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RESUMO

Objetivo: Avaliar o efeito da ingestdo de proteina imediatamente apos o exercicio nos
ganhos de massa magra, for¢a e capacidade funcional em mulheres na pds-menopausa.
Metodologia: Trinta e quatro mulheres na poés-menopausa (60,9 £ 6,7 anos)
participaram desse estudo clinico randomizado, duplo-cego de grupos paralelos. As
participantes realizaram o mesmo protocolo de exercicio de forga, no periodo da
manha, que foi realizado com a carga de 70% de 1-repeticdo maxima (1-RM), 3 vezes
por semana, durante 8 semanas. As voluntarias foram randomizadas em dois grupos:
grupo proteina-carboidrato (PC) (n=17), que ingeriu 30 g de whey protein
imediatamente apds o exercicio e 30g de maltodextrina a tarde; e grupo carboidrato-
proteina (CP) (n=17), que ingeriu 30 g de maltodextrina imediatamente apds o
exercicio e 30 g de whey protein a tarde. A massa magra foi avaliada por meio do
DEXA, a forca de preensdo manual por dinamdmetro e a for¢a muscular por 1-RM de
supino e extensora. A capacidade funcional foi avaliada pelo teste de caminhada de 1-
milha. Resultados: Os grupos PC (37,3 [35,0-39,7] para 38,1 [35,9-40,5] kg) e CP
(38,2 [36,0-40,5] para 38,8 [36,5-41,3] kg) aumentaram a massa magra total apos a
intervengdo (p < 0,001). Também foi observado, em ambos os grupos, aumento na
forca de 1-RM de supino e extensora; e na forga de preensao manual (p < 0,001).
Além disso, o tempo de caminhada de 1-milha reduziu nos dois grupos (p= 0,019).
Nenhuma diferencga foi encontrada para a interagdo do grupo x tempo para todas as
variaveis (p > 0,05). Conclusdo: A ingestdo de proteina imediatamente apds o
exercicio de forca ndo promoveu ganhos adicionais de massa magra, forca e
capacidade funcional em mulheres na pods-menopausa. Esse estudo clinico foi

registrado no clinicaltrials.gov NCT03372876.

Palavras-chave: timing, janela de oportunidade anabdlica, ganho de massa muscular.



ABSTRACT

Objective: To evaluate the effect of protein intake immediately after resistance
exercise on lean mass, strength, and functional capacity gains in postmenopausal
women.

Methods: Thirty-four postmenopausal women (60.9 + 6.7 years) participated in this
double-blind, parallel-group, randomized clinical trial. All individuals performed the
same resistance training protocol in the morning, 3 times a week, at 70% of 1-
maximum repetition (1-RM) during 8 weeks. Participants were randomly assigned to
protein-carbohydrate group (PC) (n=17), that ingested 30 g of whey protein
immediately after exercise and 30 g of maltodextrin in the afternoon; and to
carbohydrate-protein group (CP) (n=17), that ingested 30 g of maltodextrin
immediately after exercise and 30 g of whey protein in the afternoon. Lean mass was
assessed using dual-energy X-ray absorptiometry, handgrip strength by a
dynamometer, and strength was evaluated by 1-RM of bench press and leg extension.
One mile walk test was performed to assess the functional capacity.

Results: Both the PC group (37.3 [35.0-39.7] to 38.1 [35.9-40.5] kg) and the CP group
(38.2 [36.0-40.5] to 38.8 [36.5-41.3] kg) increased the total lean mass after the
intervention (p < 0.001). An increase was also found in both groups for 1-RM bench
press, 1-RM leg extension and handgrip strength (p < 0.001). In addition, the time of
I-mile walk test decreased in both groups (p = 0.019). No differences were found for
group and time interaction for all variables (p > 0.05).

Conclusion: The protein intake immediately after resistance exercise does not
promote additional increase in lean mass, strength, and functional capacity in post-

menopausal women. This trial was registered at ClinicalTrials.gov as NCT03372876.

Key-words: timing, anabolic window, muscle mass gain.
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1.INTRODUCAO

O envelhecimento estd associado a mudangas na composi¢do corporal, como o
aumento da gordura corporal e a reducdo da massa muscular, além da redu¢do da forga
e da capacidade funcional [1, 2]. Neste contexto estdo as mulheres na pés-menopausa,
que devido a redugdo de estrégeno, t€ém maior aumento da perda de massa muscular
[3]. Portanto, estratégias que ajudem a reduzir ou reverter os prejuizos do
envelhecimento e da pds-menopausa sao necessarias, como o consumo de proteina e o

exercicio de forga.

Em relagdo ao consumo de proteina, estudos agudos mostram que a sintese
proteica muscular aumenta com a ingestao de proteina ap6s o exercicio de forga. Esse
periodo € curto (45 minutos a 1 hora) e ¢ conhecido como janela de oportunidade
anabolica. Apesar da existéncia dessa evidéncia, o ganho de massa muscular com essa
estratégia nao esta totalmente elucidado em estudos de longa duragdo. Além disso, ha
poucos estudos com pessoas mais velhas e ndo hd nenhum estudo com mulheres na

pOs-menopausa.

2. REVISAO DE LITERATURA

2.1 Envelhecimento e massa muscular

As melhoras das condi¢Oes de vida e do tratamento de doencas favoreceram o
aumento da expectativa de vida e consequentemente o nimero de idosos na populagao
[4]. Entretanto, o processo de envelhecimento estd diretamente associado com a perda
progressiva e generalizada de massa muscular esquelética e com reducdo da fungdo
muscular (forca e desempenho), o que resulta em um processo conhecido como
sarcopenia [1, 2]. Em estdgio mais avancado, hd perda significativa da capacidade
funcional [5]. A fun¢do muscular e a sarcopenia estdo positivamente correlacionadas

com quedas graves [6-8] e dificuldades em realizar as atividades do cotidiano [9].

A perda de massa muscular esquelética relacionada com o progresso da idade ¢
facilitada por uma combinacdo de diversos fatores [10], dentre eles, o estilo de vida
sedentario [11] e consumo proteico inferior aquele considerado ideal [12]. A perda de
massa muscular e fungdo acometem de maneira similar homens e mulheres [13]. No
entanto, mulheres em periodo de pds-menopausa merecem atengdo especial, pois

sofrem com as alteracdes tanto do envelhecimento quanto do periodo da menopausa.
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2.2 Pos-menopausa

E definido pés-menopausa o periodo apds 12 meses da ultima menstruagdo, em
que hé cessagdo permanente da menstruagdo, perda da atividade folicular ovariana e,
consequentemente, o fim da capacidade de reprodu¢do feminina [14]. Nesta fase,
ocorrem varias alteragcdes hormonais em decorréncia da perda da atividade folicular
ovariana, como a reducdo da producao de estrogeno e aumento da producdao do
horménio foliculo estimulante (FSH) e hormonio luteinizante (LH) [14]. O estrogeno é
um hormonio sexual feminino e sua reducdo pode trazer prejuizos para a saude da
mulher, como redu¢do da densidade mineral 6ssea [15], maior perda de musculo
concomitantemente com maior acumulo de gordura corporal [16, 17] (Figura 1).
Todas essas alteragdes advindas da menopausa podem diminuir a qualidade de vida e
aumentar o risco do desenvolvimento de doencgas cardiovasculares e sarcopenia na

mulher na pés-menopausa [15].

Cessagdoda
menstruagio =12
meses

— ~ =

Alteragdes hormonais Aciimulo de gordua

| TLSH £ LH, i,estrn:'rgenn:r] corporal
\, J
Perda da atividade folicular m -
MMaszamuscular
Densidade mineral
Fim da capacidade L osszea )

de reproducdo

Figura 1. Alteracdes fisiologicas na mulher na pés-menopausa e suas consequéncias
na composi¢ao corporal.

2.3 Exercicio de forga

Intervencdes efetivas sdo necessarias para a prevencao ou tratamento da perda
de massa muscular esquelética e forga [18]. O treinamento fisico de for¢a é conhecido
por aumentar a massa muscular em adultos [19, 20] e em idosos [18], sendo, portanto,

uma estratégia eficaz no tratamento da perda de musculo esquelético e de forga [21-
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23], inclusive em mulheres na pos-menopausa [24]. Um estudo recente do nosso grupo
de pesquisa, com mulheres na pds-menopausa, mostrou que o exercicio de forca foi
efetivo para aumentar a massa magra total (~1,3 kg) e das pernas ap6s 10 semanas de
intervencdo. Além disso, as voluntarias aumentaram a for¢a muscular de 1 repeticao
maxima (1-RM) nos exercicios de supino (~2,5 kg) e cadeira extensora (~7 kg) [25].
Dessa forma, ¢ possivel afirmar que o exercicio de for¢a ¢ uma estratégia efetiva para

atenuar os efeitos do envelhecimento e da menopausa.

2.4 Proteina

Segundo Breen e Phillips [26], idosos que procuram tratamento ndo-
farmacoldgico no auxilio da manutengao ou ganho de massa muscular, devem associar
a pratica de exercicios de forca com a ingestdo de proteinas. No musculo esquelético,
o incremento ou perda de proteinas ¢ determinado pelo balango proteico, que ¢ a
diferenga entre sintese ¢ a degradacdo de proteina no musculo [27]. Notavelmente,
evidéncias recentes sugerem que individuos com idade mais avancada apresentam
sintese proteica muscular atenuada no periodo pds-prandial (periodo em que ocorre a
hiperaminoacidemia), particularmente ou relativamente a baixa ingestdo de proteinas
[10, 28]. Assim sendo, os idosos apresentam “resisténcia” ao anabolismo quando
comparados com individuos jovens [29-31], o que pode explicar, em parte, o declinio
na massa muscular relacionado com o avango na idade [31].

Um estudo conduzido por Moore e colaboradores [31], demonstrou que
individuos idosos necessitam ingerir uma maior quantidade de proteinas para estimular
a sintese proteica de forma satisfatdoria quando comparados com individuos jovens.
Além disso, diversos estudos oferecem suporte a premissa de que a recomendacao de
ingestao proteica para idosos deveria ser superior aos 0,8 gramas/kg/dia propostos pela
Dietary Reference Intakes em 2005 [26, 32-36]. Os resultados obtidos no estudo de
Moore e colaboradores (2014) [31] demonstraram que as taxas méaximas de sintese
proteica foram similares em jovens e idosos (~0,058% e ~0,056%/h, respectivamente),
0 que sugere que idosos sauddveis mantém a capacidade de sintese proteica, porém,
somente com estimulo nutricional ideal [37-39]. Segundo Moore et al. [31], a
recomendacdo de ingestdo proteica para jovens ¢ de 0,25-0,3 gramas de proteina/kg de
peso/refeicdo enquanto que para idosos, a recomendacdo ¢ de 0,4 gramas de

proteina/kg de peso/refeicao.
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Entretanto, apesar de existir esse possivel favorecimento para o ganho de
massa muscular com doses consideradas Otimas, os dados ainda sdo inconclusivos
quanto a essa conduta. Em um estudo do nosso grupo de pesquisa, com mulheres na
pOs-menopausa, foi testado o consumo de proteina, durante um protocolo de exercicio
de forca, recomendado pela Recommended Dietary Allowance (RDA) que ¢ de 0,8 e o
consumo considerado ideal para o ganho de massa muscular que ¢ de ~1,2 g/kg. Apos
10 semanas de intervencdo, foi observado aumento da massa magra de ~1,3 kg em
ambos os grupos [25].

Para potencializar a sintese muscular promovida pelo exercicio, ¢ recomendado
que seja ingerida uma quantidade suficiente de proteina rica no em leucina, ja que é o
principal aminoécido estimulador da mTor na via de sintese proteica muscular [40].
Além disso, ¢ recomendado o consumo de proteina de rapida digestdo, como por
exemplo, a proteina no soro do leite (whey protein), carne de frango ou soja [26].
Desta forma, a dieta prescrita ao individuo deve ser equilibrada, com macro e
micronutrientes adequadas a necessidade do mesmo. Além disso, diversos
pesquisadores recomendam que a proteina seja igualmente distribuida ao longo do dia,
de forma que todas as refeigdes contenham quantidades deste macronutriente
suficientes para estimular de maneira satisfatoria o anabolismo proteico [41-43].

O estimulo de sintese proteica ocorre por meio da ingestao total de proteinas,
além da dose de proteina [44], fonte [20, 45], tempo de ingestdo relativo ao exercicio
(timing) [20, 46-48] e a sensibilidade do musculo esquelético a subsequente
hiperaminoacidemia [49], os quais tém se mostrado importantes na regularizagdao da

resposta de sintese muscular [42].

2.5 Timing proteico

Outro fator que parece ser importante para o ganho de massa magra ¢ o
momento em que a proteina ¢ consumida. Estudos agudos tem mostrado aumento na
sintese proteica muscular quando a proteina ¢ ingerida logo apds o treino [50, 51].
Esse fenomeno pode ser explicado pela teoria da “janela de oportunidade anabdlica”
[52], que ¢ um periodo curto, com duracdo de 45 minutos a 1 hora, préximo ao

exercicio de forca, em que a sintese proteica estd aumentada [53]. Apesar de haver
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evidéncias sobre a existéncia da janela de oportunidade anabolica, nao esta totalmente
elucidado na literatura sobre sua existéncia, pois os resultados ainda sdo muito

controversos.

2.6 Estudos com timing que igualam o consumo de proteina

Uma das grandes limitagdes dos estudos com timing € ndo igualar a quantidade de
proteina total entre os grupos. Quando avaliados na literatura somente esses estudos,
apenas quatro igualaram o consumo de proteina total e encontram perda[54] ou
manuten¢ao[55, 56] da massa muscular. Portanto, seria improvavel que o timing teria
influéncia adicional no ganho de massa muscular, ja que o exercicio de for¢a nao foi
efetivo. Ja estd bem estabelecido que o exercicio de forca ¢ a principal intervencao
para estimular os ganhos de massa magra e forga [25, 57] e a suplementagdo sem o
exercicio ndo promove esses beneficios[58]. Apenas em um estudo que igualou o
consumo de proteina total houve aumento da massa muscular com a intervengao [47].
Foi um estudo randomizado controlado realizado por Cribb e Hayes (2006) com
homens bodybuilders recreativos, com duragao de 10 semanas. Foi suplementado uma
mistura de whey protein, carboidrato e creatina para um grupo antes e apos o treino de
forca e para outro grupo em horarios distantes ao exercicio (manha e noite) e houve
maior aumento de massa magra e for¢a nas pessoas que ingeriram proteina préxima ao
treino. Porém, foi observado por meio de bidpsia intramuscular, que o grupo que
consumiu o suplemento proximo ao treino tinha maior quantidade de creatina
incorporada no musculo. Desta forma, ¢ dificil atribuir esses resultados positivos do
timing de proteina, pois parece que esses efeitos estdo mais relacionados com a

creatina.

2.7 Estudos com timing que ndo igualam o consumo de proteina

A grande maioria dos estudos com timing ndo iguala a ingestdo de proteina
total entre os grupos timing [19, 45, 59-64]. Dessa forma, os grupos que consomem a
proteina logo apo6s ou proximo ao exercicio de forga, ingere quantidades superiores de

proteina ao longo do dia. Na literatura, alguns desses estudos encontraram beneficios
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na massa muscular com o consumo de proteina préximo ao treino [59-63]. Um desses
estudos foi realizado com 56 homens jovens destreinados que realizaram exercicio de
forca 5 vezes por semana durante 12 semanas. Foi suplementado 17,5 g de proteina do
leite ou soja ou suplemento de carboidrato imediatamente apds o exercicio e foi
encontrado maior aumento da massa livre de gordura no grupo que consumiu a
proteina do leite apds o exercicio. Entretanto, como a interven¢ao ndo foi igual entre
os grupos, ¢ dificil atribuir esse resultado positivo a0 momento em que a proteina foi

consumida.

2.8 Meta-analise timing proteico pos-exercicio

Em uma meta-anélise, Schoenfeld e colaboradores [65] avaliaram o efeito do
consumo de proteina apds o exercicio no ganho de massa magra. Os autores
concluiram que o consumo proteico apds o exercicio de for¢a potencializou o ganho de
massa magra, entretanto, como a maioria dos estudos incluidos na meta-analise
comparou o consumo de proteina apds o exercicio com um grupo placebo que ingeria
carboidrato, o grupo que ingeriu proteina apds o exercicio também aumentou o
consumo total de proteina, o que ndo permite concluir se o que induziu ao maior ganho
de massa magra foi o momento (apos exercicio) ou o maior consumo proteico total do
dia. Sabendo desta limitacdo, os autores realizaram uma segunda analise, ajustada pelo
consumo proteico total, e notou-se que nao houve efeito significativo do consumo de
proteina apds o exercicio para potencializar a hipertrofia muscular. Portanto, foi
concluido que o consumo de proteina total parece ser mais importante do que o
momento para promover a hipertrofia muscular. Entretanto, ¢ importante ressaltar que
somente sera possivel concluir a importancia do consumo de proteina apds o exercicio
na hipertrofia muscular quando novos estudos forem realizados comparando grupos

que consumam a mesma quantidade de proteina total durante o dia.

2.9 Populagoes avaliadas

Como citado nos topicos acima, as pessoas mais velhas e principalmente
mulheres na pods-menopausa, apresentam mudancas na composicao corporal que
trazem prejuizos a saude. Dessa forma, ¢ importante o desenvolvimento de estratégias

para atenuar ou reverter essas alteragdes. Uma dessas estratégias seria o timing
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proteico. Entretanto, a maioria dos estudos sobre o tema ¢ realizado com adultos
jovens [19, 45, 47, 55, 56, 59-64, 66, 67]. Poucos estudos testam o consumo de
proteina pds-exercicio em idosos [44, 54, 68-70] e mais especificamente em mulheres
mais velhas. Um estudo de Wycherley et al. [54] avaliou o efeito da ingestdo de
proteina antes e apOs o treinamento de forga durante 16 semanas em homens e
mulheres mais velhos (57 = 7 anos), portadores de diabetes tipo 2. Apds o periodo de
intervengdo, os voluntarios reduziram massa livre de gordura, mesmo realizando
exercicio de for¢a. No nosso conhecimento esse foi o Unico estudo a avaliar o timing
de proteina em mulheres mais velhas. Porém, o estudo era composto por uma amostra
mista e ndo especificamente em mulheres na pds-menopausa.

Apesar de haver muitos dados sobre o timing de proteinas, os estudos ainda
apresentam limitagdes. Dessa forma, a realizagdo do presente estudo justifica-se pela
falta de estudos na literatura que sejam mais bem controlados metodologicamente e

com pessoas mais velhas, principalmente mulheres na pés-menopausa.

3.0BJETIVOS
3.1 Objetivo geral

Avaliar o efeito da suplementagdo de proteina apos o exercicio de for¢a na
massa magra, adiposidade, forga e capacidade funcional em mulheres no periodo da

pos-menopausa praticantes de exercicio de forga.

3.2 Objetivos especificos

e Realizar avaliagdo antropométrica e da composig@o corporal;
e Avaliar o fracionamento da dieta e consumo de proteina por refei¢cdo;
e Avaliar o estado de saude geral;

e Avaliar a forca e fun¢ao muscular.
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Abstract

Background and aims: Acute studies have shown that the protein intake immediately
post exercise increases the muscle protein synthesis. However, the effect of the protein
intake immediately after resistance exercise on lean mass and strength gains in long
term studies is still not totally elucidated. In addition, there is no study evaluating it in
postmenopausal women. The aim of this study was to evaluate the effect of protein
intake immediately after resistance exercise on lean mass, strength, and functional
capacity gains in postmenopausal women.

Methods: Thirty-four postmenopausal women (60.9 + 6.7 years) participated in this
double-blind, parallel-group, randomized clinical trial. All individuals performed the
same resistance training protocol in the morning, 3 times a week, at 70% of 1-
maximum repetition (1-RM) during 8 weeks. Participants were randomly assigned to
protein-carbohydrate group (PC) (n=17), that ingested 30 g of whey protein
immediately after exercise and 30 g of maltodextrin in the afternoon; and to
carbohydrate-protein group (CP) (n=17), that ingested 30 g of maltodextrin
immediately after exercise and 30 g of whey protein in the afternoon. Lean mass was
assessed using dual-energy X-ray absorptiometry, handgrip strength by a
dynamometer, and strength was evaluated by 1-RM of bench press and leg extension.
One mile walk test was performed to assess the functional capacity.

Results: Both the PC group (37.3 [35.0-39.7] to 38.1 [35.9-40.5] kg) and the CP group
(38.2 [36.0-40.5] to 38.8 [36.5-41.3] kg) increased the total lean mass after the
intervention (p < 0.001). An increase was also found in both groups for 1-RM bench
press, 1-RM leg extension and handgrip strength (p < 0.001). In addition, the time of
I-mile walk test decreased in both groups (p = 0.019). No differences were found for
group and time interaction for all variables (p > 0.05).

Conclusion: The protein intake immediately after resistance exercise does not
promote additional increase in lean mass, strength, and functional capacity in post-

menopausal women. This trial was registered at ClinicalTrials.gov as NCT03372876.

Key-words: timing, anabolic window, muscle mass gain
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Introduction

Aging is associated with changes in body composition, such as increased body
fat and reduced muscle mass, besides reduction in strength and functional capacity "%
In this context, postmenopausal women, due to estrogen reduction and aging, have an
accelerated increase in muscle mass loss °. Considering that the loss of muscle mass
and strength are independent factors for mortality in older individuals *°, strategies to
prevent it are important. In this way, resistance training and protein intake are non-
pharmacological strategies indicate to reverse or attenuate these effects of aging . In
relation to protein intake, there are some details that seem to be important for lean

mass and strength gains/maintenance, such as the total daily amount * °, quality '* !,

distribution during the day '*, dose pear meal °, and timing '**'.

In respect to protein timing, acute studies have shown an increase in muscle
protein synthesis when protein is ingested after resistance exercise >> *. This
phenomenon, known as “anabolic window of opportunity” **, is a short period that
lasts from 45 minutes to one hour after the exercise °. However, the effect of protein
timing on lean mass and strength gains in long term studies is still not totally
elucidated *°. This effect was evaluated in a meta-analysis performed by Schoenfeld et
al ?’ and it was observed that ingesting protein close to exercise induced to a higher
lean mass gain, when compared to the control group. Nevertheless, as the majority of
the studies included in the meta-analysis did not match the total protein intake between
the groups. The intervention group ingested more protein during the day (~1.7 g/kg)
when compared to control group (~1.3 g/kg); therefore, it is not possible to conclude
whether the higher lean mass gain occurred due to timing or to higher total protein
intake. In the same study ', the authors performed a sub analysis adjusting for total
protein intake and the effect of protein timing on lean mass gain was lost, showing that
possibly the higher total protein intake leads to higher lean mass gain, but not the
protein timing. However, these results are based on statistical adjustments and
randomized controlled clinical trials equalizing the total protein intake during the day

are necessary to confirm this data.

In addition, only few studies evaluated the effect of protein timing on lean

28-32

mass gain in older adults and, to the best of our knowledge, there is no study

evaluating it in postmenopausal women, which is an important knowledge gap. Thus,
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the aim of our study was to evaluate the effect of protein timing on lean mass, strength
and functional capacity in postmenopausal women following a resistance training
protocol. We hypothesized that the timing of protein intake would not induce to
additional gains in lean mass, strength and functional capacity when the total protein

intake is adequate.

Methods
Research participants

This study was conducted at Federal University of Uberlandia and at Federal
University of Triangulo Mineiro, Minas Gerais, Brazil. The postmenopausal women
were invited to join the study through television or in local disclosure. Inclusion
criteria were: postmenopausal women (at least 1 year of cessation of menstruation,
self-reported); at least 6 months without performing resistance exercise and to be
disposed to ingest the supplements twice a day. Those volunteers that were diabetics,
who were not available to train in the morning and/or were in hormonal replacement
were excluded. Dyslipidemia, hypertension and endocrine (hyper or hypothyroidism)
were not considered as exclusion criteria. This trial was approved by Federal
University of Uberlandia Research Ethics Committees (protocol number 2.023.127)
and registered at ClinicalTrials.gov as NCTO03372876. All the volunteers were
previously informed about the experimental procedures and the possible risks of the

study before written consent was provided.

After the disclosure of the study, 141 women showed interest to participate, but
only 49 were eligible due to inclusion and exclusion criteria. During the adaptation
period, 15 participants dropped out of the study and, after this period, 34 women were
randomized (MedCalc® software, version 11.1, Mariakerk, Belgium) into 2 groups.
Protein-carbohydrate (PC), who ingested 30 g of whey protein immediately after
exercise and 30 g of maltodextrin in the afternoon; and carbohydrate-protein group
(CP), who ingested 30 g of maltodextrin immediately after exercise and 30 g of whey
protein in the afternoon). The total lean mass values at baseline (after the adaptation
period) were used for the randomization of the groups and it was performed by an
independent researcher. A flowchart of the progress of this clinical trial is showed in

Figure 1. An a priori sample size for f test was calculated using G*Power (v. 3.0.10,
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Heinrich-Heine-University Diisseldorf, Diisseldorf, Germany). and the total sample
size found was 24 individuals. On the basis of a statistical power (1-f- err prob) of
0.80, an effect size F = 0.25, and an overall level of significance of 0.05, 24

individuals were required for this study
Study design

This was a randomized double-blind, parallel-group, clinical trial with 8 weeks
of follow-up. Body composition (dual-energy X-ray absorptiometry (DXA)), dietary
habits, anthropometric parameters, strength, and functional tests were performed
before adaptation period. Due to be previously untrained individuals, 1 week of
familiarization and 3 weeks of adaptation were performed to ensure that the exercise
protocol during the supplementation would be done correctly and until muscle failure.
Before the beginning of the supplementation, body composition, anthropometric
parameters, strength and functional tests were repeated to confirm whether changes in
these parameters in the adaptation period were observed. After all baseline tests, 8
weeks of protein and carbohydrate supplementation plus resistance exercise were
performed. To ensure the correct evaluation of dietary habits, eight 24-hours food
recalls (1, 3, 6, 8 weeks) were performed during the supplementation period. At the
end of the study, body composition, anthropometric parameters, strength and

functional tests were replicated (Figure 2).
Assessments
Anthropometry

Lohman et al. ** protocol was used to access body mass and height. The body
mass was measured in the morning with the volunteers wearing light clothes and
without shoes. After these measures, Body Mass Index (BMI) was calculated (body
mass/height?).

Body composition

The volunteers arrived at the laboratory after an overnight fasting and were
instructed to wear light clothing, to be free of metal objects and to ingest 2 liters of
water in the previous day for standardization of muscle hydration. Total lean mass, leg

lean mass, appendicular lean mass and fat mass were accessed 3 times during the
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study (before adaptation period, at baseline and in the end of intervention) using DXA
(Lunar iDXA®, GE Healthcare, Madison, WI, USA) and quantified by software
Encore version 14.10 (GE Medical Systems, Madison, WI, USA). The same

researcher performed all the exams to avoid measurements error.
Strength measurement

To evaluate upper and lower body muscle strength, 1-RM test was performed
in bench press and leg extension exercises. After learning the exercise techniques in 3
familiarization sessions, 1-RM was tested and retested after 48h to avoid the
underestimation of the load due to the lack of knowledge of the test by the participant.
Initially, volunteers performed a walking warm-up during 5 min and then underwent
to a specific warm-up that consisted of 15 repetitions with 30% of 1-RM. The load
was adjusted and participants were instructed to perform 10-12 repetitions with 50%
of 1-RM after 1 min of rest. After another 1 min of rest, the last warm-up session was
performed and consisted in 3-5 repetitions with 80% of 1-RM. When the warm-up was
completely, load was increased and the subjects were encouraged to try to perform 1-
RM for the first time. If the participant was not able to make a complete movement or
made more than one repetition, 1-RM was tested again after 3 min of rest. A

maximum of 3 attempts was made for determination of all 1-RM tests.

Isometric handgrip strength was performed on the right hand using a
dynamometer (Jamar™). During the assessment, volunteers were standing and were
instructed to tighten the device after a voice command. The measurement was

performed three times and the highest value of the three measurements was used.
Functional measurement

To access functional capacity, 1-mile walk test was realized on a multi-sport
court. The test was performed at baseline (retested after 48h) and in the end of the

study. The result of 1-mile walk test was expressed in minutes.
Dietary Assessment

The dietary intake was assessed by 24-h food recall following the 5-step
multiple pass **. Three dietary recalls were performed (2 weekdays and 1 weekend

day) to evaluate the dietary habits before the familiarization (weeks -5 and -4). To
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correctly assess dietary habits during the supplement intervention, 8 food recalls were
performed (weeks 1, 3, 6 and 8) referred to 4 training days, 2 non-training days, and 2
weekend days. The first and the two weekend records were performed in person and
the others via phone call after proper familiarization. The evaluated nutrients were
carbohydrate, protein, lipid and leucine. Dietpro® software (version 5.7i, Agromidia
Softwares®, Minas Gerais, Brazil) was used to perform the analyses of food data and
the United States Department of Agriculture (USDA) ***® food composition table was

used.

The distribution of protein and leucine intake throughout the day was evaluated
on the training days. The meals were divided into: breakfast, morning snack, lunch,
afternoon snack, dinner and supper according to the time and which meal the volunteer

related.

Experimental Protocol

Resistance training

The resistance exercise was conducted in the Public Health and Physical
Activity Centre at the Federal University of Triangulo Mineiro and was performed 3
times a week on non-consecutive days and always in the morning (7 and 8 a.m.) due to
timing supplementation protocol. The exercise protocol followed the
recommendations of American College of Sports Medicine *” for muscle hypertrophy.
Before the training session, participants realized 5 min of walking warm-up. The
resistance exercise consisted in the upper and lower limbs exercises that included
bench press (free weight), peck deck (machine), lat pull down (machine), seated low
row (machine), leg extension (machine), leg curl (machine), leg press (machine), free
weight calf and abdominal. As most women had never performed resistance exercise,
before onset the supplement intervention, 3 weeks of progressive adaptation of 1 to 3
sets of 70% of 1-RM (8-12 repetitions) was performed. At the beginning of the
intervention (baseline) the resistance exercise remained with 3 sets of 8-12 repetitions
(70% 1-RM). As volunteers increased their strength, the loads were readjusted weekly
to maintain the training zone of 8-12 repetitions of 70% of 1-RM until the failure. The

minimum acceptable training adherence was 70%.
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Supplementation

The PC group ingested 30 g of whey protein (Hilmar™ 9010 Instantized Whey
Protein Isolate) immediately after exercise (8-9 a.m.) and 30 g of carbohydrate
(Maltodextrin Cargill®) at ~3 p.m. The CP group ingested 30 g of carbohydrate
immediately after exercise (8-9 a.m.) and 30 g of whey protein at ~3 p.m. The
supplements were ingested every day during 8 weeks at the same time of the day (8-9
a.m. and 3 p.m.). The participants received the supplements in an opaque packing from
a blind researcher after each training session and the supplements were intake in an
opaque bottle drink to guarantee the study blindness. Furthermore, participants
received the amount of supplements necessary to 1-wk to ingest in the afternoon
period (training days), in the morning and in the afternoon in non-training days. All
individuals were instructed to return the empty packing to control the adherence to the
supplementation. All the supplements were distributed in separated package
containing exactly 30 g of whey or maltodextrin. Both supplements (whey and
maltodextrin) were isocaloric and strawberry flavored. The information about the

supplements composition is showed in Supplemental Table 1.

On training days, the subjects were instructed to refrain the intake of protein
food sources during the morning, but they could ingest carbohydrate and fat food
sources, keeping their habitual breakfast intake. The lunch was eaten no less than 2 h

(~3 h) after cessation of each session (Figure 3).

Statistics

All analyzes were performed using SPSS software (version 20.0, IBM Corp,
New York, NY, USA). Baseline characteristics and the distribution of protein and
leucine during the day were analyzed using Generalized Estimating Equations (GEE)
using unstructured correlation and maximum likehood estimation. Medication intake
and family history diseases were included as random effects. Moreover, changes in
body composition, strength and dietary intake were analyzed by an intention-to-treat
analysis using GEE and Sequencial Sidak post-hoc adjusted for the adherence of
protein supplementation. Significance was accepted when P-value was <0.05. All

values were described as means and Wald 95% confidence interval.
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Results
Baseline Characteristics

At baseline, no differences were observed between the groups for age, body
mass, BMI, lean mass (total, appendicular, leg and trunk), fat mass, strength (bench
press, leg extension and handgrip), 1-mile walk test; and calories, protein and
carbohydrate intake and supplement adherence (Table 1). The mean adherence to the
supplementation protocol was ~77% (all individuals). In addition, none of the

volunteers were presented sarcopenia.

Dietary Intake during intervention

No differences were found in dietary intake over the time in both groups. When
protein and carbohydrate supplementation were included in the dietary intake, an
increase in calories, carbohydrate in grams (PC 196 [163-236] to 214 [180-255] g; and
CP 200 [175-229] to 249 [226-274] g), g/kg and %, protein in g/kg (PC 0.9 [0.7-1.1]
to 1.3 [1.0-1.6] g/kg; and CP 1.0 [0.8-1.2] to 1.3 [1.2-1.4] g/kg), g and % and leucine
(g) was found; whereas lipids (g) remained the same and lipids (%) decreased in both

groups (Table 2).
Distribution of Protein and Leucine on training days

For all meals, no difference was observed in habitual dietary intake between
the groups on training days. The protein intake by diet before exercise at breakfast was
~3 g in both groups and at morning snack (post training) was ~2 g in both groups.
When the supplement was included after exercise, a protein increase was observed in
PC group comparing to CP group at morning snack (29.3 [28.6-30.1] g vs. 1.6 [1.0-
2.5] g, p<0.001; respectively). At lunch, both groups showed similar protein intake
(PC =26.3 [20.3-34.0] g vs. CP = 29.1 [24.2-35.0] g; p= 0.531). At afternoon snack,
the protein intake exclusively by food was similar between the groups, but CP group
increased the protein intake by supplementation in comparison to PC group (33.4
[31.8-35.0] g vs. 3.7 [2.7-5.3] g; p <0.001). The protein intake at dinner and supper

was similar between the groups.

For leucine, a small and insignificant amount was ingested by food before the

exercise at breakfast (~0.2 g) and after exercise at morning snack (~0.1 g). When the



32

supplement was intake after exercise, an increase in leucine intake at morning snack
was observed in PC group (PC =3.0[2.9-3.1] g vs. CP=0.11 [0.07-0.17] g; p<0.001).
At lunch, both groups showed a similar leucine intake (~2 g). At afternoon snack, both
groups ingested the same amount of leucine without the supplement and after the
addition of the supplement, CP group had a greater intake of leucine (PC = 0.25 [0.17-
0.38] g vs. CP = 3.3 [3.1-3.4] g; p<0.001). The leucine intake at dinner (~1.3 g) and
supper (~0.15 g) was similar between the groups (Table 3).

Muscle strength and Functional capacity

Both groups increased 1-RM in bench press (PC = 29.2 [27.1-31.3] to 33.8
[31.4-36.6] kg and CP = 29.3 [26.2-32.7] to 34.8 [31.3-38.8] kg) and leg extension
(PC = 30.0 [26.5-33.8] to 33.8 [31.0-37.0] and CP = 30.7 [26.5-35.7] to 33.3 [29.4-
37.8] kg) exercises over time (p<0.001). The handgrip strength increased (PC = 27.0
[25.6-28.5] to 28.3 [26.5-30.2] kg and CP = 27.4 [24.8-30.2] t0 29.3 [26.6-32.1] kg) in
both groups through the time (p<<0.001). For 1-mile walk, a reduction of the time (in
minutes) was found at the end of the study (p = 0.019). No difference was observed in

group x time interaction effect between the groups for all the variables (Table 4).
Anthropometric and Body Composition

No differences were found in body mass in both groups (p=0.069). Both the PC
group (37.3 [35.0-39.7] to 38.1 [35.9-40.5] kg) and the CP group (38.2 [36.0-40.5] to
38.8 [36.5-41.3] kg) increased the TLM after the intervention (p<0.001), but no
differences between the groups (p=0.643) and group x time interaction (p=0.408) were
found. Both groups increased LLM (p<0.001) with no differences between groups
(p=0.510) and group x time (p=0.930). An increase in MMI was also observed for both
groups (PC = 6.9 [6.4-7.5] to 7.1 [6.6-7.6] kg/m” vs. CP = 6.8 [6.4-7.3] to 7.0 [6.6-7.5]
kg/m*; p<0.001) with no differences between groups (p=0.839) and for time x group
interaction (p=0.826). Additionally, TFM did not change in PC and CP groups over
the time. (Table 4).

Discussion

The main finding of the present study was that the protein intake immediately

after exercise did not promote additional effects on lean mass, strength, and functional
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capacity gains induced by 8 weeks of resistance exercise in postmenopausal women
who ingested ~1.3 g/kg/day of protein. To the best of our knowledge, this is the first
study showing these results in previously untrained postmenopausal women. Both PC
and CP performed the resistance exercise in the morning and it was not allowed to
ingest protein before exercise for both groups. In addition, while the PC ingested ~30
g of protein immediately exercise, the CP group only ingested protein after ~3 hours
after exercise (at lunch). Thus, these data refute the hypothesis of the existence of an
anabolic window of opportunity for lean mass gain after resistance exercise when both

groups (placebo vs. intervention) ingest equal and adequate total protein intake.

The effect of protein timing on lean mass gain is not totally elucidated ** and it

14-21, 38-42

has been studied in young adults and older adults **> but not specifically in

post-menopausal women. These studies evaluated the effect of protein timing

14, 18, 19, 31, 38, 40 29, 42

comparing pre vs. post exercise , only post-exercise , close to

17, 39

exercise (pre and post) vs. several hours after exercise , and post exercise vs.

. 11,41
several hours after exercise

, as in the present study. A meta-analysis performed by
Schoenfeld et al *” evaluated the effect of protein timing on lean mass gain. Initially, it
was noted that the intake of protein close to exercise induced higher lean mass gain;
however, most of these studies did not match the total protein intake, and the groups
that ingested protein after exercise also increased the total protein intake. Therefore, it
does not allow to conclude whether the higher lean mass gain occurred due timing or
higher total protein intake. In this same meta-analysis, in a second statistical analysis,
after adjustments for total protein intake, the effect of timing on lean mass gains was
lost, which is possible to suggest that the total protein intake seems to be more
important than the timing. However, these results are based on statistical analysis and
controlled randomized clinical trials, as the present study, are necessary to confirm this
data. Therefore, our results confirm the conclusions of this meta-analysis 7 because

when the total protein intake was equalized, no additional effects were found on lean

mass gain in PC group.

28, 38, 39
2

Evaluating only the studies that equalized the total protein intake no

differences were observed between groups for changes in lean mass, whereas a

maintenance % %

or loss ** of lean mass was observed. However, it would be unlikely
that the supplementation timing would induce additional lean mass gain in these

studies, since the resistance training was not effective to promote lean mass gain. It is
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known that resistance exercise is the primary intervention to stimulate lean mass and

strength gains * **

and protein supplementation without resistance exercise effects
does not lead to lean mass gain *°. In the present study, the resistance exercise induced
to significant total lean mass (~0.7 kg), strength and functional capacity gains.
Therefore, this is the first study showing the effect of protein timing, equalizing the
total protein intake, in which resistance training was effective to induce lean mass
gain; and it was found that the protein timing did not induce to higher lean mass gain,
even when resistance exercise is effective. Only a study '’, that evaluated young
recreational bodybuilders and equalized the total protein intake between the groups,
showed benefits in lean mass gain promoted by the timing. It was concluded that the
intake of a mixture of whey, creatine, and carbohydrate immediately before and after
resistance exercise induced to higher lean mass and strength gains than the group that
consumed the same dose of the same supplement in the morning and late evening.
However, it was observed by muscle biopsy that the group that intake the supplement
close to exercise had a major incorporation of intramuscular creatine '’. In this way, it
is difficult to attribute these positive results of timing supplementation to protein, since

it seems that these effects are more related to creatine alone.

The post-menopausal women of the present study ingested 30 g of isolated
whey protein (27.6 g of protein) and 30 g of maltodextrin (placebo). We chose whey
as protein source since this is a rich leucine-protein that promote higher muscle protein
synthesis than other protein sources *°. In addition, the absence of carbohydrate in the
protein supplement has probably no effect on muscle protein anabolic response,
because when adequate doses of protein are ingested there are no further augment in
protein synthesis with addition of carbohydrate *’. Furthermore, we chose this protein
dose, because we evaluated older women and it is known that for maximum MPS
stimulation in older adults it is recommended to consume ~30 g of high quality protein
per meal > or ~0.4 g/kg/meal . In the present study, it was offered 27.6 g or ~0.43
g/kg/meal of protein, therefore, we offered the protein dose that stimulate the
maximum muscle protein synthesis, which allowed us to evaluate the timing using the
ideal dose of protein for this population. This protein dose was not the same
comparing to other studies that evaluated protein timing in older adults, since 10 g **,
20 g*', and 21 g *® of protein were offered, whereas these studies offered lower doses

than our study. In addition, both supplements were blinded with the same flavor
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(strawberry flavored) and there were no differences between the groups regarding the
correct answers and errors about which supplements were being ingested (data not

shown), which confirms the correct blinding in the present study.

The volunteers were instructed to abstain the protein intake in the morning on
training days during the intervention. This recommendation was important to exclude
the effects of protein intake by food sources on the timing supplementation effects. It
is important to remember that this recommendation did not seem to influence the
habitual protein intake of these individuals since the low protein intake in the morning
is already a habit of Brazilian postmenopausal women found in other ** and in the
present study at baseline (data not shown). Despite this orientation, a consumption of
small amount of protein in both groups were observed in breakfast (~3 g) and in
morning snack (~1.5 g) due to the protein that is contained in breads and fruits, that
were frequently ingested in these two meals. However, these amounts of protein seem
to be insignificant for the MPS stimulus and it is not a confounding factor to evaluate
the timing. The dietary intake in the present study was assessed by eleven 24 h food
recall, being 3 at baseline and 8 during the study (4 on training days, 2 on the
weekend, and 2 on non-training days). Therefore, our study provided a reliable
evaluation of dietary intake during the intervention. The majority of studies does not
assess the dietary intake during the intervention, being evaluated only in the pre and
post intervention moments ' '7-3%31:3%48 A5 whey protein intake can increase satiety
*_ it was possible that the protein supplementation may had decreased the protein and
calorie intakes of the diet during these interventions. However, in our study, both PC
and CP groups maintained the habitual intake of calories and protein during the
intervention. When the supplements were added in dietary intake, there was an
increase in calories, protein, carbohydrate, and leucine intakes in both groups, with no
differences between the interventions. In addition, besides both groups had ingested
the same total protein (~1.3 g/kg/day), the distribution of protein during the day (by
diet) was the same between groups during the intervention which is an important

control to evaluate the effect of the protein timing.

We performed 1-week familiarization and 3-weeks of adaptation of the
resistance training due to the evaluated women were previously untrained and they
should perform each set until muscle failure during the intervention. We noted that

both groups increased LBM (~0.7 kg), strength, and functional capacity similarly after
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the intervention. This demonstrates that 8-weeks of resistance training was efficient to
promote benefits. These gains are in accordance with other studies that evaluated the

3. 44,5051 addition, no

effects of resistance training in postmenopausal women
changes in body fat was observed in both groups, which shows that the individuals did
not perform a caloric restriction, that could attenuate the lean mass gain 2. In addition,
even with an increase in caloric intake due to protein and carbohydrate
supplementation, there was no fat mass gain, that also seems to be important for
optimal lean mass gain in postmenopausal women >

The present study has limitations, such as the short follow-up time (8 weeks),
the small sample and the absence of a control group without protein supplementation.
As strength, the detailed control of the habitual diet allow us to conclude the correct

effect of the protein timing on lean mass and strength gains. We controlled the total

protein intake, as well as the protein distribution and dose pear meal in both groups.

In conclusion, the protein intake immediately after resistance exercise did not
promote additional increase in lean mass, strength, and functional capacity in post-
menopausal women. These results refute the existence of an anabolic window of
opportunity that can favor the increase in lean mass and muscle function in previously

untrained postmenopausal women.
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Figure 1. Flowchart of the progress of the trial.
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Figure 3. Supplementation protocol on training days. PC: protein-carbohydrate group.

CP= carbohydrate-protein group.



TABLE 1 Baseline characteristics of the participants.

Variables PC (n=17) CP (n=17) p-value
Age, y 60.5 [57.7-63.3] 61.4[58.0-65.0] 0.680
Anthropometrics
Body Mass, kg 69.1[62.2-76.5] 71.3[65.7-77.3]  0.646
Height, m 1.58 [1.56-1.62] 1.59[1.57-1.62] 0.774
BMI, kg/m? 27.9[25.2-30.8]  27.6[25.7-29.7]  0.878
Body Composition
Total lean mass, kg 37.3[35.0-39.7]  38.2[36.0-40.5] 0.597
Leg lean mass, kg 12.9[11.8-14.2] 13.5[12.5-14.6] 0.519
Trunk lean mass, kg 17.2[16.3-18.2] 17.5[16.6-18.4]  0.703
MMI, kg/m? 6.9 [6.4-7.5] 6.8 [6.4-7.3] 0.750
Total fat mass, kg 29.4[24.5-35.4]  30.6[27.2-34.5]  0.727
Total fat mass, % 42.5[38.2-47.2] 43.8[41.8-46.0] 0.578
Trunk fat mass, kg 15.1[12.3-18.4] 15.3[13.4-17.4] 0.919
Strength
Bench press 1-RM (kg) 29.227.1-31.3]  29.3[26.2-32.7]  0.952
Leg extension 1-RM (kg) 30.0 [26.5-33.8]  30.7[26.5-35.7]  0.783
Handgrip strength (right hand), kg = 27.0 [25.6-28.5]  27.4[24.8-30.2]  0.819
Functional capacity
1-mile walk test, minutes 15.7 [14.7-16.8] 15.3[14.7-159]  0.520
Dietary intake
Calories, kcal 1589 [1371-1842] 1690 [1499-1906]  0.523
Carbohydrate, g 196 [163-236] 200 [176-229] 0.844
Carbohydrate, % 49.5[45.4-54.0]  48.0[44.5-51.8]  0.595
Protein, g 62.4[52.9-73.5] 69.1[58.7-81.3]  0.386
Protein, g/kg 0.9 [0.7-1.1] 1.0 [0.8-1.2] 0.355
Protein, % 15.6 [14.2-17.2] 16.5[14.8-18.3]  0.454
Lipids, g 58.4[49.9-68.4] 60.9[52.0-71.4] 0.717
Lipids, % 33.5[31.1-36.0]  32.7[29.5-36.2] 0.718
Supplement adherence, % 82.2 [70.4-96.1] 72.9 [58.2-88.8] 0.315

Notes: PC, protein-carbohydrate group; CP, carbohydrate-protein group. BMI: body
mass index; MMI: muscle mass index, was calculated by appendicular lean mass (kg)
divided by height squared. All values are means and 95% confidence-interval.
Significantly different between groups p < 0.05.



TABLE 2 Intake of calories, macronutrients, and leucine according to moments and groups.
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PC Cp p-value

Variables . ) . Time x

Pre During Pre During Group Time Group

Energy intake, kcal 1589 [1371-1842] 1446 [1228-1702] 1690 [1499-1906] 1662 [1478-1869] 0.253 0.239 0.412
Energy intake including supplement, kcal 1589 [1371-1842] 1686 [1467-1938] 1690 [1499-1906] 1902[1717-2107] 0.264 0.044 0.506
Carbohydrate intake, g 196 [163-236] 184 [150-226] 200 [175-229] 219 [196-244] 0.338 0.819 0.190
Carbohydrate intake including supplement, g 196 [163-236] 214 [180-255] 200 [176-229] 249 [226-274] 0.361  0.005 0.234
Carbohydrate intake, % 49.5 [45.4-54.0] 50.2 [45.9-54.8] 48.0 [44.5-51.8] 53.4[49.1-57.9] 0.759  0.057 0.140
Carbohydrate intake including supplement, % 49.5 [45.4-54.0] 50.2 [46.7-54.0] 48.0 [44.5-51.8] 52.9 [49.3-56.8] 0.826  0.055 0.157
Protein intake, g 62.4 [52.9-73.5] 57.6 [46.8-70.9] 69.1 [58.7-81.3] 64.8 [56.6-74.2] 0.285 0.287 0.905
Protein intake including supplement, g 62.4 [52.9-73.5] 85.4 [74.3-98.2] 69.1 [58.7-81.3] 92.7 [84.3-102] 0.286 <0.001 0.859
Protein intake, g/kg 0.9 [0.7-1.1] 0.9 [0.6-1.2] 1.0 [0.8-1.2] 0.9 [0.8-1.0] 0.671 0.312 0.673
Protein intake including supplement, g/kg 0.9]0.7-1.1] 1.3[1.0-1.6] 1.0 [0.8-1.2] 1.3[1.2-1.4] 0.691 <0.001 0.474
Protein intake, % 15.6 [14.2-17.2] 15.8 [14.4-17.4] 16.5[14.8-18.3] 15.6 [14.5-16.7] 0.798  0.608 0.492
Protein intake including supplement, % 15.6 [14.2-17.2] 20.5[19.2-21.8] 16.5[14.8-18.3] 19.6 [18.6-20.7] 0.999 <0.001 0.267
Leucine intake, g 4.5[3.7-5.4] 4.2 [3.4-5.3] 4.713.9-5.6] 4.5[3.9-5.3] 0.591  0.457 0.836
Leucine intake including supplement, g 4.5[3.7-5.4] 7.2 [6.3-8.1] 4.7 [3.9-5.6] 7.5[6.8-8.2] 0.608 <0.001 0.983
Lipids, g 58.4 [49.9-68.4] 52.0 [44.7-59.3] 60.9 [52.0-71.4] 56.5[46.9-68.0] 0.520 0.103 0.679
Lipids intake, % 33.5[31.1-36.0] 32.6 [30.5-34.8] 32.7[29.5-36.2] 29.9 [27.6-32.4] 0.200 0.146 0.429
Lipids intake including supplement, % 33.5[31.1-36.0] 27.6 [25.9-29.3] 32.7[29.5-36.2] 26.0 [23.8-28.5] 0.345 <0.001 0.687

All values are means and 95% confidence-interval. Significantly different between groups p < 0.05.
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TABLE 3 Distribution of protein and leucine on training days (supplementation

timing).
Groups
Meal p-value
PC (n=17) CP (n=17)

Protein
Breakfast 2.8[2.1-3.9] 3.4[2.5-4.7] 0.445
Morning snack 2.2 [1.5-3.2] 1.6 [1.0-2.5] 0.277
Morning snack including 29.3 [28.6-30.1] 1.6 [1.0-2.5] <0.001
supplement
Lunch 26.3[20.3-34.0]  29.1 [24.2-35.0] 0.531
Afternoon snack 3.712.7-5.3] 5.3[4.3-6.7] 0.095
Afternoon snack including 3.7[2.7-5.3] 33.4 [31.8-35.0] <0.001
supplement
Dinner 18.3[14.7-229]  16.9[13.4-21.2] 0.610
Supper 2.6 [1.5-4.6] 2.5[1.3-4.5] 0.885
Leucine
Breakfast 0.18[0.13-0.36]  0.22[0.16-0.31] 0.383
Morning snack 0.13[0.09-0.20]  0.11 [0.07-0.17] 0.552
Morning snack including 3.0 [2.9-3.1] 0.11 [0.07-0.17] <0.001
supplement
Lunch 2.0[1.5-2.6] 2.1[1.7-2.5] 0.914
Afternoon snack 0.25[0.17-0.38]  0.38 [0.28-0.50] 0.114
Afternoon snack including 0.25 [0.17-0.38] 3.3[3.1-3.4] <0.001
supplement
Dinner 1.36 [1.09-1.69] 120 [0.95-1.51] 0.443
Supper 0.20[0.10-0.38]  0.23 [0.12-0.44] 0.738

All values are means and 95% confidence-interval. Significantly different between groups p < 0.05.
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Table 4. Body composition, strength and functional tests values according to moments and groups.

PC CpP p-value
Variables
Pre (n=17) Post (n=17) Pre (n=17) Post (n=17) Group Time TimeXx group
Body mass (kg) 69.3[62.6-76.6] 69.6 [62.7-77.3] 70.9 [65.6-76.7] 71.8[66.2-77.9] 0.678  0.069 0.478
Total lean mass (kg) 37.3[35.0-39.7] 38.1[35.9-40.5] 38.2[36.0-40.5] 38.8[36.5-41.3] 0.643 <0.001 0.408
Leg lean mass (kg) 12.9[11.8-14.2] 13.3[12.2-14.5] 13.5[12.5-14.6] 13.8[12.8-14.9] 0.510 <0.001 0.930
Trunk lean mass (kg) 17.2[16.3-18.2] 17.5[16.6-18.5] 17.5[16.6-18.4] 17.5[16.5-18.6] 0.845 0.036 0.212
Total fat mass (kg) 29.4[24.5-35.4] 29.3[24.4-35.3] 30.6[27.2-34.5] 30.5[27.0-34.3] 0.727 0.434 0.981
Trunk fat mass (kg) 15.1[12.3-18.4] 15.2[12.5-18.5] 15.3[13.4-17.4] 15.3[13.3-17.5] 0.946  0.538 0.613
MMI (kg/m?) 6.9 [6.4-7.5] 7.1[6.6-7.6] 6.8 [6.4-7.3] 7.0 [6.6-7.5] 0.839 <0.001 0.826
Bench press RM (kg) 29.2 [27.1-31.3] 33.8[31.4-36.6] 29.3[26.2-32.7] 34.8[31.3-38.8] 0.800 <0.001 0.539
Leg extension RM (kg) 30.0 [26.5-33.8] 33.8[31.0-37.0] 30.7[26.5-35.7] 33.3[29.4-37.8] 0.947 <0.001 0.318
Handgrip strength (kg) 27.0 [25.6-28.5] 28.3[26.5-30.2] 27.4[24.8-30.2] 29.3[26.6-32.1] 0.664 <0.001 0.479
1-mile walk test (minutes) 15.7[14.7-16.8] 15.6[14.7-16.5] 15.3[14.7-15.9] 15.0[14.3-15.7] 0.333  0.019 0.796
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Notes: PC, protein-carbohydrate group; CP, carbohydrate-protein group. MMI= Muscle mass index. All values are means and 95% confidence
interval. Significantly different between groups P < 0.05.



Supplementary Table 1. Nutritional composition of the supplements.

Whey protein (30 g) Maltodextrin (30 g)

Calories, kcal 120 120
Protein, g 27.6 0
Carbohydrate, g 0.3 30
Fat, g 0.4 0
Leucine, g 2.9 0
Isoleucine, g 1.8 0
Valine, g 1.5 0
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6.2
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidada para participar da pesquisa intitulada “Efeito da suplementacao
de proteina em diferentes momentos na massa magra, adiposidade e forca de mulheres
pos-menopausadas praticantes de exercicio contra resisténcia”, sob a responsabilidade dos
pesquisadores Flavia Moure Simdes de Branco, Paula Nahas, Luana Thomazetto Rossato,
Fébio Lera Orsatti e Erick Prado de Oliveira.
Nesta pesquisa nés estamos buscando entender se a suplementacdo de proteinas préxima ao
treino de forca leva a maiores mudangas na quantidade de mutisculos e gorduras corporais, além
de mudancas na for¢a em longo prazo em comparacdo a suplementacdo distante do momento
do treino. O Termo de Consentimento Livre e Esclarecido serad obtido pelas pesquisadoras
Flavia Moure Simdes de Branco, Paula Nahas e Luana Thomazetto Rossato durante a
apresentacao da pesquisa.
Na sua participagdo vocé ird realizar exercicios fisicos e terd orientagdes ¢ acompanhamento
nutricional, além de fornecer informagdes sobre os seus habitos alimentares.
Em nenhum momento vocé sera identificada. Os resultados da pesquisa serdo publicados e
ainda assim a sua identidade sera preservada. Vocé ndo terd nenhum gasto e ganho financeiro
por participar na pesquisa.
Os riscos consistem em: constrangimento (“vergonha”) para medigdo de peso, circunferéncia
da cintura e dobras de gordura, mas serdo tomados todos os cuidados para se evitar isso. Além
disso, a realizagdo dos exames de bioimpedancia e densitometria (esses dois exames sdo para
conhecer a composicdo corporal, ou seja, quantidade de miisculo e de gordura do corpo) nao
oferecem riscos a saude. Se por algum motivo voc€ ndo gostar do sabor do suplemento, podera
parar de toma-lo. Podera haver o risco de identificacdo da participante da pesquisa, porém
todas as voluntérias serdo identificadas por c6digos numéricos para minimizar esse risco.
Além disso, serdo realizados questionarios para avaliar o seu estado de saude geral,
testes de caminhadas e testes para medir sua for¢a. Todos eles sdo testes simples e rapidos.
Vocé estard sempre acompanhada de um profissional habilitado.
Os beneficios em participar da pesquisa serdo a pratica de exercicios fisicos e o
acompanhamento nutricional, importantes para a saide do organismo. Ao término da

intervengdo, orientagdes serdo dadas para que vocé continue uma rotina saudavel.

Rubricas:

Pesquisadores Participante da pesquisa
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Vocé ¢€ livre para deixar de participar da pesquisa a qualquer momento sem nenhum prejuizo
ou coagdo. Caso seja esta a sua opgdo, lhe serdo oferecidas orientacdes para que vocé tenha
uma rotina saudavel mesmo ndo participando da pesquisa.

Uma copia deste Termo de Consentimento Livre e Esclarecido ficara com vocé.

Qualquer duvida a respeito da pesquisa, voc€ podera entrar em contato com:

Flavia Moure Simdes de Branco. Nutricionista. Universidade Federal de Uberlandia.
Enderego: Avenida Para, 1720- Bloco 2H, Sala 09, Campus Umuarama, Uberlandia.
Fone: 3218-2389.

e [Luana Thomazetto Rossato. . Nutricionista. Universidade Federal de Uberlandia.
Enderego: Avenida Para, 1720- Bloco 2H, Sala 09, Campus Umuarama, Uberlandia.
Fone: 3218-2389

e Paula Nahas. Nutricionista. Universidade Federal de Uberlandia. Endereco: Avenida Para,
1720- Bloco 2H, Sala 09, Campus Umuarama, Uberlandia. Fone: 3218-2389

e Fabio Lera Orsatti. Docente nos Programas de Pds-Graduacdo Stricto Sensu em
Educacdo Fisica e Ciéncias da Satde. Lider do Grupo de Estudo e Pesquisas em
Biologia do Exercicio e Coordenador do Laboratorio de Pesquisa em Biologia do
Exercicio Fisico. Vinculado ao Instituto de Ciéncias da Saude (ICS), na
Universidade Federal do Tridngulo Mineiro (UFTM). Avenida Tutunas, 490,
Tutunas, Uberaba. Telefone: Fone: 3318-5504.

e Erick Prado de Oliveira. Professor Adjunto I, Curso de Nutri¢do, Faculdade de
Medicina, Universidade Federal de Uberlandia. Enderegco: Avenida Para, 1720- Bloco 2U,
Sala 20, Campus Umuarama, Uberlandia. Fone: 3218-2084.

Podera também entrar em contato com o Comité de Etica na Pesquisa com Seres-Humanos:

e  Universidade Federal de Uberlandia: Av. Jodo Naves de Avila, n° 2121, bloco A, sala
224, Campus Santa Monica — Uberlandia -MG, CEP: 38408-100; fone:
(34)32394131.

e Universidade Federal do Tridngulo Mineiro: (34) 3700-6776.

O CEP ¢ um colegiado independente criado para defender os interesses dos participantes das

pesquisas em sua integridade e dignidade e para contribuir para o desenvolvimento da

pesquisa dentro de padrdes éticos conforme resolugdes do Conselho Nacional de Saude.

Uberlandia, de de 201
Uberaba, de de 201

Assinatura dos pesquisadores



Eu aceito participar do projeto citado acima, voluntariamente, apds ter sido devidamente

esclarecido.
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Participante da pesquisa



