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exercicios em programa de treinamento resistido sobre a composicéo corporal,
forca muscular, capacidade funcional, biomarcadores sanguineos e saude mental
em mulheres idosas treinadas. 2021. 105 f. Tese (Doutorado em Educacao Fisica) —
Centro de Educacado Fisica e Esporte. Universidade Estadual de Londrina, Londrina,
2021.

RESUMO

Introducdo: O treinamento resistido (TR) € uma estratégia eficaz para atenuar e/ou
reverter diversos efeitos deletérios induzidos pelo processo de envelhecimento.
Entretanto, muitas das respostas adaptativas proporcionadas pelo TR parecem ser
dependentes da manipulacdo das varidveis que compdem o0s programas de
treinamento. Uma das variaveis que merecem atencdo € a ordem de execucao dos
exercicios, uma vez que pode influenciar tanto o volume quanto a intensidade do
treinamento. Objetivo: Comparar o efeito de quatro ordens de execuc¢do dos exercicios
em um programa de treinamento resistido sobre a composi¢éo corporal, forca muscular,
capacidade funcional, biomarcadores sanguineos e saude mental em mulheres idosas
treinadas. Métodos: Setenta e duas mulheres idosas fisicamente independentes (> 60
anos) foram submetidas, inicialmente, a 12 semanas de TR (oito exercicios, 3x10-15
repeticbes, 3x/semana) para equiparacdo dos niveis de condicionamento fisico.
Posteriormente, a amostra foi dividida aleatoriamente em quatro grupos para executar o
TR em diferentes ordens de execucdo dos exercicios, seguindo um delineamento
cruzado, com 12 semanas de treinamento, 12 de destreinamento e, novamente 12
semanas de retreinamento. As ordens de execugao testadas foram: multi- para mono-
articulares, comecando por membros superiores/tronco (n = 24), multi- para mono-
articulares, comecando por membros inferiores (n = 24), mono- para multi-articulares,
comecando por membros superiores/tronco (n = 24), e mono- para multi-articulares,
comecando por membros inferiores (n = 24). O cruzamento das ordens de execucgéo
ocorreu de acordo com o0 segmento analisado, ou seja, membros superiores/tronco ou
membros inferiores. O programa de TR foi similar para todos os grupos, incluindo
exercicios para todas regides do corpo (oito exercicios, 3x8-12 repeticdes, 3x/semana).
A massa isenta de gordura e osso (MIGO) e a gordura corporal foram determinadas por
absortometria radiologica de dupla-energia (DXA). Testes de uma repeticdo maxima
(L1RM) nos exercicios supino vertical, cadeira extensora e rosca scott foram utilizados
para analise da forca muscular. A aptidao funcional foi analisada pelo desempenho em
quatro testes motores (caminhada de 6 min, caminhada de 4,6 m, agilidade de
caminhada e sentar-e-levantar da cadeira por 30 s). Glicose, hemoglobina glicada,
triglicerideos, colesterol total, LDL-c, HDL-c, proteina C-reativa, BDNF, AOPP, TRAP e
NOx foram os indicadores metabdlicos analisados. Um conjunto de testes foi adotado
para andlise do comportamento cognitivo (MoCA, Trail Making test, Semantic and
Phonemic Fluency test, Stroop test). Por fim, questionarios de depressédo (GDS-15) e
ansiedade (BAIl) foram aplicados para analise da saude mental. Resultados: Efeito
principal do tempo (P < 0,05) revelou modificagcbes acarretadas pelo TR sobre a
composi¢cdo corporal (aumento da MIGO e reducdo da gordura corporal), forca
muscular (aumento nos trés exercicios analisados), aptiddo funcional (melhoria de
desempenho nos testes de caminhada de 6 min e sentar-e-levantar da cadeira por 30
s), biomarcadores sanguineos (reducdo da glicose, hemoglobina glicada, LDL-c,



colesterol total, proteina C-reativa, BDNF, AOPP e NOXx) e saude mental (melhoria do
desempenho nos testes MoCA, semantic and phonemic fluency tests e BAI), sem
diferencas entre os grupos (P > 0,05). Nenhuma mudanca que pudesse ser atribuida ao
TR ou, ainda, as diferentes ordens de execucéo dos exercicios foram encontradas para
as demais variaveis analisadas (P > 0,05). Conclusédo: Os resultados do presente
estudo indicam que a ordem de execucdo dos exercicios ndo parece influenciar o
comportamento da composicdo corporal, forca muscular, capacidade funcional, de
biomarcadores sanguineos e saude mental em mulheres idosas previamente treinadas.

Palavras-chave: envelhecimento; treinamento com pesos; massa muscular;
desempenho motor; satude da mulher.
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ABSTRACT

Introduction: Resistance training (RT) is an effective strategy to attenuate and/or
reverse several harmful effects induced by the aging process. However, many of the
adaptive responses provided by RT seem to depend on manipulating the variables that
make up the training programs. One of the variables that deserve attention is the
sequencing of exercises since it can influence both the training volume and intensity.
Objective: To compare the effect of four exercise orders in an RT program on body
composition, muscular strength, functional fitness, blood biomarkers, and mental health
in trained older women. Methods: Seventy-two physically independent older women (>
60 years old) were initially submitted to 12 weeks of RT (eight exercises, 3x10-15
repetitions, 3x/week) to equalize their fithess levels. Afterward, the sample was randomly
divided into four groups to perform TR in different exercise orders, following a crossover
design, with 12 weeks of training, 12 weeks of detraining, and 12 weeks of retraining.
The exercise orders tested were: multiple- to single-joint starting from upper limb/trunk (n
= 24), multiple- to single-joint starting from lower limb (n = 24), single- to multiple-joint
starting from upper limb/trunk (n = 24), and single- to multiple-joint starting from lower
limb (n = 24). According to the segment analyzed, the crossover of the sequencing of
exercises occurred, i.e., upper limbs/trunk or lower limbs. The TR program was similar
for all groups, including all body regions exercises (eight exercises, 3x8-12 repetitions,
3x/week). Dual-energy X-ray absorptiometry (DXA) determined lean soft mass (LSM)
and body fat. One-repetition maximum (1RM) tests in the chest press, leg extension, and
preacher curl exercises were used for muscular strength analysis. Functional fithess was
analyzed by performance in four motor tests (6 min walk, gait speed, timed-up-and-go,
and chair stand for 30 s). The metabolic indicators analyzed were glucose, glycated
hemoglobin, triglycerides, total cholesterol, LDL-c, HDL-c, C-reactive protein, BDNF,
AOPP, TRAP, and NOx. A set of tests was adopted for cognitive behavior analysis
(MoCA, Trail Making tests, semantic and phonemic fluency tests, Stroop test). Finally,
depression (GDS-15) and anxiety (BAI) questionnaires were applied for mental health
analysis. Results: A main effect of time (P < 0.05) revealed modifications entailed by RT
on body composition (increased MIGO and reduced body fat), muscle strength
(increased in all three exercises analyzed), functional fithess (improved performance in
the 6 min walk and chair stand for 30 s), blood biomarkers (reduced glucose, glycated
hemoglobin, LDL-c, total cholesterol, C-reactive protein, BDNF, AOPP, and NOx), and
mental health (improved performance on MoCA, semantic and phonemic fluency tests,
and BAI), with no differences between groups (P > 0.05). No changes that could be
attributed to the RT or the different orders of execution of the exercises were found for
the other variables analyzed (P > 0.05). Conclusion: The results of the present study
suggest that the exercise execution order does not seem to influence the behavior of
body composition, muscular strength, functional fithess, blood biomarkers, and mental
health in previously trained older women.

Keywords: aging; strength training; muscle mass; motor performance; women’s health.
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1 INTRODUCAO
O processo de envelhecimento acarreta inUmeras modificagcbes morfologicas,

funcionais-motoras, fisioldgicas, metabdlicas, cognitivas e comportamentais, muitas das
quais com impacto negativo sobre a saude e qualidade de vida. Nesse sentido, a
preservacao da forgca muscular ou a atenuagéo do declinio com o avangar da idade tem
sido um dos grandes desafios da comunidade cientifica e dos profissionais das areas de
saude, uma vez que a reducao da forca muscular limita a execucéo de atividades da vida
diaria, reduz a autonomia funcional, aumenta o comportamento sedentario e o risco de
quedas, lesdes e fraturas (BARBAT-ARTIGAS et al., 2013; GERMAIN et al., 2016).

Paralelamente ao declinio da forca muscular, o envelhecimento esta associado a
importantes modificacbes na composicdo corporal, com énfase na reducdo da massa
muscular e ao aumento da gordura corporal - sobretudo a visceral e a intramuscular - que
pode desencadear importantes doengas como a sarcopenia e a obesidade, de forma
isolada ou combinada, fenbmeno denominado obesidade sarcopénica (STENHOLM et
al., 2008). Tais modificacdes estdo relacionadas ao desenvolvimento de diversas
doencas crbnico ndo-transmissiveis, com destague para as cardiometabdlicas e mentais
(STUNKARD; FAITH; ALLISON, 2003; TUCSEK et al., 2014; CHANG et al., 2017; ROSSI
et al., 2018).

O aumento dos depdsitos de gordura corporal per si em idosos esta associado a
uma piora no quadro metabdlico, caracterizado por resisténcia a insulina, intolerancia a
glicose, dislipidemia, inflamacéo de baixo grau e estresse oxidativo (BASTARD et al.,
2006; ANDERSON-HANLEY et al., 2018; SINGH-MANOUX et al., 2018). Além disso,
tanto 0 sobrepeso quanto a obesidade apresentam-se como fatores de risco para o
declinio de diversas fun¢des cognitivas, com reflexo direto na sadde mental (SILVA et al.,
2012; SINGH-MANOUX et al., 2018), de modo que alteracdes periféricas associadas ao
envelhecimento podem afetar o sistema nervoso central e, em especial, o funcionamento
do cérebro (TROLLOR et al., 2012; MILLER; SPENCER, 2014). Assim, a populagéo
idosa torna-se mais vulneravel ao desenvolvimento de doengas neurodegenerativas e
deméncias, como a Doenca de Alzheimer (BEYDOUN et al., 2014), e a sintomas de
ansiedade e depressao (FRITH; LOPRINZI, 2018; VAN DAM et al., 2018). Todo esse
cenario nocivo afeta negativamente a qualidade de vida e aumenta o risco de mortalidade
precoce (RUIZ et al., 2008; KANG; LIM; PARK, 2018).

Diante disso, estratégias farmacologicas e nao-farmacolégicas tém sido

desenvolvidas e utilizadas para a atenuagdo ou reversao, pelo menos em parte, dos
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efeitos deletérios a saude associados ao envelhecimento. Desse modo, a pratica regular
de exercicios fisicos tem se destacado como uma das principais estratégias nao-
farmacologicas com eficacia comprovada e de baixo risco para a populacdo idosa,
especialmente o treinamento resistido (TR), devido as suas caracteristicas bastante
peculiares, ou seja, € um tipo de exercicio que pode ser prescrito individualmente, com
base nas limitacfes e necessidades do praticantes; permite a execu¢cao dos movimentos
de forma lenta, sem movimentos bruscos; sua execucdo pode ocorrer de forma
confortavel, sentado, em pé, deitado ou inclinado, sem exigéncia de grandes
deslocamentos; possibilita a progressdo da sobrecargas, de acordo com 0s avancos
graduais na forca muscular (WILLIAMS; STEWART, 2009; WESTCOTT, 2012;
FRAGALA et al., 2019).

Os principais efeitos da pratica do TR na populacdo idosa sao suportados por
inimeras investigacdes produzidas, sobretudo, nas ultimas duas décadas, com destaque
para o aumento da forca muscular (CUNHA et al., 2018), melhoria da aptiddo funcional
(SANTOS et al., 2017), ganho da massa muscular (RIBEIRO et al., 2017), reducao da
gordura corporal (CAVALCANTE et al.,, 2018; CUNHA et al., 2021a), aumento do
contetdo e da densidade mineral 6ssea (KELLEY; KELLEY, 2001), melhoria do perfil
lipidico (TOMELERI et al., 2016; CUNHA et al., 2019) e diminuicao dos fatores de risco
de sindrome metabdlica (TOMELERI et al., 2018), reducéo da pressao arterial (GERAGE
et al., 2013; TOMELERI et al., 2020), diminuicédo da resisténcia a insulina (MAVROS et
al., 2014), melhoria da saude mental (MAVROS et al., 2017; CUNHA et al., 2021b), entre
outros.

Entretanto, as respostas adaptativas ao TR podem ser determinadas, em grande
parte, pela manipulacéo adequada das variaveis de treino, visto que diferencas tanto na
intensidade quanto no volume podem afetar a sobrecarga e, consequentemente, 0s
beneficios. Portanto, dependendo do numero de exercicios, séries e repeticdes; da
velocidade de execucdo; dos intervalos de recuperagéo entre as series e 0S exercicios;
da frequéncia semanal; do sistema de treinamento; da ordem de execucdo dos
exercicios; as respostas adaptativas podem se manifestar em maior ou menor magnitude
(STEIB; SCHOENE; PFEIFER, 2010; BORDE; HORTOBAGYI; GRANACHER, 2015;
CSAPO; ALEGRE, 2016). Embora diversos estudos publicados recentemente tenham
buscado analisar o possivel impacto da manipulacéo de cada uma dessas variaveis em

idosos, a dose-resposta mais adequada ainda nao esta bem estabelecida pela literatura
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(STEIB; SCHOENE; PFEIFER, 2010; BORDE; HORTOBAGYI; GRANACHER, 2015;
CSAPO; ALEGRE, 2016).

Considerando o conjunto de variaveis relatadas anteriormente, a ordem de
execucdo dos exercicios (OE), provavelmente, seja uma das que merecem ser
analisadas de maneira mais consistente, visto que a sua manipulacdo que pode
influenciar tanto o volume quanto a intensidade do TR (ACSM, 2009a; SIMAO et al.,
2012a; NUNES et al., 2021a). A OE pode afetar o nimero de repeticdes executadas
(SFORZO; TOUEY, 1996; SIMAO et al., 2007) e a carga a ser utilizada (FARINATTI; DA
SILVA; MONTEIRO, 2013; MIRANDA et al., 2013; ROMANO et al., 2013), resultando em
diferencas na percepcdo de esforco (SIMAO et al., 2012b; FARINATTI; DA SILVA;
MONTEIRO, 2013) e no volume-carga total (cargas x repeticdes) de treino por sessao
(SFORZO; TOUEY, 1996; SIMAO et al., 2007; TOMELERI et al., 2020b). Tais fatores
podem resultar em diferentes adaptacdes crénicas induzidas pela pratica do TR.

O Colégio Americano de Medicina do Esporte propds a mais de uma década atras,
em seu posicionamento sobre modelos de progressao para o TR em adultos saudaveis,
que o treinamento deveria ser estruturado para iniciar pelos exercicios multi-articulares
seguidos pelos mono-articulares, partindo dos grandes grupamentos musculares para 0s
menores (ACSM, 2009a). Essa proposicao foi pautada no fato de que, ao se adotar essa
OE, o volume-total de treino tenderia a ser maior do que quando se utilizasse ordem
inversa, ou seja, dos exercicios mono- para os multi-articulares (ACSM, 2009a). Mais
recentemente essa orientacéao tem sido questionada, de modo que alguns pesquisadores
tém defendido que a tomada de decisdo com relacdo a OE deve ser pautada nas
necessidades ou objetivos individuais, devendo se dar prioridade no inicio da sesséo de
treinamento aos exercicios que envolvem os grupamentos musculares considerados
mais fragilizados (FIGUEIREDO et al., 2011; SIMAO et al., 2012a; CARPINELLI, 2013;
NUNES et al., 2021a).

Em idosos, contudo, hd uma escassez de informagdes sobre essa tematica, o0 que
dificulta a tomada de decisdo no momento da prescri¢cdo dos programas de TR para essa
populacéo. De acordo com o nosso conhecimento, até o presente momento, somente
trés investigacbes agudas e quatro investigacbes cronicas de TR foram conduzidas
envolvendo OE em idosos. O Quadro 1 apresenta os delineamentos e os resultados
desses trabalhos (FARINATTI; DA SILVA; MONTEIRO, 2013; PINA et al., 2013;
TOMELERI et al., 2020; CARDOZO et al., 2019; NUNES et al., 2019; DIB et al., 2020) .
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Quadro 1. Estudos sobre os efeitos agudos ou crénicos de diferentes ordens dos exercicios em programas de TR em idosos.

flexora e panturrilha sentado.
SEQ B = rosca scott, triceps pulley,
remada baixa, supino vertical,
panturrilha sentado, mesa flexora,
cadeira extensora e leg press horizontal.

(3x 8-12 RM)

Autores Amostra | Duracéo e Grupos Variaveis Resultados
frequéncia
Farinatti; Da Silva;| Mulheres | Cinco dias ndo SEQ A = supino maquina, N° de rep, VO, e Reducgédo do nimero de repeti¢cdes no
Monteiro (2013) jovens e | consecutivos desenvolvimento maquina e triceps percepcao de ultimo exercicio da sequéncia,
idosas (agudo) pulley; esforco independente da sequéncia.
SEQ B = triceps pulley, desenvolvimento VO, max. e percepcao subjetiva de esforco
maquina e supino maquina; foram mais altas no grupo de idosas no
final da SEQB.
(3 X 10 repeticbes até a fadiga
voluntaria)
Pina et al. (2013) | Homens | Sete semanas, SEQ A = supino horizontal, puxada Agua corporal N&o houve nenhuma diferenca nas
idosos | trés vezes por | articulada, triceps pulley, rosca direta, total, massa variaveis analisadas.
semana cadeira extensora, mesa flexora, cadeira | corporal magra e
(crénico) abdutora e cadeira adutora; massa gorda
(Bioimpedancia)
SEQ A =rosca direta, triceps pulley,
puxada articulada, supino horizontal,
cadeira adutora, cadeira abdutora, mesa
flexora e cadeira extensora.
(2 x 10-15 RM, 3x semana)
Tomeleri et al. Mulheres |Duas semanas| SEQ A = supino vertical, remada baixa, | Pressao arterial | O treinamento provocou hipotensao arterial
(2020a) idosas (agudo) triceps pulley, rosca scott, leg press pbs exercicio, independentemente da
treinadas horizontal, cadeira extensora, mesa

ordem realizada.
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Quadro 2. Estudos sobre os efeitos agudos ou crénicos de diferentes ordens dos exercicios em programas de TR em idosos (Continuacgéo).

Nunes et al. Mulheres |Duas semanas Volume de treino e Volume-total similar. Menor esforco
(2019) idosas (agudo) SEQ A = supino vertical, remada baixa, percepcao de percebido quando os exercicios para
treinadas triceps pulley, rosca scott, leg press esforgo. membros inferiores foram realizados
horizontal, cadeira extensora, mesa primeiro.
flexora e panturrilha sentado.
SEQ B = rosca scott, triceps pulley,
remada baixa, supino vertical,
panturrilha sentado, mesa flexora,
cadeira extensora e leg press horizontal.
(3x8-12 RM)
Cardozo et al. Mulheres | 12 semanas SEQ A = leg press, pull down, cadeira Forca muscular, Ambos 0s grupos aumentaram massa
(2019) idosas extensora, voador, flexdo plantar e COMpOosIi¢ao muscular e reduziram gordura corporal e
nao- triceps pulley; corporal (dobras | melhoraram em alguns testes funcionais.
treinadas cutaneas) e testes | Para for¢ca muscular, ambos obtiveram

SEQ B = triceps pulley, flex&o plantar,
voador, cadeira extensora, pull down e
leg press.

(3 x 8-10 repeticdes em forma de
circuito, 2x semana)

funcionais.

melhoras, contudo, houve diferenca para
o0s exercicios que foram realizados no
inicio da sessao. Ou seja, quando
realizados no inicio da sessao, apresentou
um maior aumento quando comparado
com a outra ordem.
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Quadro 3. Estudos sobre os efeitos agudos ou crénicos de diferentes ordens dos exercicios em programas de TR em idosos (Continuacéo).

Tomeleri et al.
(2020b)

Mulheres
idosas
treinadas

12 semanas
(crénico)

SEQ A = supino vertical, remada baixa,
triceps pulley, rosca scott, leg press
horizontal, cadeira extensora, mesa

flexora e panturrilha sentado.

SEQ B = rosca scaott, triceps pulley,
remada baixa, supino vertical,
panturrilha sentado, mesa flexora,

cadeira extensora e leg press horizontal.

3 x 10-15 repeticbes, 3x semana)

Forca muscular,
massa muscular,
testosterona, IGF-
1

Ambos 0s grupos de treinamento
melhoraram forca e massa muscular apos
a intervengéo quando comparado com o
grupo controle, independentemente da
ordem executada. Testosterona e IGF-1
nao sofreram alteracoes.

Dib et al. (2020)

Mulheres
idosas
treinadas

12 semanas
(crénico)

SEQ A = supino vertical, remada baixa,
triceps pulley, rosca scott, leg press
horizontal, cadeira extensora, mesa

flexora e panturrilha sentado.

SEQ B = rosca scott, triceps pulley,
remada baixa, supino vertical,
panturrilha sentado, mesa flexora,

cadeira extensora e leg press horizontal.

SEQ C = supino vertical, leg press
horizontal, remada baixa, cadeira
extensora, triceps pulley, mesa flexora,
rosca scott, panturrilha sentado.

(oito exercicios, 15/10/5 repeticbes, 3x
semana)

Forca muscular,
massa muscular e
gordura corporal e

capacidade
funcional.

Para todas as variaveis exceto para
gordura corporal e um teste funcional
(levantar-se e caminhar pela casa), foi

observado melhora em todos os grupos,
sem diferenga entre eles. Concluindo que
a ordem ndo impactou nas adaptacoes
observadas.
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Os resultados apresentados no Quadro 1 indicam que, na maioria dos estudos, a
OE néo afetou a magnitude das respostas agudas e cronicas. Entretanto, exceto o estudo
de Nunes et al. (2019), as demais investigacoes se limitaram a comparar somente duas
OE. Embora tais analises sejam importantes, a comparacao de outras possiveis OE pode
conduzir a uma melhor compreensao deste fenémeno, agregando novos elementos para
a tomada de decisédo mais segura e adequada para a prescricdo de programas de TR
para idosos.

Vale destacar que no estudo de Nunes et al. (2019), embora nenhuma diferenca
estatisticamente significante tenha sido identificada na comparacao entre as OE para o
namero de repeticdes totais, carga de treino e volume-total, quando os exercicios para
membros inferiores foram realizados anteriormente aqueles para membros superiores
(condi¢cbes Multi-Mono-Inf e Mono-Multi-Inf), foi observada uma menor percepcao
subjetiva de esforco (PSE) em quase todos exercicios, de membros superiores e
inferiores, bem como na PSE média da sessdo. Portanto, com base na menor PSE
acredita-se que seja possivel adicionar mais volume-carga em todos 0s exercicios,
podendo assim resultar em um maior progresso ao treinamento e, provavelmente, em
adaptacOes cronicas de maior magnitude para o corpo todo.

Nesse sentido, além do maior ganho de forca e massa muscular esperado a
partir da adocdo de uma OE que possibilite maior volume-total (ACSM, 2009a; SIMAO et
al., 2012a; TOMELERI et al., 2018; NUNES et al., 2021a), estudos recentes indicam que
maiores volumes de TR podem também estar associados com maiores reducdes na
gordura corporal e em indicadores de perfil lipidico, glicEmico e inflamatério (NUNES et
al., 2016; SARDELI et al., 2018; CUNHA et al.,, 2021a). A melhoria de indicadores
inflamatérios € um mecanismo-chave para a reducdo de sintomas de depressao e
ansiedade, bem como a melhora de diversas fungbes cognitivas (JEDRZIEWSKI; LEE;
TROJANOWSKI, 2007; KANDOLA et al., 2018, 2019). Portanto, é plausivel hipotetizar
gue programas de TR que iniciem por membros inferiores poderiam acumular maior
volume-total e induzir maiores beneficios nesses parametros.

Adicionalmente, por conta do principio da especificidade, iniciar o TR pelos
exercicios de membros inferiores talvez possa gerar maiores beneficios para a
funcionalidade deste segmento; adaptacdo que € de suma importancia para a populacao
idosa, uma vez que a principal reducéo de forca e massa muscular em idosos ocorre na

em membros inferiores (MILJKOVIC et al., 2015). De todo modo, as informagdes
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produzidas por estudos agudos ndo devem ser extrapoladas para estudos cronicos.
Logo, maior esforco deve ser dedicado a realizacao de estudos crénicos, de intervencao
com TR em diferentes OE, especialmente em idosos, enfocando desfechos que
envolvem diferentes dimensdes da saude, incluindo aspectos morfolégicos, funcionais
metabadlicos e cognitivos.

Por fim, considerando a grande variabilidades nas respostas adaptativas
individuais ao TR, delineamentos experimentais que adotam grupos em paralelo podem
limitar uma analise mais robusta do impacto da manipulacdo das varidveis de treino sobre
os desfechos analisados. Portanto, a utilizacdo de delineamentos experimentais que
permitam que a amostras sejam expostas as diferentes condi¢cdes experimentais, sempre
que possivel, pode fornecer informacdes mais consistentes para uma melhor
compreensédo do fendmeno. Neste sentido, de acordo com o0 nosso conhecimento, até o
presente momento nenhum estudo crénico disponivel na literatura sobre o efeito de
diferentes OE em programas de TR adotou tal delineamento. Tais informacdes sdo de
extrema relevancia para o avan¢o do conhecimento na area do TR aplicado a populagéo
idosa.
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2 OBJETIVOS

2.1 Objetivo geral
Analisar o efeito de quatro OE em um programa de TR sobre a composi¢ao
corporal, forca muscular, aptiddo funcional, biomarcadores sanguineos e saude mental

em mulheres idosas treinadas.

2.2 Objetivos especificos

Considerando que a presente tese foi estruturada no modelo escandinavo, pelo
gual a contextualizacdo do problema da origem ao estabelecimento de diferentes
objetivos, que por sua vez sédo analisados a partir da redacdo de artigos cientificos, a
proposta envolveu a redacéo de dois artigos originais, cujos objetivos especificos foram:

ARTIGO 1. Analisar o efeito de quatro OE em programa de TR sobre a forca muscular,

massa muscular e capacidade funcional em idosas treinadas;

ARTIGO 2. Verificar o efeito de quatro OE em programa de TR sobre a gordura corporal,
biomarcadores sanguineos (perfil lipidico e glicémico, proteina C-reativa, biomarcadores

de estresse oxidativo e BDNF) e parametros de salde mental em idosas treinadas.
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3 HIPOTESES

Considerando os quatro grupos experimentais adotados nesta investigagéo e com base
nas informacdes disponiveis na literatura até o presente momento, as principias hipoteses

deste estudo sao:

a) Os ganhos de for¢a de 1RM deveriam seguir o principio da especificidade, ou seja:

- O grupo que iniciar o programa de TR por exercicios multiarticulares para membros
superiores/tronco deve alcancar maiores ganhos de forgca muscular no exercicio supino
vertical,

- O grupo que iniciar o programa de TR por exercicios mono-articulares para membros
inferiores deve alcancar maiores ganhos de forca muscular no exercicio cadeira
extensora;

- O grupo gque iniciar o programa de TR por exercicios mono-articulares para membros
superiores/tronco deve alcancar maiores ganhos de forca muscular no exercicio rosca

Scott;

b) O maior volume-carga total deve ser registrado nos grupos que comecarem o TR por

membros inferiores;

c) Respostas adaptativas de maior magnitude para a forca, massa muscular e aptidao
funcional deverdao sem atingidas nos grupos que comecarem o0 TR por membros

inferiores;

d) A forca e massa muscular de membros superiores deverdo ocorrer nos grupos que

comecarem o programa de TR por membros superiores/tronco;

e) O grupo que alcancar o maior volume-carga total apresentara uma melhor resposta
adaptativa nos desfechos metabdlicos, na adiposidade corporal e nos parametros de

salde mental.
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4 METODOS

4.1 Delineamento experimental

O presente estudo faz parte do projeto de pesquisa denominado Active Aging
Longitudinal Study, iniciado em 2012, cujos propositos incluem a analise da eficacia e
eficiéncia de programas de TR supervisionados, estruturados e progressivos sobre
desfechos neuromusculares, morfoldgicos, fisiolégicos, metabdlicos, cognitivos e
comportamentais em mulheres idosas. A amostra do presente estudo foi constituida pela
coorte anual de participantes do ano de 2018 deste projeto de pesquisa. Este estudo é
um ensaio clinico randomizado com delineamento cruzado.

A presente investigacao foi realizada ao longo de 63 semanas, divididas em 4
fases (pré-condicionamento, treinamento em quatro diferentes OE, destreino,
retreinamento em diferentes OE). Blocos de trés semanas consecutivas (1-3, 16-18, 31—
33, 4648 e 61-63) foram utilizados para medidas, testes e avaliacdes. A intervencao
com TR ocorreu em trés blocos de 12 semanas. No primeiro desses trés blocos (semanas
4-15), as participantes passaram por uma fase de pré-condicionamento de 12 semanas,
cujo programa de TR foi similar para todos as participantes. No segundo bloco (semanas
19-30), as participantes foram separadas aleatoriamente em quatro grupos para realizar
um programa de TR, de acordo com quatro diferentes OE, a saber: multi- para mono-
articulares, comecando por membros superiores/tronco (Multi-Mono-Sup), multi- para
mono-articulares, comegando por membros inferiores (Multi-Mono-Inf), mono- para multi-
articulares, comecando por membros superiores/tronco (Mono-Multi-Sup), e mono- para
multi-articulares, comecando por membros inferiores (Mono-Multi-Inf). Em seguida, as
participantes passaram por 12 semanas de destreino (semanas 34—45), nas quais todas
as participantes foram solicitadas a ndo se envolver em nenhum tipo de exercicio fisico
durante este periodo. Por fim, no terceiro bloco de TR (semanas 49-60), as participantes
foram retreinadas, modificando a OE dos exercicio mono-articulares para os multi-
articulares ou vice-versa, de acordo com 0 segmento determinado na separagéo inicial
dos grupos para iniciar as sessdes de treinamento, ou seja, membros superiores/tronco

ou membros inferiores.
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Fase 1 I ‘ Fase 2 I ‘ Fase 3 ‘ ‘ Fase 4
Multi-Mono-Sup mmsssssmmp  Mono-Multi-Sup

Periodo de pré-

condicionamento = .
Multi-Mono-Inf - -
Todas participantes ulti-Mono-Inf mss—)p  Mono-Multi-Inf

Mono-Multi-Sup msssmmp  Multi-Mono-Sup

Mono-Multi-Inf — Multi-Mono-Inf

Medidas e Medidas e Medidas e Medidas e

avaliacoes avaliacoes avaliacdes avaliacdes
t Treinamento Treinamento f Destrei ¢ . Treinamento .
1-3 resistido 16-18 resistido 31-33 estremamento 46-48 resistido 61-63
l | | | | I
I I Fase 1 I I Fase 2 I I Fase 3 I I Fase 4 I I

4 15 19 30 34 45 49 60
Semanas

4.2 Participantes

O recrutamento foi realizado por meio de andncios em midias sociais (Whatsapp,
Facebook e Instagram) e divulgacédo entre as participantes que ja faziam parte do projeto
nos anos anteriores. Uma anamnese foi realizada, inicialmente, para conhecimento do
histérico de saude das voluntarias. Somente foram admitidas no estudo as voluntérias
gue atendessem aos seguintes critérios de inclusdo: idade > 60 anos; ser do sexo
feminino; ser fisicamente independente; ndo ter disfuncdo cardiaca, ortopédica ou
musculoesquelética que pudesse impedir a realizacdo de exercicios fisicos; ndo ser
portadora de diabetes mellitus ou hipertensdo néo-controlada; ndo estar recebendo
terapia de reposicdo hormonal; e estar afastada ha pelo menos trés meses da pratica
regular de exercicios fisicos. Posteriormente, as participantes deveriam apresentar um
laudo favoravel de um cardiologista liberando para praticar o TR sem restricdes (teste de
eletrocardiograma de 12 derivagGes em repouso, entrevista pessoal e teste de esforco
em esteira quando necessario).

O calculo amostral foi estabelecido por meio do GPower software. Para tanto, com
base em um poder estatistico (probabilidade de erro 1 —3) de 0,80, um tamanho de efeito
F = 0,27 e um nivel a geral de 0,05, e com a utilizacdo da massa muscular esquelética
como variavel critério e baseado em informacdes disponiveis na literatura (RIBEIRO et
al., 2017), um tamanho de amostra de 56 individuos totais (14 participantes por grupo) foi

necessario para este estudo. Devido a possiveis perdas e evasdes, um adicional de



24

aproximadamente 25% (+14 participantes) se mostrou necessario, resultando em uma
amostra inicial de 72 mulheres.

Portanto, 84 candidatas foram entrevistadas e 72 foram selecionadas. Durante a
fase pré-condicionamento, 11 participantes abandonaram o estudo. Em seguida, um
pesquisador ndo envolvido com a investigacdo ficou responsavel por fazer a
randomizacdo, por meio do site random.org, das 61 participantes em um dos quatro
grupos de TR de acordo com as quatro OE adotadas para este estudo. Durante a fase 1,
cinco participantes abandonaram o estudo, todas do grupo Mono-Multi-Sup. Ap6s o
periodo de destreinamento, todas participantes voltaram para a fase 2, que iniciou com
56 participantes. Durante a fase 2, oito participantes abandonaram o estudo (Multi-Mono-
Sup = 0; Mono-Multi-Sup = 2; Multi-Mono-Inf = 4; Mono-Multi-Inf = 2). Os motivos
relatados para o abandono do estudo foram falta de tempo, desmotivacao, problemas de
transporte, cirurgias de urgéncia nao relacionadas ao treinamento, necessidade de cuidar
de familiares e outros motivos pessoais. Portanto, foi analisada um amostra final de 48
participantes, de modo que 24 participantes compuseram cada um dos quatro grupos
experimentais, considerando o delineamento cruzado. Todas as participantes receberam
informacdes sobre a finalidade e os procedimentos do estudo e assinaram um TERMO de
Consentimento Livre e Esclarecido (APENDICE A). Este estudo foi conduzido de acordo com
a Declaracéo de Helsinque e aprovado pelo Comité de Etica da Universidade (ANEXO
A).

4.3 Antropometria

A massa corporal foi mensurada em uma balanca de leitura digital (Balmak
Industria e Comércio Ltda, Santa Barbara d'Oeste, SP, Brasil), com escala de 0,1 kg, ao
passo que a estatura foi determinada por meio de um estadibmetro acoplado a mesma,
com escala de 0,1 cm, com selo do INMETRO, de acordo com o0s procedimentos
descritos na literatura (GORDON; CHUNLEA; ROCHE, 1988). A partir dessas medidas,
foi calculado o indice de massa corporal (IMC), por meio da razao entre a massa corporal
e 0 quadrado da estatura, sendo a massa corporal expressa em quilogramas (kg) e a

estatura em metros (m).

4.4 Composic¢ao corporal
Exames de absortometria radiologica de dupla energia (DXA), com escaneamento

de corpo inteiro, foram realizados em um equipamento Lunar, modelo NRL 419900 (GE
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Lunar, Madison, WI, USA), para determinacdo da massa isenta de gordura e 0sso (MIGO)
de tronco, membros superiores e inferiores, gordura corporal absoluta e relativa, bem
como a distribuicdo da gordura (androide e ginoide). Para tanto, as participantes foram
instruidas a remover todos 0s objetos moveis contendo metal, antes de serem avaliadas.
Durante 0 exame as participantes foram posicionadas na mesa do equipamento em
decubito dorsal. Os pés foram fixados paralelamente para imobilizar as pernas por meio
de uma fita de velcro, enquanto as maos foram mantidas na posicao pronada dentro da
regido de varredura. A calibracdo do equipamento seguiu as recomendacdes do
fabricante. Um software especifico gerou linhas padréo que separaram membros, tronco
e cabeca, utilizando pontos anatdmicos especificos determinados pelo fabricante. Um
técnico de laboratério com experiéncia nesse tipo de exame realizou calibragbes do
equipamento, ajustes das linhas e as andlises. Exames anteriores do nosso laboratorio
com 13 participantes do projeto conferiram confiabilidade satisfatoria para todas as
medidas realizadas (ICC = 0,98).

4.5 Forga mmuscular

A forca dindmica maxima foi avaliada por meio de testes de 1RM executados nos
exercicios supino vertical, cadeira extensora e rosca scott, respectivamente. Uma sessao
de familiarizacdo e trés sessdes de testes de 1RM foram realizadas pela manha,
separadas por 48-72 h. Para a sessao de familiarizacéo, as participantes realizaram 2-3
séries de 10-15 repeticdes em cada exercicio com uma carga leve. Trés pesquisadores
experientes supervisionaram todas as sessfes para a seguranca e integridade das
participantes. A técnica de execucado de cada exercicio foi padronizada e continuamente
monitorada para garantir a confiabilidade das medidas. Para cada sesséo de teste, as
participantes realizaram um aquecimento especifico (6-10 repeticdes), em cada
exercicio, com aproximadamente 50% da carga estimada para a primeira tentativa. No
primeiro dia de testes, a carga selecionada foi baseada na experiéncia dos
pesquisadores, na carga utilizada individualmente na familiarizacdo e na percepcao da
dificuldade (esforgo) em que os sujeitos realizaram o aquecimento. Durante os testes de
1RM, as participantes foram incentivadas a tentar executar duas repeticdes com a carga
selecionada. Incentivo verbal, acompanhado de palmas, foi fornecido as participantes
pelos avaliadores em todas as tentativas, nos diferentes exercicios (NUNES et al., 2020).
Nas situacdes cujas tentativas foram executadas com sucesso, a carga foi aumentada

para a proxima tentativa na ordem de 3-10%. Por outro lado, nas situacdes cujas
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tentativas ndo foram executadas com sucesso, a carga foi reduzida na mesma proporcao.
O periodo de descanso foi de trés a cinco minutos entre cada tentativa e cinco minutos
entre 0s exercicios. A carga para a primeira tentativa, na segunda e terceira sesséo de
testes foi a carga méxima obtida individualmente em cada exercicio na sessao anterior.
O valor de 1RM em cada exercicio foi registrado como a carga mais alta levantada em
uma Unica acéo voluntaria maxima concéntrica e excéntrica nas trés sessdes de testes
(NASCIMENTO et al., 2013). Os valores de erro padréo de medida (EPM) e o coeficiente
de correlagéo intraclasse (CCI) obtidos da atual amostra foram satisfatérios para o supino
vertical (EPM = 1,7 kg; CCl = 0,98), cadeira extensora (EPM = 2,0 kg; CCl =0,97) e rosca
scott (EPM = 0,4 kg; CCl =0,99).

4.6 Bioquimica sanguinea

Coletas de sangue venoso (14 ml) foram realizadas na porcdo antecubital, no
periodo matutino, apdés jejum de 12 h, por um experiente técnico de laboratério, em sala
adaptada para este fim, para a determinagdo dos seguintes biomarcadores: glicose,
hemoglobina glicada, HDL-c, LDL-c, triglicerideos, colesterol total, proteina C-reativa
ultrassensivel (PCR), fator neutrofico derivado do cérebro (BDNF), produtos proteicos de
oxidacdo avancada (AOPP), parametro antioxidante de radicais totais (TRAP) e
metabdlitos do Oxido nitrico (NOx). As dosagens foram realizadas em laboratdrio
especializado no Hospital Universitario da Universidade Estadual de Londrina. Para a
coleta de sangue, as participantes permaneceram sentadas em uma cadeira, com 0
antebraco apoiado sobre um suporte, localizado aproximadamente na altura dos ombros.
Apbs o braco ser garroteado no ponto médio do umero foi realizada a assepsia com
algodao embebido em alcool 70%. A puncéo foi realizada com agulha descartavel de 25
X 8 mm no referido local.

O sangue venoso foi aspirado em quatro tubos de coleta a vacuo (dois tubos com
gel separador, um tubo com fluoreto e um tubo com EDTA como anticoagulantes e
conservantes). As agulhas foram descartadas, seguindo o disposto nos procedimentos
operacionais padrdo do laboratério clinico, assim como todos 0s outros materiais
descartaveis contaminados, tanto no procedimento de coleta, quanto nas analises
sanguineas. As amostras e centrifugadas por 10 min a 3.000 rpm para separagdo do soro
e/ou plasma. Imediatamente apos a coleta, foram determinadas as concentracdes de
triglicerideos, colesterol total e sua fracdo HDL-c, proteina PCR-us e glicose em um auto-

analisador bioguimico Dimension RxL Max (Siemens Healthcare Diagnostics, Malvern,
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PA, USA) de acordo com métodos consagrados na literatura especializada, seguindo os
protocolos recomendados pelos fabricantes, utlizando-se kits Siemens. Para a
determinacdo de LDL-c foi utlizada a seguinte equacédo (FRIEDEWALD; LEVY;
FREDRICKSON, 1972): LDL-c = CT — HDL-c + (triglicerideos/5). Para as demais
andlises, o soro foi liquotado e armazenado em freezer a -80°C (Indrel®) até a realizacéo
do doseamento. O BDNF foi determinado posteriormente por ensaio imunoenzimatico
(ELISA), de acordo com as especificacdes do fabricante (R&D Systems, Minneapolis,
MN, USA), utilizando-se kit Quantikine High Sensitivity. AOPP e TRAPP foram
determinados no plasma usando um método semiautomatico (WITKO-SARSAT et al.,
1996) REPETTO et al., 1996). Este método detecta antioxidantes plasmaticos
hidrossoluveis e / ou lipossoliveis medindo o tempo de inibicdo da quimioluminescéncia
induzido por 2-amidinopropano. O sistema foi calibrado com o analogo da vitamina E
Trolox®. As concentracdes de metabdlitos de 6xido nitrico (NOXx) sérico foram avaliadas
pela concentracao de nitrito (NO2) e nitrato (NOsz’), de acordo com a reacdo de Griess,

complementada pela reducao de nitrato a nitrito com cadmio (GUEVARA et al., 1998).

4.7 Avaliacbes ccognitivas

4.7.1 Montreal Cognitive Assessment

O teste de Avaliagdo Cognitiva Montreal - Montreal Cognitive Assessment (MoCA)
foi utilizado para a avaliacao de oito dominios cognitivos, os quais foram pontuados dentro
de um intervalo de 0 a 30 pontos (escores mais altos indicando melhor funcéo): memaria
de curto prazo (recordacéo tardia, cinco pontos); habilidades viso-espaciais (desenho do
cubo, um ponto, desenho do reldgio, trés pontos); funcdo executiva (teste de trilha, um
ponto; fluéncia verbal fonémica, um ponto; abstracdo verbal, dois pontos); atencgéo,
concentracdo e, memaria de trabalho (cancelamento, um ponto; subtracao, trés pontos;
amplitude de digitos, dois pontos); linguagem (nomeacao, trés pontos; repeticéo de frase,
dois pontos); e orientacdo ao tempo (trés pontos) e espaco (trés pontos). O MoCA
apresenta alta sensibilidade (81%) e especificidade (77%), conforme determinado em
idosos brasileiros (NASREDDINE et al., 2005; MEMORIA et al., 2013).

4.7.2 Trail Making Test
O teste de trilhas - Trail Making Test (A e B) foi utilizado para avaliacdo da funcéo

executiva e atengédo (REITAN, 1958). A parte A determina a velocidade psicomotora e
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exige que a avaliada desenhe linhas que conectam ndmeros circundados
sequencialmente, como desenhar uma linhade 1 a 2,2 a 3 e 3 a 4. A parte B consiste
em numeros e letras circundados. As participantes foram instruidas a desenhar uma linha
0 mais rapidamente e com a maxima precisao possivel de 1 para A, A para 2, 2 para B,
B para 3, e assim por diante, até a finalizacdo da tarefa. O tempo foi registrado em
segundos apos o término de cada etapa. Apos a realizacao dos testes foram calculadas
as diferencas entre os tempos de concluséo da parte B - A. Quanto menor a diferenca
melhor é o ajuste de deslocamento.

4.7.3 Stroop Test

Uma versdo computadorizada do teste de cores e palavras (Stroop test) foi
utilizada nesse estudo, usando o programa Testinpacs® (CORDOVA et al., 2008). As
tarefas foram visualizadas em uma tela de notebook a aproximadamente 90 cm de
distancia da participante. As respostas para um conjunto de tarefas foram dadas o mais
rapido possivel por meio de dois botdes. A por¢do cognitiva foi utilizada como teste
psicométrico para avaliar a cognicdo, estando relacionada as funcdes executivas de
tomada de decisdo e controle inibitério exercidas pelo cortex pré-frontal. O efeito é
baseado em situacbes de tarefas nas quais os nomes de cores sdo gravados em
diferentes fontes de cores. O individuo deve inibir o significado da palavra e escolher a
resposta correta correspondente a cor na qual a palavra aparece escrita (SCHACK et al.,
1999). O estudo atual utilizou o teste em trés estagios: os dois primeiros estagios foram
condicbes de controle (indicar a cor do retangulo; indicar o nome da cor que aparece
escrito) e o ultimo estagio foi incongruente (responde a cor que esta pintada a palavra).
No primeiro estagio, retangulos nas cores verde, azul, preto e vermelho foram exibidos
no centro da tela. Ao mesmo tempo, as respostas que corresponderam ou nao a cor do
retangulo foram exibidas nos cantos inferiores da tela. Cada estimulo foi apresentado até
0 momento em que a participante indicasse a cor nos cantos inferiores, correspondente
a cor do retangulo. Por fim, na terceira e tltima etapa do teste, 0 nome de uma das quatro
cores foi exibido com uma cor de fonte diferente. As participantes foram instruidas a
pressionar o botdo correspondente a cor da fonte e ignorar o nome da cor. Os estimulos
foram apresentados aleatoriamente em todas as etapas (12 tentativas por estagio). A
capacidade de atencao seletiva e controle das respostas foi estimada como a diferenca
de tempo entre a terceira condicdo e a segunda condicdo. As menores diferencas

indicaram melhor atencéo seletiva e resolucao de conflitos.
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4.7.4 Fluéncia Verbal Semantica e Fonoldgica

Na modalidade fonoldgica foi utilizada tarefa de fluéncia verbal F. A tarefa consistiu
na evocagéao de palavras que comegam com a letra “F”, por 60 s. A pontuacao final foi
determinada de acordo com o numero de palavras corretas relatadas em 60 s. Na
modalidade semantica as participantes foram instruidas a evocar o maior numero
possivel de animais em 60 s. A pontuacao final foi determinada de acordo com o nimero
de nomes de animais relatados em 60 s (ESTEVES et al., 2015).

4.8 Aptidao funcional

O teste de caminhada de seis minutos (TC6min) foi utilizado como indicador de
aptidao cardiorrespiratoria. Cada participante percorreu a maior distancia possivel, sem
correr, em torno de um trajeto retangular (4,6 x 18,4 m, perimetro total: 46,0 m)
demarcado com fitas e cones no chdo. Um avaliador cronometrou o tempo de duragéo
do teste e calculou e distancia total percorrida, com precisao de um metro.

Para avaliagcdo da aptidao funcional foram adotamos mais trés testes motores:
teste de caminhada de 4,6 m, teste de agilidade de caminhada e teste sentar e levantar
da cadeira por 30 s (RIKLI; JONES, 2013). Para o teste de caminhada de 4,6 m, trés
avaliadores utilizaram cronbmetros para medir o tempo gasto pelas participantes para
percorrer um trajeto de 4,6 m na velocidade normal de caminhada. Fitas adesivas no
chdo demarcaram essa distancia com remendos adicionais de 2 m antes e depois do
remendo principal de 4,6 m. As participantes caminharam 8,6 m completos, mas apenas
0 tempo gasto para caminhar 4,6 m do meio foi cronometrado com aproximacéo de 0,01
S. As participantes completaram trés tentativas, sendo registrado o valor médio entre as
tentativas. Para o teste de agilidade, as participantes foram sentadas em uma cadeira
apoiada em uma parede, com as costas em contato com 0 encosto, 0s pés totalmente
apoiados no chéo e as méos apoiadas nas coxas. As participantes foram solicitadas a
levantar-se, caminhar ao redor de um cone a uma distéancia de 2,44 m em frente a cadeira,
retornar a cadeira e sentar-se. As participantes foram instruidas a completar o trajeto no
menor tempo possivel, sem correr. O tempo foi registrado com precisao de 0,01 s com
um crondmetro do movimento inicial para se levantar da cadeira até o retorno para sentar-
se, novamente. As participantes completaram trés tentativas, sendo registrada a melhor
tentativa. Para o teste sentar e levantar da cadeira de 30 s, as participantes foram

posicionadas sentadas em uma cadeira apoiada em uma parede, com as costas em



30

contato com o encosto, 0s pés totalmente apoiados no chdo e as maos cruzadas para
repousar sobre os ombros opostos. As participantes realizaram o maximo de repeticoes

possiveis em 30 s.

4.9 Sintomas de depresséao e ansiedade

Os niveis de sintomas de depressao e ansiedade foram avaliados por meio de
dois questionarios: Escala de Depressao Geriatrica (GDS-15) (YESAVAGE et al., 1982)
e Inventéario de Ansiedade de Beck (BAI) (BECK et al., 1988). O GDS-15 é composto por
15 itens dicotdmicos (sim ou nao) relativos a diferentes caracteristicas da depressao
geriatrica como declinio cognitivo e sintomas somaticos, com pontuacao final variando de
0 a 15. O BAI é composto por 21 itens (afirmacbes) sobre diferentes sintomas de
ansiedade com um Escala Likert de 4 pontos, com pontuacéo final variando de 0 a 63.

4.10 Habitos alimentares

A ingestdo alimentar foi estimada a partir de recordatorios de 24 h, nas duas
primeiras e nas duas Ultimas semanas de cada etapa do estudo. As entrevistas foram
realizadas em dois dias diferentes, sendo um dia de semana e outro do fim de semana.
Para auxiliar as entrevistas, foi utilizado um registro fotografico padronizado contendo
fotos dos alimentos e por¢des. O valor energético total e a quantidade de macronutrientes
ingeridos foram calculados por meio do programa de analise nutricional Virtual Nutri Plus
(Keeple, Rio de Janeiro, RJ, Brasil). Todos os alimentos que ndo fossem encontrados no
banco de dados do programa foram adicionados nas tabelas de alimentos. O programa
estatistico do método de fontes multiplas foi utilizado para reduzir erros na estimativa do
consumo alimentar habitual (https://msm.dife.de). Esse programa gera informacdes sobre
a ingestao habitual estimada, a partir da combinacdo das probabilidades, usando
repeticdes de recordatorios alimentares de 24 h (HAUBROCK et al., 2011).

4.11 Programa de treinamento resistido

O programa de treinamento foi estruturado com a finalidade de proporcionar
melhoria da for¢ca e da massa muscular em idosos (ACSM, 2009a, 2009b). Todas as
participantes foram supervisionadas individualmente por profissionais e estudantes de

Educacao Fisica com experiéncia em TR (dois por exercicio), na tentativa de manter a
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qualidade de execucdo dos exercicios e garantir a seguranca das participantes. O
programa de TR foi executado em maquinas e pesos livres (Ipiranga Fitness, Presidente
Prudente, SP, Brasil) e incluiu oito exercicios para os diferentes segmentos corporais
(bracos, pernas e tronco). Na fase pré-condicionamento, as participantes realizaram trés
séries de 10-15 repeticbes, ao passo que nas fases especificas (fase 1 e 2), as
participantes realizaram as séries em 8-12 repeticOes. As participantes foram instruidas
a manterem a velocidade de execu¢&o dos movimentos na razéo de 1:2 (acao muscular
conceéntrica e excéntrica, respectivamente). O intervalo de descanso entre as séries foi
de um a dois minutos, ao passo que o intervalo de transicao entre os exercicios foi de
dois a trés minutos. Durante todo o periodo de treinamento, as cargas foram ajustadas
individualmente em cada exercicio sempre que o limite superior de repeti¢cdes da zona-
alvo estabelecida fosse atingido (10-15 ou 8-12 repeticdes) por duas sessoes
consecutivas, nas trés séries. Os aumentos de carga foram na ordem de 2% a 5% para
0s exercicios de membros superiores e 5% a 10% para os exercicios de membros
inferiores, conforme as recomendacoes da literatura (ACSM, 2009a). A organizacao do
programa em cada grupo nas fases especificas do experimento é apresentada no Quadro
2.

Quadro 4. Ordem dos exercicios realizados, de acordo com cada grupo experimental.

Multi-Mono-Sup

Mono-Multi-Sup

Multi-Mono-Inf

Mono-Multi-Inf

Supino vertical

Rosca scott

Leg press horizontal

Panturrilha sentada

Remada baixa

Triceps na polia

Cadeira extensora

Cadeira flexora

Triceps na polia

Remada baixa

Cadeira flexora

Cadeira extensora

Rosca scott

Supino vertical

Panturrilha sentada

Leg press horizontal

Leg press horizontal

Panturrilha sentada

Supino vertical

Rosca scott

Cadeira extensora

Cadeira flexora

Remada baixa

Triceps na polia

Cadeira flexora

Cadeira extensora

Triceps na polia

Remada baixa

| N| O g | W[ N|

Panturrilha sentada

Leg press horizontal

Rosca scott

Supino vertical

Nota: Multi-Mono-Sup = grupo que realizou o treinamento na ordem dos exercicios multi- para
0s mono-articulares, iniciando pelos membros superiores. Mono-Multi-Sup = grupo que realizou
o treinamento na ordem dos exercicios mono- para os multi-articulares, iniciando pelos membros
superiores. Multi-Mono-Inf = grupo que realizou o treinamento na ordem dos exercicios multi-

para os mono-articulares, iniciando pelos membros inferiores. Mono-Multi-Inf = grupo que
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realizou o treinamento na ordem dos exercicios mono- para os multi-articulares, iniciando pelos

membros inferiores.

4.12 Tratamento estatistico

O teste de Shapiro-Wilk foi utilizado para andlise da distribuicdo dos dados. As
caracteristicas gerais das participantes foram comparadas por meio ANOVA one-way e
qui-quadrado, para variaveis continuas e categodricas, respectivamente. Analise de
covariancia (ANCOVA) da diferenca bruta entre as medidas pré e pdés-intervencao foi
empregada para comparar as mudangas dentro e entre 0s grupos, com os valores de
linha de base usados como covariavel. A interpretacéo dos dados foi baseada no intervalo
de confianca de 95%, ou seja, quando o IC95% do delta bruto ndo se sobrepds a 0, houve
uma diferenca significativa entre a pontuacédo da linha de base. Embora tenhamos
apresentado dados ajustados e nédo ajustados pela ANCOVA para os desfechos
principais, as interpretacdes estatisticas foram feitas com os resultados da ANCOVA.
Para todas as analises foi adotado um nivel de significancia de 5%. O tamanho do efeito
foi calculado como a média pdés menos a média pré dividida pelo desvio-padréo agrupado
(COHEN, 1988). Tamanho do efeito de 0,00-0,19 foi considerado trivial, 0,20-0,49 foi
considerado pequeno, 0,50-0,79 foi considerado moderado e 20,80 foi considerado
grande. Os dados foram analisados pelo software Statistica para Windows, versao 10.0
(Statsoft Inc., Tulsa, OK, USA).
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5 RESULTADOS

Os resultados do presente estudo foram organizados a partir da redacao de dois
artigos originais. As variaveis forca muscular, massa muscular e aptiddo funcional foram
tratadas no primeiro artigo. Por outro lado, as variaveis gordura corporal, biomarcadores
sanguineos e testes relacionados a saude mental (testes cognitivos, questionarios
relacionados a sintomas de depresséo e ansiedade) foram analisadas no segundo artigo.

Na sequéncia sdo apresentados os dois artigos que tratam de informacgdes

complementares.



34

5.1 Artigo original 1

Effects of four resistance exercise orders on muscular strength, muscle
mass, and functional fitness in trained older women: A randomized

crossover study

Running head: Exercise order and muscular development in older women

Authors: Paolo M. Cunha'"8, Jodo Pedro Nunes’8, Alex S. Ribeiro'?, Witalo Kassiano?,
Bruna D. V. Costal, Leticia T. Cyrino', Melissa Antunes?, Gabriel Kunevaliki, Denilson C.
Teixeira®, Jerry L. Mayhew?, Edilson S. Cyrino?.

Affiliations:

1. Metabolism, Nutrition, and Exercise Laboratory. Physical Education and Sport Center,
State University of Londrina. Londrina, PR, Brazil;

2. Center for Research in Health Sciences. University of Northern Parana. Londrina, PR,
Brazil;

3. Study and Research Group on Human Aging and Physical Activity. Physical Education
and Sport Center, State University of Londrina. Londrina, PR, Brazil;

4. Exercise Science Program, Truman State University. Kirksville, MO, USA.

8Paolo M. Cunha and Jodo Pedro Nunes share the first authorship for contributing equally
to this work.

*Corresponding author: Paolo M. Cunha. Metabolism, Nutrition, and Exercise
Laboratory. Physical Education and Sport Center, State University of Londrina. Rodovia
Celso Garcia Cid, km 380, Londrina, PR, Brazil. Zip-code: 86057-970. e-mail:
pcunha88@hotmail.com.



35

ABSTRACT

Background: The manipulation of acute variables in resistance training (RT) programs is
necessary to obtain adequate adaptations for older adults. The influence of exercise order
is underexplored in the literature. Aim: To compare the effects of different exercise orders
on muscular strength, muscle mass, and functional fithess in trained older women.
Methods: Physically independent women (> 60 years) completed a 12-week RT pre-
conditioning phase (eight exercises, 3 X 10-15 repetitions, 3x/week). Before this period,
the participants were randomized to four different exercise orders groups to 12-week RT
(eight exercises, 3 X 8-12 repetitions, 3x/week), 12-week detraining, and 12-week RT in
a cross-over design. The exercise orders were the following: multi- to single-joint and
upper- to lower-body (MJ-SJ-U, n = 24); single- to multi-joint and upper- to lower-body
(SJ-MJ-U, n = 24); multi- to single-joint and lower- to upper-body (MJ-SJ-L, n = 24); and
single- to multi-joint and lower- to upper-body (SJ-MJ-L, n = 24). Muscle mass was
determined from DXA, muscular strength was assessed by 1RM tests, and functional
fitness was analyzed from three motor tests. Results: Following the final training period,
all groups presented significant improvements in almost all analyzed variables (effect size:
muscular strength = 0.17-0.58; muscle mass = 0.16-0.22; functional fithess = -0.11—
0.50). However, no significant difference was observed between conditions (P > 0.05;
effect size of trivial-to-small magnitudes). Conclusion: Our results suggest that exercise
order does not significantly affect the magnitude of their adaptations in trained older

women.

Keywords: aging; strength training; volume-load; exercise sequence; hypertrophy.
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INTRODUCTION

Resistance training (RT) is an effective strategy to counteract several adverse
effects of the aging process (WESTCOTT, 2012b; FRAGALA et al., 2019). RT can
contribute with improvement of functional fithess (SANTOS et al., 2017; FRAGALA et al.,
2019), potentially providing a more active lifestyle with greater autonomy and quality
(BRIAN C., CLARK E MANINI, 2010; EVANS, 2010; MCGREGOR; CAMERON-SMITH,;
POPPITT, 2014), which may ultimately increase life expectancy (DANKEL; LOENNEKE;
LOPRINZI, 2016). Manipulating the variables that compose the RT programs may be
necessary to obtain the main benefits of RT (ACSM, 2009a; FRAGALA et al., 2019), which
are related to volume (SCHOENFELD et al., 2018; NUNES et al., 2021a), intensity
(SCHOENFELD et al., 2017), and structure, such as the variables exercise selection and
exercise order (EO) (RIBEIRO et al., 2019; RIBEIRO; NUNES; SCHOENFELD, 2020;
NUNES et al., 2021a).

The EO is an essential element to consider in the RT prescription. It can influence
acute training volume and intensity and, consequently, chronic adaptations (RIBEIRO et
al., 2019; NUNES et al., 2021a). The American College of Sports Medicine recommends
performing multi-joint (MJ) exercises that involve larger muscle groups first, followed by
single-joint (SJ) exercises that involve smaller muscle groups (ACSM, 2009a). This
guideline was based on acute studies, which observed that higher training loads and
volume-loads were achieved when MJ-to-SJ EO is employed, compared to SJ-to-MJ EO
(SFORZO; TOUEY, 1996; SPREUWENBERG et al., 2006; SIMAO et al., 2007; ACSM,
2009a). However, in a recent meta-analysis, Nunes et al. (2021) verified that higher
maximum strength gains tend to be obtained in exercises performed at the beginning of
the RT sessions. This indicates the presence of an EO effect and follows the specificity
principle (RIBEIRO; SCHOENFELD; NUNES, 2017; NUNES et al., 2019, 2021a).
Therefore, these findings seem to contradict the ACSM’s recommendation.

In older adults, only a few studies have analyzed the effect of RT EO, and the
results have been conflicting (PINA et al., 2013; CARDOZO et al., 2019; DIB et al., 2020;
TOMELERI et al.,, 2020b). Pina et al. (2013) observed similar changes in body
composition between two EOs that prioritized large or small muscle groups in older men.
After a circuit RT program in untrained older women, Cardozo et al. (2019) found similar
adaptations in body composition and functional fithess. However, in single- and multi-joint
exercises, higher strength gains were identified for SJ-to-MJ and MJ-to-SJ groups,

respectively. Tomeleri et al. (2020b) found similar results between MJ-to-SJ and SJ-to-MJ
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EOs in untrained older women. Nonetheless, the MJ-to-SJ group showed slightly greater
benefits in the lower limbs, attributed to the higher accumulated training volume. More
recently, Dib et al. (2020) observed similar responses in muscular strength, body
composition, and functional fitness between three EOs in trained older women (MJ-to-SJ,
SJ-to-MJ, and a group that performed the exercises alternating between upper and lower
body in a large-to-small-muscle sequence).

Since recent studies have failed to determine a superiority for MJ-to-SJ or SJ-to-
MJ EOs, different EO approaches should be explored further. One possibility would be
testing the prioritization of lower or upper body muscles. Saraiva et al. (2014) compared
such an approach in male athletes. They observed significantly greater strength gains
when starting training sessions with lower-body exercises than with upper-body exercises.
This EO would be interesting to apply to older adults since the more expressive reductions
in strength levels and muscle mass induced by aging occur in the lower limbs, especially
inwomen (JANSSEN et al., 2000; MANINI; CLARK, 2012; MILJKOVIC et al., 2015). Thus,
if performing RT starting with exercises for the lower body presents advantages, this would
reflect greater functionality in this population (SANTOS et al., 2017; FRAGALA et al.,
2019; NUNES et al., 2019). Therefore, further studies are needed. In addition, the parallel-
group design of the previous studies (SARAIVA et al., 2014; CARDOZO et al., 2019; DIB
et al., 2020; TOMELERI et al., 2020b)does not account for the inter-subject variability in
responses to RT. Given that individually inherent responsiveness to RT largely influences
the magnitude of the results (ROBERTS et al., 2018; HAMMARSTROM et al., 2020;
NUNES et al.,, 2021c), and considering that such variability may be affected by the
manipulation of training variables (DAMAS et al., 2019a; PICKERING; KIELY, 2019).
Despite some divergent results (HAMMARSTROM et al., 2020; ROBERTS; NUCKOLS;
KRIEGER, 2020; NUNES et al., 2021b), an experimental protocol that corrects such bias
would help the understanding of the influence of EO in the older adults (e.g., as it is the
crossover design).

Therefore, the purpose of this study was to compare the effects of four EOs that
prioritized exercises for the upper or lower body and MJ or SJ on muscular strength,
muscle mass, and functional fitness in resistance-trained older women according to a
crossover trial. EOs were the following: multi- to single-joint and upper- to lower-body (MJ-
SJ-U), single- to multi-joint and upper- to lower-body (SJ-MJ-U), multi- to single-joint and
lower- to upper-body (MJ-SJ-L), and single- to multi-joint and lower- to upper-body (SJ-
MJ-L). We hypothesized that adaptations would follow the specificity principle, that MJ-
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SJ-U and SJ-MJ-U groups would present greater adaptations in upper-body muscular
groups, whereas MJ-SJ-L and SJ-MJ-L would elicit greater improvements on lower limbs,
with the latter reflecting better changes on functional fitness tests which involved the lower

limbs.

METHODS

Experimental approach to the problem

This work is part of the “Active Aging Longitudinal Study” research project, initiated
in 2012 to analyze the effects of supervised, structured, and progressive RT programs on
neuromuscular, morphological, physiological, metabolic, cognitive, and behavioral
outcomes in older women. The sample in the present study consisted of the 2018-annual
cohort of participants from this research project. The current investigation was carried out
over 63 weeks, divided into 4 phases (preconditioning, phase 1, detraining, phase 2).
Weeks 1-3, 16-18, 31-33, 46-48, and 61-63 were used for measurements, testing, and
evaluations. In weeks 4-15, participants underwent a 12-week preconditioning phase,
where they all received the same training. At weeks 19-30, phase 1, participants were
randomly assigned to four groups to perform a 12-week RT program according to the
respective OEs (MJ-SJ-U, SJ-MJ-U, MJ-SJ-L, and SJ-MJ-L). Then, participants
underwent 12 weeks of detraining (weeks 34-45), in which they were asked not to engage
in any physical exercise program during this period. Finally, in weeks 49-60, phase 2, a
crossover between the MJ-SJ and SJ-MJ conditions was carried out, as follow:
participants who had performed MJ-SJ-U in phase 1 then performed SJ-MJ-U; those who
had performed SJ-MJ-U then performed MJ-SJ-U; those who had performed MJ-SJ-L
then performed SJ-MJ-L, and those who had performed SJ-MJ-L then performed MJ-SJ-
L. The present study was conducted according to the Declaration of Helsinki and was

approved by the local University Ethics Committee.

Participants

Recruitment was carried out through social media (Whatsapp, Facebook, and
Instagram). Interested subjects completed detailed health history questionnaires and were
subsequently admitted to the study if they met the following inclusion criteria: women aged
> 60 years old, physically independent, not having cardiac, orthopedic, or musculoskeletal

dysfunction that could impede physical exercise, not having uncontrolled diabetes mellitus
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or hypertension, not receiving hormonal replacement therapy, and not being involved in
the practice of regular physical activity performed more than once a week over the last
five months before the start of the study. Selected volunteers were evaluated by a
cardiologist (resting 12-lead electrocardiogram test, personal interview, and treadmill
stress test when deemed necessary) and were released with no exclusions to participate
in vigorous exercise practice. Written informed consent was obtained from all participants
after providing a detailed description of the study procedures.

Of the 84 interviewed volunteers, 72 were selected and initiated the preconditioning
phase. During the preconditioning phase, 11 participants dropped out of the study. Then,
a blind researcher was responsible for randomizing, through the random.org website, the
61 participants in one of the four RT groups according to the OEs. During phase 1, 5
participants dropped out of the study (SJ-MJ-U = 5). After the detraining period, 56
participants returned to initiate phase 2 (i.e., no dropouts). During phase 2, 8 participants
dropped out of the study (SJ-MJ-U = 2; SJ-MJ-L = 4; MJ-SJ-L = 2). The reasons reported
for leaving the study were lack of time (n = 6), lack of motivation (n = 1), transport issues
(n = 1), emergency surgeries not related to training (n = 2), the need to take care of family
members (n = 3), and other personal reasons (n = 11). The final sample was composed
of 48 patrticipants, considering the crossover data gathering, consisting of 24 subjects per
group. This sample size is considered satisfactory to achieve significance with a moderate
effect size (effect size = 0.34, power = 0.8; alpha = 0.05; time = 2; groups = 4; G*Power v.
3.1.9.7, Germany). A flowchart of the experimental design of the present work is displayed
in Figure 1.

**INSERT FIGURE 1 NEAR HERE***

Muscular strength

Maximal dynamic strength was evaluated using one-repetition maximum (1RM)
tests on the chest press, knee extension, and preacher curl exercises (Ipiranga Fitness,
Presidente Prudente, Brazil), in that order, following standard procedures (AMARANTE
DO NASCIMENTO et al., 2013; NUNES et al., 2020). Three 1RM testing sessions were
performed in the morning hours, separated by 48 h. In each session, participants
performed a warm-up of 10-15 repetitions with approximately 50% of their estimated load
for the first attempt, followed by three maximal attempts. For the first day of testing, the

first selected load was based on the researchers’ experience and perception of the
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difficulty (effort) with which participants performed the warm-up. If the first attempt was
completed, weight was added for the next attempts (3-10% of the previous attempt). If an
attempt was unsuccessful, weight was removed in the same proportion. The rest period
between attempts was three to five minutes and five minutes between exercises. The load
for the first attempt in the second and third sessions was the maximal obtained in the
previous session. Participants were encouraged to attempt to accomplish two repetitions
with the selected load during all tests. The 1RM was recorded as the heaviest load lifted,
in which participants were able to complete only one repetition among the three sessions
(NUNES et al., 2020). In addition, a total muscular strength score was calculated as the
sum of the highest scores in each of the three exercises. Three experienced researchers
supervised each exercise during testing sessions to standardize technique reliability and
help ensure the safety of participants. Standard error of measurement (SEM) and
intraclass correlation coefficient (ICC) were satisfactory for chest press (SEM = 1.7 kg;
ICC =0.98), knee extension (SEM = 2.0 kg; ICC = 0.97), and preacher curl (SEM = 0.4
kg; ICC =0.99).

Muscle mass

Muscle mass was determined from appendicular lean soft tissue (LST) assessed
by dual-energy X-ray absorptiometry scanning in a Lunar Prodigy equipment, model NRL
41990 (General Electric, Madison, WI, USA). Participants were instructed to remove all
objects containing metal, empty their bladder about 30 min before measurement, abstain
from eating or drinking in the previous four hours, avoid vigorous physical exercise for at
least 24 h, and abstain from alcoholic and caffeinated beverages for at least 48 h before
scanning. Scans were performed with participants lying in the supine position along the
table’s longitudinal centerline axis. Feet were secured together at the toes to immobilize
the legs. The hands were maintained in a pronated position within the scanning region.
Both calibration and analysis were carried out by a skilled researcher, following the
manufacturer's recommendations. The software generated standard lines that set apart
the limbs from the trunk and head. The same technician adjusted these lines using specific
anatomical points determined by the manufacturer and performed all analyses during the
intervention. Values of LST were determined from upper limbs, lower limbs, and trunk.
The SEM and ICC were satisfactory for upper limbs LST (SEM = 0.1 kg; ICC = 0.99),
lower limbs LST (SEM = 0.2 kg; ICC =0.99), and trunk LST (SEM = 0.3 kg; ICC = 0.99).
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Functional fitness tests

Functional fitness was determined from three motor tests: 4.6 m walking, walking
agility, and 30 s chair standing (RIKLI; JONES, 2013). For the 4.6 m walking test, three
evaluators used stopwatches to measure the time spent by participants to walk a 4.6 m
path at normal walking speed. Adhesive tapes on the floor demarcated this distance with
additional 2 m patches before and after the 4.6 m main patch. Participants walked the full
8.6 m, but only the time spent to walk the middle 4.6 m was timed to the nearest 0.01 s.
Participants completed three attempts, with the mean used for analysis. For the agility
test, participants were seated on a chair supported by a wall, with their back in contact
with the backrest, feet fully supported on the floor, and hands rested on the thighs.
Participants were requested to stand up, walk around a cone at a distance of 2.44 m in
front of the chair, return to the chair and sit down. Participants were instructed to complete
the path as quickly as possible without running. Time was recorded to the nearest 0.01 s
with a stopwatch from the initial movement to rise from the chair until returning to sit down
again. Participants completed three trials, with the best one recorded for analysis. For the
30 s chair standing test, participants were seated on a chair supported by a wall, with their
back in contact with the backrest, feet fully supported on the floor, and hands crossed to
rest on their opposite shoulders. Participants performed the maximum sit-to-stand
repetitions possible within the 30 s. An evaluator recorded the time and counted the
number of completed repetitions performed.

Resistance training program

In the 12-week pre-conditioning phase, all participants underwent a standard RT
protocol based on recommendations to improve muscular endurance and strength in older
adults (ACSM, 2009b; FRAGALA et al., 2019). The training was carried out three days a
week (Mondays, Wednesdays, and Fridays) in the morning hours (8-11 a.m.) at the
University fitness facility. The training program comprised eight exercises for the whole
body in an EO alternating between upper and lower body exercises, with each performed
in 3 sets of 10-15 repetitions using free-weights and pin-loaded machines (Ipiranga
Fitness, Presidente Prudente, SP, Brazil). Participants were instructed to inhale during the
eccentric phase and exhale during the concentric phase while maintaining a constant
movement velocity at a ratio of approximately 1:2 s (concentric and eccentric muscle

actions, respectively). Rest intervals were one to two minutes between sets and two to
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three minutes between exercises. Training load was increased weekly by 2—5% for upper-
limb exercises and 5-10% for the lower-limb exercises, according to the number of
repetitions performed during each training session to ensure that participants maintained
ideal intensity in the repetition zone (ACSM, 2009a). Participants were supervised
individually throughout each training session by Physical Education professionals with
experience in RT (two professionals per exercise) to standardize intensity and technique
reliability and help ensure safety. Adherence to the program was satisfactory, with all
participants attending a minimum of 85% of the sessions.

In phases 1 and 2, in which the EOs were compared, RT was similar to the pre-
conditioning RT phase (8 exercises, 3x/week, 12 weeks), differing only for the RM-target-
zone used in the exercises, where an increase in RM-intensity was employed (3 sets of
8-12 repetitions), and the EOs. Participants carried out the following EOs: MJ-SJ-U = chest
press, seated row, triceps pushdown, preacher curl, horizontal leg press, leg extension,
lying leg curl, seated calf raise; SJ-MJ-U = preacher curl, triceps pushdown, seated row,
chest press, seated calf raise, lying leg curl, leg extension, horizontal leg press; MJ-SJ-L
= horizontal leg press, leg extension, lying leg curl, seated calf raise, chest press, seated
row, triceps pushdown, preacher curl; SJ-MJ-L = seated calf raise, lying leg curl, leg
extension, horizontal leg press, preacher curl, triceps pushdown, seated row, chest press.
During every RT session, the loads and number of repetitions performed during each set
of the eight exercises were recorded. This allowed calculation of the volume-load by
multiplying the total number of repetitions in all sets by load: volume-load = load (kg) x
sets (no.) x repetitions (no.) (CUNHA et al., 2020).

Dietary intake

Food consumption was assessed by the 24 h dietary recall method to analyze the
participants’ habitual intake throughout the study. Assessments were performed on two
non-consecutive days of the week. During the initial interview, a photographic manual of
food portion size was presented by experienced nutritionists to improve the quality of food
intake reports. Homemade measurements of the nutritional values of food and
supplementation were converted into grams and milliliters by the online software Virtual
Nutri Plus (Keeple®, Rio de Janeiro, RJ, Brazil) for diet analysis. Some foods were not

found in the program database, and, therefore, several items were added from food tables.
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Statistical analyses

Shapiro-Wilk test was used to check the data distribution. Comparisons between
groups regarding participants’ general characteristics and overall training volume data
were made with one-way ANOVA. For medical history, categorical data, Pearson’s chi-
square was used. Muscular strength, muscle mass, and functional fithess data were
analyzed with ANCOVA, comparing the raw difference between pre-and post-intervention
values. Baseline values were used as a covariate. Interpretations were based on 95%
confidence intervals (i.e., when 95% CI of the raw delta did not overlap O, there was a
significant difference between baseline values). Although both ANCOVA-adjusted and
unadjusted data were presented, statistical interpretations for between-group
comparisons were made with ANCOVA results. The P-values for group comparisons in
ANCOVA were displayed. For dietary intake and weekly volume-load data, repeated-
measures ANOVA was used. For all analyses, a P < 0.05 was accepted as statistically
significant. Effect size (ES) was calculated as the post-training mean minus the pre-
training means divided by the pooled groups’ pre-training standard deviation (COHEN,
1992). An ES of 0.00-0.19 was considered trivial, 0.20-0.49 was considered small, 0.50—
0.79 was considered moderate, and =0.80 was considered large. Data were stored and
analyzed in Statistica software, version 10.0 (Statsoft Inc., Tulsa, OK, USA).

RESULTS

General characteristics and medical history of the participants are described in
Table 1. There was no significant difference between groups for all variables at baseline
(P > 0.05). Also, no changes were found within- and between groups for macronutrients
and energy intake (time x group interaction P-values: 0.16 — 0.66). Average values during
the intervention were the following: energy = 25.5 + 5.8 kcal/kg/d; carbohydrate = 3.3 *
0.8 g/kg/d; protein = 1.1 + 0.2 g/kg/d; lipid = 0.8 £ 0.2 g/kg/d (data are shown in the
Supplementary Material 1).

***INSERT TABLE 1 NEAR HERE***
Table 2 presents the muscular strength and muscle mass according to the different

EO conditions. Significant improvements following RT were observed in all groups (P <

0.05) for total strength, chest press, leg extension, preacher curl, total LST, upper limbs
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LST, and lower limbs LST, but not for trunk LST (P > 0.05). Table 3 presents the results
of functional fitness. Significant improvement (P < 0.05) was observed for the 30 s
standing chair test but not for the 4.6 m walking and agility tests (P > 0.05). No significant
difference between groups was found for the magnitude of the changes in all variables (P
> 0.05). Values of ES are presented in Table 4. Additionally, comparisons among
participants who started with the upper limbs exercises (MJ-SJ-U + SJ-MJ-U) vs. those
who started training sessions with the lower limbs exercises (MJ-SJ-L + SJ-MJ-L) are
presented in Supplementary Material 2. No difference between groups was found (P >
0.05).

**INSERT TABLES 2, 3, AND 4 NEAR HERE***

Volume-load at 1 e 12 weeks are presented in Figure 2. All groups progressed
similarly throughout the intervention. The same patterns were observed when volume-

loads of the exercises for upper and lower limbs were analyzed separately.

**INSERT FIGURE 2 NEAR HERE***

Results for the 12-week detraining period are available in Supplementary Materials
3, 4, and 5. For most measures of muscle mass (except for trunk LST) and 1RM tests,
significant reductions were found (P < 0.05). Also, a decline in the performance was found
only in the 30 s chair standing test (P < 0.05). No differences between groups were found
(P > 0.05).

DISCUSSION

The main finding of this study was that all EO investigated promoted similar
increases in muscular strength and muscle mass. Our results indicate that the EO does
not seem to influence the magnitude of neuromuscular adaptations in resistance-trained
older women. Therefore, our initial hypothesis was not confirmed. We expected that
different EOs could generate different adaptations. However, these findings are in
agreement with previous studies in untrained young (NAZARI; AZARBAYJANI,
AZIZBEIGI, 2016) and untrained (TOMELERI et al., 2020b) and trained (DIB et al., 2020)
older women. While these works have already explored MJ-SJ and SJ-MJ Eos
(AZIZBEIGI; AZARBAYJANI; ATASHAK, 2015; NAZARI; AZARBAYJANI; AZIZBEIGI,
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2016; DIB et al., 2020; TOMELERI et al., 2020b), the present study confirms that
prioritizing the upper or lower body does not influence the magnitude of changes in the
selected variables. Also, due to the crossover design, the current study confirms the
results of previous works that showed null or minor differences between MJ-SJ or SJ-MJ
EOs in older women following traditional RT (DIB et al., 2020; TOMELERI et al., 2020b).
Moreover, although upper-body (MJ-SJ-U + SJ-MJ-U) and lower-body (MJ-SJ-L + SJ-MJ-
L) groups were not crossed-over, which would increase the power of the analyses, the
final sample sizes of upper vs. lower groups (Table 4) were large (n = 48), adding support
to the non-significant results and trivial effect sizes for the differences between groups (ES
= 0.00-0.15).

It was expected that EO would significantly influence strength gains, which was not
the case here. Increases in strength during chronic RT follow the SAID principle (specific
adaptations to impose demand) and are highly related to the load used during acute RT
sessions (SCHOENFELD; OGBORN; KRIEGER, 2017a; NUNES et al., 2019, 2021a).
The similar results in strength gains among EO groups may be related to the lack of
difference in acute training loads (NUNES et al., 2019). That is, EO-induced fatigue could
result in reduced levels of motor unit recruitment, hence lowering the capacity to move
large loads and maintain higher volume loads (RIBEIRO et al., 2019). For example, local
fatigue induced by the triceps extension exercise could result in lower performance on the
chest press exercise for groups that performed SJ-MJ EOs, resulting in fewer strength
gains compared to MJ-SJ groups (BRANDAO et al., 2020; NUNES et al., 2021a). This
pattern, however, was not observed in the current study, even for other pairs of exercises
that could have been influenced, such as preacher curl followed by seated row or leg
extension followed by leg-press. It was also expected to be differences between upper-
and lower-body prioritization groups. For example, the non-local fatigue, i.e., impairments
in non-exercised muscles (HALPERIN; CHAPMAN; BEHM, 2015), induced by lower-body
exercises could result in lower performance on upper-body exercises for EO groups that
performed lower-body for first, thus producing reduced strength gains compared to upper-
body groups (SARAIVA et al., 2014; NUNES et al., 2021a). This effect was not observed
in the present study. At this point, it is essential to note that the results of EO in the present
study are restricted to the exercises included in the current protocol. Future studies may
consider whether performing different exercises or greater exercise volume per trained

muscle group would influence the results and manifest the existence of an EO effect.
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The lack of influence of EO on 1RM tests and measures of muscle hypertrophy in
women (AZIZBEIGI; AZARBAYJANI; ATASHAK, 2015; NAZARI; AZARBAYJANI;
AZIZBEIGI, 2016; CARDOZO et al., 2019; DIB et al., 2020; TOMELERI et al., 2020b), in
contrast to the significant effects observed in men in previous works (NUNES et al.,
2021a), suggests that the EO effect may be sex-dependent, although more studies are
warranted. Given that women are more fatigue-tolerant than men (GRGIC;
SCHOENFELD, 2019) and that the EO effect seems to be dependent on fatigue presence
throughout the exercises (NUNES et al., 2019, 2021a), the participants could not be
acutely fatigued during training sessions to the point of decreasing the performance in the
latter exercises of an EO. Nonetheless, even if some degree of fatigue was present
throughout the exercises, this did not seem to primarily affect the chronic responses to
traditional RT in this population (PINA et al., 2013; NUNES et al., 2019; DIB et al., 2020;
TOMELERI et al., 2020b). Indeed, Nunes et al. (2019) found no difference in volume-load
among MJ-SJ-U, SJ-MJ-U, MJ-SJ-L, and SJ-MJ-L EOs following acute sessions of RT
(3x8-12RM). In addition, Dib et al. (2020) noted no difference in accumulated volume-load
between MJ-SJ-U and SJ-MJ-U conditions (3x15/10/5RM) following a 12-week RT
intervention. Conversely, Tomeleri et al. (2020b) showed advantages for MJ-SJ-U
compared to SJ-MJ-U on volume-load in some exercises (3x10-15RM), and this offered
small benefits on gains in 1RM and LST after 12 weeks of RT. Perhaps the reason why
Tomeleri et al. (2020b) found an influence of EO on training volume while others, including
the present study, did not, might be because they used higher repetitions sets, which can
produce greater fatigue (STUART et al., 2018). The similar training volumes might be
translated into similar gains in strength, mass, and functionality. This is especially valid for
changes in LST, given that hypertrophy is highly influenced by training volume
(SCHOENFELD; OGBORN; KRIEGER, 2017b; LONGO et al., 2020) .

Literature indicates that RT can induce transfer effects where lower limb exercises
on gym machines produce increased maximum strength and improve other lower-limb
motor tasks such as walking agility and sit-to-stand performance(SUCHOMEL et al., 2018;
FRAGALA et al., 2019). Since the EO did not influence strength and mass gains in the
current study, it would be plausible that it did not affect the functional measures either,
given the relationship between these outcomes (BRIAN C., CLARK E MANINI, 2010;
SANTOS et al.,, 2017). The small pre-to-post-training effect sizes observed for the
functional measures might have hampered any possible influence of EO. This lack of

effect may be due to the high fitness level of the participants at baseline. That is, a ceiling
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effect may have been reached for performance in walking and sit-to-stand tasks for most
participants. Indeed, based on the maximum strength tests, the current sample presented
high conditioning level compared to the previous works (DIB et al., 2020; TOMELERI et
al., 2020b). It is important to note that EO did not influence responses in physically
independent older women with different training status (DIB et al., 2020; TOMELERI et
al., 2020). Whether EO would affect older individuals with a certain degree of frailty still
needs to be tested. On the other hand, greater changes could occur if the training program
included specific functional motor tasks required in the functional tests (FRAGALA et al.,
2019).

The present investigation has some issues to be addressed. First, although DXA
is well established as a valid instrument to assess the effects of RT on muscle hypertrophy
(BUCKINX et al., 2018; HAUN et al., 2019), the use of site-specific imaging techniques
(e.g., ultrasound or MRI) could contribute to the exploration of the effects of EO on
specifically trained muscles and muscle regions separately, especially given that different
exercises and/or EO may influence region-specific muscle hypertrophy (HAUN et al.,
2019; BRANDAO et al., 2020; NUNES et al., 2021a). Moreover, participants in the current
study presented a low protein intake which might have influenced the magnitude of the
adaptations (MORTON et al., 2017; NABUCO et al., 2019). Future studies may consider
providing standard doses of protein supplementation to participants.

Conversely, some positive points of the present investigation deserve to be
highlighted. The long duration of the study, with a pre-conditioning phase (to adapt the
subjects to RT), and a crossover design (to minimize the influence of inter-individual
differences on the comparisons), strengthen the application of the results. The large
sample size provided excellent power for the analyzes. The presence of Physical
Education professionals to follow participants during the sessions closely, in a 2:1 ratio,

helped guarantee the safety and high compliance to the training program.

CONCLUSION

Our results suggest that the EO does not influence muscular strength, muscle
mass, and functional fithess responses in trained older women following 12 weeks of RT.
Therefore, EO does not seem to play a significant role in the magnitude of the responses
to RT in this population. This lack of EO effect in adaptations allows for more options in
choosing the EO during RT sessions. Trainers, exercise professionals, and researchers

can be flexible in the prescription of EO for older women, allowing practitioners to choose
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the EO suited to their preference. Training based on preferences may help ensure

adherence to RT programs, making it possible to obtain better long-term results.
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Figure 1. Experimental design of the study. MJ-SJ-U = multi- to single-joint, upper- to lower-body
order. SJ-MJ-U = single- to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint,
lower- to upper-body order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. RT =

resistance training.
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Figure 2. Volume-load values at weeks 1 and 12 of the training program. Data are expressed as mean +
standard deviation. MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U = single- to multi-
joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-body order. SJ-MJ-L =
single- to multi-joint, lower- to upper-body order. No difference was found between groups. *P < 0.05 vs.

Week 1.



Table 1. General characteristics of the four training groups at baseline of the study.
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MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L b

(n=24) (n=24) (n=24) (n=24)
Age (years) 69+6 68+5 68+ 6 69+6 0.98
Body mass (kg) 67.8+13.7 68.4+12.9 67.4+125 679+126 0.99
Stature (cm) 154.3+5.9 155.2+6.2 1554 +6.3 155.2+6.8 0.83
Body mass index (kg.m?)  28.4+4.9 28.2+45 28.0+39 28.0+£39 0.98
Medical history
Type 2 diabetes (%) 20.0 20.0 35.0 25.0 0.69
Hypertension (%) 25.0 23.7 27.6 23.7 0.73
Dyslipidemia (%) 26.5 24.5 28.6 20.4 0.64
Hypoglycemic (%) 26.3 211 211 31.6 0.90
Antihypertensive (%) 24.6 21.7 29.0 24.6 0.59
Statins (%) 28.8 23.1 26.9 21.2 0.57

Note: Data are expressed as mean + standard deviation, or percentages (%). MJ-SJ-U = multi-

to single-joint, upper- to lower-body order. SJ-MJ-U = single- to multi-joint, upper- to lower-body

order. MJ-SJ-L = multi- to single-joint, lower- to upper-body order. SJ-MJ-L = single- to multi-joint,

lower- to upper-body order.
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Table 2. Raw pre-and post-training values and adjusted mean changes for the measures of
muscular strength and muscle mass according to the different exercise order conditions.

Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L P
(n=24) (n=24) (n=24) (n=24)

Total strength (kg)

Pre 146.7+27.4  1429+27.6 147.1+304  148.3+29.7

Post 157.2+26.4* 157.0+28.3* 158.8+35.1* 156.2+33.1*

Adjusted mean change 10.6 (5.3-15.9) 13.9 (8.8-19.0) 11.7 (6.5-17) 8.0(3.0-13.0) 0.43

Chest press 1RM (kg)

Pre 59.2 +12.7 56.2+11.2 58.3+11.9 58.2+124

Post 65.1 + 12.8* 63.1+11.3* 65.3 + 15.3* 62.4 + 14.2*

Adjusted mean change 6.0(3.1-88) 6.7(4.094) 7.0(4.399) 42(1.6-6.9 0.48

Leg extension 1RM (kg)

Pre 59.5+ 14.3 59.3+13.9 61.2+16.9 62.0 + 16.8

Post 62.6 + 13.9* 64.3+17.1* 64.0 + 18.6* 64.7 + 17.2*

Adjusted mean change 2.9(0.2-5.6) 4.9(23-7.5 29(0.3-5.6) 2.7(0.2-5.2) 0.10

Preacher curl 1RM (kg)

Pre 28.0+3.9 28.0+4.2 27.7+4.3 28.1+4.2

Post 29.6 £ 4.4* 29.4 + 4.0* 29.5+5.1* 30.0 +4.5*

Adjusted mean change 1.6 (0.6-2.6) 1.3(04-2.3) 1.8(0.8-2.8) 2.0(1.0-29) 0.10

Total LST (kg)

Pre 355+45 35.8+4.8 35.1+5.1 35.6+5.3

Post 36.4 +5.1* 36.6 + 4.5* 35.9+5.1* 36.7 +5.1*

Adjusted mean change  1.0(0.1-24) 1.6(0.3-3.0) 05(0.1-19) 1.2(0.1-2.6) 0.80

Upper limbs LST (kg)

Pre 41+0.6 42 +0.6 41+0.8 41+0.7

Post 4.4 +£0.7* 45+0.7* 43+0.7* 43+0.7*

Adjusted mean change  0.3(0.1-0.4) 0.3(0.2-04) 0.2(0.1-04) 0.2(0.1-0.4) 0.89

Lower limbs LST (kg)

Pre 124 +1.7 125+1.9 124+22 126121

Post 12.8 +2.0* 13.0+1.8* 12.8+2.1* 13.1+2.2*

Adjusted mean change  0.5(0.2-0.7) 0.5(0.3-0.7) 0.4(0.2-0.6) 0.5(0.3-0.7) 0.86

Trunk LST (kg)

Pre 19.0+24 19.0+25 18.6+24 189+27

Post 19.2+27 19.1+23 18.8+27 19.3+25

Adjusted mean change 0.2 (-0.1-0.6) 0.1 (-0.2-0.5) 0.2 (-0.2-0.5) 0.4 (-0.1-0.7) 0.53

Note: Data are expressed as mean + standard deviation or mean (lower — upper bounds of 95%
confidence interval). MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U = single-
to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-body
order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. 1RM = one-repetition maximum.
LST = lean soft tissue. P-values refer to groups’ comparisons from ANCOVA. *P < 0.05 vs. Pre.
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Table 3. Raw pre-and post-training values and adjusted mean changes for the measures of

functional fitness according to the different exercise order conditions.

_ MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L
Variables
(n=24) (n=24) (n=24) (n=24)
4.6 m walking test (s)
Pre 3.23+0.46 3.34+0.59 3.32+0.44 3.31+0.36
Post 3.22+0.50 3.37+0.52 3.29+0.38 3.36+£0.36

Adjusted mean change -0.02 (-0.1-0.1) 0.05 (-0.1-0.1) -0.05(-0.1-0.1) 0.05(-0.1-0.1) 0.58
Agility test (s)

Pre 6.39+1.23 6.41+1.03 6.47 +0.89 6.43 +0.98

Post 6.28 +1.05 6.18 +£0.90 6.25+0.75 6.24 +0.77
Adjusted mean change -0.09 (-0.3-0.1) -0.16 (-0.4-0.1) -0.17 (-0.4-0.1) -0.17 (-0.4-0.1) 0.95
30s chair standing (reps)

Pre 13+2 13+2 13+2 13+2

Post 14 + 3* 14 + 2* 14+2 14+2

Adjusted mean change 0.8 (0.1-1.4) 0.8(0.2-15 0.6(-0.1-1.3) 0.4 (-0.3-1.0) 0.74

Note: MJ-SJ-U = group that performed the exercises in a multi- to single-joint, upper- to lower-
body order. SJ-MJ-U = group that performed the exercises in a single- to multi-joint, upper- to
lower-body order. MJ-SJ-L = group that performed the exercises in a multi- to single-joint, lower-
to upper-body order. SJ-MJ-L = group that performed the exercises in a single- to multi-joint, lower-
to upper-body order. Data are expressed as mean + standard deviation, or mean (lower—upper

bounds of 95% confidence interval). *P < 0.05 vs. Pre.
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Table 4. Effect size values for the measures of muscular strength, muscle mass, and functional

fitness according to the different exercise order conditions.

Additional
Variables MJ-SJ-U  SJ-MJ-U MJI-SJ-L  SI-MJ-L comparisons
(n=24) (n=24) (n=24) (n=24) Upper Lower
(n=48) (n=48)
Total strength 0.36 0.49 041 0.27 0.43 0.34
Chest press 1RM 0.49 0.57 0.58 0.35 0.53 0.46
Leg extension 1RM 0.20 0.32 0.18 0.17 0.26 0.18
Preacher curl 1RM 0.39 0.34 0.43 0.46 0.36 0.45
Total LST 0.18 0.16 0.16 0.22 0.17 0.19
Upper limbs LST 0.44 0.44 0.30 0.30 0.44 0.30
Lower limbs LST 0.20 0.25 0.20 0.25 0.23 0.23
Trunk LST 0.08 0.04 0.08 0.16 0.06 0.12
4.6m walking test -0.02 0.06 -0.06 0.11 0.02 0.02
Agility test -0.11 -0.22 -0.21 -0.18 -0.16 -0.20
30s chair standing 0.28 0.29 0.25 0.18 0.29 0.22

Note: MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U = single- to multi-
joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-body order. SJ-
MJ-L = single- to multi-joint, lower- to upper-body order. 1RM = one-repetition maximum. LST =
lean soft tissue. Upper = mean between MJ-SJ-U and SJ-MJ-U. Lower = mean between MJ-S-L
and SJ-MJ-L.
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Supplementary material 1. Energy and macronutrients intake of older women during the study

period according to groups.

Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L 5
(n=24) (n=24) (n=24) (n=24)

Energy (kcal’kg/d)

Pre 26.1+4.7 248+5.4 26.8+6.1 25.9+6.3

Post 256+6.1 245+55 243+5.6 25.7+6.8 0.40

Protein (g/kg/d)

Pre 11+0.1 1.0+0.3 1.0+0.2 1.0+0.2

Post 1.0+0.2 1.0+0.2 09+0.2 1.0+0.2 0.66

Carbohydrate (g/kg/d)

Pre 3.4+£0.7 34107 3.4+0.9 34+09

Post 3.4+0.9 3.3+09 3.0+£0.9 3.3+0.8 0.16

Lipid (g/kg/d)

Pre 0.8+0.2 0.8+0.2 09+0.2 0.8+0.2

Post 0.8+0.2 1.0+0.3 0.8+0.3 0.8+0.3 0.16

Note: Data are expressed as mean * standard deviation. MJ-SJ-U = multi- to single-joint, upper- to
lower-body order. SJ-MJ-U = single- to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to
single-joint, lower- to upper-body order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order.
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Supplementary material 2. Results of the muscle mass and muscular strength at pre-and post-

training for the Upper vs. Lower additional analyzes.

Upper

Lower

Variables (n = 48) (n = 48) P
Total strength (kg)

Pre 1448 +27.4 147.7 £29.8

Post 157.1 + 27.2* 157.4 + 33.8* 0.34
A% +8.5 +6.6

Chest press 1RM (kg)

Pre 57.7+12.0 58.2+12.1

Post 64.0 + 12.0* 63.8 + 14.7* 0.58
A% +11.0 +9.5

Leg extension 1RM (kg)

Pre 59.4 +14.0 61.4 +16.8

Post 63.4 + 15.5* 64.2 + 18.2* 0.16
A% +6.7 +4.6

Preacher curl 1RM (kg)

Pre 28.0+4.0 27942

Post 29.5+4.2* 29.8 + 4.8* 0.41
A% +5.1 +6.7

Total LST (kg)

Pre 355145 351+51

Post 36.4 +5.1* 359+5.1* 0.80
A% +2.4 +2.1

Upper limbs LST (kg)

Pre 42+0.6 41+£0.7

Post 4.4 +£0.7* 43+0.7* 0.45
A% +6.2 +5.6

Lower limbs LST (kg)

Pre 124 +1.7 124+22

Post 12.8 £ 2.0* 12.8+2.1* 0.86
A% +3.2 +3.0

Trunk LST (kg)

Pre 19.0+24 18.8+2.6

Post 19.1+25 19.0+2.6 0.46
A% +0.7 +14

Notes: Data are expressed as mean * standard deviation. 1RM = one-repetition maximum. LST

= lean soft tissue. P-values refer to groups’ comparisons from ANCOVA. *P < 0.05 vs. Pre. Upper

= mean between MJ-SJ-U and SJ-MJ-U. Lower = mean between MJ-S-L and SJ-MJ-L.
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ABSTRACT

Introduction: Resistance training (RT) may improve mental health and cardiovascular
parameters. However, little is known about the response of RT variables on these
outcomes, notably the influence of exercise order. Aim: To compare the effect of four
exercises orders on cardiovascular risk, mental health, and cognitive performance in
trained older women. Methods: Physically independent women (> 60 years) completed a
12-week RT pre-conditioning phase (eight exercises, 3 X 10-15 repetitions, 3x/week).
Before this period, the participants were randomized to four different exercise orders
groups to 12-week RT (eight exercises, 3 X 8-12 repetitions, 3x/week), 12-week
detraining, and 12-week RT in a cross-over design. The exercise orders were the
following: multi- to single-joint and upper- to lower-body (MJ-SJ-U, n = 24); single- to multi-
joint and upper- to lower-body (SJ-MJ-U, n = 24); multi- to single-joint and lower- to upper-
body (MJ-SJ-L, n = 24); and single- to multi-joint and lower- to upper-body (SJ-MJ-L, n =
24). The co-primary outcomes were cardiovascular risk factors (body fat, glucose,
triglycerides, total cholesterol, LDL-c, HDL-c, C-reactive protein, BDNF, AOPP, TRAP,
and NOx), depressive (GDS-scale) and anxiety symptoms (BAIl), and cognitive
performance (MoCA, Trail Making tests, verbal fluency, and Stroop test). Results: A main
effect of time (P < 0.05) revealed reductions in the body fat (total, android, and gynoid),
glucose, glycated hemoglobin, total cholesterol, C-reactive protein, BDNF, AOPP, and
NOx. Also, improvements were found (P < 0.05) in the cognitive performance (MoCA,
semantic, and phonetic verbal fluency) and mental health (BAI). There was no difference
between the magnitudes of adaptations between groups (P > 0.05). Conclusion: Our
results suggest that RT can improve cardiovascular risk, mental health, and cognitive

performance regardless of the exercise order in trained older women.

Keywords: aging; strength training; cognition; metabolic biomarkers; body fat.



62

INTRODUCTION

Resistance training (RT) is an exercise type that plays an essential role in
counteracting the negative health consequences of the aging process (FRAGALA et al.,
2019), especially for post-menopause women (MALTAIS; DESROCHES; DIONNE, 2009;
ZAMBONI et al., 2014). This includes improving muscle and brain morphofunctionalities
(FRAGALA et al., 2019b; HEROLD et al., 2019b), improving cardiometabolic and
neurotrophic blood biomarkers (MARSTON et al., 2019; ASHTON et al., 2020), reducing
body fat (CUNHA et al., 2021a), and attenuating the burden of aging-induced mental and
cognitive disorders, such as depression, anxiety, mild cognitive impairment, and dementia
(LIU-AMBROSE; DONALDSON, 2009; LANDRIGAN et al., 2020).

In this regard, the biological adaptations induced by RT appear to depend on
manipulating variables that compose the training prescription (ACSM, 2009a). The impact
of training variables, such as the training volume (PADILHA et al., 2015; NUNES et al.,
2016; CUNHA et al., 2021a), intensity (FORTI et al., 2016), and exercise order [EOQ] (DIB
et al., 2020), has been studied in older adults. Specifically, the EO is an essential element
to consider on training prescription because it can acutely influence both volume and
training intensity, affecting the chronic adaptations (RIBEIRO et al., 2019; NUNES et al.,
2021a). The American College of Sports Medicine recommends performing multi-joint
(MJ) exercises that involve larger muscle groups firstly, followed by the single-joint (SJ)
exercises and smaller muscle groups (ACSM, 2009a). This guidance, however, was
based on acute studies that observed that greater training loads and volume-loads were
carried out during training sessions that employed an MJ-to-SJ EO (SFORZO; TOUEY,
1996; SPREUWENBERG et al., 2006; SIMAO et al., 2007). In a recent meta-analytic
review of longitudinal studies, Nunes et al. (2021a) reported that EO influenced the
maximum strength gains but not the muscle hypertrophy.

Although there is some evidence that EO may influence muscular adaptations, little
is known about the impact of this variable on other outcomes highly prevalent in older age,
such as cardiovascular risk and mental health. Recent works suggest that the higher
training volume (multiple-sets vs. single-set) can improve body fat and glycemic-lipidemic
profiles (NUNES et al., 2016; CUNHA et al., 2021a). Thus, it remains to be explored
whether the effects of EO on training volume could result in better cardiometabolic
adaptations. Therefore, given that a higher volume is associated with more pronounced
reductions in inflammation (SARDELI et al., 2018) and that this process is a crucial

mechanism to lowering anxiety and depressive symptoms (KOHLER et al., 2017) and
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improving cognition (KANDOLA et al., 2018), it seems plausible to hypothesize that an
EO allowing a higher training volume would lead to more pronounced changes in mental
health-related outcomes.

Furthermore, changes in the EO can also influence the ratings of perceived
exertion, which is crucial for exercise adherence among people with some depressive and
anxiety symptoms (FIRTH et al., 2016; NUNES et al., 2019). Additionally, previous studies
have not accounted for the inter-subject variability in responses to RT (SARAIVA et al.,
2014; CARDOZO et al., 2019; TOMELERI et al., 2020b; DIB et al., 2020), i.e., some older
women benefit more than other (NUNES et al., 2021b). In this sense, the crossover study
design has been proposed to consider such variability since all participants experience
the different intervention groups.

The purpose of this study was to compare the effects of four EOs that prioritized
MJ or SJ exercises for the upper or lower body on body fat, blood biomarkers, cognitive
function, depressive and anxiety symptoms in trained older women in a randomized
crossover trial. EOs were the following: multi- to single-joint and upper- to lower-body (MJ-
SJ-U), single- to multi-joint and upper- to lower-body (SJ-MJ-U), multi- to single-joint and
lower- to upper-body (MJ-SJ-L), and single- to multi-joint and lower- to upper-body (SJ-
MJ-L). We hypothesized that the MJ-SJ-L and SJ-MJ-L order would elicit greater
improvements in those outcomes because this EO would allow for a higher RT volume

load.

METHODS

Study overview: setting, recruitment, and protocol

This crossover randomized clinical trial is part of the “Active Aging Longitudinal
Study” research project, initiated in 2012 to analyze the effects of supervised, structured,
and progressive RT programs on neuromuscular, morphological, physiological, metabolic,
cognitive, and behavioral outcomes in older women. The present investigation was carried
out over 63 weeks, divided into 4 phases (preconditioning, phase 1, detraining, phase 2).
Weeks 1-3, 16-18, 31-33, 4648, and 61-63 were used for measurements, testing, and
evaluations. In weeks 4-15, participants underwent a 12-week preconditioning phase,
where they all received the same training. Thereafter, at weeks 19-30, phase 1,
participants were randomly assigned to four groups to perform a 12-week RT program
according to the respective OEs (MJ-SJ-U, SJ-MJ-U, MJ-SJ-L, and SJ-MJ-L). Then,
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participants underwent 12 weeks of detraining (weeks 34-45), in which they were asked
not to engage in any physical exercise during this period. Finally, in weeks 49-60, phase
2, a crossover between the MJ-SJ and SJ-MJ conditions was carried out, as follow:
participants who had performed MJ-SJ-U in phase 1 then performed SJ-MJ-U; those who
had completed SJ-MJ-U then performed MJ-SJ-U; those who had performed MJ-SJ-L
then performed SJ-MJ-L, and those who had performed SJ-MJ-L then performed MJ-SJ-
L. The present study was conducted according to the Declaration of Helsinki and was
approved by the local University Ethics Committee.

Participants: recruitment, screening, and eligibility

Recruitment was undertaken through advertising social media (Whatsapp,
Facebook, and Instagram). Participants signed informed consent after understanding the
detailed description of the study procedures. Potential participants were then screened for
eligibility completed detailed health history questionnaires and were subsequently
admitted to the study if they met the following inclusion criteria: women aged > 60 years
old; physically independent; not having cardiac, orthopedic, or musculoskeletal
dysfunction that could impede physical exercise; not having uncontrolled diabetes mellitus
or hypertension; not receiving hormonal replacement therapy, and not being involved in
the practice of regular physical activity performed more than once a week over the last
five months before the start of the study. Selected volunteers were evaluated by a
cardiologist (resting 12-lead electrocardiogram test, personal interview, and treadmill
stress test when deemed necessary) to ensure they were safe to take part and were
released with no exclusions to exercise practice.

Eighty-four volunteers were interviewed, and only the 72 selected initiated the
preconditioning phase. During the preconditioning phase, 11 participants dropped out of
the study. Then, a blind researcher was responsible for randomizing, through the
random.org website, the 61 participants in one of the four RT groups according to the OEs.
During phase 1, 5 participants dropped out of the study (SJ-MJ-U =5). After the detraining
period, 56 participants returned to initiate phase 2 (i.e., no dropouts). During phase 2, 8
participants dropped out of the study (SJ-MJ-U = 2; SJ-MJ-L = 4; MJ-SJ-L = 2). The
reasons reported for leaving the study were lack of time (n = 6), lack of motivation (n = 1),
transport issues (n = 1), emergency surgeries not related to training (n = 2), the need to
take care of family members (n = 3), and other personal reasons (n = 11). According to

the crossover design, the final sample consisted of 24 subjects per group. This sample
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size is considered satisfactory to achieve significance with a moderate effect size (effect
size =0.34, power = 0.8; alpha = 0.05; time = 2; groups = 4; G*Power v. 3.1.9.7, Germany).
A flowchart of the experimental design of the present work is displayed in Figure 1.

**INSERT FIGURE 1 NEAR HERE***

Co-primary outcomes: (1) Cardiovascular risk factors, (2) cognitive function, and (3)
depressive and anxiety symptoms.

Cardiovascular risk factors

Six-minute walking test (6MWT)

Estimated aerobic capacity was measured using a 6-min walking test (6MWT).
Each participant was instructed to walk as far as possible, without running, around a
rectangular path (4.6 x 18.4 m, total perimeter: 46.0 m) marked with ribbons and cones on
the floor for six minutes. An appraiser timed the test time, counted the number of laps, as
well as calculated the total distance covered, with an accuracy of one meter (ENRIGHT,
2003). A longer distance achieved in 6MWT indicates a better aerobic capacity
(ENRIGHT, 2003).

Body fat

Whole-body body fat, trunk fat, gynoid, and android fat measurements were carried
out using a dual-energy X-ray absorptiometry scan from Lunar Prodigy equipment, model
NRL 419900 (GE Lunar, Madison, WI, USA). Calibration of the equipment followed the
manufacturer’s recommendations, and both calibration and analysis were performed by a
laboratory technician with experience in this type of evaluation. Subjects were submitted
to the examinations wearing light clothes, barefoot, and without any metallic object or any
other accessory items on their body. Those surveyed lay flat on the scanning table until
the finalization of the measure. Individual scans were evaluated for lean and soft tissues
for the whole body and specific regions (trunk and upper and lower limbs). The limbs were
separated from the trunk and head by standard lines generated by the software of the
equipment. The technician adjusted the demarcation lines through specific anatomical

points, as denoted in the equipment manual (from 1:00 to 4:00 p.m).
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Blood biomarkers

The blood sample (venous) was collected in a tube containing a dipotassium
ethylenediaminetetraacetic acid (12 ml, vacuum-sealed system; Vacutainer, England)
between 7:00 and 9:00 a.m., after an overnight fast of at least 12 h. Participants rested in
a seated position for at least five minutes before withdrawing 5 ml of blood from a
prominent superficial vein in the antecubital space. All samples were centrifuged at 3000
rpm for 15 min, and plasma or serum aliquots were stored at -80° C until assayed. Inter-
and intra-assay coefficients of variation were < 10%. Measurements of serum levels of
high-sensitivity C-reactive protein, glucose, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-c), and triglycerides (TG) were determined by standard methods in a
specialized laboratory at University Hospital. The low-density lipoprotein cholesterol (LDL-
c) was calculated using the following equation (FRIEDEWALD; LEVY; FREDRICKSON,
1972): LDL-c = TC — (HDL-c + TG/5). The analyses were performed using a biochemical
auto-analyzer system Dimension RxL Max (Siemens Healthcare Diagnostics, Malvern,
PA, USA) according to established methods in the literature consistent with the
manufacturer's protocol. BDNF (serum) was determined by enzyme-linked
immunosorbent assay (ELISA), according to the specifications of the manufacturer (R&D
Systems, Minneapolis, MN, USA). Advanced oxidation protein products (AOPP) were
determined in the plasma using a semiautomatic method described by Witko-Sarsat et al.
(1996). The total radical-trapping antioxidant parameter (TRAP) was determined, as
reported by Repetto et al. (1996). This method detects hydrosoluble and/or liposoluble
plasma antioxidants by measuring the chemiluminescence inhibition time induced by 2,2-
azobis (2-amidinopropane). The system was calibrated with the vitamin E analog Trolox®.
Serum nitric oxide metabolites (NOx) concentrations were assessed by nitrite (NO2-) and
nitrate (NO3-) concentration according to the Griess reaction, supplemented by the
reduction of nitrate to nitrite with cadmium (GUEVARA et al., 1998).

Cognitive function

Montreal Cognitive Assessment (MoCA)

The Brazilian version of the MoCA was used to analyze the global cognitive
function. The MoCA is a screening tool composed of 12 tasks, individually punctuated,
which are grouped into eight different cognitive domains, and the total score ranges from

0 to 30 (higher values reflecting better cognition). Cognitive domains and their respective
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punctuation are Short-term memory (delayed recall, 5 points); visuospatial abilities (cube
drawing, 1 point, clock drawing, 3 points); executive function (trail making test, 1 point;
phonemic verbal fluency, 1 point; verbal abstraction, 2 points); attention, concentration
and, working memory (cancelation, 1 point; subtraction, 3 points; digit span, 2 points);
language (naming, 3 points; sentence repetition, 2 points); and orientation to time (3
points) and space 3 points). MoCA psychometric proprieties indicate a high sensitivity
(81%) and specificity (77%) for detecting mild cognitive impairment (MCI) states in
Brazilian older individuals (using cut-off points < 26 points) (NASREDDINE et al., 2005).

Set-Shifting

The Trail Making Tests parts A and B were used to assess set-shifting (REITAN,
1958). Part A assesses the psychomotor speed and requires the participant to draw lines
that connect encircled numbers sequentially, such as drawing a line from 1to 2, 2to 3, 3
to 4, and so on. Part B consists of encircled numbers and letters. Participants were
instructed to draw a line as quickly and accurately as possible from 1 to A, Ato 2, 2 to B,
B to 3, and so on, until they completed the task. Time (in seconds) were recorded, they
took to complete each task. Difference were calculated between part B and part A
completion times to index set-shifting. Smaller difference scores indicate better-set

shifting.

Stroop Test

A computerized version of the Stroop color-word test (Testinpacs®) (CORDOVA
et al., 2008), with the monitor screen in front of the volunteer at 90 cm distance, was
applied to evaluate the executive functions, mainly inhibitory control. Responses for a set
of tasks were given as fast as possible through two directional buttons on the keyboard.
The Stroop effect is based on task situations in which color names are written in different
color fonts. The individual should inhibit the meaning of the word and choose the correct
answer corresponding to the color in which the word is written (SCHACK et al., 1999).
Before performing the test, participants received verbal instructions as well as were
familiarized with the test.

The Stroop test version used in the present study consisted of 36 tasks. In every
trial, one cue appeared at the top part of the screen, and at the bottom, two response
options, one matched and one mismatched. Participants had to press the directional

button (< or >) corresponding to the position of the correct response as quickly and
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accurately as possible. The test consisted of three stages with 12 trials each: (I —
congruent) an inked rectangle (green, black, red, or blue) appeared, and participants had
to choose the response corresponding to the ink name; (Il — neutral) a color name (green,
black, red or blue) appeared in white ink and participants had to choose the option
corresponding to the color name; (lll — incongruent) a color name appeared at the top of
the screen in a different ink color (e.g., the word black in green ink), and the participants
had to respond to the ink color, not the color name (e.g., green in this example). Each
stimulus remained on the screen until the participant entered a response. The trials were
randomized within each phase. The software registered the response time (RT) and
accuracy, which were used for the analysis. The Stroop effect or interference (i.e., ability
to inhibit irrelevant stimulus) was calculated as the difference in RT between the third and
the second phase. Shorter time differences indicate better selective attention and conflict

resolution.

Verbal Fluency Tasks

Participants were asked to say as many words as possible within 60 s. On the first
trial, participants had to produce words starting with the letter “F” (letter fluency) and to
make the name of animals (category fluency). The final score refers to the number of
words correctly spoken out in 60 s (ESTEVES et al., 2015).

Depression and anxiety symptoms

The levels of depressive and anxiety symptoms were assessed using two self-
administered questionnaires: the 15-item Geriatric Depression Scale (GDS-15)
(YESAVAGE et al., 1982) and the Beck Anxiety Inventory (BAI), respectively (BECK et
al., 1988). The GDS-15 comprises 15 dichotomic items (yes or not) concerning different
characteristics of geriatric depression as cognitive decline and somatic symptoms, with
the final score ranging from O to 15. The BAI comprises 21 items (statements) about
different anxiety symptoms with a 4-point Likert scale, with the final score ranging from 0
to 63.

Secondary outcomes: (1) Anthropometry, (2) dietary intake and (3) volume-load.
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Anthropometry

Body mass was measured to the nearest 0.1 kg using a calibrated electronic scale
Balmak (Laboratory Equipment Labstore, Curitiba, PR, Brazil). Height was measured with
a stadiometer attached to scale to the nearest 0.1 cm. All participants wore light workout
clothing and no shoes during the measurements. Body mass index (BMI) was calculated

as body mass in kilograms divided by the square of height in meters.

Dietary intake

Food consumption was assessed by the 24 h of dietary recall method to analyze
the subjects' habitual intake throughout the study. Assessments were realized on two non-
consecutive days of the week. During the initial interview, a photographic manual of food
portion size was presented by experienced nutritionists to improve the quality of food
intake reports. The homemade measurements of the nutritional values of food and
supplementation were converted into grams and milliliters by the online software Virtual
Nutri Plus (Keeple®, Rio de Janeiro, RJ, Brazil) for diet analysis. Some foods were not
found in the program database, and, therefore, several items were added from food tables.

Volume-load

The loads and the number of repetitions performed during every RT session were
recorded during each set of the eight exercises. With this, the volume-load was calculated
by the exercise’s load multiplied by the total number of repetitions in all sets: volume-load
= load (kg) x sets (no.) x repetitions (no.) (CUNHA et al., 2020).

Resistance training program

In the 12-week pre-conditioning phase, all participants underwent a standard RT
protocol, which was based on recommendations to improve muscular endurance and
strength in older adults (ACSM, 2009b; FRAGALA et al., 2019). The training was carried
out three days a week (Mondays, Wednesdays, and Fridays) in the morning hours (8:00-
10:00 a.m.) at the University fitness facility. The training program was comprised of eight
exercises for the whole body in an EO alternating between upper and lower body
exercises, with each performed in 3 sets of 10-15 repetitions using free-weights and pin-
loaded machines (Ipiranga Fitness, Presidente Prudente, SP, Brazil). Participants were
instructed to inhale during the eccentric phase and exhale during the concentric phase

while maintaining a constant movement velocity at a ratio of approximately 1:2 s
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(concentric and eccentric muscle actions, respectively). Rest intervals were one to two
minutes between sets and two to three minutes between exercises. Training load was
increased weekly by 2-5% for upper-limb exercises and 5-10% for the lower-limb
exercises, according to the number of repetitions performed during each training session
to ensure that participants maintained ideal intensity in the repetition zone (ACSM, 2009a).
Participants were supervised individually throughout each training session by Physical
Education professionals with experience in RT (two professionals per exercise) to
standardize intensity and technique reliability and help ensure safety. Adherence to the
program was satisfactory, with all participants attending a minimum of 85% of the
sessions.

In phases 1 and 2, in which the EOs were compared, RT was similar to the pre-
conditioning RT phase (eight exercises, 3x/week, 12 weeks), differing only for the RM-
target-zone used in the exercises, where an increase in RM-intensity was employed (3
sets of 8-12 repetitions), and the EOs. Participants carried out the following EOs: MJ-SJ-
U = chest press, seated row, triceps pushdown, preacher curl, horizontal leg press, leg
extension, lying leg curl, seated calf raise; SJ-MJ-U = preacher curl, triceps pushdown,
seated row, chest press, seated calf raise, lying leg curl, leg extension, horizontal leg
press; MJ-SJ-L = horizontal leg press, leg extension, lying leg curl, seated calf raise, chest
press, seated row, triceps pushdown, preacher curl; SJ-MJ-L = seated calf raise, lying leg
curl, leg extension, horizontal leg press, preacher curl, triceps pushdown, seated row,
chest press.

Statistical analyses

The Shapiro-Wilk test was used to verify the data distribution. The participants'
general characteristics were compared using the one-way analysis of variance (ANOVA)
and chi-square for continuous and categorical variables, respectively. Analysis of
covariance (ANCOVA) of the raw difference between pre- to post-intervention measures
was employed for comparing changes within- and between groups, with the baseline
values used as a covariate. Interpretation of data was based on 95% confidence intervals
(i.e., when 95% CI of the raw delta did not overlap the 0, there was a significant difference
between baseline scores). Although we presented both ANCOVA-adjusted and
unadjusted data for the primary outcomes, statistically meaningful interpretations were
made with results from ANCOVA. For all analyses was accept a P < 0.05. The data were
stored and analyzed in STATISTICA software v. 10.0 (Statsoft Inc., Tulsa, OK, USA).
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RESULTS

No difference was observed between groups for baseline age (MJ-SJ-U = 69 + 6,
SJ-MJ-U =68 £ 5, MJ-SJ-L =68 + 6, SJ-MJ-L = 69 £ 6 years, P = 0.98), body mass (MJ-
SJ-U =68 + 14, SJ-MJ-U =68 £ 13, MJ-SJ-L = 67 + 13, SJ-MJ-L =68 * 13 kg, P = 0.99),
stature (MJ-SJ-U = 154 + 6, SJ-MJ-U = 155 + 6, MJ-SJ-L =155 + 6, SJ-MJ-L =155 + 7
cm, P =0.83), body mass index (MJ-SJ-U =28 + 5, SJ-MJ-U =28 + 5, MJ-SJ-L =28 £ 4,
SJ-MJ-L = 28 + 4 kg.m, P = 0.98), as well as the groups’ prevalence of type 2 diabetes
(P = 0.69), hypertension (P = 0.73), dyslipidemia (P = 0.64), hypoglycemic (P = 0.90),
intake of antihypertensive medicine (P = 0.59), and statins (P = 0.57).

Co-primary outcomes

Cardiovascular risk factor

The cardiorespiratory fithess represented by 6MWT is shown in Figure 1. All groups
improved their performances after the intervention (P < 0.05). However, no difference was
found between groups (P = 0.84). Table 1 presented the total and relative body fat, trunk
fat, android, and gynoid fat pre-and post-intervention. After the training, all groups showed
significant decreases in total body fat, relative body fat, trunk fat, android, and gynoid fat,
no difference between them (P > 0.05). Results of glycemic and lipid profiles are shown
in Table 2. All groups presented significant healthy effects in glucose, glycated
hemoglobin, LDL-c, and total cholesterol (P < 0.05). Additionally, in Table 3, we showed
results of C-reactive protein, BDNF, and oxidative biomarkers. We observed
improvements in C-reactive protein, BDNF, AOPP, and NOx in all groups (P < 0.05).
However, no changes were found for HDL-c, triglycerides, and TRAP in any group (P >
0.05). No difference between groups was found (P > 0.05).

**INSERT FIGURE 1 NEAR HERE***

**INSERT TABLE 1 NEAR HERE***

**INSERT TABLE 2 NEAR HERE***
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Depressive and anxiety symptoms and cognitive function

The results for cognitive tests, depressive, and anxiety symptoms pre-and post-
intervention are presented in Table 3. All groups demonstrated significant improvements
in MoCA, semantic, and phonetic verbal fluency and BAI. However, no changes were
found for the GDS scale in any group (P > 0.05). No difference between groups was found
(P >0.05).

**INSERT TABLE 3 NEAR HERE***

The results of detraining period for all variables are shown in Supplementary
Materials 1, 2, and 3). Significant effects, in the reverse direction of the training
adaptations, were observed in body fat (absolute, relative, trunk, android, and gynoid),
blood biomarkers (glucose, glycated hemoglobin, total cholesterol, LDL-c, C-reactive
protein, BDNF, and AOPP), and mental health (MoCA, Stroop test, verbal fluency

semantic, phonemic, and BAI). No difference between groups was found (P > 0.05).

Secondary outcomes

No changes were found within- and between groups for macronutrients and energy
intake (time*group interaction P-values = 0.16-0.66). Average values during the
intervention were the following: energy = 25.5 + 5.8 kcal/kg/d; carbohydrate = 3.3 + 0.8
g/kg/d; protein = 1.1 + 0.2 g/kg/d; lipid = 0.8 = 0.2 g/kg/d.

All groups progressed (MJ-SJ-U = 27%; SJ-MJ-U = 26.9%; MJ-SJ-L = 28.6%; SJ-
MJ-L = 24.3%; P = 0.03) and accumulated (MJ-SJ-U = 12524.9 + 2577.5; SJ-MJ-U =
12336.7 = 1685.6; MJ-SJ-L = 12431.6 £ 2553.1; SJ-MJ-L = 11429.5 + 2021.7 ton; P =
0.03) training volume-load similarly throughout the intervention.

DISCUSSION

The main findings of this investigation were that all four RT EO promote (i) a similar
decrease in body fat (absolute, relative, and regional) and increase in 6MWT performance,
(i) comparable changes in metabolic biomarkers (glucose, glycated hemoglobin, LDL-c,
total cholesterol, BDNF, AOPP, and NOx), and (i) improvements in cognitive
performance, anxiety, and depressive symptoms (MoCA, verbal fluency semantic and
phonetic, Stroop test, and BAI). Based on these observations, it can be suggested that

EO does not in itself influence the magnitude of body fat, blood biomarkers, and mental
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health changes in trained older women. Moreover, it seems that simply engaging in the
RT program can achieve these benefits.

Our findings contrast the initial hypothesis postulating that different EO would
influence alterations in health-related parameters due to possible differences in volume
load. Interestingly, our results did not show differences in volume-load among groups.
Given that all four EOs were able to improve the various outcome parameters, our findings
strongly support the assumption that RT is an important strategy to ensure the overall
health of older adults (FRAGALA et al., 2019). To the best of our knowledge, this is the
first study directly comparing the influence of different EO on cardiovascular risk factors
and mental health parameters. In this regard, we did not find significant differences in
volume-load between other EO groups, which could be one reason explaining the
absence of differences in our outcomes between the EO groups. These findings suggest
that an adequate exercise prescription with correct control of training variable is
paramount to achieve cognitive improvements and to characterize the dose of a physical
intervention appropriately (HEROLD et al., 2019b, 2019a).

Concerning body fat (absolute, relative, and regional), we noticed a decrease in alll
training groups after the intervention period, except for the trunk fat. These findings agree
with other studies that observed a reduction in body fat after an RT intervention in older
adults (NUNES et al., 2016; CUNHA et al., 2021a). The volume/intensity produced by RT-
intervention was sufficient to cause higher energy expenditure, which may have triggered
a decrease in body fat. It should be noted that there was no difference in energy and
macronutrient intake throughout the study (controlled by 24 h of dietary recall method),
which suggests that RT induced the reductions in body fat.

Furthermore, our study revealed improvements in several blood biomarkers related
to cardiovascular risk and mental health, such as glucose, glycated hemoglobin, LDL-c,
total cholesterol, C-reactive protein, AOPP, NOx, and BDNF. These results agree with
available studies investigating the effect of RT interventions in older adults (COELHO et
al., 2013; IHALAINEN et al., 2019; CUNHA et al., 2021a). Different and complex biological
mechanisms can explain the effect of RT on different indicators associated with
cardiovascular risk. Firstly, the benefits of RT on cardiovascular outcomes can be related
to the decrease in body fat content and the improvement in cardiorespiratory fitness level
(HOLLINGS et al., 2017). Secondly, also the frequent muscle contractions (due to regular
RT) are important (i) to trigger anti-inflammatory processes, (ii) to increase the glucose
and lipids uptake (e.g., for energy production) (PEDERSEN; FEBBRAIO, 2008), (iii) to
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improve the insulin sensitivity (PHILLIPS; WINETT, 2010), and (iv) to induce adaptations
in the antioxidant system with favorable adjustments to the endogenous antioxidant
system (ALIKHANI; SHEIKHOLESLAMI-VATANI, 2019) which, in turn, can increase the
body’s defense capacity.

The observed increase in serum BDNF concentration is in line with previous
studies investigating the effect of RT on this neurotrophic factor (COELHO et al., 2013;
MARINUS et al., 2019). BDNF plays an essential role in regulating food intake, energy
expenditure, and brain health (MARSTON et al., 2019). Moreover, although no significant
correlation had been observed between body fat and blood biomarkers (data not shown),
it is possible to speculate which changes in these blood biomarkers can be associated
with changes in body fat (CUNHA et al., 2021a).

Furthermore, the results of the present study are in accordance with previous
findings on the RT-induced cognitive improvements in older adults (LIU-AMBROSE et al.,
2010; SMOLAREK et al., 2016; MAVROS et al., 2017). Li et al. (2018) showed in their
systematic review that RT with different types of volume and intensity had a significant
positive effect on cognitive function in older adults, with the most consistent impact for
executive function, intermediate for global cognitive function, and weak for memory. In this
present investigation, we found improvement in MoCA, semantic and phonetic verbal
fluency, and no changes were observed for the Stroop and Trail Making tests. Our results
showed that RT had a positive effect on global cognitive performance in older women,
which is in line with three recent studies that reported improvements in several cognitive
domains in older adults after the RT program (SMOLAREK et al., 2016; MAVROS et al.,
2017). Contrarily, Hong et al. (2017) found no changes in the Controlled Oral Word
Association Test (COWAT), Stroop test, digit span test, and Rey 15-Item Memory Test in
older adults with mild cognitive impairments. One possible explanation for the different
results is that in the present study, machines and free weights with progressive loads were
used, whereas Hong et al. used an elastic band as resistance, making an adjustment of
the load more difficult (HONG; KIM; JUN, 2018).

The inconsistent findings concerning performance changes in the executive
function being observed in this study are similar to the findings of previous studies (LIU-
AMBROSE et al., 2010; IULIANO et al., 2015; MAVROS et al., 2017; HONG; KIM; JUN,
2018) and lending credit to the assumption that exercise does not improve all domains of
cognitive function, at least not to the same extent. Additionally, there was no change in

depressive symptoms (GDS-scale) while there was a decrease in anxiety symptoms (BAI)
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after the intervention. Previous findings regarding the effect of RT on depressive and
anxiety symptoms are inconclusive among older adults (SCHUCH et al., 2016; MILLER
et al., 2020), and there are multiple reasons for these inconsistent findings. For instance,
our sample consists of older women who were not diagnosed with mild or severe
depression or anxiety. Additionally, previous studies had a shorter training duration (6-10
weeks) and used different protocols (e.g., lower load or weekly frequency) (MILLER et al.,
2020). A possible explanation for the null effect of RT on depressive symptoms can be
that the baseline condition of depressive symptoms was already relatively low, which
consequently makes it not prone to a further reduction.

It is well-established in the literature that complex biological mechanisms drive the
effect of RT on cognitive function and anxiety symptoms (HEROLD et al., 2019b).
Considering the general picture of our findings, many of the potential mechanisms were
also affected by the RT. In this sense, we found that RT was associated with factors that
are also indirectly and directly related to cognitive function and lower anxiety symptoms,
as reduction of body fat, increments in cardiorespiratory fithess, muscle mass, and
muscular strength (MAVROS et al., 2017; KANDOLA et al., 2018). Also, we found that the
RT intervention was efficient in improving possible direct mechanisms linking exercise with
cognition and anxiety symptoms, including a neuroplasticity indicator (BDNF), different
inflammation indicators (C-reactive protein), and improvements in oxidative stress
(AOPP), which are all associated with better cognitive performance and lower anxiety
symptoms (ALLEY et al., 2008; FEDOCE et al., 2018; KANDOLA et al., 2019). Moreover,
we assume that the decrease in the anxiety symptoms has been fostered (i) by the
improvements in cognitive performance (BEAUDREAU; O’HARA, 2008) and (ii) by more
social interactions (e.g., due to interactions with the research team and other participants
during the RT) (EVANS et al., 2018) as both factors has been linked to a reduction in
previous studies.

Finally, it should be noted that the 12-week detraining period resulted in an increase
in body fat (absolute, relative, trunk, android, and gynoid), worsened cognitive
performance (MoCA, Stroop test, Trail Making test, semantic, and phonetic verbal
fluency), increased depressive symptoms (GDS) and anxiety (BAI) with no differences
between groups. These results show that EO did not influence the retention of RT-induced
changes in the outcome measures. More important, these results reinforce the idea that
regular RT practice is an important determinant to maintain or further improve RT-induced

adaptations in body composition, cognitive function, and mental health. From a practical
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perspective, RT interruption, such as training vacation, should be kept as short as
possible. Future studies should test different detraining durations to identify how long RT-
induced adaptation lasts after training interruption to provide better guidance in this regard.

Importantly, our investigation had some limitations. Firstly, our findings should not
be extrapolated to other populations as untrained older women, younger individuals or
males. Second, we did not control regular physical activity levels outside of the
investigation environment, which may have confounded results. However, the participants
were asked to maintain their regular activities of daily living throughout the intervention
period to minimize to confounding influence of other lifestyle changes. The current study
also has several strengths. This investigation was conducted in a crossover design with a
washout period allowing control for the interindividual variability of responses.
Furthermore, based on our strict inclusion criteria, the effects of EO were studied in a
homogenous sample reducing the bias risks due to heterogeneous sample
characteristics. The RT load and frequency (= 85% in RT sessions in all groups) and
correct execution of the exercise (technique) were carefully controlled by specialized and
experienced experts over the whole intervention period. Additionally, we account for other

lifestyle factors such as dietary intake at the experiment's beginning and end.

CONCLUSION

Our results suggest that regardless of EO used, improvements in cardiovascular
risk factors, mental health parameters, and cognitive performance can be observed in
resistance-trained older women. Thus, from a practical standpoint, our findings strongly
support the notion that regular RT is an important strategy to counteract age-related
changes and ensure healthy aging in older women. Additionally, the professionals can be
flexible in the prescription of EO for older women, allowing them to choose the exercise

order based on preference, which may impact exercise adherence.
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Figure 1. Results of the 6MWT at pre-and post-training according to the groups. Data are

expressed as mean * standard deviation. *P < 0.05 vs. Pre.



Table 1. Results of the body fat at pre-and post-training according to groups.
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Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L P
(n=24) (n=24) (n=24) (n=24)

Total body fat (kg)

Pre 26.9+8.0 28.3+8.3 284+79 28.1+8.7

Post 26.4 +8.3* 27.8 + 8.6* 27.7+8.1*% 276+8.7* 0.95

Covariate 27.5 27.4 27.3 274

mean = 27.9 (27.0-27.8) (27.0-27.8) (26.9-27.6) (27.0-27.7)

Relative body fat (%)

Pre 39.5+59 41.0+6.0 41.4+6.9 40.5+£8.1

Post 38.3+6.3* 39.6 +6.5* 39.7+7.0* 39.0+8.1* 0.65

Covariate 39.3 39.2 38.9 39.0

mean = 40.6 (38.8-39.9) (38.7-39.8) (38.4-39.5) (38.5-39.5)

Trunk fat (kg)

Pre 13.9+4.6 14.3+4.17 15.1+4.21 15.0+4.7

Post 13.6 £4.8* 14.0 £ 4.24* 14.8 +4.41* 147+ 4.7 0.99

Covariate 14.3 14.3 14.3 14.3

mean = 14.6 (14.0-14.5) (14.1-14.5) (14.0-14.5) (14.0-14.5)

Android fat (kg)

Pre 25109 26+0.9 27108 27+£08

Post 2.4+0.8* 25+0.8* 26+0.7* 2.6+0.8* 0.96

Covariate 25 25 2.5 25

mean = 2.6 (2.4-2.5) (2.4-2.6) (2.4-2.5) (2.4-2.5)

Gynoid fat (kg)

Pre 49+1.2 52+15 51+12 51+14

Post 48+1.2* 51+15* 50+1.3* 50+15* 0.82

Covariate 5.0 5.0 5.0 5.0

mean = 5.1 (4.9-5.0) (4.8-5.0) (4.9-5.0) (4.9-5.0)

Note: Data are expressed as mean + standard deviation or mean (lower — upper bounds of 95%
confidence interval). MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U =
single- to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-

body order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. *P < 0.05 vs. Pre.
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Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L P
(n=24) (n=24) (n=24) (n=24)

Glucose (mg/dL)

Pre 103.3+17.2 102.9 +18.1 107.4+£32.1 103.5+22.6

Post 97.9+16.3* 98.7 £17.0* 102.3 £ 28.7* 100.0 £ 20.8* 0.67

Covariate 98.7 99.9 99.6 100.7

mean = 104.3 (96.4-101.0) (97.6-102.1) (97.3-101.8) (98.5-102.8)

Glycated hemoglobin (mg/dL)

Pre 6.1+0.5 6.1+0.4 6.1+0.7 6.1+0.5

Post 5.9 +0.6* 5.9 +0.5* 5.9+0.8* 5.9+ 0.6* 0.95

Covariate 5.9 5.9 5.9 5.9

mean = 6.1 (5.7-6.0) (5.7-6.0) (5.7-6.0) (5.7-6.0)

HDL-c (mg/dL)

Pre 56.8 + 15.3 54.6 £ 14.0 60.2+12.9 61.1+15.1

Post 58.5+15.0 56.6 + 13.4 61.7 +£12.9 62.3+13.3 0.89

Covariate 59.7 59.7 59.9 59.8

mean = 58.3 (57.7-61.7) (57.7-61.6) (58.0-61.8) (57.9-61.7)

LDL-c (mg/dL)

Pre 122.7+31.2 1258 +31.1 115.8 £ 26.5 117.3+29.9

Post 113.8 + 29.6* 119.6 + 26.9* 111.2 +24.1* 112.4+28.3* 0.72

Covariate 111.9 115.2 114.8 114.8

mean = 120.3 (107.3-116.5) (110.7-119.7) (110.3-119.3) 110.4-119.1)

Triglycerides (mg/dL)

Pre 115.4 + 60.1 120.7 £ 41.9 108.2 £ 34.1 109.1+ 445

Post 105.5+54.0 112.0+45.2 105.0 £ 39.6 105.1+39.2 0.96

Covariate 104.4 108.0 107.7 107.4

mean =113.4 (93.0-115.7) (97.0-118.8) (96.5-118.9) (96.8-117.9)

Total cholesterol (mg/dL)

Pre 202.5+ 36.7 202.7 £ 45.6 198.6 £ 32.9 202.8 £ 38.0

Post 189.6 + 38.0* 195.9 +41.1* 193.1 + 31.0* 1945+ 35.7* 0.30

Covariate 188.9 195.1 195.7 193.5

mean = 201.7 (183.3-194.4) (189.6-200.4) (190.3-201.0) (188.3-198.7)

Note: Data are expressed as mean + standard deviation or mean (lower — upper bounds of 95%

confidence interval). MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U = single-

to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-body

order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. *P < 0.05 vs. Pre.
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Table 3. C-reactive protein, BDNF, and oxidative biomarkers at pre-and post-training according

to groups.

Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L P
(n=24) (n=24) (n=24) (n=24)

C-reactive protein (mg/dL)

Pre 3.3+£20 35+£20 32+1.9 29116

Post 28+1.3* 29+£1.7* 2.7 +15* 2.6 +1.4* 0.98

Covariate 2.7 2.8 2.7 2.8

mean = 3.2 (2.4-3.0) (2.4-3.1) (2.3-3.0) (2.4-3.1)

BDNF (pg/ml)

Pre 1308.3+199.3 1367.7+173.5 1464.1+346.5 1496.4+419.1

Post 1821.5+168.5* 1835.9+154.6* 1775.9+201.7* 1801.2 +465.8* 0.76

Covariate 1857.4 1851.1 1757.7 1771.7

mean = 1411.6  (1763.5-1951.3) (1762.3-1939.9) (1667.5-1847.8) (1683.5-1860.0)
AOPP (umol-L?)

Pre 116.8 +14.2 1185+ 36.1 108.4 + 27.2 1126 +31.6
Post 105.6 + 15.6* 101.2 + 15.0* 98.3 +20.1* 102.4 +15.4* 0.41
Covariate 105.0 100.2 99.6 102.8

mean = 114.0 (99.8-110.1) (95.2-105.0) (94.6-104.5) (97.9-107.5)
TRAP (umolTrolox)

Pre 1011.3+222.0 1051.5+1459 9858+ 2405 1128.5+400.9
Post 999.6 + 153.7 998.9+182.8 1017.9+1485 1040.7+143.1 0.71
Covariate 999.8 998.9 1018.2 1040.3

mean = 1052.3  (939.3-1060.2) (938.5-1059.1) (951.0-1085.3) (985.9-1094.6)
NOx (umol-L %)

Pre 6.6+22 6.8 +2.5 71+26 70+23

Post 7.6+1.9* 7.8+23* 7.6 +2.0* 8.1+1.3" 0.54
Covariate 7.7 7.9 7.5 8.0

mean = 6.9 (7.0-8.2) (7.3-8.4) (6.9-8.0) (7.4-8.6)

Note: Data are expressed as mean + standard deviation or mean (lower — upper bounds of 95%
confidence interval). MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U = single-
to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-body

order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. *P < 0.05 vs. Pre.
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Table 4. Cognitive functions, depression, and anxiety at pre-and post-training according to

groups.

Variables MJ-SJ-U SJ-MJ-U MJ-SJ-L SJ-MJ-L P
(n=24) (n=24) (n=15) (n=24)

MoCA

Pre 22.1+40 21.8+4.6 222+44 222+4.7

Post 23.0 £ 3.5* 23.0 + 3.6* 23.1+£4.0* 23.1+£3.9% 0.99

Covariate 23.0 23.2 23.0 23.0

mean = 22.1 (22.3-23.8) (22.4-23.9) (22.3-23.8) (22.3-23.8)

™ B-A

Pre 46.7+41.0 51.3+37.7 61.1+46.3 55.7 +33.9

Post 47.6 £36.3 45.3+33.9 53.5+38.7 526 +£29.4 0.69

Covariate 52.5 46.9 48.4 51.3

mean = 53.8 (45.1-59.8) (39.7-54.1) (41.1-55.7) (44.3-58.1)

Fluency Verbal Semantic

Pre 15.0+3.9 15.8+3.9 16.1+2.7 16.4+45

Post 17.0+3.2* 16.8 + 3.8* 17.3+4.2* 17.4 + 4.3 0.77

Covariate 17.6 16.8 17.1 17.0

mean = 15.9 (16.6-18.6) (15.9-17.8) (16.1-18.2) (16.1-18.0)

Fluency Verbal Phonetic

Pre 12.0+3.3 10.6 + 3.8 10.7+4.2 11.6+4.4

Post 12.6 + 3.6* 11.5+4.2* 11.9 +4.0* 12.4 + 4.2 0.91

Covariate 12.0 12.0 12.3 12.1

mean = 11.2 (11.3-12.7) (11.3-12.8) (11.6-13.1) (11.4-12.8)

Stroop Test

Pre 06+04 0604 0.7+0.3 05+04

Post 05+04 05+04 05+03 04+04 0.99

Covariate 0.5 0.5 0.5 0.5

mean = 0.6 (0.3-0.6) (0.3-0.6) (0.3-0.6) (0.3-0.6)

GDS-scale

Pre 21+15 21+17 21+13 25+17

Post 20+14 20+1.3 21+19 22+18 0.95

Covariate 2. 2.0 2.2 2.0

mean = 2.2 (1.6-2.5) (1.6-2.4) (1.7-2.6) (1.6-2.5)

BAI

Pre 34+40 29+35 35+33 44+50

Post 2.8+ 25* 1.8+1.7% 27 +1.7* 2.6 +25* 0.30

Covariate 2.8 2.0 2.7 2.4

mean = 3.6 (2.1-3.6) (1.3-2.7) (2.0-3.4) (1.7-3.1)

Note: Data are expressed as mean + standard deviation or mean (lower — upper bounds of 95%

confidence interval). MJ-SJ-U = multi- to single-joint, upper- to lower-body order. SJ-MJ-U =

single- to multi-joint, upper- to lower-body order. MJ-SJ-L = multi- to single-joint, lower- to upper-

body order. SJ-MJ-L = single- to multi-joint, lower- to upper-body order. *P < 0.05 vs. Pre.
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Supplementary material 1. Results of the detraining period for body fat. Data are expressed as

mean * standard deviation. *P < 0.05 vs. Pre.
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6 CONSIDERACOES FINAIS

Com o aumento da expectativa de vida da populacéo e, consequentemente, um
aumento no numero de pessoas idosas, na maioria dos paises do mundo, faz-se
necessario a busca por estratégias farmacoldgicas e nao-farmacolégicas que possam
atenuar ou até mesmo reverter diversas modificacbes associadas ao processo de
envelhecimento e que colocam em risco a saude tanto de homens quanto de mulheres.
De acordo com o conhecimento produzido até 0 momento, a pratica de programas de
atividade fisica de diferentes naturezas e, sobretudo, de exercicios fisicos € bastante
recomendada para a melhoria da aptiddo funcional, composicdo corporal, perfil
metabdlico, interacdo social, salde mental, entre outras tantas mudancas importantes
para a qualidade de vida, autonomia e bem-estar, colaborando sobremaneira com a
reducdo de gastos com consultas médicas, medicamentos, internacdes e cirurgias.

Diante disso, a presente investigacao analisou o efeito de quatro diferentes OE em
um programa de TR sobre diversos parametros de salde como a forga muscular, massa
muscular, gordura corporal, biomarcadores metabdlicos e indicadores de saude mental
em mulheres idosas previamente treinadas. Essa tomada de decisdo se pautou em um
conjunto de informacgBes disponiveis na literatura sobre a manipulacdo de diferentes
variaveis que compdem programas de TR, de modo que identificamos uma lacuna
importante a ser preenchida na area desse tipo de treinamento em mulheres idosas.

Diante do cenério atual, tivemos a preocupacdo de estruturar um estudo
longitudinal e que fosse mais robusto do que aqueles desenvolvidos até o presente
momento. Para tanto, o primeiro passo foi a adocdo de um delineamento cruzado,
relativamente comum para estudos transversais mas pouco explorado em estudos
longitudinais pela dificuldade de manter os individuos nas diferentes condi¢Oes
experimentais que sao necessarias para a sua efetivacdo. Esse tipo de delineamento
experimental permite o controle das diferencas individuais associadas ao maior ou menor
grau de responsividade ao tratamento, neste caso o TR. Adicionalmente, o periodo de
pré-condicionamento das participantes com base em um programa similar de TR com
duracdo de 12 semanas de TR favoreceu a equiparacdo do nivel de aptidao fisica,
varidvel fundamental a ser controlada para a proposta da presente investigacao.

A randomizacéo das participantes em quatro grupos distintos, com iguais periodos
de treino, destreino e retreino em um sistema cruzado € algo inédito na area do TR, em

estudos longitudinais. Considerando que a adogao de modelos de progressao tem sido
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amplamente defendida pela literatura para evitar um possivel efeito platé das respostas
adaptativas induzidas pelo TR, estabelecemos um critério Unico para ajustes das cargas
de treinamento que foi aplicado periodicamente em todos 0s exercicios que compuseram
0 programa de treinamento, de modo que a intensidade pudesse ser preservada com
base na evolucédo individual de cada participante ao longo da intervencéo. Além disso,
para garantir que todas as participantes realizassem cada sessao de TR de forma segura
e eficiente, profissionais de Educacdo Fisica supervisionaram todas as sessdes de
treinamento. Desse modo, o programa de TR utilizado pode ser caracterizado como
progressivo e supervisionado, 0 que garante maior consisténcia aos resultados
encontrados.

Somado a todos esses fatores citados acima, outro ponto que merece destaque
foi o monitoramento dos habitos alimentares das participantes nas primeiras e ultimas
semanas de cada etapa de intervencdo. Embora, ndo sejam esperadas mudancas
drasticas no padréo alimentar em idosos, o0 processo de envelhecimento pode provocar
algumas mudancas no consumo alimentar, tais como reducao do apetite, diminuicéo da
sensacao de sede, dificuldade de mastigacao, reducdo ou perda do olfato e paladar e
problemas gastrointestinais que podem afetar os habitos alimentares. Diante dos nossos
resultados, o padrdo alimentar das participantes se manteve similar ao longo da
investigacdo, sugerindo que a ingestdo alimentar ndo influenciou os resultados
encontrados aqui.

Para finalizar, sumarizamos a seguir 0s principais resultados encontrados,
tentando possibilitar uma analise combinada dos efeitos produzidos pela intervencéo
realizada. Nossos resultados, de forma combinada, revelaram que as quatro diferentes

OE adotadas, em idosas previamente treinadas, promoveu:

1. Aumento da forca muscular de membros superiores, tronco, membros inferiores;

2. Progressao do volume-carga de TR,;

3. Aumento da massa muscular, da massa isenta de gordura e de osso de membros
superiores e membros inferiores;

4. Reducédo da gordura corporal (absoluta e relativa) e regional (tronco, androide e
ginoide);

5. Melhora de diversos biomarcadores sanguineos (perfil lipidico, glicémico, Proteina C-
reativa, BDNF, estresse oxidativo);

6. Melhora de indicadores de saude mental.
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Em contrapartida, ndo foi observado influéncia da OE sobre nenhuma das
variaveis analisadas, sugerindo que independente da EO executada as adaptacbes
promovidas pelo TR parecem ocorrer de maneira similar na populacdo investigada.
Baseado nos nossos achados, a prescricdo do TR pode ser mais flexivel, ndo havendo
necessidade de seguir, rigorosamente, uma ordem especifica e dessa forma deixando a
sessao de treinamento mais dinamica, podendo a OE ser estruturada de acordo com as
necessidades ou preferéncias da praticante ou, ainda, com as condi¢des disponiveis no
ambiente de pratica, considerando o niumero de equipamentos disponiveis, horarios das
sessdes de treinamento, disponibilidade de tempo, entre outras variaveis. Como
exemplo, podemos nos pautar no cotidiano das salas de TR localizadas em academias,
clubes, clinicas e estudios. Nesses locais existem determinados periodos do dia que
abarcam um grande fluxo de alunos em um mesmo horério. Para essas situacoes, 0s
nossos resultados apresentam uma grande aplicacdo pratica, visto que a adocao de
diferentes OE permite a otimizacdo do espaco, do tempo e do atendimento, sem
comprometer os estimulos necessarios, visando as melhores respostas adaptativas. O
mesmo se aplica as situagdes de pesquisa, nas quais um conjunto de participantes
devem ser submetidos a intervencao, de forma padronizada, combinando equipamentos

disponiveis e tempo de duracéo das sessbes de treinamento.
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APENDICES
Apéndice A: Termo de consentimento

treinamento resistido em mulheres idosas treinadas”

[TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Titulo da pesquisa:
“Efeito de quatro ordens de execugdo dos exercicios em programa de
e |

Prezada Senhora,

Gostariamos de conviddda a particpar da pesquisa “Efeito de quatro ordens de execucdo dos
exercicios em programa de treinamento resistido em mulheres idosas treinadas” a ser realizada no municipio de
Londrina/PR. O objetivo desta pesquisa sera analisar o efeito de um programa de treinamento com pesos sobre
parametros morfolégicos, metabolicos, cognitivos e de desempenho de mulheres idosas.

Todas as avaliagdes serdo realizadas por profissionais previamente treinados para tal finalidade. A assinatura
deste termo pemnitird que vocé participe das seguintes atividades:

(1) Programa de teinamento com pesos com duragao de 50 semanas; (2) Preenchimento de questionanos sobre pratica
de atividades fisicas, habitos alimentares e fumo; (3) Medidas de peso, estatura e pressfo arterialfrequénca cardiaca em
repouso, (4) Avaliagio da composicio corporal pelos métodos de impedancia bicelétrica (este com duragao de 30s:
deitado em um colchonete, dois pequenos eletrodos sero colocados na méo e pé direito e transmitirdo uma pequena
corrente elétrica que indicara a quantidade de agua [procedimento indolor e sem qualquer tipo de risco]), DE XA (teste com
duragéo de aproximadamente sete minutos: deitado em uma mesa no proprio equipamento, sem portar qualquer tipo de
objeto metalico, vestindo apenas roupas). O equipamento fard um escaneamento do corpo todo para determinagao da
massa livre de gordura (procedimento indolor e sem qualquer tipo de risco), (5) Coleta de sangue venoso em jejum de 12
h feito por um técnico capaditado e habilitado para a avaliagio de indicadores metabdlicos; (7) Avaliagio da aptidao
neuromuscular pelos testes isométrico e isocinético (no dinamdmetro Biodex), e de uma repeticio maxima (teste realizado
em trés exercicios para os segmentos de membros superores, inferiores e tronco, que consiste na realizagio de trés
tentativas com o objetivo de levantar a maior quantidade de peso possivel em apenas uma repeli¢ao para determinagao
da forca muscular maxima), (8) Avaliagio de fungdes cognitivas. (9) Avaliagdo biomecanica da marcha. (10)
Eletroencefalografia.

Gostariamos de esclarecer que a participagao é totalmente voluntaria. O participante pode recusar-se a particaparidesistir
a qualquer momento sem sofrer prejuizo algum. As informagdes serdo utiizadas somente para fins de pesquisa e todos
os documentos e amostras utilizados serio identificados por um cédigo numérco sem identificagdo nominal para preservar
a dentidade do participante. Lembramos que ndo serd cobrada taxa alguma por estas avaliagdes. Da mesma forma, ndo
serd paga quantia alguma aos participantes.

Ao final do estudo, comprometemo-nos a retomar com os resultados de todas as avaliagbes, que serfio entregues aos
participantes, Espera-se, com essa pesquisa, proporcionar informagdes que possam favorecer a melhoria da saide e
qualidade de vida de individuos adultos klosos por meio da prética de treinamento e assodagio com aspectos nutricionais,
alkém de possibiltar a melhoria de parametros morfolégicos, neuromusculares e metabdlicos dos participantes. Apesar de
considerados minimos, 0s possiveis nscos s#o: desconfortos na coleta sanguinea e cansago durante os testes fisicos. E
possivel também que alguns grupamentos musculares exigidos nos testes de esforgo fiquem doloridos entre 24 e 48 horas
apés a realizagdo dos mesmos.

Caso vocd tenha dividas ou necessite de maiores esdarecimentos pode contatar o coordenador do grupo de pesquisa,
Prof. Dr. Edilson Serpeloni Cyrino, no Laboratério de Metabolismo, Nutricdo e E xercicio, localizado no Centro de Educagéo
Fisica e Esporte, da Universidade Estadual de Londrina, pelo telefone (43) 33714772 / 99139-4509 ou procurar o Comité
de Etica em Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Londrina, na Rodovia Celso Garcia Cid,
km 380 ~ Campus Universitario, telefone (43) 3371-4000. Este termo devera ser preenchido em duas vias de igual teor,
sendo uma delas, devidamente hida, assinada e entregue a voce.

y Londrina, ___ de de 2019.
Bdlboneéénl Cyrino
Eu, (nome por extenso do
sujeito de pesquisa), portadora do RG: tendo sido devidamente

esclarecido sobre 0s procedimentos da pesquisa, concordo em participar voluntariamente da pesquisa descrita
acima.
Assinatura (ou impressao dactiloscépica): Data: __/__/2019
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Apéndice B: Recordatério Alimentar
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Nome: Data: /
Dia da semana do Recordatério: Avaliador:
REFEICAQOE O Alimentos, bebidas e/ou preparagdes Quantidades
HORARIO (gramas ou medida caseira)
Café da manha
Horario:

Lanche manha

Horario:

Almogo
Horario:

Lanche tarde
Horario:

Jantar
Horario:

Ceia
Horario:




ANEXOS

Anexo A: Comité de ética

Universidade @ T
Estadual de Londrina m s e o

HOSPITAL UNIVERSITARIO
DIRETORIA SUPERINTENDENTE
PARECER N°429
PROCESSO 9544.2019.84
Ao Pesquisador
Jodo Pedro Alves Nunes

Considerando o Projeto de Pesquisa com o titulo: “EFEITO DE QUATRO ORDENS DE
EXECUGAO DOS EXERCICIOS EM PROGRAMA DE TREINAMENTO RESISTIDO SOBRE A COMPOSICAD
CORPORAL, FORCA MUSCULAR, CAPACIDADE FUNCIONAL, BIOMARCADORES SANGUINEOS E
COGNICAO EM MULHERES IDOSAS TREINADAS” apresentado a esse Hospital Universitario, estando
vinculado ao Programa de Pés-graduagido em Educagdo Fisica do Centro de Educagdo Fisica e Esporte
da Universidade Estadual de Londrina;

Considerando o parecer favordvel apresentado nas instancias administrativas que
envolvem a realizacdo do estudo.

Informamos que o nosso parecer é favoravel a realizagio do projeto acima
nominado, resguardando-se o atendimento da legislagdo vigente.

Atendendo a Resolugdo 466/12 do Conselho Nacional de Sadde o projeto devera
ser analisado pelo Comité de Etica em Pesquisa da UEL (CEP/UEL) para posterior
operacionalizagéo.

Conforme Oficio Circular da Diretoria Superintendente do HU n® 214/2015, a

copia do parecer de aprovacdo do CEP/UEL devera ser apresentado a Chefia e/ou Gerente das
unidades envolvidas antes do inicio da coleta de dados.

Solicitamos que, tdo logo © Comité de Etica emita parecer, essa Diretoria
Superintendente seja notificada, para os procedimentos cabiveis relacionados @ documentagdo da
pesquisa,

Solicitamos também que. uma vez realizado o estudo, uma copia seja apresentada
a esta Diretoria, para ciéncia e divulgagéo

Em 01/08/2019
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Anexo B: Montreal Cognitive Assessment (MoCA)
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Anexo C: Trail Making Test Ae B
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Anexo D: Escala de Depressao Geriatrica - GDS

ESCALA DE DEPRESSAO GERIATRICA - GDS

. Esta satisfeito (a) com sua vida? (ndo =1) (sim=0)
. Diminuiu a maior parte de suas atividades ¢ interesses? (sim=1) (ndo =10)
. Sente que a vida esta vazia? (sim=1) (nfo=0)

L

4. Aborrece-se com freqiiéneia? (sim=1) (nio=0)

5. Sente-se de bem com a vida na maior parte do tempo? (ndo=1) (sim=0)
6. Teme que algo ruim possa lhe acontecer? (sim=1) (ndo =0)

7. Sente-se feliz a maior parte do tempo? (ndo=1) (sim=0)

8. Sente-se freqiientemente desamparado (a)? (sim=1) (ndo=0)

9, Prefere ficar em casa a sair ¢ fazer coisas novas? (sim=1) (ndo=10)

10. Acha que tem mais problemas de meméria que a maioria? (sim=1) (nfo =0)
11. Acha que ¢ maravilhoso estar vivo agora? (ndo=1) (sim=0)

12, Vale a pena viver como vive agora? (ndo=1) (sim=0)

13, Sente-se cheio(a) de energia? (ndo=1) (sim=0)

14. Acha que sua situagdo tem solugdo? (ndo=1) (sim=0)

15, Acha que tem muita gente em situagio melhor? (sim=1) (nfo =0)

Avaliacao:

0 = Quando a resposta for diferente do exemplo entre parenteses.

1= Quando a resposta for igual ao exemplo entre parénteses.

Total = § = suspeita de depressao
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Anexo E: Inventario de Ansiedade de Beck - BAI
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Idade:

Data:

Abaixo estd uma lista de sintomas comuns de ansiedade. Por favor, leia cuidadozaments cada item da lista.
|dentifigue o guanto vocd tem side incomodado por cada sintoma durante a dltima semana, incluinde hoje,

colocando um *x” no espago correspondente, na mesma finha de cada sintoma.

Abzolutamente Levemente Moderadamente | Gravemente
nao Nae me Fai maiito Dificiimente pude
incomedou muto | desagradivel mas supcetar
pude suporiar

Dorméncia ou formigamento
Senzagdo de calor
Tremores nas pemas
Incapaz de relaxar
Medo que acontega o pior
Afordoado ou tonto
Palpitagio ou aceleragdo do coragao
Sem equilibrio
Aterrorizado

. Nervoso

. Sensagio de sufocagio

. Tremores nas maos

B om N @ e W

= =k =k
[ —

. Trémulo

. Medo de perder o controle

. Dificuldade de respirar

. Medo de momer

. Assustado

. Indigestio ou desconforto no abddmen
. Sensagio de desmaio

. Rosto afogueado

. Suor (ndo devido ao calor)
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= = W o0 = o W e e




