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SANTOS, Leandro dos. Efeitos de diferentes zonas de repeticfes do sistema
piramidal crescente sobre a for¢ca muscular, composi¢cdo corporal e
biomarcadores sanguineos em mulheres idosas ndo-treinadas. 2017. 133f. Tese
(Doutorado em Educacdo Fisica) — Centro de Educagédo Fisica e Esporte.
Universidade Estadual de Londrina, Londrina, 2017.

RESUMO

Introducdo: O treinamento com pesos (TP) é uma das principais estratégias de
intervencao n&o-farmacoldgicas para prevengao e tratamento dos efeitos deletérios
do envelhecimento sobre a saude da mulher. Apesar dos inumeros beneficios
proporcionados pela pratica do TP, com destaque para o aumento de forca muscular,
melhoria da composig¢ao corporal e do comportamento de biomarcadores sanguineos,
a magnitude das respostas induzidas por este tipo de exercicio fisico esta associada
a estrutura do programa de treinamento. Portanto, a determinagéo da dose-resposta
adequada para maximizar os beneficios promovidos pelo TP em idosos tem sido um
grande desafio para a comunidade cientifica. Objetivo: Analisar os efeitos de duas
zonas de repeticbes do sistema de TP piramidal crescente (PR) sobre a forca
muscular, composi¢ao corporal e biomarcadores sanguineos em mulheres idosas
nao-treinadas. Métodos: Sessenta mulheres idosas, fisicamente independentes e
nao-treinadas, foram alocadas em trés grupos, a saber: grupo controle (CON, n = 20),
instruido a manter o padrao de atividade fisica cotidiano e sem envolvimento em
programas de treinamento fisico sistematizados ao longo do periodo de
intervencao;grupo piramide com zona de repetigdes restrita (NPR, n = 20, 12/10/8
repetigdes); grupo piramide com zona de repeticbes ampla (WPR, n = 20,15/10/5
repeticdes).Ambos os grupos (NPR e WPR) foram submetidos a um periodo de oito
semanas de treinamento com pesos no sistema PR, com zonas de repeticoes
diferentes e volume equivalente. A massa muscular foi estimada a partir de exames
de absortometria radioldgica de dupla energia (DEXA), ao passo que o estado de
hidratagédo corporal e saude celular foram determinados por bioimpedancia espectral
(BIS). Testes de uma repeticdo maxima (1RM) foram empregados para analise da
forca muscular. Bioquimica sanguinea foi utilizada para analise do perfil metabdlico e
inflamatorio. Resultados: Interacdo significante grupo x tempo (P <0,05) foi
identificada para forga muscular (NPR = +11.3%, WPR = +13.8% e CON = -7,3%),
massa muscular (NPR = +4.7%, WPR = +8.4% e CON = -4,5%), agua corporal total
(NPR = +1,1%, WPR = +1,9% e CON = -2,6%), angulo de fase (NPR = +6,0%, WPR
=+11,2% e CON = -5,9%), glicose em jejum (NPR =-7,8% e WPR =-9,5% e CON =
+8,9%), HDL-C (NPR = +10,3%, WPR = +9,4% CON = -6,1%), LDL-C (NPR =-21,4%,
WPR =-15,9% e CON = +13,0%) e proteina C-reativa (NPR =-19,9%, WPR =-14,6%
e CON = +23,1%).Na comparagao entre os grupos submetidos ao TP, diferengas
estatisticamente significantes (P <0,05) foram encontradas somente para o angulo de
fase (WPR>NPR).Concluséo: Os resultados sugerem que o sistema piramidal
crescente é efetivo para a melhoria da forga muscular, composi¢gdo corporal e
biomarcadores sanguineos em mulheres idosas. Além disso, a utilizagdo de uma zona
de repeticdes com maior amplitudeparece ser mais eficiente para a melhoria da saude
celular.

Palavras-chave: Treinamento de forga. Envelhecimento. Saude. Idoso.



SANTOS, Leandro dos. Effects of pyramid systems performed with wide or
narrow repetition zone on muscle strength, body composition, and blood
biomarkers in older women. 2017. 128 pp. Thesis Project (Doctoral of Physical
Education) — Physical Education and Sports Center. Londrina State University,
Londrina, 2017.

ABSTRACT

Introduction: Resistance training (RT) is recognized as one of the main non-
pharmacological intervention strategies for prevention and treatment of deleterious
effects of aging in women's health. Despite the numerous benefits associated with the
practice of RT, particularly on increased muscular strength, improves in body
composition and blood biomarkers, the magnitude of responses induced by this
physical exercise type is associated to training program structure. Therefore, adequate
dose-response determination to maximize the benefits promoted by RT in old people
has been a major challenge for the scientific community. Objective: The main
objective was to analyze the effects of two different forms of manipulation of the
crescent pyramidal RT system on muscle strength, body composition and blood
biomarkers in old women. Methods: Sixty untrained older women were allocated in
three groups, a control group (CON, n = 20), who were instructed to maintain their
normal physical activity pattern and not to engage in systematic training programs over
the period of intervention and two groups of RT, which were submitted to 8 weeks of
training in the PR system, with different repetition zones and equivalent volume,
namely: pyramidal group with narrow repetition zone (NPR, n = 20, 12/10 / 8 petitions)
and pyramid group with wide repetition zone (WPR, n = 20, 15/10/5 replications). Body
composition was determined by dual-energy X-ray absorptiometry (DXA), body
hydration status and cellular health were determined by spectral bioimpedance (BIS).
Tests of a maximal repetition (1RM) were used to analyze muscle strength. Blood
biochemistry was used to analyze the metabolic and inflammatory profile. All
measurements were taken at the baseline and the end of the intervention period.
Results:Significant interaction group x time (P <0.05) was identified for muscle
strength (NPR =+ 11.3%, WPR =+ 13.8% and CON = -7.3%), muscle mass (NPR =
+1.1%, WPR = + 1.9% and CON = -2.6%), phase angle (NPR = +6.0%, WPR = +
11.2% and CON = -5.9%),(NPR = -7.8%,WPR = -9.5% and CON = + 8.9%), HDL-C
(NPR =+ 10.3%, WPR =+9.4% CON =-6.1%), LDL-C (NPR =-21.4%, WPR =-15.9%
and CON = + 13.0%) and C-reactive protein (NPR =-19.9% WPR =-14.6% and CON
= + 23.1%). In the comparison between the groups submitted to PT, statistically
significant differences (P <0.05) were found only for the phase angle
(WPR>NPR).Conclusion: The results suggest that the increasing pyramidal system
is effective for the improvement of muscle strength, body composition and blood
biomarkers in elderly women. In addition, the use of a widerepetitions zone seems to
be more efficient for improving cellular health.

Keywords: Strength training. Aging. Health. Older.
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1.1 INTRODUCAO

Diversos sistemas de treinamento com pesos (TP) tém sido utilizados por
atletas e ndo-atletas na tentativa de melhorar o desempenho fisico ou, ainda, induzir
adaptagdes crénicas de maior magnitude (AHTIAINEN et al., 2003; 2004; CHARRO
et al., 2010; 2012; FISHER et al., 2014; HEAVENS et al., 2014; AGUIAR et al., 2015;
ANGLERI; UGRINOWITSCH; LIBARDI, 2017; FINK et al., 2017). Entretanto, muitos
desses sistemas, apesar de serem frequentemente utilizados, carecem ainda de um
maior numero de investigagdes cientificas que comprovem ou nao a efetividade da
aplicacao de cada um deles para se atingir diferentes objetivos (hipertrofia muscular,
emagrecimento, definicAo muscular, etc.) em diversas populagbes (atletas, néo
atletas, jovens, adultos, idosos, entre outras).

Entre os sistemas de TP mais frequentemente utilizados, o sistema
piramidal se destaca por possibilitar uma importante variagdo de estimulos, em virtude
da manipulagao simultanea do volume e da intensidade do treinamento, caracterizada
pelo aumento das cargas (intensidade) com reducdo do numero de repeticoes
(volume) a cada série ou vice-versa. Nesse sentido, considerando a interdependéncia
entre volume e intensidade, a utilizagdo de cargas elevadas tende a gerar um numero
de repeti¢cdes reduzido favorecendo um maior estimulo mecanico, ao passo que um
alto numero de repeticdes é suportado por cargas relativamente mais leves o que
favorece um maior estimulo metabdlico. Portanto, é plausivel acreditar que o sistema
piramidal permite uma boa combinag&do entre estimulos mecanicos e metabdlicos,
possibilitando uma maior gama de respostas adaptativas do que outros sistemas que
adotam cargas e/ou numero de repeti¢des fixas, tais como o sistema tradicional, pré-

exaustao, super-set, série composta, tri-set, entre outros.
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Trés sdo as formas mais comuns de estruturacdo do sistema de
treinamento piramidal, a saber: (1) piramide crescente ou ascendente, cujas cargas
aumentam a cada série, enquanto o numero de repeti¢gdes diminui; (2) piramide
decrescente ou descendente, cujas cargas diminuem a cada série, enquanto o
numero de repeticdes aumenta; (3) sistema triangular que adota a combinagao entre
as duas estratégias anteriores, com as cargas aumentando até uma determinada série
e passando a serem reduzidas nas series subsequentes, comportamento inverso do
numero de repeticdbes a ser executado em cada série. Acredita-se que o sistema
piramidal seja uma adaptacado dos métodos DeLorme (DELORME; WEST; SHRIBER,
1950; DE LORME; FERRIS; GALLAGHER, 1952; TODD; SHURLEY; TODD, 2012) e
Oxford (ZINOVIEFF, 1951).
No método DelLorme a carga de treinamento era fixada em 50%, 75% e
100% de 10RM e os individuos deveriam realizar uma série em cada intensidade
(DELORME; WEST; SHRIBER, 1950; DE LORME; FERRIS; GALLAGHER, 1952;
TODD; SHURLEY; TODD, 2012), ao passo que no método Oxford a primeira série
iniciava-se com 100% de 10RM e, nas séries subsequentes, a carga era reduzida para
75% e 50% para a realizagdo do mesmo numero de repeticées (ZINOVIEFF, 1951).
Das trés possiveis formas de estruturacdo do sistema piramidal, o modelo
denominado de crescente ou ascendente parece ser o0 mais atraente, uma vez que os
aumentos progressivos das cargas a cada série podem favorecer a estimulagao de
unidades motoras com diferentes potenciais de excitagdo, proporcionando uma
preparacao gradativa do sistema neuromuscular para esforgos mais intensos, bem
como preparagao psicolégica para estimulos cada vez maiores, o que em tese pode

induzir importantes aumentos de forga e massa muscular.
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Em mulheres idosas nao-treinadas, estudos recentes do Grupo de Estudo
e Pesquisa em Metabolismo Nutricdo e Exercicio (GEPEMENE) demonstraram a
eficacia do sistema piramidal crescente para a melhoria da forgca e hipertrofia
(RIBEIRO et al., 2016a); redugao da glicose em jejum, triglicérides, LDL-C e proteina
C-reativa; aumento de HDL-C e melhoria da qualidade muscular (RIBEIRO et al.,
2016a). Tais modificagbes ocorreram de forma similar a um outro grupo submetido ao
sistema de treinamento tradicional. Provavelmente, os resultados encontrados nesses
dois estudos, em particular, tenham sido influenciados, pelo menos em parte, pelo
numero de repeticdes relativamente semelhante, estabelecido para ambos os grupos
(trés séries de 8 a 12 repeticbes no grupo tradicional e trés séries de 12/10/8
repeticdes no grupo piramide crescente). Adicionalmente, com a redugao nos niveis
de forca muscular com o avangar da idade, a pequena variagdo no numero de
repeticoes entre as seéries, no grupo submetido ao sistema piramidal, parece nao ter
sido suficiente para a diferenciagcéo dos estimulos realizados pelo grupo submetido ao
sistema de treinamento tradicional, o que teria resultado em volume e intensidade de
treinamento muito proximos em ambos os grupos. Portanto, ndo se pode desprezar a
necessidade de se adotar uma variagdo maior no numero de repeticoes entre cada
série ao utilizar o sistema de treinamento piramidal para promover um TP com
intensidade progressiva em idosos.

O TP tem sido reconhecido historicamente e indicado para o
desenvolvimento e manutenc¢ao da forga muscular e do tecido muscular esquelético
(GARBER et al., 2011), bem como, na prevencédo e tratamento de diferentes
patologias (WESTCOTT, 2012). Além desses beneficios, o TP pode auxiliar na
reducao do tecido adiposo (CAMPBELL et al.,, 1994), manutengdo ou melhora do

equilibrio estatico e dindmico (ORR; RAYMOND; FIATARONE SINGH, 2008) e da
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flexibilidade (CARNEIRO et al., 2015), aumento da velocidade da marcha (SANTOS
et al., 2017), melhora da fungao cognitiva (WESTCOTT, 2012) e do perfil inflamatério
(CALLE; FERNANDEZ, 2010; TOMELERI et al., 2016), reducao do estresse oxidativo
(PADILHA et al., 2015), melhora da autonomia funcional (LIU, LATHAM, 2009; DIAS
et al.,, 2015). Logo, esse tipo de treinamento pode trazer inumeros beneficios,
particularmente, para a populagao idosa.

E importante ressaltar que o envelhecimento & um processo gradual e
continuo, responsavel por alteragdes importantes na composigao corporal, sobretudo
em mulheres, promovendo em meédia incrementos superiores aos dos homens na
massa corporal (0,55 kg/ano vs. 0,3 kg/ano) e no indice de massa corporal (IMC =
0,22 kg/m*ano vs. 0,11 kg/m?/ano) (BUFFA et al., 2011). Esse aumento é
relativamente constante até aproximadamente a sétima década de vida, quando uma
reducao gradativa, tanto nos valores de massa corporal, quanto do IMC, passa a
ocorrer em ambos os sexos (PERISSINOTTO et al., 2002). As alteragcdes na massa
corporal e no IMC guardam estreita relagdo com alteragdes teciduais, como o aumento
da adiposidade corporal (subcutanea, visceral e ectdpica), redu¢cado da massa corporal
magra, em especial do tecido muscular esquelético, e diminuigdo da densidade e do
conteudo mineral 6sseo (BUFFA et al., 2011). Tais altera¢gdes ocorrem ao longo da
vida, com importantes consequéncias funcionais e metabdlicas para a longevidade
(FIELDING et al., 2011).

Outro aspecto importante é que a senescéncia influencia no balanco hidrico
dos tecidos, especialmente pela reducao dos fluidos intracelulares em paralelo a
reducdo da massa isenta de gordura (BUFFA et al., 2011). Em mulheres, a agua
corporal total se mantém constante até a meia-idade e diminui acentuadamente apés

os 60 anos de idade (SCHOELLER, 1989). Estas alteragdes tém sido acompanhadas
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por meio da analise dos vetores da impedancia bioelétrica (BIVA) e do angulo de fase
(PHA) e associadas com desnutricdo (CAMINA MARTIN et al., 2014; SLEE; BIRC;
STOKOE, 2015), sarcopenia (MARINI et al., 2012) e saude celular (GUNN et al., 2008;
DITTMAR; REBER; KAHALY, 2015).

O tecido muscular esquelético compreende em média 30% a 40% da
massa corporal total de um adulto jovem, dividido em aproximadamente 600
musculos, que além de responsaveis pela manutengao da postura, locomogao e
controle da temperatura corporal, sdo grandes armazenadores e consumidores de
energia, com quantidades substanciais de triglicérides e glicogénio (SCHNYDER,;
HANDSCHIN, 2015). A capacidade dos musculos em produzir e secretar citocinas e
outras proteinas capazes de exercer efeitos sob diferentes tecidos e érgaos do corpo
humano, permite classificar o tecido muscular esquelético como um 6rgao enddécrino
(SCHNYDER; HANDSCHIN, 2015).Entre os 20 e os 80 anos de idade, ocorre uma
reducdo na ordem de aproximadamente 30% no tecido muscular esquelético, com a
taxa de declinio sendo préxima de 4% por década de vida apds os 60 anos de idade
(MITCHELL et al.,, 2012). Tal degradacao ocorre em virtude da reducéo, tanto do
tamanho, quanto do numero de fibras musculares (LEXELL et al., 1983).

Na tentativa de identificar os efeitos da perda do tecido muscular
esquelético durante o envelhecimento e a longevidade, estudos tem relacionado este
declinio ao risco para o desenvolvimento de doengas cardiometabdlicas (MICHAUD
et al., 2013; ALEMAN-MATEO et al., 2014; COSTANTINO; PANENI; COSENTINO,
2015; LIU, LI, 2015), sarcopenia (FIELDING et al., 2011; MONTERO-FERNANDEZ,
SERRA-REXACH, 2013), caquexia (EVANS, 2010; MORLEY, ANKER, VON
HAEHLING, 2014) e perda da independéncia funcional (CLARK, MANINI, 2010;

SANTOS et al., 2016). Além disso, a redugao do tecido muscular esquelético revelou-
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se um fator de risco independente para mortalidade (KIM et al., 2014; FILIPPIN et al.,
2015).

Entretanto, tanto a reducéo, quanto o aumento da massa corporal, sdo
fendmenos que podem ocorrer de forma independente de alteracbes no tecido
muscular esquelético ou no tecido adiposo (GALLAGHER et al., 2000; NEWMAN et
al., 2005). Aproximadamente 9% do corpo das mulheres é composto por gordura
essencial, localizada na medula éssea, coracado, pulmdes, figado, rins, intestinos,
musculos e sistema nervoso central. Adicionalmente, as mulheres armazenam
aproximadamente 15% de gordura subcutanea e visceral, o que assegura um bom
funcionamento dos sistemas organicos (NORGAN, 1997).

Ao longo da vida as mulheres passam por um processo de redistribuicao
da gordura corporal, com aumento da adiposidade do tipo ginéide (WELLS, 2007) na
idade adulta e transigdo para a adiposidade androide no periodo pré-menopausa,
especialmente a adiposidade abdominal, visceral e ectdpica, perdurando durante a
senescéncia (TOTH et al., 2000; WELLS, 2007; PARK et al., 2013). O tecido adiposo,
além de armazenar energia, € um 6rgao enddcrino, responsavel pela secregdo de
diversas substancias bioativas, como a leptina e a adiponectina, que podem provocar
importantes alteragdes no metabolismo da glicose (GLI), na sensag¢ao de saciedade,
no comportamento da presséao arterial, entre outras (FORTUNO et al., 2003). Tanto a
menopausa, quanto o processo de envelhecimento, promovem alteragcbes na
adiposidade ectépica e visceral, fatores de risco preponderantes para o
desenvolvimento de doengas cardiometabdlicas (NICKLAS et al., 2004; LIM; MEIGS,
2013; PARK et al., 2013; SMITH, 2015). Assim, o aumento do perimetro abdominal e

a obesidade tém sido associados ao maior risco para a reducdo da autonomia
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funcional e qualidade de vida (BATSIS et al., 2014; RILLAMAS-SUN et al., 2014;
BATSIS et al., 2015).

Além das alteragdes na composigao corporal, o envelhecimento promove
alteragdes metabdlicas, predispondo os idosos a um quadro pro-inflamatério, o qual
per si, aumenta o risco para o desenvolvimento de doengas cardiometabdlicas e a
morte (SOWERS et al., 2007; COSTANTINO; PANENI; COSENTINO, 2015; LIU, LI,
2015). A idade e o sexo sao dois fatores fisioldégicos que exercem influéncia nas
concentracdes de lipideos e de lipoproteinas, de modo que o envelhecimento promove
elevagdes substanciais nas concentragbes plasmaticas de lipoproteinas de baixa
densidade (LDL-C) (ABBOTT et al., 1983). Nas mulheres, o periodo pds-menopausa
pode causar aumento nos niveis plasmaticos do LDL-C, bem como dos niveis de
colesterol total (CT), que a partir da quinta década de vida podem ser superiores em
relagcdo aos homens de mesma idade (KREISBERG; KASIM, 1987).

De forma associada, o acumulo de adiposidade visceral e as desordens no
metabolismo dos lipideos apresentam relacédo com o aumento dos acidos graxos livres
e glicerol circulante (BJORNTORP, 1992), acarretando aumento da resisténcia a
insulina e ineficiéncia dos adipdcitos em reciclar eficazmente os acidos graxos livres
(RYAN, 2000). Essas alteragdes provocam o aumento nas concentragdes de glicose
e insulina no sangue, podendo resultar em risco elevado para o desenvolvimento de
diabetes do tipo 2, hipertensido, sindrome metabdlica e doencas cardiovasculares
(RYAN, 2000; LIU; LI, 2015).

Por outro lado, os resultados de algumas pesquisas indicam que a perda
da forca muscular pode ser considerada a alteracdo de maior impacto para a saude e
qualidade de vida do idoso (CLARK, MANINI, 2008; 2010; 2012). Apesar da conhecida

relagao entre o declinio da forgca muscular e a redugao do tecido muscular esquelético,
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nem o volume tecidual, nem o desuso sao determinantes nesta relagao, visto que,
possivelmente, o maior contributo esteja nas alteracbes celulares, neurais e/ou
metabdlicas no tecido muscular esquelético, influenciando na qualidade muscular
(GOODPASTER et al., 2006; NEWMAN et al., 2006; DELMONICO et al., 2009). Prova
disso é que apo6s os 70 anos de idade, as mulheres tendem a perder aproximadamente
3% da forga muscular a cada ano (GOODPASTER et al., 2006) e essa perda é de
duas a cinco vezes maiores que a perda de tecido muscular esquelético (MITCHELL
et al., 2012). Esse declinio pode estar associado a alteragdes na composi¢do e na
arquitetura muscular (FRAGALA; KENNY; KUCHEL, 2015).

A reducdo no tamanho das fibras musculares, o angulo de penagao
alterado, declinio na sintese de proteinas, devido ao ambiente pré-inflamatério, aliado
ao aumento no numero de lisossomos, resultam em prejuizos a fungao contratil e
aumento da degradagao proteica, processos que parecem estar diretamente
relacionados a redugao da forga muscular (FRAGALA; KENNY; KUCHEL, 2015). Além
disso, a infiltragdo adiposa no musculo (DELMONICO et al, 2009) e a
neurodegeneracao, ou seja, declinio funcional e estrutural neuromuscular, com perda
do axénio motor, ou até mesmo de todo o motoneurdnio, bem como alteragdes nas
jungdes neuromusculares, ou jungdes mioneurais, também contribuem para esse
declinio (DELBONO, 2003; CLARK, FIELDING, 2012).

Clark e Manini (CLARK; MANINI, 2008) denominaram dinapenia a perda
de forca muscular advinda do processo de envelhecimento e a sua ocorréncia tem
sido associada a queda da fungédo cognitiva (HUANG et al., 2015), reducdo da
autonomia funcional (CLARK, MANINI, 2010; YANG et al., 2014; SANTOS et al., 2016)
e mortalidade (NEWMAN et al., 2006; MITCHELL et al., 2012). Apesar do processo

de envelhecimento afetar a forgca muscular, o exercicio fisico tem sido uma das
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contramedidas mais eficazes para sua manutencao e/ou aumento, em especial o TP
(PETERSON; RHEA; ALVAR, 2005; PETERSON et al., 2010; HURLEY; HANSON;
SHEAFF, 2011; PETERSON; GORDON, 2011; SILVA et al., 2014).

Entretanto, informagdes sobre a forma de progressao no TP e condutas
efetivas para induzirem uma relagao dose-resposta, evitar lesdes e minimizar os riscos
da pratica em idosos, ainda, sdo escassas e necessarias (PETERSON; GORDON,

2011; BORDE; HORTOBAGYI; GRANACHER, 2015).
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1.2 OBJETIVOS

1.2.1 Objetivo geral

Comparar os efeitos de diferentes zonas de repeticbes do sistema piramidal
crescente sobre a forca muscular, composicdo corporal e biomarcadores

sanguineos em mulheres idosas n&o-treinadas.

1.2.2 Objetivos especificos

Analisar os efeitos de diferentes zonas de repeticbes do sistema piramidal
crescente sobre a forca muscular e hipertrofia muscular em mulheres idosas
(Artigo 1);

Comparar os efeitos de diferentes zonas de repeticbes do sistema piramidal
crescente sobre a adiposidade corporal e biomarcadores sanguineos em
mulheres idosas (Artigo 2);

Investigar os efeitos de diferentes zonas de repeticbes do sistema piramidal
crescente sobre os vetores da bioimpedancia e o angulo de fase em mulheres

idosas (Artigo 3).
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1.3 METODOS

1.3.1 Participantes

A amostra de mulheres idosas foi selecionada voluntariamente a partir da
divulgacao por meio da distribuicdo de panfletos em residéncias, feiras e regides
comerciais préximas ao local de treinamento, além de informativos em jornais, radio e
televisdo. As interessadas foram convidadas a participar de uma reuniao preliminar,
na qual foi apresentada a proposta do estudo. Na sequéncia, as candidatas foram
submetidas a uma entrevista estruturada, incluindo uma anamnese clinica. Os
critérios iniciais de inclusdo foram: (1) possuir idade igual ou superior a 60 anos; (2)
ser aparentemente saudavel e fisicamente independente; (3) ndo ser portadora de
doencas cardiacas; (4) ndo estar envolvida com a pratica de treinamento com pesos
nos seis meses precedentes ao inicio do estudo. Além disso, as participantes somente
foram incluidas no estudo apds serem liberadas sem restricdo para a participacdo em
programas de exercicios fisicos, mediante avaliagdo médica atestada por médico
cardiologista.

O calculo para o tamanho da amostra foi estabelecido adotando-se a
massa muscular esquelética como variavel critério, utilizando o tamanho do efeito
igual a 0,24, observado em um estudo recente conduzido pelo nosso laboratério, no
qual o treinamento de meia-piramide crescente, com séries de 12, 10 e 8 repeticoes
foi realizado durante oito semanas (RIBEIRO et al., 2016a). O calculo indicou a
necessidade de 15 sujeitos por grupo para se atingir a significancia de 5% e o poder
estatistico de 80%. Foram acrescidos 20% para possiveis perdas amostrais,

totalizando 18 idosas em cada grupo. Para o célculo foi adotado um delineamento
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com analise de variancia para medidas repetidas com interacdo entre fatores. A
analise foi realizada no G*Power, versao 3.1.9.2 e o protocolo pode ser visualizado no
Apéndice A.

Apos serem amplamente esclarecidas sobre o propdésito deste estudo e os
procedimentos aos quais seriam submetidas, as participantes assinaram um Termo
de Consentimento Livre e Esclarecido (Apéndice B). Este estudo faz parte de um
projeto mais amplo de intervencdo com mulheres idosas submetidas ao TP que foi
aprovado pelo Comité de Etica em Pesquisa da Universidade Estadual de Londrina,

de acordo com a Declaragao de Helsinque.

1.3.2 Delineamento do estudo

Este estudo teve duracao de 12 semanas nas quais as participantes foram
aleatoriamente alocadas em trés grupos, a saber: grupo controle (CON), instruido a
manter o padrao de atividade fisica cotidiano e sem envolvimento em programas de
treinamento fisico sistematizados ao longo do periodo de intervengao; grupo piramide
com zona de repetigdes restrita (NPR, 12/10/8 repeticdes); grupo piramide com zona
de repeticdes ampla (WPR, 15/10/5 repeticdes). Ambos os grupos (NPR e WPR)
foram submetidos a um periodo de oito semanas de treinamento com pesos no
sistema PR (semanas 3 a 10), com zonas de repeticdes diferentes e volume
equivalente. As primeiras duas semanas (1 e 2) e as duas ultimas (semanas 11 e 12)
foram utilizadas para realizacdo de medidas antropométricas, testes de forca maxima
(1RM), exames de absortometria radiolégica de dupla energia (DEXA) e
bioimpedancia espectral, bem como, para coletas de sangue em jejum.

1.3.3 Medidas antropomeétricas e de composicao corporal
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1.3.3.1 Antropometria

A massa corporal foideterminada em uma balanga comleitura digital (Balmak,
modelo Classe lll, Sdo Paulo, SP, Brasil), com escala de 0,1 kg, enquanto a estatura foi
medida em um estadidbmetro acoplado ao mesmo equipamento, com escala de 0,1 cm.
A partir dessas medidas, foi calculado o indice de massa corporal (IMC), por meio da
razao entre a massa corporal e o quadrado da estatura, sendo a massa corporal

expressa em quilogramas (kg) e a estatura em metros (m).

1.3.3.2 Composic¢ao corporal

Exames de DEXA foram realizados em um equipamento da marca Lunar
(Prodigy, modelo GE Healthcare, ID 14739, Madison, WI, USA), mediante
escaneamento de corpo inteiro. A calibragem do equipamento seguiu as
recomendagdes do fabricante. Tanto a calibragem, quanto as analises, foram
realizadas por um técnico do laboratério com experiéncia nesse tipo de avaliagdo. As
participantes foram submetidas aos exames trajando roupas leves, descalgas e sem
portar nenhum objeto metalico ou qualquer outro acessoério junto ao corpo. As
mulheres permaneceram deitadas e imoveis sobre a mesa do equipamento até a
finalizagdo da medida. Apds a varredura de corpo inteiro, o programa forneceu os
dados relativos ao tecido gordo, tecido ésseo e tecido magro e mole, para o corpo
todo e regides especificas (tronco e membros superiores e inferiores). O coeficiente

de correlagao intraclass (ICC) é de 0,99, com erro padrao de medigéo (SEM) de 0,7
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kg para o tecido magro e mole, ICC de 0,99 e SEM de 0,3 kg para o tecido gordo e
ICC de 0,99 e SEM de 0,2 para o tecido 6sseo.

Os membros foram demarcados e separados do tronco e da cabega por
linhas padronizadas geradas pelo software do préprio equipamento. As linhas foram
ajustadas pelo técnico, por meio de pontos anatémicos especificos, conforme manual
do equipamento. A massa muscular esquelética total, foi estimada a partir da
quantificacdo do tecido magro e mole apendicular, mediante a utilizacdo da equagao

preditiva proposta por Kim et al.(KIM et al., 2002), a saber:

MME = (1,13 x ASMM) — (0,02 x idade) + (0,61 x sexo) + 0,97

Onde MME = massa muscular esquelética. ASMM = massa isenta de gordura € 0sso
apendicular. Sexo: mulher = 0. O ICC do nosso laboratério € de 0,99 e o SEM de 0,5

kg para a MME.

1.3.3.3 Agua corporal e vetores da bioimpedancia

Para determinacdo da agua corporal total (ACT) e estimativadas fracdes
intracelular (AIC) e extracelular (AEC), bem como, para andlise dos vetores da
bioimpedancia (BIVA) foi utilizado um equipamento de bioimpedancia
espectralmultifrequencial tetrapolar (Xitron 4200, Bioimpedance Spectrum Analyzer,
San Diego, Califérnia, USA).As participantesforam posicionadas em decubito dorsal,
em uma maca isolada de condutores elétricos, com as pernas abduzidas num angulo
de 45°. Apds a limpeza da pele com alcool, dois eletrodos foram colocados na

superficie da mao direita e dois no pé direito, de acordo com os procedimentos
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descritos na literatura(SARDINHA et al., 1998). Na tentativa de minimizar possiveis
erros de estimativa, asparticipantesforam orientadas a: (1) urinar cerca de 30 min
antes da realizagdo das medidas;(2) abster-se da ingestdo de alimentos ou bebidas
nas quatro horas precedentes a cada exame; (3) evitar a pratica de exercicios fisicos
vigorosos nas 24h precedentes a cada exame; (4) abster-se do consumo de bebidas
alcodlicas e/oucafeinadas por no minimo 48h antes da realizagdo de cada exame; (5)
evitar o uso de bebidas diuréticas ao longo dos sete dias precedentes a cada
exame.|lCC de 0,98 e SEM de 0.3 L para ACE, ICC de 0,99 e SEM de 0.2 L para ACI
e ICC de 0,98 e SEM de 0.3 L para a ACT.

Os dados brutos de resisténcia (R) e reactancia (Xc) na frequéncia de 50 Hz
foram utilizados para calcular o angulo de fase. Apds a padronizagao pela estatura,
para reducao do efeito do condutor,foram tragados os vetores de impedancia média,
por meio das medidas de R/est. eXc/est. em cada grupo, com suas elipses de
confianga de 95% e a analise do deslocamento dos vetores foi realizada com uso do
BIVA software 2002 (PICCOLI, ANTONIO; PASTORI, 2002).ICC de 0,95 e SEM de
15.6 ohms para a R, ICC de 0,96 e SEM de 3.5 ohms para a Xc, ICC de 0,96 e SEM

de 0.2 graus para o angulo de fase.

1.3.4 Forga muscular

Para a avaliagao da forga muscular foram aplicados testes de 1RM em trés
exercicios, envolvendo os segmentos do tronco, membros inferiores e membros
superiores. A ordem de execugado dos exercicios testados foi a seguinte: supino
vertical, cadeira extensora e rosca Scott, respectivamente. As participantes foram

instruidas previamente sobre todos os procedimentos e técnicas a serem exigidas nos
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testes e em seguida foram submetidas a trés sessdes de testagens, de acordo com
as recomendacgdes da literatura (AMARANTE DO NASCIMENTO et al., 2013).Todos
os testes foram realizados no periodo da manha, com intervalo de 48 h entre cada
sessdo. Um aquecimento especifico foi adotado antes da realizagdo da primeira
tentativa, em cada exercicio, com a execug¢ao de uma série de 6 a 10 repeticbes com
aproximadamente 50% da carga a ser testada. Dois minutos apds o final do
aquecimento foi iniciada a primeira tentativa. As participantes foram submetidas a trés
tentativas em cada exercicio, com intervalo de trés a cinco minutos entre elas. Para a
transicdo entre os exercicios foi adotado um intervalo fixo de cinco minutos. As
participantes foram orientadas para tentarem realizar duas repeticbes em cada
tentativa. Quando uma ou duas repeticbes eram executadas, a carga era aumentada
de 3 a 10% para a préxima tentativa. Por outro lado, a carga era reduzida de 3 a 10%
para uma préxima tentativa quando nenhuma repeticdo era executada. A carga
registrada como 1RM em cada exercicio foi aquela na qual cada participante s6
conseguiu realizar uma unica repeticdo maxima. Foram utilizados trés avaliadores,
sendo designado um avaliador fixo para cada exercicio em todos os momentos do
estudo. Vale ressaltar que a forma e a técnica de execucdo de cada exercicio foram
padronizadas e continuamente monitoradas na tentativa de garantir a eficiéncia do
teste.ICC de 0,99 e SEM de 0,4 kg para o supino, ICC de 0,99 e SEM de 0,9 kg para a

extensora e ICC de 0,97 e SEM de 0,5 kg para o roscascott.

1.3.5 Coleta de sangue e analises bioguimicas

Coletas de sangue venoso foram utilizadas para a determinagao da glicose

em jejum, do perfil lipidico e da proteina C-reativa. Para tanto, um experiente técnico
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de laboratério de Analises Clinicas coletou amostras de 14 mL de sangue, apés jejum
de 12 horas, no periodo matutino. As amostras foram depositadas em tubos a vacuo,
com gel separador sem anticoagulante, e centrifugadas por 10 min a 3.000 g para
separagao do soro. O plasma e o soro foram aliquotados e armazenados em freezer
a -80°C (Indrel®) até a realizagdo das analises. Posteriormente, em um sistema
autoanalisador bioquimico DadeBehring Dimension RXL (DadeBehring Inc., Newark,
DE, USA), de acordo com métodos consagrados na literatura especializada, seguindo
os protocolos recomendados pelos fabricantes, determinou-se as concentragdes de
proteina C-reativa ultrassensivel (PCR-us), colesterol total (CT), lipoproteinas de alta
densidade (HDL-C), triglicerideos (TG) e glicemia (GLI). Para a determinagdo da
lipoproteina de baixa densidade (LDL-C) foi utilizada a equag¢ao LDL-C = CT - (HDL-

C + TG/5) (FRIEDEWALD et al., 1972).

1.3.6 Habhitos alimentares

Recordatdrios alimentares de 24 h foram aplicados trés dias, no inicio e no
final do periodo de intervencio, para o monitoramento dos habitos alimentares das
participantes. Os registros foram obtidos em dois dias da semana util e um dia no final
de semana por uma equipe treinada composta por trés nutricionistas. Medidas
caseiras padronizadas foram utilizadas para a estimativa da quantidade de alimentos
e bebidas consumidas. O consumo energético total e as proporgdes ingeridas de
macronutrientes foram determinadas por meio do programa para avaliagao nutricional
NutWin, versao 1.5. As participantesforam orientadas a ndo modificarem seus habitos
alimentares diarios durante todo o periodo de duragao do estudo. A ingestao de agua

foiad libitum.
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1.3.7 Programa de treinamento com pesos

O programa de TP foi estruturado de acordo com as recomendagdes da
literatura (ACSM, 2009; GARBER et al., 2011; CADORE et al., 2014), sendo realizado
com frequéncia de trés sessdes semanais, em dias alternados (segundas, quartas e
sextas-feiras), no periodo da manha, durante oito semanas.

Uma unica programacgao foi utilizada, incluindo oito exercicios para os
diferentes segmentos corporais (tronco, membros superiores e inferiores), que foram
executados em ordem alternada por segmento, a saber: supino vertical, legpress,
remada sentada, cadeira extensora, rosca Scott, mesa flexora, triceps no pulley e
panturrilha sentada. As diferengas entre os dois grupos submetidos ao TP foram no
numero de repeticdes executadas em cada exercicio, com o grupo NPR realizando
12/10/8 repetigbes, respectivamente, em cada série, ao passo que o grupo WPR
realizou 15/10/5 repeticdes, respectivamente.

O intervalo de recuperacéao estabelecido entre as séries e os exercicios foi
de 60 a 120 s. As cargas utilizadas foram compativeis com o numero de repeti¢cdes
estipuladas para as trés séries de cada exercicio. A progressdo em cada exercicio
ocorreu quando o participante foi capaz de realizar 10 (NPR) ou 7 (WPR) repeti¢cdes
no ultimo conjunto de duas sessbes consecutivas. A progressao foi realizada
aumentando a carga para os exercicios dos membros superiores e dos membros

inferiores em 2-5% e 5-10%, respectivamente, em cada conjunto, na sesséo seguinte
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de treinamento (ACSM, 2009). As participantes foram orientadas a executar as agdes
musculares concéntricas e excéntricas em uma razéo de 1 : 2, respectivamente.
Todas as sessdes de treinamento foram supervisionadas por estudantes
de graduagao e pos-graduagao em Educacao Fisica. Na tentativa de analisar o efeito
isolado do TP, as participantes foram orientadas para que durante o periodo de
intervengdo nao se envolvessem com a pratica de nenhum outro programa de

treinamento fisico.

1.3.8 Analise estatistica

Inicialmente, o teste de Kolmogorov-Smirnov foi utilizado para a analise da
distribuicdo dos dados. A partir dai as informagdes foram apresentadas em valores de
média e desvio padrao, valores percentuais ou escores-z. O teste de Levene foi
utilizado para analise da homogeneidade das variéncias. O teste de Mauchly foi
aplicado para verificar a esfericidade, quando houve violagdo deste pressuposto, as
analises foram ajustadas pela corre¢cado de Greenhouse-Geiser. Analise de variancia
(ANOVA) two-way para medidas repetidas foi utilizada para comparagao entre os
grupos e os momentos. O teste para comparagdes multiplas de Bonferronifoi
empregado para a identificagdo das diferencas especificas nas variaveis em que os
valores de F encontrados foram superiores aos do critério de significancia estatistica
estabelecido. O tamanho do efeito foi calculado de acordo com a seguinte

equacao(COHEN, 1988).

Mz — M1/ DP
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Onde M1 representa a média pré-intervengao, M2 a média pds-intervengao,

e DP a média dos desvios padrao pré e pos-intervengao. A magnitude do efeito abaixo
de 0,20 foi considerada desprezivel, entre 0,20 - 0,49 foi considerada pequena, 0,50
- 0,79, moderada e = 0,80 grande. Para todas as analises estatisticas foi adotado o
nivel de significancia de 5%. As anadlises foram realizadas com uso do pacote

estatisticoSTATISTICA versao 10.
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Effects of ascending pyramid training system performed with wide or narrow
repetition zone on muscular strength and hypertrophy in untrained older

women

Abstract

The purpose of the present study was to analyze the effects of ascending pyramid
training system with different repetition zones on muscular strength and skeletal
muscle mass (SMM) in older women. Fifty-nine physically independent and
untrainedolder women (67.5 + 4.8 years, 67.6 + 13.3 kg, 1.56 + 0.1 m, 27.71 + 4.8
kg/m?) were randomly assigned into one of three groups: a non-exercise control group
(CON, n = 20) and two training groups that performed an 8-week resistance training
program in an ascending pyramid fashion, whereby one group performed 3 sets in a
narrow repetition zone (NPR, n = 20) and other group performed 3 sets in a wide
repetition zone (WPR, n = 19) consisting of 12/10/8 repetitions and 15/10/5 repetitions,
respectively. The program consisted of 8 whole-body exercises, performed 3 times a
week. Dual-energy X-ray absorptiometry was used to estimate fat-free mass (FFM),
SMM, upper limbs muscle mass (ULMM) and lower limbs muscle mass (LLMM).
Muscular strength was evaluated by one repetition maximum (1RM) test in chest press
(CP), knee extension (KE) and preacher curl (PC). Both training groups presented
higher (P< 0.05) changes compared to CON for FFM, SMM, ULMM, LLMM, CP, KE,
and PC, without differences between training groups (P> 0.05). The results suggest
that ascending pyramid training system in different repetition zones is effective to
improve muscular strength and muscle growth in untrained older women.

Keywords: aging, strength training, pyramidal system, resistance exercises,

maximum strength, hypertrophy.
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2.1 Introduction

Reductions in muscular strength and skeletal muscle mass (SMM) are two
of the main age-related impairments (CLARK; MANINI, 2008) that are associated with
a decrease in performance of daily life activities and functional autonomy, thus having
a negative effect on general health, quality of life, and survival in older persons
(CLARK; MANINI, 2008; CLARK; MANINI, 2010; MITCHELL et al., 2012; SANTOS et
al., 2016). To counter these deleterious effects, resistance training (RT) has been
recommended for older persons given its well-established ability to elicit positive
adaptations in muscular strength and SMM (ACSM, 2009; CHODZKO-ZAJKO et al.,
2009; GARBER et al., 2011).

The muscular adaptations induced by RT are dependent on manipulating
program variables, with training volume and intensity of load widely considered two of
the most important variables (ACSM, 2009; SCHOENFELD, 2010). Training volume is
affected by the exercises performed, number of sets and repetitions, as well as training
frequency, while intensity of load refers to absolute or relative resistance used for a
given exercise, velocity of muscular contraction, and amount of rest between sets
(ACSM, 2009). Accordingly, some training systems have been proposed by coaches
and practitioners as a means to train with higher loads without a drastic reduction in
volume. Among the training systems, the ascending pyramid system, due to its
inherent characteristic of varying loads and number of repetitions allows exercise
performance at higher intensities of load without necessarily causing a drastic loss in
the volume from a specific loading zone standpoint, thus maintaining a favorable
anabolic environment for increasing strength and muscle hypertrophy.

A previous study from our laboratory (RIBEIRO et al., 2016a) with older

women investigated the effect of the ascending pyramid system on muscular strength
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and hypertrophy, and it was observed that this load-management system induced
similar adaptations than when the load remained constant through the sets of a given
exercise (RIBEIRO et al., 2016a). However, one possible reason for the lack of the
superiority of the pyramid system may because the repetition range applied in the
pyramid condition (12/10/8 RM) was too narrow to promote different stresses
compared to constant (8-12 RM) and thus induce differential adaptations. Therefore,
we cannot rule out the possibility that a pyramid approach using a wide repetition zone,
thereby allowing a higher metabolic and mechanical stimulus, may induce superior
results.

The purpose of the present study was to analyze the effects of ascending
pyramid system with different repetition zones on muscular strength and SMM in older
women untrained. We hypothesized that both conditions would be effective to induce
increase in muscular strength and SMM, and that the pyramid system performed in a
wide zone of repetitions would elicit greater improvements compared to the narrow
zone of repetition. The rationale for this hypothesis is based on a greater variation of
the stimulus, thus allowing higher metabolic (in the first set) and mechanical stress (in

the final set).
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2.2 Methods

2.2.1 Participants

Fifty-nine untrainedolder women (67.5 + 4.8 years, 67.6 + 13.3 kg, 1.56 *
0.1 m, 27.71 + 4.8 kg/m?) were selected for participation in this study. Recruitment was
carried out through newspaper, television programs and radio advertisings, and home
delivery of leaflets in the central area and residential neighborhoods. All participants
completed health history questionnaires and met the following inclusion criteria:
physically independent, free from cardiac dysfunction, not receiving hormonal
replacement therapy, and not performing any regular physical exercise for more than
once a week over the six months precedes the beginning of the study. Participants
passed a diagnostic, graded exercise stress test with 12-lead electrocardiogram
reviewed by a cardiologist and were released with no restrictions for participation in
this study. Adherence to the program was established with a minimum participation of
85% of the total sessions. After meetings with volunteer groups, those with the
necessary prerequisites completed an initial interview and signed the Informed
Consent approved by the Ethics Committee of the local University. This investigation

was conducted according to the Declaration of Helsinki.

2.2.2 Experimental Design

The study was carried out over a period of 12 weeks, with 8 weeks
dedicated to the RT program, and 4 weeks for data collection. Pre- and post-
intervention testing was carried out at weeks 1-2 and 11-12, respectively, and
comprised anthropometric, body composition and maximal dynamic strength
measurements. The RT program was carried out during weeks 3-10. Physical

education professionals supervised all sessions. Subjects were instructed not to
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perform any other type of physical exercise throughout the study period. Participants
were randomly assigned to one of three groups: control group (CON, n = 20), instructed
not to engage in any physical exercise training program during the period of the
intervention and to maintain their eating and physical activity patterns, and two different
systems of pyramid training: a narrow zone of repetitions (NPR, n = 20) in which
participants performed 3 sets of 12/10/8 repetitions or a wide zone of repetitions (WPR,

n = 19) in which participants performed 3 sets of 15/10/5 repetitions.

2.2.3 Muscular strength

Maximal dynamic muscular strength was determined by the one repetition
maximum test (1RM) on bench press (BP), knee extension (KE), and preacher curl
(PC). Testing for these exercises was preceded by a warm-up set (6—10 repetitions)
using approximately 50% of the estimated load used in the first attempt of the 1RM
test. This warm-up was also used to familiarize the subjects with the testing equipment
and lifting technique to reduce the effects of learning and establish reproducibility in
the exercise. The testing procedure was initiated 2 min after the warm-up. Participants
were instructed to try to accomplish two repetitions with the imposed load in three
attempts. A 3 to 5 min rest period was afforded between each attempt. The 1RM was
recorded as the last load lifted in which the participant was able to complete only one
single maximal repetition. Execution for each exercise was standardized and
continuously monitored to ensure reliability. Experienced researchers supervised all
1RM testing sessions for greater participant safety and integrity. Verbal
encouragement was given throughout each test. Three 1RM sessions were performed
separated by 48 h(AMARANTE DO NASCIMENTO et al., 2013). The highest load
achieved among the 3 sessions was used for analysis in the exercise. The sum of the

weights lifted in the three exercises was considered the total strength. The intraclass
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correlation coefficient (ICC) from our lab for these tests is = 0.96 with a standard error

of measurement (SEM) of < 2.0 kg.

2.2.4 Body composition

Fat-free mass (FFM), lower limb muscle mass (LLMM), upper limb muscle
mass (ULMM) measurements were carried out using a dual energy X-ray
absorptiometry (DXA) scan (Lunar Prodigy, model NRL 41990, GE Lunar, Madison,
WI, USA). Before scanning participants were instructed to remove all objects
containing metal. Calibration and scans were performed according to the
manufacturer's instruction manual. Both calibration and analysis were carried out by a
skilled laboratory technician. Analyses during the intervention were performed by the
same technician who was blinded to intervention time point. The SMM was calculated
from the appendicular lean soft tissue estimated by DXA using the equation proposed
by Kim et al. (KIM, J. et al., 2002). Previous test-retest scans of eight older women
resulted SEM of 0.7 kg and ICC of 0.99 for FFM and SEM of 0.5 kg and ICC of 0.99

for SMM.

2.2.5 Resistance training program

The RT program was performed three times a week, with an interval of 48
h between training sessions and was carried out over a period of 8 weeks. Training
took place in the morning and was based on recommendations for RT in older
population to improve muscle hypertrophy and strength (ACSM, 2009; CHODZKO-
ZAJKO et al.,, 2009). Physical education professional supervised personally all
participants throughout each training session in order to reduce deviations from the
study protocol and to ensure subject safety. Subjects performed RT using a

combination of free weights and machines.
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The RT protocol consisted of a whole-body program with 8 exercises
performed in the following order: chest press, horizontal leg press, seated row, knee
extension, preacher curl, leg curl, triceps pushdown, and seated calf raise. Participants
performed either 3 sets of 12/10/8 repetitions (NRP) or 15/10/5 repetitions (WPR) with
incrementally higher loads for each set (ascending pyramid system). The participants
were instructed to inspire during the eccentric phase and exhale during the concentric
phase of the exercise and to maintain the velocity of muscular contraction at a ratio of
1:2 (concentric and eccentric phases, respectively). The rest interval ranged between
60-120 s for sets and exercises. The supervisors adjusted the loads of each exercise
according to the subject’s ability and improvements in exercise capacity throughout the
study in order ensure that subjects were using as much resistance as possible while
maintaining proper technique. Progression in each exercise occurred when the
participant was able to perform 10 (NRP) or 7 (WPR) repetitions in the last set by two
consecutive sessions. Progression was accomplished by increasing the load for the
upper limb and lower limb exercises by 2-5% and 5-10%, respectively, in each set, in

the next training session (ACSM, 2009).

2.2.6 Dietary intake

A dietitian oriented the participants to complete a food record on 3
nonconsecutive days (2 week days and one weekend day) at weeks 1-2, and 11-12.
Participants were given specific instructions regarding the recording of portion sizes
and quantities to identify all food and fluid intake. Total dietary energy, protein,
carbohydrate, and fat content were calculated using nutrition analysis software
(Avanutri Processor Nutrition Software, Rio de Janeiro, Brazil; Version 3.1.4). All

participants were asked to maintain their normal diet throughout the study period.



46

2.2.7 Statistical analysis

Data are presented as mean, standard deviations, z-scores, and
percentage of changes. The Kolmogorov-Smirnov test was used to checked normality.
The baseline comparisons were performed by one-way analysis of variance (ANOVA).
Adjusted Greenhouse-Geisser corrections were used for any violations of sphericity by
Mauchly's test. The 2-way ANOVA for repeated measures was conducted for
comparisons between and within groups over time. Bonferroni post-hoc test was
conducted to identify the mean differences when the F-ratio was significant. The effect
size (ES) was calculated to verify the magnitude of the differences by Cohen’s d where
an ES of 2 0.20-0.49 was considered as small, 0.50-0.79 as moderate and = 0.80 as
large (COHEN, 1992). The differences between pre- to post-training were calculated,
transformed in z-scores, and means for each variable as compared by one-way
ANOVA. For all statistical analyses, significance was established at P < 0.05.Analyses

were performed with SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA).

2.3 Results

There were no significant main effects or interactions for daily relative
energy and macronutrients within and between groups over time (P> 0.05).
Table 2.1 displays the general characteristics of the participants at baseline.

No significant differences were observed between groups (P > 0.05).
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Tabela 2.1General characteristics of the participants at baseline.

CON NPR WPR P-value
(n =20) (n=20) (n=19)
Age (years) 66.8 £ 3.9 68.9+5.8 66.6 +4.7 0.25
Body mass (kg) 68.6 + 16.4 66.1 £ 11.1 68.0+11.5 0.81
Height (cm) 157.4 £6.2 153.9+6.5 156.6 £ 6.5 0.16
BMI (kg/m?) 275+54 27.96+4.8 27.7+43 0.96

Note. CON = control group; NPR = Narrow repetition zone group; WPR = wide repetition zone

group; BMI = body mass index. Data are expressed as mean and standard deviation.

Figure 2.1 depicts the baseline and post-intervention scores and percentage
changes from pre- to post-training for FFM, SMM, LLMM and ULMM by group. There
was a significant interaction (P < 0.05), in which both training groups presented
significantly higher changes than CON for FFM (NPR = +1.87% [+0.7 kg]; WPR =
+3.17% [+1.2 kg]; CG = -1.37% [-0.5 kg]), SMM (NPR = +4.71% [+0.8 kg]; WPR =
+8.40% [+1.5 kg]; CG = -4.54% [-0.9 kg]), LLMM (NPR = +4.70% [+0.6 kg]; WPR =
+6.19% [+0.7 kg]; CG =-3.76 % [-0.5 kg]), and ULMM (NPR = +4.44% [+0.2 kg]; WPR
= +5.26% [+0.2 kg]; CG = -6.62% [-0.3 kg]), without differences between the training
groups. Figure 2.2, Panel A, depicts the individual percentage changes from pre- to

post-training in SMM for each group.
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Figure 2.1 Pre- to post-intervention scores and percentage changes of fat-free mass
(FFM), skeletal muscle mass (SMM), lower limb muscle mass (LLMM) and upper
limb muscle mass (ULMM) by group (control, CON, n = 20; narrow zone repetition,
NPR, n = 20; wide zone of repetition, WPR, n = 19). *P< 0.05 vs pre-. §P< 0.05 vs.

CON.
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Figure 2.2 Individual percentage changes for skeletal muscle mass and total strength
(Panels A and B, respectively) after 8-week intervention period by group (control, CON,

n = 20; narrow zone repetition, NPR, n = 20; wide zone of repetition, WPR, n = 19).

The muscular strength values at pre- and post-intervention according to
groups are presented in Table 2.2. A significant interaction (P < 0.05) was observed
for the 3 exercises analyzed, in which the training groups similarly increased their
scores, while CON decreased its scores after the intervention period. Figure 2.2, Panel
B, depicts the individual percentage changes from pre- to post-training in muscular

strength for each group.
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Tabela 2.2 One repetition maximum scores (kg) at pre- and post-intervention

according to groups. Data are expressed as mean and standard deviation.

CON NPR WPR Interaction

(n =20) (n=20) (n=19) P-value
Chest press
Pre 40.4 £ 81 36.1+4.9 405+7.3
Post 39.4 +8.2* 394 +7.3" 452 +7.3* < 0.001
A% -2.4 +9.1 +11.5
Knee extension
Pre 45.0+91 39.0+7.9 441+94
Post 40.7 £ 9.5* 441 + 8.6* 50.3 £ 9.4* < 0.001
A% -9.5 +13.1 +14.1
Preacher curl
Pre 199+ 3.6 20.0+2.6 18.3+2.9
Post 17.4 £ 3.6* 223+ 3.7* 216+ 3.7* < 0.001
A% -12.4 +11.4 +17.9
Total strength
Pre 105.3+17.2 95.1+134 102.8 + 16.8
Post 97.6 £+ 18.2* 105.8 £ 15.8* 117.0 £ 18.0* < 0.001
A% -7.3 +11.3 +13.8

Note. CON = control group; NPR = Narrow repetition zone group; WPR = wide repetition
zone group; Total strength = sum of the weights lifted in the three exercises. *P< 0.05 vs.

pre.

Table 2.3 presents the effect size values for training groups as well as the
difference between training groups. A difference of small magnitude was observed for
SMM, LLMM, and PC, favoring the WPR. For the other parameters investigated, the

differences between groups did not reach meaningful values.
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Tabela 2.3 Effects sizes values according to groups.

NPR WPR Differences
(n =20) (n=19)
Fat free mass 0.17 0.20 -0.03
Skeletal muscle mass 0.34 0.77 -0.43
Lower limb muscle mass 0.31 0.56 -0.25
Upper limb muscle mass 0.34 042 -0.08
Chest press 0.67 0.64 0.03
Knee extension 0.65 0.66 -0.01
Preacher curl 0.88 1.13 -0.25
Total strength 0.80 0.84 -0.04

Note. CON = control group; NPR = Narrow repetition zone group; WPR = wide repetition

zone group.

The z-scores of the percentage changes from pre- to post-intervention for
each parameter investigated are presented in Table 2.4. A significant (P< 0.05)
difference was observed for training groups when compared to CON, in which both
NPR and WPR presented higher positive variation than CON. Although WPR
presented the highest positive variation means for all outcomes analyzed, the

differences to NPR did not reach statistical significance (P> 0.05).
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Tabela 2.4 Z-scores of the percentage changes from pre- to post-training period (8

weeks) according to group.

CON NPR WPR P-value
(n =20) (n=20) (n =19)
Fat free mass -0.67 £ 0.7 0.24 £ 0.6* 0.66 + 1.1* < 0.01
SMM -0.65+0.5 0.25+0.3* 0.59 £+ 1.4* <0.01
LLMM -0.54+04 0.16 £ 0.3* 0.54 £ 1.5% <0.01
ULMM -0.70+£1.0 0.45+0.7* 0.49 £ 0.6* < 0.01
Chest press -0.93+0.5 0.31+£0.8* 0.64 £ 0.9* <0.01
Knee extension -1.10£ 0.7 0.50 £ 0.6* 0.60 £ 0.6* < 0.01
Preacher curl -1.07£0.5 0.34 £ 0.5% 0.76 £ 0.8* <0.01
Total strength -1.19+04 0.47 £ 0.5% 0.73 £ 0.6* <0.01
Composited z-score  -0.91+£0.3 0.39+ 04" 0.67 £ 0.8* <0.01

Note. CON = control group; NPR = Narrow repetition zone group; WPR = wide repetition zone
group; SMM = skeletal muscle mass, LLMM = lower limb muscle mass, ULMM = upper limb
muscle mass, Composited z score = (skeletal muscle mass z-score + total strength z-score) /

2. *P< 0.05 vs. control group. Data are expressed as mean and standard deviation.

2.4 Discussion

The main and novel results of our study showed that both pyramid systems
produced significantly greater results compared to a non-training control, with
statistically similar changes between WPR and NPR noted in all outcomes studied.
However, there were several differences identified between conditions that, although
not rising to a level of predetermined statistical probability, nevertheless may be
considered meaningful from a practical standpoint. To the authors’ knowledge, this is
the first study to compare muscular adaptations in RT pyramid system using a narrow
versus wide range of repetitions.

With respect to changes in body composition, increases in SMM for WPR
were almost double that for NPR (1.5 kg vs. 0.8 kg, respectively), although results did

not reach statistical significance. The relative ES difference for this outcome was 0.43,
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which borders small to moderate effect. As shown in Figure 2.2, Panel A, the observed
differences appear to be due to a greater number of high responders in WPR.
Moreover, these differences were primarily the result of greater increases in lower limb
muscle mass, where the relative ES difference was 0.25. Although no previous studies
have directly compared pyramid system with differing repetition ranges, several studies
have used a daily undulating periodization protocol to investigate the effects of training
with wide versus narrow repetition ranges. In a cohort of female collegiate tennis
players, Kraemer et al.(KRAEMER et al., 2003) found that wide repetition range (4-
6RM on Day 1; 8-10RM on Day 2; 12-15RM on Day 3) produced significantly greater
absolute increases in FFM compared to a narrow repetition range (8-10RM) as
assessed by the 3-site skinfold technique over a 9 months’ study period (3.3 kg vs.1.6
kg, respectively). Recently, Schoenfeld et al.(SCHOENFELD et al., 2016) randomized
young, resistance-trained men to train with either a narrow repetition range (8-12RM)
or a wide repetition range (2-4 RM per set on Day 1; 8-12 RM per set on Day 2; 20-30
RM on Day 3). Although similar statistical increases were shown for muscle thickness
for the biceps, triceps, and quadriceps as measured by b-mode ultrasound, the ES for
the upper limbs indicated a potential hypertrophic superiority for the group using a
wider repetition range. Results of these studies are difficult to reconcile given the wide-
ranging differences in populations and methods between studies, but the totality of
findings would seem to indicate a potential benefit to wider variations in repetition
ranges for maximal increases in muscle mass. Emerging research indicates that lighter
load training promotes greater increases in type | muscle fibers while heavier load
training promotes greater increases in type Il muscle fibers (NETREBA et al., 2007;

NETREBAet al., 2013; VINOGRADOVA et al., 2013). It is therefore possible that
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benefits of a wider repetition range may be related to more complete development
across fiber types. This hypothesis warrants further study.

Total strength changes across exercises tested for 1RM were similar
between training conditions, with WPR producing a 13.8% increase and NPR
producing an 11.3% increase. Perusal of Figure 3, Panel B, appears to indicate
superiority for WPR, with a majority of subjects showing greater strength increases
compared to NPR. These results can be largely attributed to greater increases in 1RM
for the preacher curl favoring WPR compared to NPR (17.9% vs 11.4%, respectively),
with a small relative ES difference of 0.25. As mentioned, no previous studies have
compared muscular adaptations using different pyramid loading schemes. However,
several studies have investigated strength outcomes in wide versus narrow repetition
ranges using a daily undulating periodization approach. In the study by Kraemer et al.
(KRAEMER et al., 2003), the wider repetition range produced greater increases in the
leg press, bench press, and shoulder press. Alternatively, Schoenfeld et al.
(SCHOENFELD et al., 2016) found similar strength-related changes between wide and
narrow repetition ranges, although the ES favored the wider range in the bench press.
Despite somewhat equivocal evidence, the totality of findings suggests a potential
strength-related benefit to employing a wide repetition range.

Our study had several limitations that are worthy of note. First, the study
period of 8 weeks was of rather short duration. It remains to be determined whether
results would differ over a longer timeframe. Second, the use of DXA, while well-
established as a valid instrument to estimate body composition, lacks the sensitivity to
detect subtle changes in muscle mass compared to direct imaging modalities such as
computed tomography and magnetic resonance image (LEVINE et al., 2000; MADEN-

WILKINSON et al.,, 2013). For greater clarity, future studies should endeavor to
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investigate the topic using direct imaging modalities. The study is specific to untrained,
older women and results cannot be generalized to other populations including children,
young adults, men, and those with resistance training experience.

On the other hand, our study was conducted with randomized clinical trial
design with control group, which strengthens our findings regarding the effects of
training. The muscular strength was evaluated through three exercises, allowing the
understanding of the effects on upper limbs, lower limbs and trunk, an advantage in
relation to most studies involving RT, in which strength is evaluated in only one body
segment. In addition, familiarization with the muscle strength assessment protocol
allows recognition of the test equipment and lifting technique to reduce learning effects
and establish reproducibility in exercise.Another relevant point is that in addition to the
SMM analysis, which provides an overview of the effects of the intervention, evaluation
of upper and lower limb muscle mass can provide important data about the localized
effects of RT. Finally, it is worth mentioning that the training conducted with
individualized supervision of the elderly allows a greater control of the training variables
and the technique of performing the exercises, reducing the risk of injuries.

As practical implications of our study, the results provide insights on the
effectiveness and safety of the use of the PR system with different repetition zones as
a simple and dynamic alternative to the traditional RT-prescription system for untrained
elderly women.Future studies should attempt to investigate whether outcomes may be
mechanistically altered by differences in fiber-type adaptations across repetition

ranges.

2.5 Conclusion

The study showed that ascending pyramid training system employing both

a wide and narrow repetition range is effective in promoting increases in strength and
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muscle mass in untrained older women. Although no statistically significant differences
were noted between systems, underlying analysis of effect-sizes suggests a potential

benefit to performing a wider range of repetitions.
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Effects of ascending pyramid training system performed with wide or narrow
repetition zone on body fat and metabolic parameters in untrained older

women

ABSTRACT

The purpose of this study was to analyze the effects of ascending pyramid training
system performed with wide or narrow repetition zone on body fat and metabolic
biomarkers in older women. Fifty-eight untrained older women (67.0 + 5.1 years, 66.6
+12.8 kg, 1.55 £ 0.1 m, 27.5 £ 4.8 kg/m?) were randomly assigned in three groups: a
non-exercise control group (CON, n = 19) and two training groups that performed an
8-week resistance training program in an ascending pyramid fashion, whereby one
group performed 3 sets in a narrow repetition zone (NPR, n = 20) and other group
performed 3 sets in a wide repetition zone (WPR, n = 19) consisting of 12/10/8
repetitions and 15/10/5 repetitions, respectively, with incrementally higher loads for
each set. Dual-energy X-ray absorptiometry was used to estimate total body fat (TBF),
android body fat (ABF), and gynoid body fat (GBF). Glucose, total cholesterol,
triglycerides, HDL-C, LDL-C, and C-reactive protein (CRP) concentrations were
determined by biochemical analysis. There were significant group by time interactions
for all variables analyzed (P < 0.05). Both training groups presents significant
reductions (P< 0.05) in BF, ABF, GBF, glucose, total cholesterol, triglycerides, LDL-C,
CRP and increase in HDL-C, without differences between groups. Results suggest that
ascending pyramid training system is effective to improve in body fat and metabolic
biomarkers in untrained older women, regardless of a wide or narrow repetition zone.

Keywords: strength exercise; blood biomarkers; elderly
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3.1 Introduction

Menopause and aging are processes associated to increase and
redistribution of body fat in women (FENG et al.,, 2008; KUK et al., 2009). After
menopause, women experience a process of transition between the reduction in
adiposity on limbs and increase in visceral and ectopic fat (FENG et al., 2008).
Increases in visceral adiposity is associated with dyslipidemia, insulin resistance,
diabetes type 2 (STACHOWIAK; PERTYNSKI; PERTYNSKA-MARCZEWSKA, 2015),
and metabolic syndrome (FOX et al., 2007). In addition, adipose tissue is a relevant
source of pro-inflammatory adipocytokines such as leptin, resistin, tumor necrosis
factor-alpha (TNF-a), elevating inflammatory markers such as C-reactive protein
(CRP) (LEE et al., 2009). These changes increase the risk for development of coronary
artery disease, atherosclerosis, and death (LIM; MEIGS, 2013; LIU; LI, 2015).

Resistance training (RT) is an important non-pharmacological strategy to
attenuate the deleterious effects associated with aging and obesity (HURLEY;
HANSON; SHEAFF, 2011; WESTCOTT, 2012). Increments in SMM induced by RT
and reduction of adipose tissue were directly associated with increments in resting
metabolic rates (WESTCOTT, 2012), increased energy expenditure and metabolic
activity of muscle tissue (CAMPBELL et al., 1994).The effectiveness of RT in inducing
these adaptations is directly related to the type of stimulus and the manipulation of the
variables of volume and intensity of the training (ACSM, 2009). The RT-derived stimuli
may be of mechanical, metabolic predominance or the interaction between them
(FLECK; KRAEMER, 2014). RT variables of volume corresponds to the number of
exercises, sets and repetitions performed, as well as training frequency, whereas the
intensity is related to absolute or relative resistance used for a given exercise, velocity

of muscular contraction, and amount of rest between sets. The manipulation of the
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variables can occur through the periodization of the training in a linear, reverse linear
and undulating (FLECK; KRAEMER, 2014). In linear model of periodization, the
training starts with high volumes and low intensity inverse over time (approximately 4
weeks), the reverse linear model of periodization occurs in opposite direction. Already,
in undulating periodization the variation occurs in blocks of weeks or every day
(FLECK; KRAEMER, 2014). The pyramidal training system was tested as a strategy
to undulating periodization in each session to vary the stimuli within and the
manipulation of the volume and intensity of the training aiming to potentiate the
adaptive responses (CHARROet al., 2010; CHARRO et al., 2012; HEAVENS et al.,
2014; RIBEIRO et al., 2016a; RIBEIRO et al., 2016b; ANGLERI; UGRINOWITSCH;
LIBARDI, 2017).

Despite the effectiveness of the pyramidal training system in producing
beneficial adaptations in different health parameters, the amplitude in the number of
repetitions in each set present in the studies has been small and remained within a
repetition zone very similar to the traditional RT system (8-12 repetitions). Therefore,
the purpose of this study was to analyze the effects of ascending pyramid training
system with narrow and wide zone of repetitions on body fat and metabolic biomarkers
in older women. We hypothesized that both repetition zones of pyramid system would
be effective in inducing reduction of body fat and improvements in metabolic and
inflammatory parameters, and that the pyramid performed in a wide repetitions zone
would result in greater improvements over the narrow repetitions zone. The justification
for this hypothesis is based on a greater variation of the stimulus, thus allowing greater

metabolism (in the first set) and mechanical stress (in the final set).
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3.2 Methods

3.2.1 Participants

Fifty-eight physical independent older women (67.0 + 5.1 years, 66.6 + 12.8
kg, 1.55 £ 0.1 m, 27.5 + 4.8 kg/m?) were selected for participation in this study.
Recruitment was carried out through newspaper, television programs and radio
advertisings, and home delivery of leaflets in the central area and residential
neighborhoods. All participants completed health history questionnaires and met the
following inclusion criteria: be physically independent, free from cardiac dysfunction,
not receiving hormonal replacement therapy, and was not performing any regular
physical exercise for more than once a week over the six months preceding the
beginning of the study. Participants passed a diagnostic, graded exercise stress test
with 12-lead electrocardiogram reviewed by a cardiologist and were released with no
restrictions for participation in this study. Adherence to the program was established
with a minimum participation of 85% of the total sessions.Fifty-four elderly women
reached the end of the intervention, 3 gave up for personal reasons and 1 did not reach
85% of the frequency of the training sessions established and were included in the
intent-to-treat analyzes. After meetings with volunteer groups, those with the
necessary prerequisites completed an initial interview and signed the Informed
Consent approved by the Ethics Committee of the local University. This investigation

was conducted according to the Declaration of Helsinki.

3.2.2 Experimental Design

The study was carried out over a period of 12 weeks, with 8 weeks

dedicated to the RT program, and 4 weeks for data collection. Pre- and post-training
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testing was carried out at weeks 1-2 and 11-12, respectively, and comprised
anthropometric, body composition, maximal dynamic strength measurements and
metabolic biomarkers. The RT program was carried out during weeks 3-10. Physical
education professionals supervised all sessions. Subjects were instructed not to
perform any other type of physical exercise throughout the study period. Participants
were randomly assigned in three groups: control group (CON), instructed not to
engage in any physical exercise training program during the 8 weeks of the intervention
and to maintain their eating and physical activity patterns; narrow repetitions zone
pyramid (NPR) performed either 3 sets of 12/10/8 repetitions; and wide repetition zone
pyramid (WPR) 3 sets of 15/10/5 repetitions, respectively, with incrementally higher

loads for each set.

3.2.3 Anthropometry

Body mass was measured to the nearest 0.1 kg using a calibrated electronic
scale (Balmak, Laboratory Equipment Labstore, Curitiba, Parana, Brazil), with the
participants wearing light workout clothing and no shoes. Height was measured with a
stadiometer to the nearest 0.1 cm with subjects standing without shoes. Body mass
index was calculated as the ratio of body mass in kilograms by the square of height in

meters

3.2.4 Body composition

Total body fat (BF), android body fat (ABF) and gynoid body fat (GBF) were

carried out using a dual energy X-ray absorptiometry (DXA) scan (Lunar Prodigy,
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model NRL 41990, GE Lunar, Madison, WI). Before scanning participants were
instructed to remove all objects containing metal. Calibration and scans were
performed per the manufacturer's instruction manual. Both calibration and analysis
were carried out by a laboratory technician. Analyses during the intervention were
performed by the same technician who was blinded to intervention time point. Previous
test-retest scans of eight older women resulted in intraclass correlation coefficient
(ICC) of 0.99 and standard error of measurement (SEM) of 0.9 kg BF, SEM of 0.3 kg

and ICC of 0.99 for ABF, SEM of 0.41 kg and ICC of 0.99 for GBF.

3.2.5 Biochemical analysis

Serum levels of high-sensitivity C-reactive protein (CRP), glucose (GLU),
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and triglycerides (TG) were determined after 12 h
fasting by a laboratory technician. The blood was taken from the antecubital vein. The
participants were instructed not to perform vigorous exercise for the preceding 24 h,
and to avoid alcohol or caffeinated beverages 72 h before collection. Measurements
were performed by standard methods in a specialized laboratory at the University
Hospital. Samples were deposited in vacuum tubes with a gel separator without
anticoagulant, and were centrifuged for 10 min at 1008 x g for serum separation.
Thereafter, the CRP, TG, and HDL-C concentrations were determined. The LDL-C was
calculated using the following equation (FRIEDEWALD; LEVY; FREDRICKSON,
1972). LDL-C = TC - (HDL-C + TGL/5). The analyses were carried out using a
biochemical auto-analyzer system (Dimension RxL Max - Siemens Dade Behring)
according to established methods in the literature consistent with the manufacturer’s

recommendations.

3.2.6 Dietary intake
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A dietitian oriented the participants to complete a food record on 3
nonconsecutive days (2 week days and one weekend day) at weeks 1-2, and 11-12.
Participants were given specific instructions regarding the recording of portion sizes
and quantities to identify all food and fluid intake. Total dietary energy, protein,
carbohydrate, and fat content were calculated using nutrition analysis software
(Avanutri Processor Nutrition Software, Rio de Janeiro, Brazil; Version 3.1.4). All

participants were asked to maintain their normal diet throughout the study period.

3.2.7 Resistance training program

The RT program was performed three times a week, with an interval of 48
h between training sessions and was carried out over a period of 8 weeks. Training
took place in the morning and was based on recommendations for RT in older
population to improve muscle hypertrophy and strength (ACSM, 2009; CHODZKO-
ZAJKO et al.,, 2009). Physical education professional supervised personally all
participants throughout each training session in order to reduce deviations from the
study protocol and to ensure subject safety. Subjects performed RT using a
combination of free weights and machines.

The RT protocol consisted of a whole-body program with 8 exercises
performed in the following order: chest press, horizontal leg press, seated row, knee
extension, preacher curl, leg curl, triceps pushdown, and seated calf raise. Participants
performed either 3 sets of 12/10/8 repetitions (NRP) or 15/10/5 repetitions (WPR) with
incrementally higher loads for each set (ascending pyramid system). The participants
were instructed to inspire during the eccentric phase and exhale during the concentric
phase of the exercise and to maintain the velocity of muscular contraction at a ratio of
1:2 (concentric and eccentric phases, respectively). The rest interval ranged between

60-120 s for sets and exercises. The supervisors adjusted the loads of each exercise
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according to the subject’s ability and improvements in exercise capacity throughout the
study in order ensure that subjects were using as much resistance as possible while
maintaining proper technique. Progression in each exercise occurred when the
participant could perform 10 (NRP) or 7 (WPR) repetitions in the last set by two
consecutive sessions. Progression was accomplished by increasing the load for the
upper limb and lower limb exercises by 2-5% and 5-10%, respectively, in each set, in

the next training session (ACSM, 2009).

3.2.8 Total load of training

At each training session, the loads and the number of repetitions performed
during each set of the 8 exercises were recorded. The total training load was calculated

by the sum of all loads lifted in all sessions.

3.2.9 Statistical analysis

Data are presented as mean, standard deviations, z-scores, and
percentage of changes. Adjusted analyzes Greenhouse-Geisser corrections were
used when it was identified the violation of sphericity by Mauchly's test. The 2-way
analysis of variance (ANOVA) for repeated measures was conducted for dietary intake,
body composition, and biochemical analysis. Bonferroni post-hoc test was conducted
to identify the mean differences when F-ratio was significant. A comparison between
total load of PR groups by student dependent t-test was performed. The effect size
(ES) was calculated to verify the magnitude of the differences by Cohen’s d where an
ES of 0.20-0.49 was considered as small, 0.50-0.79 as moderate and 0.80 as
large(COHEN, 1988).For all statistical analyses, significance was established at P <
0.05. Analyses were performed with SPSS software version 22.0 (SPSS Inc., Chicago,

IL, USA).
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3.3 Results

The older women who did not complete the intervention were maintained in
the analyses as intention to treat and measurements values obtained in the baseline
were repeated in the post-intervention. No significant differences (P> 0.05) were found

between the general characteristics of the subjects in baseline (Table 3.1).

Tabela 3.1 General characteristics of the sample.

CON NPR WPR P-value
(n =19) (n =20) (n =19)
Age (years) 65.3+4.0 68.9+6.0 66.6 4.7 0.10
Bodymass (kg) 67.2+17.3 64.7 £ 9.1 68.0+11.5 0.71
Heigth (cm) 156.1 £ 6.7 153.5+6.4 156.6 £ 5.3 0.27
BMI (kg/m?) 27.3+5.7 276+4.5 277143 0.98

CON =control group; NPR = narrow pyramid system; WPR = wide pyramid system; BMI =
body mass index.

There were no significant main effects or interaction group by time (P> 0.05)
for daily relative energy and macronutrients within and between groups over time

(Table 3.2).
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Tabela 3.2 Dietary intake at pre- and post-intervention according to group.

CON NPR WPR Interaction

(n=19) (n =20) (n=19) P-value
Carbohydrate (g.kg™*.d?)
Pre 3.40+1.1 299+1.0 3.03+1.0
Post 3.36+1.3 3.01+1.0 3.14+£0.9 0.55
Protein (g.kgt.d?)
Pre 1.06£0.3 0.89+0.4 0.88+0.2
Post 1.02+£0.3 095+0.4 0.92+0.2 0.09
Lipids (g.kg?.d?)
Pre 0.70+0.2 0.65+0.3 0.67+£0.2
Post 0.73+0.2 0.63+0.3 0.68+0.2 0.63
Energy (kcal.kg™.d?)
Pre 2540738 2138+ 7.6 2190+ 5.7
Post 24.34 £6.9 20.90+£8.0 222055 0.38

Note. CON = control group; NPR = narrow pyramid system; WPR = wide pyramid system.

Data are expressed as mean and standard deviation.

The total load in WPR was significantly higher (P< 0.05) than in NPR
(13728.5 £ 950.9 kg vs. 12534.3 + 926.1 kg, WPR and NPR, respectively).

Table 3.3 depicts the body composition scores pre- and post-intervention
according to group. A significant group by time interaction was found for all body
composition variables (P < 0.05). In training groups, there were a significant decrease
(P <0.05) in body fat (NPR =-1.0 kg vs. WPR = -1.3 kg), android body fat (NPR =-0.1
kg vs. WPR = -0.3 kg) and gynoid body fat (NPR = -0.3 kg vs. WPR = -0.3), with no

statistical differences between the two groups (P > 0.05).
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CON NPR WPR Interaction
(n=19) (n=20) (n=19) P-value
Body Fat (kg)
Pre 26.7+11.6 26.0+7.5 292179
Post 27.7+118 25074 279+7.5"
A% +4.1 -3.9 -4.4 0.02
Effect size +0.09 -0.13 -0.16
Android fat (kg)
Pre 23+11 24+0.6 28+1.0
Post 27 +14* 2.3+0.6* 26+0.8*
A% +18.3 -3.8 -9.9 <0.01
Effect size +0.38 -0.15 -0.28
Ginoid fat (kg)
Pre 48+1.6 48+1.3 51+1.3
Post 49+19 45+1.3"* 48 +1.2*
A% +3.0 -6.2 5.7 0.03
Effect size +0.09 -0.23 -0.22

Note. NRP, narrow repetitions zone pyramid, WRP, wide repetition zone pyramid. *P < 0.05

to pre-intervention. Data are expressed as mean and standard deviation.

The metabolic biomarkers parameters are depicted in figure 3.1. A

significant group by time interaction was found for all variables (P< 0.05), except for

total cholesterol (P> 0.05). In both training groups there were found significant

reductions (P < 0.05) in blood glucose (NPR = -7.7 mg.dL" vs. WPR = -9.9 mg.dL"),

triglycerides (NPR =-19.3 mg.dL"" vs. WPR = -21.1), LDL-C (NPR =-27.3 mg.dL"" vs.

WPR = -19.1 mg.dL") and CRP (NPR = -0.6 mg.dL"' vs. WPR = -0.5 mg.dL"")

concentrations, whereas HDL-C increased (NPR = +5.6. mg.dL""vs. WPR = 4.6 mg.dL"

"), no differences between then (P > 0.05). No significant difference was observed in

total cholesterol (P < 0.05).
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Figure 3.1 Biochemical parameters at pre- and post-intervention according to group. NPR
= narrow repetition zone pyramid, WPR = wide repetition zone pyramid, HDL-C = high
density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, CRP = C-
reactive protein. *P< 0.05 vs. pre. Group by time interaction (P< 0.05) was revelead for all

variables, except to total cholesterol (P = 0.8).
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3.4 Discussion

To our knowledge, this is the first study to compare variations in the
repetition zones of the ascending pyramid training system on body composition and
metabolic biomarkers in older women. The main findings of our study were that
ascending pyramid training system promoted significant improvements in body
composition and metabolic biomarkers in untrained older women, independently of
repetition zones used.

In this study, the body fat loss in the training groups were similar (-1.0 kg in
the NPR and -1.3 kg in the WPR). This result corroborates with data reported a recent
study conducted in our laboratory (RIBEIRO et al., 2016b), with another cohort of
untrained older women, in which the ascending pyramid and traditional training
systems induced similar reductions in body fat. Some studies have analyzed the
effects of daily undulating periodization on body fat and the results are controversial
(KRAEMER et al., 2003; DE LIMA et al., 2012; CONLON et al., 2016). In Kraemer et
al. (2003) study, the reduction of BF was statistically similar among young female
tennis athletes who underwent 9 months of non-periodic RT regimes (-2.1 kg) and daily
undulating periodization (-3.8 kg). Conlon et al. (2016) also reported a similar reduction
on BF in untrained older subjects after 22 weeks of RT in non-periodized training
regimens (-4.3 kg), undulatory block periods (-3.0 kg) and daily undulating
periodization (-4.1 kg). On the other hand, de Lima et al. (2012) reported higher BF
reductions in young untrained women who performed RT in linear periodization (-2.5
kg%) than those who performed daily undulating periodization (-1.6 kg). Due to the
enormous differences between the protocols, intervention time, population evaluated
and measures used in the studies, there is no way to reach a consensus about the

most effective model. In addition, in our study the analyses of regional fat revealed
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significant increases only in android fat in the CON group. On the other hand, fat region
lost in android and gynoid regions were homogeneous and without statistical
differences between the training groups. Longer RT intervention periods can result in
reduction of up to 35% of android fat, every 10% of total fat lost (HUNTER et al., 2002).

Reduction of body fat induced by RT was associated with decrease in
glucose and LDL-C in elderly women (TOMELERI et al., 2016). In our study, both
training groups had similar decreases of glucose concentration with moderate effect
size (NPR = -0.65 and WPR = -0.63). Although the glucose does not seem to be
affected by the RT system acutely (CHARRO et al., 2010), the reduction induced by
the continuous practice of training was a long-awaited response, considering the
glycolytic demands for energy production associated with the exercise model
(LAMBERT; FLYNN, 2002). Another important aspect associated with the reduction of
RT-induced blood glucose is the improvement in action and insulin resistance(RYANet
al., 2001). Regarding the lipid profile, in the present study no significant alterations in
total cholesterol were reported, which is common, considering the antagonist of its
fractions (LDL-C and HDL-C). On the other hand, in CON group were found elevation
of LDL-C and triglycerides and reduction of HDL-C, whereas in the PR groups
statistically similar alterations were observed with reduction of LDL-C and triglycerides
and increases in HDL-C. Ribeiro et al. (2016b) also, reported statistically similar
improvements independently of RT system, however, reductions in LDL-C were of
large magnitude in the TR group (ES, -0.86) and moderate in the PR group (ES, -0.76).
In contrast, Conlon et al. (CONLON et al, 2016) reported that the daily variation in
volume and intensity of training with daily undulating periodization may induce superior
adaptations on blood lipids with moderate improvements (ES, -0.57) compared to the

block periodization (ES, 0.00) and non-periodization (ES, 0.22). The effect-sizes
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observed in the PR groups for the triglycerides were similar (ES, -0.4, NPR and WPR),
however, in LDL-C were ES, -0.9 (larger) and -0.6 (moderated) in NPR and WPR,
respectively. Although the mechanisms by which RT induces improvements in these
variables are still not entirely clear and the training system seems to have little impact
on adaptations. However, overall, the benefits of RT for the prevention of
cardiovascular and metabolic problems are clear.

Evidence shows that CRP is not only an inflammatory marker but an
important risk factor associated with numerous aging-related diseases including
hypertension, cardiovascular disease, diabetes mellitus, and kidney disease (TANG et
al., 2017). RT is an effective intervention model in the improvement of inflammatory
indicators such as CRP (DE SALLES et al., 2010). Our results reveal that after 8 weeks
of intervention, there were increases in CRP of the CON group but RT induces a similar
reduction in the PR groups. Previous studies from our laboratory had already reported
improvements in CRP, regardless of training system (RIBEIRO et al., 2016b), in older
obese women (TOMELERI et al., 2016) and more pronounced the longer the training
time (RIBEIROet al., 2015). In addition, adaptive responses in CRP induced by RT
seem to be associated with baseline levels in older women, where subjects with normal
levels of CRP have minor changes compared to subjects with high baseline levels
(RAMEL et al., 2015).

Some limitations of this study need to be highlighted. The 8-week
intervention period may be considered short in order to differentiate the adaptive
responses to the different systems. Studies with longer duration should be conducted
to analyze possible differences. Despite the evaluation of food consumption, the lack
of control over the subjects' diet was an important factor for the study. Although DXA

is well established as a valid measure for determining body composition, subtle
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changes in body adiposity and changes in visceral fat are not detected as in imaging
equipment such as computed tomography and magnetic resonance imaging. For
greater clarity, future studies should endeavor to investigate the topic using direct
imaging modalities. The study is specific to untrained, older women and results cannot
be generalized to other populations including children, young adults, men, and those
with resistance training experience.

On the other hand, our study was conducted with randomized clinical trial
design with control group, which strengthens our findings regarding the effects of
training.Another important point to note was that in addition to total body fat, we
evaluated the android and gynoid portions, providing evidence of redistribution of body
fat induced by RT.Finally, it is important mentioning that the training conducted with
individualized supervision of the elderly allows a greater control of the training variables

and the technique of performing the exercises, reducing the risk of injuries.

3.5 Conclusion

The study revealed that the pyramid ascending system performed with
narrow and wide zone of repetitions promotes improvements in body composition and
metabolic profile in older women. Although we have not identified significant statistical
differences between repetition zones utilized, the results demonstrate the
effectiveness of the PR system as a valid strategy in reducing the risk factors for

development of cardiovascular and metabolic diseases in older women.
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Effects of ascending pyramid training systems performed with wide or narrow
repetition zone on bioimpedance vectors and phase angle in untrained older

women

Abstract

The purpose of the present study was to analyze the effects of ascending pyramid
training system performed with wide or narrow repetition zone on bioimpedance
vectors analysis (BIVA) and phase angle (PhA) in untrained older women. Fifty-five
older women (67.3 £ 4.4 years, 66.5 £ 12.6 kg, 1.55 £ 0.1 m, 27.6 £ 5.0 kg/m?) were
randomly assigned into one of three groups: non-exercise control group (CON, n = 18)
and two training groups that performed an 8-week resistance training program,
consisted of 8 whole-body exercises, performed 3 times a week in an ascending
pyramid fashion, whereby one group performed 3 sets in a narrow repetition zone
(NPR, n = 19, repetitions = 12/10/8) and other group performed 3 sets in a wide
repetition zone (WPR, n = 18, repetitions = 15/10/5). Dual-energy X-ray absorptiometry
was used to estimate lean soft tissue (LST) and fat mass (FM). Bioimpedance
spectroscopy was used to accessing the resistance (R), reactance (Xc) and PhA. BIVA
analysis was conducted by Piccoli'sRXc graph method. Both training groups showed
higher improvements (P< 0.05) in R, Xc and PhA, compared to CON and increases in
PhA were statistically higher (P< 0.05) in the WPR (ES = 1.02) compared to NPR (ES
= 0.58). The results suggest that the ascending pyramid training system performed
with wide or narrow repetition zone is effective to induce improvements in BIVA vectors
and PhA, and that the WPR elicits higher increments in PhA than the NPR in untrained
older women.

Keywords: aging, strength training, resistance training system, BIVA, phase angle.
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4.1 Introduction

Bioelectrical impedance (BIA) is one of the non-invasive, inexpensive and
simple method to monitor cellular volume (LUKASKI, 2013). The principle of BIA is
based on the body's responses to a series of alternating electric currents (KUSHNER,
1992). The electric current flows through the ions and impeded by the viscosity of the
environment, represented by resistance (R) and due to the dielectric and
electromagnetic properties of tissue interfaces and cell membranes, part of this current
is stored in the cells and represented by reactance (Xc), which indicates the opposition
to electric current or electric tension (PICCOLI et al., 1994). The storage of the electric
charge causes the current to be behind the voltage, creating a phase shift and phase
angle (PhA) is calculated taking the arc tangent value of the ratio of Xc versus R
(BAUMGARTNER; CHUMLEA; ROCHE, 1988). To avoid the error associated with the
use of predictive equations of BIA equipment, the studies that have used the analysis
of the bioelectrical impedance vectors (BIVA) and PhA have increased (LUKASKI,
2013). BIVA consists of the graphical representation of the relationship between R and
Xc normalized by the height of the individual (PICCOLI et al., 1994).

The BIVA and PhA has been widely used to monitor changes in hydration
and nutritional status in different populations (BUFFA et al., 2010; NORMAN et al.,
2012; ALVES et al., 2015; CAMINA MARTIN et al., 2015; SLEE; BIRC; STOKOE,
2015). In addition, vector displacement and PhA analysis has been used to aid
diagnosis (BUFFA et al., 2010; MARINI et al., 2012) and prognosis (NORMAN et al.,
2012) in different clinical approaches. Sex, ethnicity, age and BMI directly influence
the distribution pattern of BIVA vectors and PhA(PICCOLI; PILLON; DUMLER, 2002;
BOSY-WESTPHAL et al., 2006). The PhA decreases with aging, influenced by the

reduction of muscle mass reflected in the reduction of Xc and increase in body fat,
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reflecting increases in R (NORMAN et al., 2012). Resistance training (RT) can be a
strategy to reverse, mitigate and improve the adverse effects of aging in muscle mass
and body fat (PHILLIPS, 2007; RIBEIRO et al., 2015). RT can induce changes in the
cellular volume of skeletal muscle tissue, which is a highly hydrated tissue due to
variations in metabolic demand, cell membrane potential and blood supply, and these
alterations are associated with muscle hypertrophy and reduced adiposity (USHER-
SMITH; HUANG; FRASER, 2009).

Besides, BIVA and PhA vectors can serve performance indicators
(MICHELI et al., 2014) and are influenced by the intensity of training and modality
practiced (KOURY; TRUGO; TORRES, 2014). Recently the effects of 12 and 24 weeks
of RT on the BIVA and PhA vectors were evaluated in older women, revealing that 24,
but not 12 weeks, promoted vector migration, with significant increases in Xc and PhA,
indicating improvements in the integrity of the membrane and cellular health (FUKUDA
et al., 2016). This was the first study to evaluate the effects of RT on BIVA vectors,
however, other recent studies have reported improvements in PhA after short-term (8
- 12 weeks) RT interventions (DOS SANTOS et al., 2016; SOUZA et al., 2016;
RIBEIRO et al., 2017c; RIBEIRO et al., 2017b).

Physical exercise induces increased cellular hydration and function, due to
cell sweling (HAUSSINGER; LANG; GEROK, 1994; HAUSSINGER, 1996).
Predominantly metabolic stimuli result in increased extracellular fluids, whereas
mechanical stimuli result in increased intracellular fluids (SJOGAARD; ADAMS;
SALTIN, 1985). Apparently, cellular swelling due to the metabolic and mechanical
effects of RT can induce different adaptive responses in the function and volume of
cellular hydration. Considering this hypothesis, our group recently compared the

traditional (constant loads) and pyramidal (progressive loads) RT systems on PhAin
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older women (RIBEIRO et al., 2017b). The hypothesis was that the variation of the
stimuli, due to the progression of loads, could result in superior adaptive responses in
relation to the use of constant loads. Both systems promoted increases in PhA, with
no statistically significant differences between systems (RIBEIRO et al., 2017b).
Although the study provides important evidence on the effectiveness of RT for
improvements in the cellular health of older women, the lack of pyramidal training
system superiority may be because the repeat interval performed (12/10/8 RM) was
too narrow to promote stimuli compared to the system with constant loads (8-12 RM)
and thus induce differential adaptations. In addition, BIVA vectors have not been
evaluated and to date there is no evidence on the influence of load variation on the
adaptive responses of these variables.

Therefore, the purpose of the present study was to analyze the effects of
ascending pyramid training system performed with wide or narrow repetition zone on
classical bioelectrical impedance vector analysis (BIVA) and phase angle (PhA) in
older women. We hypothesized that both repetition zones would be effective to induce
improvements in BIVA vectors and increase in PhA, and that the ascending pyramid
training system performed in a wide zone of repetitions would elicit greater
improvements compared to the narrow zone of repetition. The rationale for this
hypothesis is based on a greater variation of the stimulus, thus allowing higher

metabolic (in the first set) and mechanical stress (in the final set).

4.2 Methods

4.2.1 Participants

Fifty-five physically independent older women (67.3 £ 4.4 years, 66.5 + 12.6

kg, 1.55 £ 0.1 m, 27.6 + 5.0 kg/m?) were selected for participation in this study.
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Recruitment was carried out through newspaper, television programs and radio
advertisings, and home delivery of leaflets in the central area and residential
neighborhoods. All participants completed health history questionnaires and met the
following inclusion criteria: physically independent, free from cardiac dysfunction, not
receiving hormonal replacement therapy, and not performing any regular physical
exercise for more than once a week over the six months previous the beginning of the
study. Participants passed a diagnostic, graded exercise stress test with 12-lead
electrocardiogram reviewed by a cardiologist and were released with no restrictions for
participation in this study. Adherence to the program was established with a minimum
participation of 85% of the total sessions. After meetings with volunteer groups, those
with the necessary prerequisites completed an initial interview and signed the informed
consent term. This study was conducted according to the Declaration of Helsinki and

approved by the Ethics Committee of the local University.

4.2.2 Experimental Design

The study was carried out over a period of 12 weeks, with 8 weeks
dedicated to the RT program, and 4 weeks for data collection. Pre- and post-
intervention testing was carried out at weeks 1-2 and 11-12, respectively, and
comprised anthropometric, body composition and maximal dynamic strength
measurements. The RT program was carried out during weeks 3-10. Physical
education professionals supervised all sessions. Subjects were instructed not to
perform any other type of physical exercise throughout the study period. Participants
were randomly assigned to one of three groups: control group (CON, n = 18), instructed
not to engage in any physical exercise training program during the period of the

intervention and to maintain their eating and physical activity patterns, and two different
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systems of pyramid training: a narrow zone of repetitions (NPR, n = 19) in which
participants performed 3 sets of 12/10/8 repetitions or a wide zone of repetitions (WPR,

n = 18) in which participants performed 3 sets of 15/10/5 repetitions.

4.2.3 Body composition

Lean soft tissue (LST) and fat mass (FM) measurements were carried out
using a dual energy X-ray absorptiometry (DXA) scan (Lunar Prodigy, model NRL
41990, GE Lunar, Madison, WI). Before scanning participants were instructed to
remove all objects containing metal. Calibration and scans were performed according
to the manufacturer's instruction manual. Both calibration and analysis were carried
out by a skilled laboratory technician. Analyses during the intervention were performed
by the same technician who was blinded to intervention time point. Previous test-retest
scans of eight older women resulted in standard error of measurement (SEM) of 0.6
kg and intraclass correlation coefficient (ICC) of 0.99 for LST and SEM of 0.90 kg and

ICC of 0.99 for FM.

4.2.4 Bioimpedance spectroscopy

A phase-sensitive bioimpedance spectroscopy (Xitron Hydra, model 4200,
Xitron Technologies, San Diego, CA, USA) was used to obtain whole-body resistance
(R) and reactance (Xc) at a single frequency (50 kHz). PhA was calculated taking the
arc tangent value of the ratio of Xc versus R. Classic BIVA values were calculated
relative by height (R/H and Xc/H). Total body water (TBW) and his fractions intracellular
(ICF) and extracellular (ECF) fluids were obtained by the bioimpedance spectroscopy
commercial software. Before each test, the analyzer was calibrated by measuring,

modeling, and computing volume on a provided verification module. The calibration



81

test result is based on the default ECF and ICF resistivity coefficients. Participants
were instructed to lie in a supine position for about 10 min (serving as an equilibration
period). After cleaning the skin with alcohol, four electrodes were positioned on the
surface of the right hand and right foot, according to conventional procedures
established in the literature. SEM of 0.3 | and ICC of 0.98 for ECF, SEM of 0.19 | and
ICC of 0.99 for ICF and SEM of 0.4 | and ICC of 0.98 for TBW, SEM of 15.6 ohms and
ICC of 0.95 for R, SEM of 3.5 ohms and ICC of 0.96 for Xc, SEM of 0.2 degrees and

ICC of 0.96 for PhA.

4.2.4 Resistance training program

The RT program was performed three times a week, with an interval of 48
h between training sessions and was carried out over a period of 8 weeks. Training
took place in the morning and was based on recommendations for RT in older
population to improve muscle hypertrophy and strength (ACSM, 2009; CHODZKO-
ZAJKO et al.,, 2009). Physical education professional supervised personally all
participants throughout each training session in order to reduce deviations from the
study protocol and to ensure subject safety. Subjects performed RT using a
combination of free weights and machines.

The RT protocol consisted of a whole-body program with 8 exercises
performed in the following order: chest press, horizontal leg press, seated row, knee
extension, preacher curl, leg curl, triceps pushdown, and seated calf raise. Participants
performed either 3 sets of 12/10/8 repetitions (NRP) or 15/10/5 repetitions (WPR) with
incrementally higher loads for each set (ascending pyramid system). The participants
were instructed to inspire during the eccentric phase and exhale during the concentric

phase of the exercise and to maintain the velocity of muscular contraction at a ratio of
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1: 2 (concentric and eccentric phases, respectively). The rest interval ranged between
60-120 s for sets and exercises. The supervisors adjusted the loads of each exercise
according to the subject’s ability and improvements in exercise capacity throughout the
study in order ensure that subjects were using as much resistance as possible while
maintaining proper technique. Progression in each exercise occurred when the
participant was able to perform 10 (NRP) or 7 (WPR) repetitions in the last set by two
consecutive sessions. Progression was accomplished by increasing the load for the
upper limb and lower limb exercises by 2-5% and 5-10%, respectively, in each set, in

the next training session (ACSM, 2009).

4.2.5 Volume load

The loads and the number of repetitions performed during each set of the 8
exercises were recorded in all training session. The training volume of each exercise
was calculated as the sum of the volume (loads used multiplied by the number of
repetitions performed) of all three sets for each exercise. The total volume per session
was calculated as the sum of training volume of all 8 exercises. The weekly volume
load was calculated by the sum of total volume reached in the 3 sessions performed

in the week.

4.2.6 Statistical analysis

The Kolmogorov-Smirnov test was used to checked normality. Data are
presented as mean, standard deviations, and percentage of changes. The baseline
and percentage changes comparisons were performed by one-way analysis of
variance (ANOVA). Adjusted Greenhouse-Geisser corrections were used for any

violations of sphericity by Mauchly's test. The 2-way ANOVA for repeated measures
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was conducted for comparisons between and within groups over time. Adjusted
Greenhouse-Geisser corrections were used for any violations of sphericity by
Mauchly's test. Fisher’s post-hoc test was conducted to identify the mean differences
when the F-ratio was significant. The mean vector displacement was compared with
BIVA software (PICCOLI; PASTORI, 2002) using Hottelling’s T? test. The effect size
(ES) was calculated to verify the magnitude of the differences by Cohen’s d where an
ES of 2 0.20-0.49 was considered as small, 0.50-0.79 as moderate and = 0.80 as
large(COHEN, 1988). For all statistical analyses, significance was established at P <
0.05. Analyses were performed with SPSS software version 22.0 (SPSS Inc., Chicago,

IL, USA).

4.3 Results

No significant differences were observed in baseline scores between groups
(P > 0.05) for age (CON = 66.8 + 3.3 years; NPR = 68.0 + 4.6 years; WPR = 67.0 £
4.6 years), body mass (CON =1.56 + 0.1 m; NPR =154 + 0.1 m; WPR = 1.56 % 0.1
m), weight (CON = 65.8 + 14.8 kg; NPR =66.3 + 11.6 kg; WPR = 67.5 + 11.6 kg), and
BMI (CON = 27.0 + 5.6 kg/m? NPR = 28.1 £ 5.0 kg/m?, WPR = 27.6 + 4.4 kg/m>).

Figure 4.1 depicts the weekly volume load by RT group. There was
significant group by time interaction (P< 0.05), with higher increments of total volume
load in WPR (WPR = 123.643 kg and NPR = 135.249 kg, total volume load) was

observed.
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Figure 4.1Weekly volume load in 8 weeks at pyramidal system in the narrow
repetition zone (NPR, n = 19) or wide repetition zone (WPR, n = 18) in older
women. *P< 0.05 vs. previous week. **P< 0.05 vs. two previous weeks. § P< 0.05
vs. NPR.

Body composition information is presented in Table 4.1. Significant
interactions (P <0.05) were found for body fat (NPR = - 0.94 kg; WPR =-1.73 kg; CON
= 0.53 kg), LST (NPR = 0.73 kg; WPR = 1.25 kg; CON =-0.71 kg), TBW (NPR = 0.32
L; WPR=0.54L; CON=-0.75L), ECF (NPR=-0.33L; WPR=-0.79L; CON = 0.25
L), ICF (NPR=1.02L; WPR=1.33L; CON=-1.0L), R (NPR =-13.49 ohm; WPR = -
26.91 ohm; CON = 8.91 ohm); Xc (NPR = 2.42 ohm; WPR = 3.29 ohm; CON = -2.48
ohm), R/H (NPR = -8.55 ohm/m; WPR = - 27.03 ohm/m; CON = 6.01 ohm/m) and Xc/H
(NPR = 1.38 ohm/m; WPR = 2.13 ohm/m; CON = -1.58 ohm/m), without differences

between training groups.



Tabela 4.1Body composition at pre- and post-intervention according to group.
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CON NPR WPR Interaction
(n =18) (n=19) (n =18) P-value
Body fat (kg)
Pre 258+9.9 274 +8.9 28.9+8.0 < 0.01
Post 26.4+10.1* 26.5+£9.0* 271 +7.6*
A% +2.1 -3.4 -6.0
ES +0.05 -0.10 -0.22
LST (kg)
Pre 38.1+52 38.5+4.6 37.1+6.1 < 0.01
Post 374 +52" 39.2+4.7* 38.3+5.9"
A% -1.9 +1.9 +3.4
ES -0.14 +0.16 +0.20
TBW (L)
Pre 28854 29.3+3.7 28.0+ 3.6 0.03
Post 28.0+ 54 29.6+3.6 28.5+3.8*
A% -2.6 +1.1 +1.9
ES -0.14 +0.09 +0.15
ECF (L)
Pre 13.2+2.0 129+1.4 13.2+1.6 < 0.01
Post 13.4 +2.0* 126 +1.2* 125 +1.7*
A% +1.9 -2.6 -6.0
ES +0.13 -0.24 -0.49
ICF (L)
Pre 156+ 3.5 16.0+2.5 147+ 2.3 < 0.01
Post 14.6 +2.8* 171 +£2.6* 16.0 £ 2.7*
A% -6.4 +6.4 +9.0
ES -0.29 +0.41 +0.58
R (ohm)
Pre 572+ 72 564 + 45 574 + 56 0.01
Post 581+ 72 551 + 51* 548 + 62*
A% +1.6 -2.4 -4.7
ES +0.12 -0.30 -0.48
Xc (ohm)
Pre 56 +7 54 +5 55+5 <0.01
Post 54 +7* 56 + 6 58 + 6*
A% -4.4 +4.5 +6.0
ES -0.36 +0.47 +0.66
R/H (ohm/m)
Pre 366.3 £ 40.1 366.7 £ 23.4 367.4 £ 32.0 < 0.01
Post 3724 +42.6 358.2 + 28.8* 340.3 £ 38.5*
A% +1.6 -2.3 -7.4
ES +0.15 -0.37 -0.84
Xc/H
(ohm/m)
Pre 36.0+4.2 34.9 £ 3.1 35.0 + 3.1 <0.01
Post 34.4+4.4" 36.2 £3.7* 37.2+3.6"
A% -4.4 +4.0 +6.1
ES -0.38 +0.45 +0.70

Note. CON = control group, NPR = narrow repetition zone group, WPR = wide repetition zone group,
LST = lean soft tissue, TBW = total body water, ECF = extracellular fluids, ICF = intracellular fluids,
R = resistance, Xc = reactance, R/H = ratio between resistance and height, Xc/H = ratio between
reactance and height, ES = effect size. Data are expressed in mean and standard deviation.
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The mean differences in R/H and Xc/H vector with 95% confidence ellipses
by groups were depicted in figure 4.2. Significant displacement (P< 0.01) were
observed for CON (T2 = 14.5), NPR (T2 = 40.0) and WPR (T2 = 84.1) group, in which

the 95% confidence ellipses did not cross the origin.
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Figure 4.2 Impedance vector displacement and the 95% confidence ellipses for

control (CON, n = 18), narrow repetition zone (NPR, n = 19) and wide repetition zone

(WPR, n = 18) groups.

Figure 4.3 depicts the mean impedance vectors with 95% confidence
ellipses baseline to post-intervention by groups. The vector migration was statistically
significant only in the WPR group (T? = 13.0; P< 0.01), indicating that the upward

displacement occurred due to the greater reduction in R/ H.
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Figure 4.3 Mean impedance vectors with 95% confidence ellipses for control (Panel
A), narrow repetitions zone (Panel B) and wide repetitions zone (Panel C) groups at

pre- and post-intervention.

Figure 4.4 depicts the percentage changes pre- to post-intervention on PhA
by group. The PhA were similar between groups on baseline (CON = 5.63 £ 0.6; NPR
=5.451+0.6; WPR =5.47 + 0.6). There was a significant interaction (P<0.05), in which
WPR presented higher increase in PhA than NPR and CON (PhA post-intervention =

6.08° [+11.2 %]; 5.80° [+6.4 %]; 5.30° [-1.6 %], respectively).
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Figure 4.4 Percentage changes on phase angle after 8 weeks of intervention at control
(CON, n = 18), narrow repetition zone (NPR, n = 19) and wide repetition zone (WPR,

n = 18) groups. *P < 0.05 vs. CON. § P < 0.05 vs. NPR.
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4.3 Discussion

The main novelty this study was that pyramid system performed with both
narrow and wide repetitions zone is effective to improve BIVA and PhA, although the
WPR has resulted in higher increases of PhA in untrained older women.

The RT seems to induce significant displacement in BIVA vectors
associated with improvements in integrity and health of cells (FUKUDA et al., 2016).
In the present study, in both training groups there was similar and statistically
significant upward displacement of the BIVA vectors (Figure 1), indicating increases in
soft tissues, which can be confirmed by the LST values obtained by DXA (LST = +0.7
kg and +1.25 kg, NPR and WPR, respectively), while in the CON group the
displacement indicated soft tissue reduction (LST =-0.7). In the CON and NPR groups
the R/H and Xc/H components contributed in an equally way to the vector migration,
already in WPR group, the migration occurred due to the greater reduction of the R/H
component (Figure 2). These results are evident when compared the effect-size of R/H
(-0.84, large effect) and Xc/H (0.70 moderated effect) on post-intervention on WPR.
Performance sets with high number of repetitions (+15 repetitions) and reduced loads
(<50% 1RM) induce metabolic overload and accumulation of substrates as blood
lactate (BUITRAGO et al, 2012; FINK; KIKUCHI; NAKAZATO, 2016). The
accumulation of intramuscular lactate has been associated to trigger mechanisms
regulating the volume of cellular hydration, which can be amplified by the accumulation
of metabolites from exercise (SCHOENFELD, 2013). The accumulation of metabolites
changes the extracellular environment, making it more acidic and increasing the
ionized substrates (e.g. Na* and CI'), which alter the osmolarity, moving the water
through the sarcolemma of the cell membranes and inducing the cellular swelling

(USHER-SMITH; HUANG; FRASER, 2009).
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Furthermore, in untrained individuals the primary responses to RT are
neural adaptations and increased protein synthesis (DAMAS et al., 2015), processes
associated with changes in cellular hydration, especially increases on intracellular
fluids (RIBEIRO et al., 2014). Cellular swelling is an important process of regulation on
cellular function and can be stimulated by anabolic processes such as hormonal
changes, oxidative stress, and nutrient metabolisms (HAUSSINGER, 1996). In the
present study, performed RT in WPR system resulted in higher effect-sizes in Xc/H
and ICF (ES, 0.58 and 0.70, respectively) compared to NPR (ICF = 0.41 and Xc/H =
0.45). These changes indicate a possible improvement in the integrity of the cell
membrane, increasing the capacitance of the cells. It is possible that cellular swelling
in response to RT induces increased pressure on the cell membrane, which in turn
recognizes these changes as threats to cell integrity and leads to increased signaling
and processes to enhance cell ultrastructure’s (SCHOENFELD, 2010). Improvements
in cell integrity, structures and function, may reflect changes in PhA. In healthy older
women, the reference values for PhA are between 5 to 6 degrees (BOSY-WESTPHAL
et al., 2006). The PhA of our sample were within the population mean in all groups
(CON =5.63°, NPR =5.45°, WPR = 5.47°) and our analysis revel that in both training
groups the increases in PhA were significantly higher in relation to the CON group and
in the WPR the increments were statistically superior than NPR (ES = 1.08 vs. 0.58,
WPR and NPR, respectively). In the available literature, there are few studies on the
adaptive responses of PhA to RT (DOS SANTOS et al., 2016; FUKUDA et al., 2016;
SOUZA et al., 2016; RIBEIRO et al., 2017c; RIBEIRO et al., 2017b). However, it is
possible to state that PhA is sensitive to RT (DOS SANTOS et al., 2016; FUKUDA et
al., 2016; SOUZA et al., 2016; RIBEIRO et al., 2017b) and that apparently, the adaptive

responses are independent of sex (RIBEIRO et al., 2017c¢).
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In our recent study comparing the systems with constant training loads and
a system with variation of loads to each set during 8-weeks of training the PhA were
statistically similarin CG ES, 0.30 and PR ES, 0.35(RIBEIRO et al., 2017b). The results
of the present study indicate that the realization of the ascending pyramidal system
with greater amplitude between sets can maximize the metabolic effects in the first
sets, as discussed above, and the mechanical effects in the last sets, resulting in a
greater anabolic potential. The realization of sets with 5 RM has already been shown
to induce increases in PhA in older women (FUKUDA et al., 2016).

Our study has several limitations that deserve attention. The training period
was 8 weeks and may be considered short for adaptations associated with RT. In
addition, the study was conducted with older, untrained women and the results should
not be extrapolated to other populations. Finally, the absence of biomarkers of lipid
peroxidation, protein oxidation and metabolic stress limit the understanding of possible
mechanisms associated with the observed results.On the other hand, our study was
conducted with randomized clinical trial design with control group, which strengthens
our findings regarding the effects of training.Another important point was the use of
BIVA to understand the adaptive responses of PhA to the RT system.Finally, it is
important mentioning that the training conducted with individualized supervision of the
elderly allows a greater control of the training variables and the technique of performing
the exercises, reducing the risk of injuries.

Practically, the results of the present study provide subsides on the
effectiveness and safety of the ascending pyramidal system as an alternative to the

traditional training system for prescribing for untrained older subjects.

4.4 Conclusion
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Our results suggest the effect of ascending pyramid training system with
wide and narrow repetition zones in to induce benefic changes in both BIVA and PhA

of older women, and that performing a wide repetition zone results in higher increments

in PhA than the narrow repetition zone.



CAPITULO 5

Considerac@es finais

92



93

5.1 CONCLUSOES

De acordo com o nosso conhecimento, este foi o primeiro estudo no qual
os efeitos de duas zonas de repeticdes do sistema piramidal foram analisados em
diversas variaveis relacionadas a saude em mulheres idosas nao-treinadas.

As informagdes produzidas ao longo dos trés artigos apresentados
indicaram que, independente da zona de repeti¢cdes utilizadas, o sistema de TP
piramidal foi eficaz para o aumento da forgca muscular, melhoria de componentes da
composi¢ao corporal e de biomarcadores relacionados a saude. Entretanto, o
treinamento com zona de repeticdes ampla (15/10/5 repeticbes) permitiu maiores
incrementos de cargas e maior intensidade do que o treinamento com zona de
repeticdes restrita (12/10/8 repeticdes). Adicionalmente, o treinamento com zona de
repeticbes ampla parece induzir melhoras na saude celular superiores ao treinamento
com zona de repeti¢des restrita.

Diversos aspectos metodologicos do nosso estudo merecem ser
destacados. Este estudo foi conduzido com a presencga de grupo controle e alocagao
dos sujeitos de forma aleatorizada, reduzindo o viés amostral e possibilitando
identificar de forma mais clara o efeito do TP. A analise da forgca muscular em mais de
um exercicio permitiu a identificagcdo de alteragdes segmentares na forca muscular
(membros superiores, inferiores e tronco). A analise segmentada da massa muscular
e compartimentalizada da gordura corporal possibilitaram visualizar respostas
adaptativas de maior magnitude na massa muscular de membros inferiores e na
adiposidade na regiao central do corpo.

Entretanto, os resultados apresentados devem ser interpretados com uma
certa cautela, tendo em vista algumas limitagcdes deste estudo. Embora a analise com

o DEXA esteja bem estabelecida como uma medida valida para determinar a
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composi¢ao corporal, mudangas discretas na adiposidade corporal e na gordura
visceral podem ser melhor discriminadas por exames de tomografia computadorizada
e ressonancia magnética. Considerando que a amostra investigada foi composta por
mulheres idosas nao-treinadas, os resultados encontrados n&o devem ser
generalizados para outras populagdes, incluindo criangas, jovens adultos, homens e
aqueles com experiéncia em TP.

De forma pratica, os resultados observados sugerem que o sistema
piramidal crescente € uma estratégia segura e efetiva de prescricdo de TP para
mulheres que estao iniciando e/ou que estdo retomando a pratica, sendo uma boa
alternativa ao sistema tradicional devido a maior dinamica das sessbes de
treinamento, em virtude da diversidade de estimulos, o que pode favorecer a adesao

e a aderéncia por parte da populacao idosa.
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Patrocinador Principal: MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAO

DADOS DO PARECER

Numero do Parecer: 1.306.507

Apresentagao do Projeto:

Introdug@o: O processo de envelhecimento tem um impacto negativo sobre diversos indicadores de satde e
qualidade de vida, sobretudo, em pessoas que adotam comportamentos sedentarios. Por outro lado, muitos
estudos observacionais e experimentais tém revelado efeitos benéficos para a satde associados a pratica
de exercicios com pesos em idosos. Objetivo: Analisar o impacto do treinamento com pesos em diferentes
frequéncias semanais, do destreinamento e do retreinamento sobre biomarcadores de saude, composi¢do
corporal, desempenho motor e indicadores de qualidade de vida em mulheres
idosas.Métodos:Aproximadamente 60 mulheres idosas serdo acompanhadas ao longo de 58 semanas em
dois grupos experimentais (um com frequéncia de duas e outro com frequéncia de trés vezes por semana ao
treinamento com pesos) de pessoas sedentarias com excesso de peso/obesidade sera adotado. O estudo
sera dividido em quatro etapas com duragdo de 12 semanas cada, separadas por blocos de duas semanas
para medidas e avaliagdo do processo (linha de base, apés 12 semanas de treinamento, apés 12 semanas
de destreinamento, no final de 12 e de 24 semanas de retreinamento). Medidas antropométricas e
hemodinamicas, composigéo corporal, registros alimentares, desempenho motor, bioquimica sanguinea e
indicadores de
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qualidade de vida serdo obtidos nos diferentes momentos do estudo.Resultados esperados: Considerando
0s riscos para a salde associados ao comportamento sedentario e os possiveis beneficios do treinamento
com pesos em idosos, espera-se que as informagdes a serem produzidas neste estudo fornegam subsidios
importantes para a

salde de mulheres idosas e que permitam uma tomada de decisdo mais segura sobre a prescricéo deste
tipo de treinamento, a partir de diferentes frequéncias semanais, considerando que a falta de tempo é
considerada uma das principais barreiras relatadas para a falta de adesdo e aderéncia a pratica de
exercicios fisicos em diferentes populagées.

Obijetivo da Pesquisa:

Objetivo Primario:Analisar o impacto do TP em diferentes frequéncias semanais, do destreinamento e do
retreinamento sobre biomarcadores de salde, composi¢do

corporal, desempenho motor e indicadores de qualidade de vida em mulheres idosas.

Obijetivo Secundario:Estabelecer relages entre as possiveis modificacdes na quantidade de agua corporal
intracelular e a massa muscular/massa livre de gordura

induzidas pelo TP;ldentificar as modificagbes no comportamento hemodinédmico induzidas pelo treinamento
e destreinamento em idosas;Verificar possiveis modificagdes na forga muscular e na composigdo corporal
de forma segmentar.

Avaliagao dos Riscos e Beneficios:

O projeto apresenta riscos minimos, relacionados com os possiveis desconfortos decorrentes das medidas
antropométricas e de forga muscular,coleta de sangue para medidas bioquimicas, além do eventual
constrangimento a algumas das questdes do instrumento de qualidade de vida. E possivel, também, que no
inicio do programa de treinamento as participantes sintam dores musculares apos as sessdes de exercicios.
Contudo,profissionais de Educagdo Fisica serdo responsaveis por adotar medidas de seguranga e se
responsabilizardo por eventuais problemas nas areas que lhes competem. Com relagéo a coleta de sangue,
sera realizada por profissionais capacitados do Hospital Universitario desta Universidade, os quais, da
mesma forma, serdo responsaveis pela seguranga e suporte em eventuais problemas causados durante o
procedimento.Beneficios:Espera-se que as participantes do estudo se beneficiem dos resultados positivos
que a pratica de exercicios orientados pode gerar nesta faixa

etaria, sendo que, mediante os resultados positivos, o treinamento também sera ofertado ao grupo controle.
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Comentarios e Consideracoes sobre a Pesquisa:

O processo de envelhecimento tem um impacto negativo sobre diversos indicadores de satde e qualidade
de vida, sobretudo, em pessoas que adotam comportamentos sedentérios. Por outro lado, muitos estudos
observacionais e experimentais tém revelado efeitos benéficos para a salde associados a pratica de
exercicios com pesos em idosos.A pratica regular de programas de TP pode melhorar a aptidao
neuromuscular, a composigdo corporal, a sensibilidade a insulina, os niveis de glicose sanguinea, a pressdo
arterial, além de prevenir o desenvolvimento de inimeras disfungdes crénico-degenerativas.

Consideragoes sobre os Termos de apresentacao obrigatéria:

Folha de Rosto, Parecer favoravel da Entidade coparticipante e TCLE foram apresentados e estdo em
conformidade com as exigéncias do CEP/UEL.Demais documentos apresentados também estdo em
conformidade com as exigéncias do CEP/UEL.

Recomendagdes:

Substituir no TCLE, o enderego do CEP/UEL para: Comité de Etica em Pesquisa Envolvendo Seres
Humanos da Universidade Estadual de Londrina, situado junto ao LABESC - Laboratério Escola, no
Campus Universitario, telefone 3371-5455, e-mail: cep268@uel.br.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

N&o ha.

Consideragées Finais a critério do CEP:

Prezado (a) Pesquisador (a),

Este & seu parecer final de aprovagéo, vinculado ao Comité de Etica em Pesquisas Envolvendo Seres
Humanos da Universidade Estadual de Londrina. E sua responsabilidade imprimi-lo para apresentagao aos
argdos e/ou instituicdes pertinentes.

Coordenagdo CEP/UEL.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Declaragédo de rodrigo.pdf 23/10/2015 |EDILSON Aceito
Pesquisadores 19:43:45 | SERPELONI

Declaragdo de decio.pdf 23/10/2015 |EDILSON Aceito
Pesquisadores 19:27:00 | SERPELONI

Projeto Detalhado / |Projeto.doc 23/10/2015 |EDILSON Aceito
Brochura 19:24:45 |SERPELONI

Investigador CYRINO

TCLE /Termos de |TCLE_2015.doc 23/10/2015 |EDILSON Aceito
Assentimento / 19:23:38 [SERPELONI

Justificativa de CYRINO

Auséncia

Folha de Rosto foto2. pdf 28/08/2015 |EDILSON Aceito

15:33:21 [ SERPELONI

Declaragdo do Termo.pdf 24/08/2015 (EDILSON Aceito
Patrocinador 09:52:48 | SERPELONI

Qutros Parecer Edilson Serpeloni Cyrino.pdf 11/08/2015 Aceito

21:23:19

Situagao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Néo

LONDRINA, 03 de Novembro de 2015
Assinado por:
Alexandrina Aparecida Maciel Cardelli
(Coordenador)
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Bairro: Campus Universitario CEP: 86.057-970

UF: PR Municipio: LONDRINA

Telefone: (43)3371-5455 E-mail: cep268@uel.br
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APENDICE A - Arquivo de saida do G*Power para o calculo amostral

F tests - ANOVA: Repeated measures, within-between interaction

Analysis: A priori: Compute required sample size

Input: Effect size f = 0.24
o err prob 0.05
Power (1-p err prob) = 0.80
Number of groups = 3
Number of measurements = 2
Corr among rep measures = 0.5
Nonsphericity correction € = 1

Output: Noncentrality parameter A = 10.3680000
Critical F = 3.2199423
Numerator df = 2.0000000
Denominator df = 42.0000000
Total sample size = 45
Actual power 0.8004756
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APENDICE B - Termo de consentimento livre e esclarecido

Titulo da pesquisa:
“EFEITO DE DIFERENTES ZONAS DE REPETICOES DO SISTEMA PIRAMIDAL
CRESCENTE SOBRE A FORCA MUSCULAR, A COMPOSIC}AO CORPORAL E
BIOMARCADORES SANGUINEOS EM MULHERES IDOSAS NAO-TREINADAS”

Prezada Senhora:

Gostariamos de convida-la para participar da pesquisa “Efeito de diferentes zonas
de repeticbes do sistema piramidal crescente sobre a forca muscular, a
composicao corporal e biomarcadores sanguineos em mulheres idosas nao-
treinadas”, a ser realizada no municipio de Londrina/PR.O objetivo desta pesquisa
éanalisar os efeitos de diferentes sistemas de treinamento com pesos sobre
indicadores metabdlicos, fisiolégicos, neuromusculares e morfolégicos em mulheres
idosas.

Todas as avaliagdes serao realizadas por profissionais previamente treinados
para tal finalidade. A assinatura deste termo permitira que vocé participe das seguintes
atividades: (1) Programa de treinamento com pesos com duragdo de 8 semanas que
sera acompanhado por profissionais e estudantes de Educacgao Fisica; (2)
Preenchimento de questionarios sobre histérico de saude; (3) Medidas de massa
corporal, estatura, forca muscular,pressao arterial, frequéncia cardiaca em repouso e
atividade fisica habitual; (4) Avaliagdo da composi¢cdo corporal pelos métodos de
impedancia bioelétrica (teste com duragao de ~30 s: deitado em um colchonete, dois
pequenos eletrodos serdo colocados na méao e pe direito e transmitirdo uma pequena
corrente elétrica que indicard a quantidade de agua [procedimento indolor e sem
qualquer tipo de risco]), DEXA (teste com duragao de aproximadamente sete minutos:
deitada em uma mesa no préprio equipamento, sem portar qualquer tipo de objeto
metalico, vestindo apenas roupas leves [shorts e top]. O equipamento fara um
escaneamento do corpo todo para determinagao da massa livre de gordura, massa
gorda e massa 6ssea [procedimento indolor e sem qualquer tipo de risco)); (5) Coleta
de sangue venoso em jejum de 12 h feita por um técnico capacitado e habilitado para
a avaliacdo de indicadores metabdlicos; (6) Avaliagdo nutricional por meio da
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aplicacdo de registros alimentares de trés dias; (7) Avaliacdo da aptidado
neuromuscular por meio de testes de uma repeticdo maxima (teste realizado em trés
exercicios para os segmentos de membros superiores, inferiores e tronco, que
consiste na realizagao de trés tentativas com o objetivo de levantar a maior quantidade
de peso possivel em apenas uma repeticdo para determinacdo da forca muscular
maxima).

Gostariamos de esclarecer que a participagdo € totalmente voluntaria. A
participante pode recusar-se a participar/desistir a qualquer momento sem sofrer
prejuizo algum. As informagbes serdo utilizadas somente para fins de pesquisa e
todos os documentos e amostras utilizados serdo identificados por um cddigo
numérico sem identificagcdo nominal para preservar a identidade da participante.
Lembramos que n&o sera cobrada taxa alguma por estas avaliagbes. Da mesma
forma, ndo sera paga quantia alguma as participantes.

Ao final do estudo, comprometemo-nos a retornar com os resultados de todas
as avaliagdes, que serao entregues as participantes. Espera-se com essa pesquisa,
proporcionar informagdes que possam favorecer a melhoria da saude e qualidade de
vida de mulheres idosas por meio da pratica de treinamento e associagcdo com
aspectos nutricionais, além de possibilitar a melhoria de parametros morfologicos,
fisiolégicos, neuromusculares e metabdlicos das participantes. Apesar de
considerados minimos, 0s possiveis riscos sao: desconfortos na coleta sanguinea e
cansaco durante os testes fisicos. E possivel também que alguns grupamentos
musculares exigidos nos testes de esforgco fiquem doloridos entre 24 e 48 horas apds
a realizagdo dos mesmos.

Caso vocé tenha duvidas ou necessite de maiores esclarecimentos pode
contatar o Prof. Dr. Edilson Serpeloni Cyrino, no Laboratério de Metabolismo, Nutricao
e Exercicio, localizado no Centro de Educagao Fisica e Esporte, da Universidade
Estadual de Londrina, pelo telefone (43) 3371-4772 / 9139-45090u procurar o Comité
de Etica em Pesquisa Envolvendo Seres Humanos da Universidade Estadual de
Londrina, na Avenida Robert Kock, 60 ou no telefone (43) 3371-2490. Este termo
devera ser preenchido em duas vias de igual teor, sendo uma delas, devidamente

preenchida, assinada e entregue a voceé.

Londrina, de de 2015.
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Pesquisador Responsavel
RG::

Eu,

(“Efeito de diferentes zonas de repeticdes do sistema piramidal crescente sobre

a forca muscular, a composicdo corporal e biomarcadores sanguineos em
mulheres idosas nao-treinadas”), tendo sido devidamente esclarecido sobre os
procedimentos da pesquisa, concordo em participar voluntariamente da pesquisa

descrita acima.

Assinatura (ou impressao dactiloscépica):
Data:




APENDICE C - Ficha de registro alimentar
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Data _ f f Mom

DESIEMUM __ h___ min
ALIMENTO TIFO QUANTIDEDE Outros alimentos » ghde
Pioy/'balacha ") unidade. i fatia: Of Aim Oig
Leite) iogurte () copo gdefreg.) () copo americans (Cywic Cip i Qg
Marg.Mdant. fReq. () ptade faca (" colber de chd
Café Dcn-nn:meﬂ::nu l:):licam Sip Cim g, DDGDECEFE"
Aglcar {7) colher de sopa ) colber de sab. ("ycalher chd
Crueijoy presurita () fatia fina () fatia media () fartia grossa
Cereal ") colher de sopa (" colber de sab e COp i Cig
Frutafsuca Dunldil:b l'::lfatii COp Oim G Dl‘.‘up-u Sip&im Og
Achocolatado () colher de sopa () colber de sab (ycalher de cha
Lanchedarmanhd_ h_ min
ALIMENTO TIFD QUANTIDADE DOutros alimentos - gtde
Fa3o/bolacha/bola ) unidade: O fatia: Of Aim Oig
Leite/ iogurte/vitamina "1 copo ge(req. ) (") copo americano Oxic Op Aim g
Café copo americana____ () Micara Oip Cim g () copa café
Salgada ) unidade, Opeq Owmed Ogde
Aplicar () colher de sopa () colber de sab. (Ocolber chd
Cueijo) presunto (") fatia fina () fatia meédia () fatia grossa
Fruta f suco {1 unidade. i fatia: Of Aim Oig (") copa Clamer. Siregu.___
Marg./Mant./Req ) pta. de faca (ool Cisopa Cisab Ochd_
Almom _ h min
ALIMENTO TIFD QUANTIDADE Outros alimentos - gtde
Arrox () escumadeira Cicolberde sopa__ (") calher de serr,
Feijdo (") concha ©1p Cim Cig Oicolberde sopa__ (") colher de servir,
Salada () falha Cip Chm Oig () prato Oip Oim Cig () calher de sopafservir____
Legumes (i colber de sopafservir ) legumes (e Cip m Cig
Came (ipds Chp O O " colher de sopa () calher de serr,
Mazza (") pegador de macarrdo " colber de sapa (") calher de servir,
tcilho (") calber de sapa (" colher de serdr (") cancha Cxp Cm O
Schremssa (Canidade O outre, (7)ol Cisopa Cysob Cichd_
Fruta/fsuco (Canidade ) fatia Cip O g (") copo Clamer. Cirequ.__
Sal Oleo:
Lanche daTarde_ h_ min
ALINMENTO TIFD QUANTIDADE Outros alimentos » ghde
P3o/baolacha/bola Duml:hul: C}lf:ti:: Of Om Qg
Leite) iogurtefvitamina ) copo goefreq.) () copo americans Oukc Chp O O
Café {Jcopo americano__ () Xicara Cip Cim Chg () copao café
Salgada ) unidade, Opeq Cméd Oigde
Aphcar () colher de sopa i colber de sob. Cicolber chd
Queijo) presunto (") fatia fina () fatia media () fatia grossa
Fruta f suco ) unidade. Cfatia: Of Aim g (") copa Clamer. Cirequ.___
Marg./Mant./Req D pta. de faca l':}l:nl Cisopa Oisob Owchad
BRER T TIFLr DUENTIDEDE LTI ST IR = T
lantar __ h__ min O Repetiu slmogo.
BALIMENTO TIFD QUANTIDADE Dutros alimentos - ghde
Arroz (") escumadeira Oicolberde sopa_ (") calher de servir,
Feijio () concha C1p Cym g {Cicolher de sopa_ (") colher de serdr.
Salada (yfalha Cp CmOig ) prata Cip Cim Cig (") calher de sopafservir____
Legumes (i colber de sopayfservi ) legumes (T Cip m Cig.
Came (Oipd Chp O O (colber de sapa () calher de serir,
Massa (") pegador de macanrda Ocolher de sopa, () calher de serdr,
Miolho C:IDCI"‘bErdE zopa C}l:nlh:rd:um C}Dﬂﬂl:hi Dip O O
Sohremesa (Canidade O outre: (7)ol Cisopa Cysob Clchd_
Fruta/fsucc (Cunidade () fatia Oip Cm g () copo Ciamer. Chrequ.____
Sal Oleo:
Ceia_ h_ min
ALIMENTO TIFD QUANTIDADE Owtras alimentos - gide
Fio/bolacha/bolo {1 unidade O fatia: Of Aim Oig

Leite/ iogurte/vitamina
Agtcar

{71 copo gde (reg. ) () copo americano,

Ciwic Chp Cim g

{1 codher de sopa (") codher de sobremesa, " colher chi,

(fatia Qpeq Ciméd Cigde () copo Clamer. Cinegu.

(i fatia grossa,

Oueijof presunto Dfaliaﬂnl_ C:III'HI média
Fruta / suco/witamina ) uni
LLiCu o e e facr oot derch
Consumo de dgua no dia
Litras: Copo: "y americano ) requeijic

I:) autnos




APENDICE D - Ficha de treino grupo piramide 12/10/8

PROJETO IDOSAS - TREINAMENTO DE MUSCULAGAO ' PIRAMIDE

NOME:
1 1 1 1 1 1
Sessdo 1 Sessdo 2 Sessdo 3 Sessdo 4 Sessdo 5 Sessdo 6

ORDEM SERIESI CARGA | REP |CARGA | REP | CARGA | REP ] CARGA | REP | CARGA | REP | CARGA | REP
EXERCICIO REPETIGOES

Supino Vertical 1211018 RM

Leg Press 12/10/8 RM

Remada Sentada 1211018 RM

Cadeira Extensora 12/10/8 RM

Rosca Scott 12/10/8 RM

Mesa flexora 12/10/8 RM

Triceps Pulley 12/10/8 RM

Panturilha Sentada | 12/10/8 RM

TREINADOR

Observagoes
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APENDICE E - Ficha de treino piramide 15/10/5
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PROJETO IDOSAS - TREINAMENTO DE MUSCULACiD % PIRAMIDE
Tradicional

NOME:
I 1 1 1 A 1
Sessdo Sessdo 2 Sessdn 3 Sessdod Sessdo 5 Sessdo b

ORDEN SERIES/
: . CARGA | REP | CARGA | REP | CARGA | REP JCARGA | REP | CARGA | REP | CARGA | REP
EXERCICIO REPETIGOES

Supino Vertical 1510/5 RM

Leq Press 15/10/5RM

Remada Sentada 15/10/5 RM

(Cadeira Exiensora 15/10/5 RM

Rosca Scoff 15/10/5 RM

Mesa flexora 15/10/5 RM

Triceps Pulley 15/10/5RM

Panturrilha Sentada | 15/10/5RM

TREINADOR

Observages




