered eligible had a mean age of 58.8+1.0 years, a mean weight
of 68.5£2.2 kg, body mass index (BMI) of 27.7+1.2 kg/m?, hypertensives medicated (SBP
12243 mmHg and DBP 764+2 mmHg), 7.2+1.5 years after menopause, characterized by
amenorrhea of at least one year. The general characteristics of the volunteers in the pre- and
post-intervention periods are presented in Table 2. The mean percentage of treadmill
inclination in aerobic exercise was 4+0.3% and the heart rate zone was between 135-145
bpm. No difference was found in the evaluation of hip and abdomen circumferences, nor for
waist: hip ratio. There was a significant reduction (p<0.05) in body mass (-1.2%), in the BMI
(-1.2%), in the percentage of fat (-2.9%), in fat mass (-3%) and waist circumference (-2.1%),

and an increase in lean mass (+1.7%). We found a significant increase in force measured in all
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the equipment in the 1RM test: leg press at a 45° angle (+34%), bench press (+37%), peck
deck (+40%), seated row (+31%), lat pull-down (+17%). The values of blood pressure and
resting heart rate did not change significantly when comparing Baseline and Chronic

measurements.

*** TABLE 2 HERE ***

Figure 2 shows the values of the blood pressure delta and their respective AUC in
relation to time. In the AUC analysis, we found a significant reduction in SBP, DBP and MBP
when comparing the Chronic (-261+£46, -310+£36, -293+37 mmHg.24h) and Baseline
measurements (-88+60, -181+41, -173+42 mmHg.24h), but we did not find statistical

differences between the Acute and Baseline measurements.

*#* FIGURE 2 HERE ***

Table 3 presents the values of SBP, DBP and MBP in the 24 hour, sleep and wake
analysis. We did not find significant changes between the Acute and Chronic measurements

in relation to the Baseline measurement.

***TABLE 3 HERE***

Table 4 presents the results of systolic, diastolic and mean BPV in the indices SD2a,
SDdn and ARV24. We found significant reduction in the three parameters analyzed at the
Acute compared to the Baseline measurement, but we did not find changes in BPV in any

parameter at the Chronic compared to the Baseline measurement.

***TABLE 4 HERE***
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Discussion

The aim of our study was to evaluate the acute and chronic effects of combined
aerobic and resisted exercises on ambulatory blood pressure. The main results were reductions
in AUC of SBP, DBP and MBP over 24 hours after the 10 weeks of training, with no acute
change in these variables. In addition, we found a reduction in the variability of SBP, DBP
and MBP after a single session in the three analyzed parameters, but without chronic changes.
In the analysis of the ambulatory blood pressure, we did not find differences in the measures
of 24 hours, sleep and wake, between the measurements analyzed. Despite this, the AUC
promoted reduction in SBP, DBP and MBP after the combined training period. Lima et al.
(2017) performed 10 weeks of training with elderly men and women of both sexes and
hypertensives, in two groups — one of aerobic exercise and one of combined exercise — with a
protocol similar to the present study: they also found a reduction in ambulatory, systolic and
diastolic blood pressures in both groups. Similarly, we did not find a reduction in AUC of
blood pressure, and Melo ef al. (2006) performed a resisted exercise session (40% of 1RM)
with twelve medicated hypertensive women, with the ABPM placed for 21 hours after the
session also found no statistical difference in blood pressure between 21 hours and sleep. The
assessment of ABPM associated with training with combined aerobic and resisted exercise
can be effective in reducing blood pressure variation over 24 hours. This is an important
prognostic and cardioprotective factor.

According to Mena et al. (2005), systolic BPV can be divided into low, medium or
high when related to the risk of cardiovascular events in hypertensive patients. It is considered
values medium when SD24 values are between 12.0 and 15.2 mmHg and ARV24 are between
8.3 and 9.8 mmHg. In this study, we did not find a chronic reduction of BPV, but we found a
reduction of acute form, regardless of the method used (SD24, SDdn and ARV24). Evaluating

acute BPV, we found that in SDy4, the ambulatory SBP changed from the average rating
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(13.0+£0.6 mmHg) to a low rating (11.0£0.5 mmHg), while the ARV24 changed from high
(10.9+£0.3 mmHg) to average (9.0+£0.5 mmHg). So, an acute session of combined exercise was
able to reduce BPV, thus reducing the risk of mortality (Zawadzki et al., 2017) and morbidity
due to cardiovascular diseases in the study population.

It is noteworthy that the majority of studies evaluated BPV associated with aerobic
(Pagonas et al. 2014; Uusitalo et al. 2004, Uusitalo et al. 2002; Izdebska et al. 2004) or
resistance exercises (Alex et al. 2013; Taylor et al. 2003) and we do not know about work
with combined exercises. Furthermore, other characteristics of the training such as intensity of
exercises, appear to be related to variations in BPV (Iwasaki et al., 2003). Like ours, some
studies have found good results in BPV acutely in hypertensive individuals (Izdebska et al,
2004), but not in a chronic way (Pagonas et al., 2014) or with healthy individuals(Uusitalo et
al. 2002, Uusitalo et al. 2004). To explain this fact we can resort to the mechanisms involved
in this regulation, since there are indications that they are dependent on autonomic regulation

(Izdebska et al, 2004), which occurs mainly acutely after exercise.

The physiological explanations that explain post-exercise hypotension are (i) the
bioavailability of substances such as nitric oxide, which is an important hemodynamic and
metabolic regulator and that helps in physiological processes during exercise mainly in the
relaxation of the smooth muscle (Bogdan, 2001), (ii) a decrease in peripheral vascular
resistance, which may also be related to thermoregulation mechanisms, (iii) a reduction of
sympathetic activity, baroreflex activity and reduction of cardiac output mainly due to a
decrease in systolic volume (Forjaz et al., 1998; Anunciagdo et al., 2011). According to
Halliwill (2001), these acute changes may play an important role in the recovery of plasma
volume that may be linked to adaptations to long-term physical training. Although we did not
investigate the mechanisms, these physiological factors may have been responsible for the

reductions found in this study.
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It is noteworthy that, despite the contradictory results for acute and chronic BP, the
results suggest possible benefits of combined exercise in the studied population. The practice
of acute physical exercise seems to guarantee the reduction of BPV and consequently
decrease the risks of morbidity and mortality, whereas the chronic practice seems to benefit

the reduction of variation in the ambulatory blood pressure values.

Conclusion
The practice of combined aerobic and resisted exercise reduces chronic ambulatory
blood pressure, but not does after a single acute session. In contrast, blood pressure variability

reduces after a single acute session, but does not change chronically.
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Table 1 — Class of medications used by volunteers (n=14).

37

Medications n n (%)
ACE inhibitors 2 14.3
ATI receiver blockers 4 28.6
Thiazide diuretics 2 14.3

Associations with thiazide diuretics
ACE inhibitors 1 7.1
ATI receiver blockers 5 35.7

ACE: angiotensin converting enzyme; AT1: angiotensin 1
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Table 2 — General characteristics, anthropometric, strength evaluation (1IRM) and blood pressure at
rest in Baseline and Chronic moments (n=14).

Baseline Chronic Mean of difference Effect Size p value
(C195%)

Body mass (kg) 68.5+2.2 67.7+2.1 -0.80 (-1.21 to -0.40) 0.098 0.001
BMI (kg/m?) 277+1.2 274+£1.2 -0.32 (-0.49 to -0.15) 0.065 0.001
Body fat (%) 384+19 373+£2.0 -1.10 (-2.07 to -0.12) 0.154 0.030
Fat mass (kg) 26.5+1.8 257+£19 -0.80 (-1.51 to -0.09) 0.115 0.028
Lean mass (kg) 39.2+1.1 399+1.1 0.67 (0.07 to 1.28) 0.171 0.030
WC (cm) 83.6+2.5 822+24 -1.54 (-2.94 t0 -0.14) 0.151 0.033
HC (cm) 104.3+2.1 104.0+1.9 -0.31 (-1.78 to 1.14) 0.040 0.647
AC (cm) 93.6+2.5 934+23 -0.16 (-1.74 to 1.40) 0.022 0.818
HWR 0.8+£0.01 0.8+0.01 -0.01 (-0.02 to 0.00) 0.000 0.174
IRM Leg press (kg) 166.8+9.9 2243+£125 57.50(19.44 to 95.56) 1.365 0.006
IRM Bench press (kg) 25.7+1.0 354+1.4 9.64 (5.48 to 13.80) 2.068 <0001
IRM Lat pull-down (kg) 293+ 1.6 343+1.5 5.00 (0.33 to 9.66) 0.881 0.037
IRM Peck deck (kg) 239+1.2 336+1.4 9.64 (5.04 to 14.24) 1.957 <0.001
IRM Seated row (kg) 56.8+2.1 74.6+2.6 17.86 (9.40 to 26.31) 2.009 <0.001
SBP rest (mmHg) 122+3 120 £2 -2.07 (-9.43 t0 5.29) 0.192 0.553
DBP rest (mmHg) 76 +£2 75+2 -1.00 (-4.93 to 2.93) 0.132 0.592
HR rest (bpm) 72£2 68 £2 -3.50 (-8.38 to 1.30) 0.488 0.139

CI: confidence interval; BMI: body mass index; WC: waist circumference; HC: hip circumference; AC:
abdomen circumference; HWR: hip waist ratio; 1RM: maximum repetition test; SBP: systolic blood pressure;
DBP: diastolic blood pressure; HR: heart rate at rest. Values expressed as mean and standard error.
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Table 3 — Comparison of ambulatory blood pressure at Baseline, Acute and Chronic moments (n=14).

Effect size

Effect size

Bascline Acute Baseline x Acute Chronic Baseline x Chronic
24h
Systolic BP (mmHg) 123+2 123+2 0.000 120+2 0.358
(CI-95%) (117310 128.3)  (118.6 to 127.6) (1153 to 123.8)
Diastolic BP (mmHg) 76 +2 77+2 0.158 74+2 0.332
(CI-95%) (72310 79.2) (73210 79.2) (70.1 to 77.1)
Mean BP (mmHg) 93+1 96 +£2 0.528 92 +£2 0.180
(CI-95%) (90.7 t0 96.2) (92.21099.4) (88.8t0 95.8)
Asleep
Systolic BP (mmHg) 116 +3 117+2 0.100 113+3 0.277
(CI-95%) (109910 122.4)  (111.5t0 122.1) (106.3 to 119.0)
Diastolic BP (mmHg) 70+2 71+2 0.139 67+£2 0.418
(CI-95%) (65.6to 73.8) (66.6 to 75.1) (62.6 to 71.0)
Mean BP (mmHg) 87+2 89 +£2 0.288 85+2 0.248
(CI-95%) (83.8t090.7) (85.210 93.90) (80.1 t0 90.8)
Awake
Systolic BP (mmHg) 125+3 125+£2 0.000 122+2 0.347
(CI-95%) (119.2t0 130.3)  (120.3 to 128.7) (117.8 to 125.6)
Diastolic BP (mmHg) 78 +£2 79 +£2 0.158 76 £2 0.321
(CI-95%) (74210 81.2) (74.7 t0 82.4) (71.9t0 79.4)
Mean BP (mmHg) 95+1 97 +£2 0.359 94 +1 0.190
(CI-95%) (92.7 10 98.2) (93.8 t0 100.8) (91.2t097.9)

BP: blood pressure; CI: confidence interval. Values expressed as mean and standard error



Table 4 — Comparison of variability blood pressure ambulatory in Baseline, Acute and Chronic

moments (n=14).
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Effect size

Effect size

Bascline Acute Baseline x Acute Chronic Baseline x Chronic
SD24
Systolic BP (mmHg) 13.0+£0.6 11.0 £ 0.5% 0.949 13.1+£0.5 0.047
(CI-95%) (11.6 to 14.2) (9.8 t0 12.13) (12.0 to 14.3)
Diastolic BP (mmHg) 9.5+04 8.6+0.2% 0.692 102+0.4 0.496
(CI-95%) (8.61t010.4) (8.1t09.0) (9.4t0 11.0)
Mean BP (mmHg) 10.0+£0.5 8.5+0.3* 0.866 102+0.4 0.115
(CI-95%) (8.8to 11.1) (7.9t09.0) (9.2t0 11.1)
SDdn
Systolic BP (mmHg) 119+04 10.2 +£0.5* 1.000 124+£0.6 0.733
(CI-95%) (11.0 to 12.8) (9.1t0 11.2) (11.1to 13.6)
Diastolic BP (mmHg) 8.6+04 7.8+£0.3% 0.604 92+04 0.400
(CI-95%) (7.8t09.5) (7.2t0 8.3) (8.3 t0 10.0)
Mean BP (mmHg) 9.0+04 7.7+03%* 0.870 92+04 0.121
(CI—-95%) (8.0t09.9) (7.0 to 8.3) (8.2t0 10.1)
ARV
Systolic BP (mmHg) 109+0.3 9.0 +0.5% 1.080 102+0.5 0.434
(CI—-95%) (10.1 to 11.6) (7.8 t0 10.1) (9.1t011.2)
Diastolic BP (mmHg) 7.8+0.3 6.9 +0.4%* 0.591 8.0+04 0.221
(CI—-95%) (6910 8.4) (6.1t07.7) (7.2t0 8.8)
Mean BP (mmHg) 7.7+0.3 6.5+04% 0.989 7.5+0.3 0.173
(CI-95%) (7.0 to 8.3) (5.7t07.2) (6.8 t0 8.2)

BP: blood pressure; SD: standard deviation; dn: day and night; ARV: average real variability; CI: confidence
interval. Values expressed as mean and standard error. *p<0.05 comparison between Acute and Baseline

moments.
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Legend to the figures

Figure 1: Experimental Design. ABPM: Ambulatory Blood Pressure Monitoring; Day 1:
ABPM at rest; Day 2: ABPM shortly after an exercise session; Day 3: ABPM at rest.

Figure 2: Values related to blood pressure variation: SBP (A), DBP (B) and MBP (C) and
their respective areas under the curve: SBP (D), DBP (E), MBP (F). *p<0.05 comparing

Chronic and Baseline.
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Defesa de Dissertagio de Mestrado Académico N 009/PPCSA '
Area de concentragdo: Ciéncias da Saude
Linha de Pesquiéw 3: Fisiopatologia das doengas e agravos A saude.
Projeto de Pesqmsa de vincula(;ao Atividade Fisica e Aspectos fisiologicos assocxados a
Satde. Discente: Larissa Aparecida Santos Matias - Matricula n? 11612CSD027 - Titulo
do Trabalho: 'fEfeltos agudos e cronicos do exercicio combinado na pressao arterial
ambulatorial em mulheres hipertensas e na pés menopausa.” As 09:00 horas do dia
21 de fevereiro do ano de 2018, no anfiteatro do GENESP - Campus Educagio Fisica da
Universidade Federal de Uberlandia reuniu-se a Banca Examinadora, designada pelo
Colegiado do Programa de Pés-Graduagio em Ciéncias da Saude, assim éomposta:
Professores Doutores: Tiago Peganha de Oliveira (USP) por skype, Thiago Montes Fidale
- (UNIPAC) e Guilherme Morais Puga (UFU) - orientador da discente presentes no recinto.
Iniciando os trabalhos, o presidente da mesa Prof. Dr. Guilherme Morais Puga apresentou
a Comissdo Examinadora e a discente, agradeceu a presenga do piblico e concedeu a
discente a palavra para a exposi¢do do seu trabalho. A seguir o senhor presidente :
concedeu a palavra aos examinadores que passaram a argiir a candidata. Ultimada a
largﬁicéd, que se desenvolveu dentro dos termos regimentais, em sessido secreta, em face :
~ do resultado obtido, a Banca Examinadora considerou a candidata (X) aprovada
() reprovada. Esta defesa de Dissertagdo de Mestrado Académico & parte dos requisitos
necessérfos a obtencdo do grau de Mestre. O comp'ete.nte diploma serd expedido ap(')s‘ '
icump'rim‘e‘ntd ‘dos demais requisitos, conforme as normas do Programa, legislagﬁo é
regulamentacio internas da UFU, em especial do artigo 55 da resdlugﬁb 12/2008 do
Conselho de Pés-Graduacio e _Pesquiszi da Universidade Federal de Uberlandia. Nada mais

: "havéndo- a tra'tar foram encerrados os trabalhos as 13:00 horas. Foi lavrada a presente ata

B que apos hda e achada conforme foi assmada pel Bayta Examinadora. -

~ Prof. Dr. Guilherme Morais Puga___ V”’A‘

L e Prof. Dr. Tiago Pecanha de Olivei (vna Skypd) (
o Prof. Dr. Thiago Montes Fidale L\ o j)") U n‘\
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