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RIBEIRO, Diogo Martins. Alteragcoes cardiometabdlicas, musculoesqueléticas e
funcionais associadas a dois anos de treinamento resistido em mulheres idosas com
maior e menor vulnerabilidade musculoesquelética. 2026. 76 p. Dissertagdo (Mestrado
em Ciéncias da Saude). Centro de Ciéncias da Saude. Universidade Estadual de Londrina,
Londrina, 2026.

RESUMO

A reducao da massa e, particularmente, da forca muscular associada ao envelhecimento pode
contribuir para uma condigdo musculoesquelética menos favoravel e coexistir com alteragdes
cardiometabdlicas e funcionais em mulheres idosas. Embora o treinamento resistido (TR) seja
recomendado para atenuar alteragdes relacionadas ao envelhecimento, s&o limitadas as
evidéncias sobre adaptag¢des associadas a participagao prolongada em programas de TR em
mulheres idosas com diferentes condi¢des musculoesqueléticas iniciais. O objetivo deste
estudo foi analisar alteragdes cardiometabdlicas, morfolégicas, neuromusculares e funcionais
associadas a dois anos de TR supervisionado em mulheres idosas com maior € menor
vulnerabilidade musculoesquelética e investigar se a condigdo musculoesquelética inicial
estaria associada a magnitude dessas alteracdes. Participaram 62 mulheres fisicamente
independentes (= 60 anos), classificadas em maior vulnerabilidade musculoesquelética (MVM;
n = 32) e menor vulnerabilidade musculoesquelética (mVM; n = 30) por meio de um escore-z
composto derivado do indice de massa muscular esquelética apendicular e da forga muscular
total. Essa classificacdo representou uma estratificacdo relativa da condicao
musculoesquelética da amostra e ndo um diagnéstico clinico de sarcopenia. As participantes
realizaram TR supervisionado, trés vezes por semana, durante dois anos, composto por oito
exercicios executados em trés séries de 8—12 repeticdes, com progresséo sistematica das
cargas. Antes e apds o periodo de acompanhamento foram avaliados indicadores de
composigao corporal, forca muscular, aptiddo funcional e fatores de risco cardiometabdlico.
Ambos os grupos apresentaram aumentos significantes na forga muscular e melhorias na
aptidao funcional (P < 0,05). A massa muscular esquelética e o tecido mole magro apendicular
aumentaram numericamente nos dois grupos, embora as alteragbes tenham sido menos
consistentes do que aquelas observadas para forga muscular e aptidao funcional. Foram
observadas redugdes significantes na glicemia de jejum (MVM: -6,6%; mVM: —4,6%), no LDL-
¢ (MVM: -14,2%; mVM: -9,1%) e no colesterol total em ambos os grupos (P < 0,05).
Adicionalmente, reducgdes significantes nos triglicerideos (-15,3%) e na proteina C-reativa
(-16,1%) foram observadas apenas no grupo MVM; entretanto, as comparagdes ajustadas
entre os grupos nao forneceram evidéncias consistentes de maior responsividade desse
grupo. Alteracbes na massa muscular esquelética e na forca muscular apresentaram
associacgoes inversas de pequena magnitude com as alteragdes no perfil cardiometabdlico.
Em conjunto, dois anos de participacdo em TR supervisionado estiveram associados a
melhorias relevantes na forga muscular e aptiddo funcional, acompanhadas por alteracoes
favoraveis na composicao corporal e em diferentes fatores de risco cardiometabdlico de
mulheres idosas com distintos niveis iniciais de vulnerabilidade musculoesquelética. Embora
alguns desfechos tenham apresentado alteracdes significantes em apenas um dos grupos,
nao foram encontradas evidéncias consistentes de que a condigdo musculoesquelética inicial
estivesse associada a diferengas na magnitude das adaptacdes. Esses achados sugerem que
mulheres idosas podem apresentar adaptacdes favoraveis apos participacado prolongada em
TR independentemente de sua condigdo musculoesquelética inicial.

Palavras-chave: treinamento de forca; envelhecimento; biomarcadores cardiometabdlicos;
massa muscular; forca muscular.



RIBEIRO, Diogo Martins. Cardiometabolic, musculoskeletal, and functional changes
associated with two years of resistance training in older women with higher and lower
musculoskeletal vulnerability. 2026. 76 p. Thesis (Master in Health Sciences) - Health
Sciences Center. State University of Londrina, Londrina, 2026.

ABSTRACT

Age-related reductions in muscle mass and, particularly, muscular strength may contribute to
a less favorable musculoskeletal condition and coexist with cardiometabolic and functional
alterations in older women. Although resistance training (RT) is recommended to attenuate
age-related changes, evidence regarding adaptations associated with prolonged participation
in RT programs among older women with different baseline musculoskeletal conditions
remains limited. The aim of this study was to analyze cardiometabolic, morphological,
neuromuscular, and functional changes associated with two years of supervised RT in older
women with higher and lower musculoskeletal vulnerability and to investigate whether baseline
musculoskeletal condition was associated with the magnitude of these changes. Sixty-two
physically independent older women (= 60 years) were classified as having higher
musculoskeletal vulnerability (HMV; n = 32) or lower musculoskeletal vulnerability (LMV; n =
30) based on a composite z-score derived from appendicular skeletal muscle mass index and
total muscular strength. This classification represented a relative stratification of the
musculoskeletal condition within the study sample rather than a clinical diagnosis of
sarcopenia. Participants performed supervised RT three times per week for two years,
consisting of eight exercises performed for three sets of 8—12 repetitions with systematic load
progression. Body composition, muscular strength, functional fitness, and cardiometabolic risk
factors were assessed before and after the follow-up period. Both groups showed significant
increases in muscular strength and improvements in functional fitness (P < 0.05). Skeletal
muscle mass and appendicular lean soft tissue increased numerically in both groups, although
these changes were less consistent than those observed for muscular strength and functional
fitness. Significant reductions were observed in fasting glucose (HMV: -6.6%; LMV: -4.6%),
LDL-c (HMV: -14.2%; LMV: -9.1%), and total cholesterol in both groups (P < 0.05).
Additionally, significant reductions in triglycerides (-15.3%) and C-reactive protein (-16.1%)
were observed only in the HMV group; however, adjusted between-group comparisons did not
provide consistent evidence of greater responsiveness in this group. Changes in skeletal
muscle mass and muscular strength showed small inverse associations with changes in the
cardiometabolic profile. Overall, two years of participation in supervised RT were associated
with meaningful improvements in muscular strength and functional fitness, accompanied by
favorable changes in body composition and several cardiometabolic risk factors in older
women with different levels of baseline musculoskeletal vulnerability. Although some outcomes
changed significantly in only one group, there was no consistent evidence that baseline
musculoskeletal condition was associated with differences in the magnitude of adaptations.
These findings suggest that older women may experience favorable adaptations following
prolonged participation in RT regardless of their baseline musculoskeletal condition.

Key-words: strength training; aging; cardiometabolic biomarkers; skeletal muscle mass;
muscular strength.
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1 INTRODUGAO

1.1 Envelhecimento, saiide muscular e vulnerabilidade musculoesquelética

O envelhecimento populacional constitui um fenémeno global associado, entre outros
fatores, ao aumento da expectativa de vida e a redugao das taxas de fecundidade (BLOOM
et al., 2015; CHENG et al., 2022). Estimativas indicam que individuos com 65 anos ou mais
representarao aproximadamente 16% da populagdo mundial até 2050 (UNITED NATIONS OF
ECONOMIC AFFAIRS, 2022). No Brasil, esse processo ocorre de forma particularmente
acelerada, com aumento expressivo da participagdo de pessoas idosas na composi¢cao
populacional previsto para as proximas décadas (INSTITUTO BRASILEIRO DE GEOGRAFIA
E ESTATISTICA, 2024).

Embora o aumento da longevidade represente importante avango social e sanitario, o
envelhecimento é acompanhado por alteracdes fisioldgicas nos sistemas musculoesquelético,
metabdlico, cardiovascular e neurolégico, que podem favorecer o desenvolvimento de
doengas crbnicas ndo transmissiveis, reduzir a aptiddo funcional e comprometer a
independéncia e a qualidade de vida (BAUER et al., 2019; HU et al., 2022; PALMER et al.,
2019; CAl et al., 2024). Entre essas alteragbes, destacam-se as redugdes progressivas da
massa muscular e, particularmente, da for¢ca, uma vez que o comprometimento da fungao
muscular esta associado a desfechos adversos a saude durante o envelhecimento
(LARSSON et al., 2019).

Quando o comprometimento muscular alcanca determinados critérios clinicos, pode
caracterizar a sarcopenia, condicdo associada a maior risco de quedas, incapacidade
funcional, hospitalizagbes, institucionalizacdo e mortalidade (FONG, 2019; OGAZ-
GONZALEZ et al., 2024; REZQ et al., 2024; RIZZUTO et al,, 2017). De acordo com o
European Working Group on Sarcopenia in Older People 2 (EWGSOP2), a baixa forca
muscular constitui o principal parametro para identificacdo da sarcopenia, enquanto a
presenga concomitante de baixa quantidade ou qualidade muscular confirma o diagnéstico e
o comprometimento do desempenho fisico caracteriza sua gravidade (CRUZ-JENTOFT et al.,
2019).

Entretanto, o comprometimento musculoesquelético associado ao envelhecimento ndo
deve ser compreendido exclusivamente a partir da presenca ou auséncia de sarcopenia. A
prevaléncia dessa condi¢do varia consideravelmente de acordo com os critérios diagnosticos
e pontos de corte empregados, com estimativas entre 10% e 27% em pessoas idosas
(PETERMANN-ROCHA et al., 2022). Além disso, diferengas interindividuais na preservagao
da massa muscular e da forca podem estar presentes mesmo entre individuos que nao

atendem aos critérios clinicos para sarcopenia. Nesse sentido, a analise conjunta desses
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componentes pode contribuir para caracterizar diferentes graus de comprometimento
musculoesquelético em uma determinada populagao.

Tal condicao pode ser denominada vulnerabilidade musculoesquelética e representa
uma abordagem operacional destinada a caracterizar diferencas relativas na condicao
muscular das participantes a partir da combinacao de indicadores de massa muscular e forca.
Portanto, essa classificacdo ndo corresponde ao diagnéstico clinico de sarcopenia, mas
permite investigar se mulheres idosas com condicbes musculoesqueléticas iniciais distintas
apresentam diferentes adaptacdes diante da exposi¢cdo prolongada a um programa de

intervencao.

1.2 Vulnerabilidade musculoesquelética e salide cardiometabdlica

A relevancia da condigdo musculoesquelética durante o envelhecimento ndo se
restringe a forca, mobilidade ou independéncia funcional. Estudos indicam que menor massa
muscular e fungdo muscular estdo associadas a alteragdes metabdlicas e inflamatdrias,
sugerindo uma estreita inter-relagdo entre a preservagao do sistema musculoesquelético e a
saude cardiometabolica (BANO et al., 2017; BUCHMANN et al., 2022).

Individuos com comprometimento muscular, particularmente aqueles classificados
com sarcopenia, frequentemente apresentam resisténcia a insulina, dislipidemia, obesidade
abdominal e inflamacgao crénica de baixo grau, condigdes associadas ao desenvolvimento de
doengas cardiovasculares e diabetes mellitus tipo 2 (Bl et al., 2024; DU et al., 2018; TUTTLE
et al., 2020). Embora grande parte dessas evidéncias tenha sido produzida em populagoes
classificadas segundo critérios diagnésticos de sarcopenia, os achados sugerem que a
deterioracdo da saude muscular pode integrar um contexto fisiopatolégico mais amplo,
envolvendo alteragbes metabdlicas e inflamatorias sistémicas.

Essa relacdo parece ser bidirecional. Alteragdes metabdlicas e inflamatoérias
relacionadas ao envelhecimento podem aumentar a degradagéo proteica e comprometer a
sintese proteica muscular, contribuindo para o declinio da massa muscular e da funcéo
muscular (BODINE; BAEHR, 2014; DASURI et al., 2013). Em contrapartida, a redugao da
massa muscular pode comprometer a captacao periférica de glicose e a regulacao metabdlica
sistémica, favorecendo resisténcia a insulina e outras alteragcdes cardiometabolicas (KIM et
al.,, 2021; TERADA et al., 2022). Adicionalmente, concentragbes aumentadas de
biomarcadores inflamatérios, como proteina C-reativa, interleucina-6 e fator de necrose
tumoral alfa, tém sido associadas ao comprometimento muscular e a maior risco
cardiovascular e funcional (DU et al., 2018; WESTBURY et al., 2018).

Assim, a condicdo musculoesquelética pode representar ndo somente um componente

relacionado a aptidao funcional, mas também um marcador de uma condigao biolégica mais
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ampla, na qual alteragcbes musculares, metabdlicas e inflamatorias coexistem e
potencialmente interagem. Investigar idosos posicionados em diferentes niveis de
vulnerabilidade musculoesquelética pode, portanto, contribuir para compreender se a
condi¢cdo muscular inicial esta associada ndo apenas as adaptacdes neuromusculares, mas
também as respostas cardiometabdlicas decorrentes da participagdo prolongada em

programas de exercicio fisico.

1.3 Particularidades do envelhecimento feminino

A investigacdo das relacbes apresentadas anteriormente assume particular
importancia em mulheres idosas. A transigdo menopausal e a reducao das concentragdes de
estrogénio estdo associadas a modificacées desfavoraveis na composigao corporal, incluindo
reducdo da massa muscular e maior acumulo de gordura visceral, além de alteracoes
metabdlicas e inflamatérias (CRITCHLOW et al., 2023; MONTELEONE et al., 2018).

O estrogénio participa da regulagdo do metabolismo da glicose, da sensibilidade a
insulina e de processos inflamatérios. Consequentemente, sua reducédo apdés a menopausa
pode favorecer simultaneamente alteragdes musculoesqueléticas e cardiometabdlicas
(MOHAMAD et al., 2020; PERNOUD et al., 2024). Paralelamente, a maior predisposi¢cao ao
acumulo de gordura visceral e ectopica pode aumentar a produgdo de mediadores pro-
inflamatoérios relacionados a resisténcia a insulina, dislipidemia e inflamagédo sistémica
(KHOUDARY et al., 2020).

Desse modo, o envelhecimento feminino envolve a interagao de alteracbes hormonais,
musculoesqueléticas e metabdlicas que pode resultar em consideravel heterogeneidade
interindividual. Mulheres da mesma faixa etaria podem, portanto, apresentar condi¢oes
musculares e cardiometabdlicas substancialmente distintas, reforcando a necessidade de
investigar estratégias capazes de preservar ou aumentar a forca e a massa muscular e,

simultaneamente, favorecer a saide metabdlica.

1.4 Treinamento resistido como estratégia de intervencao

Entre as estratégias ndo farmacoldgicas utilizadas para minimizar as alteracdes
associadas ao envelhecimento, o treinamento resistido (TR) ocupa posi¢cao de destaque.
Estudos demonstram que sua pratica sistematica pode aumentar a forga e a massa muscular
e melhorar a aptidao funcional e a qualidade de vida de pessoas idosas (BAO et al., 2020;
CARNEIRO et al., 2020, 2023; CHEN et al., 2023; CUNHA et al., 2021; KASSIANO et al.,
2021; SHEN et al., 2022).

Os beneficios associados ao TR nao parecem se limitar ao sistema

musculoesquelético. Revisdes e estudos de intervencgao indicam alteragdes favoraveis em
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componentes da saude cardiometabdlica, incluindo controle glicémico, perfil lipidico e
biomarcadores inflamatérios (ASHTON et al., 2020; NUNES et al., 2024; SARDELI et al.,
2018). Considerando a participagdo do musculo esquelético na captagao periférica de glicose
e na regulacdo metabdlica, alteracbes na quantidade e na fungdo muscular decorrentes do
treinamento apresentam plausibilidade biolégica para estarem relacionadas a modifica¢des
no perfil cardiometabdlico.

Entretanto, a magnitude das adaptagbes ao TR pode apresentar consideravel
variabilidade interindividual. Em particular, a condicdo musculoesquelética inicial pode
representar um fator potencialmente associado a resposta ao treinamento. Mulheres idosas
com menores niveis iniciais de massa muscular e forga apresentam, teoricamente, maior
margem para mudanga, enquanto aquelas com condicdo musculoesquelética mais
preservada podem apresentar padroes distintos de adaptacdo. Apesar dessa plausibilidade,
permanece insuficientemente esclarecido se diferentes niveis iniciais de vulnerabilidade
musculoesquelética estdo associados ou ndo a magnitude das adaptagdes musculares,
funcionais e cardiometabdlicas ao TR.

Outro aspecto relevante refere-se a duracdo da intervencdo. Grande parte das
evidéncias disponiveis é proveniente de programas relativamente curtos, o que limita a
compreensao das adaptagdes associadas a exposicédo prolongada ao TR. Intervencgdes de
curta duracdo permitem identificar respostas iniciais ao treinamento, mas fornecem
informacdes limitadas sobre a manutencdo ou magnitude das adapta¢des ao longo de
periodos mais extensos. Nesse sentido, investigagdes longitudinais sao particularmente
relevantes quando se pretende analisar simultaneamente alteragdes musculoesqueléticas,
funcionais e cardiometabdlicas decorrentes da participagao continuada em programas de TR.

A importancia de investigar o impacto de intervengbes mais prolongadas é reforgada
pelo fato de que as adaptacbes ao TR nao necessariamente ocorrem com a mesma
magnitude ou trajetoria temporal nos diferentes sistemas fisiolégicos. Ganhos de forga,
alteragdes na massa muscular, modificagbes na aptiddao funcional e respostas
cardiometabdlicas podem apresentar ritmos distintos, tornando limitada a extrapolagdo de
resultados provenientes de intervenc¢des de poucas semanas para exposi¢des de longo prazo.
Portanto, estudos com acompanhamento prolongado podem ampliar a compreensao sobre a
associacao entre participacdo continuada no TR e diferentes dimensdes da saude de

mulheres idosas.

1.5 Lacunas do conhecimento e justificativa do estudo
Apesar do consistente corpo de evidéncias que sustenta a utilizagdo do TR durante o

envelhecimento, trés lacunas principais permanecem. Primeiro, grande parte dos estudos
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disponiveis emprega interveng¢des relativamente curtas, de modo que as adaptacdes
associadas a participagao prolongada em programas estruturados e supervisionados de TR
permanecem menos compreendidas. Segundo, embora mulheres idosas apresentem
particularidades hormonais, musculoesqueléticas e metabodlicas que justificam sua
investigacao especifica, ainda sdo necessérias evidéncias que integrem simultaneamente
diferentes dimensodes da saude nessa populacio. Terceiro, permanece pouco esclarecido se
a condigdo musculoesquelética inicial esta associada ou nao a magnitude das adaptagdes
decorrentes do TR, particularmente quando s&o considerados conjuntamente desfechos de
composigao corporal, forca muscular, aptidao funcional e saude cardiometabdlica.

Essa ultima questao possui relevancia tanto cientifica quanto aplicada. Se mulheres
com maior vulnerabilidade musculoesquelética apresentarem respostas distintas daquelas
com condigdo muscular mais preservada, a caracterizagdo inicial da condigao
musculoesquelética podera contribuir para compreender a heterogeneidade das respostas ao
treinamento e, potencialmente, subsidiar estratégias mais individualizadas. Por outro lado, se
beneficios semelhantes forem observados em diferentes niveis de vulnerabilidade, os
achados poderéo reforgar a aplicabilidade do TR prolongado a uma populagdo mais ampla de
mulheres idosas. Diante desse cenario, torna-se relevante analisar o comportamento de
mulheres idosas com diferentes condi¢des musculoesqueléticas iniciais submetidas a um

periodo prolongado de TR supervisionado.
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2 OBJETIVOS

2.1 Objetivo geral

Analisar as alteragdes nos fatores de risco cardiometabdlico, na composigcao corporal,

na forca muscular e na aptidao funcional associadas a dois anos de TR supervisionado e

progressivo em mulheres idosas com maior e menor vulnerabilidade musculoesquelética, bem

como comparar a magnitude dessas alteragdes entre os grupos.

2.2 Objetivos especificos

Investigar as alteragdes nos fatores de risco cardiometabdlico, incluindo glicemia de
jejum, colesterol total, LDL-c, HDL-c, triglicerideos e proteina C-reativa, apds dois anos
de TR supervisionado em mulheres idosas com maior e menor vulnerabilidade
musculoesquelética;

Examinar as alteragdes na composigcdo corporal, incluindo massa muscular
esquelética, tecido mole e magro apendicular, indice de massa muscular esquelética
apendicular e indicadores de adiposidade, apds dois anos de TR supervisionado nos
dois grupos;

Avaliar as alteragdes na forga muscular, determinada por testes de 1RM, e na aptidao
funcional, avaliada por testes de mobilidade, agilidade, forga funcional de membros
inferiores e capacidade de caminhada, apds dois anos de TR supervisionado nos dois
grupos;

Comparar a magnitude das alteragbes nos fatores de risco cardiometabdlico, na
composigcao corporal, na forca muscular e na aptidao funcional entre mulheres idosas
com maior e menor vulnerabilidade musculoesquelética;

Investigar a associacio entre as alteragbes na condigdo musculoesquelética e as

alteragdes nos fatores de risco cardiometabdlico apds dois anos de TR.
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3 HIPOTESES

Com base nas evidéncias disponiveis sobre as adaptag¢des ao TR em mulheres idosas
e sobre a inter-relacdo entre a condigdo musculoesquelética e a saude cardiometabdlica,

foram estabelecidas as seguintes hipoteses:

= Fatores de risco cardiometabdlico: dois anos de TR supervisionado e
progressivo estardao associados a alteragdes favoraveis nos fatores de risco
cardiometabdlico em mulheres idosas com maior e menor vulnerabilidade
musculoesquelética, caracterizadas por redugdes na glicemia de jejum, colesterol
total, LDL-c, triglicerideos e proteina C-reativa, bem como por manutengao ou
aumento das concentragdes de HDL-c;

= Composicado corporal: dois anos de TR supervisionado e progressivo estarao
associados a aumentos da massa muscular esquelética, do tecido mole magro
apendicular e do indice de massa muscular esquelética apendicular, bem como a
reducodes dos indicadores de adiposidade, em mulheres idosas com maior e menor
vulnerabilidade musculoesquelética;

» Forga muscular e aptidao funcional: dois anos de TR supervisionado e
progressivo estardo associados a aumentos da forgca muscular e a melhorias na
aptiddo funcional, expressas por melhor desempenho nos indicadores de
mobilidade, agilidade, for¢ca funcional de membros inferiores e capacidade de
caminhada, em ambos 0s grupos;

= Magnitude das alteragdes entre os grupos: a magnitude das alteracdes
cardiometabdlicas, morfoldgicas, neuromusculares e funcionais associadas aos
dois anos de TR diferira entre mulheres idosas com maior e menor vulnerabilidade
musculoesquelética, sendo esperadas alteracbes mais pronunciadas entre
aquelas com maior vulnerabilidade inicial, em razdo de sua condigao
musculoesquelética menos favoravel e, consequentemente, de sua maior margem
potencial para adaptagao.

= Associacdo entre alteragdes musculoesqueléticas e cardiometabdlicas: as
alteragdes favoraveis na condi¢do musculoesquelética ao longo dos dois anos de
TR estardo associadas a alteragbes favoraveis nos fatores de risco
cardiometabdlico, de modo que maiores aumentos na massa muscular e na forca

muscular estardo associados a maiores redugdes no risco cardiometabdlico.
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4 METODOS

4.1 Delineamento experimental

O presente estudo integra o Active Aging Longitudinal Study, um projeto
multiprofissional iniciado em 2012 com o propdsito de investigar as adaptagbes associadas a
participacao em programas de TR supervisionado e progressivo sobre diferentes indicadores
de saude de mulheres idosas.

Trata-se de um estudo longitudinal, com duragdo de dois anos, no qual mulheres
idosas fisicamente independentes participaram de um programa de TR supervisionado e
progressivo, realizado trés vezes por semana. As avaliagdes foram conduzidas antes do inicio
do programa (pré) e apos dois anos de acompanhamento (pds) e incluiram indicadores de
composigao corporal, forga muscular, aptidao funcional e fatores de risco cardiometabdlico. A
ingestao alimentar foi avaliada nas duas primeiras e nas duas ultimas semanas do periodo de
acompanhamento.

Para investigar se a condicdo musculoesquelética inicial estaria associada a
magnitude das alteracbes observadas ao longo do periodo, as participantes foram
classificadas dicotomicamente em dois grupos, de acordo com um escore composto
estabelecido a partir de indicadores de massa muscular e forca: maior vulnerabilidade
musculoesquelética (MVM) e menor vulnerabilidade musculoesquelética (mVM).

Todas as sessbes de TR foram supervisionadas por profissionais de Educacao Fisica,
e as participantes foram orientadas a nao iniciar ou participar sistematicamente de outros
programas estruturados de exercicios fisicos durante o periodo de acompanhamento.

Considerando a auséncia de um grupo controle ndo submetido ao TR e a natureza
ndao randomizada do delineamento, as analises foram direcionadas a investigacdo das
alteragbes associadas a participacdo prolongada no programa de TR, bem como a
comparagdo da magnitude dessas alteracbes entre mulheres com diferentes condi¢cbes

musculoesqueléticas iniciais.

4.2 Participantes

As participantes foram recrutadas por meio de divulgagdo em televiséo e radio locais,
jornais e midias sociais. Inicialmente, as voluntarias responderam a questionarios sobre
histérico de saude e foram posteriormente submetidas aos procedimentos de triagem para
determinacgao da elegibilidade.

Para este esta investigacao foram adotados os seguintes critérios de incluséo: (a) sexo
feminino e idade = 60 anos; (b) independéncia fisica para realizagcao das atividades da vida

diaria; (c) auséncia de disfungdes cardiacas, ortopédicas ou musculoesqueléticas que



18

impedissem a pratica de exercicios fisicos; (d) auséncia de diabetes mellitus ou hipertensao
arterial ndo controlados; (e) ndo participagdo em programas regulares de exercicio fisico
realizados mais de uma vez por semana nos trés meses anteriores ao inicio do estudo; e (f)
liberacdo médica para participacdo no programa de TR sem restrigdes, obtida mediante
avaliagao clinica realizada por cardiologista, eletrocardiograma de repouso de 12 derivagbes
e teste de esforco em esteira, quando considerado necessario.

Todas as participantes foram informadas sobre os objetivos, procedimentos,
beneficios e possiveis riscos associados ao estudo e assinaram o Termo de Consentimento
Livre e Esclarecido antes do inicio dos procedimentos experimentais. A investigagao foi
conduzida de acordo com os principios da Declaragao de Helsinki, aprovada pelo Comité de
Etica em Pesquisa local e registrada na plataforma ClinicalTrials.gov (NCT06621368).

Inicialmente, 120 mulheres foram avaliadas para elegibilidade, das quais 40 foram
excluidas por ndo atenderem aos critérios estabelecidos. Assim, 80 participantes iniciaram o
periodo de acompanhamento e foram classificadas nos grupos MVM (n = 40) e mVM (n = 40).
Ao longo dos dois anos, 18 participantes descontinuaram sua participagdo por motivos
pessoais, sendo oito do grupo MVM e 10 do grupo mVM. Dessa forma, a amostra final foi

composta por 62 mulheres, sendo 32 no grupo MVM e 30 no grupo mVM.

4.2.1 Classificagao da vulnerabilidade musculoesquelética

A condicdo musculoesquelética inicial foi caracterizada a partir de um escore-z
composto, derivado de dois componentes: o indice de massa muscular esquelética
apendicular (ASMI, kg/m?) e a forga muscular total.

O ASMI foi determinado a partir da massa muscular esquelética apendicular relativa a
estatura ao quadrado. A forga muscular total foi determinada pela soma das cargas obtidas
nos testes de uma repeticdo maxima (1RM) nos exercicios chest press, cadeira extensora e
rosca Scott.

Inicialmente, os valores individuais de ASMI e forca muscular total foram padronizados
em escores-z. Posteriormente, esses valores foram combinados para obtengdo de um

indicador composto da condigdo musculoesquelética, calculado da seguinte forma:

Escore-z composto = (escore-z do ASMI + escore-z da forga muscular total)/2.

Valores mais baixos do escore composto representaram uma condi¢do
musculoesquelética relativamente menos favoravel, caracterizada pela combinacdo de
menores niveis relativos de massa muscular e forca, enquanto valores mais elevados

representaram uma condicao musculoesquelética relativamente mais favoravel.
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Com base nos escores previamente estabelecidos, as participantes foram
classificadas dicotomicamente em dois grupos: maior vulnerabilidade musculoesquelética
(MVM) e menor vulnerabilidade musculoesquelética (mVM). Essa classificagao foi empregada
com a finalidade de estratificar as participantes de acordo com sua condigdo
musculoesquelética inicial e permitir a comparagao das alteracbes associadas ao periodo de
dois anos de TR entre mulheres com diferentes niveis de vulnerabilidade musculoesquelética.

A classificagao utilizada no presente estudo representa uma estratificagao operacional
e relativa da condicdo musculoesquelética da amostra investigada, ndo correspondendo ao
diagnéstico clinico de sarcopenia. De acordo com o European Working Group on Sarcopenia
in Older People 2 (EWGSOP2), o diagndstico de sarcopenia envolve critérios e pontos de
corte especificos para forgca muscular, quantidade ou qualidade muscular e desempenho fisico
(CRUZ-JENTOFT et al., 2019). Portanto, as denominagbées MVM e mVM foram empregadas
exclusivamente para caracterizar diferengas na condicdo musculoesquelética inicial das
participantes, sem implicar diagndstico clinico ou progndstico individual.

Embora a forgca de preensdo manual seja amplamente empregada nos algoritmos
diagnésticos de sarcopenia, no presente estudo foi utilizada a forga dindmica maxima obtida
nos testes de 1RM. Essa escolha possibilitou avaliar a forga dos principais segmentos
corporais envolvidos no programa de treinamento e encontra respaldo em evidéncias que
demonstram forte associagao entre o desempenho em testes de 1RM e indicadores globais

de forga muscular em mulheres idosas (NUNES et al., 2020).

4.3 Fatores de risco cardiometabdlico

As coletas sanguineas foram realizadas no periodo da manha, entre 7h00min e
9h00min, apos jejum noturno de pelo menos 12 h. Antes da coleta, as participantes
permaneceram sentadas em repouso por pelo menos cinco minutos. Amostras de sangue
venoso foram obtidas de uma veia superficial proeminente da fossa antecubital por
profissional treinado, utilizando sistema de coleta a vacuo.

Apods a coleta, as amostras foram centrifugadas a 3.000 rpm durante 15 min, e
aliquotas de plasma ou soro foram armazenadas a -80 °C até a realizagédo das analises. Os
coeficientes de variacao intra e interensaio foram inferiores a 10%. Foram determinadas as
concentracdes de glicemia de jejum, colesterol total (CT), lipoproteina de alta densidade
colesterol (HDL-c), triglicerideos (TG) e proteina C-reativa (PCR) por métodos laboratoriais
padronizados. As analises foram realizadas em sistema automatizado Dimension RxL Max
(Siemens Dade Behring, Erlangen, Alemanha), seguindo as recomendacgdes do fabricante.

As concentragdes de lipoproteina de baixa densidade colesterol (LDL-c) foram
estimadas pela equagéao de Friedewald: LDL-c = CT - [HDL-c + (TG/5)] (FRIEDEWALD et al.,
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1972). Os indicadores cardiometabdlicos foram analisados individualmente e, adicionalmente,
utilizados para composi¢do do indicador empregado nas analises de associagao entre

alteragdes musculoesqueléticas e cardiometabdlicas.

4.4 Composicao corporal

A composicao corporal foi avaliada por absotiometria radiolégica de dupla energia
(DXA), utilizando equipamento Lunar Prodigy Advance, modelo NRL 41990 (General Electric,
Madison, WI, USA). Foram determinadas a massa livre de gordura e osso (MIGO) total e
regional, o tecido mole e magro (LST) apendicular, a massa gorda corporal total e os
compartimentos de gordura androide e ginoide. A massa muscular esquelética (SMM) foi
estimada por equacdo preditiva previamente validada (KIM et al., 2002). O ASMI foi
determinado pela razdo entre a massa muscular esquelética apendicular e a estatura ao
quadrado (kg/m?), conforme procedimentos estabelecidos na literatura (CRUZ-JENTOFT et
al., 2019).

Antes das avaliagdes, as participantes foram orientadas a remover objetos metalicos
e permaneceram em decubito dorsal ao longo do eixo longitudinal da mesa do equipamento.
O posicionamento e a analise das imagens foram realizados pelo mesmo pesquisador
treinado, seguindo as recomendacgdes do fabricante.

Os procedimentos apresentaram elevada reprodutibilidade para os diferentes
compartimentos corporais avaliados, com coeficientes de correlagdo intraclasse (CCI)
elevados e baixos erros padrdo de medida (EPM). O EPM e o CCI foram satisfatorios para
MIGO de membros superiores (EPM = 0,1 kg; CCl = 0,99) e inferiores (EPM = 0,2 kg; CCIl =
0,99), LST apendicular (EPM = 0,3 kg; CCI = 0,99), gordura corporal total (EPM = 0,1 kg; CCI
=0,99), gordura do tronco (EPM = 0,6 kg; CCI = 0,99), gordura ginoide (EPM = 0,1 kg; CCI =
0,99) e gordura androide (EPM = 0,2 kg; CCI = 0,99).

4.5 For¢ca muscular

A forca muscular dindmica maxima foi avaliada por meio de testes de 1RM nos
exercicios chest press, cadeira extensora e rosca Scott (Ipiranga Fitness, Presidente
Prudente, SP, Brasil), seguindo procedimentos previamente padronizados (DO
NASCIMENTO et al., 2013; NUNES et al., 2020).

Foram realizadas trés sessdes de testes, no periodo da manha, separadas por
intervalos de 48-72 h. Em cada sesséo, as participantes realizaram aquecimento especifico
de 10-15 repetigbes com aproximadamente 50% da carga estimada para a primeira tentativa,

seguido de trés tentativas para determinagao da carga maxima.
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Quando uma tentativa era realizada com sucesso, a carga era aumentada em
aproximadamente 3—10% para a tentativa subsequente. Quando a participante nao conseguia
completar a repeticdo com a técnica estabelecida, a carga era reduzida em proporgéao
semelhante. Foram adotados intervalos de recuperagéo de 3—5 min entre as tentativas e cinco
minutos entre os exercicios. Nas segunda e terceira sessbes, a primeira tentativa foi
determinada com base na maior carga obtida na sessao anterior.

O valor de 1RM foi definido como a maior carga que a participante conseguiu levantar
uma unica vez, com amplitude de movimento e técnica adequadas, entre as trés sessdes de
avaliagdo. Todas as avaliagbes foram supervisionadas por pesquisadores experientes para
garantir a padronizagao dos procedimentos e a seguranga das participantes. A forga muscular
total foi determinada pela soma das cargas de 1RM obtidas nos trés exercicios. Os

procedimentos apresentaram EPM <5% e CCI >0,96.

4.6 Testes de aptidao funcional

A aptidao funcional foi avaliada por meio de testes de caminhada de 4 m, agilidade,
levantar e sentar da cadeira em 30 s e caminhada de 6 min (6MWT), seguindo procedimentos
padronizados (RIKLI; JONES, 2013).

No teste de de caminhada de 4 m, as participantes percorreram uma distancia total de
8 m em velocidade habitual, sendo cronometrado apenas o segmento central de 4 m para
minimizar os efeitos das fases de aceleracdo e desaceleracdo. Foram realizadas trés
tentativas, sendo utilizada a média dos tempos obtidos.

Para avaliagdo da agilidade, as participantes iniciaram o teste sentadas em uma
cadeira, levantaram-se, caminharam até contornar um cone posicionado a 2,44 m, retornaram
a posicao inicial e sentaram-se novamente. Foram realizadas trés tentativas, sendo
considerado para analise o menor tempo obtido.

No teste de levantar e sentar da cadeira em 30 s, as participantes foram orientadas a
realizar o maior niumero possivel de ciclos completos de levantar e sentar durante 30 s,
mantendo os bragos cruzados sobre o térax. O numero total de repeticbes completas foi
utilizado para analise.

No teste 6MWT, as participantes foram orientadas a percorrer a maior distancia
possivel durante seis minutos, sem correr, em percurso previamente demarcado. A distancia

total percorrida foi registrada em metros.

4.7 Programa de treinamento resistido
O programa de TR foi realizado durante dois anos, com frequéncia de trés sessbes

semanais, em dias ndo consecutivos, as segundas, quartas e sextas-feiras, no periodo da
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manha, em academia universitaria.

Todas as sessbes foram supervisionadas presencialmente por profissionais de
Educacgao Fisica com experiéncia em TR para pessoas idosas. A supervisao teve como
objetivo garantir a seguranga das participantes, a execucéo técnica adequada dos exercicios,
o cumprimento da zona de repetigdes estabelecida e a progressao sistematica das cargas ao
longo do periodo de acompanhamento.

O programa foi composto por oito exercicios envolvendo os principais grupos
musculares: chest press, leg press horizontal, remada sentada, cadeira extensora, triceps no
pulley, cadeira flexora, rosca Scott e cadeira solear. Cada exercicio foi realizado em trés séries
de 8-12 repeti¢cdes, de acordo com recomendagdes para a prescricdo do TR para idosos
(FRAGALA et al., 2019).

As participantes foram orientadas a executar as ac¢des musculares de maneira
controlada, com duragcdo aproximada de 1 s para a fase concéntrica e 2 s para a fase
excéntrica, inspirando durante a agdo excéntrica e expirando durante a concéntrica. Os
intervalos de recuperacao foram de 1-2 min entre séries e 2—3 min entre exercicios.

As cargas foram ajustadas individualmente ao longo do programa com base no
desempenho apresentado durante as sessdes. Quando a participante atingia o limite superior
da zona de repeticdes prescrita em todas as séries durante duas sessdes consecutivas, a
carga era aumentada em aproximadamente 2-5% para exercicios de membros superiores e
5-10% para exercicios de membros inferiores. Caso a participante ndo conseguisse atingir o
limite inferior da zona de repeticbes com técnica adequada, a carga era reduzida na mesma
propor¢do para permitir a manutengcdo do estimulo dentro da faixa estabelecida. Esse
procedimento possibilitou a aplicagdo de sobrecarga progressiva individualizada durante todo
o periodo de acompanhamento. A frequéncia as sessodes foi registrada individualmente ao

longo do estudo para acompanhamento da aderéncia ao programa.

4.8 Ingestao alimentar

A ingestao alimentar foi avaliada por meio de recordatérios alimentares de 24 h
realizados em trés dias n&o consecutivos (segundas, quartas e sextas-feiras), nas duas
primeiras e nas duas ultimas semanas do periodo de acompanhamento. As entrevistas foram
conduzidas por nutricionistas experientes, com auxilio de manual fotografico de porgbes
alimentares para aumentar a precisdo das estimativas. As medidas caseiras relatadas pelas
participantes foram convertidas em gramas ou mililitros.

A ingestdo energética total e de macronutrientes foi analisada utilizando o software
Virtual Nutri Plus (Keeple®, Rio de Janeiro, RJ, Brasil). Para alimentos ndo disponiveis no

banco de dados do programa, foram utilizadas informag¢des provenientes de tabelas de
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composigao alimentar de referéncia. A avaliagao da ingestao alimentar nos momentos inicial
e final foi utilizada para verificar possiveis alteragdes no consumo energético e de
macronutrientes que pudessem contribuir para a interpretacao das modificagdes observadas

na composigao corporal e nos indicadores cardiometabdlicos.

4.9 Analise Estatistica

Os dados foram inicialmente analisados por meio de estatistica descritiva. As variaveis
continuas foram apresentadas em média e desvio-padrao, enquanto as variaveis categoricas
foram expressas em frequéncias absoluta e relativa. A distribuicdo dos dados foi examinada
pelo teste de Shapiro-Wilk, e a homogeneidade das variancias pelo teste de Levene.

As possiveis diferengas entre os grupos na linha de base foram avaliadas pelo teste
do qui-quadrado para as variaveis categéricas, analise de variancia de uma via (ANOVA one-
way) para as variaveis continuas que atenderam aos pressupostos paramétricos e teste de
Kruskal-Wallis para aquelas que nao atenderam a esses pressupostos.

Para comparar os desfechos entre mulheres com maior vulnerabilidade
musculoesquelética (MVM) e menor vulnerabilidade musculoesquelética (mVM) ap6s os dois
anos de acompanhamento, foi utilizada andlise de covaridncia (ANCOVA). Em cada modelo,
o valor pés-intervencao do respectivo desfecho foi considerado como variavel dependente, o
grupo (MVM vs. mVM) como fator fixo e o respectivo valor basal, a idade e a massa gorda
como covariaveis. Essa abordagem foi empregada para comparar os grupos no momento
pos-intervengdo, minimizando a influéncia de diferengas iniciais nos desfechos investigados
e de potenciais efeitos relacionados a idade e a adiposidade.

Foram estimadas as médias ajustadas e seus respectivos intervalos de confianca de
95%. Quando identificado efeito estatisticamente significante de grupo pelo teste F da
ANCOVA, as diferengas entre as médias pés-intervencéo ajustadas foram examinadas a partir
das comparagdes correspondentes. As alteragdes ocorridas dentro de cada grupo entre os
momentos pré e pds foram analisadas separadamente. Essas analises foram utilizadas para
descrever a direcdo e a magnitude das alteragdes observadas ao longo dos dois anos.
Entretanto, a ocorréncia de uma alteragdo estatisticamente significante em um grupo e néo
significante no outro n&o foi considerada, isoladamente, evidéncia de diferengca na magnitude
da resposta entre os grupos. A interpretagdo de diferengas entre MVM e mVM foi
fundamentada na comparacgao direta entre os grupos fornecida pela ANCOVA.

Para investigar a associagao entre as alteragdes na condigdo musculoesquelética e
no perfil cardiometabdlico, foram calculadas as variagbes individuais entre os momentos pos
e pré (A = pds - pré). Os fatores de risco cardiometabdlico foram padronizados em escores-

z e combinados em um escore composto, considerando-se a direcao de cada variavel de



24

modo que os valores representassem consistentemente alteragdes mais ou menos favoraveis
no perfil cardiometabdlico.

As associacoes entre as alteragdes na MME e na forca muscular total e as alteracoes
no escore composto dos fatores de risco cardiometabdlico foram examinadas pelo coeficiente
de correlacao de Pearson. Para variaveis que nao atenderam aos pressupostos das analises
paramétricas, foi utilizado o procedimento ndo paramétrico correspondente. A interpretagao
considerou a diregdo e a magnitude dos coeficientes, sem atribuicdo de causalidade as
associagdes observadas.

Os tamanhos de efeito (TE) foram calculados a partir da diferenga entre os valores pos
e pré-intervencgéo dividida pelo desvio-padrao agrupado do momento basal. Os valores foram
interpretados segundo os critérios propostos por Cohen (1992): trivial (0,00-0,19), pequeno
(0,20-0,49), moderado (0,50-0,79) e grande (= 0,80). Adicionalmente, foi estimado um limiar
de mudancga minimamente importante baseado na distribuicdo, calculado como 0,2 x desvio-
padrao dos valores basais (BLOOM et al., 2023). Por se tratar de uma abordagem baseada
na distribuicdo dos dados, e ndo em um critério externo, esse indicador foi utilizado como
referéncia complementar para interpretagdo da magnitude das alteragbes e ndo como uma
diferenga minima clinicamente importante validada especificamente para cada desfecho.
Todas as analises estatisticas foram realizadas no software JAMOVI, versao 2.4.11 (JAMOVI

Project, Sydney, Australia), adotando-se nivel de significancia estatistica de P < 0,05.
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Abstract

Purpose: This study investigated the changes associated with a two-year supervised
resistance training (RT) program in cardiometabolic risk factors, body composition, muscular
strength, and functional fithess in older women with higher and lower musculoskeletal
vulnerability. Methods: Sixty-two physically independent older women (=60 years) completed
a supervised RT program performed three times per week for two years. Participants were
classified into higher musculoskeletal vulnerability (HMV; n = 32) and lower musculoskeletal
vulnerability (LMV; n = 30) groups according to a composite z-score derived from appendicular
skeletal muscle mass index and total muscular strength. The RT program consisted of eight
exercises performed for three sets of 8—12 repetitions with progressive overload. Body
composition was assessed by dual-energy X-ray absorptiometry, muscular strength by one-
repetition maximum tests, cardiometabolic biomarkers by biochemical analyses, and functional
fithess by standardized motor tests. Results: Following the two-year intervention, both groups
showed significant improvements in muscular strength and functional fitness (P < 0.05).
Fasting glucose decreased by 6.7% in HMV and 4.2% in LMV, LDL-c by 14.4% and 9.6%, and
total cholesterol by 11.2% and 8.3%, respectively (P < 0.05). Significant reductions in
triglycerides (—16.0%) and C-reactive protein (-16.0%) were observed in HMV, whereas HDL-
¢ remained unchanged in both groups. Relative fat mass decreased in both groups, while
statistically significant increases in skeletal muscle mass and appendicular lean soft tissue
were observed primarily in LMV. Changes in skeletal muscle mass and total muscular strength
were modestly and inversely associated with changes in the composite cardiometabolic risk
score (r = -0.27 and r = -0.28, respectively; P < 0.05). Overall, there was no consistent
evidence that the magnitude of adaptations differed between groups. Conclusion: Two years
of supervised RT were associated with favorable changes in muscular strength, functional
fitness, body composition, and several cardiometabolic risk factors in older women with
different levels of initial musculoskeletal vulnerability. Although some cardiometabolic markers
improved significantly only in women with higher musculoskeletal vulnerability, the findings do
not provide consistent evidence of greater responsiveness in this group. These results suggest
that older women may benefit from prolonged RT across different levels of initial
musculoskeletal condition. However, given the absence of a non-training control group, the
observed changes cannot be attributed exclusively to RT.

Keywords: strength training; cardiometabolic health; body composition; muscular strength;

aging.
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5.1.1 Introduction

Population aging is accompanied by progressive changes in skeletal muscle mass
(SMM), muscular strength, body composition, and metabolic regulation that may compromise
physical function and increase the risk of chronic disease in older adults (CRUZ-JENTOFT et
al., 2019; BUCHMANN et al., 2022; BEAUDART et al., 2025). Among these alterations,
reductions in muscular strength and SMM are particularly relevant because they are
associated not only with mobility limitations, disability, falls, and loss of functional
independence, but also with unfavorable metabolic and inflammatory profiles (FRAGALA et
al., 2019; CRUZ-JENTOFT et al., 2019; BUCHMANN et al., 2022). Importantly, age-related
musculoskeletal deterioration occurs along a continuum, and substantial interindividual
variability in SMM and strength may be present even among older adults who do not meet
established diagnostic criteria for sarcopenia. Thus, examining different levels of baseline
musculoskeletal condition may provide additional insight into the heterogeneity of health-
related adaptations during aging.

The relationship between musculoskeletal and cardiometabolic health is particularly
relevant because skeletal muscle plays an important role in glucose disposal, lipid metabolism,
energy homeostasis, and inflammatory regulation. Lower SMM and impaired muscle function
have been associated with insulin resistance, dyslipidemia, metabolic syndrome, and chronic
low-grade inflammation (BUCHMANN et al., 2022; KIM et al., 2021; TERADA et al., 2022).
Conversely, metabolic and inflammatory disturbances may accelerate muscle protein
breakdown and impair anabolic processes, contributing to further deterioration of SMM and
muscle function (BODINE; BAEHR, 2014; DASURI et al., 2013). This bidirectional relationship
suggests that musculoskeletal vulnerability may reflect a broader biological condition in which
muscular, metabolic, and inflammatory alterations coexist and potentially interact.

These relationships may be especially important in older women. The menopausal
transition and the progressive decline in estrogen concentrations are associated with
unfavorable changes in body composition, glucose metabolism, lipid regulation, and systemic
inflammation, together with reductions in SMM and muscle function (MONTELEONE et al.,
2018; EL KHOUDARY et al., 2020; CRITCHLOW et al., 2023). Consequently, older women of
similar chronological age may present substantially different musculoskeletal and
cardiometabolic profiles. Such heterogeneity reinforces the importance of identifying strategies
capable of simultaneously preserving muscle health, physical function, and cardiometabolic
status in this population.

Resistance training (RT) is widely recognized as one of the most effective non-
pharmacological strategies for counteracting age-related declines in muscular strength,
skeletal muscle mass, and physical function (FRAGALA et al., 2019; CUNHA et al., 2021;
KASSIANO et al., 2021; IZQUIERDO et al., 2025). In addition to these neuromuscular and
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functional adaptations, RT may favorably influence glycemic control, lipid profile, body
composition, and inflammatory biomarkers (ASHTON et al., 2020; TOMELERI et al., 2016;
NUNES et al., 2024). Improvements in muscle quantity and function may contribute to some
of these cardiometabolic adaptations, given the central role of skeletal muscle in peripheral
glucose uptake and metabolic regulation. Nevertheless, the extent to which baseline
musculoskeletal condition influences these adaptations remains insufficiently understood.

A less favorable initial musculoskeletal condition could theoretically provide greater
room for improvement in response to RT. Conversely, greater age-related biological
constraints, lower physiological reserve, and other individual characteristics may limit the
magnitude of adaptation in individuals with greater baseline vulnerability. Therefore, baseline
musculoskeletal status may not modify responsiveness to RT in a simple or uniform manner.
Despite its potential relevance, relatively few studies have examined whether older women
with different initial combinations of SMM and muscular strength exhibit distinct
musculoskeletal, functional, and cardiometabolic adaptations to prolonged RT.

Another important limitation of the available literature is the relatively short duration of
most RT interventions involving older adults. Although short- and medium-term studies have
consistently demonstrated favorable neuromuscular and metabolic responses, considerably
less is known about adaptations associated with continued participation in structured and
supervised RT over longer periods (ASHTON et al., 2020; KEMMLER et al.,, 2020;
LICHTENBERG et al., 2019). This issue is particularly relevant because muscular strength,
muscle mass, functional fithess, and cardiometabolic biomarkers may follow different temporal
trajectories. Therefore, findings from interventions lasting only a few weeks or months may not
fully represent the adaptations observed after prolonged exposure to RT.

Accordingly, the present study classified older women according to their baseline
musculoskeletal condition using a composite score derived from appendicular skeletal muscle
mass index (ASMI) and total muscular strength. This approach was intended to provide an
operational and relative characterization of musculoskeletal vulnerability within the study
sample rather than a clinical diagnosis of sarcopenia. The study aimed to investigate changes
in cardiometabolic risk factors, body composition, muscular strength, and functional fithess
associated with two years of supervised and progressive RT in older women with higher and
lower musculoskeletal vulnerability and to compare the magnitude of these changes between
groups. We hypothesized that prolonged RT would be associated with favorable
cardiometabolic, morphological, neuromuscular, and functional changes in both groups. We
also hypothesized that women with higher baseline musculoskeletal vulnerability would exhibit
greater adaptations in some outcomes because of their less favorable initial condition and

consequently greater potential room for improvement.
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5.1.2 Methods

5.1.2.1 Experimental Design

The present investigation is part of the Active Aging Longitudinal Study, an ongoing
research project initiated in 2012 to investigate the effects of supervised and progressive RT
on neuromuscular, morphological, functional, metabolic, cognitive, and behavioral outcomes
in older women. The present study adopted a longitudinal, non-randomized design with a two-
year follow-up. All participants underwent the same supervised RT program and were
retrospectively stratified according to their baseline musculoskeletal condition into higher
musculoskeletal vulnerability (HMV) and lower musculoskeletal vulnerability (LMV) groups.

Assessments were performed at baseline and after the two-year follow-up under
standardized laboratory conditions. The outcomes included cardiometabolic biomarkers, body
composition, muscular strength, and functional fithess. Because the study did not include a
non-training control group, changes observed between baseline and follow-up were interpreted
as being associated with prolonged participation in RT rather than as effects attributable
exclusively to the intervention. Participants were instructed to maintain their habitual dietary
intake, medication use, and physical activity patterns throughout the study and not to engage
in structured exercise programs other than the prescribed RT. Dietary intake was assessed
during the first and last two weeks of the follow-up using food records analyzed by trained

nutrition researchers.

5.1.2.2 Participants

Participants were recruited through advertisements on local television, radio,
newspapers, and social media. Initially, 120 older women were screened for eligibility through
clinical interviews and health-history questionnaires. Inclusion criteria were: (a) women aged
2 60 years; (b) physical independence; (c) absence of cardiac, orthopedic, or musculoskeletal
conditions that could contraindicate participation in the exercise program; (d) absence of
uncontrolled diabetes mellitus or hypertension; (e) no participation in regular structured
physical exercise (>1 session/week) during the three months preceding the study; and (f)
medical clearance for participation in the RT program, including resting electrocardiography
and treadmill stress testing when considered necessary.

Participants were excluded when health-related conditions or other circumstances
prevented safe participation in the exercise program, compromised adherence, or precluded
completion of the follow-up assessments. After the eligibility procedures, 80 women entered
the study. During the two-year follow-up, 18 participants discontinued participation for personal

reasons unrelated to the study protocol, resulting in a final analytical sample of 62 women.
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All participants received detailed verbal and written information regarding the
procedures and provided written informed consent before participation. The study was
conducted in accordance with the Declaration of Helsinki, approved by the local Research
Ethics Committee, and registered at ClinicalTrials.gov (NCT06621368).

Musculoskeletal vulnerability was operationally defined from the combination of ASMI
and maximal muscular strength. These variables were selected because muscle quantity and
muscular strength represent complementary dimensions of musculoskeletal health during
aging (CRUZ-JENTOFT et al., 2019). Moreover, muscular strength may provide information
regarding functional deterioration that is not fully captured by SMM alone, supporting a
multidimensional characterization of muscle health in older adults (CRUZ-JENTOFT et al.,
2019; NUNES et al., 2020).

For each participant, standardized scores (z-scores) were calculated separately for
ASMI and total muscular strength. Total muscular strength was determined as the sum of the
loads obtained in the one-repetition maximum (1RM) tests for the chest press, leg extension,

and preacher curl exercises. A composite musculoskeletal score was then calculated as:

(ASMI z-score + total muscular strength z-score) / 2.

Participants were stratified according to the median of the composite score into HMV
(values below the median) and LMV (values at or above the median). The initial stratification
resulted in 40 participants in each group. Following attrition during the two-year follow-up, the
final analytical sample comprised 32 women in the HMV group and 30 women in the LMV
group.

Importantly, this classification was designed to provide a relative and operational
characterization of baseline musculoskeletal condition within the study sample. It was not
intended to diagnose sarcopenia or to replace established clinical criteria for this condition
(CRUZ-JENTOFT et al., 2019). Therefore, HMV and LMV refer exclusively to the relative

combination of SMM and muscular strength within the distribution of the present sample.

5.1.2.3 Resistance training program

The RT program was performed for two years, three times per week on non-
consecutive days (Mondays, Wednesdays, and Fridays), at the university fitness facility. All
training sessions were directly supervised by experienced Physical Education professionals to
ensure participant safety, exercise standardization, appropriate execution technique, and
progression of training loads.

The program comprised eight exercises targeting the major muscle groups: chest

press, seated row, triceps pushdown, preacher curl, horizontal leg press, leg extension, seated
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leg curl, and seated calf raise. Participants performed three sets of 8—12 repetitions per
exercise, consistent with recommendations for RT prescription in older adults (FRAGALA et
al., 2019; RATAMESS et al., 2009). The concentric and eccentric phases of each repetition
were performed in approximately 1-2 s, respectively. Rest intervals of 1—2 min were provided
between sets and 2—-3 min between exercises.

Training loads were individually adjusted according to repetition performance to
maintain progressive overload throughout the intervention. When participants completed the
upper limit of the prescribed repetition range in all sets in two consecutive sessions, loads were
progressively increased by approximately 2—5% for upper-body exercises and 5-10% for
lower-body exercises (RATAMESS et al., 2009). Training attendance was recorded throughout

the follow-up period.

5.1.2.4 Cardiometabolic risk factors

Venous blood samples were collected between 7:00 and 9:00 a.m. following a
minimum 12-h overnight fast. Participants remained seated at rest for at least 5 min before
blood collection. Samples were obtained by trained laboratory personnel using standardized
procedures.

Serum concentrations of fasting glucose, triglycerides, total cholesterol, high-density
lipoprotein cholesterol (HDL-c), and high-sensitivity C-reactive protein were determined using
standardized laboratory procedures at a specialized university hospital laboratory. Low-density
lipoprotein cholesterol (LDL-c) was estimated using the Friedewald equation (FRIEDEWALD
et al., 1972). Biochemical analyses were performed using an automated analyzer (Dimension
RxL Max; Siemens Dade Behring, Erlangen, Germany) according to the manufacturer's
recommendations and established laboratory procedures. Inter- and intra-assay coefficients
of variation were <10%.

For exploratory analyses examining the relationship between musculoskeletal and
cardiometabolic changes, individual cardiometabolic variables were standardized and
combined into a composite cardiometabolic risk score. The direction of variables was
standardized so that higher scores consistently represented a less favorable cardiometabolic

profile.

5.1.2.5 Muscular strength

Maximal dynamic muscular strength was assessed using 1RM tests in the chest press,
leg extension, and preacher curl exercises according to procedures previously shown to
provide reliable measurements in older women (DO NASCIMENTO et al., 2013; NUNES et
al., 2020). Although handgrip strength is commonly used for clinical screening of low muscle
strength (CRUZ-JENTOFT et al., 2019), exercise-specific 1RM tests were used to provide a



32

broader assessment of maximal dynamic strength and have demonstrated strong relationships
with overall muscular strength in older women (NUNES et al., 2020).

Participants underwent three testing sessions separated by 48-72 h to minimize
learning effects and improve measurement reliability. Each session included a standardized
warm-up followed by up to three maximal attempts with progressively adjusted loads. The
highest load successfully lifted through the complete range of motion was recorded as the 1RM
for each exercise. Two experienced evaluators supervised all testing procedures. Total
muscular strength was calculated as the sum of the 1RM loads obtained in the chest press,
leg extension, and preacher curl. The procedures demonstrated high reproducibility, with

standard errors of measurement < 5% and intraclass correlation coefficients > 0.96.

5.1.2.6 Body composition

Body composition was assessed by dual-energy X-ray absorptiometry (DXA) using a
Lunar Prodigy Advance scanner (model NRL 41990; General Electric, Madison, WI, USA).
Measurements included total and regional lean soft tissue (LST), appendicular lean soft tissue
(ALST), and total and regional fat mass. SMM was estimated from DXA-derived ALST using
the predictive equation proposed by Kim et al. (2002). ASMI was calculated from appendicular
muscle mass divided by height squared (kg/m?), consistent with the use of appendicular
muscle quantity in the assessment of musculoskeletal health in older adults (CRUZ-JENTOFT
et al., 2019).

Before scanning, participants removed all metal objects and were positioned supine
along the longitudinal centerline of the scanning table. Feet were secured together at the toes
to minimize movement, and the hands were maintained in a pronated position within the
scanning region. Calibration, acquisition, and analysis were performed by the same
experienced technician according to the manufacturer's recommendations. Standard
anatomical lines generated by the software were inspected and manually adjusted when
necessary according to manufacturer-defined anatomical landmarks.

Reliability was high for upper-limb LST (SEM = 0.1 kg; ICC = 0.99), lower-limb LST
(SEM = 0.2 kg; ICC = 0.99), trunk LST (SEM = 0.3 kg; ICC = 0.99), total body fat (SEM = 0.1
kg; ICC = 0.99), trunk fat (SEM = 0.6 kg; ICC = 0.99), gynoid fat (SEM = 0.1 kg; ICC = 0.99),
and android fat (SEM = 0.2 kg; ICC = 0.99).

5.1.2.7 Functional fitness tests

Functional fitness was assessed using four standardized motor tests: 4-m usual gait
speed, walking agility, 30-s chair stand, and the 6-min walk test (6MWT) (RIKLI; JONES,
2013). For the 4-m gait test, participants walked along an 8-m course comprising a central 4-

m timed section and 2-m acceleration and deceleration zones. Time to complete the central 4
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m was recorded to the nearest 0.01 s using a stopwatch. Three trials were performed, and the
mean value was used for analysis.

For the walking agqility test, participants started seated on a chair with their back against
the backrest, feet supported on the floor, and hands resting on the thighs. At the evaluator's
command, participants stood, walked around a cone positioned in front of the chair, returned
to the starting position, and sat down as quickly as possible without running. Time was
recorded from the initial movement to stand until the participant returned to the seated position.
Three trials were performed, and the best performance was retained for analysis. For the 30-
s chair stand test, participants began seated with their feet supported on the floor and arms
crossed over the chest. They were instructed to perform as many complete sit-to-stand
repetitions as possible within 30 s. The number of correctly completed repetitions was
recorded. For the BMWT, participants were instructed to walk as far as possible without running
for 6 min around a standardized rectangular course. Total distance covered was recorded in

meters. The test was used as an indicator of walking capacity and functional endurance.

5.1.2.8 Dietary intake

Dietary intake was assessed using 24-hour dietary recall obtained during the first and
last two weeks of the follow-up. Participants were instructed by trained researchers to record
all foods and beverages consumed, including portion sizes and preparation methods. Total
energy intake and the relative intake of protein, carbohydrate, and fat were subsequently
estimated and expressed relative to body mass when appropriate. Dietary data were used to
examine whether major changes in habitual energy and macronutrient intake occurred during

the study period.

5.1.2.9 Statistical analysis

Data distribution and homogeneity of variance were examined using the Shapiro—Wilk
and Levene tests, respectively. Descriptive data are presented as mean * standard deviation
or relative frequencies, as appropriate. Baseline characteristics were compared between
groups using independent-samples t-tests, one-way analysis of variance, Kruskal-Wallis tests,
or chi-square tests according to variable type and distribution.

Because the HMV and LMV groups were defined according to baseline
musculoskeletal characteristics and consequently differed in several baseline variables,
between-group comparisons following the two-year follow-up were performed using analysis
of covariance (ANCOVA). Post-intervention values were entered as dependent variables, with
the corresponding baseline value, age, and fat mass included as covariates. Adjusted post-
intervention means and 95% confidence intervals were calculated. When appropriate, pairwise

comparisons were performed using Bonferroni-adjusted procedures.
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Within-group changes from baseline to follow-up were examined separately to
characterize the longitudinal changes observed in each group. However, statistical significance
within one group and absence of significance within the other were not interpreted as evidence
of differential responsiveness. Evidence of differences between HMV and LMV was based on
direct adjusted between-group comparisons.

Associations between changes in SMM and total muscular strength and changes in the
composite cardiometabolic risk score were examined using Pearson correlation coefficients.
When assumptions for parametric analyses were not satisfied, the corresponding non-
parametric procedure was applied. Correlation coefficients were interpreted according to their
direction and magnitude, without inferring causality from the observed associations.

Effect sizes (ES) were calculated as the difference between post- and pre-intervention
means divided by the pooled baseline standard deviation. ES values were interpreted
according to Cohen (1992) as trivial (<0.20), small (0.20-0.49), moderate (0.50-0.79), or large
(=0.80).

To complement the interpretation of the magnitude of longitudinal changes, a
distribution-based threshold for minimally important change was estimated as 0.2 x the
baseline standard deviation (BLOOM et al., 2023). Because this threshold was derived from
the statistical distribution of the sample rather than from an external clinical or patient-centered
anchor, it was considered a complementary distribution-based indicator and was not
interpreted as a validated minimal clinically important difference (MCID) for the respective
outcomes. All statistical analyses were performed using JAMOVI software (version 2.4.11; The

JAMOVI Project, Sydney, Australia), with statistical significance set at P < 0.05.

5.1.3 Results

A total of 120 older women were initially screened for eligibility, of whom 80 met the
inclusion criteria and entered the two-year follow-up. Based on the baseline composite
musculoskeletal score, 40 participants were classified as having HMV and 40 as having LMV.
During the follow-up, 18 participants discontinued participation for personal reasons unrelated
to the study protocol (HMV, n = 8; LMV, n
32; LMV, n = 30). No adverse events related to the RT

program were reported during the intervention period (Figure 1).

10). Therefore, the final analytical sample

comprised 62 women (HMV, n
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Figure 1. Flowchart of the study.

Baseline characteristics are presented in Table 1. As expected from the stratification
procedure, women in the HMV group had lower SMM, ALST, ASMI, and muscular strength
than those in the LMV group (P < 0.001). The HMV group was also older and had lower body
mass, stature, BMI, and absolute fat mass (P < 0.001). Functional fithess and most
cardiometabolic variables were similar between groups at baseline, whereas HDL-c was higher

in HMV than in LMV (P = 0.004).



Table 1. General characteristics of both groups.

Variables HMV LMV P-value
(n=32) (n =30)
Age (Years) 720+55 66.4 +5.2 < 0.001
Body mass (kg) 58.1+8.3 79.0+10.9 < 0.001
Stature (cm) 151.1+4.6 159.8 £ 6.0 <0.001
BMI (kg/m?) 254 +35 309+4.2 <0.001
SMM (kg) 1540 £ 1.54 21.74 £ 2.53 <0.001
ALST (kg) 14.05 £ 1.37 19.56 £ 2.25 < 0.001
ASMI (kg/m?) 6.15+0.55 7.67 £0.95 < 0.001
Relative fat mass (%) 39.5+6.1 41.9+4.1 0.066
Fat mass 23.4+64 33475 < 0.001
Chest press 1RM (kg) 32.89+6.13 46.43 +7.31 < 0.001
Leg extension 1RM (kg) 40.67 £ 8.83 65.30 £ 13.10 < 0.001
Preacher curl 1RM (kg) 20.83+3.19 28.97 + 3.34 < 0.001
Total strength 1RM (kg) 94.39 + 15.23 140.70 + 16.24 < 0.001
Gait speed (s) 3.381£0.49 3.33+£0.52 0.72
Walking agility (s) 7.29+1.70 7.00 £ 1.69 0.47
30-s chair stand (reps) 12.57 £+ 2.50 1249 +2.94 0.89
6MWT (m) 494.69 + 67.76 509.89 + 58.17 0.32
Glucose (mg/dL) 104.51 £ 19.34 107.15 £ 16.35 0.54
HDL-c (mg/dL) 64.37 £+ 12.83* 54.47 + 14.46 0.004
LDL-c (mg/dL) 119.85 £ 34.02 120.20 £ 34.39 0.96
TG (mg/dL) 112.17 £43.13 127.24 + 59.41 0.23
TC (mg/dL) 206.46 + 36.59 200.94 + 38.63 0.54
C-reactive protein (mg/L) 244 +1.59 2.63+1.58 0.61
Medical history (%)
Hypertension 54.3 54.2 1.00
Diabetes 11.4 25.7 0.12
Dyslipidemia 31.4 37.1 0.61
Other 45.7 51.4 0.63

Note: SMM = skeletal muscle mass; ALST = appendicular lean soft tissue; ASMI =
appendicular skeletal muscle mass index; RM
minutes walking test; HDL-c = high-density lipoprotein cholesterol; LDL-c = low-density

lipoprotein cholesterol; TG = triglycerides; TC = total cholesterol.

repetition maximum; 6MWT = six
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Energy and macronutrient intake are presented in Table 2. No evidence of differential

changes between groups was observed for total energy, protein, carbohydrate, or fat intake

over the study period (P > 0.05). Overall, dietary intake remained relatively stable between the

beginning and end of the two-year follow-up.
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Table 2. Energy and macronutrient intake at baseline according to the groups.

HMV LMV Interaction effects

(n=32) (n=30) ANCOVA P-value
Energy (kcal/kg/day)
Pre-training 225+5.1 284+94 0.30
Post-training 20.5+59 241+6.0
Protein (g/kg/day)
Pre-training 09+0.2 1.1+£05 0.45
Post-training 09+£0.2 11+£03
Carbohydrate (g/kg/day)
Pre-training 3.1+09 3.7+13 0.83
Post-training 32+08 3.2+0.8
Lipid (g/kg/day)
Pre-training 0.7+£0.3 09+£0.3 0.27
Post-training 06+0.2 08+0.3

Note: Data are expressed as mean and standard deviation.

Cardiometabolic outcomes are presented in Figure 2 and Table 3. Fasting glucose
decreased from 105.7 + 21.0 to 98.6 + 17.0 mg/dL in HMV and from 103.0 £ 12.5 to 98.6 +
11.1 mg/dL in LMV, corresponding to reductions of approximately 6.7% and 4.3%,
respectively. Significant within-group reductions were observed in both groups (P < 0.05),
whereas the adjusted between-group comparison did not indicate a difference in the
magnitude of change (P = 0.87).

LDL-c also decreased significantly in both groups, from 120.8 £ 30.9 to 103.4 £ 29.3
mg/dL in HMV and from 122.8 £ 36.9 to 111.0 £ 33.8 mg/dL in LMV (P < 0.05), representing
reductions of approximately 14.4% and 9.6%, respectively. The corresponding effect sizes
were —0.51 and -0.35. No adjusted between-group difference was detected (P = 0.88). Total
cholesterol decreased from 207.2 + 34.6 to 184.0 £ 34.0 mg/dL in HMV and from 205.9 + 40.3
to 188.7 £ 35.9 mg/dL in LMV (P < 0.05), corresponding to reductions of approximately 11.2%
and 8.4%, respectively. Effect sizes were moderate in HMV (ES = -0.62) and small in LMV
(ES = -0.46), with no evidence of an adjusted between-group difference (P = 0.32).
Triglycerides decreased significantly in HMV, from 115.6 £ 46.8 to 97.0 + 39.5 mg/dL (-16.1%;
P < 0.05; ES = -0.34), whereas little change was observed in LMV (123.9 + 62.0 to 121.7
65.0 mg/dL; ES = -0.04). However, the adjusted between-group comparison was not
statistically significant (P = 0.13). HDL-c did not change significantly in either group (HMV: 63.2
t+ 13.1 to 61.1 £ 10.4 mg/dL; LMV: 56.8 + 14.5 to 54.4 + 13.0 mg/dL), and the adjusted
comparison between groups was not significant (P = 0.48).

Similarly, C-reactive protein decreased significantly within HMV, from 2.62 + 1.69 to
2.20 £ 1.41 mg/L (-16.0%; P < 0.05; ES = -0.27), whereas the change in LMV was small (2.52
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+1.47 t0 2.40 £ 1.72 mg/L; ES = -0.08). Nevertheless, no adjusted between-group difference
was detected (P = 0.52). Overall, therefore, favorable changes in fasting glucose, LDL-c, and
total cholesterol were observed in both musculoskeletal vulnerability groups. Although
reductions in triglycerides and C-reactive protein reached statistical significance only within
HMV, the adjusted between-group analyses did not provide evidence that the magnitude of
these changes differed between HMV and LMV.
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Figure 2. Cardiometabolic risk factors according to groups. Data are expressed as ANCOVA-
adjusted means and 95% confidence intervals. Covariate means for: Glucose = 104.3; HDL-
¢ =60.0; LDL-c =121.8; TG = 119.8; TC = 206.5; C-reactive protein = 2.57.
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Table 3. Cardiovascular risk factors at pre- and post-training in both experimental groups.

Variables HMV (n = 32) LMV (n = 30) Interaction
P-value

Glucose (mg/dL)

Pre-training 105.7£21.0 103.0+ 125 0.87

Post-training 98.6 £ 17.0* 98.6 £ 11.1*

Effect size -0.42 -0.26

HDL-c (mg/dL)

Pre-training 63.2+13.1 56.8 + 14.46 0.48

Post-training 61.1+£10.4 544 +£13.0

Effect size -0.15 -0.17

LDL-c (mg/dL)

Pre-training 120.8 + 30.9 122.8 + 36.9 0.88

Post-training 103.4 + 29.3* 111.0 £ 33.8*

Effect size -0.51 -0.35

TG (mg/dL)

Pre-training 115.6 £ 46.8 123.9+62.0 0.13

Post-training 97.0 £ 39.5* 121.7 £65.0

Effect size -0.34 -0.04

TC (mg/dL)

Pre-training 207.2+ 346 205.9+40.3 0.32

Post-training 184.0 + 34.0* 188.7 + 35.9*

Effect size -0.62 -0.46

C-reactive protein (mg/L)

Pre-training 2.62+1.69 252 +1.47 0.52

Post-training 2.20+1.41* 240+1.72

Effect size -0.27 -0.08

Note: HDL-c = high-density lipoprotein cholesterol; LDL-c = low-density lipoprotein
cholesterol; TG = triglycerides; TC = total cholesterol. Values are presented as mean
and standard. * = P < 0.05 vs pre-training.

Changes in body composition are presented in Figure 3 and Table 4. SMM increased
from 15.30 + 1.67 to 16.30 £ 1.89 kg in HMV and from 21.35 + 2.44 t0 22.26 + 2.17 kg in LMV,
corresponding to increases of approximately 6.5% and 4.3%, respectively. The increase
reached statistical significance after adjustment in LMV, whereas it did not consistently reach
statistical significance in HMV. Nevertheless, the effect sizes were similar and large in both
groups (HMV, ES = 0.97; LMV, ES = 0.89), and no adjusted between-group difference was
detected (P = 0.27).

ALST increased from 13.99 + 1.40 to 14.64 + 1.46 kg in HMV and from 19.25 + 2.25
to 19.86 + 1.89 kg in LMV. The corresponding effect sizes were small and similar between
groups (ES = 0.36 and 0.33, respectively). A statistically significant adjusted difference
between groups was observed for ALST (P < 0.001), with higher absolute values in LMV,
consistent with the baseline stratification of the sample. ASMI showed comparatively smaller
changes, increasing from 6.13 £ 0.55 to 6.27 + 1.49 kg/m? in HMV and from 7.51 £ 0.87 to
7.75 £ 0.73 kg/m? in LMV. Effect sizes were small (HMV, ES = 0.20; LMV, ES = 0.34), and no

adjusted between-group difference in the longitudinal response was identified.
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Relative fat mass decreased significantly in both groups, from 39.32 + 6.68% to 38.29
1 6.59% in HMV and from 41.74 £ 4.35% to 40.55 + 4.53% in LMV (P < 0.05). Effect sizes
were trivial to small (ES = -0.18 and -0.22, respectively), and the adjusted between-group
comparison was not significant (P = 0.98). Absolute fat mass decreased from 23.24 + 7.02 to
22.69 £ 6.73 kg in HMV and from 32.54 + 7.15 to 31.45 + 7.39 kg in LMV. The reduction
reached statistical significance only in LMV, although effect sizes were trivial in both groups
(HMV, ES = -0.08; LMV, ES = -0.15), with no evidence of an adjusted between-group
difference (P = 0.56). Thus, changes in body composition were less uniform than those
observed for muscular strength and functional fithess. Although some muscle- and fat-related
variables reached statistical significance within only one group, the overall pattern did not
consistently support differential responsiveness according to baseline musculoskeletal

vulnerability.
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Figure 3. Body composition according to groups. Data are expressed as ANCOVA-adjusted
means and 95% confidence intervals. Covariate means for: SMM = 18.3; ALST = 16.4; ASMI
=5.2; TG = 119.8; Relative fat mass = 40.5; Fat mass = 27.8. £ = P < 0.05 between groups.



Table 4. Body composition
experimental groups.

and muscular strength at pre- and post-training in both

Variables HMV (n = 32) LMV (n = 30) Interaction
P-value

SMM (kg)

Pre-training 15.30 £ 1.67 21.35+2.44 0.27

Post-training 16.30 £ 1.89 2226 +2.17*

Effect size 0.97 0.89

ALST (kg)

Pre-training 13.99 £ 1.40 19.25+2.25 < 0.001

Post-training 14.64 £ 1.46 19.86 £ 1.89"t

Effect size 0.36 0.33

ASMI (kg/m?)

Pre-training 6.13 £ 0.55 7.51+£0.87 0.10

Post-training 6.27 £1.49 7.75+0.73

Effect size 0.20 0.34

Relative fat mass (%)

Pre-training 39.32 + 6.68 41.74 £4.35 0.98

Post-training 38.29 + 6.59* 40.55 + 4 53"

Effect size -0.18 -0.22

Fat mass (kg)

Pre-training 23.24 +7.02 32.54 +7.15 0.56

Post-training 22.69+6.73 31.45 + 7.39*

Effect size -0.08 -0.15

Chest press 1RM (kg)

Pre-training 33.5+538 46.7 £ 6.6 0.24

Post-training 48.5 £ 9.3* 64.4 £11.7*

Effect size 242 2.85

Leg extension 1RM (kg)

Pre-training 416+83 68.1+12.3 0.72

Post-training 52.4 £10.9* 78.8 £ 16.4*

Effect size 1.05 1.04

Preacher curl 1RM (kg)

Pre-training 20.7+3.2 29.1+ 3.1 0.62

Post-training 28.2 +4.6* 37.2+8.2*

Effect size 2.38 2.57

Total strength 1RM (kg)

Pre-training 96.3+14.6 144.0+£15.0 0.70

Post-training 124.4 + 22.2% 180.5 + 23.0*

Effect size 1.90 247

Note: SMM = skeletal muscle mass; ALST = appendicular lean soft tissue; ASMI =
appendicular skeletal muscle mass index. Values are presented as mean and standard
deviation. * = P < 0.05 vs pre-training. ¥ = P < 0.05 between groups.

Substantial increases in maximal muscular strength were observed in both groups
(Figure 4 and Table 4). Chest press 1RM increased from 33.5 + 5.8 to 48.5 £ 9.3 kg in HMV
and from 46.7 £ 6.6 to 64.4 £ 11.7 kg in LMV (P < 0.05). The effect sizes were large in both
groups (ES = 2.42 and 2.85, respectively), with no evidence of an adjusted difference in
response between groups (P = 0.24). Leg extension 1RM increased from 41.6 + 8.3t0 524 +
10.9 kg in HMV and from 68.1 £ 12.3 to 78.8 £ 16.4 kg in LMV (P < 0.05). Effect sizes were

similarly large (ES = 1.05 and 1.04), and the adjusted between-group comparison was not
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significant (P = 0.72). Preacher curl 1RM increased from 20.7 + 3.2 to 28.2 + 4.6 kg in HMV
and from 29.1 + 3.1 to 37.2 £ 8.2 kg in LMV (P < 0.05), with large effect sizes in both groups
(ES = 2.38 and 2.57, respectively; adjusted between-group P = 0.62). Total muscular strength
increased from 96.3 + 14.6 to 124.4 + 22.2 kg in HMV and from 144.0 £ 15.0 to 180.5 + 23.0
kg in LMV (P < 0.05). The corresponding effect sizes were large (HMV, ES = 1.90; LMV, ES =
2.47), and no adjusted between-group difference was observed (P = 0.70). Collectively, these
findings indicate substantial strength adaptations in both HMV and LMV, without consistent
evidence that baseline musculoskeletal vulnerability was associated with a different magnitude

of strength response.

Total strength

Gaitspeed Walking agility 30-5 chair stand GMWT

Figure 4. Functional capacity and muscular strength according to groups. Data are expressed
as ANCOVA-adjusted means and 95% confidence intervals. Covariate means for: Chest press
= 40.2; Leg extension = 54.8; Preacher curl = 25.1; Total strength = 120.2; Gait speed = 3.2;
Walking agility = 6.9; 30s chair stand = 12.8; 6MWT = 513.7.

All functional fitness outcomes improved significantly (P < 0.05) in both groups (P <
0.05). Time to complete the 4-m gait test decreased from 3.29 £+ 0.46 t0 2.96 + 0.43 s in HMV
and from 3.27 + 0.51 t0 2.96 + 0.43 s in LMV. Effect sizes were moderate and similar between
groups (ES = -0.68 and -0.64, respectively), with no adjusted between-group difference (P =
0.85). Walking agility time decreased from 7.05 + 1.31 t0 6.52 £ 1.02 s in HMV and from 6.91
+1.75t06.17 £ 1.07 s in LMV (P < 0.05), corresponding to small effect sizes (ES = -0.35 and
-0.48, respectively). The adjusted between-group comparison was not significant (P = 0.28).
Performance in the 30-s chair stand increased from 12.8 + 2.6 to 16.0 + 2.7 repetitions in HMV
and from 12.8 £ 3.0 to 16.2 + 4.4 repetitions in LMV (P < 0.05). Large effect sizes were
observed in both groups (ES = 1.14 and 1.21), with no adjusted difference between groups (P
= 0.58). The distance covered during the 6MWT increased from 500.7 + 63.3 to 535.1 £ 58.8
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m in HMV and from 526.7 £ 43.5 to 553.7 = 58.0 m in LMV (P < 0.05). Effect sizes were
moderate (ES = 0.64 and 0.51, respectively), and the adjusted between-group comparison
was not significant (P = 0.83). Thus, improvements in mobility, agility, lower-body functional
performance, and walking capacity were observed in both groups, with no consistent evidence

of differential functional responsiveness according to baseline musculoskeletal vulnerability.

Table 5. Functional fitness at pre and post-training in both experimental groups.

Variables HMV (n = 32) LMV Interaction
(n=30) P-value

Gait speed (s)

Pre-training 3.29 +0.46 3.27 £ 0.51 0.85

Post-training 2.96 +0.43* 2.96 £ 043

Effect size -0.68 -0.64

Walking agility (s)

Pre-training 7.05+1.31 6.91+1.75 0.28

Post-training 6.52 +1.02* 6.17 £1.07*

Effect size -0.35 -0.48

30-s chair stand (reps)

Pre-training 12.8+2.6 12.8+3.0 0.58

Post-training 16.0+2.7* 16.2 +4.4%

Effect size 1.14 1.21

6MWT (m)

Pre-training 500.7 £63.3 526.7 +43.5 0.83

Post-training 535.1 £ 58.8* 553.7 £ 58.0*

Effect size 0.64 0.51

Note: Values are presented as mean and standard deviation. * = P < 0.05 vs pre-training.

Changes in SMM were inversely associated with changes in the composite
cardiometabolic risk score (r = -0.27; P = 0.04), indicating that greater increases in SMM
tended to occur alongside more favorable changes in the cardiometabolic profile. Similarly,
changes in total muscular strength were inversely associated with changes in the composite
cardiometabolic risk score (r = -0.28; P = 0.03). Although statistically significant, both
associations were small in magnitude and should therefore be interpreted as modest
relationships between concurrent musculoskeletal and cardiometabolic changes rather than

evidence of a causal relationship (Figure 5).
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Figure 5. Correlation between z-score cardiometabolic risk factor (delta) and z-score SMM
(delta); r=-0.27 (P = 0.04).

Effect-size analyses showed that the largest adaptations occurred in muscular
strength, with large effects across all 1RM outcomes in both groups. Large effects were also
observed for the 30-s chair stand, whereas moderate effects were observed for gait speed and
the 6BMWT. Cardiometabolic outcomes generally showed small-to-moderate effect sizes, while
changes in adiposity were predominantly trivial to small. A distribution-based threshold
corresponding to 0.2 x the baseline standard deviation was additionally used as a
complementary indicator of the magnitude of individual outcome changes. Because this
threshold was derived from sample variability rather than from an external clinical or patient-
centered anchor, it was interpreted only as a distribution-based estimate of minimally important

change and not as a validated minimal clinically important difference.
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Table 6. Effect sizes and MCID values of all outcomes according to both groups.

Effect Size MCID

Variables HMV LMV Difference HMV LMV
SMM 0.97 0.89 0.08 0.33 0.48
ALST 0.36 0.33 0.03 0.28 0.45
ASMI 0.20 0.34 -0.14 0.11 0.17
Relative fat mass -0.18 -0.22 0.04 1.33 0.87
Fat mass -0.08 -0.15 0.07 1.40 1.43
Chest press 1RM 242 2.85 -0.43 1.16 1.32
Leg extension 1RM 1.05 1.04 0.01 1.66 2.46
Preacher curl 1RM 2.38 2.57 -0.19 0.64 0.62
Total strength 1RM 1.90 2.47 -0.57 292 3.0
Glucose -0.42 -0.26 -0.16 4.2 2.5
HDL-c -0.15 -0.17 0.02 2.62 2.89
LDL-c -0.51 -0.35 -0.16 6.18 7.38
TGs -0.34 -0.04 -0.3 9.36 12.4
TC -0.62 -0.46 -0.16 6.92 8.06
C-reactive protein -0.27 -0.08 -0.19 0.33 0.29
Gait speed -0.68 -0.64 -0.04 0.09 0.10
Walking agility -0.35 -0.48 0.13 0.26 0.35
30-s chair stand 1.14 1.21 -0.07 0.52 0.6
6MWT 0.64 0.51 0.13 12.66 8.7

Note: Difference effect size = Sarcopenic minus Non-sarcopenic. Effect size interpretation:
0.00-0.19 = trivial, 0.20-0.49 = small, 0.50-0.79 = moderate, and 20.80 = large. MCID =
minimal clinically important difference. The changes that have reached the MCID are presented
in bold.

SMM = skeletal muscle mass; ALST = appendicular lean soft tissue; ASMI = appendicular
skeletal muscle mass index; HDL-c = high-density lipoprotein cholesterol; LDL-c = low-density
lipoprotein cholesterol; TGs = triglycerides; TC = total cholesterol; 6MWT = six-minute walking
test.

5.1.4 Discussion

The present study investigated changes in cardiometabolic risk factors, body
composition, muscular strength, and functional fitness associated with two years of supervised
and progressive RT in older women with HMV and LMV. The main findings were that: (i) fasting
glucose, LDL-c, and total cholesterol decreased in both groups; (ii) triglycerides and C-reactive
protein decreased significantly only in women with HMV; (iii) SMM and ALST increased
numerically in both groups, although statistically significant adjusted changes were observed
predominantly in women with LMV, (iv) substantial increases in muscular strength and
improvements in functional fithness were observed in both groups; and (v) changes in
musculoskeletal characteristics were modestly associated with changes in cardiometabolic
risk. Overall, these findings support the hypothesis that favorable adaptations may occur
during long-term RT across different levels of baseline musculoskeletal vulnerability.
Conversely, the hypothesis that women with HMV would systematically exhibit greater
adaptations was not consistently supported.

The favorable changes observed in fasting glucose, LDL-c, and total cholesterol are

consistent with previous evidence indicating that RT may contribute to improvements in several
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components of cardiometabolic health. Systematic reviews and meta-analyses have reported
favorable effects of RT on glycemic control and lipid profile, although the magnitude of these
adaptations may vary according to baseline metabolic status, participant characteristics, and
features of the training program (ASHTON et al., 2020; SARDELI et al., 2018). The reductions
observed in the present study are particularly relevant because metabolic dysregulation
becomes increasingly prevalent with advancing age and may coexist with deterioration in
musculoskeletal health.

The reduction in fasting glucose observed in women with both HMV and LMV may be
related, at least in part, to adaptations involving skeletal muscle. SMM represents a major site
of peripheral glucose uptake and utilization, and lower SMM and muscle function have been
associated with impaired metabolic regulation (KIM et al., 2021; TERADA et al., 2022).
Accordingly, improvements in muscle quantity and, particularly, muscle function may provide
a physiological environment more favorable to glucose homeostasis. Nevertheless, direct
measures of insulin sensitivity, glucose transport, or intracellular signaling pathways were not
obtained in the present study. Therefore, these mechanisms should be regarded as biologically
plausible explanations rather than mechanisms directly demonstrated by our findings.

Similarly, the reductions in LDL-c and total cholesterol are consistent with evidence
suggesting that RT may favorably influence lipid metabolism (ASHTON et al., 2020; SARDELI
et al., 2018). However, lipid responses to exercise are heterogeneous and may be influenced
by body composition, dietary intake, habitual physical activity, medication use, and baseline
metabolic status. Thus, although participants were instructed to maintain their habitual dietary
intake, medication use, and physical activity patterns throughout the study, the absence of a
non-training control group prevents the observed lipid changes from being attributed
exclusively to RT.

An interesting finding was that triglycerides and C-reactive protein decreased
significantly only among women with higher musculoskeletal vulnerability. Lower SMM and
muscle function have been associated with insulin resistance, lipid abnormalities, and chronic
low-grade inflammation (Bl et al., 2024; DU et al., 2018; TUTTLE et al., 2020), whereas higher
concentrations of inflammatory biomarkers have been associated with lower SMM, strength,
and physical function in older adults (WESTBURY et al., 2018). Thus, women with a less
favorable baseline musculoskeletal condition might theoretically have greater room for
metabolic and inflammatory improvement.

This interpretation, however, requires caution. A statistically significant change within
one group and a non-significant change within another do not necessarily indicate that the
groups differed in responsiveness. Evidence of differential responses should be based on the
direct between-group comparison of post-intervention values adjusted for the respective

baseline values and relevant covariates, as performed by the ANCOVA in the present study.
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Therefore, although triglycerides and C-reactive protein decreased significantly only among
women with HMV, these within-group findings should not be interpreted as evidence of greater
responsiveness in this group unless supported by the adjusted between-group comparison.
This distinction is particularly important when evaluating the hypothesis that greater baseline
musculoskeletal vulnerability would be associated with greater adaptations to long-term RT.

Changes in body composition were less consistent than those observed for muscular
strength and functional fitness. Although SMM and ALST increased numerically in both groups,
statistically significant adjusted changes were observed predominantly among women with
LMV. Importantly, this pattern should not be interpreted as evidence that women with LMV
were more responsive. Indeed, the effect sizes for SMM were 0.97 and 0.89 and those for
ALST were 0.36 and 0.33 in women with HMV and LMV, respectively, indicating broadly
comparable magnitudes of change despite differences in within-group statistical significance.
Accordingly, conclusions regarding differences between groups should be based on the
adjusted between-group comparisons derived from the ANCOVA rather than on whether
statistical significance was reached separately within each group.

The apparent dissociation between changes in SMM and muscular strength is
physiologically plausible. Strength adaptations to RT reflect the combined contribution of
morphological and neural adaptations; therefore, substantial increases in strength may occur
even when changes in muscle tissue quantity are comparatively modest. Previous
investigations involving older women have similarly demonstrated that RT can produce
substantial improvements in strength with more heterogeneous changes in body composition
(CARNEIRO et al., 2020, 2023; CUNHA et al., 2021; KASSIANO et al., 2021). Thus, the
present findings reinforce the importance of evaluating muscle health multidimensionally rather
than assuming that changes in muscular strength necessarily parallel changes in SMM.

Another consideration is that the groups were defined according to a composite score
incorporating ASMI and muscular strength. Consequently, baseline differences in these
variables were expected by design, with women classified as having HMV presenting a less
favorable initial musculoskeletal profile. The use of ANCOVA, with post-intervention values
adjusted for the corresponding baseline values, age, and fat mass, was therefore particularly
important to reduce the influence of these initial differences when comparing groups.
Nevertheless, because group classification was based on baseline characteristics that were
subsequently reassessed, regression to the mean cannot be entirely excluded. Accordingly,
greater changes among participants with less favorable baseline values should not
automatically be interpreted as evidence of greater physiological responsiveness to RT.

In contrast to the less consistent changes in SMM, muscular strength increased
substantially in both groups. Large effect sizes were observed across the 1RM tests, with effect

sizes of 1.90 and 2.47 for total muscular strength in women with HMV and LMV, respectively.
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These findings demonstrate substantial neuromuscular adaptations across different baseline
musculoskeletal conditions and are consistent with previous studies showing that older women
retain a considerable capacity to increase muscular strength in response to RT (CARNEIRO
etal., 2020, 2023; CUNHA et al., 2021; KASSIANO et al., 2021). They are also consistent with
recommendations positioning RT as a central component of exercise programs aimed at
preserving physical capacity during aging (FRAGALA et al., 2019; IZQUIERDO et al., 2025).

The magnitude of these strength adaptations is particularly relevant because muscular
strength is closely related to mobility and the ability to perform activities of daily living, whereas
lower strength is associated with an increased risk of falls and loss of functional independence
in older adults (BOBOWIK; WISZOMIRSKA, 2020; CHO et al.,, 2012). Accordingly, the
improvements observed in gait speed, walking agility, the 30-s chair stand, and the 6-min walk
test indicate that the adaptations associated with participation in the RT program extended
beyond performance in the trained strength exercises. The particularly large effect sizes
observed for the 30-s chair stand and the moderate effects observed for gait speed and 6-min
walking performance reinforce the potential functional relevance of these adaptations.

These functional findings have important practical implications because walking,
changing direction, rising from a chair, and sustaining locomotion are essential components of
independent living. Favorable functional changes were observed in women with both HMV and
LMV in baseline, suggesting that a less favorable initial musculoskeletal condition did not
preclude meaningful functional adaptations during prolonged participation in RT. Nevertheless,
as with the other outcomes, the presence of significant within-group improvements should not
be interpreted as evidence of differential responsiveness between groups unless supported by
the adjusted comparisons obtained from the ANCOVA.

Another relevant finding was the association between changes in musculoskeletal
characteristics and cardiometabolic risk. Increases in SMM were inversely associated with
changes in the composite cardiometabolic risk score (r = —0.27; P = 0.04), indicating that
greater favorable changes in SMM tended to coexist with more favorable changes in the
cardiometabolic profile. Similar associations between muscle-related characteristics and
metabolic health have been reported previously (DE CARVALHO et al., 2021; CHUNG et al.,
2013). The biological plausibility of this relationship is supported by the important role of
skeletal muscle in glucose disposal and energy metabolism, as well as by the bidirectional
relationship between muscle health, metabolic dysfunction, and systemic inflammation
(BODINE; BAEHR, 2014; DASURI et al., 2013; KIM et al., 2021; TERADA et al., 2022).

Nevertheless, the magnitude of this association was small. A correlation of r = -0.27
corresponds to approximately 7% shared variance, indicating that most of the variability in
cardiometabolic changes was not accounted for by changes in SMM. Cardiometabolic health

is multifactorial and may be influenced by adiposity, habitual physical activity, dietary intake,
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medication use, genetic characteristics, and other biological and behavioral factors. Therefore,
this association should not be interpreted as evidence that increases in SMM caused the
observed cardiometabolic changes. Rather, it provides modest support for an interrelationship
between musculoskeletal and cardiometabolic adaptations. The same caution applies to the
association observed between changes in muscular strength and the cardiometabolic risk
score.

An exploratory finding was that approximately 25% of the women initially classified as
having HMV no longer met the operational criterion for this category after two years. Although
potentially relevant, this finding should not be interpreted as reversal of sarcopenia.
Musculoskeletal vulnerability in the present investigation was defined by a composite z-score
reflecting the relative distribution of SMM and muscular strength within the study sample rather
than by validated clinical diagnostic criteria. Therefore, movement between categories
indicates a change in relative musculoskeletal status according to the operational classification
employed in the present study. Moreover, because the variables used to establish the groups
were reassessed at follow-up, regression to the mean cannot be excluded. This result should
therefore be considered exploratory rather than a clinical endpoint.

Taken together, the findings provide varying degrees of support for the study
hypotheses. The hypothesis of favorable changes in cardiometabolic risk factors was generally
supported, particularly for fasting glucose, LDL-c, and total cholesterol. The hypothesis
regarding body composition received partial support, since changes in muscle-related
outcomes were less consistent than those observed for muscular strength. In contrast, the
hypothesis of increased muscular strength and improved functional fitness was strongly
supported, with substantial adaptations observed in both groups. The hypothesis that women
with HMV would exhibit systematically greater adaptations because of their greater potential
room for improvement was not consistently supported by the adjusted between-group
comparisons. Finally, the hypothesis of an association between musculoskeletal and
cardiometabolic adaptations was supported, although the magnitude of these relationships
was small.

These findings suggest that baseline musculoskeletal status does not determine
responsiveness to long-term RT in a simple or uniform manner. Women with greater
vulnerability may have more room for improvement in some outcomes, but lower physiological
reserve, age-related biological constraints, or other individual characteristics could potentially
attenuate adaptation. Conversely, women with a more favorable initial musculoskeletal
condition may have less room for improvement in specific outcomes without necessarily
possessing a lower capacity to adapt. Therefore, the findings more consistently support the

interpretation that older women can exhibit favorable adaptations associated with prolonged
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RT across different levels of baseline musculoskeletal vulnerability, rather than the proposition
that women with greater vulnerability systematically respond better.

An important feature of the present study is the two-year duration of the RT program.
Much of the available literature involving older adults is based on considerably shorter
interventions, limiting understanding of adaptations associated with prolonged participation in
structured exercise programs. Previous evidence indicates that intervention duration may
influence cardiometabolic and musculoskeletal outcomes (ASHTON et al., 2020). Therefore,
the substantial differences observed between baseline and the two-year assessment,
particularly for muscular strength and functional fitness, extend previous evidence by
demonstrating that favorable outcomes are present after prolonged participation in supervised
and progressive RT.

However, the presence of only two assessment points is important when interpreting
the longitudinal nature of these findings. The present design cannot determine whether
adaptations progressively accumulated throughout the two-year period, occurred
predominantly during the initial months and were subsequently maintained, or followed other
temporal trajectories. Consequently, the findings support favorable adaptations associated
with long-term participation in RT, but they should not be interpreted as evidence that these
adaptations continued to increase throughout the entire two-year period.

The present study has several strengths. The two-year follow-up represents an
important feature, particularly considering the predominance of shorter RT interventions in the
literature involving older adults. In addition, all training sessions were directly supervised, and
training loads were progressively adjusted according to individual performance. The
multidimensional assessment of musculoskeletal, functional, and cardiometabolic outcomes,
including DXA-derived body composition measures, standardized 1RM procedures, validated
functional tests, and biochemical analyses, further strengthens the methodological quality of
the investigation. Finally, the classification of women according to different baseline
musculoskeletal conditions allowed the exploration of whether initial vulnerability was
associated with the magnitude of adaptations observed over the prolonged follow-up.

Several limitations should also be acknowledged. First, the absence of a non-training
control group and the non-randomized design limit internal validity and preclude strong causal
inferences regarding the observed changes. Although ANCOVA models adjusted post-
intervention values for the respective baseline values, age, and fat mass, statistical adjustment
cannot account for all potential confounding factors. Changes in dietary intake, habitual
physical activity, medication use, or other lifestyle and health-related factors during the two-
year follow-up may have contributed to the observed outcomes. Second, habitual physical

activity outside the RT sessions was not objectively monitored throughout the entire follow-up.
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Given the prolonged duration of the study, potential changes in medication type or dosage may
also have influenced cardiometabolic biomarkers.

Third, the classification of musculoskeletal vulnerability was based on a composite
score derived from the study sample and therefore represents a relative and operational
stratification rather than a clinical diagnosis. This characteristic limits direct comparison with
investigations applying established diagnostic criteria for sarcopenia and may restrict the
external generalizability of the classification. Moreover, because variables included in the
classification were subsequently evaluated as outcomes, regression to the mean should be
considered when interpreting longitudinal changes. Fourth, mechanistic measures such as
insulin sensitivity, specific inflammatory cytokines, molecular signaling pathways, or skeletal
muscle tissue analyses were not obtained, limiting the ability to explain the biological
mechanisms underlying the observed associations.

Finally, the distribution-based threshold used to complement the interpretation of
changes was calculated from sample variability. Therefore, this indicator should be interpreted
as a distribution-based estimate of minimally important change rather than a validated minimal
clinically important difference derived from an external clinical or patient-centered anchor.

From a practical perspective, the present findings indicate that a less favorable
baseline musculoskeletal condition should not be interpreted as a barrier to participation in RT
or as evidence of a reduced capacity to benefit from this type of exercise. Women with both
HMV and LMV exhibited substantial improvements, particularly in muscular strength and
functional fithess, during prolonged participation in a supervised and progressive RT program.
These findings are consistent with recommendations supporting RT as a central component
of strategies aimed at preserving physical capacity and independence during aging (FRAGALA
et al., 2019; IZQUIERDO et al., 2025).

Future randomized controlled trials should determine whether baseline
musculoskeletal vulnerability actually modifies long-term responsiveness to RT. Studies
incorporating larger samples, intermediate assessment points, objective monitoring of habitual
physical activity, longitudinal assessment of dietary intake and medication use, and
mechanistic outcomes related to insulin sensitivity, systemic inflammation, and skeletal muscle
metabolism may help clarify the trajectories and mechanisms underlying these adaptations.
External validation of the musculoskeletal vulnerability classification would also be important

before this approach is considered for broader research or clinical applications.

5.1.5 Conclusion
Two years of supervised and progressive RT were associated with substantial
improvements in muscular strength and functional fithess and favorable changes in several

cardiometabolic risk factors in older women with both HMV and LMV. Changes in SMM were
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less consistent, and the associations between musculoskeletal and cardiometabolic
adaptations were modest. Although some cardiometabolic outcomes improved significantly
only among women with higher vulnerability, the adjusted between-group comparisons did not
provide consistent evidence that these women exhibited greater responsiveness. Rather, the
findings indicate that favorable neuromuscular, functional, body composition, and
cardiometabolic changes can be observed after prolonged participation in RT across different

levels of baseline musculoskeletal vulnerability.
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6 CONSIDERAGOES FINAIS

O presente estudo buscou ampliar a compreensdo acerca das alteragoes
cardiometabdlicas, morfolégicas, neuromusculares e funcionais associadas a participacao
prolongada em um programa de treinamento resistido (TR) supervisionado em mulheres
idosas com diferentes condi¢des musculoesqueléticas iniciais. Essa abordagem assume
relevancia diante do aumento da vulnerabilidade musculoesquelética associado ao
envelhecimento e da estreita relacdo existente entre a preservagdo da massa e da forga
muscular, a capacidade funcional e a saude cardiometabdlica. Nesse contexto, o TR tem sido
reconhecido como uma das principais estratégias ndo farmacoldgicas para atenuar o declinio
da massa muscular, forca e fungéo fisica relacionado a idade (FRAGALA et al., 2019;
IZQUIERDO et al., 2025), além de apresentar efeitos favoraveis sobre componentes da saude
cardiometabdlica, como controle glicémico, perfil lipidico, composi¢cdo corporal e marcadores
inflamatérios (ASHTON et al., 2020; NUNES et al., 2024).

A duracdo de dois anos representa um aspecto relevante da presente investigacao,
uma vez que grande parte dos estudos sobre TR em pessoas idosas utiliza intervengdes de
menor duracdo, o que limita a compreensao das adaptagdes associadas a exposicao
prolongada ao exercicio. A literatura utilizada na dissertagdo destaca essa lacuna e indica que
a duracdo da intervencdo pode influenciar diferentes respostas musculoesqueléticas e
cardiometabdlicas (ASHTON et al., 2020; KEMMLER et al., 2020; LICHTENBERG et al.,
2019). Dessa forma, o acompanhamento de longo prazo empregado neste estudo contribui
para ampliar o conhecimento sobre a manutengdo de adaptagdes relevantes em mulheres
idosas submetidas regularmente ao TR.

De modo geral, os resultados indicaram que dois anos de TR supervisionado estiveram
associados a alteragdes favoraveis em importantes componentes da saude de mulheres
idosas com maior e menor vulnerabilidade musculoesquelética. Ambos os grupos
apresentaram aumentos expressivos da forca muscular e melhorias na aptidao funcional,
acompanhados por reducdes na glicemia de jejum, LDL-c e colesterol total. Por outro lado, as
adaptacdes relacionadas a massa muscular apresentaram comportamento menos uniforme,
uma vez que, embora a massa muscular esquelética e o tecido mole magro apendicular
tenham aumentado numericamente em ambos os grupos, alteragbes estatisticamente
significantes apos os ajustes foram observadas predominantemente nas mulheres com menor
vulnerabilidade musculoesquelética. Esses achados estédo alinhados a estudos prévios que
demonstram a capacidade do TR de melhorar forga muscular, composi¢ao corporal e
desempenho funcional em mulheres idosas, embora a magnitude dessas respostas possa
apresentar ampla variabilidade interindividual (CARNEIRO et al., 2020, 2023; CUNHA et al.,
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2021; KASSIANO et al., 2021).

Os aumentos expressivos da forga muscular observados nos dois grupos merecem
destaque em razao de sua relevancia funcional. Evidéncias indicam que menores niveis de
forca muscular estao associados a limitagdes de mobilidade, maior risco de quedas e redugao
da independéncia funcional em pessoas idosas (BOBOWIK; WISZOMIRSKA, 2020; CHO et
al., 2012). Adicionalmente, estudos anteriores e recomendagdes internacionais posicionam o
TR como um componente fundamental para a manutencdo da capacidade fisica durante o
envelhecimento (CARNEIRO et al., 2020, 2023; CUNHA et al., 2021; KASSIANO et al., 2021;
FRAGALA et al.,, 2019; IZQUIERDO et al., 2025). Assim, as melhorias observadas na
velocidade da marcha, agilidade, capacidade de levantar-se da cadeira e capacidade de
caminhada reforcam a importancia pratica da participagdo prolongada em programas
estruturados de TR para a preservagao da autonomia funcional.

As alteracbes favoraveis observadas nos fatores de risco cardiometabdlico também
encontram respaldo na literatura adotada pela dissertagédo. Revisdes sistematicas e estudos
de intervencgao indicam que o TR pode contribuir para melhora do controle glicémico, do perfil
lipidico e de marcadores inflamatorios (ASHTON et al., 2020; SARDELI et al., 2018; NUNES
et al., 2024). O musculo esquelético exerce papel relevante na captagao periférica de glicose,
no metabolismo energético e na regulagdo metabdlica sistémica, o que oferece plausibilidade
biolégica para uma possivel conexdo entre saude muscular e saude cardiometabdlica
(ARGILES et al., 2015; BUCHMANN et al., 2022; KIM et al., 2021; TERADA et al., 2022).

Nesse sentido, a correlacao inversa observada entre as alteragcbes na massa muscular
e no escore cardiometabdlico é coerente com estudos que apontam associacao entre maior
quantidade ou qualidade muscular e perfil metabodlico mais favoravel (DE CARVALHO et al.,
2021; CHUNG et al., 2013). Todavia, a magnitude reduzida dessa associagao indica que as
alteracbes cardiometabdlicas ndo podem ser explicadas exclusivamente pelas modificacbes
da massa muscular. A relacdo entre salde musculoesquelética e salude metabdlica é
complexa e bidirecional, uma vez que alteragdes inflamatoérias e metabdlicas podem favorecer
o catabolismo muscular, enquanto menor massa muscular pode prejudicar a regulagao
metabdlica sistémica (BODINE; BAEHR, 2014; DASURI et al., 2013; KIM et al., 2021;
TERADA et al.,, 2022). Assim, a associacdo identificada no presente estudo deve ser
interpretada como suporte adicional a inter-relagao entre os sistemas musculoesquelético e
cardiometabdlico, e ndo como evidéncia de relagao causal.

As reducdes dos triglicerideos e da proteina C-reativa observadas apenas entre as
mulheres com maior vulnerabilidade musculoesquelética também merecem atencdo. Menor
massa e fungdo muscular tém sido associadas a resisténcia a insulina, dislipidemia e

inflamacao cronica de baixo grau, enquanto maiores concentragbes de marcadores



60

inflamatérios tém sido relacionadas a menor massa, forga e fungdo muscular (Bl et al., 2024;
DU et al., 2018; TUTTLE et al., 2020; WESTBURY et al., 2018). Entretanto, a significancia
estatistica observada exclusivamente em um grupo ndo demonstra, por si s6, que esse grupo
tenha respondido de forma superior. Assim, na auséncia de evidéncia de interagdo grupo x
tempo, essas alteracbes devem ser interpretadas como respostas intragrupo e ndo como
comprovacao de maior responsividade das mulheres com maior vulnerabilidade
musculoesquelética.

Dessa forma, a hipétese de que mulheres com maior vulnerabilidade
musculoesquelética apresentariam adaptagdes sistematicamente mais pronunciadas recebeu
apenas suporte parcial. Embora sua condicao inicial menos favoravel pudesse representar
maior margem potencial para mudanga, os resultados mostram que adaptagdes expressivas
também ocorreram entre as mulheres com menor vulnerabilidade. A interpretacdo mais
consistente é, portanto, que mulheres idosas podem apresentar respostas favoraveis ao TR
prolongado em diferentes niveis de condigdo musculoesquelética inicial, sem evidéncia
suficientemente consistente de que aquelas com maior vulnerabilidade respondam
sistematicamente melhor. Essa interpretacdo esta de acordo com a literatura utilizada na
prépria dissertacdo, segundo a qual o TR pode produzir adaptagdes relevantes na forga,
massa muscular e funcao fisica em diferentes perfis de mulheres idosas (CARNEIRO et al.,
2020, 2023; CUNHA et al., 2021; KASSIANO et al., 2021).

A classificacdo das participantes em maior e menor vulnerabilidade
musculoesquelética deve, contudo, ser compreendida dentro de seus limites metodoldgicos.
O escore adotado integrou indicadores de massa e forga muscular e foi construido a partir da
distribuicdo interna da propria amostra. Portanto, ndo corresponde ao diagnostico clinico de
sarcopenia, cuja identificagdo considera critérios especificos de forga, quantidade ou
qualidade muscular e desempenho fisico (CRUZ-JENTOFT et al., 2019). A propria discussao
da dissertacao destaca que a vulnerabilidade musculoesquelética deve ser interpretada como
uma estratificacdo relativa da condicao muscular inicial. Nesse sentido, a mudanga de
classificacdo observada em algumas participantes ndo deve ser interpretada como reversao
da sarcopenia, mas como alteracdo da posi¢cao relativa dessas mulheres no critério
operacional utilizado no estudo.

Algumas limitagdes precisam ser consideradas. A auséncia de um grupo controle nao
submetido ao treinamento e o carater ndo randomizado do delineamento impedem que as
alteracbes observadas sejam atribuidas exclusivamente ao TR. Mesmo com ajustes
estatisticos para valores basais, idade e massa gorda, fatores relacionados ao estilo de vida,
alimentacéo, atividade fisica habitual, uso de medicamentos e outras modificagées ocorridas

ao longo dos dois anos podem ter influenciado os resultados. Além disso, a atividade fisica
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realizada fora das sessbes ndo foi monitorada objetivamente durante todo o
acompanhamento, e a auséncia de medidas mecanisticas, como citocinas especificas,
indicadores diretos de sensibilidade a insulina, marcadores moleculares ou analises do tecido
muscular, limita a compreensao dos mecanismos fisioldgicos responsaveis pelas associacdes
observadas.

Outra limitagao esta relacionada a existéncia de apenas dois momentos de avaliagao,
antes e apdés os dois anos de acompanhamento. Embora esse delineamento permita
identificar alteragdes entre os momentos, nao possibilita determinar a trajetéria temporal das
adaptacdes. Assim, ndo é possivel estabelecer se 0s ganhos ocorreram progressivamente ao
longo de todo o periodo ou se foram alcangados predominantemente nos meses iniciais e
posteriormente mantidos. Portanto, os resultados sustentam a ocorréncia de adaptacdes
associadas a participagao prolongada no TR, mas nao demonstram que essas adaptagoes
tenham continuado a aumentar durante todo o periodo de dois anos.

Apesar dessas limitagdes, o estudo apresenta aspectos que fortalecem sua
contribuicdo cientifica, particularmente a duragdo de dois anos, a supervisdo direta e
sistematica das sessbes, a progressao individualizada das cargas e a avaliagdo
multidimensional das participantes. A utilizacdo de DXA, testes padronizados de 1RM, testes
funcionais reconhecidos e analises laboratoriais padronizadas permitiu examinar
simultaneamente diferentes dimensdes relacionadas a saude musculoesquelética, funcional
e cardiometabdlica.

Do ponto de vista pratico, os resultados reforcam que mulheres idosas com menores
niveis iniciais de massa e forca muscular ndo devem ser consideradas menos aptas ou
necessariamente menos responsivas ao TR. As recomendacbes adotadas na dissertagao
reconhecem o treinamento resistido como estratégia central para preservar capacidade fisica,
funcdo muscular e independéncia durante o envelhecimento (FRAGALA et al., 2019;
IZQUIERDO et al., 2025). Nesse contexto, os resultados desta investigagado apoiam a inclusao
de mulheres idosas com diferentes graus de vulnerabilidade musculoesquelética em
programas de TR estruturados, progressivos e supervisionados.

Investigacdes futuras deverdo empregar delineamentos randomizados e controlados,
amostras maiores, avaliagdes intermediarias e acompanhamento mais rigoroso de potenciais
fatores de confusao. A incorporagédo de medidas objetivas de atividade fisica habitual, controle
longitudinal da ingestdo alimentar e do uso de medicamentos, além de indicadores de
sensibilidade a insulina, inflamacdo sistémica, sinalizacdo molecular e metabolismo do
musculo esquelético, podera contribuir para esclarecer os mecanismos envolvidos nas
adaptacdes observadas. Também sera importante verificar, em amostras independentes, se

a condicdo musculoesquelética inicial efetivamente modifica a magnitude das respostas ao
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TR.

Em sintese, dois anos de TR supervisionado estiveram associados a melhorias
substanciais na forca muscular e na aptiddao funcional, acompanhadas por alteracoes
favoraveis em diferentes fatores de risco cardiometabdlico em mulheres idosas com maior e
menor vulnerabilidade musculoesquelética. Esses resultados sdo coerentes com o corpo de
evidéncias que reconhece o TR como importante estratégia para atenuar alteracoes
neuromusculares, funcionais e metabdlicas associadas ao envelhecimento (FRAGALA et al.,
2019; IZQUIERDO et al., 2025; ASHTON et al., 2020; NUNES et al., 2024). A condicao
musculoesquelética inicial ndo pareceu impedir a ocorréncia de adaptagbes favoraveis;
contudo, os resultados ndo sustentam de maneira consistente que mulheres com maior
vulnerabilidade apresentem respostas sistematicamente superiores. Dessa forma, a principal
contribuicdo desta dissertagao reside em demonstrar que mulheres idosas com diferentes
condicbes musculoesqueléticas iniciais podem apresentar alteragdes neuromusculares,
funcionais e cardiometabdlicas favoraveis durante a participagao prolongada em um programa
estruturado e supervisionado de TR, embora estudos controlados sejam necessarios para
estabelecer relagbes causais e determinar em que medida a vulnerabilidade

musculoesquelética inicial pode modificar as adaptac¢des de longo prazo ao treinamento.
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Termo de Consentimento Livre e Esclarecido Titulo da pesquisa:

“MODIFICAGOES NA FORGCA MUSCULAR, COMPOSIGAO CORPORAL, APTIDAO
FUNCIONAL, BIOMARCADORES CARDIOMETABOLICOS, COGNIGAO E
PARAMETROS CARDIACOS PROMOVIDAS PELO TREINAMENTO RESISTIDO
PROGRESSIVO DE LONGA DURAGAO EM MULHERES IDOSAS”

Prezada Senhora:

Gostariamos de convida-la para participar do deste projeto de pesquisa que tem o
propésito de analisar os efeitos da pratica regular de musculagéo sobre a saude em mulheres
idosas (> 60 anos) fisicamente independentes.

Todas as avaliagOes serao realizadas por profissionais previamente treinados para tal
finalidade. A assinatura deste termo permitira que vocé participe das seguintes atividades: (1)
Programa de treinamento resistido nas suas diferentes fases com supervisdo direta de
profissionais e estudantes de Educagdo Fisica; (2) Entrevista afim de avaliar o histérico
meédico, sintomas de ansiedade e depressdo, percepcdo de qualidade de vida, sono e
cognicao; (3) Medidas de peso, altura, pressao arterial, frequéncia cardiaca em repouso,
atividade fisica habitual, comportamento sedentario e sono; (4) Avaliagdo da composigéao
corporal pelos métodos de impedancia bioelétrica e densitometria 6ssea; (5) Coleta de sangue
venoso em jejum de 12 h feita por um técnico capacitado e habilitado para a avaliagdo de
indicadores metabdlicos; (6) Avaliagdo nutricional por meio da aplicagdo de registros
alimentares de trés dias; (7) Avaliacao da aptidao neuromuscular por meio de testes de uma
repeticdo maxima; (8) Avaliacado da capacidade de realizar atividades de vida diaria por meio
de testes funcionais; (9) Avaliagdo da cognicdo por meio de testes especificos (Montreal
Cognitive Assessment, Trail Making Test e Stroop test); (10) Avaliagao cardiolégica por meio
de ecocardiografia.

Gostariamos de esclarecer que a participacao é totalmente voluntaria. A participante
pode recusar-se a participar/desistir a qualquer momento sem sofrer prejuizo algum. As
informacdes serdo utilizadas somente para fins de pesquisa e todos os documentos e
amostras utilizados serao identificados por um cédigo numérico sem identificagdo nominal
para preservar a identidade da participante. Vale mencionar que ndo havera custo algum para
as participantes (transporte, inscricao, avaliagbes), é totalmente gratuito. Da mesma forma,
ndo sera paga quantia alguma as participantes. Adicionalmente, comprometemo-nos a
respeitar as determinagdes previstas na Lei 10.741 de 2003 - Estatuto do Idoso, que
resguardam os direitos e a protegao as pessoas idosas, em especial ao respeito, dignidade e

integridade fisica, emocional, social e afetiva. Por fim, o pesquisador responsavel ira amaparar
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as paricipantes da pesquisa sempre que necessario sem onerar o sistema publico de saude.

Ao final do estudo e a qualquer momento que uma participante desejar,
comprometemo-nos ainda a retornar com os resultados de todas as avaliagdes, que seréo
entregues as participantes. Espera-se com essa pesquisa, proporcionar informacdes que
possam favorecer a melhoria da saude e qualidade de vida de mulheres idosas por meio da
pratica de treinamento e associagdo com aspectos nutricionais, além de possibilitar a melhoria
de parametros neuromusculares, morfologicos, fisioldgicos, metabdlicos, cognitivos e
comportamentais das participantes. Apesar de considerados minimos, os possiveis riscos
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 apds a realizacao dos mesmos e durante as primeiras semanas de treino.

Caso vocé tenha duvidas ou necessite de maiores esclarecimentos pode contactar o
Prof. Dr. Edilson Serpeloni Cyrino, no Laboratério de Metabolismo, Nutricdo e Exercicio,
localizado no Centro de Educacgéao Fisica e Esporte, da Universidade Estadual de Londrina,
pelo telefone (43) 3371-4772 |/ = 2 ou procurar o Comité de Etica em Pesquisa
Envolvendo Seres Humanos da Universidade Estadual de Londrina (CEP-UEL), no
Laboratério Escola de Pés-Graduagao (LABESC) - sala 14. Campus Universitario - Rodovia
Celso Garcia Cid, Km 380 (PR 445), Londrina - PR - CEP: 86057-970, Telefone: 43-3371-
5455, e-mail: cep268@uel.br. Este termo devera ser preenchido em duas vias de igual teor,

sendo uma delas, devidamente preenchida, assinada e entregue a vocé.

Londrina, de de 2025.

Pesquisador Responsavel: Prof. Dr. Edilson Serpeloni Cyrino
RG:

Eu, (nome por extenso do

sujeito de pesquisa), tendo sido devidamente esclarecido sobre os procedimentos da

pesquisa, concordo em participar voluntariamente da pesquisa descrita acima.

Assinatura (ou impressao dactiloscépica):

Londrina, de de 2025.
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ANEXO A — CARTA DE APROVAGAO DO PROJETO PELO COMITE DE ETICA

UNIVERSIDADE ESTADUAL DE _£ PlataPorma
LONDRINA - UEL %ﬂﬂl

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESGHIISA

Titulo da Pesquisa: MODIFICAGOES NA FORGA MUSCULAR, COMPOSIGAO CORPORAL, APTIDAO
FUNCIONAL, BIOMARCADORES CARDIOMETABOLICOS, COGNIGAD E
PARAMETROS CARDIACOS PROMOVIDAS PELO TREINAMENTO RESISTIDO
PROGRESSIVO DE LONGA DURAGAOQ EM MULHERES IDOSAS

Pesquisador: EDILS0ON SERPELONI CYRING

Area Temdtica:

Versao: 2

CAAE: 85230725 3.0000.5231

Instituigio Proponente: CEFE - PROGRAMA DE POS - GRADUAGAO EM EDUCAGAD FISICA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 7.395.870

Apresentacao do Projeto:

Trata-se de uma pesqulsa proposta por docente do curso de Educagio Fisica. O presente estudo faz parte
00 Projeto Longltudinal Envelhecimento Atvo gque vem Sendo COnduzioo pelo nosso laboratono desde
setembro de 2012, aprovado pelo Comite de Bica em Pesquisa da Universidade Estadual de Londrina.
Desse modo, esta Investigacao fol estruturada como um ensalo ciinico aleatorlzado, COM Qrupos em paralelo
£ COm a presenca de grupo controle. A proposta Sera anallsar as princlpals respostas adaptativas
promovidas ao iongo de dols anos de acompanhamento de mulneres 10osas submelidas ao reinamento
resistido, a pariir de um ensalo clinico aleatonzado conirolado, com grupos em paralelo. O grupo controle
Sera acompanhado com testes, medidas e avallagdes na linha de base e no final do primelro e segundo ano,
enquanto o grupo Telinamento, serd avallado a cada sels meses (inha de base, 6, 12, 18 & 24 Mesas). A
amosira sera compasia por aproximadamente 80 mulneres ldosas (> 60 anos) e fisicamente Indepandentes.
O programa e reinamento resisido sera realizado em wes sessies semanals, em dias alternados. A ordem
de eXxecugdoe dos exerciclos sera modificada a cada semesire. Medidas antropomeatricas, testes de uma
repeticio maxima (1-AM), medidas de composigao corporal (absorfometria radiologica de dupla energla,
bloimpedancia especiral e ulirassonografia) e coletas de sangue para anallse do

Enderago: LABESC - Sala 14

Bairro: Campus Universiténo CEP: BG057-570
UF: FR Municiplo:  LOMNDRIMNA
Teletone: [43/3371-5455 E-mail: 0ap258@uslbr
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comportamento de biomarcadores metabolicos {glicose, miglicerides, colesterol total, HDL-c, LDL-C &
proteina C-reativa) e cognigaio (testes e medidas) serao obiidas nos momentos pre-relnamento, ao final de
UM e dols anos de pratica reguiar de T (relnamento resistido). ESperamos gee oS resuftados deste projeto
de pesguisa proporclonem subsidios teorcos e praiicos para a prescrigao de treinamento resistido em
muiheres ldosas. Alem disso, acreditamos gue as Infoimagtes a sersm plodizidas podem favorecer a
melhoria da sadde, qualldade de vida e, consequentemente, a expecialiva de vida dessa populacio,
resuiando em redugao dos gasios CORSUMO g8 TATMACcoS, no NIMmero de Consuitas medicas e Intermaches
assocladas ao Falamenio de disfungDes/doengas metabolicas, cardiovasculares, cogniiivas, ostecarticulares
£ neuromusculares, basiante COMUNS em idades maks avancadas. Crteno de Inclusio: AS participantes
Serdo selecionadas pof melo de entrevisia e anamnese clinica. OS seguinles criterlos de Inclusdo serdo
adolados: (1) pOSSUN idade igual ou SUPeTY a 60 anos; (2) Ser Nisicaments independents; (3) A0 pOSSUIr
Imitagtes cardiovasculares, musculoesqueleticas ou metabolicas que Impecam a pratica de exerciclos
Tisicos ou a execugdo de lestes motores; (4) nao estar em tratamento com reposigio hormonal; (5) ndo estar
envolvida com a pratica de exerciclos fisicos mals do que uma vez por semana, ao longo dos sels meses
anteriores ao Iniclo do estudo. Adiclonalmente, as participantes néo deverSio apresentar nenhum tipo de
resirigdo para a prafica de TR documentada por medico cardiologlsta. Critério de Exclusdo. A ndo realizacao
de todos 05 exames & tesles e a presenca Inferior a 85% das sesstes de trelnamento acamretario em
exclusao da participants do estedo oU, 20 menos, das analises.

Objetivo da Pesquisa:

ODjetivo primario:

Anallsar se a pratica de TR podera od nao produzir respostas adaptativas positivas e duradouras sobre a
COMPOSICAD corpodal, aptiaao funcional, cognigao, tiomarcadores cardiometabolicos e Tuncao cardiaca em
mutheres ldosas acompanhadas por dols anos.

05 objetivos secandanos:

Verificar as possivels modificagties em fatores de risco cardlometabolico, de acordo com oS diferentes
pontos de cofte estabelecidos para categorizagdo dessas varlavels;

Investigar possivels alteragies No comporamenio dos parmelros de Cognican;

Enderego: LABESC - Sala 14

Balrro: Campus Universitéio CEP: 86057-970
UF: PR Municipio: LONDRIMNS
Telefons: [43)3371-5455 E-mail: cop2aadue br

Pigha 02 da 05

73



UNIVERSIDADE ESTADUAL DE £ PlataPorma
LONDRINA - UEL %m

Continungio do Paraces; 7205 879

Anallsar o comportamento de parametros cardiacos morfofuncionals ao longo da Intervencao e sua
repercussao de acordo com a ldade;

Venticar as possivels modificagtes na aptiddo funcional (Torga muscular, velocidade de marcha, potencla e
resistencia de memoios Inferlores, agildade & resistencla asrobia);

[dentimcar mudangas na massa muscular, espessura mescular, tecido adiposo e 0sseo e hidratagao corporal
2 54 relacdo com as mudangas fanclonas.

Avaliagio dos Riscos e Beneficios:

Riscos. Apesar de constderados minimos, 05 possivels rscos sao. desconfoftos na colela sanguinea e
cansago durante 05 testes fisicos. E possivel tambem gque alguns grupamentos musculares exigidos nos
1estes de estorco fliguem dolofidos entre 24 € 48 horas apos a reallzagdo dos mesmos e durante as
primetras semanas de reing. Por im, o pesquisador responsavel Ird amaparar as panclpantes da pesquisa
Sempre que necessario sem onerar o sisiema pilico de safde.

Beneficios: Espeia-se com pesquisa, proporcionar Informagies que possam favorecer a meihoria da
saflde e qualldade de vida de mulheres Idosas por melo da pratica de relnamento e assoclagdo com
aspecios nuiricionals, além de possipliiiar 2 melhoria de parametros neuromuscalares, morfologicos,
fislologlicos, metaboilcos, cognitivos & comportamentals das panicipanies.

Comentdrios e Consideragdes sobre a Pesquisa:

Pesquisa relevants para a area de conhecimento.

Consideragdes sobre os Termos de apresentacio obrigatoria:

Folha g2 rosto assinada e carimbada pefa cofdenacdo oo programa de pos graduacao.

CIonograma apresentaco esta adequado, coleta de dados a partlr de 17/03/2025 a 27/03/2026.

Qrgamento e financiamento propric oom vaior d2 R$400,00 em malerials de escritono.

TCLE: Esta na Torma de convile, a Inguagem esta acessivel, os beneficlos e riscos da pesquisa estao
EeXpOsIDs.

Enderego: LABESC - Sala 14
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Conclusdes ou Pendéncias e Lista de Inadequacgdes:

5em pendencias

Consideragies Finais a critério do CEP:

Prezano(a) Pesquisador(a),

Este & seu parecer Tinal de aprovagao, vinculado ap Comiteé de Blica em Pesquisas Envoivendo Seres
Humanos da Universidade Estadual de Londrina. E sua responsabiiidade apresenia-Lo aos 0rgaos efou
Instituigdes pertinentes.

Ressaftamos, para Infclo da pesqulsa, as seguintes atribuigles do pesquisador, conforme Resolugdo CHS
486/2012 & 510/2016:

A responsabifidade do pesquisador & Indelegaved e Indeclindvel @ compreende 05 aspectos &ticos & legals,
cabendo-ine:

- CORdUZIr 0 processo de Consentimento & de Assentimento Livie e Esclarecido,

- apresentar dados solichados pelo sistema CEP/CONER a qualquer momento;

- (esenvolver o projeto conforme delineado, justiicando, quandd ocomkias, a sua mudanca ou Inemupgan;

- elaborar e apresentar os relatorios parclals € final;

- manter o5 dados da pesquisa em arquivo, Tisico ou dightal, sob sua guarda e responsabiiidade, por um
periodo minime de 5 (cinco) anos apos o [Iming oa pesquisa;

- encaminnhar 0s resuliados da pesquisa para pubiicagao, com o5 devidos cregitos ans pesquisadores e
pessoal tecnico Integrante do projeto,

- justiiicar fundamentadamente, perante o sistema CEP/CONER, Interrupgac oo projeto od a nado publicacdo
005 resuitados.

Coorenagao CEPUEL

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Docamento Arquho Postagem Autor Siuacdy
Informagtes Basicas| PE_INFORMACOES_BASICAS DO_P 140202025 ACelo
oo Projeto ROJETO_2480511.pdl 070816
outros Carta_resposta CEP_pdl 140202025 |Paolo Marceio da ACElD

070717 [Cunha Fabio
Brochura Pesquisa | Progeio_pesguisa_v2.doc 14022025 | Paolo Marcelo da Acefo
Endersgo: LABESC - Sala 14
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Brochura Pesquisa | Projelo_pesquisa_vz.doc 070301 |Cunha Fabro Acelto
Projeto Detalnado /| Projelo_pesquisa_brochura. par 140212025 |Paoio Marcelio da Acelo
Brochura 070227 |Canha Fano
Investigaaor
areamento Orcamento_v2_0ocx 14f02f2025 | Paolo Marcelio da Acelo
0702108 | Cunha Fabro
TCLE/Termosde (_TCLE_wve2.docx 14022025 |Paolo Marcelio da Acelto
Assentimento / 070053 |Cunha Fabio
Justificativa de
Auséncla
Folha de Rosto Foiha_de_rosio_assinada pdf 2afof202s5 |EDILSON ACEID
142064 | SERPELONI
CYRINO
Cronograma CTonOgrama.dock 23fo1f2025 |EDILSON ACEID
102205 |SERPELONI
CYRING
Situacao do Parecer:
Aprovado
Mecessita Apreciagao da CONEP:
Nao

LONDRINA, 19 de Feverairo de 2025

Assinado por:
Alessandra Lourengo Cecchini Armani
{Coordenador{a))
Enderego: LABESC - Sala 14
Bairro: Campus Liniverstsnio CEP: 86057570
UF: PA Muribcipia: LONDRINA
Telefone: (43)3371-5455 E-mail: cep258Hvsl br
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