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RESUMO

Introduc¢fdo: Durante o periodo pds-menopausa, observa-se maior dano celular em
mulheres, devido ao estresse oxidativo e a inflamagao mais elevadas em comparag¢do com
mulheres jovens, o que pode refletir em valores de menor angulo de fase (PhA). O
consumo de isoflavonas pode diminuir o estresse oxidativo devido a propriedades
antioxidantes que podem provavelmente afetar os valores de PhA. O exercicio também
parece aumentar os valores de PhA, aumentando a "saude celular". Objetivo: Avaliar o
efeito da suplementagao com isoflavonas associada ao treinamento fisico em valores de
PhA em mulheres pos-menopausicas (PW). Métodos: Foram selecionadas
aleatoriamente 30 mulheres pds-menopdausicas em um estudo clinico, duplo-cego e
controlado, dividido em dois grupos: um com suplementagdo de 100mg por dia de
isoflavona (Intervengdo n = 16) eo outro com placebo (Controle n = 14), com treinamento
combinado aerdbio e exercicio de resisténcia por 10 semanas. Resultados: Nao foram
encontradas diferencas significativas nos parametros antropométricos e dietéticos em
ambos os grupos apods suplementacdo. Houve melhora na fungdo fisica apds o protocolo
de treinamento (p> 0,001), mas ndo relacionado ao consumo de isoflavonas. Nao houve
alteracdo nos valores de dngulo de fase em ambos os grupos. (Isoflavona: p = 0,863;
Placebo: p=0,131). Conclusdo: A suplementacao de isoflavona ndo alterou PhA em PW

que realizaram 10 semanas deste protocolo de exercicio. Clinical Trial: NCT03008785.

Palavras — chave: Suplementagio de Isoflavona. Mulheres P6s — Menopausadas. Angulo

de Fase. Estresse Oxidativo.



ABSTRACT

Introduction: During postmenopausal period it is observed higher cell damage in women
due higher oxidative stress and inflammation comparing with young women, which might
reflect in lower phase angle (PhA) values. The consumption of isoflavones may decrease
oxidative stress due to antioxidant properties which can probably affect PhA values.
Exercise also seems to enhance PhA values, increasing “cell health”. Aim: Therefore, the
aim of this study was to evaluate the effect of isoflavone supplementation associated with
exercise training on PhA values in postmenopausal women (PW). Methods: A total of
30 post-menopausal women were randomly assigned in a clinical trial, double — blind and
controlled study, divided into two groups: one with supplementation of 100mg per day of
isoflavone (intervention n = 14) and the other with placebo intake (control n = 16), with
combined aerobic and resistance exercise training for 10 weeks. Results: No significant
differences were found in anthropometric and dietary parameters in both groups after
supplementation. There was improvement in physical function after training protocol (p>
0.001) but not related to isoflavone consumption. There was no change in phase angle
values in both groups. (Isoflavone: p = 0.863; Placebo: p = 0.131). Conclusion:
Isoflavone supplementation did not change PhA in PW that realized 10 weeks of this
exercise protocol. Clinical Trial: NCT03008785.

Keywords: Isoflavone Supplementation. Post-Menopausal Women. Phase Angle.

Oxidative stress.
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1 Introducao

O climatério ¢ uma fase que ocorre na vida da mulher caracterizada pela transicao
do ciclo reprodutivo para o nao reprodutivo, marcando o seu ultimo periodo menstrual,
sendo a menopausa reconhecida apds 12 meses de auséncia de fluxo menstrual, surgindo
por volta dos 50 anos de idade (YIM et al., 2015). E um periodo fisiolégico esperado na
saude reprodutiva da mulher, mas que pode trazer alteragcdes na dindmica do organismo,
modificando algumas fungdes endocrinas e trazendo uma soma de efeitos colaterais
indesejados (STEINBERG et al., 2003).

Em mulheres p6s-menopausadas, diversos sintomas caracteristicos dessa fase sao
percebidos, como aumento da adiposidade corporal, especialmente da gordura central
(ZAMBONI et al., 1992), aparecimento da osteoporose (CHILIBECK et al., 2013),
problemas cardiovasculares (DOSI et al., 2014) entre outros. E um periodo com intensas
modifica¢des corporais, que se ndo forem bem acompanhadas e tratadas, podem trazer
prejuizos importantes na qualidade de vida das mulheres. Por isso € essencial a pesquisa
de novas alternativas farmacologicas e ndo farmacoldgicas para o tratamento da
menopausa e suas consequéncias (SITES et al., 2007).

Entre as opcdes de tratamento ndo farmacologicos existentes, a suplementagao
com as isoflavonas (fitoestrogeno) provenientes da soja surge como uma alternativa que
pode reduzir alguns sintomas da menopausa (MESSINA et al, 2014). As isoflavonas
(dentre as mais conhecidas a genisteina e a daidzeina) sd3o compostos quimicos fenolicos
amplamente encontrados no reino vegetal (ARORA; NAIR; STRASBUTG, 1998), que
apresentam varias atividades no organismo, como estimulantes da proliferacao celular,
acdo antioxidante e inibi¢ao de algumas atividades enzimaticas (BHATENA et al., 2002).

As isoflavonas tém sido amplamente estudadas por sua capacidade de se ligar a
receptores de estrogénio, sendo uma possivel alternativa menos agressiva do que a terapia
de reposi¢ao hormonal, causando menos efeitos colaterais indesejados (STEINBERG et
al., 2003). O consumo de isoflavonas, em especial, a genisteina, um dos seus componentes
mais ativos, pode conter essa atividade oxidante presente nesse periodo (ARORA; NAIR;
Strasbutg, 1998), evitando assim, a destruicdo de componentes celulares importantes, e
mantendo assim a integridade das células.

O angulo de fase (AF) ¢ uma medida importante obtida por meio da utilizagao de
um aparelho denominado bioimpedancia elétrica (BIA), responsavel por analisar os mais
variados componentes corporais, como os fluidos extra e intracelular, massa livre de

gordura e gordura corporal (NORMAN et al., 2015). A BIA tem sido comumente
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utilizada para avaliagdo da composi¢ao corporal por ser um método relativamente barato,
acessivel e simples, com rapidez no processamento dos dados coletados (BASILE et al.,
2014).

O AF ¢ obtido por meio da relagdo entre o arco tangente da reactancia (Xc) pela
resisténcia (R), através da passagem de uma corrente elétrica através de todo o corpo,
refletindo de forma direta sobre a estabilidade das células e a distribuigdo de agua nos
espacos celulares. E um bom indicador de integridade da membrana e preditor de massa
celular corporal, sendo um importante parametro prognostico para diversas doencas
(BONACCORSI et al., 2016).

Portanto, uma possivel suplementacdo com isoflavonas poderia auxiliar na
preservacdo das células corporais, impedindo sua degradag¢do, e consequentemente,
evitando um maior estresse oxidativo nesse periodo (CELEC et al., 2013). Em conjunto
com esses beneficios, o consumo dessas proteinas de soja poderia melhorar o AF das
células do organismo, preservando a massa celular corporal e prevenindo doengas
relacionadas, como cancer, infecgdes, estresse oxidativo € o proprio avango precoce do
envelhecimento (ARORA; NAIR; Strasbutg, 1998).

No entanto, mais pesquisas devem ser realizadas sobre os beneficios da isoflavona
com relagdo a manutencao da integridade celular e um possivel aumento do AF, pois até
o momento, nenhum outro estudo relacionou essas duas variaveis, tornando inviavel uma

conclusdo definitiva sobre o assunto.

2. Fundamentacgao tedrica
2.1 Menopausa: Conceito e caracteristicas

Durante o processo de envelhecimento, o organismo passa por uma variedade de
mudangas estruturais, hormonais e psicoldgicas que podem modificar a relagdo saude-
doenca de grupos populacionais especificos (NYKANEN et al, 2014). De acordo com a
Organiza¢ao Mundial da Saude, até 2050, a populacdo mundial de idosos chegara a 2
bilhdes de individuos (OMS, 2015), o que refor¢a a preocupacdo em buscar solucdes
eficazes para um envelhecimento saudavel. A expectativa de vida teve aumento
significativo no Brasil, nas ultimas décadas, com a melhora dos servigos de saude e a
criacdo de programas de atencdo basica (CAMPOLINA et al, 2013). Neste sentido, as
mulheres compdem a maioria da populagdo brasileira e sdo as maiores usudrias do

Sistema Unico de Saude, por isso, varios estudos ao longo dos anos procuram encontrar
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melhorias na area da satide voltadas para esse publico, principalmente com relagdo a
chegada do climatério, que corresponde a fase que precede o inicio da menopausa, com
alteragdes psiquicas e somaticas (BRASIL, 2004).

A menopausa ¢ um periodo da vida da mulher caracterizada pela interrupcao do
fluxo menstrual, causado por uma diminuicdo na producdo de hormodnios sexuais
(SOWERS al., 2007). Seu aparecimento pode variar, mas ¢ comumente iniciada aos 50
anos de idade, sendo um processo fisiologico esperado (YIM et al., 2015). Devido a queda
na produgdo de estrogénio, um dos principais hormdnios envolvidos na regulacao
ovariana (YAFEE et al., 1988), alguns sintomas podem ser relatados na fase inicial deste
periodo, como o aparecimento da osteoporose (CHILIBECK et al., 2013), ondas de calor
(BUCKLER, 2005), aumento de adiposidade corporal (ZAMBONI et al, 1992) entre outros.
Geralmente, esses sintomas vao diminuindo ao longo dos anos, na medida em que ocorre
uma adaptacdo do organismo a essas mudancas (SITES et al., 2007). Entretanto, esses
sintomas podem causar varios incomodos e afetar a qualidade de vida dessas mulheres,
limitando suas atividades didrias ¢ causando um possivel isolamento social (YIM et al.,
2015).

Dentre as consequéncias mais relatadas da menopausa, o aumento do estresse
oxidativo (DOSHI; & AGARWAL, 2013), perda de massa magra (SIROLA; RIKKONEN,
2005) e aumento da adiposidade corporal (STEVENSON; CROOK; GODSLAND, 1993) sao os
que mais podem causar impacto na satide. Devido a diminuicdo do estrogénio no
organismo durante a menopausa, ocorre um aumento da prevaléncia de sobrepeso e
obesidade, com maior deposi¢ao de gordura na regido abdominal (SOWERS et al, 2007),
0 que possibilita o aparecimento de doencas associadas, como a diabetes mellitus tipo 2,
doencas cardiovasculares e dislipidemias, podendo caracterizar uma sindrome metabolica
(BONOMINI; RODELLA; REZZANI, 2015). Além disso, envelhecimento pode
acarretar uma diminui¢do da aptidao fisica e reducdo da pratica de exercicios, podendo
ocorrer progressiva reducao na massa e na for¢ga muscular, causada por fatores fisiologico
que compde a sarcopenia (SNIDJERS; VERDIJK; VAN LOON, 2009).

O sistema antioxidante tem o papel fundamental de regular os mecanismos
oxidativos para que nao ocorra prejuizo de processos metabdlicos, porém, no
envelhecimento, pode ocorrer um desequilibrio entre a producdo e regulagdo desses
compostos (DAI et al., 2014). Nas mulheres p6s menopausadas, em fun¢do do avanco da
idade, podem ocorrer paralelamente mudangas nos processos oxidativos do organismo,

com aumento da concentragcdo de radicais livres na circulagdo, sendo um dos principais
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fatores que causam danos celulares e alteragdes da membrana (DOSHI; AGARWAL,
2013). O dano as células corporais podem levar ao aparecimento de doengas como
canceres ¢ problemas cardiovasculares, doencas que costumam ser muito frequentes

nessa populagdo (BONOMINI; RODELLA; REZZANI, 2015).

2.2 Prevencao das consequéncias do periodo pés menopausa

2.2.1 Exercicio fisico de forca

O treinamento de forga proporciona diversos beneficios para a satde, pois
promove o aumento de forga, hipertrofia e resisténcia muscular localizada. Tem sido
reportado na literatura efeitos positivos no controle da pressao arterial, além de promover
melhores resultados no ganho e na manutencdo de massa muscular (SCHOENFELD et
al., 2015). Em estudo realizado por Orsatti e colaboradores, em 2008, foi avaliado o efeito
de 16 semanas de treinamento de forca (60% -80% de 1-RM) durante trés vezes por
semana em 43 mulheres pds-menopausicas, foi observado aumento nos valores de forca
e ganho de massa muscular, indicando que o treinamento de forga pode ser aplicado na
reabilitagdo ou prevencao da sarcopenia nesse grupo populacional (ORSATTI et al.,
2008). Além disso, o treinamento de forga parece estar relacionado com a reducao da
gordura abdominal em mulheres mais velhas. Em um estudo realizado por Botero e
colabordores, em 2013, mostrou que um treinamento de for¢a periodizado e a longo prazo
(12 meses) foi capaz de prevenir o aparecimento da sarcopenia, promoveu diminui¢ao da
massa gorda e de marcadores inflamatorios sistémicos em mulheres pds menopausa,
evidenciando a importancia desse protocolo na melhora de for¢a nesta populagdo

(BOTERO al., 2013).

2.2.2 Exercicio fisico aerobico

A realizagdo de exercicios aerobicos promove melhorias na fungdo
cardiorrespiratoria € no ganho de massa mineral 6ssea (ROGHANI et al., 2013), e sua
pratica regular também pode melhorar aspectos da composi¢ao corporal, como redugao
de massa gorda (FRIEDENREICH et al., 2011). E bem relatado para a manutengio da
aptidao fisica, e geralmente ¢ um dos protocolos mais indicados para a pratica de atividade
fisica habitual, dependendo da intensidade desejada (FRIEDENREICH et al., 2015).

Em mulheres po6s-menopausadas, esse protocolo de exercicio para avaliagdo do

seu impacto na densidade mineral 6ssea e parametros lipidicos ja foi utilizado. Em um
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estudo realizado por Roghani e colaboradores, em 2013, foi demonstrado, em 36
voluntarias sedentarias e p6s menopausadas portadoras de osteoporose, que o treinamento
aerobico isolado foi capaz de melhorar a sintese 0ssea e diminuir sua reabsor¢ao pelo
organismo apods 18 sessdoes de caminhada subméxima em esteira (ROGHANI et al.,
2013). Em outro estudo, realizado por Rezende e colaboradores em 2016, mostrou-se que
um programa de atividade fisica aerdbica de 24 semanas em mulheres pés menopausa
com doenca hepatica nao alcoolica melhorou algumas variaveis como circunferéncia da
cintura, colesterol e performance cardiopulmonar nesta populacio (REZENDE et al,

2016).

2.2.3 Exercicio fisico combinado

Para a melhoria de varios aspectos da aptidao fisica e adaptagdo ao exercicio, tem-
se utilizado o treinamento fisico combinado como forma de potencializar os efeitos
benéficos do treinamento aerdbico ¢ o de forca. Cada estilo de exercicio promove
modifica¢des importantes no funcionamento do organismo, de forma que eles poderiam
se complementar, tornando-se uma modalidade de treinamento completa (CONTI et al.,
2015). Nao existe um consenso sobre a prescri¢do desse estilo de exercicio em mulheres
pos-menopausadas, porém pesquisas ja foram realizadas para avaliar os seus efeitos. Em
estudo realizado por Rossi e colaboradores (2015) foram avaliadas 65 mulheres obesas
p6s menopausadas que realizaram exercicio fisico isolado (aerdbico) e combinado
(aerdbico + resistido) ao longo de 16 semanas, e foi encontrado que o exercicio
combinado promoveu maior redu¢ao na massa gorda mas nao demonstrou diferenga nos
perfis lipidicos dessas mulheres, quando comparado com o treinamento aerdbico similar.
Ambos os treinos foram efetivos para melhorar a composi¢ao corporal e induzir um efeito

antiaterogénico (ROSSI et al., 2015).

2.3 Aspectos nutricionais no periodo p6s menopausa
2.3.1 Recomendacdes gerais

As recomendagdes nutricionais para o periodo pds menopausa estio relacionadas
ao controle de algumas alteragdes e sintomas que surgem no envelhecimento, como o
aumento do estresse oxidativo (DOSHI & AGARWAL., 2013), perda de massa magra
(SIROLA; RIKKONEN., 2005) e aumento da adiposidade corporal (STEVENSON; CROOK;
GODSLAND, 1993). Evitar alimentos ricos em gorduras e industrializados sdo as

principais modificagdes alimentares a serem incorporadas na dieta habitual, pois estdo
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diretamente relacionados com o aumento da deposi¢do de gordura na regido abdominal
central e aumento de casos de aterosclerose, principais causadores de problemas
cardiovasculares (LI et al, 2015).

A ocorréncia de osteoporose também ¢ comum nessa fase da vida, portanto
consumir alimentos ricos em calcio, como leite, queijos e outros derivados, ¢ importante
para a manutencao da densidade mineral 6ssea (WLODAREK et al., 2014). O consumo
de célcio, de acordo com as Dietary Reference Intakes (DRI’S), ¢ de 1000 mg/dia para
mulheres entre 51 a 70 anos de idade, e de 1200mg para mulheres acima de 70 anos
(DRI’s., 1989). A ingestdo de calcio em mulheres pds menopausa ainda ¢ muito abaixo
do que ¢ esperado para essa populacao, devido a maior chance de ocorréncia de quedas e
fraturas osseas (RAJ; OOMMEN; PAUL, 2015).

Com relacdo ao consumo de proteina, ¢ importante que haja uma ingestdo
adequada de fontes com alto valor bioldgico (provenientes de alimentos como frango,
peixe, ovos, leite) e até mesmo uma possivel suplementacio de proteina do soro do leite,
quando necessaria (DEUTZ et al., 2014). O ganho de massa muscular ¢ importante para
garantir a realizagdo das atividades de vida didrias e melhoria na qualidade de vida. O
consumo de proteina em mulheres mais velhas ¢ em torno de 0,8g/kg/ (DRI’s, 1989),
porém varios estudos ja demonstraram que esse consumo ¢ inadequado para a promogao
da sintese proteica, devendo ser ingeridos em torno de 1,2 a 1,5g/kg/dia para aumentos
significativos de sintese e ganho de massa muscular (BAUER et al., 2013).

O consumo de frutas e verduras também deve ser estimulado nessa fase da vida,
pois contém vitaminas antioxidantes que podem melhorar o estresse oxidativo presente
nessa fase (LEELARUNGRAYUB et al., 2016). A ingestao de vitamina C, E, e A podem
minimizar a formacdo de radicais livres no organismo, promovendo manutengdo da
integridade da membrana e reduzindo possiveis danos as células corporais (LEE et al.,
2005). Viarias substancias tém sido estudadas por terem possiveis propriedades
antioxidantes e preventivas de varios sintomas da menopausa, como por exemplo as
isoflavonas, podendo atenuar os efeitos dessa fase da vida, e devem ser consumidos em
forma de suplemento e em quantidades suficientes para causar um impacto positivo na

saude (MESSINA, 2014).
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2.4 Suplementacgio
2.4.1 Consumo de isoflavona

Estudos recentes na literatura demonstram que a Terapia de Reposi¢ao Hormonal
(TRH) pode trazer efeitos colaterais impactantes na qualidade de vida e causar possiveis
doengas a longo prazo, como cancer de mama e acidente vascular cerebral (STEINBERG
et al.,, 2003; BAE; KIM, 2015). Muitas mulheres tém optado por ndo fazer uso de
tratamentos farmacolédgicos, buscando alternativas naturais € menos agressivas para a
melhora dos sintomas da menopausa (SITES et al., 2007).

Entre as opgdes de tratamento ndo farmacoldgicos existentes, a suplementacao
com as isoflavonas, que sao fitoestrogenos provenientes da soja, surgem como alternativa
que pode reduzir alguns sintomas da menopausa (CHOQUETTE et al., 2011). Os
componentes da isoflavona podem se ligar aos receptores de estrogénio tradicionais,
causando diminuicdo dos efeitos negativos dessa fase da vida, sendo os seus principais
beneficios a reducdo das ondas de calor e dos niveis séricos de colesterol (HOOPER et
al., 2009). O consumo de isoflavonas, em especial, a genisteina, um dos seus componentes
mais ativos, pode conter essa atividade oxidante presente nesse periodo, evitando assim,
a destruicao de componentes celulares importantes, € mantendo assim a integridade da
célula (MESSINA, 2014).

Portanto, a suplementacdo com isoflavonas poderia auxiliar na preservacgao das
células corporais, impedindo sua degradacdo, e consequentemente, evitando um maior
estresse oxidativo nesse periodo (DOSHI; ARGAWAL, 2013). Em conjunto com esses
beneficios, o consumo desses componentes da soja poderia melhorar a integridade das
células do organismo, preservando a massa celular corporal e prevenindo doengas
relacionadas, como cancer, doengas renais, sepses € o proprio avango precoce do

envelhecimento (CELEC et al., 2013).

2.5 Angulo de fase e intervencdes

O angulo de fase (AF) ¢ uma medida obtida por meio da utilizagdo de um aparelho
denominado bioimpedancia elétrica (BIA), responsavel por analisar os mais variados
componentes corporais, como os fluidos extra e intracelular, e também a integridade da
membrana das células (MARTIN et al., 2014). A BIA tem sido comumente utilizada para
avaliacdo da composi¢@o corporal por ser um método relativamente barato, acessivel e

simples, com rapidez no processamento dos dados coletados (BASILE et al., 2014).
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O AF ¢ obtido por meio da relagdo entre o arco tangente da reactancia (Xc) pela
resisténcia (R), através da passagem de uma corrente elétrica através de todo o corpo,
refletindo de forma direta sobre a estabilidade das células e a distribuicao de agua nos
espacos celulares. E um bom indicador de integridade da membrana e preditor de massa
celular corporal, sendo um importante pardmetro prognostico para diversas doengas
(BONACCORSI et al, 2016).

O AF tem sido utilizado como um bom parametro prognoéstico para varias doengas
clinicas como cancer de pulmao e colorretal, cirrose hepatica e sepse, pois a variacao nos
seus valores ¢ capaz de demonstrar o estado de integridade da membrana celular, que
indica o real estado de satde do paciente e quais medidas serdo necessarias para melhorar
seu estado de satde (BEBERASHVILI et al., 2014) Uma possivel hipotese que explica
sua utilidade no progndstico de pacientes ¢ sua boa associacdo com marcadores
nutricionais, o que o leva a ser importante como um método de acompanhamento do
estado nutricional (BASILE et al., 2014). Além disso, a bioimpedancia elétrica pode ser
usada em conjunto com outros parametros como a for¢a de preensdo manual e a medida
da espessura do musculo adutor do polegar para um diagndstico mais efetivo
(BEBERASHVILI et al., 2014).

A préatica de exercicios fisicos, sobretudo o treinamento resistido, demonstra ter
efeito significativo no aumento do ganho de massa magra e nos valores de AF das células.
Em estudo realizado por Dos Santos e colaboradores, em 2016, foi encontrado que em
mulheres em pds menopausa e destreinadas, a realizacdo de treinamento fisico aumentou
os valores de AF das c¢lulas corporais. Em adi¢do, o estudo também encontrou que o
destreino nessa populagdo causa diminuic¢ao dos valores de AF, reforgando a importancia
da manuteng¢ao da atividade no dia a dia desses individuos (DOS SANTOS et al., 2016).

Em relacdo ao consumo de isoflavonas, ainda ndo foram realizados estudos que
observaram o efeito desta suplementacdo nos valores de AF. Entretanto, novos estudos
sd0 necessarios para verificar o efeito das isoflavonas no angulo de fase de mulheres pos-
menopausadas, e se existe relagdo desse pardmetro com a saude e integridade das células

corporais.
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3. Objetivos
3.1 Objetivo Geral

O objetivo do estudo foi avaliar os efeitos da suplementagdo de isoflavona aliada
ao exercicio fisico nos valores de angulo de fase em mulheres p6s-menopausadas.
3.2 Objetivos Especificos
e Avaliar o possivel efeito da isoflavona em parametros de adiposidade,
musculares e celulares (bioimpedancia elétrica);
e Avaliar o estado e a composicao corporal de mulheres pés-menopausadas;
e Avaliar se os valores de angulo de fase estavam dentro do recomendado nessa

populagdo.
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Phase angle (PhA) has been used as a marker of “cell health” and the effect of isoflavone
supplementation on PhA is unkown. Therefore, the aim of this study was to evaluate the
effect of isoflavone supplementation associated with exercise protocol on PhA values in
postmenopausal women (PW). A total of 30 PW were randomly assigned in a clinical
trial, double blind and placebo-controlled study, divided into two groups: 100 mg per day
of isoflavone supplementation (isoflavone = 16) and placebo group (n = 14), both groups
performed a combined aerobic and resistance exercise during 10 weeks. PhA values did
not change after isoflavone supplementation (PRE: 6.7 = 0.7° vs POST: 6.7 + 0.6° p =
0.863) and placebo (PRE: 7.2 = 1.0; POST: 6.8 = 0.5 p = 0.131) plus exercise. We
concluded that isoflavone supplementation did not change PhA in PW who performed 10

weeks of exercise protocol. Clinical Trial: NCT03008785.

Keywords: Isoflavone Supplementation; Post-Menopausal Women; Phase Angle;

bioimpedance, body mass

INTRODUCTION
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Postmenopausal women (PW) have a decrease in sex hormones, mainly due to
age, which contributes to increase in body fat [1] and decrease in muscle mass [2], onset
of osteoporosis [3], and increased serum cholesterol [4]. An additional consequence of
postmenopausal is an increase in oxidative stress and inflammation, leading to higher
cell/tissue damage [5].

Phase angle (PhA) is a parameter obtained by bioelectrical impedance analysis
[6] that has been used as “cell health” marker due to its association with membrane
integrity and body cell mass [7], muscle mass [8], and many diseases [9]. PW presents
lower PhA angle than young women [10] probably due to higher cell damage [5] and
lower muscle mass [8]. Therefore, new non-pharmacological alternatives for prevention
and treatment of postmenopausal consequences, such as decrease in PhA, are essential
for PW [11].

Isoflavone supplementation (genistein, daidzein, coumestrol and equol) has been
widely used in PW for its ability to bind to estrogen receptors [12] and reduction in
cholesterol levels [13]. Due to these beneficial effects, isoflavone has been used as a
possible alternative treatment presenting lower side effects than hormone replacement
[14]. Additionally, the consumption of isoflavones may decrease oxidative stress due to
antioxidant properties [15, 16] which could probably affect PhA values.

Physical exercise can also be considered a non-pharmacological treatment for PW
because maintain and/or increase muscle mass [17]. Additionally, exercise also seems to
enhance PhA values, increasing “cell health” [18]. A recent study showed that 12-weeks
of resistance training protocol increased PhA in older women [18]. Therefore, it seems
that resistance exercise increases PhA, however it is not known the effects of combined
aerobic and strength exercise training on PhA values in PW.

Therefore, considering that PhA has been used as a marker of “cell healthy” and
membrane damage; and knowing that isoflavone supplementation has antioxidant effects
and exercise seems to increase PhA values, we hypothesize that isoflavone
supplementation plus exercise would increase PhA values. Therefore, the aim of this
study was to evaluate the effect of isoflavone supplementation plus exercise on PhA

values in PW.

METHODS
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Study design and subjects

This was a randomized, double-blind, parallel and placebo-controlled study.
The sample size calculation was performed in GPower® software (version 3.1.3). The
level of significance was 95% and an error based on literature by Riesco et al (2011) [19].
Two hundred and sixty women, aged between 50 and 70 years, postmenopausal
(amenorrhea of at least 12 months), were recruited and screened according to the
following inclusion criteria: able to exercise on treadmill exercises and resistance
exercises; do not present physical or cardiovascular problems that prevents to do
exercises; do not present history of cardiovascular and renal disease, diabetes or
hypertension; do not be a smoker, do not use drugs that interfere in lipid metabolism and
antihypertensive; do not use hormone replacement therapy or isoflavone and antioxidant
supplementation (Figure 1).

After adjusting for these criteria, 34 PW were eligible to participate in the study,
aged 54.4 £ 5.4 years, 5.6 = 4.6 years after menopause. Of the volunteers included, 4 did
not complete the training protocol for personal reasons (two in each group) and 30 PW
completed the study. The participants were randomly assigned into two groups: placebo
and exercise (Placebo) (n = 14); or isoflavone supplementation and exercise (Isoflavone)
(n=16) during 10 weeks (Figure 1). This study was approved by Human Research Ethics
Committee of the Federal University of Uberlandia (protocol: 002095/2015). All the
volunteers signed the free and informed consent term and this study was registered at

Clinical Trial: NCT03008785.

Anthropometric and body composition parameters

Body mass was measured using an electronic scale (Filizola®), and height was
measured in a fixed estadiometer of Sanny®. After measures, body mass index (BMI)
was calculated (body mass in kilograms divided by height in square meter). PW under 60
years old were classified according to the proposal by World Health Organization [20]
and over 60 years by Lipschitz classification [21]. All anthropometric measures were
performed according to protocol proposed by Lohman (1988) [22].

Bioelectrical impedance (Biodynamics®, model 450c, EUA) was used to
determine PhA, resistance, reactance and absolute and relative extracellular mass and
body cell mass. Phase angle, in degrees (°) was calculated using the equation
(Reactance/Resistance)*(180/m). Subjects were previously instructed to not perform

vigorous physical exercise in the previously 24 hours and to avoid alcohol and caffeinated

28



drinks 72 hours before testing. Individuals with abnormal hydration status were excluded
considering the normal values of total body water per lean mass of 69 to 75%, according
to the bioimpedances’s manufacturer recommendations, to ensure great reliability in
phase angle values. The participants were instructed to lie down for a few minutes prior
to the examination and after cleaning the skin with alcohol four electrodes were
positioned on the surface of the right hand and right foot. Fat-free mass [23] and muscle
mass [24] were calculated by equations. Body fat mass was calculated subtracting body

mass by fat-free mass.

Dietary intake assessment

All participants answered to a 24-hour recall performed by trained nutritionists.
The participants were advised to remember the food and beverages they had consumed in
the previous day. Two non-consecutive weekdays and one day of the weekend were
reported at baseline and after 10 weeks of intervention. Total energy intake, protein, fat,
carbohydrates, fiber and vitamin C were quantified using USDA food composition table

[25] and were determined using software DietPro® (version 5.71).

One repetition maximum test

Resistance exercise intensity was assessed and prescribed based on one repetition
maximum (1-RM) [26], which was estimated after three warm-ups. The first warm-up
was performed with 20 repetitions at 40% of 1-RM; the second was done with 8
repetitions at 60% of the 1-RM and the third was performed with 3 repetitions at 80% of
the 1-RM. Between the warm ups, there was an interval of 1 minute to rest. Five attempts
were made to determinel-RM and it was allowed 2 minutes of rest between the attempts.
When was not possible to complete the exercise load, the PW rested for 48 to 72 hours

and repeated the test [26].

Aerobic capacity assessment

The aerobic capacity assessment was determined by submaximal incremental test
on a treadmill [27] using ergospirometer Cosmed Quark CPET. The test started with a
fixed velocity of 5.5km/h (speed that did not change during the whole test) plus 5 minutes
of warm-up without inclination. An ergospirometer (gas analyzer) was also used to assess
the ventilatory threshold 1 and heart rate were monitored during all test. From the warm-

up, each stage lasted 2 minutes, and in each new stage the inclination was increased in
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1%. At the end of each stage, the Borg Scale was shown for the volunteer to report the
rating perceived exertion.

Additionally, 6-minute walk test was made, which consisted in performing a walk
in sustained speed without running in a circuit with a distance to be covered in six

minutes.

Experimental protocol
Isoflavone supplementation

Isoflavone group received a daily supplement containing 100 mg of isoflavones
(3.3% of genistein, 93.5% of daidzein and 3.2% of glycitein) in form of capsule.
Individuals ingested one capsule daily, during the morning. For those women who trained
in the afternoon, the capsules were ingested before training. Placebo group received the
same amount of daily capsules containing cornstarch, being the same aspect of the
isoflavone capsules with the same recommendation of ingestion. All participants were

instructed to maintain their habitual diet during the study.

Exercise training protocol

Training protocol consisted in combined aerobic and resistance exercise with a
frequency of three times per week on nonconsecutive days during a 10-week period. The
duration of each training session was about 45 minutes, being 5 minutes of warm-up on
the treadmill, 20 minutes consisting of aerobic exercise and 20 minutes consisting of
resistance exercises. The order of the exercises was reversed every training session, just
keeping the warm up on a treadmill at the beginning of every session.

Resistance exercise consisted in seven exercises on weight machines for large
muscle groups, performed in this order: leg press 45° (extension of the hip and knee),
paddling in crossover (shoulder front adduction with elbow flexion), bench press on the
machine (horizontal shoulder abduction with elbow extension), handle the front (shoulder
abduction and elbow flexion), crucifix machine, squatting on the ball (fitball) and
abdominal (flexion of the spine with fixed hip and knee flexed with feet on the ground).
For each exercises, 2 sets of 15 repetitions was performed; each set lasted approximately
45 seconds and each repetition lasted about 3 seconds to perform the complete moviments
(eccentric and concentric phases). The intensity of the exercise was based on the 1-RM

test previously conducted using the intensity of 60% of 1-RM with an interval of 30
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seconds between exercises. After 5 weeks of training, 1-RM test was repeated for adjust
of the training load.

Aerobic exercise lasted 20 minutes and was performed on a treadmill at the
fixed speed of 5.5 km/h with exercise intensity corresponded to threadmill inclination
between ventilatory threshold 1 and 2. Therefore, exercise intensity was imposed only on
increasing the inclination of the treadmill, while remaining every 20 minutes to fixed

speed of 5.5 km/h.

Statistical Analysis

The tests were performed using STATISTICA 6.0 software. Data were
presented as mean + SD. Sample normality was tested by Kolmogorov-Smirnov test. For
comparison of groups at baseline we used Student's T test unpaired. To evaluate the effect
of interventions, ANOVA and Tukey post hoc were performed. Significance level was

considered as p <0.05.

RESULTS

No differences in body composition, strength parameters, and PhA values were
found at baseline. Between groups, except for lipid (grams), and total caloric intake,
which was higher in placebo group. Regarding vitamins intake, there were also no
significant between groups.
There was no significant differences between groups in relation to

Regarding dietary intake, all macro and micronutrients were not different after
intervention between groups. Energy, protein, lipid, carbohydrate, and vitamins intake
was considered in normal range, whereas fiber intake (mean values) was below the
recommendation (Table 2).

There were no significant differences before and after the intervention in
1soflavone and placebo group for body mass, waist circumference, and BMI. However,
both groups increased leg press and bench press strength and the performance in walk
test. The values of reactance, capacitance, and resistance did not change after the
intervention in both groups (Table 3).

PhA values did not change after intake of isoflavone (PRE: 6.7 + 0.7° vs POST:
6.7 = 0.6° p = 0.863) and placebo (PRE: 7.2 + 1.0; POST: 6.8 = 0.5 p = 0.131).
Additionally, delta values were not different (0.04 + 0.5 vs -0.40 + 0.99; p = 0.176)

between isoflavone and placebo, respectively (Figure 2).
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DISCUSSION

The main finding of present study was that isoflavone supplementation
associated with combined aerobic and resistance exercise training during 10 weeks did
not change PhA values in PW, therefore, the results of present study were contrary to our
initial hypothesis.

To the best of our knowledge, this is the first study evaluating the effect of
isoflavone supplementation plus combined exercise protocol on PhA values, however,
other studies have been already evaluated the isolated effect of physical exercise. A
recent study [28] showed that resistance training promoted muscle mass gain in older
women (> 60 years old) and also increased phase angle values. In our study, there was an
improvement in muscle strength in both groups (no differences between groups) after
intervention, showing that PW adhered to training protocol, but there were no changes in
muscle mass, and consequently, in PhA. Recently, de Franca et al., 2016 [8] showed that
PhA is associated with muscle mass, therefore, it seems that exercise protocol needs to
promote muscle mass gain to increase PhA values, although more studies are needed to
confirm it. The absence of muscle mass gain in our study could have been occurred due
to low load of resistance exercise (60% of the RM) and by the addiction of aerobic training
in our protocol. Nevertheless, it was not our aim to promote a specific hypertrophy
protocol.

With regard to the benefits of isoflavone supplementation for improving body
composition and physical function, Orsatti et al (2010) [29] showed that resistance
training during nine months increased strength, and reduced fat mass, however, 100 mg
daily of isoflavone supplementation did not promote additive effects.

It has been reported that genistein has better effects on menopausal symptoms
when compared to the other phytoestrogens present in soybean [12], although the effects
of each type of isoflavone on PhA is unknown. Genistein, one of the major isoflavones
found in soybeans, is considered an antioxidant due to its three hydroxyl groupings
present in its chemical structure. /n vitro studies have shown that genistein is able to
replace one of its hydroxyl groups by a methyl group, preventing lipid peroxidation
caused by free radicals, mainly phospholipids present in cell membranes, which could
cause cellular damage [16]. Considering that PhA predicts cell membrane integrity, we
hypothesized that isoflavone supplementation could increase PhA, however we did not
find differences in PhA after 10 weeks of isoflavone supplementation. Therefore, new

studies evaluating the effect of isoflavone supplementation, presenting higher amounts of
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genistein, are needed, this leads us to conclude that isoflavone does not appear to promote
improvements in any phase angle of postmenopausal women. However, consumption of
isoflavone has other associated benefits in this population.

Another possible explanation to non-changes in PhA after intervention at present
study may be due to high PhA values at baseline in our sample. According to the study
conducted by Barbosa-Silva et al (2005) [10], that proposed reference values for PhA, the
Sth and 95th percentiles for older women (50-59 year) are 5.4° and 7.9°, respectively. The
PW of our sample presented high mean basal PhA values (6.7-7.2°), similar to 95th
percentile proposed by Barbosa-Silva et al. Therefore, due to high basal PhA values, it is
improbably that significant improvements can be found. In the study performed by Dos
Santos et al (2016) [28], increases in PhA values after resistance training in older women
were found, however, their sample presented PhA values similar to 5" percentile of
reference values. Therefore, it is possible to speculate that PhA values may increase when
individuals present lower values.

The present study has some limitations. Due to inclusion and exclusion criteria
initially proposed, the number of women included in this study evaluated was small. In
addition, we did not evaluate other antioxidants in diet that can affect cells membrane
integrity, such as catechins and flavonoids. In addition, we did not evaluate the effect of
isoflavone supplementation on oxidative stress parameters and cell membrane damage.

Therefore, we concluded that isoflavone supplementation did not change PhA in
PW that realized 10 weeks of combined aerobic and resistance exercise training. Future
studies are needed evaluating the changes in PhA values testing isoflavone
supplementation in different doses and types, and also associating with other types of

exercise, such as resistance exercise isolated.
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TABLES AND FIGURES

Table 1. Anthropometric, dietary, and physical characteristics of postmenopausal women at baseline.

Isoflavone Placebo

(n= 16) (n=14) Pralue

Age (years) 56.1+5.5 52.7+4.4 0.077
Anthropometry parameters
Weight (kg) 65.1 £ 8.9 64.5+7.7 0.839
Height (m) 1.57+£0.1 1.55+0.1 0.396
BMI (kg/m?) 262+3.5 264+22 0.810
Bioelectrical Impedance
Phase Angle (°) 6.7+0.7 7.22+1.0 0.159
Capacitance (F) 615.6 +76.9 658.2+92.6 0.179
Resistance (L) 604.9 + 38.6 604.0 +29.4 0.941
Reactance (ohms) 679+ 18.5 76.6 £ 12.1 0.145
Total Body Water/MM (%) 72.7+1.2 73.2+1.5 0.390
Body Fat mass (%) 36.7+4.3 36.5+£3.2 0.889
Fat-free mass (kg) 40.92 +3.82 40.84 +4.50 0.958
Dietary intake assessment
Energy (kcal) 1614.2+319.2 1911.4 +339.1 .022
Protein (g) 60.6 +16.4 70.02 £15.9 0.134
Protein (%) 15.0+2.4 14.7+2.6 0.776
Protein (g/kg) 0.9+0.2 1.1+£03 0.179
Carbohydrate (g) 206.6 +42.1 223.5+48.5 0.322
Carbohydrate (%) 514+59 47.1+7.3 0.091
Lipids (g) 63.6 £16.8 82.8+27.0 0.027
Lipids (%) 352+5.6 38.5+£8.0 0.204
Fiber (g) 17.3+6.2 17.2+£6.3 0.970
Vitamin C (mg) 125.2 (14.9 — 599.9) 122.8 (37.2 - 1479.7) 0.518
Exercise test

1-RM leg press (kg) 147.5+37.8 169.1 +37.1 0.126
6-minute walk test (m) 647.3 +40.8 618.5+59.2 0.137

BMI, body mass index.
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Table 2. Dietary intake before and after intervention in postmenopausal women.

Variables Isoflavone Placebo p-value
Group x
Time
PRE POST DELTA (A) PRE POST DELTA (A) A Group Time Interaction

Energy (kcal) 161423 +319.29  1539.67+384.92 -74.56+299.70  1911.43 +339.17 1690.55 + 417.71 -84.34 + 506.86 0.948  0.052 0.050 0.401
Protein (g) 60.67 + 16.47 57.66 + 15.87 -3.00 = 16.65 70.02 + 15.94 62.38 + 20.28 2.64+22.53 0.959  0.188  0.145 0.579
Protein (%) 15.01 £2.41 15.09 +2.58 0.07 +3.28 14.74 +2.61 14.72 +2.52 1.02+2.31 0.537  0.618 0.924 0.814
Protein (g/kg) 0.95+0.27 0.92 £ 0.30 0.02+027 1.10 £ 0.32 0.97 £0.31 -0.05+0.38 0.841  0.295 0.193 0.398
Carbohydrate (g) 206.61 +42.12 193.74 + 50.52 -12.86 +49.12 223.57 +48.58 209.08 + 63.82 1.47 + 65.76 0.501 0274  0.246 0.868
Carbohydrate (%) 51.43 +5.95 50.58 + 5.80 -0.84 + 7.80 47.11+7.32 49.22 + 6.90 5.47 +15.24 0.156  0.143 0.698 0.350
Lipids (g) 63.61 + 16.81 61.84 +19.36 -1.76 £ 16.99 82.82+27.27 69.64 + 17.38 726 +£32.12 0.555  0.028*  0.140 0.276
Lipids (%) 3526 +5.63 35.78 +5.77 0.52 + 6.47 38.57 +8.07 3738 +5.07 1.56 £ 12.75 0.775  0.193 0.839 0.562
Fiber (g) 17.34 + 6.23 15.01 + 5.48 -2.33+6.51 17.25 +6.33 15.25+5.22 -0.77 + 8.73 0.579  0.931 0.054 0.953
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Table 3. Differences in body composition, physical activity, and bioimpedance parameters in postmenopausal women before and after the intervention.

Weight (kg)

Height (m)

BMI (kg/m?)

Waist Circumference (cm)
Phase Angle (°)
Resistance (€2)

Reactance (€2)
Capacitance (F)

Total Body Water/MM (%)
Fat-free Mass (kg)

Fat Mass (kg)

Body Fat (%)

1-RM Leg press (kg)

6-minute walk test (m)

Isoflavone Placebo p-value Group X
(n=16) (n=14) Tin‘:e
PRE POST DELTA (A) PRE POST DELTA (A) A Group Time Interaction

65.13 £8.96 64.27 +£9.07 -0.856 +5.20 64.50 +£7.77 64.57 £8.17 0.07 £ 1.59 0.527 0.957 0.593 0.528
1.57 £0.04 1.57+0.04 0.001 £ 0.006 1.55+0.06 1.56 £ 0.05 -0.01 £0.03 0.209 0.557 0.324 0.210
26.22 +£3.51 25.92 +£3.59 0.296 £2.11 26.49 £2.27 26.17 £2.69 0.31+1.55 0.977 0.814 0.381 0.978
81.40 £+ 8.63 81.21 £8.28 -0.181 +2.80 81.21 +£6.50 80.42 £ 6.63 -0.78 £3.44 0.600 0.860 0.403 0.600
6.75+0.78 6.79 £0.67 0.04 +£0.58 7.22+£1.02 6.82 £0.53 -0.40 +0.99 0.136 0.304 0.227 0.137

604.94 + 38.69 609.60 +46.74 4.656 +25.65 604.00 +29.42 589.5 +43.92 -14.47 +£21.76 0.037* 0.463 0.272 0.037*
67.93 + 18.58 72.41 +7.44 4.481 £16.95 76.66 +12.16 70.67 £9.05 -5.99 +10.78 0.057 0.367 0.777 0.057
615.58 £76.97 617.87 £85.11 2.187 +£58.03 658.28 £92.69 638.50 +50.70 -19.78 £ 95.70 0.446 0.214 0.542 0.447
72.76 £ 1.28 72.69 +1.27 -0.069 +£0.417 73.21+£1.55 73.10+1.31 -0.11 £0.74 0.835 0.384 0.407 0.836
40.92 £3.82 40.47 +£3.33 -0.442 £2.19 40.84 £4.50 41.07 £4.79 0.23+0.85 0.289 0.862 0.743 0.289
2421 £6.12 23.79+6.70 -0.415 £3.07 23.65+4.19 23.49 +4.23 -0.16 £0.83 0.768 0.831 0.502 0.769
36.72 +4.34 36.44 +5.01 -0.278 £2.15 36.52 + 3.27 36.23 £ 3.14 -0.28 £0.52 0.987 0.890 0.348 0.987
147.56 +37.82 229.37+50.75 81.81 +£34.95 169.14 +37.10 248.21 £41.49 79.07 = 34.90 0.831 0.163 <0.001 0.832
647.30 +£40.82 687.53 +£33.40 37.71 £28.18 618.57 +£59.23 652.50 £ 55.73 33.92+52.21 0.803 0.059 <0.001 0.684
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Figure 1. Follow chart of research volunteers.
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Figure 2. Phase angle values in isoflavone and placebo groups at baseline and after intervention.
PhA, phase angle. Pré vs post intervention - repeated measures ANOVA; group p = 0.304; time p = 0.227,;
group X time interaction p = 0.137; Delta comparison — t-independent test; p = 0.136
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