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RESUMO

Funghetto SS. Associacdo do polimorfismo — 174 C/G da regido promotora do gene IL-6 e
producdo de marcadores inflamatérios apds o exercicio de forca excéntrico em idosas
obesas. 2014. Tese de Doutorado — Programa de P6s-Graduacdo em Ciéncias da Saude —
Universidade de Brasilia, Brasilia, 2014.

Introducdo: O exercicio de forca excéntrico € considerado uma intervencdo nao
farmacoldgica utilizada para prevenir ou retardar as alteracdes inerentes ao
processo de envelhecimento, que envolvem o ganho de massa adiposa, a
sarcopenia e o desequilibrio no perfil inflamatério. Objetivo: Avaliar a relagdo de
parametros inflamatérios (IL-6, IL-13, TNF-a, proteina C reativa) com o polimorfismo
do nucleotideo unico (C—G) encontrado na posi¢cédo -174 da regido promotora do
gene para IL-6, ap0s o exercicio de forca excéntrico em mulheres idosas com
obesidade. Metodologia: pesquisa de carater quase experimental, com 90 mulheres
idosas obesas provenientes da comunidade no Distrito Federal. Foram determinados
os niveis de CK e de IL-6, IL-1 B, TNF-a e PCR nos momento pré, 0 h, 3 h, 24 h, 48
horas pos exercicio de forca excéntrico para mulheres idosas. As frequéncias
genotipicas do polimorfismo do nucleotideo unico (C—G) encontrado na posi¢ao -
174 da regido promotora do gene para IL-6 e foram identificadas e analisadas
quanto as possiveis relacdes com o0s niveis séricos da IL-6, IL-1 B, TNF-a e PCR e
CK nos diferentes momentos. O EFE foi realizado na cadeira extensora com 110%
da carga maxima obtida no teste de 10 repeticdes maximas. Para determinacdo da
frequéncia genotipica, foi empregado o teste de Hardy-Weinberg. Para efeito de
andlise estatistica, os sujeitos foram divididos em dois grupos: genotipicos GG e
CC/CG. Os dados continuos foram expressos em média e erro padrdo. Para
comparar as medidas de IL-6,IL-1 B, TNF-a e PCR foi utilizada ANOVA. As
correlagdes entre o polimorfismo do gene promotor -174 C/G da IL-6 e os resultados
de CK, IL-6, IL-1 B, TNF-a e PCR idade, altura e composi¢ao corporal e teste de
forca foi utilizado o teste T independente. Resultados: Nao houve diferenca nas
medidas antropométricas e de forca entre os genétipos de IL-6. Nao ocorreu uma
interacdo estatisticamente significativa entre o genoétipo e tempo de andlise na
concentracdo de CK, F(3,317, 274,316)=0,354, p=0,794. A concentracdo da CK nas
condicBes pré-intervencao e pds-exercicio ndo foram significativamente diferentes (p
> 0,05) entre os genétipos. O EFE induziu alteragdes significativas na concentracéao
de CK apenas para o genoétipo GG ao longo do tempo, F(2,619, 136,173) = 5,199, p
= 0,003, com a concentracdo de CK aumentando de 106,8 + 6,9 U/l pré-intervencao
para 122,7 + 11,2 U/l apos 24 h e 131,9 + 14,4 U/l apés 48 h pds-exercicio.
Contrariamente, o protocolo de EFE néo induziu nenhuma alteracéo significativa na
concentracdo de CK para o grupo CC/CG, F(4,144) = 1,776, p = 0,137, apesar de
uma tendéncia para aumentar apos o exercicio (91,8 + 7,2 U/l pré-intervencéo para
109,1 + 11,5 U/l 48 h pos-exercicio). A concentracdo de IL-6 no grupo GG GG foi
menor que no grupo CC/CG apenas apos o exercicio na 0 (3,78 + 0,58 pg/ml versus
6,51 = 1,91 pg/ml, p = 0.030). Verificou-se que as idosas obesas que possuem
polimorfismo IL-6-174G/C e C/C exibem valores integrais elevados de IL-6. N&o
foram observadas interacfes estatisticamente significativas entre o gendtipo e o
tempo de exercicio na atividade da IL-1B, F(3,032, 146,121)=0,678, p = 0.841, e da
concentracdo de TNF-a F(2,671, 42,742) = 1,149, p = 0,337. O EFE também néo
induziu alteragdes significativas na concentragdo de IL-18 e TNF-a ao longo do
tempo tanto para o genétipo GG como para o grupo CC/CG (p <0,05). Também néo



foi observa interacdo estatisticamente significativa entre genétipo e o tempo de
exercicio na concentracdo de PCR, F(1,78) = 0,020, p = 0,889. A concentracdo de
PCR ndo apresentou alteracdo estatisticamente significativa entre o0 momento pré
exercicio e ap6s 3 h do EFE para os grupos GG e CC/CG (p < 0,05). Concluséo: Os
Nnossos resultados sugerem uma associacdo entre o genétipo de IL-6 e os valores
integrais de CK e IL-6 em resposta ao EFE. O protocolo EFE induziu ao dano
muscular esquelético, sem exacerbacdo de IL-6, e valores de CK, desta forma,
podem ser indicados para idosos como um protocolo de seguranc¢a durante a pratica
clinica diaria. Destaca-se que a inovacéo dos nossos dados é uma diferenca entre o
valor basal e o valor integral onde foi observada a cinética dos parametros
inflamatorios e da CK refletindo assim uma atividade mais realista da IL-6 CK e de
IL-6, IL-1 B, TNF-a e PCR, ao longo de um periodo de horas.

Descritores: exercicio, mulheres, obesidade, envelhecimento, genética, citocinas.



ABSTRACT

Introduction: Eccentric resistance training is considered a non-pharmacologic
intervention used for reducing or delaying the changes resulting from the aging
process which include the gaining of fat, sarcopenia, and the umbalance of the
inflammatory profile. Objective: To evaluate the relation between inflammatory
parameters (IL-6, IL-1B8, TNF-a, C-reactive protein) and the single nucleotide
polymorphism (C—G) found in the position -174 in the IL-6 gene promoter region
after eccentric resistance training in elderly women who are obese. Methodology:
experimental research, with 90 elderly, obese women from a community in Brasilia,
DF, Brazil. The levels of CK and IL-6, IL-1 3, TNF-a and PCR were determined
before the eccentric resistance training, and also at the time of the exercise, and 3h,
24h and 48h later. The genotypic frequencies of the single nucleotide polymorphism
(C—G) found in the position -174 in the IL-6 gene promoter region were identified
and analyzed as to the possible relations with the seric levels of IL-6, IL-1 3, TNF-a
and PCR and CK in the different moments. The exercise was conducted using the
leg extension chair with 110% of the maxim weight obtained in the one-repetition
maximum test. The Hardy-Weinberg test was used for determining the genotypic
frequency. For the purpose of statistical analysis, the subjects were divided into two
genotypic groups: GG and CC/GG. The continuous data were expressed in mean
and standard error. ANOVA was used for comparing the levels of IL-6, IL-1 B, TNF-a
and PCR. Independent T-Test was used for determining the correlations between the
polymorphism of the promoting gene -174 C/G of the IL-6 and the results of CK, IL-6,
IL-1 B, TNF-a and PCR, age, height, body composition, and strength test. Results:
There was no difference in the anthropometric and strength measure in the IL-6
genotypes. A statistically meaningful interaction between the genotype and the time
of analysis in CK concentrations (F(3,317, 274,316) = 0,354, p = 0,794) did not
occur. The concentration of CK before and after the exercise was not significantly
different (p > 0,05) between the genotypes. With time, the eccentric training caused
meaningful changes in the concentration of CK only in the GG genotype (F(2,619,
136,173) = 5,199, p=0,003), with the concentration of CK increasing from 106,8+6,9
U/l before the exercise to 122,7 +11,2 U/l after 24h, and to 131,9 + 14,4 U/l after 48h.
Conversely, the use of the eccentric training did not cause any meaningful change in
the concentration of CK in the CC/CG group (F(4,144) = 1,776, p=0,137), despite a
tendency for increasing after the exercise (91,8+7,2 U/l before the exercise to 109,1
11,5 U/l 48h after it). The concentration of IL-6 in the GG group was lower than in the
CC/CG group only after the exercise (3.78 £ 0.58 pg/ml versus 6,51 + 1,91 pg/ml, p =
0,030). It was noticed that elderly obese women with polymorphism of the gene IL-6/-
174 C/G and C/C present elevated integral IL-6 values. Statistically meaningful
interactions between the genotype and duration of the exercise for the IL-1B
(F(3,032, 146,121) = 0,678, p = 0,841) and TNF-a (F(2,671, 42,742) = 1,149,
p=0,337) were not observed. Eccentric training did not cause significant changes in
the concentration of IL-1B and TNF-a in both genotypes (p <0,05). Statistically
meaningful interactions between the genotype and the duration of the exercise for
the concentration of PCR(F(1, 78) = 0,020, p = 0.889) were not observed. The
concentration of PCR was not significantly altered in the moments before the
exercise and 3h after the eccentric training was performed, in both groups (p < 0,05).
Conclusion: Our results suggest an association between the IL-6 genotype and the



integral values of CK and IL-6 in response to the eccentric resistance training. 1ius
training led to skeletal muscle injury, without exacerbation of the IL-6 and CK values,
so it can be recommended to elderly people as a security protocol in daily clinic
practices. It is important to highlight that our data is innovative because of a
difference between the base value and the integral value, where the kinetics of the
inflammatory parameters and the CK was observed, in that way showing a more
realistic activity of the IL-6 CK and of the IL-6, IL-1 B, TNF-a and PCR in a period of
hours.

Descriptors: exercicio, mulheres, obesidade, envelhecimento, genética, citocinas
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1 INTRODUCAO

O aumento da expectativa de vida e a elevada prevaléncia mundial da
obesidade constituem indicador de grande relevancia em saude (1). O
envelhecimento e a obesidade, associados as modificagcdes na composicao corporal,
sao fatores contribuintes para o desenvolvimento e o agravamento de Doencas
Crbnicas Nao Transmissiveis (DCNT) (2). Adicionalmente, os habitos de vida
adotados na sociedade moderna vém contribuindo para consolidar uma perspectiva
negativa de condicfes de saude, especialmente na populacdo idosa (3, 4). Ressalta-
se que as DCNT, como diabetes mellitus tipo 2 (DM 2), e as doencas
cardiovasculares (CVD), que possuem forte influéncia do estilo de vida, impactam os
indices da morbimortalidade no Brasil e no mundo (5).

Nesse cendério, o enfrentamento das fragmentacdes no assistir o usuario e a
implementagdo da atencdo integral as suas necessidades de saude vém sendo
apontados na literatura enquanto estratégias de promocédo de saude (6, 7). Para
promover o envelhecimento bem sucedido, evidéncias cientificas devem embasar as
acOes dos profissionais de salde, premissa essa utilizada por Davies (8) ao relatar a
importancia de se orientar corretamente uma dieta saudavel e a préatica de
exercicios fisicos para idosos enquanto estratégias para o envelhecimento saudavel.

Sabe-se que a realizacdo de exercicios de forca em individuos idosos
melhora, substancialmente, a execucdo das atividades diarias, além de possuir
efeito positivo na massa muscular e 6ssea, especialmente em mulheres idosas com
obesidade (9, 10). Dentre os beneficios envolvendo o treinamento de forca para os
idosos, encontram-se a reducdo da mortalidade e do desenvolvimento de doencas
associadas ao envelhecimento. A pratica de exercicio de forca vem sendo descrita
como fator relevante na diminuicéo do risco de quedas e na melhora da capacidade
funcional, bem como na qualidade de vida e no bem-estar emocional dessa etéria
(11).

No entanto, o tipo e a intensidade do exercicio prescrito podem levar a
repercussoes fisioldgicas, bioquimicas, hormonais e inflamatérias distintas. Além
disso, existem diferencas entre acées musculares concéntricas e excéntricas, que,
durante o exercicio, oferecem dispares estimulos ao sistema neuromuscular,

imunitario e demais sistemas do organismo humano, fato que deve servir de fonte
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embasadora para a manipulacdo de variaveis durante a prescricdo de atividades
fisicas (12-14).

Estudos verificaram, por meio da eletromiografia, que acBes excéntricas
ativam um menor numero de fibras musculares em comparacdo com as acles
concéntricas (15, 16). Quanto menor for o nimero de unidades motoras recrutadas,
maior serd a forca que cada unidade ir4 produzir. Dessa forma, a efetivacdo do
movimento sera realizada com uma menor estimulacdo neural, demonstrando assim
gue as acdes excéntricas produzem uma maior eficiéncia neuromuscular (16-19).

Durante a pratica de exercicio fisico, pesquisas apontam alteracées de
respostas imunitarias (20, 21). No exercicio, micro-lesdes sdo causadas nos
musculos induzindo a producdo de creatina quinase (CK) e de citocinas pré e anti-
inflamatoria (22, 23). A realizacdo de exercicio fisico regular produz um efeito anti-
inflamatorio local e sistémico, o que reduz os niveis plasmaticos de citocinas pro-
inflamatérias (13, 24). Porém, ndo ha consenso na literatura sobre qual o tipo de
exercicio e quais os parametros que poderdo influenciar nesses marcadores
inflamatorios (25). Assim, tanto as respostas aos exercicios quanto as adaptacdes
biolégicas inerentes do préprio estado de saude na velhice dependem de varios
fatores envolvendo aspectos ambientais e genéticos (26).

Alguns autores vém sugerindo que o polimorfismo na regido promotora -
174C/G do gene da IL-6 pode estar relacionado com a regulacédo dos niveis séricos
de proteinas inflamatérias e predispor o individuo, em especial o idoso, a riscos de
diversas doencas cronicas ndo transmissiveis (27). A presenca do alelo G do
polimorfismo — 174 C/G vém sendo associada a elevacdo dos niveis de interleucina
6 (IL-6) e de proteina C reativa (PCR), favorecendo, por exemplo, o infarto agudo do
miocardio (28). A associacao entre o alelo C do polimorfismo — 174 C/G da IL-6 e
niveis menores de triglicerideos, colesterol e de lipoproteinas de baixa densidade foi
identificada em mulheres (29). No entanto, outro autor ndo encontrou correlacao
entre 0s niveis plasmaticos da prépria IL-6 a partir do gendtipo (30).

Outro aspecto importante do polimorfismo do gene da IL-6 € a associacao
com a resposta aguda e crbnica frente a varias metodologias de exercicio fisico,
sendo o polimorfismo do nucleotideo unico (C—G) encontrado na posigao -174 da
regido promotora do gene para IL-6 o principal foco das pesquisas (31-33).

Yamin et al. (31) relataram uma forte associacdo entre o alelo C
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do polimorfismo -174 CG da IL-6 e dano muscular apds contracdes excéntricas dos
musculos flexores do cotovelo em adultos jovens.

Ruiz et al. (32) demonstraram que o0 gendtipo GG e o alelo G estdo
fortemente representados em atletas para quem a hipertrofia muscular e a forca séao
caracteristicas fundamentais. No entanto, essa associacao, encontrada para atletas
com descendéncia espanhola, ndo foi demonstrada quando este estudo foi replicado
em uma populacéo israelense (33).

Diante das evidéncias de que aspectos genéticos influenciam a producéo de
fatores inflamatérios e de que, em idosos, ocorre um processo inflamatério basal
caracteristico do envelhecimento e influenciado pela genética, denominado
inflammaging (34-38), h4 a necessidade de melhor compreender estes fenbmenos
quando associados. No inflammaging, identifica-se a elevacdo dos niveis de
citocinas inflamatérias como, por exemplo, a IL-6, PCR, interleucina 1 Beta (IL-1B) e
Fator de Necrose Tumoral alfa (TNF-a) (39). A inflamacdo de baixa intensidade
também foi encontrada em individuos com obesidade e esta indicada pelo aumento
dos marcadores inflamatorios. Nessa condicao clinica, os niveis séricos de IL-6, IL-
1B, PCR e outras citocinas foram considerados elevados, quando comparados com
0s niveis desses marcadores em individuos eutroficos (40).

Diante do exposto, surge o questionamento de quais seriam as alteracdes
inflamatorias induzidas pelo exercicio de forca excéntrico (EFE) em mulheres idosas
obesas e se estas alteracBes sofrem influéncia genética determinada pelo
polimorfismo do nucleotideo unico (C—G), encontrado na posi¢do -174 da regiao
promotora do gene para IL-6 e de outros polimorfismos.

O presente estudo encontra-se pautado na hip6tese de que, durante o EFE
a ser realizado por uma amostra de mulheres idosas com obesidade, ocorre dano
muscular verificado pelo aumento da creatina quinase e ocorre a elevacgao sistémica
de IL-6 sérica, PCR e uma diminuicdo do TNF-a e IL1-B, induzido pela IL-6.

Postula-se que, as possiveis alteracdes a serem detectadas para estes
parametros apds exercicio de forca excéntrico em mulheres idosas obesas poderao
sofrer influéncias genéticas determinadas pelo polimorfismo do nucleotideo Unico
(C—G) encontrado na posicao -174 da regido promotora do gene para IL-6 e outros

polimorfismos.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a relagédo de parametros inflamatorios IL-6, IL-13, TNF-a, PCR com o
polimorfismo do nucleotideo Unico (C—G) encontrado na posi¢ao -174 da regiao
promotora do gene para IL-6, antes e ap0s o0 exercicio de forca excéntrico, em

idosas com obesidade.

2.2 OBJETIVOS ESPECIFICOS

e Determinar a frequéncia dos genatipos produzidos pelo polimorfismo C/G
da posicdo -174 da regido promotora do gene para IL-6 em mulheres
idosas com obesidade;

e Verificar a cinética e as possiveis correlacdes de IL-6, TNF-a, IL- 13, PCR
e CK, antes e ap0s o EFE, na populacéo alvo do estudo;

e Investigar como o polimorfismo do nucleotideo unico (C—G) encontrado
na posicao -174 da regido promotora do gene para IL-6 pode afetar a
resposta temporal e integral da IL-6 e de CK apés EFE;

e Investigar como o polimorfismo do nucleotideo unico (C—G) encontrado
na posicao -174 da regido promotora do gene para IL-6 pode afetar a
resposta temporal e integral do TNF-a apods EFE;

e Investigar como o polimorfismo do nucleotideo unico (C—G) encontrado
na posicao -174 da regido promotora do gene para IL-6 pode afetar a
resposta temporal e integral da IL-1B apos EFE;

e Investigar como o polimorfismo do nucleotideo Unico (C—G) encontrado
na posicao -174 da regido promotora do gene para IL-6 pode afetar a
resposta temporal da PCR ap6s EFE.
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3 REVISAO DE LITERATURA

Nesta sessdo, serdo abordados o envelhecimento humano e seus desafios
no cuidado em saude, destacando-se a promocdo da saude, as alteracdes
biologicas do envelhecimento, a obesidade, a inflamacéo e o EFE.

3.1 O ENVELHECIMENTO HUMANO

O envelhecimento humano e o aumento da longevidade, evidenciados por
dados demograficos e epidemioldgicos, constituem um proeminente fendmeno
mundial, sobretudo no que se refere a populacédo feminina, a qual vive em média
sete anos a mais que a masculina (41, 42). Dois ter¢cos das pessoas idosas vivem
em paises desenvolvidos, com expectativa de aumento deste segmento etario em
até 75%, sendo que a subpopulacdo com 80 anos e mais é a que apresenta 0 maior
crescimento nestes paises (43, 44).

No Brasil, o fendbmeno do envelhecimento se confirma, a exemplo do que
ocorre em outros paises, sendo que nos ultimos anos tem-se observado uma
transicdo demografica que se reflete em transicdo epidemiologica (41). Ao analisar
as piramides etarias relativas aos anos de 1991, 2000 e 2010, notam-se importantes
mudangas como 0 acentuado estreitamento da base e alargamento do topo da
piramide (Figura 1). De acordo com os dados do Instituto Brasileiro de Geografia e
Estatistica (IBGE) (45), ocorreu na populacao brasileira um aumento de pessoas ha
faixa de etaria dos 65 anos, a qual avancou de 5,9% em 2000 para 7,4% em 2010.
Indiscutivelmente, o aumento da expectativa de vida modificou o perfil demografico
no Brasil, evidenciado pelo Censo Demogréfico de 2010, que aponta que a

populacao idosa ultrapassa 20 milhdes de pessoas.
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Distribuicao da populagao por sexo, segundo os grupos de idade
BRASIL - 2010 v/|

Mais de 100 anos 7.247 00% 0,0% 16.989
96 2 99 anos 31529 0,0%] 0.0% 66.806
90a%4anos 114964 01%]101% 211595
85a8%anos 310759 02% | 11 0.3% 508.724
80a84anos 668623 04% 1 05% 998 349
75a79anos 1080518 0.6% i 1 08% 1472930
70a74anos 1667373 09% Il 11% 2074264
65a69anos 2224065 12% [N 14% 2616745
60a64anos 3041034 16% 18% 3.468.085
65a59anos 3902344 20% 23% 4373875
50a54anos 4834995 25% 28% 5.305.407

45a49anos 5692013 3ox 6.141.338
40addanos 6320570 3% 6.688.797
35a3%anos 6766665 35 7121916
30a34anos 7717657 0% 8026855
25a29an0s 8460995 44% NG 8643418
20a2an0s 8620227 45% NN 8614.963
15a19an0s 8558868  4.5% [N 8432002
10at4anos 8725413 46% N % 8441348

5a9anos 7624144 «o% I 7.345231

Oadanos 7016987 s 8.779.172

Homens - Mulheres

Figura 1 - Estrutura etaria da populacao brasileira referente ao censo realizado no ano de 2010.
Fonte: IBGE(45)

O pais apresenta a perspectiva de ser um dos seis paises mais populosos
do mundo em termos de pessoas idosas, aguelas com sessenta anos ou mais. A
projecdo para o Brasil é que, em 2020, a populacdo idosa seja de mais de 26,2
milhdes de individuos, ou seja, quase 12,4% da populagédo total (42). Com o
aumento da longevidade populacional, promover saude impde-se pela complexidade
dos problemas que caracterizam a realidade sanitaria em que predominam as
DCNT, a violéncia e as novas endemias (1).

O planejamento dos cuidados de saude deve ser revisto trabalhando numa
perspectiva multiprofissional e dirigindo as acbes de salde para promocao,
prevencdo e reabilitacdo em saude, no intuito de contribuir com o envelhecimento
saudavel (7). Uma das formas de os profissionais de saude auxiliarem a populacéo
idosa portadora de DCNT é por meio da adocéo de iniciativas como a promocéao da
saude (46).

E imprescindivel estabelecer uma relacdo dialdgica do cuidar/ser cuidado,
do ensinar/aprender tornando o sujeito participe ativo do processo de prevencgdo e
promogéao da saude (47). Esse processo inclui o reconhecimento de que a saude é

multidimensional e influenciada por fatores extrinsecos e intrinsecos do ser humano
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(48).

As diretrizes internacionais da Organizacdo Mundial da Saude (OMS)
destacam a importancia do trabalho em equipe dos profissionais na promocdo da
saude principalmente no que diz respeito aos idosos (46). Para promover o
envelhecimento saudavel, os profissionais de salude necessitam estar baseados em
evidencias cientificas. Na populacdo em questdo, ressalta-se que condi¢cdes
adequadas de salde sao essenciais para que o0s idosos se mantenham
independentes e continuem a participar ativamente da vida familiar e comunitaria
(42).

Associada ao envelhecimento, a obesidade é outro ponto que merece
atencdo dos profissionais de saude. O aumento da taxa de obesidade entre 0s
idosos impde necessidade de mudancas na forma de assistir estes usuarios, bem
como onera, cada vez mais, o SUS (1). Tanto a obesidade como o envelhecimento
estdo associados a uma série de sinais e sintomas, como dificuldade de locomocao,
diminuicdo da capacidade funcional e qualidade de vida (49). Tais alteractes

relacionadas a composi¢ao corporal e ao sistema imunitario serdo descritas a seguir.

3.2 ALTERACOES BIOLOGICAS RELACIONADAS A COMPOSICAO CORPORAL
E AO SISTEMA IMUNITARIO NO IDOSO

3.2.1 O tecido adiposo e a inflamagéo

Evidéncias epidemioldgicas a respeito da associacdo da obesidade e suas
morbidades fizeram surgir a necessidade de pesquisas sobre a funcionalidade do
tecido adiposo (50-52).

Na atualidade, o tecido adiposo € visto como um 6rgado enddécrino capaz de
modular o apetite, 0 gasto energético, o metabolismo ésseo a inflamacgéo, bem como
influenciar no sistema imunitario (53). E composto por adipdcitos, pré-adipdcitos,
matriz de tecido conjuntivo (fibras colagenas e reticulares), fibras nervosas, estroma
vascular, nédulos linfaticos, células do sistema imunitario (leucocitos, macréfagos) e
pode ser dividido em dois tipos: tecido adiposo branco (TAB) e tecido adiposo
marrom (TAM) (54). O TAB representa a grande maioria do tecido adiposo no

organismo, sendo responsavel pelo armazenamento de triglicerideos (TG) durante o
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consumo de energia, producdo e liberacdo de &cidos graxos (AG) principalmente
guando o gasto de energia for superior a ingestéo (55). O principal papel do tecido
adiposo marrom é termogénese, particularmente em pequenos mamiferos e
neonatos humanos (56). O TAB é composto de muitos tipos de células, como os
adipdcitos - 0 mais abundante - e estroma vascular, o qual inclui os macréfagos (57).

A funcionalidade das células do tecido adiposo estd associada a capacidade
de tamponar o excesso de energia consumida atraves da dieta e de fornecer acidos
graxos como fonte de energia quando requisitado pelo organismo (50). Estes
processos envolvem a integracdo de varias rotas bioquimicas, como a lipogénese, a
lipdlise e a oxidacdo dos AG (56).

Dentre as células que formam o tecido adiposo os adipdcitos possuem
propriedades inflamatérias intrinsecas significativas, sendo igualmente sensiveis a
agentes infecciosos e a sinais inflamatérios mediados por citocinas (50). Expressam
receptores que lhes permitem detectar a presenca de patégenos e de mediadores
inflamatorios. Os adipdécitos produzem proteinas denominadas adipocinas. Embora o
tecido adiposo secrete uma variedade de outros fatores, somente leptina e
adiponectina (possivelmente, resistina, adipsina, e Vvisfatina) s&o produzidos
principalmente pelos adipdcitos, sendo que as demais podem ser produzidas por
varios outros tipos celulares (55). A funcionalidade do adipécito depende da sua
capacidade para responder aos sinais externos fornecidos principalmente por
horménios como insulina, glucagon ou adrenalina e também por sinal autécrino ou
parécrino que pode ser fornecido pelo mesmo adip6citos ou por adipécitos
circundantes, tais como os macréfagos (58, 59).

No entanto, a visdo completa da funcionalidade dos adipdocitos é muito maior
do que a nossa compreenséo atual da biologia do tecido adiposo. Esse desequilibrio
na funcionalidade esta associado a diversas anormalidades, como a sindrome
metabdlica e muitas outras consequéncias clinicas relacionadas a funcéo do tecido
adiposo que envolvem a oxidagcdo de AG, secrecdo anormal de adipocinas, o
estresse oxidativo e a resposta inflamatéria (53). Assim, a falta ou o excesso de
tecido adiposo é prejudicial para a manutencdo do equilibrio no armazenamento e
na utilizacdo de fontes de energia pelo organismo. Em relacdo a presenca de
macrofagos no TAB, pode-se dizer que estd diretamente correlacionada com a

adiposidade e com o tamanho dos adipdcitos (60).
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Em pessoas obesas, observa-se que os macrofagos presentes no TAB
produzem niveis mais elevados de marcadores inflamatorios como PCR, TNF-q, IL-6
e quimiocinas em comparagao com pessoas eutroficas e magras. Ao mesmo tempo,
a producédo de adiponectina pelos adipécitos € reduzida, possivelmente devido a
regulacao de niveis locais de TNF-a (55).

N&o obstante, estudos tém demonstrado que a obesidade esti associada a
infiltracdo de macrdéfagos, um resultado que lanca uma nova luz na compreensao da
obesidade relacionada a inflamacédo (58, 61). Os macrofagos podem ser ativados
por uma variedade de estimulos, incluindo as citocinas das células Ty
imunologicamente ativadas, o interferferon-y (INFy), ou por estimulos nao
imunologicos, como as endotoxinas, a fibronectina e mediadores quimicos (62).
Quando ha ativacdo dos macrofagos, estes acabam liberando o éxido nitrico sintase
induzivel (INOS) e citocinas pro-inflamatorias, tais como TNF- a, IL-6 e IL-1B3, que
aumentam a producdo de proteinas de fase aguda, entre as quais estdo o inibidor
ativador de plasminogénio-1 (PAI-1), a PCR e a hepatoglobina (63, 64).

A ativacdo dos macréfagos em locais de inflamacéo é tipicamente transitoria,
dando lugar aos processos de reparacéo que restabelecem a funcao local do tecido.
Os macréfagos e os adipdcitos ndo sé contribuem independentemente para o estado
de inflamacé&o local no TA, como também estimulam sinergicamente a atividade
inflamatoria um do outro (64).

O aumento do numero de macrofagos no TA, observado na obesidade, é o
resultado de uma maior infiltracdo de mondcitos circulantes e da conversao dos pré-
adipdcitos residentes em macrofagos (65). O acumulo de lipidios leva a hipertrofia
dos adipdcitos, iniciando um estado de estresse celular e ativacdo de vias proé-
inflamatorias, especialmente o fator nuclear-B (NF-B). Isto resulta na producdo de
adipdcitos regulada positivamente por adipocinas pré-inflamatérias (53). Entretanto,
os sinais inflamatérios oriundos dos adipdcitos induzem a uma elevacdo nos niveis
de IL-6 e TNF-a em macréfagos nao ativados in vitro (66). Nao obstante, os
adipécitos expressam o fator de crescimento celular (CSF-1) através dos mondcitos
macrofagicos criando um ambiente favoravel para os mondcitos no TA, que se
diferenciam e sobrevivem nestas condigdes (62).

Como referido anteriormente, o aumento da quantidade de TA esta

intrinsecamente relacionado a uma elevagéo das citocinas pro-inflamatérias (IL- 6 e
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TNF-a) envolvidas no estado de inflamacdo de baixa intensidade em pessoas
obesas. Estas citocinas aumentam a producdo de PCR pelo figado, local onde é
sintetizada, podendo considerar-se que seja este 0 responsavel pelo aumento de
monaocitos no sangue (55, 67).

A inflamacdo ¢€é uma resposta fisiolégica necesséria para o
reestabelecimento da homeostase alterada por diversos estimulos. No entanto, a
inflamacédo de baixa intensidade ou uma resposta excessiva podera causar ao
organismo efeitos deletérios (68). Ademais, a presenca de inflamacéo sistémica de
baixa intensidade vinculada a obesidade também tem sido associada ao aumento do
risco de desenvolvimento de CVD, DM 2, a resisténcia insulinica e a aterosclerose,
dentre outras enfermidades (51, 69).

Cabe ressaltar que a inflamacdo de baixa intensidade ocorre também em
pessoas idosas, obesas ou ndo. Outro ponto que merece atencao quando cuidamos
de pessoas idosas e obesas é o aumento dos parametros inflamatérios de forma

latente comumente descrita acima como inflamacé&o de baixa intensidade (70).

3.2.2 O sistema imunitario no envelhecimento

Embora ocorra um aumento dos parametros inflamatorios na corrente
sanguinea devido ao envelhecimento, cabe salientar que a inflamacédo de baixa
intensidade apresentada em idosos difere da inflamacgéao patogénica (71-73). Nesta,
ocorre uma reacéo sistémica as infec¢cdes — os macréfagos secretam citocinas em
resposta a infeccdo sendo evidenciada pelo aumento da producédo de TNF-a, IL-1B e
de quimiocinas que atuam em células endoteliais e leucécitos (74).
Consequentemente, ha uma elevacao nos niveis sistémicos de TNF-a, IL-1B, IL-6 e
de proteinas de fase aguda como a PCR e a proteina sérica amiloide. As proteinas
de fase aguda tem por funcdo promover o recrutamento e a ativacdo das células
brancas no foco inflamatério. A hipertermia € um sinal clinico evidenciado, e
alteracbes bioquimicas como a granulocitose e alteragbes na velocidade de
hemossedimentagcéo (VHS) podem ocorrer. Normalmente, a inflamacgéo patogénica
ocorre por algumas horas, podendo permanecer por alguns dias, até que o patdgeno
seja eliminado (75, 76).

No estado inflamatorio, desenvolvido no envelhecimento, ocorre uma
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ativacdo imunoldgica persistente dos macrofagos que, por sua vez, estimulam a
liberac@o de citocinas, mantendo-as constantemente na circulacdo sanguinea em
niveis mais baixos (76). A inflamacdo de baixa intensidade presente em idosos é
caracterizada pelo aumento dos niveis sistémicos e constante de algumas citocinas
como a IL-6, TNF-q, IL-13 e PCR(77).

Ha evidéncias de que a presenca desta inflamacgéo encontra-se envolvida na
patogénese de varias doencas relacionadas com a idade, como doenca de
Alzheimer, aterosclerose, diabetes, sarcopenia e cancer, uma vez que todas
possuem um importante componente inflamatério (78). Uma ampla gama de fatores
tem sido apontada como contribuintes para este estado, incluindo um aumento da
guantidade de tecido adiposo, diminuicdo da producdo de hormoénios sexuais,
tabagismo e doencas cronicas como a aterosclerose (79).

Os niveis plasmaticos de TNF-a foram positivamente correlacionados com
IL-6, receptor soluvel do fator de necrose tumoral Il (STNFR-II), e PCR em 126
centenarianos, indicando uma ativacdo inter-relacionada de toda cascata
inflamatdria. No mesmo estudo, ndo foi observado um aumento acentuado dos
marcadores inflamatérios nos idosos saudaveis bem como estes niveis estavam
bem abaixo dos indicados em infec¢cdes agudas (80). No entanto, a causa mais
importante do estado proé-inflamatério em idosos parece ser desempenhado pelo
estresse antigénico crbénico, principalmente quando associado aos aspectos
genéticos predisponentes (78, 81-83).

Na literatura, esse estado inflamatoério de baixa intensidade foi denominado
‘inflammaging” e agrava-se com o passar dos anos, 0 que pode ser observado
através da diminuicdo da memoria das células T e na producdo de células B,
involucao do timo e aumento da producéo de citocinas. Ademais, o inflammaging é
uma consequéncia do envelhecimento dos macréfagos, sendo que o aumento do
nivel das citocinas inflamatérias no organismo é causada por uma estimulacédo
cronica destas células durante a fase adulta, demonstrado por Franceschi et al. (78)

na Figura 2.
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Elevado estado proinflamatorio

Figura 2 - Conceito de inflammanging.
Fonte: Adaptado de Franceschi et al. (78)

Observou-se em um estudo que as células mononucleares do sangue dos
idosos foram capazes de produzir maior quantidade de citocinas pro-inflamatéria do
que quando comparadas com as células de individuos jovens (84). O Inflammaging
tem sido demonstrado em individuos idosos saudaveis através do aumento dos
niveis citocinas inflamatérias IL-6, IL-15 e IL-8 na circulagdo sanguinea, incluindo
concentracOes elevadas de TNF-a (80), IL-6, receptor antagonista da IL-1 (IL-1ra),
STNFR, TNF-a (85, 86), PCR na fase aguda e a amildide sérica (SAA), bem como o
aumento de neutrdfilos (87).

As citocinas sao produzidas por diversos tipos de células da linhagem
hematopoiética, incluindo macrofagos, células T, células B, mastdcitos, células
dendriticas e as células Natural Killers, e também por células ndo hematopoiéticas,
como os hepatécitos, as células epiteliais e os fibroblastos (50).

As citocinas pro-inflamatérias, como IL-183, IL- 6 e TNF-a, podem induzir as
respostas inflamatérias agudas ou cronicas. A inflamag¢do aguda é, por sua vez,
controlada pelos inibidores, que podem ser classificados em trés estagios. Em
primeiro, as citocinas anti-inflamatérias, tais como o IL-10, IL-4, que reduzem
diretamente a producdo de citocinas proé-inflamatérias. Em segundo, os receptores
soluveis das citocinas, tais como IL-1ra e TNF, que inibem a ligacéo de células aos

receptores. E no terceiro estagio ocorre a liberacdo do CFS a partir do tecido lesado



30

no intuito de auxiliar na proliferacdo, diferenciacdo e ativacdo de células
hematopoiéticas(88).

A interleucina 1 alfa (IL-1a) e a IL-1B tém indistinguiveis fungbes, e 0s seus
efeitos pro-inflamatérios sdo numerosos na maioria dos tipos celulares. No entanto,
a IL-18 é uma proteina segregada, enquanto a IL-la encontra-se geralmente
associada a célula, sendo expressa por queratinocitos (89).

A IL-1B é secretada por mondcitos no sangue e macréfagos no tecido
adiposo. Sua sintese € induzida por TNF-a, IFN-a, IFN-B e IFN-y, lipopolissacarideo
(LPS), virus e antigenos (90). As suas fung¢fes incluem inducéo da febre, resposta
inflamatéria no figado, proliferacdo de fibroblastos, producdo de anticorpos e
citocinas, angiogénese, metastase, producéo de proteinas de fase aguda por meio
da estimulacdo dos hepatdcitos e estimulo da hematopoese (91, 92). A IL-1ra
também esté envolvida na inflamagdo, em doengas autoimunes, na angiogénese, na
metéstase, na replicagéo viral, no choque séptico e na febre. Uma grande variedade
de agentes pode induzir a sua producdo, entre os quais, endotoxinas, Vvirus,
citocinas e drogas (93).

Cabe ressaltar que os adipdcitos e macréfagos contribuem para a producao
de IL-6 no TAB, embora o estimulo final para inducdo de IL-6 na presenca de
excesso de adiposidade seja desconhecido. Os niveis elevados de IL-6 sé&o
responsaveis pelo aumento em proteinas de fase aguda, tais como PCR, observada
em individuos obesos (87).

Expresso por macréfagos e adipocitos, a TNF-a tem seus niveis
aumentados no TAB de obesos e pode diretamente levar a resisténcia a insulina,
podendo ser considerado provavel mediador da resisténcia a insulina e diabetes tipo
Il associada com alta adiposidade visceral (79). Tem sido associado com a perda de
massa muscular em doencas inflamatoérias crbnicas, incluindo céancer, artrite
reumatoide e infeccdo por virus da imunodeficiéncia humana, dentre outras (94, 95).
E um peptideo pleiotropico que esta relacionado com o metabolismo lipidico, a
sinalizacdo de insulina, a apoptose dos adipocitos e a indugéo a secregdo de outras
citocinas IL-6 e IL-1B (96, 97). Enfatiza-se que a IL-6 e TNF-a sinergicamente
aumentam a lipogénese hepatica e podem desencadear uma resposta de fase

aguda sistémica (68).
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3.2.3. Alteracdes na composicao corporal

Dados recentes indicam que o tecido adiposo de pessoas obesas esta
infiltrado por macréfagos, podendo este ser a maior fonte da producado local de
citocinas pré-inflamatorias (64, 98). E interessante notar que a perda de peso esta
relacionada com a reducao da infiltracdo de macréfagos no TA e com a melhora do
perfil inflamatério (55) Porém, essa perda merece atencdo especial, devido a
diminuicdo de massa magra, bem como ao préprio agravamento quando ocorre em
mulheres menopausadas, pois as alteracées na composicao corporal decorrentes do
envelhecimento ndo sao lineares e ndo se ddo na mesma propor¢ao para ambos os
sexos. De fato, foi proposto que, em mulheres menopausadas, uma perda acelerada
de massa e forga muscular ocorre mais precocemente do que nos homens. Em
mulheres, foi evidenciada uma menor for¢ca na idade de 65-69 anos, enquanto que
nos homens a menor forca foi observada na faixa etaria de 85-89 anos (99, 100).

Adicionalmente, a prevaléncia de obesidade parece ser maior entre as
mulheres, inclusive na populagéo idosa. Cabrera e Jacob Filho (101), identificaram a
prevaléncia global de obesidade em idosos em Londrina/PR e observaram que
22,3% das mulheres sdo obesas - segundo esse estudo, em ambos 0S sexos 0
maior pico de obesidade ocorre entre 45 e 64 anos. Cabe ressaltar que ha um
namero elevado de mulheres idosas com sobrepeso e obesidade sendo relatado em
varios paises (102-104), o que, se associado as complicacdes, contribui para que a
obesidade venha sendo considerada um relevante problema mundial de saude
publica (105, 106).

As mudancas no perfil biofisico feminino ao longo dos anos, e
particularmente na fase climatérica, resultam em ganho ponderal com aumento da
gordura corporal pela obesidade e alteracbes na composi¢cdo e na distribuicdo do
tecido adiposo (107). Essas modificacdes, além de consideracbes estéticas,
associam-se a anormalidades metabdlicas implicadas na génese e na progressao
das CVD (108).

Outros pontos relevantes a serem considerados na composicéo corporal do
idoso, além do aumento de massa adiposa, S&0 a associagdo da sarcopenia e a
diminuicdo da forga muscular, que configuram uma condi¢do clinica definida como

obesidade sarcopénica (109-111). A obesidade sarcopénica vincula-se a limitacdes
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funcionais e ao aumento da mortalidade, e evidéncias sugerem uma correlagao
positiva entre obesidade sarcopénica e morbi-mortalidade (112). Apesar dos
avancos no conhecimento relacionado a interpretacbes dos dados na avaliacdo da
composicdo corporal em idosos, 0 excesso de massa adiposa observada em
individuos com obesidade foi considerado por muito tempo apenas como
consequéncia de um balanco caldrico positivo, desencadeado por demasiada
ingestao alimentar e falta de exercicios fisicos (105).

Assim, dentre os fatores que desempenham papel relevante na manutencéo
funcional, encontra-se a sarcopenia (113, 114), conforme demonstrado na Figura 3
por Silva et al. (115). A massa muscular geralmente contribui com até 50% do total
peso corporal em adultos jovens, mas diminui em até 25% em individuos com 75 a
80 anos (116, 117). A perda de massa muscular € normalmente compensada por
ganhos de massa gorda, sendo mais notada no grupo de musculo de membros
inferiores, com destaque na area transversal do muasculo vasto lateral, o qual reduz
em até 40% entre 20 e 80 anos (100, 109).

Fatores  Hormonais
Nutricionais
Metabdlicos
Imunoldgicos

vUnidades Motoras
vFibras Musculares - lMC‘SSU Muscular l Forca Muscular

Afrofia Muscular

Atividade ” l

Fisica .
Sarcopenia
‘ {

Fraqueza Imobilidade

Incapacidade e Perda de independéncia

Figura 3 - Fatores etioldgicos e consequéncias da sarcopenia.
Fonte: Silva et al. (115)

O cuidado a pessoas idosas deve considerar o aumento de peso e a

diminuicdo da capacidade funcional, bem como o seu perfil inflamatério conforme
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demonstrado por Zamboni et al. (106) (Figura 4).
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Figura 4 - Envelhecimento, ganho de peso e inflamagéo.
Fonte: Adaptado de Zamboni et al. (106)

Para a saude dos idosos, € essencial a manutencdo da independéncia e
participacdo na vida familiar e comunitaria (42). Estratégias que possam contribuir
para evitar ou retardar o aparecimento de doencas crénicas ndo transmissiveis e
metabolicas, como as cardiovasculares, obesidade, cancer e diabetes, vém sendo
apontadas na literatura (118).

N&do obstante, o comprometimento da capacidade funcional devido a
sarcopenia e ao aumento de massa gorda pode implicar alteracées na execuc¢ao das
atividades diarias, bem como na realizacdo do exercicio fisico, podendo levar o
idoso ao sedentarismo (119). Esta inatividade fisica, por sua vez, acarretara no
acumulo de gordura visceral, acompanhada por infiltracdo do tecido adiposo por
células imunes proé-inflamatérias, aumento da liberacdo de adipocinas e no
desenvolvimento de inflamagdo de baixa intensidade. O desfecho podera incitar o
desenvolvimento de doencas cronicas ndo transmissiveis, conforme demonstrado
por Pedersen (120) (Figura 5).
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Figura 5. Inatividade Fisica.
Fonte: Adaptado de Pedersen (120)

Pesquisas tém sido realizadas apontando alguns dos beneficios dos idosos
se manterem ativos e a contribuicdo desses no processo de um envelhecimento
saudavel (21, 121, 122). Na manutencdo da massa magra, questionamentos sobre o
tipo e a intensidade da atividade a ser prescrita a individuos idosos ainda

permanecem em discussao (123).

3.3 O EXERCICIO FISICO

Sendo recomendado por diferentes organizacdes de saude, o exercicio de
forca desempenha um papel fundamental nos programas de treinamento fisico,
auxiliando na manutencéo e evolucao da aptidao fisica (124-126). Pesquisas tém
indicado seus beneficios, assim como despontam novas perspectivas em relacéo a
aptidao fisica e a qualidade de vida (127, 128). Essas descobertas tornam-se de
grande relevancia, principalmente quando beneficiam uma populac¢do que precisa de
cuidados especiais, como cardiopatas, diabéticos, obesos e idosos (129-131).

Particularmente para individuos idosos, as pesquisas evidenciam que o
exercicio de forga pode ocasionar uma série de adaptacdes que podem auxiliar na

manutencdo ou no aumento dos diversos tipos de forca (forca maxima, forca de
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poténcia, forca de resisténcia), bem como no aumento da massa muscular e da
massa 6ssea (127, 128, 132-135), auxiliando, desta forma, na prevencao de quedas
(136), na melhora no sistema cardiopulmonar (131) e na diminuicdo do perfil lipidico
e da percentual de gordura corporal (130). Esta modalidade, quando prescrita a
populacao idosa, tem se mostrado segura e efetiva, sendo que a manipulagcdo das
diferentes variaveis, como intensidade, volume e tipo de agdo muscular, possui
influéncia na obtencéo dos resultados (137, 138).

Dentre as variaveis que devem ser observadas na prescricdo do exercicio a
idosos, podemos citar as agdes musculares, que se constituem em trés tipos: acao
concéntrica (AC), acao excéntrica (AE) e acdo isométrica (Al) (139). A AC acontece
guando a geracdo de tensao resulta em um visivel encurtamento no comprimento
muscular ou numa diminuicdo do angulo articular, ou seja, quando a forca gerada
pela musculatura esquelética é aplicada na mesma direcdo do deslocamento e
produz um trabalho positivo. Essa situacdo corresponde, por exemplo, ao ato de
levantar a carga durante o exercicio na cadeira extensora (140).

A Al ocorre quando o musculo gera tensdo, mas ndo existe alteracdo
externa perceptivel no comprimento muscular ou no angulo da articulacdo envolvida
no movimento, desta forma ocorrendo uma igualdade entre a resisténcia externa e a
forca interna produzida pelo musculo, por exemplo quando ficamos com a carga
suspensa na cadeira extensora (141).

Quando o musculo gera tensdo com aumento do angulo articular ou visivel
alongamento de seu comprimento acontece a AE, a forca aplicada pelo musculo é
oposta a direcdo do deslocamento e corresponde, por exemplo, ao movimento de
abaixar a carga na cadeira extensora (142).

Em comparacdo com as outras a¢cdes musculares, a acao excéntrica produz
uma quantidade maior de forca, o que advém da contribuicdo passiva dos elementos
constituintes da estrutura muscular, além do aporte ativo dos elementos contrateis
(142). As acdes musculares excéntricas ocorrem quando os musculos envolvidos no
movimento alongam-se de forma controlada e podem produzir dano muscular (140).

N&o obstante, a pratica regular de exercicio vem sendo utilizada como uma
modalidade terapéutica na prevencdo do aumento dos marcadores sistémicos de
inflamacgéo e dos processos degenerativos associados ao envelhecimento. Dentre

as diversas estratégias, o EFE vem sendo utilizado com uma boa aceitacdo no meio
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académico (143, 144).

3.3.1 O Exercicio de Forga Excéntrico e a Inflamacgéo

Uma variedade de fatores podem potencialmente influenciar na resposta
inflamatoria ao dano muscular apés o EFE. Estes fatores incluem idade, género,
volume e intensidade, a suplementacdo com antioxidante, a homeostase intracelular
de calcio e medicamentos anti-inflamatorios (145).

A influéncia da idade na resposta inflamatoria sistémica vem sendo relatada
ap0s 0 exercicio excéntrico, ressaltando-se um maior aumento no numero de
neutroéfilos circulantes nos individuos idosos do que em jovens, ambos submetidos
ao EFE (146). Quanto as citocinas, foi verificado que, apos a atividade excéntrica, a
concentracdo de IL-6 no plasma de jovens aumentou 9 vezes mais quando
comparado aos idosos (147).

O dano muscular parece ser semelhante entre homens e mulheres jovens,
embora a infiltragdo de leucdcitos no musculo ndo ocorra igualmente em ambos 0s
sexos (148). A infiltracdo de macrofagos aumentou em mulheres jovens ap0s duas
séries de atividade excéntrica mas ndo aumentou em homens (148, 149).

Estudos tém demonstrado que uma sessdo intensa de exercicio fisico
desempenha uma ac¢éo anti-inflamatéria, notadamente logo apés a realizacéo deste,
sendo que, a principal citocina envolvida nessa modulacédo € a IL-6 (145, 150).Esse
efeito anti-inflamatério é caracterizado pelo aumento plasmatico, subsequente das
citocinas IL-10 e dos receptores soluveis do TNF | e Il, induzidos pela IL-6, apos
uma sessao de exercicio fisico (70). Além disso, o efeito anti-inflamatério induzido
pela IL-6 tem se mostrado mais presente em determinados quadros patolégicos
como aterosclerose, diabetes tipo Il e obesidade, que apresentam o conjunto
caracterizado como inflamacdo sistémica crbnica de baixa intensidade, condicao
qualificada pelo acréscimo sistémico de até trés vezes nos niveis de citocinas pro-
inflamatorias e PCR (151).

Portanto, a IL-6, & considerada tanto uma citocina pro-inflamatoria quanto
anti-inflamatéria (152), sendo que a resposta desse peptideo ao exercicio é diferente
daquelas elucidadas em infec¢cdes. Uma explicagdo plausivel se deve ao fato de a

IL-18 e TNF-a ndo apresentarem um aumento sistémico com o exercicio, indicando,
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desta maneira, que a cascata de citocinas induzida pelo exercicio difere daquela
induzida pelas infec¢des (70, 153, 154).

Na resposta inflamatoéria local, o0 dano muscular resulta da concentracdo de
leucdcitos no sitio da injuria tecidual. Neutréfilos e macrofagos contribuem para a
degradacdo do dano muscular tecidual por liberarem espécies reativas do oxigénio e
nitrogénio e produzirem citocinas pro inflamatorias (155, 156). Dentre estas
citocinas, a IL-18 e a TNF-a sdo expressas no musculo até cinco dias apds o
exercicio e tém como funcéo iniciar a diminuicdo do dano muscular (145, 146).
Portanto, a resposta inflamatéria local dentro do musculo esquelético apés o
exercicio excéntrico é predominantemente pré-inflamatéria. No entanto, quando a
resposta ao EFE é sistémica, os niveis de IL-18 e TNF-a encontram-se
discretamente aumentados (120, 145). Por outro lado, uma resposta anti-inflamatoria
sistémica contundente ocorre ap0s 0 exercicio excéntrico e se expressa pela
elevacdo dos niveis plasmaticos de IL-1ra, IL-10 e STNFR (24, 70, 145) como

demonstrado na figura 6 por Petersen e Pedersen(70).

[ Exercicio ]

Anti-inflamatério

IL-10

-

IL-1ra \

Figura 6 - Efeito Anti-inflamatério do exercicio.
Fonte: Adaptado de Petersen e Pedersen(70)

O efeito do exercicio fisico pode ser explicado em parte, pelo resultado anti-
inflamatorio mediado pela producdo de IL-6 derivada do musculo esquelético
principalmente pela inibicdo na producdo de TNF-a, uma citocina tipicamente pro-
inflamatoria (120, 145, 157).

Quando ocorre o exercicio fisico, fibras musculares do tipo | e Il liberam a IL-
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6 que por sua vez exerce efeitos localmente dentro do musculo. Por exemplo, a IL-6
€ expressa através da ativacdo de proteina quinase ativada por mitogeno (AMP-
quinase) e, quando liberada para a circulacdo, perifericamente atua em Vvarios
orgaos de forma autocrina ou parécrina, podendo aumentar a absorcao de glicose, a
oxidacdo das gorduras, conforme demonstrado na figura 7 por Pedersen e Fischer
(150).

Circulagdo Sanguinea

‘ Glicogénese

Fibras tipo Il

Lipdlise

Figura 7 - Papel da IL-6 durante o exercicio fisico.
Fonte: Adaptado de Pedersen e Fischer (150)

Pesquisas buscam apontar relacdo entre os niveis de IL-6 produzidos em
individuos idosos e os diferentes genoétipos envolvendo o polimorfismo -174 C/G
desta citocina. No entanto, até o momento, os estudos realizados com relagdo ao
polimorfismo do nucleotideo unico (C—G) encontrado na posigdo -174 da regiao
promotora do gene para IL-6 e a associagcao das variacdes deste polimorfismo com
0s niveis séricos de IL-6, PCR, TNF-q, IL-1B e outros parametros inflamatorios ainda
nao foram totalmente esclarecidos, principalmente pdés-exercicio fisico, havendo
controvérsias na literatura (158, 159). Apesar disso, niveis de citocinas e outros
parametros inflamatérios parecem ser, ao menos em parte, geneticamente
determinados, o que poderia contribuir para explicar a suscetibilidade destas
pessoas as enfermidades como Alzheimer, cancer, diabetes mellitus, osteoporose,

entre outras (160).
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Roth et al. (161) pesquisaram sobre o gene do polimorfismo -174 G/C da IL-
6 e sua influéncia na forga e na massa muscular, encontrando uma associagcéo
desse polimorfismo com a massa muscular, mas ndo com a forca muscular. Porém,
outro estudo ndo encontrou nenhuma relacéo entre os niveis IL- 6, forca muscular e
fadiga com o gene do polimorfismo -174 G/C (162). Ademais, alguns estudos
sugerem que as pessoas apresentam respostas dispares quando realizam o EFE
(145, 163, 164).

Embora sejam apontadas na literatura evidéncias sobre a relacdo do
polimorfismo do nucleotideo unico (C—G) encontrado na posigdo -174 da regiao
promotora do gene para IL-6 e a resposta aguda e crénica com o tipo de exercicio
existem controvérsias no que diz respeito a alteracdo dos niveis séricos de IL-6,
PCR, TNF-a e IL-13 (31-33).

Sendo assim, h& necessidade de outras pesquisas que possam elucidar a
influéncia do polimorfismo -174C/G da IL-6 nos niveis séricos de IL-6, PCR, TNF-a e
IL-18 com a utilizacdo do EFE, especialmente em mulheres, idosas e obesas, objeto

desta investigacao.
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4 METODOS
4.1 DELINEAMENTO

A presente pesquisa foi de carater quase experimental e de natureza
guantitativa, com populacdo de 60 anos ou mais, com excesso de massa adiposa,
residentes na comunidade de Ceilandia e Taguatinga — Brasilia/DF — e do sexo
feminino. As varidveis avaliadas foram o modelo de EFE, o polimorfismo do gene
promotor -174 C/G da IL-6, marcador de dano muscular e os marcadores

imunologicos, tais como IL-6, IL-1B, TNF- a e PCR.

4.2 AMOSTRA

As participantes foram convidadas a fazerem parte da pesquisa por meio de
palestras nos Centros de Saude n° 07 e 11 de Ceilandia e nas reunifes do
Programa Universidade da Terceira Idade, desenvolvido pela Universidade Catélica
de Brasilia (UCB). Ap6s aceitarem participar do estudo, as idosas assinaram o
Termo de Consentimento Livre e Esclarecido (Apéndice A). Posteriormente, cada
voluntaria foi submetida a consulta de enfermagem, avaliacdo da composicéo
corporal, avaliagdo ortopédica, avaliacdo cardiolégica e avaliacdo pulmonar, antes
do inicio do programa de treinamento de forca excéntrico.

As mulheres idosas selecionadas para constituirem a amostra atendiam aos
seguintes critérios de inclusdo: diagnostico de obesidade determinada pela
Absortometria Radiolégica de Dupla Energia (DXA); ndo estar utilizando terapia de
reposicao hormonal e medicamentos que pudessem interferir nos niveis sanguineos
de citocinas, que fossem consideradas sedentarias, segundo avaliacdo pelo
Questionario Internacional de Atividade Fisica (IPAQ) na versdo curta (Anexo A);
nao apresentar manifestacdo de doenca cardiovascular detectada por alteracdo no
eletrocardiograma e pelos niveis pressoricos alterados durante afericdo da presséo
arterial na execucdo do EFE; ndo apresentar distarbio pulmonar, avaliado segundo a
ausculta pulmonar; ndo possuir problemas osteomusculares que fossem impeditivos
para a realizacdo do EFE ou que pudessem agravar o dano osteoarticular
apresentado na avaliagdo ortopédica. Abaixo, segue o fluxograma com a

metodologia do estudo (Figura 8).
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Figura 8 - Fluxograma dos procedimentos metodoldgicos da pesquisa.
Fonte: Brasilia, 2014.
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4.3 COLETA DE DADOS

Na primeira fase que compreende a consulta de enfermagem até a
avaliagdo antropométrica foi executada em quatro meses, foram realizados
procedimentos para inclusédo das idosas na pesquisa, 0S quais descrevemos a
seqguir:

A consulta de enfermagem foi realizada nos Centros de Saude n® 07 e 11 de
Ceilandia e no consultério do Laboratério de Educacdo Fisica da UCB. Foram
coletadas informagBes sociodemogréaficas, histdria clinica pregressa, habitos de
vida, avaliacéo nutricional por meio da verificacdo do indice de Massa Corporal e 0s
medicamentos utilizados. Durante a anamnese, foi realizada ausculta cardiaca para
verificar a presenga de bulhas anormais, bem como a afericdo da presséo arterial
conforme descrito nas VI Diretrizes Brasileiras de Hipertensao Arterial (165). Na
ausculta pulmonar, foi possivel verificar anormalidades de ruidos como, por
exemplo, sibilos e roncos, o que comprometia a capacidade pulmonar da idosa,
tornando invidvel a sua participacdo na pesquisa. O instrumento adotado na consulta
de enfermagem encontra-se no Apéndice B.

A realizacdo da DXA para determinacao da composicado corporal. O exame
foi realizado em equipamento da marca General Electric-GE, modelo 8548 BX1L,
ano 2005, tipo Lunar DPX, com software programa Encore 2005, do Laboratério da
Faculdade de Educacdo Fisica da Universidade de Brasilia (Figura 9). Todas as
avaliacOes foram realizadas pelo mesmo técnico, o qual era treinado para realizacéo
desses exames.

Para executar o procedimento, as voluntarias retiraram todos os pertences
de metais (pulseiras, brincos, anéis, alianca, etc.), posicionaram as participantes em
decubito dorsal sobre a mesa do equipamento, de forma que ficassem totalmente
centralizadas em relacdo as laterais da mesa. As voluntarias foram instruidas a se
disporem com os membros inferiores estendidos, sendo utilizada uma fita de velcro
para manter os membros inferiores préximos e dar suporte aos pes, de forma que
esses ficassem numa angulacdo de aproximadamente 45° em relacdo ao plano
vertical. Os membros superiores permaneciam estendidos e posicionados ao longo
do corpo, sem que houvesse contato com o tronco.

Os tecidos foram fracionados em massa gorda (MG) e massa livre de

gordura (MLG). Os membros superiores e inferiores foram isolados do tronco e da
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cabeca por meio de linhas geradas pelo programa, as quais, em seguida, foram
manualmente ajustadas com precisdo. Linhas verticais nas articulagdes dos ombros
separaram 0s membros superiores do tronco, enquanto linhas anguladas nas
articulacbes coxofemorais isolaram os membros inferiores do tronco.

Além de o equipamento fornecer valores de MLG e MG do corpo inteiro,
forneceu também valores de MLG e MG para as seguintes regifes corporais:
membros superiores, membros inferiores e tronco. A obesidade foi determinada por
DXA, e os valores percentuais de gordura corporal foram distribuidos de acordo com
as recomendacdes de Bouchard (166), assumindo-se um ponto de corte maior ou

igual a 35% para mulheres obesas.

Figura 9 - Aparelho de DXA utilizado para avaliagdo da
composicao corporal.
Fonte: Acervo pessoal

A segunda fase da pesquisa consistiu na avaliacdo cardiaca e do sistema
locomotor e compreendeu o periodo de dois meses. A avaliacdo cardiaca foi
realizada por um médico por meio de exame de eletrocardiograma, visando
descartar alteracbes que pudessem comprometer o estado de saude das idosas ao
participarem das atividades previstas no projeto. A avaliacdo do sistema locomotor
realizada pelo fisioterapeuta visou garantir a integridade do sistema
musculoesquelético das participantes, bem como certificar que o EFE néo seria
prejudicial ou que alguma disfuncdo nesse sistema interferiria no desempenho do
mesmo (Anexo B). A avaliacdo cardiolégica e ortopédica ocorreu no Laboratorio de

Educacéo Fisica da UCB.
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A terceira fase consistiu na coleta de sangue para citocinas e do marcador
de dano muscular CK nos momentos pré-exercicio, 0 hora, 3 horas, 24 horas e 48
horas apds o término do exercicio.

Para andlise dos parametros bioquimicos e imunologicos, antes e apdés
iniciar a sessao de treinamento de forca excéntrica, foi realizada a coleta de 25 ml
de sangue da veia ante cubital em tubos a vacuo para a realizacédo das dosagens de
citocinas e creatina quinase, além dos testes de determinagcdo do polimorfismo de
IL-6, o qual foi realizado somente no momento pré-intervencao.

A mensuracdo de IL-6, IL-1 B e TNF-a foi realizada pelo método ELISA
(Enzyme-Linked Immunosorbent Assay), de acordo com as especificacdes do kit de
alta sensibilidade R&D Systems Quantikine. Foram determinados o coeficiente de
variagao intraensaio (CV) e a sensibilidade. As medidas foram realizadas em
triplicata, sendo reportados os valores médios. Foram seguidos os procedimento
evidenciados por Harris (167) para averiguar os niveis de IL-6, pontuando uma
condicao sérica elevada para 2,08 pg/ml. Para PCR foi considerado o valor de 2.78
mg/dl conforme descrito pelo mesmo autor.

Para o TNFa, foi adotado o valor de referéncia descrito pelo fabricante,
segundo o qual, até 4,12 pg/ml sdo considerados normais.

Para a IL-1pB, foi adotado o valor de referéncia descrito pelo fabricante: para
deteccdo da concentracdo minima detectavel esperada foi de 0,5 pg/ml.

Para dosagem sérica da PCR, foi utilizado o método de aglutinacdo por
latex, seguindo os procedimentos estabelecidos pelo fabricante Human GMBH.

Para verificar o dano muscular, foi realizada foram coletados 5 ml de
dosagem sérica de CK ap6s o término da sessdo e para analise utilizou-se a
metodologia cinético-espectrofotométrica.

A andlise do polimorfismo de IL-6 DNA genbmico total foi obtida a partir de
leucdcitos sanguineos, conforme orientacdo da empresa Qiagen. A frequéncia dos
haplétipos C/G foi determinada por meio da técnica de analise de fragmentos de
restricdo obtidos pela reacdo em cadeia da polimerase (PCR-RFLP), conforme
metodologia descrita por Olomolaiye (168). A Figura 10 demonstra a extracdo de

DNA, e a Figura 11, a reacdo em cadeia da polimerase.
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Figura 10 - Foto gel de agarose extracéo de DNA sangue total, de 16 sujeitos.
Fonte: Dados da Pesquisa

Figura 11 - Foto gel de agarose PCR, para 13 sujeitos.
Fonte: Dados da Pesquisa

O DNA é composto por duas fitas, a principal (forward ou sense) e a
complementar (reverse ou antisense). Apés o sequenciamento do produto de PCR
com o primer reverse, foi analisada a fita complementar. Para utilizagdo dos dados,
analisou-se a fita principal; por isso, identificou-se, no sequenciamento, o genoétipo
G/G, utilizou-se a nomenclatura C/C, pois o nucleotideo G é da fita complementar, e
o C é da fita principal, uma vez que G liga-se com C (ou C com G) e T com A (ou A
com T) (Figuras 12, 13, 14).



Figura 12 - Foto sequenciamento, presenca genétipo G/G.
Fonte: Dados da Pesquisa

Figura 13 - Foto sequenciamento, presenca gendtipo G/C.
Fonte: Dados da Pesquisa

Figura 14 - Foto sequenciamento, presenca genétipo C/C.
Fonte: Dados da Pesquisa
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Na quarta fase do estudo, foram realizados os procedimentos de avaliagao
de forca maxima e a aplicacdo do EFE compreendendo o periodo em 15 dias entre
0 inicio desta fase e o término.

O teste de 10 RM realizado na cadeira extensora de forma bilateral foi
utiizado para avaliar a forca maxima. Primeiramente, as idosas realizaram o
aguecimento geral com duracdo de 10 minutos de esteira em intensidade leve;
posteriormente, foram submetidas a oito repeticdes com 50% de carga de 10RM
(Figura 15). A carga foi estimada de acordo com a capacidade de cada participante
verificada na sessao de adaptacao realizada nos dois dias anteriores, em que, apos
um minuto de intervalo, foram realizadas trés repeticoes com 70% de 10RM
estimada. Depois de trés minutos, as tentativas subsequentes foram realizadas com
cargas progressivamente mais pesadas, até que a carga de 10RM fosse
determinada, com um maéaximo de trés tentativas, entre trés a cinco minutos de
intervalo entre cada tentativa. As padronizacdes das angulagées e movimentos dos
exercicios foram conduzidas de acordo com as descricfes de Brown e Weir (169).

Para certificar que as 10RM pré-treinamento foram ajustadas antes do inicio
do EFE, a correlagao intraclasse foi determinada entre a segunda e a terceira
tentativa do teste de 10RM. A maior carga encontrada no teste de 10RM foi

determinada a partir das ultimas duas tentativas e foi tomada como medida inicial.

Figura 15 - Aplicacdo do teste de 10 RM.
Fonte: Dados da Pesquisa

Cabe salientar que foram adotadas as seguintes estratégias para reduzir a
diferenca de erro na realizagéo do teste de 10 RM, como propde Tibana (170): a)

instrugcdes padrdo foram dadas antes da realizacdo do teste, de modo que a
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voluntaria estivesse ciente de toda a rotina que envolvia a coleta de dados; b) a
voluntéaria foi instruida sobre a realizacdo do exercicio, ¢) o avaliador estava ciente
da posicado adotada pelo praticante no momento do teste, uma vez que pequenas
variacbes no posicionamento das articulacdes envolvidas no movimento poderiam
acionar outros musculos, levando a erros de interpretacdo dos escores obtidos; d )
as voluntarias foram estimuladas verbalmente com o objetivo de manter a sua
motivacdo; e) a carga adicional utilizada no estudo foi previamente medida numa
balanca de preciséo.

As idosas foram orientadas a nao ingerir qualquer substancia estimulante
(cafeina ou alcool) e nao realizar exercicio fisico na semana anterior a dos testes.

ApoOs dois dias de descanso, no mesmo horario em que realizaram o treino
de avaliacdo, as idosas foram submetidas a uma série de aquecimento geral em
cicloergbmetro de membros inferiores durante 10 minutos, a 60 RPM e 50W
conforme demonstrado na Figura 16. Posteriormente, foi realizado o aquecimento
especifico de 10 repeticdes a 50% de 10RM, com intervalo de 3 minutos. A sessao
de EFE na cadeira extensora bilateral foi realizada a 110% de 10RM, somente na
fase excéntrica, sendo a fase concéntrica executada pelo avaliador (Figura 17).
Foram utilizadas sete séries de 10 repeticdes, com descanso passivo de 3 minutos
entre as séries e com intervalos de 2 segundos entre cada repeticdo. O EFE foi
adaptado de Willoughby, McFarlin e Bois (171).

Figura 16 - Aquecimento geral em cicloergbmetro.
Fonte: Dados da Pesquisa
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Figura 17 - Aplicacéo do exercicio de forgca excéntrico.
Fonte: Dados da Pesquisa.

4.4 ORGANIZACAO E ANALISE DOS DADOS
4.4.1 Variaveis do estudo

As Variaveis Independentes Ativas sdo exercicio de for¢ca excéntrico e o
polimorfismo C/G da posi¢éo -174 da IL-6.

As variaveis dependentes sdo: 0 aumento da creatina quinase, elevacao
sistétmica da IL-6 sérica, PCR, diminuicdo da IL-13 e do TNF-a e as variaveis

intervenientes foram doencas, local e horério do treino.

4.4.2 Andlise Estatistica

Os dados sociodemograficos e os referentes ao histérico clinico séo
apresentados de forma descritiva e segundo as suas frequéncias absolutas e
relativas. Os dados continuos foram expressos em média + erro padrao (EP). Para
comparar as frequéncias dos genotipos as idosas (n=90), foi realizado o teste de
equilibrio de Hardy-Weinberg. utilizando um teste de y?, e o teste de Shapiro-Wilk foi
utilizado para verificar a distribuicdo de normalidade das varidveis do estudo. No
caso de distribuicdo ndo normal, foi realizada uma transformacao logaritmica. O
teste ANOVA de modelos mistos foi utilizado para comparar a atividade dos fatores

inflamatodrios entre genotipos e ao longo de 48 horas pdés-exercicio. O teste de
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Mauchley foi utilizado para verificar a esfericidade. Quando a suposicdo de
esfericidade néo foi cumprida, a significancia F-ratio foi ajustada de acordo com o
procedimento de Greenhouse-Geisser. O post-hoc teste de Tukey com ajuste de
Bonferroni foi aplicado no caso de significancia. Comparacdes isoladas entre
gendtipos foram realizadas pelo teste t ndo pareado. Os valores integrais dos
parametros inflamatorios foram calculados como a area sob a curva, entre os pontos
de tempo de 0 e 48 horas. O nivel de significancia foi de p < 0,05, e foi utilizado o
SPSS versao 20.0 (Somers, NY, EUA).

4.5 PRECEITOS ETICOS

Este projeto foi submetido ao Comité de Etica em Pesquisa da Secretaria de
Estado de Saude do Distrito Federal e aprovado com o numero de protocolo
035/2011 (Anexo C).

As participantes foram informadas sobre os objetivos da pesquisa e a
confidencialidade dos dados. Apés concordarem em participar do estudo, assinaram
o Termo de Consentimento Livre e Esclarecido, concordando em patrticipar da coleta
de dados conforme a Resoluc¢do do Conselho Nacional de Saude n° 196/1996.

Todas foram esclarecidas sobre os riscos e 0s beneficios da pesquisa e
comunicadas de que podem solicitar informacfes sobre a pesquisa em qualquer
momento. Foram informadas de que poderiam retirar-se da pesquisa e nao permitir
a utilizacdo de seus dados na publicacdo quando lhes conviesse. Também foi
explicado que, em caso de nédo utilizacdo de toda a amostra sanguinea coletada,
estas seriam desprezadas em local apropriado.

Ressalta-se que, nos casos em que as idosas manifestaram interesse em
continuar a praticar exercicio fisico com orientacdo dos profissionais de saude, sem
onus para as mesmas, foram encaminhadas para Universidade da Terceira Idade,

um programa desenvolvido pela UCB.
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6 RESULTADOS
6.1 CARACTERIZACOES DA AMOSTRA

Inicialmente, a populacdo foi constituida de 280 idosas, das quais foram
excluidas do estudo 64 pelos seguintes motivos: uso de medicamentos que
poderiam interferir nos niveis de citocinas (n=28), presenca de sibilos na ausculta
pulmonar (n=3), praticar regulamente exercicio fisico (n=9) e ndo ser obesas (n=24).

Das 216 mulheres restantes, 20 apresentaram alteracdes no
eletrocardiograma, 42 nos niveis pressoricos alterados e 64 nao foram consideradas
aptas pelo fisioterapeuta na avaliacdo ortopédica.

Em relagdo ao perfil sociodemografico verificou-se que a média de idades foi
de 69,4 +6,1 (n=90), e a maioria delas era vilva 67,4 % (n=60). Em relacdo a
variavel escolaridade 2,2% (n=2) ndo eram alfabetizadas, 95,6% (n=86) possuiam 1°
Grau incompleto e 2,2% (n=2 ) possuiam o 2° Grau incompleto. A maioria delas era
aposentada (n=62) e recebia até 2 salarios minimos (n= 79). No que diz respeito as
comorbidades declaradas, foi observado que 48,9% (n=44) era portadora de HAS,
6,7% (n=6) tinham Diabetes Mellitus, 12,2 % (n=11) Hipercolosteremia, 12,2 %
Osteosporose e 0 6,7% Hipertireoidismo.

A Tabela 1 apresenta os parametros antropométricos e inflamatérios das

idosas sem considerar 0s genotipos, a fim de caracterizar a amostra estudada.

Tabela 1 - Parametros antropométricos e inflamatérios da amostra -

Brasilia, 2014

Média EP
Altura, cm 153,2 0,8
Massa corporal, kg 63,6 15
Percentual de gordura, % 41,2 0,6
Massa magra, kg 35,7 0,4
IMC, kg/m? 27,0 0,7
Teste de 10 RM, kg 36,8 1,0
Concentragéo de CK (U/l) 100,6 5,0
Concentracgédo de IL-6 (pg/ml) 5,23 0,8
Concentracéo de IL-1B (pg/ml) 0,78 0,1
Concentracéo de TNF-a (pg/ml) 8,52 1,7
Concentracéo de PCR (mg/dl) 0,33 0,04

IMC, indice de massa corporal; RM, repeticbes maximas; concentracdo das
citocinas refere-se ao valor basal. Fonte: Dados da Pesquisa
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Na Tabela 2, sdo apresentadas as médias pertinentes as concentracdes de
IL-6, IL-1B, TNF-a e PCR nos tempos do pré-exercicio ou seja seu valor basal, logo
apos o exercicio (0 hora), 3 horas apos, 24 horas apés e 48 horas apoés o EFE sem

considerar os genotipos.

Tabela 2 - Concentracdo média de CK e dos parametros inflamatdérios - Brasilia,

2014
Média EP
Concentragéo de CK (U/l)
Pré-exercicio 100,6 5,0
0 Hora 101,0 6,2
3Horas 101,21 6,01
24 Horas 114,8* 7,4
48 Horas 122,5* 9,7
Concentracédo de IL-6 (pg/ml)
Pré-exercicio 5,23 0,82
0 Hora 4,85 0,83
3Horas 4,99 0,58
24 Horas 411 0,54
48 Horas 4,52 0,77
Concentracédo de IL-1f (pg/ml)
Pré-exercicio 0,78 0,14
0 Hora 0,89 0,22
3Horas 0,90 0,14
24 Horas 1,03 0,23
48 Horas 0,87 0,13
Concentracéo de TNF-a (pg/ml)
Pré-exercicio 8,52 1,74
0 Hora 8,77 1,66
3Horas 8,99 2,05
24 Horas 8,10 1,92
48 Horas 8,16 1,87
Concentragdo de PCR (mg/dl)
Pré-exercicio 0,33 0,04
3 Horas 0,29 0,03

*Diferenca estatisticamente significativa para pré-exercicio, 0 horas e 3 horas.
Fonte: Dados da Pesquisa

Os dados sobre as frequéncias de alelos dos genétipos para o polimorfismo
do nucleotideo unico (C—G) encontrado na posigéo -174 da regido promotora do

gene para IL-6 no presente estudo sdo mostrados na tabela 3.
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Tabela 3 - Frequéncias alélicas e genotipicas do polimorfismo do gene da IL-6 -

Brasilia, 2014.
Frequéncias
Frequéncia alélica* C 0,30 (37)
G 0,70 (87)
Frequéncia genotipica CcC 0,03 (3)
CG 0,38 (34)
GG 0,59 (53)

Valores em frequéncias relativas e absolutas (entre paréntesis). *y? = 4.44; graus
de liberdade = 1; p = 0.035. Fonte: Dados da Pesquisa

As frequéncias alélicas e gendtipo diferem quanto ao equilibrio de Hardy-
Weinberg (x* = 4,44, p = 0,035). Verificou-se uma frequéncia maior para o genétipo
de homozigotos GG e menor de homozigotos CC. Considerando a frequéncia muito
baixa de portadores homozigotos CC, eles foram agrupados com o heterozigoto CG

para efeito de andlise.

6.2 CARAQTERISTICAS DA AMOSTRA CONFORME O POLIMORFISMO DO
NUCLEOTIDEO UNICO (C—G) ENCONTRADO NA POSICAO -174 DA REGIAO
PROMOTORA DO GENE PARA IL-6

N&do houve diferenca nas medidas antropométricas e de forca entre os
gendtipos de IL-6 (tabela 4). A atividade de CK em resposta ao EFE € mostrada na
figura 18. Ndo ocorreu uma interacao estatisticamente significativa entre o genoétipo
e tempo de andlise na concentracdo de CK, F(3,317, 274,316) = 0,354, p = 0,794. A
concentracdo da CK nas condi¢cdes pré-intervencdo e poés-exercicio nao foi
significativamente diferente (p > 0,05) entre os gendtipos. O EFE induziu alteracbes
significativas na concentracdo de CK apenas para o genétipo GG ao longo do
tempo, F(2,619, 136,173) = 5,199, p = 0.003, com a concentracdo de CK
aumentando de 106,8 + 6,9 U/l pré-intervencédo para 122,7 + 11,2 U/l ap6s 24 horas
e 131,9 + 14,4 U/l ap0Gs 48 horas pos-exercicio. Contrariamente, o protocolo de EFE
nao induziu nenhuma alteracdo significativa na concentracdo de CK para o grupo
CCICG, F(4, 144) = 1,776, p = 0,137, apesar de uma tendéncia para aumentar apos

o exercicio (91,8 = 7,2 U/l pré-intervengéo para 109,1 + 11,5 U/l 48 h pGs-exercicio).
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Tabela 4 - Caracteristicas fisicas dos sujeitos por grupo de gendétipo de IL-6 - Brasilia,
2014.

GG CCICG p
(n =53) (n=37)
Idade, anos 68,9+0,8 70,2+1,0 0,310
Altura, cm 152,6 £ 0,9 154,1+1,6 0,412
Massa corporal, kg 64,1+1,6 65,1+2,1 0,683
Percentual de gordura, % 40,9+ 0,8 41,8+0,9 0,157
Massa magra, kg 36,0+ 0,6 35,5+ 0,7 0,501
IMC, kg/m2 27,6 £0,7 27,4+0,8 0,967
Teste de 10 RM, kg 36,2+1,2 37,7+1,7 0,466

IMC, indice de massa corporal; RM, repeticdes maximas. Fonte: Dados da Pesquisa
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Figura 18 — Concentracdo de CK por genétipo da interleucina-6 em resposta ao protocolo de
exercicio de forca excéntrico em mulheres idosas com obesidade - Brasilia, 2014. * Diferenca
significativa entre o pré - exercicio, 0 h e 3 h.

Fonte: Dados da Pesquisa

6.3 CINETICAS DOS PARAMETROS INFLAMATORIOS E CK

A figura 19 apresenta a atividade da IL-6 em resposta ao EFE. Também néo
foi observada uma interagdo estatisticamente significativa entre o gendtipo e o
tempo pos-exercicio na atividade da IL-6, F(3,064, 150,130) = 0,726, p = 0,541. A
concentracdo de IL-6 no gendtipo GG foi significativamente menor que no genotipo
CC/CG apenas em 0 hora apos o exercicio (3,78 + 0,58 pg/ml versus 6,51 + 1,91

pg/ml, p = 0,030). O EFE né&o induziu alteragbes significativas na concentracao de
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IL-6 ao longo do tempo para o gendétipo GG, F(2,727, 73,631) = 2,426, p = 0,078,
nem para o CC/CG, F(2,516, 55,347) = 1,064, p = 0,364.

12'. GG
10 --- CC/GC
E 81
) ]
£ 6 -
(? 4
= 4
2 4
0 ) ] ) ) L)

Pre 0 3 24 48
Tempo pads-exercicio (h)
Figura 19 - Concentragdo de IL-6 por genodtipo da interleucina-6 em resposta ao protocolo de
exercicio de forca excéntrico em mulheres idosas com obesidade. *Diferenc¢a significativa entre os

grupos de gendtipos (p < 0.05). Brasilia, 2014.
Fonte: Dados da Pesquisa

As figuras 20 e 21 apresentam a concentracdo da IL-1B e TNF-a antes e
apos o protocolo de EFE. N&ao foram observadas interacbes estatisticamente
significativas entre o gendtipo e o tempo de exercicio na atividade da IL-1, F(3,032,
146,121) = 0,678, p = 0,841, e da concentracédo de TNF-a, F(2,671, 42,742) = 1,149,
p = 0.337. O EFE também né&o induziu alteracdes significativas na concentracao de
IL-18 e TNF-a ao longo do tempo tanto para o genotipo GG como para 0 grupo
CCICG (p <0,05).
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Figura 20 - Concentracdo da IL-1B por gendtipo da interleucina-6 em resposta ao protocolo de
exercicio de for¢ca excéntrico em mulheres idosas com obesidade - Brasilia, 2014.*Diferenca
estatisticamente significativa entre genotipos.

Fonte: Dados da Pesquisa
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Figura 21 - Concentracdo do TNF-a por genétipo da interleucina-6 em resposta ao protocolo de
exercicio de forga excéntrico em mulheres idosas com obesidade - Brasilia, 2014.
Fonte: Dados da Pesquisa

7

A concentracdo de PCR antes e 3 h apds o exercicio € apresentada na
figura 22. Também néo foi observada interagdo estatisticamente significativa entre
genotipo e o tempo de exercicio na concentracdo de PCR, F(1, 78) = 0,020, p =
0,889. A concentracdo de PCR nado apresentou alteracdo estatisticamente

significativa entre 0 momento pré-exercicio e apos 3 horas do EFE para os grupos
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GG e CC/CG (p < 0,05).
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Figura 22 - Concentracdo da PCR por genétipo da interleucina-6 em resposta ao protocolo de
exercicio de for¢a excéntrico em mulheres idosas com obesidade - Brasilia, 2014.
Fonte: Dados da Pesquisa

A Tabela 5 apresenta a concentracdo pré-exercicio, pico e integral poés-
exercicio dos diferentes parametros inflamatérios e CK estudados na pesquisa
considerando os gendétipos. Antes do EFE, apenas a IL-1-f apresentou diferencas
estatisticamente significativas (p = 0,012) entre os genétipos. O genoétipo GG
apresentou aumento significativo (p = 0,043) da atividade de CK durante as 48 horas
pés-exercicio, como demonstrado por valores de integrais mais elevados de CK. Por
outro lado, a atividade de IL-6 nas 48 horas poés-exercicio foi significativamente

superior (p = 0,041) nos gendtipos CC/CG.



Tabela 5 - Concentracdo de diferentes parametros inflamatérios e CK distribuidos por

gendtipo da IL-6 - Brasilia, 2014.

GG CC/CG p-value

Concentracédo de CK (U/l)

Pré-exercicio 106,8 + 6,9 91,8+7,2 0,086

Pico 153,6 + 14,9 130,7+11,0 0,400

Integral 356,3 +£ 29,5 287,9 £+ 21,1* 0,043
Concentracéo de IL-6 (pg/ml)

Pré-exercicio 4,37 +£0,77 6,54 +1,70 0,158

Pico 6,67 £ 0,75 8,71+2,01 0,932

Integral 13,40+ 1,81 19,02 £ 2,21* 0,041
Concentracéo de IL-1B (pg/ml)

Pré-exercicio 1,07 £ 0,21 0,38 +0,11* 0,012

Pico 1,33+0,23 1,21+ 0,49 0,803

Integral 3,17 £ 0,54 2,29 £ 0,95 0,393
Concentracéo de TNF-a (pg/ml)

Pré-exercicio 9,24 £ 3,01 7,65+1,40 0,580
Pico 9,89 + 3,22 10,12+ 2,10 0,250

Integral 392,5 + 140,7 412,0 £ 97,2 0,188
Concentracdo de PCR (mg/dl)

Pré-exercicio 0,37 £ 0,06 0,30 £ 0,07 0,456

3 Horas 0,31 +0,04 0,26 + 0,05 0,427

*Diferenca estatisticamente significativa entre genétipos. Fonte: Dados da Pesquisa
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7 DISCUSSAO

Na presente pesquisa, observaram-se alteracbes do perfil inflamatoério pré-
exercicio condizentes com aquelas alteracdes relatadas na literatura cientifica para
mulheres idosas e, sobretudo, obesas (107, 172). Estudos vém destacando a
presenca da inflamacéo de baixa intensidade em idosos, 0 que constitui 0 processo
denominado inflammaging (78). E igualmente relatado um aumento nos marcadores
inflamatérios de pessoas obesas quando comparadas a eutroficas (40). A
inflamacdo de baixa intensidade encontrada em individuos idosos, associada ao
perfil inflamatério detectado em obesos, vem sendo caracterizada pela manutencao
de niveis sistémicos aumentados de citocinas, tais como a IL-6, TNF-q, IL-18 e PCR
(68). Em nosso estudo, os niveis séricos de IL-6 e TNF-a pré-exercicio estavam
elevados quando comparados com os niveis de normalidade. No entanto, esses
resultados ndo foram visualizados para a IL-18 e PCR que se encontravam normais.
Os niveis circulantes de IL-6 e TNF-a sdo diretamente correlacionados com o TAB.
Os macréfagos sao os maiores produtores de TNF-a oriundo do TAB e contribuem
com 50% da producéo de IL-6 (63, 173), o que pode explicar a elevacdo de ambas
as citocinas, considerando que a amostra é constituida de obesas. Estas duas
citocinas estimulam a sintese de PCR pelos hepatécitos (67). Sendo assim, era de
se esperar um aumento sérico de PCR, o qual ndo foi encontrado. Tal fato poderia
ser explicado, em parte, pelos niveis elevados de insulina, a qual conhecidamente
inibe a producdo de PCR induzida por IL-6 e TNF-a (67). Ressalta-se que a insulina
nao foi mensurada em nosso estudo, porém postula-se que pode estar aumentada
na circulacdo devido a distirbios metabdlicos envolvendo carboidratos,
frequentemente encontrados em idosas e obesas.

O exercicio de resisténcia resulta em aumento de forca e de musculo, efeito
este denominado de hipertrofia. No entanto, o processo de envelhecimento parece
atenuar os beneficios positivos dessa modalidade, o que pode ser explicado pela
excessiva cautela adotada na prescricdo de exercicio de resisténcia para populacéo
idosa. No intuito de maximizar a fungcdo muscular em idosos, sugere-se que a
reserva de forga excéntrica, embora variavel, possa ser utilizada, em combinacéo
com a maior magnitude de forga, evento este desenvolvido durante as contragdes

excéntricas, permitindo assim uma maior intensidade de treino (174, 175).
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No que diz respeito ao dano muscular, evidenciou-se a elevacdo de CK no
periodo entre 24 horas e 48 horas apos o EFE, em que portadores homozigotos GG
apresentaram maior atividade integral da CK. O valor integral mais elevado de CK
para os portadores do alelo G, encontrados no presente estudo, pode indicar que
estes individuos teriam que treinar de forma constante a uma intensidade e ou
volume mais baixo durante o EFE para minimizar uma possivel exacerbacdo do
dano muscular. Salienta-se que 0s mecanismos de reparo aos danos musculares,
induzidos pelo exercicio fisico, podem estar prejudicados, devido a idade (147).
Dentre estes mecanimos de reparo estdo a desorganizacao na estrutura das fibras
musculares, mais especificamente a ruptura dos sarcomeros, dos tubulos T e das
miofibrilas, bem como pelo alargamento ou prolongamento da linha Z do sarcolema
(176).

Em seu estudo, Yamin et. al. (31) submeteram jovens a realizar 50
movimentos de contragdo excéntrica maxima dos flexores do cotovelo do seu brago
ndo dominante, usando o Biodex. Os resultados revelaram que os individuos
homozigotos para o alelo C da posicdo -174 do gene da IL-6 tiveram maior dano
muscular, individuos heterozigotos apresentaram niveis intermediérios e individuos
homozigotos para o alelo G tiveram a menor atividade de CK. Os autores afirmam
gue homozigose para o alelo C da posi¢éo -174 do gene da IL-6 € um fator de risco
importante para a inducao clinica do dano muscular. No mesmo grupo de pesquisa,
foram encontrados os valores de CK entre 2937 e 8882 U/L, apds o exercicio,
dependendo do polimorfismo da enzima conversora da angiotensina (ECA).

Diferentemente, no presente estudo, encontramos uma elevacdo de CK
apos EFE, com valores integrais atingindo 356,3 U/L para portadores do alelo GG e
287,9 U/L para portadores C. Embora o valor integral de CK tenha sido maior para
os portadores do alelo G, os valores sao considerados bem abaixo dos critérios
aceitos para rabdomidlise ap6s EFE, que é de 1.000 U/L ou cinco vezes acima do
limite normal superior (177).

Tal fato é particularmente relevante porque o dano muscular € essencial
para a adaptacao do musculo, enquanto que a sua exacerbacao nao seria desejavel
em pessoas idosas, 0 que reforca a aplicacdo clinica e a seguranca do protocolo
utilizado no presente estudo. Os estudos tém enfocado a elucidacdo quanto a

resposta do dano muscular ao EFE, principalmente com os exercicios aerdbio e
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anaerobio utilizando bicicleta ergométrica (178), esteira (179) e dinamdmetro
BIODEX (180), prética que, na grande maioria das ocasifes, ndo tem aplicacdo no
dia a dia, diferente do protocolo apresentado nesta tese.

Pedersen et. al. (181) argumentam que o exercicio fisico pode induzir
respostas inflamatorias: inicialmente ocorre a liberagdo de uma sequéncia de
citocinas pro-inflamatorias (ex: TNF-a, IL-1B) e entdo, de maneira regulatdria, a
liberacdo de citocinas anti-inflamatorias (ex: IL-4, IL-10 e IL-1ra). Os ensaios que
foram realizados até o momento, que utilizaram o exercicio de forca como modelo,
preocuparam-se em associar a resposta das citocinas a geracao de dano muscular
(182-184). Assim, os achados em torno desse assunto referem-se grandemente a
exercicios excéntricos, que notadamente geram mais dano muscular que atividades
concéntricas(185).

O dano muscular gerado pelo exercicio excéntrico frequentemente resulta
em uma resposta inflamatéria local. Essa resposta é associada com a producéo de
citocinas no musculo, como por exemplo a IL-6 e IL-8 liberadas para facilitar a
reparacao do tecido (120). Grande parte das citocinas atua na inflamacao e possui
um papel integral no controle da resposta imune que acompanha o dano muscular
induzido pelo exercicio (152, 186). As elevacdes de IL-6 em resposta ao EFE séo
normalmente maiores do que em exercicios concéntricos, sugerindo que a resposta
das citocinas pode estar associada ao dano muscular e ao tipo de atividade
muscular (171).

A resposta inflamatdria oriunda do dano muscular depende de fatores como
idade, tipo de exercicio, niumero de séries e repeticdes executadas e da homeostase
do calcio intracelular (145). Em um estudo recente (187) realizado pelo nosso grupo
de pesquisa, foi investigada a resposta que idosas obesas poderiam apresentar em
expressar diferentes niveis de CK e IL- 6 frente ao EFE, e foi avaliada a existéncia
de pessoas que responderiam melhor ao treinamento que as outras por meio dos
marcadores supracitados. Seus achados demonstraram que aquelas idosas que
melhor responderam ao exercicio apresentaram elevacdo de CK e IL-6 e sugerem
gue ocorra uma abordagem prudente na prescricdo de exercicio considerando um
maior numero de dias para recuperacédo do dano muscular para esta populacao.

N&o obstante, em outra pesquisa, ficou demonstrado que o exercicio de

forca pode induzir ao aumento de CK, mas néo de IL-6, sendo mais provavel que o
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aumento imediato da IL-6 apOs o exercicio seja independente de danos musculares
(188).

Willoughby et al. (163) realizaram um estudo que verificou os efeitos de 7
séries de 10 repeticbes com 100% de uma repeticdo maxima (1-RM) excéntrica na
mesa flexora com a perna dominante separadas por 3 semanas de intervalo. Nesse
estudo, os autores utilizaram como marcador de dano muscular a troponina-I. Os
resultados apontaram aumentos nos niveis de IL-6 nas duas sessées em 4 e 6 h
apos o exercicio, e ndo foi encontrada diferenca na concentracdo dessa citocina
entre as duas sessdes. Porém, foram encontradas reducdes significativas na
troponina-1 ap6s a segunda sessdo de exercicio excéntrico. Em suma, concluiram
gue, como ndo houve alteracdo apos a segunda sesséo tanto na citocina quanto no
marcador de dano, eles ndo possuem relacdo com o dano muscular gerado pela
atividade excéntrica.

Desta forma, embora o valor integral de CK tenha sido menor para os
portadores do alelo C, o valor integral de IL-6 foi maior. Por conseguinte, a IL-6 em
concentracfes altas pode estar associada a regeneracdo muscular necessaria apés
o dano induzido pelo exercicio(189). Ademais, o aumento da IL-6 apds o exercicio
também depende de fatores como idade, composi¢cao corporal e variagdo genética
expressa na resposta inflamatoria, incluindo a maior expresséo do receptor toll-like 4
(TLR4), que podem induzir uma maior transcricdo de citocinas inflamatorias (190).

A IL-6, quando ndo produzida pelo muasculo, possui uma acado pro-
inflamatéria, e, desta forma, o dano muscular induzido pelo EFE poderia aumentar
0s niveis sistémicos de IL-6, atraindo, assim, neutrofilos & area danificada para
remover tecidos danificados pelo exercicio excéntrico (191). Quando liberado na
circulacdo, a IL-6 pode promover modulacbes metabdlicas em diversos 06rgaos,
incluindo a producéo hepatica de glicose durante o exercicio ou a lipélise no tecido
adiposo. A liberacdo aguda de IL-6 apds o exercicio pode também produzir efeitos
anti-inflamatorios, revelados pela producéo das citocinas anti-inflamatorias classicas
como IL-1ra e IL-10 e atenuar a secre¢ao do TNF-a (70, 192).

Ademais, ap0s o exercicio tem sido demonstrado que os niveis de mMRNA da
IL-6 e IL-8 no musculo esquelético encontram-se elevados e por sua vez 0s niveis
de glicogénio encontram-se diminuidos (193, 194). Desta forma, a resposta

inflamatodria e o dano muscular provocada por EFE também envolve a elevacéo de



63

IL-6, que pode também ser influenciada pelo polimorfismo do gene da IL-6 (180,
195). A este respeito, Patel et. al. (196) estimularam as células de mondcitos
humanos com lipopolissacaridio ou virus respiratério sincicial e descobriram que 0s
individuos com genotipos polimorficos (G/C ou CC) apresentaram maior producéo de
IL-6 que os carreadores de GG, concluindo que existe uma correlacdo do
polimorfismo de IL-6-174 GC e CC com os elevados niveis de IL-6, inflamacao
nasofaringea e traguéia durante uma infeccdo respiratoria viral de vias aéreas
superiores (197). Esses resultados assemelham-se aos encontrados em nosso
estudo, quando se observa a concentracdo de IL-6 integral para os diferentes
genotipos, pois as idosas que possuiam carreadores GG apresentavam valores
menores que idosas dos carreadores CC/CG. Cabe ressaltar que esses resultados
mostram-se interessantes para a pratica clinica, porque a elevacdo crbnica de
marcadores inflamatérios, como a IL-6, € considerada mecanismo subjacente
associado ao envelhecimento e declinio na funcéo fisica ou ao dano muscular (198,
199).

Sendo assim, no presente estudo, verificou-se que as mulheres idosas
obesas que possuem polimorfismo IL-6-174G/C e C/C exibem valores integrais
elevados de IL-6. A inovacao dos nossos dados € uma diferenca entre o valor basal
e o valor integral, refletindo uma atividade mais realista da IL-6 ao longo de um
periodo de horas.

Curiosamente, Harris et. al.(167) consideraram os valores elevados de IL-6
quando = 2,08 pg/ml, sendo fortemente associado a uma taxa de mortalidade de 50
por 1000 por ano em individuos idosos. As idosas estudadas apresentaram valores
basais de IL-6 de 4,37 para portadores do alelo GG e de 6,54 pg/ml para portadores
C. A este respeito, os valores basais de IL-6 no nosso estudo corroboram os
achados de Silva e colaboradores (200).

Os resultados apresentados do TNF-a nédo exibiram diferenga significativa
entre 0S grupos nos diversos tempos, e ressalta-se que os valores basais séo
maiores do que os descritos pelo fabricante, para quem 4,12 pg/ml consideram-se
normais. Desta forma, os grupos com diferentes genoétipos para IL-6 estavam com o
TNF-a elevado, permanecendo nesta mesma condicdo apos a realizacdo do EFE
em todos os tempos. Os resultados encontrados na presente pesquisa divergem de

estudos recentes na literatura com mulheres idosas e obesas (200, 201), onde os
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valores de TNF-a encontravam-se normais.

Conceicdo et. al.(202) realizaram uma investigacdo com EFE em
mulheres jovens e mulheres menopausadas e nao encontraram modificacdes
significativas nas concentracdes do TNF-a ap0s o exercicio excéntrico, assim
como no nosso estudo, possivelmente devido ao tempo de monitoramento dos
niveis dessa citocina ap0s o exercicio. Apesar de uma sessdo aguda de EFE nao
ter alterado os valores do TNF-a circulante, foi demonstrado no estudo de Cérdova e
colaboradores (203) que o exercicio de forca praticado por idosas durante um
periodo prolongado reduz os valores circulantes desta citocina, quando
comparados a seus pares que ndo realizavam exercicios fisicos. Dados que
reforcam as evidéncias atuais indicam que o envelhecimento sedentario € um fator
de risco relacionado aos processos inflamatérios e obesidade sarcopénica (201,
204, 205).

Os valores de normalidade da PCR podem sofrer variagbes de uma
populacdo para outra, sendo que existe uma diferenca média, de 0,35 e 0,50
mg/dl. Quando instalado o processo inflamatério, esses valores podem aumentar
de 20 a 2.0000 vezes em relacdo aos niveis basais, de 24 a 48 horas apos o
estimulo (206-208).

Devido a elevada expressdo de PCR no tecido adiposo, a gordura
abdominal vem sendo considerada como um marcador inflamatdério utilizado mais
comumente na predicdo de doencas cardiovasculares (69).

Estudos tém evidenciado que programas de exercicio ndo influenciam os
valores deste marcador inflamatorio (209-211). Nesse sentido, Peake et al. (212)
demonstraram que 0s niveis de PCR né&o se alteram ap0s uma Unica sesséo de
exercicio de forca, afirmacéo esta que corrobora com os resultados encontrados
em nossa pesquisa. Mudancas foram evidenciadas com a pratica regular de
exercicios fisicos e com a reducdo da gordura corporal, confirmando que um
maior intervalo de tempo e maior frequéncia de execucdo do exercicio fisico
alteram os niveis basais (213, 214). Entretanto, apesar disso, 0 mecanismo de
reducdo induzida pelo treinamento fisico para o0 PCR permanece desconhecido

(214). Em relacéo as alteraces na producdo de PCR tem-se levantado algumas
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hipoteses: uma relacionada com a diminuicdo da gordura corporal (214, 215) e
outra, as mudangas nas concentracdes seéricas de citocinas inflamatorias (216).
Ambas parecem ser coerentes, tendo em vista que a diminuicdo do tecido
adiposo pode levar a uma diminuicdo da secre¢do de citocinas inflamatorias, o
que teria como impacto a redugéao do PCR.

A IL-1B esta envolvida nas reacgdes inflamatérias e de reparagdo do
muasculo esquelético, durante e apdés o exercicio (217). A IL-18 pode ser
segregada em grandes quantidades a partir de células como mondcitos e
macroéfagos, portanto, € comumente encontrada no soro e secregdes. Em geral,
a IL-18 atua, conjuntamente com TNF-a, na ativacdo de respostas pro-
inflamatdria numa vasta gama de células e promove a resposta inflamatoria de
fase aguda (93). Em individuos saudaveis, a IL-13 apresenta niveis normalmente
indetectaveis ou muito baixos (218, 219). No nosso estudo, 0s niveis dessa
citocina deveriam estar elevados, porém encontravam-se dentro dos parametros
normais.

No entanto, a concentracdo de IL-1B pode ou ndo ser afetada pelo
exercicio fisico (70, 220). Quando acontecem as alteragdes de IL-13 no soro
circulante ap6s o exercicio fisico, as evidéncias sugerem que o aumento dos
niveis de IL-18 sejam na musculatura esquelética, o que provavelmente esta
associado com respostas as microlesées do musculo esquelético causado pelo
exercicio fisico intenso, incluindo o exercicio excéntrico (221, 222). Com o0s
nossos resultados, podemos inferir que estas respostas tenham incidido
principalmente no grupo CC/CG, que apresentaram uma elevacao desta citocina
em maior quantidade que o grupo GG apés o EFE.

Os mediadores inflamatérios provavelmente promovem fagocitose
induzida por traumatismo dos detritos celulares, e os macrofagos e as células
podem continuar a secretar IL-1B até 5 dias apds lesdo (221). E importante frisar
gue a acumulacéo e a ativacdo de macréfagos no musculo esquelético sdo um
fator de crescimento postulado para estimular miogénesis (22). Assim, a
inflamacé&o pode servir como um mecanismo de promocdo da hipertrofia. No

entanto, os valores inflamatérios pré e pos-exercicio podem apresentar variacoes



66

entre individuos, e isso é provavelmente influenciado, pela variacdo genética
(223, 224). Esta afirmagéo corrobora com nossos resultados, aonde individuos
GG apresentaram uma quantidade maior desta citocina circulante, quando
comparado com o grupo CC/CG em todos os momentos tanto no pré exercicio

guanto apoés o EFE.
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8 CONCLUSAO

O presente estudo demonstra evidéncias importantes acerca do exercicio de
forca excéntrico em mulheres com o perfil inflamatério alterado tanto devido a
obesidade quanto ao fato da senescéncia.

Quanto a frequéncia dos gendtipos produzidos pelo polimorfismo C/G da
posicdo -174 da regido promotora do gene para IL-6, foi possivel verificar que as
idosas possuiam maior frequéncia tanto para o genoétipo GG quanto para o
carreador do alelo G. Os grupos genotipicos ndo apresentaram relacdo com a idade,
com as medidas antropométricas ou com a magnitude de forca demostrando que
estas variaveis ndo sofrem influéncia do genatipo investigado.

Em relagdo ao protocolo de EFE utilizado, verificou-se que ele foi eficaz,
pois houve alteracdo nos niveis de CK o que evidenciou o dano muscular porém
sem exacerbacao. Este dado indica seguranca no protocolo adotado para possiveis
prescricdes de exercicios durante a pratica clinica diaria.

Verificou-se que as mulheres idosas obesas que possuem polimorfismo IL-6-
174G/C e C/C exibem valores integrais elevados de IL-6. Os nossos resultados
sugerem uma associacao inversa entre o genétipo de IL-6 e os valores integrais de
CK e IL-6 em resposta ao EFE. Nao obstante, postula-se que a IL-6 sistémica foi
produzida no musculo apds a realizacdo do EFE, considerando que os valores e
TNF-a e IL-1B por sua vez ndo apresentaram alteracdo provavelmente devido a
acdo anti-inflamatéria da IL-6 que pode ter inibido a expressédo de TNF-a e IL-1.

Os resultados apresentados do TNF-a nao exibiram diferenca significativa
entre 0s grupos nos diversos tempos, e ressalta-se que os valores basais em ambos
0S grupos estavam com esta citocina elevada, permanecendo inalterada essa
condicao apds a realizacdo do EFE em todos os tempos, o que podemos deduzir
gue esteja relacionado ao elevado percentual de gordura corporal das idosas.

Em relagdo aos niveis de IL-1B3, observou-se que as idosas do grupo GG
apresentaram uma tendéncia de aumento desta citocina circulante, quando
comparado com o grupo CC/CG em todos os momentos.

Este estudo contribuiu para identificar a relacdo do polimorfismo do gene
promotor -174 C/G da IL-6 com os niveis séricos de IL-6, TNF-qa, IL-18 e PCR em

resposta ao dano muscular induzido pelo treino excéntrico em mulheres idosas com
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obesidade. Porém, devem ser consideradas limitagdes, como o numero reduzido de
participantes, a caracteristica genética mista da populagdo e a falta de andlise
morfologica de lesdo muscular.

Em termos de orientacdes para futuras pesquisas, sugerem-se alguns
topicos que parecem dignos de uma investigacdo mais aprofundada: a) investigacéo
sobre outras citocinas produzidas no musculo como a IL-8, IL-10 e IL-15 e o IL-1ra;
b) um estudo com idosas eutréficas utilizando o mesmo protocolo de exercicio
excéntrico para identificar as respostas inflamatorias; ¢) comparacdo dos parametros
inflamatoérios que contribuem para as diferencas de género em relacao a infiltracao
leucocitaria no masculo esquelético apds exercicio excéntrico em idosos.

Ressalta-se que a investigacdo de membros inferiores em idosas é
particularmente importante, tendo em vista que ele € o mais afetado pela sarcopenia

e diminuigcdo na funcionalidade.
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

A Senhora esta sendo convidada a participar do projeto de pesquisa
denominado: “Associagédo do polimorfismo — 174 C/G da regido promotora do gene
IL-6 e producdo de marcadores inflamatérios apds o treinamento de forca excéntrico
em mulheres idosas com sobrepeso ou com obesidade”.

O nosso objetivo é avaliar a relacdo do polimorfismo do nucleotideo Unico
(C—G) encontrado na posi¢ao -174 da regidao promotora do gene para IL-6 e das
citocinas inflamatorias: a interleucina 6, interleucina 1 beta, fator de necrose tumoral,
proteina C reativa que funcionam no nosSso Corpo como mensageiros para ajudar na
regulacdo das defesas de nosso organismo com, apds o treinamento de forca
excéntrico, em mulheres idosas com sobrepeso ou obesidade.

A senhora receberd todos os esclarecimentos necessarios antes e no
decorrer da pesquisa e lhe asseguramos que seu nome ndo aparecera sendo
mantido o mais rigoroso sigilo através da omissao total de quaisquer informacdes
que permitam identifica-la.

A sua participagdo sera através de seu comparecimento nas consultas que
irdo avaliar como 0 seu corpo se comporta antes e apds o0 exercicio fisico e para
isso iremos realizar alguns exames como densitometria 0ssea, avaliagcdo da forca
muscular em um aparelho de musculacdo e também testes de capacidade para
verificarmos como esta a sua agilidade, equilibrio e flexibilidade. Igualmente faremos
avaliacdo de como estd o seu coracdo por meio de um eletrocardiograma de
repouso e o estado do seu pulmé&o por meio de um exame de ergoespirometria.

AplOs esses exames realizaremos as coletas de sangue para exame de
acido Urico, ureia, creatina quinase e citocinas inflamatérias. Coletaremos com a
sua permissao 25 ml de sangue venoso de seu braco antes e apos fazermos o
exercicio fisico. Precisaremos coletar ao término de seu exercicio 1 ml de sangue do
I6bulo de sua orelha e mais 3 ml de sangue nas primeiras 3, 24 e 48 horas apdés a
atividade fisica no seu braco para verificarmos o efeito do exercicio fisico no seu
organismo. O sangue coletado sera utilizado somente para fins de pesquisa sendo
descartado o que néo sera utilizado.

Informamos que a senhora podera ter acesso a seus dados genéticos, assim

como tem o direito de retira-los de bancos onde se encontrem armazenados, a
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qualquer momento.

Em funcao da coleta de sangue, poderéo ocorrer algumas manchas no local
de onde sera retirado o sangue o que desaparecera em alguns dias, e caso nao
ocorra estaremos a disposicdo no telefone que consta nessa folha. Desconfortos
musculares e dores nas pernas poderdo ocorrer ap0s 0 exercicio o0 que
desaparecerd em alguns dias, e caso ndo ocorra estaremos a disposi¢cao no telefone
gue consta nessa folha.

A primeira consulta ocorrera no Centro de Saude e as outras avaliacdes
serdo realizadas na Universidade Catolica no Laboratério de Estudos em Atividade
Fisica e Saude na data combinada de acordo com a sua disponibilidade. N&o existe
obrigatoriamente, um tempo pré-determinado, para fazermos as avaliacdes. Sera
respeitado o tempo de cada um para fazé-lo.

A senhora pode se recusar a responder qualquer questdo que lhe traga
constrangimento, podendo desistir de participar da pesquisa em qualquer momento
sem nenhum prejuizo para a senhora.

Comprometemo-nos a proteger os seus dados pessoais, 0s resultados de
exames e testes, bem como do prontudrio, pois somente terdo acesso aos mesmos
somente os pesquisadores envolvidos, ndao permitindo assim o acesso a outras
pessoas que nao estiverem envolvidas na pesquisa. Assim sendo, garantiremos
medidas e cuidados para assegurar a sua privacidade e evitar qualquer tipo ou
situacdo de estigmatizacdo e discriminacao.

Ao término das avaliagbes lhe serd entregue a coOpia dos exames e dos
laudos, porém ficara de sua escolha saber dos resultados dos exames. Os
resultados da pesquisa serdo divulgados por meio de publicacdo em revistas
cientificas. Os dados e materiais utilizados na pesquisa ficardo sobre a guarda do
pesquisador.

Caso a senhora manifeste interesse em continuar a praticar exercicio fisico
com orientacdo dos profissionais de saude sem 6nus Ihe encaminharemos para
Universidade da Terceira ldade que é um programa desenvolvido pela
Universidade Catolica de Brasilia.

Este projeto foi aprovado pelo Comité de Etica em Pesquisa da Secretaria
de Estado de Saude do Distrito Federal e com o numero de protocolo 035/2011.

Se a Senhora tiver qualquer davida em relacdo a pesquisa, assinatura do
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termo de consentimento livre e esclarecimento ou os direitos do sujeito da pesquisa,
por favor, telefone para Silvana Schwerz Funghetto, na Universidade de Brasilia
telefone: 33767487 no horéario de 08:00- 18:00 ou 81751975 no horario das 08:00
as 20:00 horas ou para o Comité de Etica em Pesquisa da Secretaria de Estado de
Saude do Distrito Federal no telefone 3325-4955 no horario das 08:00 as 12:00
horas e das 14:00 as 17:00 horas.

Este documento foi elaborado em duas vias, uma ficara com o pesquisador

responsavel e a outra com o sujeito da pesquisa.

Nome / assinatura:

Silvana Schwerz Funghetto
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APENDICE B - INSTRUMENTO ADOTADO NA CONSULTA DE ENFERMAGEM

Catolica de Brasilia

Universidade de Brasilia & Universidade

ANAMNESE
1. |DENT|F|CACAO
Iniciais | Idade: anos
Sexo: ( )M (_)F | Procedéncia: | Grau de Escolaridade:
Trabalha? ( )Sim ( )N&o-—Qual o seu trabalho? . Estado civil

Endereco:

Jéa foi hospitalizado antes: () S () N Por quanto | Motivo:
tempo?

Qual?
alergias

2. ANTECEDENTES PESSOAIS
Doencas Pré-existentes: (  )HAS ( )DM ( )Cardiopatias ( ) Doencas respiratérias () Outros
() Cirurgias () Alergias

FATORES DE RISCO:

( ) Tabagismo ( )Etlismo ( )Sedentarismo ( )Cancer ( )Obesidade ( ) Hipercolesterolemia
() Triglicerideos elevados

3. ANTECEDENTES FAMILIARES

() Cardiopatias ( )Cancer ( )HAS ( )DM () Hipercolesterolemia ( )TB () OQutros

4. ANTECEDENTES GINECOLOGICOS - (somente para mulheres)

Menopausa: Método contraceptivo: () SIM () NAO
Paridade: Gesta / outros Qual?
Climatério:

5 HABITOS E CONDICOES DE VIDA.
Renda familiar: ( )<1SM.( )1a3SM.( )4a5SM.( )6al0OSM.( )>10S.M.

ATIVIDADE FISICA NO TRABALHO: ( )Empé ( )Sentado ( )Caminhando
SONO E REPOUSO: ( )Insénia ( ) Dificuldade em conciliar o sono () Acorda varias vezes a noite

() Sonolénciadurante odia ( ) Dorme durante odia ( ) Acordacansada ( ) Acorda descansada ()s/
alteracbes Dorme /h por noite.
EXERCICIO FiSICO: Qual? x/ semana

ALIMENTACAO:

N° de refeigbes por dia: | Alimentagcdo preferida: () Carne vermelha () Aves () Peixe
laticineos () Verduras/legumes ( ) Frutas ( ) Massas () Frituras (
) Cereais () Sucos () doce

Tem restricdo alimentar? ( )S( )N Quantos copos de agua bebe por dia?

Se sim, a qual alimento? Obs.:

ATIVIDADE SEXUAL: ( )Ativa ( )lInativa () Uso de preservativo ( ) mais de um parceiro

8. EXAME FISICO

SINAIS VITAIS:T: °C FC: bpm FR: irpm PA:
mmHg DADOS ANTROPOMETRICOS: Altura Peso: IMC:

RCQ: cP

NEUROLOGICO

() Consciente () Orientado () Confuso () Agitado () Torpor () Inconsciente ( ) Falhas de meméria

ESTADO NUTRICIONAL:

(_)Obeso ( )desnutrido () Normal ( ) relato de ganho ponderal ( ) Relato de perda ponderal

MOVIMENTACAOQ
() Deambula () Deambula com ajuda ( ) Cadeira derodas ( ) Muletas () S/ movimentacdo () outros

PELE E MUCOSAS

( )Corada ( )hidratada ( ) Aciandtica ( )Anictérica ( )Edema ( )Descorada ( )Desidratada ( )

Cianose ( )lctericia ( )Lesdes ( )Hematomas ( )Estrias ( ) unhas
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CABECA / PESCOCO

Couro Cabeludo: ( ) Boahigiene ( ) Cicatriz ( )Lesdo ( ) Caspas/seborréia ( ) Alopécia

Olhos: ( ) Sem alteracdes ( ) Reducdo da acuidade visual ( ) Infecgédo ( ) Uso de lentes
corretivas () Exoftalmia ( )lIsocoria () Anisocoria ( ) Fotorreacdo ( ) Cornea
translicida () Cérnea opacificada ( ) Pterigio ( ) Conjuntivas coradas

Ouvidos: () Audicdo normal () Redugdo da acuidade auditiva () Zumbido ( )Infeccdo ( ) Boahigiene (
) Prétese auditiva () Cerume () Outros

Nariz: () S/ anormalidades ( ) Coriza ( )Epistaxe ( )Obstrucdo ( ) Desviodesepto ( ) Outros

Boca: () S/ anormalidades ( ) Caries ( ) Perdadentaria ( ) Boahigiene ( ) Higiene precaria ()
Gengivite () Protese dentaria () Lesbes () Lingua

Pescocgo: () S/ anormalidades () Linfonodos palpaveis ( ) Tire6ide aumentada ( ) Turgéncia de jugular

() Mobilidade preservada

MUSCULO ESQUELETICO
-Muscular: () Sem Alteragdo ( ) Mialgia ( ) Outra alteragdo:

- Membros superiores : () Plegia () Paresia (  )Edema ( ) Amputagbes ( )
Parestesia () Pulsos periféricos palpaveis () Lesdes () Outros

- Membros Inferiores: () Plegia () Parestesia () Paresia ( ) Edema () Pulso
periférico palpaveis ( ) amputagbes ( ) Lesdes ( ) Outros

- Esquelético: () Sem Alteracdo ( ) Lordose ( ) Cifose ( ) Escoliose ( ) outros

TORAX
Inspecéo: ( ) S/ alteragdo anatdbmica ( ) Alteragdo anatémica () Lesdes ( ) Tiragem
intercostal () Uso de musculos acessoérios da respiragédo Palpagéo: () Expanséo normal () Frémito vocal preservado
() Expanséo diminuida Percuss@o ( ) ressonante () macigo ( ) timpanico Ausculta: () Murmurio vesicular ()
Murmurio vesicular diminuido () Roncos ( ) Sibilos ( ) Creptos ( ) Estertores

PADRAO RESPIRATORIO/ OXIGENACAO
() Arambiente ( ) Oxigenoterapia ( )Eupneico ( ) Dispnéico ( ) Taquipneico

MAMAS
Inspecdo: () Simétricas ( ) Les&@o nos mamilos ( ) Retragbes Palpacao:( ) Presenca de nédulos palpaveis ()
Dor () Mastectomia ( ) Ginecomastia ( ) Secrecao ( ) linfonodos ( ) Outros

CORACAO

Inspecdo: () Ictus cordis visivel () ndo Palpagéo: ( ) frémitos ( ) Ictus cordis palpavel ( ) ndo Ausculta: () Ritmo
regular( ) Taquicardia ( ) Bradicardia ( ) Sopro ( ) Relato de precordialgia ( ) bulhas normofonéticas

ABDOME

Inspecdo: () Plano ( ) Distendido ( ) Globoso ( ) Ascitico Ausculta: ( ) RHA Presente ( ) RHA ausentes
Percusséo: () Timpanico ( ) Sub- macico () Macico () teste de Piparote ( ) teste de Giordano Limites do figado

cm Palpacédo: () Doloroso ( ) Gastrostomia () Jejunostomia ( ) Colostomia () Inciséo cirargica
() Esplenomegalia ( ) Hepatomegalia ( ) Massas () Resisténcia a palpagdo ( ) Indolor ()
Dor () Flacidez ( ) teste de Blumberg ( ) teste de Murphy () Orgéos palpaveis
ELIMINACOES INTESTINAIS: () Mudanca no hébito intestinal ( ) Frequéncia / Dia () Flatuléncia (
)Constipacdo ( )Diarréia /Dia ( )Melena ( ) S/ alteragbes (  )Uso de Medicamento:

ELIMINACOES URINARIAS
( ) Sl/alteragbes ( ) Disturia () hemataria ( )nictaria ( )incontinéncia urinaria ( ) Polacidria ()
calculo renal Incontinéncia () SVD( ) Cistostomia ( ) Outros:

GENITAL

Feminino: () Sem Alteracdo ( ) Leucorréia ( )Odor ( ) Prurido ( )Lesbes ( ) Candidiase ( )
Outros

Masculino: () Sem Alteragédo ( ) Edema ( ) Lesbes () Fimose () Infeccado () Secregéo (
)Outros
Perineo: () Sem Alteragdo () Hiperemia () leséo:

DOR Localizagéo :
Tipo:

Medicac0es prescritas (Nome, dosagem, via e indicacgéo )
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ANEXO A — QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA

Noés estamos interessados em saber que tipos de atividade fisica as pessoas
fazem como parte do seu dia a dia. Este projeto faz parte de um grande estudo que
estd sendo feito em diferentes paises ao redor do mundo. Suas respostas nos
ajudardo a entender que tdo ativos nés somos em relacdo as pessoas de outros
paises. As perguntas estao relacionadas ao tempo que vocé gasta fazendo atividade
fisica na ULTIMA semana. As perguntas incluem as atividades que vocé faz no
trabalho, para ir de um lugar a outro, por lazer, por esporte, por exercicio ou como
parte das suas atividades em casa ou no jardim. Suas respostas sdo MUITO
importantes. Por favor, responda cada questdo mesmo que considere que nao seja
ativo. Obrigado pela sua participacao!

Para responder as questfes lembre que:atividades fisicas VIGOROSAS sdao
aquelas que precisam de um grande esforco fisico e que fazem respirar MUITO
mais forte que o normal.Atividades fisicas MODERADAS sao aquelas que
precisam de algum esforgo fisico e que fazem respirar UM POUCO mais forte que
0 normal

Para responder as perguntas pense somente nas atividades que vocé realiza por
pelo menos 10 minutos continuos de cada vez.

la Em quantos dias da ultima semana vocé CAMINHOU por pelo menos 10 minutos
continuos em casa ou no trabalho, como forma de transporte para ir de um lugar
para outro, por lazer, por prazer ou como forma de exercicio? dias por
SEMANA () Nenhum

1b Nos dias em que vocé caminhou por pelo menos 10 minutos continuos quanto
tempo no total vocé gastou caminhando por dia? horas: Minutos:

2a. Em gquantos dias da ultima semana, vocé realizou atividades MODERADAS por
pelo menos 10 minutos continuos, como por exemplo pedalar leve na bicicleta,
nadar, dancar, fazer ginastica aerdbica leve, jogar vOlei recreativo, carregar pesos
leves, fazer servicos domésticos na casa, no quintal ou no jardim como varrer,
aspirar, cuidar do jardim, ou qualquer atividade que fez aumentar moderadamente
sua respiracdo ou batimentos do coracdo (POR FAVOR NAO INCLUA
CAMINHADA) dias por SEMANA () Nenhum

2b. Nos dias em que vocé fez essas atividades moderadas por pelo menos 10
minutos continuos, quanto tempo no total vocé gastou fazendo essas atividades por
dia? horas: Minutos:

3a Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por
pelo menos 10 minutos continuos, como por exemplo correr, fazer ginastica
aerobica, jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer servigos
domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos
elevados ou qualquer atividade que fez aumentar MUITO sua respiracdo ou
batimentos do coracao.dias por SEMANA () Nenhum
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3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos
continuos quanto tempo no total vocé gastou fazendo essas atividades por dia?
horas: Minutos:

Estas Ultimas questdes sdo sobre o tempo que vocé permanece sentada todo dia,
no trabalho, na escola ou faculdade, em casa e durante seu tempo livre. Isto inclui o
tempo estudando, sentada enquanto descansa, fazendo licdo de casa visitando um
amigo, lendo, sentada ou deitada assistindo a TV. Nao inclua o tempo gasto
sentanda durante o transporte em 6nibus, trem, metr6 ou carro.

4a. Quanto tempo no total vocé gasta sentado durante um dia de semana?
horas minutos

4b. Quanto tempo no total vocé gasta sentado durante em um dia de final de

semana? horas minutos




ANEXO B — INSTRUMENTO UTILIZADO AVALIACAO ORTOPEDICA E

FUNCIONAL
Nome
Data: / /
Idade: Sexo: M ( )F () Data de Nascimento: / /

Historico de Leséo:

1- A senhora possui alguma doenca e/ou lesdo ortopédica diagnosticada?
()Sim ( )N&o Qual (ais)?
Local (ais):

2- A senhora sente dor em algum local do corpo?

( )Sim ( )N&o Local (ais):

Pain Rating Scale® Masty
Worst
e ||| | L | i e
Pain [ | | | [ [ | I [ I | Pain
1] 1 2 3 4 5 ] T 8 9 10
None Mild Moderate Severe
0 2 4 6 8 10
NO HURT HURTS HURTS HURTS HURTS HURTS
LITTLEBIT LITTLEMORE EVENMORE WHOLELOT  WORST Constante
Periddica
Breve

3- Jarealizou alguma cirurgia ortopédica (cirurgia no sistema
musculoesquelético ou nervoso)?

( )Sim ( )Nao Qual (ais)?

Local (ais):
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4- Observado edema/derrame articular no(a) participante?

( )Sim ( )N&ao Qual (ais)?

Local (ais):
5- Teste de Alcance Funcional: 1°; cm. 2°; cm.
6- Teste de Alcance Lateral: 1°; cm. 2° cm.
7- Flexicurva: Xtotal: Xmeio: H:

Observagao:

97




98

ANEXO C- OFiCIO DO COMITE DE ETICA EM PESQUISA APROVANDO SEU
DESENVOLVIMENTO

GOVERNO DO DISTRITO FEDERAL
SECRETARIA DE ESTADO DE SAUDE
Fundagao de Ensino e Pequisa em Ciéncias da Satide

7

de Pa
cres <a soude

COMITE DE ETICA EM PESQUISA/SES-DF

PARECER N° 0088/2011

PROTOCOLO N2BGEROJETO. 535/2011 — ASSOCIAGAQ DO POLIMORFISMO
- 174 CIG DA REGIAO PROMOTORA DO GENE DA IL-6 E PRODUGAO DE
MARCADORES INFLAMATORIOS APOS O TREINAMENTO DE FORGA
EXCENTRICO EM MULHERES IDOSAS COM SOBREPESO E OBESIDADE.

Instituigdo Pesquisada: Secretaria de Saude do Distrito Federal/SES-DF.

Area Tematica Especial: Grupo lll (ndo pertencente 3 drea tematica especial),
Ciéncias da Salde.

Validade do Parecer: 30/03/2013

Tendo como base a Resolugéo 196/86 CNS/IMS, que dispde sobre as
diretrizes e normas regulamentadoras em pesquisa envolvendo seres
humanos, assim como as suas resolugdes complementares, o Comité de Etica
em Pesquisa da Secretaria de Estado de Saulde do Distrito Federal, apés
apreciagao ética, manifesta-se pela APROVAGAO DO PROJETO.

Esclarecemos que o pesquisador devera observar as responsabilidades
que lhe sdo atribuidas na Resolugdo 196/96 CNS/MS, inciso IX.1 e IX.2, em
relagdo ao desenvolvimento do projeto. Ressaltamos a necessidade de
encaminhar o relatério parcial e final, além de notificagbes de eventos
adversos quando pertinentes.

Brasilia, 30 de margo de 2011,

Atenciosamente, .

Maria Ritq Carvallip Garbi Novaes
Comité de Etica em Pesquisa/SES-DF

Coordenadora
AL/CEP/SES-DF

Fundacédc de Ensino e Pesquisa pm Ciéncias da Sadde - SES
Comité de Etica ¢m Pesquisa
Fone: 325-4955 . FonesFax: 326-0119=- e-mail: cepsesti@saude.df. gov.br
SMHN - Q. 501 - Bloco "A" - Brdsfha - DF - CEP. 70 710-907

BRASILIA - PATRIMONIO CULTURAL DA HUMANIDADE



99

ANEXO D — ARTIGO INTERLEUKIN-6 =174G/C GENE POLYMORPHISM
AFFECTS MUSCLE DAMAGE RESPONSE TO ACUTE ECCENTRIC
RESISTANCE EXERCISE IN ELDERLY OBESE WOMEN
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The IL-6 gene polymorphism has been associated with disease prevalence and different physiological responses
to exercise. Eccentric resistance exercise (ERE) is considered a nonpharmacological tool to prevent the chronic
degenerative profile associated with aging and obesity. Consequently, the aim of the present study was to inves-
tigate the influence of IL-6 —174G/C polymorphism on acute interleukin-6 (IL-6) and creatine kinase (CK) tem-
poral response to ERE in elderly obese women. Ninety women completed seven sets of ten repetitions (eccentric
only) of an acute ERE session at 110% of the ten repetitions maximum (10RM). IL-6 genotypes displayed no dif-
ference at baseline. ERE induced changes in CK concentration over time occurred only in the GG group, F(2.619,

Section Editor: B. Grubeck-Loebenstein

Keywords: 136.173) = 5.199, p = 0.003, with CK activity increased from 106.8 + 6.9 U/l pre-intervention to 122.7 &
Genetics 11.2U/1 at 24 h and 131.9 + 144 U/l at 48 h post-exercise. IL-6 concentration in the GG group was lower
Eccentric resistance training than the CC/CG group only at 0 h post-exercise (3.78 &+ 0.58 pg/ml versus 6.51 + 1.91 pg/ml, p = 0.030).
Aging Only the GG genotype group had higher CK activity 24-48 h following ERE and greater CK integral values,

Creatine kinase

ARG while IL-6 activity over 48 h was higher in the CC/CG genotype group. In conclusion, IL-6 genotype affects CK
nterleukin-

and IL-6 in response to ERE. It is of interest that the ERE protocol induced an elevation in CK, indicating possible
muscle damage without exacerbating IL-6 and CK for the GG genotype.
© 2013 Elsevier Inc. All rights reserved.

1. Introduction the lowest energetic cost to the individual (Hortobagyi, 2003). This is par-

ticularly interesting for frail elderly individuals with low muscular and

Increased aging and longevity, evidenced by demographic and epide-
miological data are a worldwide phenomena, especially in women, who
live an average of seven years more than men (National Institute of
Diabetes and Digestive and Kidney Diseases, 1993). Elderly individuals
are affected by changes in body composition, such as increased preva-
lence of obesity, and loss of muscle mass and strength (sarcopenia},
which is associated with functional limitations and increased mortality
(Baker and Cutlip, 2010; Silva et al., 2013). Additionally, the aging pro-
cess is accompanied by increased levels of blood markers of inflamma-
tion, induding interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-
a), and C reactive protein (CRP) (Silva et al., 2012).

Eccentric resistance exercise (ERE} has been shown to stimulate mus-
cle growth and allows a higher force production compared to concentric
training, maximizing the structural and functional muscle responses at

* Corresponding author at: University of Brasilia, UnB Ceilindia Campus. QNN, 14 AE,
Guariroba, Ceilandia, 72220-140, Brasilia, DF, Brazil.
E-mail address: silvanafunghetto@gmail.com (S.S. Funghetto).

0531-5565/% - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.exger.2013.08.009

cardiorespiratory fitness. Additionally, the adaptation or maladaptation
of skeletal muscle to eccentric exerdise is associated with the degree of
muscle damage (Baker and Cutlip, 2010}, which can be indirectly mea-
sured by blood levels of creatine kinase (CK). Acute inflammation, IL-6
and (K are related to the muscle damage response to exercise
(Bruunsgaard et al., 1997) and can be influenced by genetic factors.

In this regard, the human IL-6 gene is mapped to chromosome
7p21-24 with an upstream promoter containing 303 bp. A functional
— 174G/C polymorphism of IL-6 has been reported in the promoter re-
gion of the IL-6 gene, a G-to-C substitution (rs13447445), in which the
G allele has been associated with an increased transcriptional response
(Fishman et al,, 1998). The frequency of the — 174G allele varies from
45 to 100% in the worldwide population (Borinskaya et al.,, 2013). This
polymorphism may influence IL-6 transcription, cardiovascular disease
rates (Jenny et al,, 2002), triglycerides, cholesterol (Henningsson et al,,
2006) and blood glucose (McKenzie et al, 2004). It has been shown
that young individuals with one or more of the — 174C allele presented
greater increase and higher peak CK values as compared with individuals
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homozygous for the G allele. Furthermore, carriers of the CC genotype
exhibited greater than a threefold increase in CK response following an
isokinetic eccentric protocol consisting of 50 maximal elbow flexions at
120°/s in the nondominant arm (Yamin et al., 2008).

However, no investigation has been designed to observe the influ-
ence of the IL-6-174 G/C polymorphism on both temporal and integral
IL-6 measures, as well as the CK response to acute eccentric resistance
exercise. We hypothesized that the IL-6 and CK integral response to
acute ERE would differ depending on IL-6 —174G/C gene polymor-
phism. Therefore, the purpose of this study was to evaluate potential in-
fluences of IL-6 polymorphism on muscle damage markers in elderly
obese women.

2. Materials and methods

Participant screening is presented in Fig. 1. This analytical study
consisted of 90 elderly women from a local community located in the
Federal District, Brazil. This design was chosen for testing a hypothesis
as part of an investigation of the association between a training method
and possible causes of the training; in this case, we wanted to test a spe-
cific hypothesis regarding the influence of IL-6 — 174G/C gene polymor-
phism IL-6 and CK response to ERE. Participants were not specifically
representative of the Brazilian population and were recruited on a vol-
untary basis. Subjects were 69.4 + 6.01 yearsofage, 152.6 + 6.2 cmin
height, had a body mass of 64.6 + 12.1 kg, lean mass of 58.8 4 5.5%,
and body fat of 41.2 + 5.5%. Inclusion criteria were age >60 years,
sedentary females, body fat percentage >32% and completion of all an-
thropometric testing. Obesity was determined according to the recom-
mendations of the National Institute of Diabetes and Digestive and
Kidney Diseases (1993), assuming a cut-off point of 32% for women.
Individuals were considered sedentary according to their responses on
the International Physical Activity Questionnaire. Individuals with in-
flammatory, rheumatic, or autoimmune conditions or use of medications
(ie., beta blockers, hormone replacement therapy, anti-inflammatory,
insulin} that could modulate body composition were excluded. The
study was approved by the Institutional Research Ethics Committee
(protocol#035/2011), and all participants gave written, informed con-
sent before inclusion in the study.

2.1. Muscle strength evaluation

The test to obtain the ten repetitions maximum (10RM} value was
performed following the protocol proposed by Baechle and Earle
(2008). Individuals visited the laboratory on two occasions. On the
first visit they completed an anamnesis form and physical activity

questionnaire, anthropometric measures, dual-energy X-ray absorptiom-
etry (DXA) analysis and completed an adaptation session on a leg exten-
sion isoinertial machine (Righetto, Sao Paulo, Brazil) utilizing three sets of
8-10 submaximal repetitions. Seventy two hours later participants
performed the 10RM test. Subjects rested three days and completed the
10RM test again to determine test-retest reproducibility (R = 0.99).
The test was terminated at the moment volunteers were unable to per-
form the complete movement or when voluntary concentric failure oc-
curred. The following strategies were adopted to reduce the error gap in
the tests as stated by Tibana et al. (2012): a) standard instructions were
given before the test so that the volunteer was aware of the entire routine
which involved the data collection; b) the volunteer was instructed on the
exercise performance; ) the evaluator was aware of the position adopted
by the practitioner at the moment of the test, since slight variations in the
positioning of the joints involved in the movement could trigger other
muscles, leading to misinterpretation of the obtained scores; d) the sub-
Jjects were verbally encouraged with the purpose to keep their motivation
level high; e} the additional load used in the study was previously mea-
sured on a precision scale. Rest intervals between trials in each exercise
during the 10RM test were set between 3 and 5 min.

The volunteers were instructed not to ingest any stimulating sub-
stance (caffeine or alcohol) and not to perform physical activity on the
previous week of the tests.

2.2. Acute eccentric resistance exercise { ERE)

One week after the 10RM tests, volunteers completed an acute ERE
adopted from the protocol of Willoughby et al. (2003). The session
began with a series of general warming of the lower extremities on a
cycle ergometer for 10 min at 60 rpm and 50 W, followed by a specific
warm-up of 10 repetitions at 50% of 10RM, with a rest interval of 3 to
5 min. The ERE session was performed on the bilateral knee extension
isoinertial machine with a load corresponding to 110% of 10RM. Partic-
ipants performed only the eccentric phase of the lift (2-3 s), with the
concentric phase moved by the test administrators. Individuals com-
pleted seven sets of 10 repetitions with a passive rest of 3 min between
sets.

2.3. DNA analysis

Total DNA was isolated from peripheral blood according to standard
procedures. The —174G/C polymorphismin the promoter of the human
IL-6 gene (rs1800795) was determined by direct sequencing of a poly-
merase chain reaction product. A 628-bp region was amplified using a
pair of specific primers: 5-GAACACAGAAGAACTCAGATG ACTGG-3'

I 120 Posters and lectures ]

ibl > 15 based on non medical exclusion

8 based on medical exclusi l 23 Inel

l 97 Medical Screenings l

7 Ineligible > 7 based on non medical exclusion

l

30 completed an acute ERE l

Interleukin-6 genotype
group (GG, n = 53)

Interleukin-6 genotype
group (CC/CG, n = 37)

Fig. 1. Consort diagram from initial respondents to study completion. ERE = eccentric resistance exercise.
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(sense) and S5'-AGGAGTTCATAGCTGGGCTC CTGGAG-3' (antisense),
which flank the polymorphism. The reaction tubes contained 100 ng
DNA, 10 mM Tris-HCl, pH 9.2, 25 mM KCl, 1.5 mM MgCl2, 0.2 mM
dNTP, 20 pmol of each primer, 0.5 ug purified chicken albumin, and
1 unit Taq DNA polymerase (Phoneutria®, Belo Horizonte, MG, Brazil}
in a final volume of 50 pL. After 1 min of hot start at 80 “Cand an initial
denaturation for 2 min at 94 °C, the amplifications were carried out for
36 cycles of 40 sat 94 °C, 45 s at 64 °C, and 50 s at 72 °C followed by a
final 5-min extension at 72 °C. Each polymerase chain reaction product
was directly sequenced on an ABI PRISM 3700 DNA analyzer (Applied
Biosystems, Foster City, CA, USA), using the 5'-GCCTCAGAGACATC
TCCAGTCC-3' primer. Each sequence obtained was examined using
the Staden software package (MRC, Cambridge, UK), and confirmed by
visual inspection.

24. CK analysis

Blood samples were drawn from an antecubital vein by venipunc-
ture for genotypic analysis and to determine whole blood CK activity
pre- and 3, 24, 48 h post-exercise. (K activity was determined by use
of a commercially available Reflotron CK assay using the Reflotron sys-
tem. The measures were performed in triplicate and averaged.

2.5. IL-6 analysis

IL-6 was measured pre- and 3, 24, 48 h post-exercise by Quantikine
or Quantikine HS (High Sensitivity) commercial enzyme-linked immu-
nosorbent assay Kit (R&D Systems, Minneapolis, Minnesota, USA). The
intra-assay coefficient of variation of the kits was 1.5% to 5.6% for IL-6.
The interassay coefficient of variation was 4.3% to 6.4% for IL-6. The mea-
sures were performed in triplicate and averaged. To classify IL-6 values
the procedures from Harris et al. (1999) were adopted, where an elevat-
ed serum level was >2.08 pg/ml.

2.6. Statistical analyses

Hardy-Weinberg equilibrium was determined using a x? test to
compare the observed genotype frequencies with those expected
under Hardy-Weinberg equilibrium. Continuous data are expressed as
means + SE. Shapiro-Wilk tests were applied to check for normality
distribution of study variables. In case of non/normal distribution, a log-
arithmic transformation was performed. Mixed model ANOVA was used
to compare the (K and IL-6 activity differences between genotype
groups over the course of 48 h post-exercise. Compound sphericity
was verified by the Mauchly test. When the assumption of sphericity
was not met, the significance of F-ratios was adjusted according to the
Greenhouse-Geisser procedure. Tukey's post-hoc test with Bonferroni
adjustment was applied in the event of significance. Baseline, peak and
integral of genotype subtype comparisons were completed by means
of anindependent ¢ test. The CK and IL-6 integral values were calculated
as the area under the curve of CK and IL-6 between time points of 0 h
and 48 h. The sensitivity of the sample size was determined using
G"Power version 3.1.3 (Kiel, Germany), based on the magnitude of the
mean differences of (K and IL-6 integral values between the genotype
groups. Considering a power (1 — ) of 0.80 and an alpha error of
0.05, the required effect size for this sample size (n = 90) was 0.54 (me-
dium effect size). Thus, CK and IL-6 achieved the required effect size. The
level of significance was p < 0.05 and SPSS version 20.0 (Somers, NY,
USA) software was used.

3. Results

The data on IL-6 allele and genotype frequencdies in the present study
are shown in Table 1. Allele and genotype frequencies differed from
Hardy-Weinberg expectancies (> = 4.44; p = 0.035). The participant
pool in this study had more GG homozygotes (n = 53) and fewer CC

homozygotes (n = 3). Considering the very low frequency of CC homo-
zygotic carriers, they were grouped with heterozygotic CG carriers
(n = 34).

There was no difference in anthropometric and strength measures
between each IL-6 genotype group (Table 2}.

CK and IL-6 activities in response to ERE are shown in Figs. 2 and 3, re-
spectively. There was no statistically significant interaction between the
genotype group and time on CK concentration, F(3.117, 274.316) =
0.354, p = 0.794. CK concentration pre-intervention and post-exercise
was not statistically significant different (p > 0.05) between the geno-
type groups. Nevertheless, the exercise intervention elicited statistically
significant changes in CK concentration only for GG group over time,
F(2.619, 136.173} = 5.199, p = 0.003, with CK activity increased
from 106.8 4+ 6.9 U/l pre-intervention to 122.7 + 112 U/l at 24 h
and 131.9 &+ 14.4 U/l at 48 h post-exercise. In contrast, the ERE proto-
col did not induce any statistically significant changes in CK concentra-
tion for CC/CG group F(4, 144} = 1.776,p = 0.137, despite a tendency
to increase after exercise (91.8 + 7.2 U/l pre-intervention to 109.1 +
11.5 U/l at 48 h post-exercise).

There was also no statistically significant interaction between the
genotype group and time on IL-6 activity, F(3.064, 150.130) = 0.726,
p = 0.541. IL-6 concentration in the GG group was significantly lower
than the CC/CG group only at 0 h post-exercise (3.78 + 0.58 pg/ml ver-
sus 6.51 &+ 1.91 pg/ml, p = 0.030). The exercise intervention did not
elicit statistically significant changes in IL-6 concentration for GG,
F(2.727, 73.631) = 2,426, p = 0.078 and CC/CG groups, F(2.516,
55347) = 1.064,p = 0.364.

To explore other genotype-phenotype effects, we compared sub-
Jjects’ phenotypes among IL-6 genotypes (Table 3). There was no differ-
ence in baseline and peak CK and IL-6 activity between IL-6 genotypes,
while the GG genotype presented a trend for higher values at baseline
for CK activity (p = 0.086). However, the response to ERE was geno-
type dependent. The GG genotype group had significantly higher CK ac-
tivity over the 48 h, as demonstrated by higher values of the CK integral
(356.3 £ 29.5 U/l for GG versus 287.9 + 21.1 U/l for CC/CG group,
p = 0.043). On the other hand, the IL-6 activity over the 48 h was sig-
nificantly higher in CC/CG genotype group (1340 + 1.81 U/l for GG
group versus 19.02 £ 2.21 U/l for CC/CG group, p = 0.041).

4. Discussion

The aim of the present study was to investigate whether IL-6 poly-
morphism would affect IL-6 and CK response to eccentric resistance ex-
ercise (ERE) in elderly obese individuals. The main finding of the
present study was the elevation in CK at 24-48 h after ERE only for
homozygotic GG carriers, who also presented a higher integral activity
of CK. Individuals with one or more C allele had a higher integral activity
of IL-6. The higher integral values of CK for the carriers of the G allele
may indicate that these individuals would need a lower intensity and/
or volume during acute ERE to minimize the exacerbation of biochemi-
cal indicators of muscle damage. Although CK integral values were
lower for carriers of the C allele, IL-6 integral values were higher,
which is associated with an increased risk for several chronic diseases.

Resistance training results in strength gains and skeletal muscle accre-
tion (hypertrophy) however, the aging process seems to attenuate these

Table 1
1L-6 gene polymorphism ailele and genotype frequencies (n = S0).
Frequencies
Aliele frequency™ C 0.30 (37)
G 0.70 (87)
Genotype frequency cC 0.03 (3)
G 0.38 (34)
GG 0.59 (53)

Values are relative and absolute (in parentheses) frequencies.
* ¥% = 444; degrees of freedom = 1; p = 0.035.
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Table 2 12 1 — GG
Subject's physical characteristics by IL-6 genotype group (mean =+ SE). 10 4 == CC/GC
GG CC/ICG p-value -
(n =53) (n=37) T 8- I I
Age, yr 685 + 0.8 70.2 + 10 0310 g ] ®----- I
Height, cm 1526 + 08 1541 + 16 0.412 @ 6 ,L
Weight, kg 641 + 1.6 65.1 + 2.1 0.683 A 7
Body fat, % 405 + 0.8 418 + 09 0.157 = 49
Lean body mass, kg 360 + 0.6 355+ 07 0.501
Body mass index, kg/m? 276 £07 274 £ 08 0.967 2
10RM test, kg 362 +12 377 +£17 0.466
0 T T T T T

positive training benefits, although concomitantly exhibiting a sarcopenic
state and obesity that ultimately leads to senescence (Baker and Cutlip,
2010).It is interesting to note that aged populations have been cautioned
against the optimal mode of resistance training (i.e. the eccentric compo-
nent) because of the compromised condition of the elderly, including
sarcopenia and the propensity that it will induce overt skeletal muscle in-
Jjury if commenced. Additionally, the reserve of eccentric strength, albeit
variable, could be used, in combination with the greater magnitude of
force that can be developed during eccentric contractions (Dudley et al.,
1991), allowing a higher training intensity thus maximizing gains in mus-
cle function for older adults (LaStayo et al,, 2000).

In this regard, young individuals completed one set of 50 maximal ec-
centric movements of the elbow flexors at 120°/s (each contraction lasted
3 swith a 10-s rest between each contraction) of their nondominant arm,
using the BIODEX dynamometer (Yamin et al,, 2008). Results revealed
that individuals homozygous for the —174C allele experienced the
highest CK response, heterozygous individuals displayed intermediate
levels and individuals homozygous for the — 174G allele had the lowest
CK activity. The authors proposed that homozygosity for the IL6-174Cal-
lele is a clinically important risk factor for exercise-induced musde injury
(Yamin et al., 2008). The same research group submitted young individ-
uals to eccentric contractions of the elbow flexors in the BIODEX dyna-
mometer and found values of CK between 2937 and 8882 U/l after
exercise, depending on angiotensin converting enzyme (ACE) polymor-
phism (Yamin et al,, 2007). In the present we found an elevation in CK
after ERE, with integral values reaching 356.3 for GG allele carriers and
2879 U/l for C carriers. Although integral CK was higher for carriers of
the G allele, values are far below the accepted criteria for rhabdomyolysis
after ERE of 1000 U/l or five times above the normal upper limit (Lin et al,,
2006). This is particularly relevant assuming that muscle damage is es-
sential to muscle adaptation, while its exacerbation would not be desired
in elderly individuals, reinforcing the clinical application and safety of the
protocol used in the present study.

Studies have been designed to elucidate the muscle damage response
to eccentric exercise primarily to aerobic and anaerobic exercises using
cycle ergometry (Hameed et al., 2008), treadmill (Vyver and Myburgh,

160 -
— GG e

_ --- CC/CG
S 1401
2
>
2 120
%)
©
X
O 100 A

80 - T - - :

Pre 0 3 24 48
Time post-exercise (h)
Fig. 2. Creatine kinase (CK) activity (mean =4 SE) by interleukin-6 genotype group (GG,

n = 53: CC/CG, n = 37) in response to the eccentric exercise protocol. *Significantly dif-
ferent from pre-exercise, 0 h and 3 h post-exercise for GG group (p = 0.05).

Pre 0 3 24 48
Time post-exercise (h)

Fig.3.Interleukin 6 (IL-6) activity (mean + SE) by interleukin-6 genotype group (GG,
n = 38: CC/CG, n = 25) in response to the eccentric exercise protocol. *Significantly
different between genotype groups (p < 0.05).

2012) and the BIODEX dynamometer (Yamin et al.,, 2007). Results of (K
and association with IL-6 polymorphism exhibit a large degree of incon-
sistency due to the wide variability on protocols. These investigations
were specifically designed to induce muscle damage and were performed
with unusual training methodologies, which may not reflect resistance
training under practical conditions (Yarrow et al, 2007 ). Another impor-
tant issue is the type of muscle group investigated. A previous study re-
vealed that arm eccentric exercise induced larger decreases and slower
recovery of strength, and larger increases in blood markers of muscle
damage (including CK} than leg exercise (Jamurtas et al.,, 2005). Part of
these differences can be associated with the higher use of the lower
limbs during daily activities as compared with upper body muscles. To
note, the investigation of lower limb strength in the elderly is particularly
important, considering that it is mostly affected by sarcopenia and de-
creases in functionality (Baker and Cutlip, 2010).

Furthermore, the inflammatory response and muscle damage trig-
gered by ERE also involve the elevation of IL-6, which could also be
influenced by the polymorphism of the IL-6 gene (Vincent et al, 2010;
Yamin et al, 2007). In this regard, Patel et al. (2010} stimulated
human monocyte cells with either lipopolysaccharide or respiratory
syncytial virus and found that individuals with polymorphic genotypes
(G/Cor CC) presented higher IL-6 production than GG carriers. There is
a correlation of IL-6 —174G/C and C/C polymorphism with high IL-6
levels, inflammation in nasopharyngeal and Eustachian tube mucosa
during a viral upper respiratory infection (Patel et al., 2007). Interest-
ingly, it has been shown that elderly individuals carrying the C allele
presented lower walking distance evaluated by the six minute walking
test (Nicklas et al, 2005). Chronic elevation of inflammatory markers,
such as IL-6 is considered as an emerging mechanism underlying the
aging-related decline in physical function (Cesari et al., 2004; Taaffe
et al., 2000). It has been shown that elderly homozygous women for
the G allele present higher IL-6 levels as compared with C allele carriers,
and an interaction between GG polymorphism and housing conditions
(Pereira et al,, 2011). Furthermore, there was no effect of IL-6 polymor-
phism on the muscle strength of the knee extensors and flexors and no
association between plasma IL-6 levels and muscle strength in elderly

Table 3
Subject's phenotypes by IL-6 genotype group (mean =+ SE).
GG CC/CG p-value
CK activity (U/1)
Baseline 1068 + 6.9 818 +£7.2 0.086
Peak 1536 + 148 1307 4+ 11.0 0.400
Integral 3563 + 28.5 2879 +21.1° 0.043
IL-6 activity (pg/ml)
Baseline 437 £0.77 654 + 1.70 0.158
Peak 667 + 0.75 871 + 201 0.932
Integral 1340 + 1.81 18.02 + 2.21° 0.041

# Significantly different between IL-6 genotypes.
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women. Similarly we found no difference in 10RM strength between IL-
6 alleles. In the present study we found that elderly obese women car-
rying IL-6 —174G/C and C/C polymorphisms exhibited higher integral
values of IL-6 values, although there was no difference in baseline
values. A novelty from our data is that integral values account for base-
line and time-point response to ERE, reflecting a more realistic activity
of IL-6 throughout a period of several hours.

Interestingly, Harris et al. (1999} considered elevated IL-6 values
>2.08 pg/m, as it was highly associated with a mortality rate of 50 by
1000 per year in elderly individuals. In the present study we evaluated
elderly obese women exhibiting baseline values of IL-6 of 4.37 for GG al-
lele carriers and 6.54 pg/ml for C carriers. In this regard, the baseline
values of IL-6 in our study were high as compared to those studies eval-
uating young individuals. This would be expected as obesity and aging
are associated with increased basal levels of IL-6 and risk for chronic dis-
eases (Silva et al., 2012). Also, the lack substantial modifications in IL-6
after ERE completed on a leg extension machine may be associated
with the specific exercise protocol of the present investigation, and
may acutely influence the characteristics of IL-6 measured in the circula-
tion. It is possible that a different physiological environment would be
present in the skeletal musdle, as Buford et al. (2009) showed that skel-
etal muscle has a significant accumulation of transcripts for pro-
inflammatory genes (TNF-¢, IL-1, IL-6 and IL-8) 3 h following the com-
pletion of a resistance exercise bout.

The present study has some limitations that should be considered,
such as the mixed genetic characteristic of the population and the lack
of morphological analysis of muscle damage. A control group would
also be important to determine the natural time course variation in CK
and IL-6.

5. Conclusion

In condlusion, our results revealed that IL-6 genotype affects CK and
IL-6 in response to ERE. The ERE protocol induced an elevation of (K, an
indicator of skeletal muscle damage, without exacerbation of IL-6 and
(K values only in the GG genotype, which may be indicated for elderly
individuals as a safe protocol during daily clinical practice.
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RESUMO

Comparam-se parametros inflamatérios sanguineos em mulheres idosas com e sem
obesidade sarcopénica (OS). Estudo transversal, realizado com 216 idosas, as quais
foram classificadas com ou sem OS por meio da andlise de composi¢cao corporal
(absortometria de raios-X de dupla energia, DXA). Dessa forma as idosas foram
divididas em dois grupos: OS (n= 83; 66,7 + 5,6 anos) e sem OS (n= 133; 67,6 + 4,9
anos), para efeito de comparacdo das citocinas inflamatérias. Os resultados
demonstram que 38,43% (n=83) das idosas apresentaram OS e 61,57% (n=133)
ndo possuiam OS, entretanto, toda a amostra era obesa. Por outro lado, ndo foram
verificadas diferencas significativas para a interleucina-6 (0,82 + 0,20 vs 0,83 £ 0,19
pg/ml; p=0,64), proteina C reativa (2,70 + 1,55 vs 2,82 + 1,66 pg/ml; p=0,71), fator de
necrose tumoral alfa (0,71 + 0,08 vs 0,70 £ 0,08 pg/ml; p=0,42), interferon-gama
(0,75 £ 0,14 vs 0,74 = 0,08 pg/ml; p=0,47) entre as mulheres com e sem OS. Os
parametros inflamatérios ndo sao exacerbados pela OS, provavelmente por ambos

0S grupos apresentarem obesidade.

Palavras-chave: obesidade sarcopénica, inflamacao; obesidade; sarcopenia.
ABSTRACT

To compare the blood inflammatory parameters in elderly women with and without
sarcopenic obesity (SO). A cross-over study including 216 elderly women which were
classified as presenting or not SA evaluated by body composition analysis (Dual-
energy X-ray absorptiometry, DXA). Thus, the elderly women were divided into two
groups: SO (n= 83; 66.7 + 5.6 years) and without SO (n= 133; 67.6 + 4.9 years), for
comparison of inflammatory cytokines. Results revealed that 38.43% (n=83) of the
women presented SO and 61.57% (n=133) did not present SO, while the whole
sample was obese. On the other hand, there was no difference for interleukin-6 (0.82
+ 0.20 vs 0.83 £ 0.19 pg/ml; p=0.64), C reactive protein (2.70 = 1.55 vs 2.82 = 1.66
pg/ml; p=0.71), tumor necrosis factor alpha (0.71 = 0.08 vs 0.70 + 0.08 pg/mi;
p=0.42), interferon-gamma (0.75 £+ 0.14 vs 0.74 + 0.08 pg/ml; p=0.47) between
women with and without SO.The inflammatory parameters are exacerbated by SO,
probably as a result of the obesity in both groups.

Keywords: sarcopenic obesity, inflammation; obesity; sarcopenia.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDual-energy_X-ray_absorptiometry&ei=5Bt_UbKAEdKw4AOc0IH4CA&usg=AFQjCNEoTka5Ue_v1_EOwYcwtOqfXKMBFw&sig2=v5B7UVwFQwG5kpDw8wuYog&bvm=bv.45645796,d.dmg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDual-energy_X-ray_absorptiometry&ei=5Bt_UbKAEdKw4AOc0IH4CA&usg=AFQjCNEoTka5Ue_v1_EOwYcwtOqfXKMBFw&sig2=v5B7UVwFQwG5kpDw8wuYog&bvm=bv.45645796,d.dmg

108

INTRODUCAO

O envelhecimento populacional e o aumento da longevidade, evidenciados
por dados demograficos e epidemiologicos, constituem um proeminente fendmeno
mundial, sobretudo no que se refere a populacédo feminina, que vive em média sete
anos a mais que a masculina (BATISTA et al.; 2008, VERAS, 2009). De acordo com
os dados do Instituto Brasileiro de Geografia e Estatistica — IBGE (2011) ocorreu na
populacao brasileira um aumento de pessoas com idade de 65 anos, a qual avancou
de 5,9% em 2000 para 7,4% em 2010.

Com o envelhecimento populacional ocorre o aumento de doengas crénicas
nao transmissiveis e metabdlicas, como doencas cardiovasculares, obesidade,
cancer, sindrome metabdlica e diabetes (MALTA e MERHY, 2010, OLIVEIRA SILVA
et al., 2013). Ademais, a diminuicdo da massa e de forca muscular, bem como o
aumento de massa adiposa, contribuem para perda da capacidade funcional que se
observa com o envelhecimento (GOODPASTER et al.,, 2006). Atualmente, o
sobrepeso, e em especial a obesidade, encontram-se associados a uma inflamacéo
crbnica, evidenciada pelo aumento de marcadores inflamatérios, como interleucina-6
(IL-6), fator de necrose tumoral-alfa (TNF-a), interleucina 1 beta (IL-1p) e proteina C
reativa (CPR) (FANTUZZI, 2005, SILVA et al., 2012).

Além disso, a massa muscular, que geralmente contribui com até 50% do total
do peso corporal em adultos jovens, diminui em até 25% em individuos de 75 a 80
anos (SHORT e NAIR, 2000; SHORT et al., 2004). A perda de massa muscular é
normalmente acompanhada por ganho de massa gorda, sendo mais evidente nos
membros inferiores, com destaque para a area de seccao transversal do musculo
vasto lateral, que pode reduzir-se em até 40% entre os 20 e 80 anos (KENT-
BRAUN, 2009; ALFONSO et al., 2010).

Adicionalmente, mulheres menopausadas apresentam uma perda acelerada
de massa e forca muscular em comparacdo a mesma faixa etaria em homens
(MALTAIS et al.,, 2009). A perda de massa muscular pode estar relacionada com
alteracdes hormonais, sedentarismo, nutricdo inadequada e o processo inflamatério
caracteristico do envelhecimento (SOLOMON e BOUDOUX, 2006; ROTH et al.,
2006). Neste sentido, a sarcopenia destaca-se como uma alteracédo fisiologica

acompanhada do envelhecimento que se caracteriza pela diminuicdo da sintese de
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proteinas, fibras musculares, massa e forca muscular (NAIR, 2005). Ademais, a
combinagdo do aumento na massa gorda com a diminuicdo da massa e da forca
muscular em idosos é denominada de obesidade sarcopénica (OS) (ALFONSO et
al., 2010; NARICI E MAFFULLI, 2010). A OS estéa associada a limitag6es funcionais
e aumento da mortalidade (STENHOLM et al., 2008).

O aumento dos niveis de citocinas inflamatérias tem sido relatado em
individuos com OS (SCHRAGER et al.,, 2007, SILVA et al.,, 2013). As citocinas
inflamatorias produzidas pelo tecido adiposo podem acelerar a taxa de degradacao
muscular, reduzindo a forgca muscular e contribuindo para o desenvolvimento da
sarcopenia (CESARI et al., 2004). Neste aspecto, estudos recentes tém
demonstrado que mulheres idosas com OS apresentam maiores limitacGes
funcionais, menor forca muscular e maior risco de morte quando comparadas a
idosos sem OS (STENHOLM et al., 2008 ; SILVA NETO et al., 2012). No entanto,
até o presente momento nenhum estudo comparou o perfil inflamat6rio em mulheres
idosas e obesas com e sem OS.

Por conseguinte, o objetivo deste estudo foi comparar o0s parametros
inflamatdrios sanguineos de mulheres idosas e obesas com e sem OS. A hipbtese
inicial deste estudo era de que as mulheres com OS teriam concentracdes mais
elevadas de marcadores inflamatdrios quando comparadas a mulheres obesas sem
OsS.

METODOS
Sujeitos

Trata-se de um estudo de caréater transversal e analitico, sendo a amostra
composta por 216 idosas, recrutadas de uma comunidade no Distrito Federal, Brasil.
As mulheres foram divididas em dois grupos: OS (n= 83; 66,7 £ 5,6 anos) e sem OS
(n=133; 67,6 + 4,9 anos). Os critérios de inclusdo para as participantes foram: idade
= 60 anos, sexo feminino, ser sedentaria, ter realizado os testes antropométricos e
de composicdo corporal. Foi aplicado um questionario para mensurar o nivel de
atividade fisica (IPAQ). As participantes com doencas autoimunes, doencas
reumaticas ou que utilizassem medicamentos (betabloqueadores e/ou metformina)
foram excluidas 64 idosas. O Comité de Etica para Pesquisa para Seres Humanos
da Universidade Catdlica de Brasilia aprovou os métodos do estudo (n°: 235/2010) e

todos os participantes assinaram um documento de consentimento informado.
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Composicao corporal, obesidade sarcopénica e obesidade
Para mensurar a composicao corporal foi utilizado o teste de Absortometria
de Raios-X de Dupla Energia (DXA). O equipamento utilizado foi da marca General
Electric-GE, modelo 8548 BX1L, ano 2005, tipo Lunar DPX, com software programa
Encore 2005. Foi determinado o valor da Massa Livre de Gordura Apendicular
(MLGA), a qual é representada pelo somatorio da MLG dos membros inferiores e
superiores, obtidos pelo DXA.
A OS foi determinada pelos valores de composi¢éo corporal, de acordo com
a proposta de Oliveira et al. (2011), com a seguinte equacdo: MLGA = -14.529 +
(17989 x altura em metros) + (0,1307 x massa total de gordura em kg). O resultado
corresponde a MLGA esperada com base na altura e massa livre de gordura (MLG)
deve ser subtraida da MLGA real (isto €, a soma da MLG do braco e perna medidos
por DXA). Se o residual for = -3,4, o individuo é classificado como tendo OS.
A obesidade foi determinada pelo DXA e pelo indice de massa corporal (IMC).
Os valores de referéncia para o percentual de gordura corporal seguiram as
recomendacdes de Bouchard et al. (2009) assumindo um ponto de corte maior ou
igual a 35% para mulheres. A obesidade determinada pelo IMC seguiu a proposta de
Lipschitz (1994), assumindo um ponto de corte de 27 kg/m? para as mulheres
idosas.
Parametros inflamatérios
Foi realizada a coleta de 10mL de sangue da veia antecubital, por meio de
puncao venosa pelo sistema vacutainer com anticoagulante EDTA, possibilitando a
determinacao dos seguintes parametros inflamatorios: IL-6, TNF-a, interferon-gama
(INF-y) e PCR. Para as citocinas foi empregado o método ELISA (enzyme-linked
immnuosorbent assay) seguindo as recomendacdes dos Kits (R&D Systems,
Minneapolis, MN, EUA). Para a PCR foi adotado o método de turbidimetria com
intensificacdo com a reacdo por particulas por espectrofotbmetro Cobas Mira Plus
(Roche Diagnostic, GmBH - Alemanha), com calibrador e soro controle Biosystem
(Bayer®).
As medidas foram realizadas em triplicata sendo reportados os valores
meédios. Foram seguidos os procedimentos descritos por Harris et al. (1999) para

averiguar as concentracdes de IL-6, pontuando uma condi¢cdo sérica elevada para
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2,08 pg/mL. Para PCR foi considerado o valor de 2,78 pg/mL, conforme descrito pelo
mesmo autor.

Para o TNFa foi adotado o valor de referéncia descrito pelo fabricante, onde
até 4,12 pg/mL sao considerados normais. Os valores de INF-y foram apresentados
em media e percentuais com 0 objetivo de comparar o comportamento desta
variavel com os demais parametros inflamatérios e com estudos da literatura que

apresentaram dosagem sérica para esta citocina.

Analise Estatistica

Os dados séo apresentados em média £ DP e percentuais, quando necessario.
A normalidade dos dados foi testada pelo teste de normalidade Kolmogorov-
Smirnov. Apés todos os dados apresentarem distribuicdo normal foram formados
diferentes grupos com e sem OS. O teste t de student para amostras independentes
foi utilizado para determinar as diferengas entre os grupos. O nivel de significancia
aceito foi p < 0.05 e o software estatistico utilizado foi o SPSS versdo 19.0 (IBM
Corporation, Armonk, NY, EUA).

RESULTADOS

A populacédo de idosas participante do estudo (n=216) possuia idade média
de 67,23 + 5,19 anos, apresentando um perfil representado pela média de IMC de
29.19 + 3.40 e do percentual de massa gorda (MG) de 40.96 *+ 3.71. Considerando a
inflamacéo verificada pelo marcador PCR, observou-se que a média da amostra total
possuia concentracdes de 2.77 + 1.62 pg/mL. Destas, pelo menos 26%
apresentaram valores de PCR muito elevados quanto ao risco de mortalidade,
atingindo valores de 8,11 pg/mL. As concentracfes de IL-6 atingiram um maximo de
2.11 pg/mL, sendo que a média foi 0,82 + 0,20 e os valores de TNF-a e INF-y
normais para todas as idosas.

Das idosas que participaram do estudo, 38,42% (n=83) apresentaram OS e
61,57% (n=133) ndo possuiam OS. Todas as idosas eram obesas, sendo que as
idosas que possuiam OS apresentam valor médio de MLGA medida, MLGA predita,
MLGA relativa, assim como a diferenca MLGA maior aquelas sem OS, além disso, o
grupo com OS apresentaram maior massa gorda em quilogramas (MG kg) quando

comparado com aquele sem OS (tabela 1), em contra partida as idosas sem OS
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apresentaram um perfil de IMC maior quando comparado com as idosas com OS
(tabela 1), mas é importante ressaltar que os dois grupos apresentaram IMC elevado
segundo proposta de Lipschitz (1994). Quanto ao perfil inflamatério, ndo foram

detectadas diferencas significativas entre os grupos (tabela 2).

DISCUSSAO

O objetivo do presente estudo foi comparar parametros inflamatérios em
mulheres idosas com e sem OS. Contrariando a hipétese inicial deste estudo, as
mulheres com OS nao apresentaram concentracdes mais elevadas de marcadores
inflamatdrios quando comparadas as mulheres obesas sem OS.

No presente estudo, foi verificado um elevado percentual de OS nas idosas
(38,42%), quando comparado com outros estudos, cuja prevaléncia variou de 3% a
17,7% (BAUMGARTNER, 2000; DAVISON et al., 2002; ZOICO et al., 2004; GOMEZ-
CABELO et al.,, 2011). Do mesmo modo, em estudo realizado no México foi
observado prevaléncia ainda maior para a OS, na ordem de 48,1%
(BAUMGARTNER et al, 1998). Oliveira et al. (2011) demonstraram uma
prevaléncia de OS de 19,8% em mulheres idosas brasileiras, duas vezes menor
quando comparado a do presente estudo. Cabe destacar que todas as idosas
investigadas nesta pesquisa eram obesas, o que pode ter influenciado os dados
encontrados. Porém em outro estudo dos mesmos pesquisadores (SILVA et. al.
2013), os mesmos ndo encontraram associacao da obesidade com a obesidade
sarcopénica (p = 0,424). Em contraste, a sarcopenia foi significativamente
relacionada com a obesidade sarcopénica (p <0,001).

Neste estudo, os grupos estudados ndo apresentaram diferenca na MC,
entretanto Lee et al., (2012) demonstraram que portadores de OS tiveram uma
probabilidade maior (RR = 3,51) de desenvolver osteoartrite do joelho quando
comparados aos que ndo possuiam OS, embora ambos 0s grupos tivessem a
mesma massa corporal.

Por outro lado, Schrager e colaboradores (2007) associaram 0s componentes
de obesidade sarcopénica com niveis elevados de IL-6 e proteina C-reativa, (p
<0,05), bem como Kim et al. (2013) relatam que a obesidade sarcopénica foi
independentemente associada com inflamacdo em mulheres, porém em nosso

estudo, néo foi possivel evidenciar tais associa¢des, sendo que no presente estudo,
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o perfil inflamatério foi semelhante entre os grupos estudados. Esses resultados
podem ser explicados parcialmente pela elevada prevaléncia de obesidade nos dois
grupos visto que o tecido adiposo € um dos principais responsaveis pela producao
de citocinas pro-inflamatorias, tais como o TNF-a e IL-6 (JENSEN e HSIAO, 2010).

De acordo com Singh e Newman (2011), a elevada concentracdo de PCR tem
sido associada extensivamente com a predicdo de doencas cardiovasculares e com
um acentuado declinio fisico em idosos (PENNINX, KRITCHEVSKY et al., 2004). De
forma anéloga, Schaap et al. (2006) demonstraram que concentracdes elevadas de
PCR foram associadas com uma perda de aproximadamente 40% na forga muscular
(SCHAAP et al., ibid.). Neste estudo a amostra geral apresentou uma média de
2,77+ 1.62 para PCR, valores estes acima dos recomendados para saude.

Algumas limitacdes metodoldgicas do presente estudo devem ser destacadas.
Primeiramente, trata-se de um estudo transversal, com um numero relativamente
reduzido de participantes, o que impossibilita estabelecer relacdo de causa e efeito
entre a OS e a resposta inflamatéria em longo prazo. Segundo, ambas as
voluntarias apresentavam obesidade, o que dificulta a conclusdo a partir dos
resultados apresentados, visto que nao saberiamos se as idosas sem OS e sem
obesidade apresentariam um perfil inflamatério diferente das idosas com OS e com
obesidade. E por ultimo, ndo consideramos a nova definigcdo proposta pelo European
Working Groupon Sarcopenia in Older People (EWGSOP), que recomenda a
utilizacdo da presenca de baixa massa e forca muscular para o diagnostico da
sarcopenia (ALFONSO et al., 2010).

CONCLUSAO E APLICACOES PRATICAS

Em conclusdo, os resultados do presente estudo demonstraram que
parametros inflamatérios sanguineos ndo sao exacerbados pela OS. Além disso,
ambos os grupos apresentaram um perfil inflamatorio elevado, demonstrando que a
obesidade per se pode explicar uma probabilidade maior de inflamacédo em idosas.
Diante do exposto, infere-se que ha um elevado risco do comprometimento da
capacidade funcional e urge a necessidade de uma visdo expandida da fragilidade
do idoso por meio do monitoramento da composi¢cdo corporal e do diagnostico

precoce da OS nos idosos, assim como do perfil inflamatério, para desta forma
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prevenir complicagdes futuras e aparecimento de doengas cronicas né&o

transmissiveis.
REFERENCIAS

1.

ALFONSO, J.; CRUZ-JENTOFT; JEAN, P. B.; JURGEN, M. B.; YVES, B,
TOMMY, C.; et al. Sarcopenia: European consensus on definition and
diagnosis. Age and Ageing, v. 39, p.412-423, 2010.

BATISTA A. S.; JACCOUD L. B.; AQUINO L., EL-MOOR, P. D.
Envelhecimento e dependéncia: desafios para a organizacdo da protecao
social. Brasilia: MPS, SPPS, 2008. 160p. Cole¢&o Previdéncia Social, v. 28.
BAUMGARTNER RN; KOEHLER KM; GALLAGHER D.; ROMERO L,
HEYMSFIELD S.B.; ROSS R.R. et al. Epidemiology of sarcopenia among the
elderly in New Mexico. Am J Epidemiol, v.147, n.8,p.755-63,1998.
BAUMGARTNER, R. N. Body composition in healthy aging. Ann N Y Acad Sci
May, v.904, p.437-48, 2000.

BOUCHARD D. R.; DIONNE I. J.; BROCHU M.; Sarcopenic/Obesity and
Physical Capacity in Older Men and Women: Data From the Nutrition as a
Determinant of Successful Aging (NuAge)—the Quebec Longitudinal Study.
Obesity v.17, p.2082-88, 2009.

CESARI M.; PENNINX B.W.; PAHOR M.; et al. Inflammatory markers and
physical performance in older persons: The INCHIANTI Study. J Gerontol A
Biol Sci Med Sci, v.59, p.M242-M248, 2004.

DAVISON, K.K.; FORD, E.S.; COGSWELL, M.E.; DIETZ, W.H. Percentage of
body fat and body mass index are associated with mobility limitations in
people aged 70 and older from NHANES IIll. J Am Geriatr Soc, v.50,n.11,
p.1802-9,2002.

FANTUZZI, G. Adipose tissue, adipokines, and inflammation. J Allergy Clin
Immuno, v.115, p. 911-19, 2005.

GOMEZ-CABELLO, R.; PEDRERO-CHAMIZO, P. R; OLIVARES, L;
LUZARDO, A; JUEZ-BENGOECHEA, E; MATA, U.; ALBERS, S.; AZNAR, G.;
VILLA, L.; ESPINO, N.; GUSI, M.; GONZALEZ-GROSS, J. A.; CASAJUS, |.
Prevalence of overweight and obesity in non-institutionalized people aged 65
or over from Spain: the elderly EXERNET multi-centre study. Obesity
Reviews, v. 12, p.583-592, 2011.



115

10.GOODPASTER, B. H.; PARK, S. W.; HARRIS, T. B.; KRITCHEVSKY, S. B;
NEVITT, M.; SCHWARTZ, A. V.; SIMONSICK, E. M.; TYLAVSKY, F. A,
VISSER, M.; NEWMAN, A. B. The loss of skeletal muscle strength, mass, and
quality in older adults: the health, aging and body composition study. Journal
of Gerontology: Medical Sciences, v. 61A, n.10, p. 1059-64, 2006.

11.HARRIS, T.B.; FERRUCCI, L.; TRACY, R.P.; CORTI, M.C.; WACHOLDER,
S.; ETTINGER, W.; HEIMOVITZ, H.; COHEN H.; WALLACE, R. Associations
of elevated interleukin-6 and C-reactive protein levels with mortality in the
elderly. The American Journal of Medicine, v.106, p. 506-512, 1999.

12.http://lwww.ibge.gov.br/home/estatistica/populacao/censo2010/caracteristicas_
da_populacao/resultados_do_universo.pdf>. Acesso em: abr. 2013.

13.IBGE - Instituto Brasileiro de Geografia e Estatistica. Censo Demografico
2010. Caracteristicas da populacao e dos domicilios: resultados do universo.
Rio de Janeiro: IBGE, 2011. 270 p. Disponivel em:

14.JENSEN, G. L.; HSIAO, P. Y. Obesity in older adults: relationship to functional
limitation. Current Opinion in Clinical Nutrition and Metabolic Care, v.13, p.46—
51, 2010.

15.KENT-BRAUN, J. A. Skeletal Muscle Fatigue in Old Age: Whose Advantage?
Exerc Sport Sci Rev., v. 37, n. 1, p. 3-9, 2009.

16.KIM, T.N.; PARK, M.S.; LIM, K.; CHOI, H.Y.; YANG, S.J.; YOO, H.J et al.
Relationships between sarcopenic obesity and insulin resistance,
inflammation, and vitamin D status: the Korean Sarcopenic. Clinical
Endocrinology Volume 78, Issue 4, p. 525-532, April 2013.

17.LEE, S.; KIM, T.N.; KIM, S.H. Sarcopenic obesity is more closely associated

with knee osteoarthritis than is nonsarcopenic obesity: a cross-sectional study.
Arthritis Rheum, v.64, n. 12, p.3947-54, 2012.

18.LIPSCHITZ, D.A. Screening for nutritional status in the elderly. Prim Care,
21:55-67, 1994.

19.MALTA, D. C.; MERHY, E. E. O percurso da linha do cuidado sob a
perspectiva das doencas cronicas ndo transmissiveis. Interface (Botucatu)
[online], v. 14, n. 34, p. 593-606, 2010.


http://onlinelibrary.wiley.com/doi/10.1111/cen.2013.78.issue-4/issuetoc

116

20.MALTAIS, M.L.; DESROCHES, J.; DIONNE, I.J. Changes in muscle mass and
strength after menopause. J Musculoskelet Neuronal Interact, v. 9, n. 4, p.
186-196, 2009.

21.NAIR, K.S. Aging muscle. Am J Clin Nutr, v. 81, p. 953-63, 2005.

22.NARICI, M.V.; MAFFULLI, N. Sarcopenia: characteristics, mechanisms and
functional significance. British Medical Bulletin, DOI:10.1093/bmb/Idg008,
2010.

23.0LIVEIRA SILVA, A.; TIBANA R.A.; KARNIKOWSKI M.G.O.; FUNGHETTO S
S.; PRESTES J. Inflammatory status in older women with and without
metabolic syndrome: is there a correlation with risk factors?. Clinical
Interventions in Aging (Online), v. 2013 p. 361-367, 2013.

24.0LIVEIRA, R.; BOTTARO, M.; JUNIOR, J.; FARINATTI, P.; BEZERRA, L.;
LIMA, R. Identification of sarcopenic obesity in postmenopausal women: a cut
off proposal. Braz J Med Biol Res, v. 44, n. 11, p.1171 - 6, 2011.

25.PENNINX, B. W. J. H.; KRITCHEVSKY, S. B.; NEWMAN, A. B.; NICKLAS, B.
J.; SIMONSICK, E. M.; RUBIN, S.; NEVITT, M.; VISSER, M.; HARRIS, T.;
PAHOR, M. Inflammatory Markers and Incident Mobility imitation in the
Elderly. J Am Geriatr Soc, v.52, p.1105-1113, 2004.

26.ROTH, S.M.; METTER, E.J.; LING, S.; FERRUCCI, L. Inflammatory factors in
age-related muscle wasting. Curr Opin Rheumatol, Nov;18(6):625-30, 2006.

27.SCHAAP, L.A.; PLUIIM, S.M.; DEEG, D.J.; VISSER, M. Inflammatory markers
and loss of muscle mass (sarcopenia) and strength. Am J Med., v. 119, n.6, p.
526.e9-17, 2006.

28.SCHRAGER, M.A.; METTER, E.J.; SIMONSICK E.; BLE A.; BANDINELLI S.;
LAURETANI F.; FERRUCCI L. Sarcopenic obesity and inflammation in the
INCHIANTI study. J Appl Physiol 102:919-925, 2007.

29.SCHRAGER, M.A.; METTER, E.J.; SIMONSICK, E.; et al. Sarcopenic obesity
and inflammation in the INCHIANTI study. J Appl Physiol, v. 102, p.919-25,
2007.

30.SHORT, K. R.; VITTONE, J. L.; BIGELOW, M. L.; PROCTOR, D. N.; NAIR, K.
S. Age and aerobic exercise training effects on whole body and muscle protein
metabolism. Am J Physiol Endocrinol Metab, v. 286, p.92-101, 2004.



117

31.SHORT, K.R; NAIR, K.S. The effect of age on protein metabolism. Curr Opin
Clin Nutr Metab Care, v. 3, p. 39-44, 2000.

32.SILVA A.O.; KARNIKOWSKI M.G.O.; FUNGHETTO S.S.; STIVAL M.M.; LIMA
R.M.; SOUZA J.C.; NAVALTA JW.; PRESTES J. Association of body
composition with sarcopenic obesity in elderly women. International Journal of
General Medicine, p. 25-29, 2013.

33.SILVA NETO, L. S.; KARNIKOWSKI, M. G. O.; TAVARES, A. B; LIMA, R. M.
Associacdo entre sarcopenia, obesidade sarcopénica e forca muscular com
variaveis relacionadas de qualidade de vida em idosas. Rev. bras. fisioter.
[online], v.16, n.5, p. 360-367, 2012. Disponivel em:
<http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413355520120005
00009&Ing=en&nrm=iso>. Acesso em: 13 fev. de 2013.

34.SILVA, A. O.; OLIVEIRA, H. B.; TAVARES, A. B.; FUNGHETTO, S.
S.; PRESTES, J.; KARNIKOWSKI, M. G. O. Comparison of Inflammatory,
Metabolic, and Anthropometric Parameters in Elderly Women With and
Without Insulin Resistance. Research on Aging, v. 34, p. 261-274, 2012.

35.SINGH, T.; NEWMAN, A. B. Inflammatory markers in population studies of
aging. Ageing Res Rev., v.10, n.3, p. 319-329. doi:10.1016/j.arr.2010.11.002,
2011.

36.SOLOMON, A.M.; BOUDOUX, P.M.G. Modifying muscle mass-the endocrine
perspective. J Endocrinol; v.191, p.349- 60, 2006.

37.STENHOLM, S.; HARRIS T.B.; RANTANEN, T.; et al. Sarcopenic obesity:
definition, cause and consequences. Curr Opin Clin Nutr Metab Care, v.11,
p.693-700, 2008.

38.VERAS, R. Envelhecimento populacional contemporaneo: demandas,
desafios e inovacdes. Rev. Saude Pdublica [online], v.43, n.3, p. 548-554,
20009. Epub 2009. ISSN 0034-8910. doi:  10.1590/S0034-
89102009005000025.

39.VILLAREAL, D.T.; CHODE, S.; PARIMI, N.; SINACORE, D.R.; HILTON, T.;
ARMAMENTO-VILLAREAL, R.; et al. Weight loss, exercise, or both and
physical function in obese older adults. N Engl J Med; v.364, p. 1218-29,
2011.



118

40.ZOICO, E.; DI FRANCESCO, V., GURALNIK, JM.; MAZZALI, G,
BORTOLANI, A.; GUARIENTO, S.; et al. Physical disability and muscular
strength in relation to obesity and different body composition indexes in a
sample of healthy elderly women. Int J Obes Relat Metab Disord, v. 28,n2,
p.234 - 41, 2004.

Tabela 1. Variaveis antropométricas das idosas com e sem obesidade sarcApenica (OS).

OS (n=83) Sem OS (n=133) p
Idade (anos) 66,7+ 5,6 67,6 +4,9 0,23
MC (kg) 68,1+ 8,0 654+7,4 0,42
Estatura (cm) 1,55+ 0,05 1,50 + 0,05* 0,001
IMC (kg/m?) 28,1+2,9 29,9 + 3,5* 0,001
MG (%) 40,5+ 3,9 41,3+3,5 0,13
MG (kg) 26,7+7,7 23,2+7,1* 0,001
MLG (%) 56.48 + 3.48 55.46 + 3.26 0,031
MLGA medida 12.26 £+ 1.42 14.37 +1.28* 0,001
MLGA predita 16.95 +1.22 15.52 + 1.31* 0,001
Dif. MLGA -4.68 + 1.02 -1.14 + 1.34* 0,001
MLGA relativa 5.07 £ 0.52 6.38 £ 0.55* 0,001

MC = Massa corporal, IMC, indice de massa corporal; MG, massa gorda; MLG =Massa Livre de
gordura ; MLGA medida = Massa Livre de Gordura Apendicular Medida; MLGA predita = Massa Livre
de Gordura Apendicular Predita ; Diff MLGA = Diferenca Massa Livre de Gordura Apendicular; MLGA
relativa = Massa Livre de Gordura Apendicular Relativa *Diferenca estatisticamente significativa entre
0s grupos. p < 0,05.

Tabela 2. Parametros inflamatérios das idosas com e sem obesidade sarcopenica (OS).

OS (n=83) Sem OS (n=133) p
IL-6 (pg/mL) 0,81+0,20 0,82 +0,19 0,64
PCR (pg/mL) 2,70+1,55 2,82+1,66 0,78
TNF-a (pg/mL) 0,70 + 0,07 0,69 + 0,07 0,43
INF-y (pg/mL) 0,74+0,13  0,73+0,08 0,47

IL-6=interleucina-6, PCR= proteina C reativa, TNF-a =fator de necrose tumoral-alfa,
INF-y=interferon-gama.
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Abstract

The objective of the present study was to investigate the relationship be-
tween inflammatory, metabolic, and anthropometrical parameters of elderly
women with insulin resistance (IR) and without insulin resistance (WIR). One
hundred and seventy-two elderly women aged 67.5 (£ 5 years) were sub-
mitted to anthropometrical analysis, by dual energy X-ray absorptiometry, and
biochemistry tests such as lipidogram, fasting blood glucose, glycosylated he-
moglobin,insulin, C-reactive protein, Interleukin-6,tumor necrosis factor-alpha,
and Interferon-gamma. Body mass index, waist circumference, waist-to-hip
ratio, body fat mass, triglycerides, very low density lipoprotein, fasting glucose,
and insulin were significantly higher, while lean body mass was lower (p <
0.05), in elderly with IR as compared to WIR.There was no significant dif-
ference between groups in the inflammatory parameters. Elderly women
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with IR present increased anthropometrical and metabolic parameters that
predispose them to several chronic nontransmissible diseases. Additional in-
flammatory parameters should be used in elderly women to define an optimal
relationship with insulin resistance in clinical practice.

Keywords

aging,inflammation, blood biomarkers,insulin resistance,metabolic parameters,
anthropometric parameters

The demographic and epidemiologic transition is a world wild phenomenon
characterized by the increased number of elderly people and a modification
in the morbi-mortality profile of the population (Camarano, 2007). In Brazil,
the gradual increase in number of individuals aged 60 years or older and the
elevated prevalence of chronic nontransmissible diseases (CNTD) indicate
that the country is under an aging process of its population (Oliveira, 2008).
Among the most detachable CNTD are hypertension, diabetes, obesity, dyslip-
idemias, cardiovascular disease, and cancer, which are associated with inflam-
matory, metabolic, anthropometric, and body composition alterations (Ford,
1999; Forsey et al., 2003; Lakka, Lakka, Salonen, Kaplan, & Salonen, 2001).

There is an association between C reactive protein (CRP) elevated levels
and the risk of development of coronary and cardiovascular disease in diabetic,
hypertensive, and obesity profile individuals (Ford, 1999). The involvement of
adipose tissue with CNTD seems to be related with the elevated produc-
tion of adipokines, such as Interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) (Fonseca-Alaniz, Takada, Alonse-Vale, & Lima, 2006).

Description of Problem

Body fat excess, especially in visceral compartments, is considered an indi-
cator of inflammatory and metabolic disturbances, including hypertrigiceride-
mia, elevated levels of low density lipoprotein (LDL), and insulin resistance
(IR) (Lakka et al., 2001). The correlation between obesity and insulin resis-
tance that is associated with type 2 diabetes can be shown by the IR syndrome
that consists of hyperinsulinemia, dyslipidemia, obesity, and hypertension
{(McLellan, Barbalho, Cattalini, & Lerario, 2007).

IR is a clinical condition characterized by a blunted insulin-stimulated glu-
cose transport capacity (Stephens et al., 2004). In obesity and type 2 diabetes,
IR can be related to alterations in the insulin-transduction signaling pathway,
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with a decreased number and kinase activity of the insulin receptor, and
reduced levels and phosphorylation of SRI-1, SRI-2, and PI3-kinase activity,
which are important intracellular molecules associated with glucose transport
{(Franceschi et al., 2000).

Furthermore, the interaction between IR, inflammation, and obesity is a
strong physiopathological hypothesis for the metabolic syndrome (MS)
(McLellan et al., 2007). MS represents a conjunct of factors predisposing to
cardiovascular disease, usually related with central adipose tissue deposits
and IR (Bergman et al., 2001). Visceral fat plays an important role in the meta-
bolic disturbance involved in dyslipidemias, IR, hyperglycemia, and a pro-
inflammatory state (Bergman et al., 2001).

Research focused on clarifying the association of metabolic indicators,
inflammatory biomarkers, and obesity with IR would assist in the prevention
and treatment of CNTD risk factors in elderly individuals. Thus, the aim ofthe
present study was to investigate the relationship between inflammatory, met-
abolic, and anthropometric parameters in elderly women with and without
insulin resistance. Our initial hypothesis was that elderly women with insulin
resistance would present higher levels of inflammatory parameters as com-
pared with those without insulin resistance.

Method

This study was characterized by a transversal and analytic intervention with
elderly women living in a community of the Federal District, administered over
2005, 2006, and 2007 in the ambulatory of the University Hospital of Catholic
University of Brasilia (HUCB). The inclusion criteria were as follows: age >
60 years, as well as completion of all laboratory testing and anthropometric
measures. Individuals with inflammatory, rheumatic, auto-immune, chronic
diseases, or use of medications that could modulate inflammatory markers
were excluded. The local Ethics Committee for Human Research of Catholic
University of Brasilia approved the methods of the present study, and all par-
ticipants signed an informed consent document.

Anthropometric Measures

To better establish an anthropometric status, the following measures are per-
formed: body mass index (BMI), waist and hip circumference, waist-to-hip
ratio, body mass, and height. The normality values adopted for BMI, waist
circumference, and waist-to-hip ratio (WHR) were those established by
Lipschitz (1994), WHO (2000), and Heyward and Wagner (2004), respectively.
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Percentage body fat and fat-free mass were determined by dual-energy X-ray
absorptiometry (DXA), and reference values were based on Lohman (1992).

Metabolic Profile

The lipidogram was determined by an enzymatic method (Autohumalyzer,
Human GMBH, Germany). Fasting glycemia was performed by ionic exchange
technique with a colorimetric reaction. Glycosylated hemoglobin and basal
insulinemia were measured by radioimmunoassay with the kits from Linco
Research, Inc. (St Louis, Missouri, USA). The intra-assay coefficient of varia-
tion of the kits was 2.5% to 7.6% and 2.3% to 5.7%, respectively. The interas-
say coefficient of variation was 7.2% to 8.4% and 8.1% to 8.5%, respectively.
The reference values adopted were those from the Executive Summary of the
Third Report of the National Cholesterol Education Program (NCEP Expert
Panel, 2001), except for glycosylated hemoglobin and insulinemia. The nor-
mality percentage used for glycosylated hemoglobin was set at 6.5%, as rec-
ommended by the “American College of Endocrinology Consensus Statement
on Guidelines for Glycemic Control” (2002). IR was determined by the QUIKI
mdex (Quantitative Insulin Sensitivity Check Index), with normal values being
considered lower than 0.47, according to the descriptions of Chen, Sullivan,
and Quon (2005).

Inflammatory Parameters

The mflammatory parameters investigated were: CRP, IL-6, TNF-a, and
inter feron-gamma (INF-y). CRP was measured by the turbidimetric method
with intensification by a particles reaction in the spectrophotometer Cobas
Mira Plus (Roche Diagnostic), using a calibrator and control serum of Biosystem
(Bayer). Cytokines were measured by Quantikine or Quantikine HS (High
Sensitivity) commercial enzyme-linked immunosorbent assay Kits (R&D
Systems, Minneapolis, Minnesota, USA). The intra-assay coefficient of varia-
tion of the kits was 1.5% to 5.6% for IL-6 and 3.2% to 5.9% for INF-y. The
interassay coefficient of variation was 4.3% to 6.4% for IL-6 and 3.1% to
6.5% for INF-y. The measures were performed in triplicate. To classify IL-6
values the procedures from Harris et al. (1999) were adopted, where an ele-
vated serum level was 2 2.08 pg/mL. This value was adopted because it was
highly associated with a mortality rate of 50 by 1,000 per year in elderly
individuals, corresponding to a 25th percentile of the group investigated in
the present study. The same procedure was adopted for CRP with a value of
2.78 pg/mL (mortality rate for elderly of 63 by 1,000 per year according to
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Harris et al., 1999), which also corresponds to a 25th percentile in our group.
All the laboratory analyses were run with the same blood sample.

The reference adopted for TNF-« was that described by the manufacturer
with normal values up to 4.12 pg/mL. INF-y levels were presented as means
and percentiles in order to compare this variable with the other inflammatory
parameters and also with previous studies that evaluated this cytokine.

Comparison Between Insulin Resistance
and Noninsulin Resistance Elderly Women

To perform a comparative analysis of the anthropometric, metabolic, and
inflammatory parameters, individuals were separated into two groups: the first
composed of elderly women with insulin resistance (IR) and the second
noninsulin resistance (NIR).

To identify the variables that exerted the most influence on insulin and fast-
ing glucose levels, an analysis of regression was performed. The cutoff point
used for glycemic values was 100 mg/dL, and for insulin the mean values
between groups IR and NIR corresponded to 11 pU/mL.

The effect of glycemia on anthropometric, metabolic, and inflammatory
parameters in the IR and NIR groups was checked by using the following sub-
group division: Group 1 (IR > 100 mg/dL), Group 2 (IR < 100 mg/dL), Group
3 (NIR > 100 mg/dL) and Group 4 (NIR < 100 mg/dL).

Statistical Analysis

Data were analyzed using the Statistical Package for Social Sciences Software
(SPSS Version 19). The normality was checked by the Kolmogorov-Smirnov
test. Results from anthropometric, metabolic, and inflammatory parameters
are presented as percentages, quartiles, means, and standard deviations of the
mean. Later, possible differences between groups were checked by student’s
unpaired ¢ test, and when subdivided by fasting glucose levels, a one-way
analysis of variance (ANOVA) was used. The significance level adopted for
all analyses was p < 0.05.

Results

The elderly women (N =172) had a mean age of 67.5 (£5.4) years and presented
an obesity profile. Specifically, individuals presented android obesity, ele-
vated body fat, dyslipidemias, and hyperglycemia, characterized by the ele-
vated mean values or close to the superior limit of normality, as well as by the
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Table 1. Anthropometric, Metabolic, and Inflammatory Parameters of the Subjects

Percentile Percentile Percentile

Minimum Maximum M+ SD 25 50 75
BMI (Kg/m?) 17.85 36.12 26.90 + 40 24.80 26.90 30.40
WC (cm) 65.00 116.00 89.37 £ 10.86 82.13 90.00 96.75
WHC 0.69 1.07 0.89 £ 0.07 0.83 0.89 0.94
LBM (%) 18.30 52.90 37.38 + 6.42 32.75 37.85 41.90
FM (%) 47.52 76.88 59.11 £5.98 54.61 58.12 63.26
TG (mg/dL) 48 320 I51.33 £67.82 97.25 140.00 189.75
TL (mg/dL) 218 1LII7 74789+ 139.04 656.00 749.00 832.75
TC (mg/dL) 126 343 233.15+41.39 203.25 233.50 263.00
LDL-c (mg/dL) 43 250  140.77 £37.43 118.25 141.50 176.50
VLDL-c (mg/dL) 9 76 29.73 £ 13.40 19.00 28.00 37.00
HDL- (mg/dL) 32 92 60.82 + 10.11 55.00 62.00 67.00
Glycated Hb (%) 4 8 5.6 +0.64 5.10 5.60 6.00
Glucose 60 528  102.64 +42.23 87.00 9E5.00 105.00
Insulin (pU/mL) 2.17 27.93 10.59 + 5.60 5.77 8.94 12.43
CRP (pg/ml) 0.80 11.00 434+0.15 2.86 4.24 5.2
IL-6 (pg/ml) 1.89 3.60 2.4+0.02 2.08 2.34 2.73
TNF- (pg/ml) 1.71 2.76 2.07 £0.00 1.95 2.07 2.16
INF-y (pg/ml) 0.63 0.86 0.72 £ 0.04 0.69 0.71 0.75

Note. BMI = body mass index; WC = waist circumference;VWRH = by waist-to-hip ratio; LBM =
lean body mass; FM = body fat percentage; TG = triglycerides; TL = total lipids; t-COL = total
cholesterol; HDL = high density lipoprotein; LDL = low density lipoprotein; VLDL = very low
density lipoprotein; Hg = hemoglobin; CRP = C reactive protein; IL-6 = interleukin-6; TNF-ct = tumor
necrosis factor-alpha; INF-y = interferon-gamma.

percentile values of these parameters (Table 1). Of the elderly women, 42.44%
{(n="73) presented IR (Table 1).

Eighty percent of the elderly women exhibited levels above 0.8 pg/mL for
CRP. From these, 25% presented very high levels of CRP, increasing the risk
of mortality. IL-6 levels were elevated in 75% of the individuals, whereas
TNF-o values were normal.

In those individuals with android obesity, insulin levels were higher (11.20 £
5.87) as compared with those without android obesity (7.11 £ 3.55, p = 0.001).
Body fat percentage was elevated in the elderly women, with only 19% (r» = 33)
presenting normal values The group with high insulin levels presented higher
body mass index, waist circum ference, waist-to-hip ratio, and body fat percentage,
while lean body mass was lower compared with the group without insulin
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Figure |. Anthropometric Parameters and Body Composition in Elderly Women
With (IR) and Without Insulin Resistance (WIR)

Note. BMI = body mass index; WC = waist circumference;VWWRH = by waist-to-hip ratio ; LBM =
lean body mass; FM = body fat percentage.

resistance (Figure 1). There was no statistically significant difference in the blood
inflammatory markers between IR and NIR groups (Table 2).

VLDL and triglyceride levels were optimal in the NIR group, though they
were elevated in the elderly women with IR (Table 2, Figure 2). IR women
exhibited higher levels of triglycerides, hyperglycemia, and hyperinsulinemia
(Figure 2). Both groups presented normal values of glycated hemoglobin. There
were no statistically significant difference between groups for total lipids,
total cholesterol, HDL, LDL, and inflammatory parameters. Total cholesterol
and LDL were above normal values for both groups, while total lipids and HDL
were normal (Table 2).

Discussion

The prevalence of individuals with type 2 diabetes, obesity, dyslipidemias,
and cardiovascular disease has been increasing, especially in the countries
under development where a demographic and nutritional transition is present,
forexample Brazil (Monteiro, Mondini, Souza, & Popkin, 1995; WHO Consultation
on Obesity, 1997). Elderly individuals with more than one co-morbidity may
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Table 2. Comparison of the Anthropometric, Metabolic, and Inflammatory
Parameters Between IR and NIR Elderly YWomen

NIR (n=99) IR (n=73) p

BMI (Kg/m?) 25.84 + 401 29.10+3.27 0.001
WC (cm) 84.99 + 10.5 9532 +8.25 0.001
WHR 0.86 + 0.75 0.92 +0.06 0.001
LBM (%) 60.71 + 6.35 56.95 + 4.67 0.001
FM (%) 35.49 + 6.63 39.94+5.17 0.001
TG (mg/dL) 134.25 + 63.36 174.48 + 67.20 0.001
TL (mg/dL) 731.73 + 142.84 769.81 + 131.50 0.07
t-COL (mg/dL) 23437 + 40.11 231.49 + 43.30 0.65
HDL (mg/dL) 61.35 + 9,53 60.42 + 11.15 0.43
LDL (mg/dL) 144.99 + 34.53 135.05 + 40.59 0.08
VLDL (mg/dL) 26.57 + 12.73 34.03 + 13.17 0.001
Glycated Hg (%) 5.53 + 0,57 5.7+0.72 0.08
Glucose (mg/dL) 91.69 + 12.29 118.08 + 60.19 0.001
Insulin (uU/mL) 6.54 +2.23 15.01 +5.21 0.001
CRP (pg/ml) 415+ 1.93 461 £220 0.15
IL-6 (pg/ml) 2.41 +0.4| 2.43+0.36 0.66
TNF-0t (pg/ml) 2.6.%0.16 2.08+0.12 0.44
INF-y (pg/ml) 0.72 +0.04 0.72 +0.05 0.44

Note. BMI = body mass index; WC = waist circumference;VWWRH = by waist-to-hip ratio; LBM =
lean body mass; FM = body fat percentage; TG = triglycerides; TL = total lipids; t-COL = total
cholesterol; HDL = high density lipoprotein; LDL = low density lipoprotein; VLDL = very low
density lipoprotein; Hg = hemoglobin; CRP = C reactive protein; IL-6 = interleukin-6;
TNF-o = tumor necrosis factor-alpha; INF-y = interferon-gamma.

develop more health complications with a social and economic impact (WHO
Consultation on Obesity, 1997). In this sense, the results from the present study
revealed that the elderly women presented an association of risk factors for
cardiovascular disease involving anthropometric, metabolic, and inflammatory
parameters. The initial hypothesis that elderly women with insulin resistance
would present higher levels of inflammatory parameters than those without
insulin resistance was not confirmed.

It is worth pointing out that the relationship between nutritional and
inflammatory disturbances have been widely discussed in the literature, focus-
ing on understanding possible mechanisms that may aid in the treatment and
prevention of aging and the associated degenerative processes (Sasaki et al.,
2007; Tracy et al., 1997). Insulin resistance is considered a potent predictor
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Figure 2. Metabolic Parameters in Elderly Women With (IR) and Without Insulin
Resistance (WIR)

Note.TG = triglycerides;VLDL = very low density lipoprotein.

of type 2 diabetes (Laaksonen et al., 2002). It has been shown that an obesity
profile and excess of abdominal obesity is associated with increased risk of
IR and inflammatory process (Bergman et al., 2001; Dandona, Aljada,
Chaudhuri, Mohanty, & Garg, 2005; Kabir et al., 2005; You, Yang, Lyles,
Gong, & Nicklas, 2005), as reported in the Results of the present study. The
strong anti-lipolytic action of insulin may explain, at least in part, the elevation
of free fat acids in IR individuals. In the present study, the IR elderly women
presented elevated levels of triglycerides, fasting glycemia, and VLDL, as
previously reported (Pankow, Jacobs, Steinberger, Moran, & Sinaiko, 2004).
Although not controlled in the present study, it is obvious that inadequate
dietary behaviors can modify nutritional status and increase the risk of devel-
oping dyslipidemias.

There was an association between the hyperinsulinemia observed in IR
elderly women with the anthropometric parameters. Considering BMI values,
obese women had higher insulin levels than eutrophic and underweight
women. It has been shown that excess body weight, elevated waist circumfer-
ence, and BMI are efficient predictors of cardiovascular dysfunctions (Janssen
etal., 2004). The results from the present study highlight that elevated insulin
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levels associated with anthropometric variables can be used as predictors of
cardiovascular disease.

The association between anthropometric, metabolic, and inflammatory
parameters with elevated glycemia, independently of IR, reinforces the impor-
tance of the effects of glucose monitoring on these parameters. Similarly,
another study revealed that independently of IR, elevated glycemia is present
in elderly women with lipemic, anthropometric, and body fat disturbances
(Mokdad et al., 2003).

The present study proposes that elderly NIR women with elevated glycemia
levels should be monitored for possible cardiovascular risk. In fact, studies
have been showing that elevated waist-hip ratio and waist circumference are
strongly associated with cardiovascular disease (Bulld, Garcia-Lorda, Megias,
& Salas-Salvadé, 2003; Cabrera et al., 2007; Kannel, Wilson, Nam, & D’ Agostino,
2002; Tonstad & Hjermann, 2003). Elderly women presented an inflammatory
profile associated with obesity, dyslipidemia, and glycemic disturbance. Most
elderly women exhibited elevated IL-6 levels, with mean values compatible to
those found by Harris et al. (1999) for a mortality rate of 50 per 1,000 each year.
Similarly, RCP was also elevated and highlighted the risk of mortality at a rate
of 63 per 1,000 each year. It is interesting to observe that the inflammatory
profile ofthis group of Brazilian elderly was similar to that found in American
elderly (Harris et al., 1999).

Both IL-6 and CRP levels are commonly elevated in obese individuals,
considering that ~30% of IL-6 is produced in the adipose tissue and that this
cytokine regulates the synthesis of CRP by the liver (Lemieux et al., 2001,
Trayhurn & Wood, 2004) TNF-« is also considered an obesity-associated
inflammatory marker, as this cytokine is also produced in adipose cells. However,
in the present study, serum levels of TNF-a were within a normal range, which
is compatible with the finding that high levels of TNF-« expression in adipose
tissue are not associated with a significant increase in serum levels of this
cytokine (Xu et al., 2003).

The knowledge of a link between obesity, IR, and inflammatory process
motivated the investigation of serum cytokine levels in IR and NIR elderly
women. There is an association between IR and serum levels of CRP, IL-6,
and TNF-«. However, mean values of these cytokines were not statistically
different between IR and NIR women. A possible explanation for this lack of
difference is the fact that both groups presented obesity characteristics, espe-
cially android obesity, although IR women exhibited higher values.

The results of the present study failed to reveal an association between the
inflammatory parameters and IR, possibly because all women already had ele-
vated inflammatory, anthropometric, and lipemic values, whereas IR elderly,
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in general, exhibited superior anthropometric and metabolic disturbances. Is
summary, resting glycemic values should be carefully monitored in order to
prevent cardiovascular and metabolic disease, independently of IR. Additional
systemic inflammatory parameters should be used to aid in IR determination
in clinical practice. Anthropometric and metabolic profiles should be consid-
ered to determine IR and inflammation state.
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Abstract: The aim of the present study was to investigate the prevalence of sarcopenic obesity
and its association with obesity and sarcopenia in elderly Brazilian women. Two hundred
and seventy-two sedentary women with a mean age of 66.75 £ 5.38 years were recruited for
participation in this study. Obesity was determined by both body mass index and dual-energy
X-ray absorptiometry (DXA) evaluations. Sarcopenic obesity diagnosis was established from the
ratio between fat-free mass and body surface area as obtained by DXA. There was no association
of obesity with sarcopenic obesity (P =0.424). In contrast, sarcopenia was significantly related to
sarcopenic obesity (P << 0.001), although most of the elderly women with sarcopenia (n= 171) did
not exhibit sarcopenic obesity. These results highlight the importance of diagnosing sarcopenic
obesity as elderly women exhibiting sarcopenia could be either eutrophic or obese.
Keywords: sarcopenic obesity, aging, obesity, sarcopenia, health

Introduction

Aging of the population is a worldwide phenomenon that is accompanied by a series of
modifications to several physiological parameters, such as a progressive increase in fat
mass and a decrease in lean body mass.! However, these alterations are not linear and
must be constantly monitored.>* In elderly individuals, changes in body composition
result in the prevalence of overweight and obesity combined with a loss of muscle
mass and strength; this has recently been defined as sarcopenic obesity.>” Sarcopenic
obesity is associated with functional limitations and increased mortality.®

Among the consequences of obesity in elderly individuals are increased risk
of cardiometabolic complications, physical incapacity, sexual dysfunction, urinary
incontinence, depression, type 2 diabetes, arthritis, decreased cognitive function,
dementia, and compromised health-related quality of life.*~'> Apart from this, the loss
of muscle mass associated with the aging process results in muscle weakness, increased
fall risk, and fat infiltration in the skeletal muscle.'>*

In this sense sarcopenia is defined as a decline in muscle mass associated with spinal
shortening and a decrease in muscle strength and functionality.>* These deleterious effects
seem toresult froma complex interaction of innervation disturbances, decreased hormonal
levels, and increased inflammatory mediators during aging, % The reduction in muscle
mass and strength isresponsible for the decrease in mobility, decreased fimctional capacity,
and increase in dependency; there are also economic and social costs. 5

The impact of sarcopenic obesity on the health of older individuals is poorly
understood. Thus, the present study aimed to investigate the associations between body
composition profile and sarcopenia prevalence in elderly sedentary Brazilian women. Our
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initial hypothesis was that a proper diagnosis of sarcopenic
obesity would be independent of the nutritional state.

Methods
This transversal and analytical study consisted of 272 elderly
women from a local community located in the Federal Dis-
trict, Brazil. Participants were not specifically representative
of the Brazilian population and were recruited on a voluntary
basis from the local community from posters and lectures
about the study. Subjects’ characteristics are presented in
Table 1. Individuals visited the laboratory on two occasions.
On the first visit they completed an anamnesis form and
physical activity questionnaire and were subjected to anthro-
pometric measures. The following day they were subjected
to dual-energy X-ray absorptiometry (DXA) analysis.
Inclusion criteria were age = 60 years, sedentary females,
and completion of all anthropometric testing. Sedentarism
was determined by the International Physical Activity
Questionnaire. Individuals with inflammatory, rheumatic, or
autoimmune conditions or use of medications (beta blockers
and metformin) that could modulate body composition were
excluded. The local Ethics Committee for Human Research of
the Catholic University of Brasilia approved the methodology
of the present study, and all participants signed an informed
consent document. The procedures were in accordance with
guidelines for experimentation with human participants.
Additionally, the study met the ethical standards proposed
by the International Journal of Sports Medicine."®

Body composition determination

The determination of body composition was completed using
DXA (General Electric-GE model 8548 BX1L, year 2005,
Lunar DPX type, software Encore 2005; Rommelsdorf,
Germany). The appendicular fat-free mass (AFFM) was
determined by the sum of the fat-free mass from the lower
and upper body.

Sarcopenic obesity determination

Sarcopenic obesity was determined by body composition
measured by the DXA method according to Oliveira et al.”

Table | Subjects’ characteristics

Age (years) 66.75 + 5.38
Height (cm) 152.20 £0.05
Body mass index (kg/m?) 28.56 +4.00
Fat-free mass (kg) 24.64 +7.70
Fat mass (%) 41.24 £4.26

Notes: Data are presented as mean * standard deviation of the mean; n = 272.

Individuals with residual values =-3.4 were classified as
presenting an inadequate FFM in reference to the body
surface. This condition is defined as sarcopenic obesity.

The identification of sarcopenia was based on the val-
ues proposed by Baumgartner et al,® which define female
individuals as sarcopenic with an AFFM < 5.45 kg/m?
Relative AFFM is calculated by dividing the AFFM by the
height squared.

Obesity was determined by DXA and body mass index
(BMI). Body fat percentage values were distributed accord-
ing to the recommendations of the National Institute of
Diabetes and Digestive and Kidney Diseases,” assuming a
cut-off point of 32% for women. Obesity levels determined
by BMI (body mass/height?) followed the proposal of
Lipschitz,* assuming a cut-off point of 27 kg/m? for women.
Based on differences between individuals aged 60 to 69 years
and those above 70 years, the participants were divided into
two age groups.

Statistical analysis

Data are presented as absolute and relative frequency. The
Kolmogorov—Smirnov normality test and a homoscedasticity
test (Mauchly) were used to test the normal distribution of the
data. The associations between variables were verified by the
X test for individuals, Mann—Whitney test for variables with
two levels, and Kruskal-Wallis test for variables with more
than two levels. The significance value adopted was P = 0.05.
The Statistical Package for the Social Sciences ([SPSS]v.19;
IBM Corporation, Armonk, NY) was used for analyses.

Results

Characterization of the nutritional state by BMI revealed
that 65.1% (n = 177) were eutrophic, while all women were
classified as obese by DXA (n=272) with different degrees
of severity; most of them exhibited morbid obesity (Table 2).
The majority of women (61.76%) were classified as morbid
obesity, while 34.2% (n = 93) presented sarcopenic obesity.
Among this group, 63 were aged between 60 to 69 years.

Table 2 Characterization of obesity severity in elderly sedentary
women considering the body composition determined by dual-
energy X-ray absorptiometry

Age Degrees of obesity Total
Mild and Elevated Morbid
moderate
60-69 years 5 (2.6%) 57(29.53%) 131 (67.87%) 193 (100%)
=70years 8 (10.14%) 34 (43.03%) 37(46.83%) 79 (100%)
Total 13 (4.79%) 91 (33.45%) 168 (61.76%) 272 (100%)
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‘Women between 60 to 69 years exhibited a higher body
fat percentage (P = 0.004) and obesity determined by body
composition (P = 0.001) measured by DXA as compared
with women above 70 years, according to the classification of
the National Institute of Diabetes and Digestive and Kidney
Discases.” There was no statistically significant difference
between age groups in the parameters determined by BMI
(P = 0.07), sarcopenic obesity (P = 0.40), or sarcopenia
(P=0.40).

Thirty-nine percent of the eutrophic elderly women
determined by BMI exhibited sarcopenic obesity, while
23.1% of those classified with mild and moderate obesity by
DXA presented sarcopenic obesity (Table 3). There was no
association with sarcopenic obesity independent of obesity
severity determined by DXA (Table 3). However, there was
a negative association between sarcopenia and sarcopenic
obesity, hence most of the elderly women with sarcopenia
did not present sarcopenic obesity (Table 3).

Independent of obesity or eutrophy, there was an asso-
ciation between sarcopenia and BMI (Table 4). Apart from
this, there was an association between sarcopenia and obesity
determined by DXA, and as obesity increased in severity the
prevalence of sarcopenia increased (Table 4).

Discussion

The combination of sarcopenia and obesity (known as sar-
copenic obesity) is an important public health problem that
induces fragility in the elderly.>?>* The current incidence of
sarcopenic obesity in elderly Brazilian women suggests it
plays a role as an important negative factor that counteracts a
successful aging process. In comparison, an elderly Mexican

Table 3 Associations of sarcopenic obesity with obesity
determined by BMI and DXA and by relative AFFM in elderly
Brazilian women

Sarcopenic obesity P
Yes No
N % N %
BMI 0.023
Obesity 24 253 71 74.7
Eutrophic 69 390 108  61.0
DXA 0424
Mild and moderate obesity 3 23.1 10 76.9
Severe obesity 35 385 56 61.5
Morbid obesity 55: 327 113 67.3
Relative AFFM kg/m? << 5.45 <0.001
Sarcopenic 27 13.6 171 86.4
Nonsarcopenic 66 892 8 10.8

Abbreviations: AFFM, app
dual-energy X-ray absorptiometry.

fat-firee mass; BMI, body mass index; DXA,

Table 4 Associations of sarcopenia with obesity determined by
BMI and DXA in sedentary elderly women

Sarcopenia P
Yes No
N % N %
BMI 0.047
Obesity 76 80.0 19 20.0
Eutrophic 122 68.9 55 311
DXA 0.044
Mild and moderate obesity 7 53.8 6 46.2
Severe obesity 59 64.8 32 35.2
Morbid obesity 132 78.6 36 214

Abbreviations: BMI, body mass index; DXA, dual-energy X-ray absorptiometry.

population showed a higher incidence of sarcopenic obesity
(48%)* compared with our results. The reduction in muscle
mass (sarcopenia) that accompanies the normal aging process
is also associated with increments in fat mass. With the concur-
rent increment in elderly people as reported by the Brazilian
Institute of Geography and Statistics? and the prevalence of
sarcopenic obesity in Brazilians, a higher fragility could be
expected in this population.?>? Our results suggest the neces-
sity of proper diagnosis of sarcopenic obesity independent
of the nutritional state, such as muscle cross-sectional area,
because the eutrophic status or the different obesity levels do
not influence the diagnosis of sarcopenic obesity.

Our study indicates that a sedentary lifestyle may be an
additional risk factor for both overweight and obesity, high-
lighting the concurrent muscular force loss as previously
suggested.” This is in accordance with previous literature.?
The diagnosis for obesity requires the utilization of various
methods because BMI has been suggested to be inappropriate
for this purpose in the elderly.'® Moreover, the current results
suggest some discrepancies between BMI and DX A methods
regarding the nutritional status of participants. Thus, eutro-
phic elderly women as determined by BMI were classified
as obese with various severity levels with the employment
of DXA, confirming the previous observations of Pahor
etal. In thisregard, BMI has demonstrated some limitations
because of the concurrent lean body mass loss and fat mass
gain observed in the elderly.'” Furthermore, all participants
of the present study exhibited various levels of obesity, thus
confirming the findings of previous studies in Brazilian popu-
lations.***! Although BMI has been widely used in population
studies, this method considers only height and body mass.
On the other hand, DXA is considered a “gold-standard”
method to estimate body composition, despite the high cost.
In this sense, a higher sensitivity of DXA to estimate body
composition would be expected.
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Adipose tissue is currently recognized as an important
metabolic and hormonal secretory organ with more than
50 product molecules identified.! Subsequently, when
there is an increase in adipose tissue, the impact of these
molecules is also augmented, thus favoring the development
of insulin resistance, type II diabetes, atherosclerosis, and
metabolic syndrome and therefore impacting the health of
older individuals.®***

With the current results it was possible to verify an over-
estimation of muscle mass as a consequence of not taking into
account the true differences in water, bone mass, and FFM, as
the elderly have demonstrated an excessive extracellular fluid
accumulation.” This syndrome is associated with a progressive
loss of muscle force and mass with subsequent lower physical
capacity and quality of life, and hence the current results should
be considered for further interventions in this population.

Newman et al* emphasized the need to consider fat mass
when diagnosing sarcopenia. The premise is based on the
fact that individuals with high fat mass also demonstrate a
high FFM. Therefore, individuals with high fat mass and
subsequently high FFM would not be diagnosed as sar-
copenic, independently of its influence on total body mass
or functional capacity. In order to adjust FFM with fat mass,
Newman et al** proposed a method based on the residuals
of a regression equation that predicts AFFM from fat mass
and height; this was helpful in the diagnosis of sarcopenic
obesity in the current study.

The limitations of the present study are the reduced
number of participants and lack of additional measures, such
as calf circumference and other metabolic parameters, that
would certainly be of interest.

Conclusion

In summary, the present study observed a critical relation-
ship between sarcopenia and obesity in an elderly female
population. The combination of sarcopenic obesity may
have a dynamic negative impact on the aging process in the
elderly, and thus the ability to correctly diagnose this condi-
tion becomes important. Further studies are needed for the
diagnosis of sarcopenic obesity as well for understanding its
etiology and clinical impact, specifically in the elderly popu-
lation of developing countries where public health systems
are not prepared for the demands of this population sector.
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Purpose: To compare the inflammatory status in older women with and without metabolic
syndrome (MetS) and to correlate inflammatory parameters, anthropometric measures, metabolic
profile, and blood pressure with MetS Z-score.

Methods: This cohort transversal study included 129 older women assigned into two groups:
with MetS (n = 48; 66.4 + 4.4 years; 68.1 + 8.3 kg; 1.51 + 0.06 m; 29.8 £ 3.9 kg/m?) and
without MetS (n = 81; 68.0 + 5.8 years; 61.0 + 9.4 kg; 1.53 + 0.06 m; 26.0 + 3.9 kg/m?”). Body
composition was evaluated by dual-energy X-ray absorptiometry (General Electric-GE model
8548 BX1L, year 2005, Lunar DPX type, software Encore 2005; Rommelsdorf, Germany) and
cytokines by enzyme-linked immunosorbent assay.

Results: There was no difference between the groups regarding age, height, fat mass, glycosylated
hemoglobin, total cholesterol, and low-density lipoprotein cholesterol. However, older women
with MetS presented higher body mass, body mass index, waist and hip circumference,
waist-hip and waist-height ratio, systolic, diastolic, and mean blood pressure, glucose, insulin,
homeostasis model assessment of insulin resistance, MetS Z-score, tumor necrosis factor-ct,
interferon-y, and lower lean body mass values compared to women without MetS. Moreover,
there were correlations between MetS Z-score and body mass (r = 0.20), waist circumference
(r = 0.26), waist-hip (r = 0.32) and waist-height ratio (r = 0.24), blood glucose (r = 0.24),
insulin (r = 0.24), homeostasis model assessment of insulin resistance (r = 0.32), triglycerides
(r = 0.39), tumor necrosis factor-a (r = 0.28), interferon-y (r = 0.22), and inverse correlation
with high-density lipoprotein cholesterol (r = —0.32). MetS Z-score was positively associated
with systolic (r = 0.92), diastolic (r = 0.94), and mean blood pressure (r = 0.98).

Conclusion: Older women with MetS have higher cytokine levels, anthropometric measures,
metabolic profile, and blood pressure. Inflammatory cytokines may help to improve the
understanding of the progression status of MetS in older persons.

Keywords: metabolic syndrome, cytokines, aging

Introduction

Metabolic syndrome (MetS) is characterized by a group of risk factors (eg, abdominal
obesity, atherogenic dyslipidemia, elevated blood pressure, insulin resistance) that
increases the risk of all-cause and cardiovascular death.? The disorder is associated with
insulinresistance, with excessive flux of fatty acids implicated and the proinflammatory
state as a probable contributor. Additionally, the increased risk for type IT diabetes and
cardiovascular disease demands therapeutic attention for those at high risk.! The Third
National Health and Nutrition Examination Survey (1988-1994) reported that more
than 20% of the adult population in the US suffered from MetS.** A recent National
Health and Nutrition Examination Survey (2003-2006) statement reported that the
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prevalence rates of MetS were 35.1% in men and 32.6% in
women.® In Brazil, Dutra et al reported that the prevalence
rates of MetS was 32% with no gender difference.®
Obesity, insulin resistance, and type II diabetes have
been characterized as chronic “inflammatory” states that are
associated with abnormal concentrations of cytokines, acute
phase reactants, and other inflammatory signaling markers.””"
Moreover, MetS is believed to be associated with chronic
inflammatory response, which is characterized by increased
cytokine production and the activation of inflammatory
signaling pathways.® Additionally, evidence for this issue is
provided by the observation of an association between high
levels of C-reactive protein (CRP), a sensitive marker of
subclinical inflammation with insulin resistance or components
of MetS.%!! Ofnote, a biological dysfunction in postmenopausal
older women is the “senile inflammation,” with a strong
temporal relationship between aging, inflammation, and
menopause.'? However, the relationship between inflammatory
cytokines, MetS, and aging has yet to be determined.
Although previous studies have targeted the association
of MetS with one or a few inflammatory biomarkers, to the
best of the authors’ knowledge no study was designed to
analyze the relationship between inflammatory biomarkers,
anthropometric measures, metabolic profile, and blood
pressure with MetS Z-score in Brazilian older women.
Awareness regarding the elevation of cytokines and their
association with MetS in older persons should be an issue
in gerontology. Therefore, the purpose of this study was to
compare the inflammatory status of older women with and
without MetS and to correlate inflammatory parameters,
anthropometric measures, metabolic profile, and blood
pressure with MetS Z-score. The initial hypothesis was that
older women with MetS would present higher blood cytokines
and a correlation of these parameters with MetS Z-score.

Methods

This was a cohort transversal study with elderly women
living in a local community. One-hundred and twenty-nine
sedentary elderly women were selected by convenience
and were not specifically representative of the Brazilian
population. Participants were recruited on a voluntary basis
from the local community from posters and lectures about the
study. They were considered sedentary by accruing less than
2 hours per week of physical activity during the last year.
They completed an anamnesis form and physical activity
questionnaire and were subjected to anthropometric measures.
A total of 250 older women gave their informed consent.
Later, 121 subjects were excluded from the analysis due

to any malignancy, immunosuppressive therapy, known
inflammatory disease (eg, arthritis, inflammatory bowel dis-
ease, psoriasis), acute infection or invasive procedures (eg,
surgery, catheterization) during the last 6 months as evalu-
ated in the anamnesis form. Following these exclusions, the
study group comprised 129 older women (67.4 + 5.4 years;
63.6 £ 9.6 kg; 1.52 £ 0.06 m; 29.8 £ 3.9 kg/m?) assigned
into two groups: with MetS (n = 48; 66.4 + 4.4 years;
68.1 £ 8.3kg; 1.51 £0.06 m; 29.8 + 3.9 kg/m?) and without
MetS (n= 281, 68.0 £ 5.8 years; 61.0 £9.4 kg; 1.53 £ 0.06 m;
26.0 £ 3.9 kg/m?). MetS was defined according to the crite-
ria of the National Cholesterol Education Program’s Adult
Treatment Panel III: waist circumference (WC) =88 cm;
triglycerides = 150 mg/dL; high-density lipoprotein choles-
terol (HDL-C) <50 mg/dL; fasting glucose = 110 mg/dL;
systolic blood pressure (SBP) =130 mmHg; or diastolic blood
pressure (DBP) =85 mmHg. The local Ethics Committee for
Human Research approved the methods of the present study,
and all participants signed an informed consent document.

Anthropometric measures

Anthropometric status was investigated by the following
measures: height and body mass were measured for the
calculation of the body mass index (BMI). All circumferences
were obtained using a nonelastic tape; measurements were
obtained in triplicate and then averaged. WC was measured at
the midpoint between the lower rib margin and the iliac crest,
hip circumference was measured around the widest portion
of the hip. Percentage body fat and lean body mass were
determined by dual-energy X-ray absorptiometry (General
Electric-GE model 8548 BX1L, year 2005, Lunar DPX type,
software Encore 2005; Rommelsdorf, Germany).

Inflammatory parameters

After an overnight fast, 3 mL blood samples were drawn
from the antecubital vein in Vacutainer® tubes (Becton,
Dickinson, and Company, Franklin Lakes, NJ, USA).
These samples were centrifuged at 2500 rpm at 4°C for
20 minutes. Samples were stored in aliquots in Eppendorf
tubes (Eppendorf, Hamburg, Germany) at —80°C until
analysis. The inflammatory parameters measured were: CRP,
interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-o), and
interferon-y (INF-y). CRP was measured by the turbidimetric
method with intensification by a particles reaction in the
spectrophotometer Cobas Mira® Plus (Roche Diagnostics,
Basel, Switzerland), using a calibrator and control serum of
Biosystem (Bayer AG, Leverkusen, Germany). The intra-
assay coeflicient of variation (CV) for CRP was 3.2%-3.7%
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and the interassay CV was 5.1%6.3%. Cytokines were
measured by Quantikine® or Quantikine HS® (high
sensitivity) commercial enzyme-linked immunosorbent assay
kits (R&D Systems, Minneapolis, MN, USA). The intra-
assay CV of the kits was 2.1%—4.9% for IL-6, 2.2%4.9%
for INF-y, and 2.3%—5.4% for TNF-o. The interassay CV was
4.6%—6.6% for IL-6, 3.3%—6.7% for INF-y, and 3.6%—-6.3%
for TNF-co.. The measures were performed in triplicate. To
avoid any interference in the cytokine blood levels, subjects
were asked to avoid exercise and using any type of substance
with anti-inflammatory action at least 72 hours before the
blood sample collection.

Metabolic profile

The lipid profile was determined by an enzymatic method
(Autohumal yzer (model 900S); HUMAN GmbH, Wiesbaden,
Germany). Fasting glycemia was performed by ionic
exchange technique with a colorimetric reaction. Glyco-
sylated hemoglobin and basal insulinemia were measured
by radioimmunoassay with kits from Merck Millipore
(Billerica, MA, USA). The intra-assay CV of the kits was
2.3%—6.8% and 2.1%-6.2%, respectively. The interassay
CV was 6.9%-8.7% and 7.4%9.1%, respectively. Insulin
and glucose values were used to calculate the homeostasis
model assessment of insulin resistance (HOMA-IR) by
using the following formula: HOMA-IR = fasting glucose
(mmol/L) x fasting insulin (WU/mL)/22.5.1%

Blood pressure measurement

SBP, DBP, and mean blood pressure (MBP) were measured
with an oscillometric device (BP 3AC1-1 PC; Microlife AG,
Widnau, Switzerland) according to the recommendations
of the Brazilian Society of Cardiology.™ The cuff size was
adapted to the circumference of the arm of each participant
according to the manufacturer’s recommendations. SBP and
DBP values were used to determine MBP according to the
following equation: MBP = DBP + ([SBP-DBP]/3).

MetS definition

Women were classified with MetS according to the cri-
teria of the National Cholesterol Education Program’s
Adult Treatment Panel III. Additionally, as previously
described,'” the MetS Z-score used in the present study
was defined by five MetS criteria. A modified Z-score
was calculated for each variable using individual subject
data following the Adult Treatment Panel III criteria.
The equations used to calculate the MetS Z-score were as
follows: Z-score = ([50 — HDL-C mg/dL]/11.8) +

([triglycerides mg/dL — 150]/66.2) + ([fasting blood
glucose mg/dL — 110]/10.4) + ([WC cm — 88]/9.2) + ([mean
arterial pressure mmkHg — 100]/8.7)/100.

Statistical analysis

The significance level for all variables studied was P = 0.05.
Initially a descriptive analysis of the variables was carried
out with central trend and dispersion data. Next, the
Kolmogorov—Smirnov test and Levene’s test were conducted
to assess data normalcy and homoscedasticity, respectively.
Individuals were separated as having or not having MetS.
Differences between groups for anthropometric data, blood
pressure, biochemical, and inflammatory parameters were
evaluated by unpaired Student’s #-test and Mann-Whitney
signed-rank test for nonparametric data. In addition, the
correlation between MetS Z-score and anthropometric data,
blood pressure, biochemical, and inflammatory parameters
was evaluated by the correlation of Pearson’s chi-squared
test and Spearman’s rank correlation coefficient. One-way
analysis of variance with the Bonferroni post hoc test and
Kruskal-Wallis test was used to compare groups separated
by an optimal risk group (zero or one component) with those
presenting two to three combined and four to five combined
MetS components. Data were analyzed using SPSS® version
19 (IBM Corporation, Armonk, NY, USA).

Results

The anthropometric, biochemical, inflammatory, and blood
pressure parameters of the groups of older women with and
without MetS are presented in Table 1. There was no difference
between the groups regarding age (P=0.12), height (P=0.19),
fat mass (P=0.09), glycosylated hemoglobin (P=0.28), total
cholesterol (P=0.82), and low-density lipoprotein cholesterol
(P = 0.16). However, as expected, older women with MetS
presented higher body mass (£ = 0.002), BMI (P = 0.001),
WC (P = 0.001), hip circumference (P = 0.04), waist-hip
ratio (P = 0.001), waist-height ratio (? = 0.001), SBP
(P =0.001), DBP (P = 0.001), MBP (P = 0.001), glucose
(P =0.001), insulin (P = 0.001), HOMA-IR (P = 0.001),
MetS Z-score (P = 0.001), and lower lean body mass
(P=0.03) values when compared with women without MetS.
Table 2 presents the anthropometric, biochemical, and blood
pressure parameters of the older women considering each
of the individual MetS components. Individuals presenting
more than two components exhibited worse anthropometric,
biochemical, and blood pressure status, while TNF-o
was higher in women with more than two components as
compared with those with zero or one component (Figure 1).
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Table | Subjects’ characteristics

MetS Without MetS P (95% CI)

(n =48) (n=8I)
Age (years) 664+ 4.1 67.9+58 0.12 (~0.41, 3.45)
Weight (kg) 69.9+7.4 65.4 +7.4% 0.002 (—7.27, —1.68)
Height (m) 151 £0.1 153 +0.1 0.19 (~0.001, 0.03)
BMI (kg/m?) 30.5+ 3.4 28.0 +2.9% 0.001 (-3.68, —1.36)
WC (em) 98.2+7.9 90.3 +8.1* 0.001 (—10.9, —4.85)
HC (cm) 105.2 + 6.4 102.8 + 6.5+ 0.04 (—4.86, 0.01)
Waist-hip ratio 0.93 £ 0.01 0.88 +0.07* 0.001 (—0.81, -0.28)
Waist-height ratio 0.65 % 0.05 0.59 + 0.06* 0.001 (—0.07, —0.35)
LBM (%) 549+ 3.1 56.28 +3.5* 0.03 (0.08, 2.59)
FM (%) 41.7+33 40.56 +3.9 0.09 (~2.56, 0.19)
SBP (mmHg) 151.8+21.8 128.73 + 25.4* 0.001 (—32.1, —14.1)
DBP (mmHg) 918+ 113 778+ 13.7¢ 0.001 (—18.8, -9.3)
MBP (mmHg) 1118+ 134 94.8+ 16,8 0.001 (-22.8,-11.2)
Glucose (mg/dL) 1169 +42.3 94,0+ 12.4* 0.001 (—34.3, —12.0)
HbA,_ (%) 569108 55505 0.28 (039, 0.11)
Insulin (uU/mL)! 145+ 9.1 9.4 £45 0.001
HOMA-IR! 4.6+52 2241 0.001
Total cholesterol (mg/dL) 237.2 403 239 +41.5 0.82 (-13.7, 17.1)
Triglycerides (mg/dL) 2034+ 762 120.4 + 44,1 0.001 (—115.6,-70.2)
HDL-C (mg/dL) 559+ 116 63+ 10.1 0.001 (2.83, -10.9)
MetS Z-score 148+ 0.13 126 £ 017+ 0.001 (—0.27, -0.16)

Note: Bold indicates a significant difference (P = 0.05). tValues expressed as median.

Abbreviations: BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FM, fat mass; HbA , hemoglobin A _(glycosylated hemoglobin); HC, hip
circumference; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LBM, lean body mass; MBP, mean blood
pressure; MetS, metabolic syndrome; SBP, systolic blood pressure; W C, waist circumference.

The inflammatory markers levels are shown in Figure 2.
Women with MetS had significantly higher levels of
TNF-o. (P = 0.04) and INF-y (P = 0.03) compared with
women without MetS, while IL.-6 and CRP levels were not
significantly different between groups.

The correlation among the variables of the study is
summarized in Table 3. There were correlations of MetS
Z-score with body mass (r=0.20; P =0.03), WC (r=0.26;
P=0.005), waist-hipratio (r =0.32; P=0.001), waist—height
ratio (r=0.24; P=0.01), blood glucose (r=0.24; P=0.01),
insulin (r=0.24; P=0.01), HOMA-IR (r=0.32; P=0.001),
triglycerides (r =0.39; P=0.001), and an inverse correlation
with HDL-C (r=-0.32; P=0.005). In addition, MetS Z-score
was highly associated with SBP (r=0.92; »=0.0001), DBP
(r =0.94; P=0.0001), and MBP (r = 0.98; P = 0.0001)
(Figure 3).

Discussion

In the current study, the cytokine levels of older women
with and without MetS were compared. Additionally,
the correlations between inflammatory parameters,
anthropometric measures, metabolic profile, and blood
pressure with MetS Z-score were investigated. Confirming the

initial hypothesis, women with MetS presented higher blood
inflammatory markers (TNF-oc and INF-y), anthropometric,
biochemical, and blood pressure parameters when compared
with the older women without MetS. Moreover, elderly
women with at least two components of MetS presented
higher TNF-0, anthropometric, biochemical, and blood
pressure parameters when compared with the older women
with less than two components of MetS. Furthermore,
MetS Z-score was associated with anthropometric measures
(weight, WC, waist-hip ratio, and waist-height ratio),
metabolic profile (glucose, insulin, HOMA-IR, triglycerides,
and HDL-C), cytokines, and blood pressure (SBP, DBP,
and MBP).

Banks et al found that TNF-o. was more elevated in
elderly individuals with insulin resistance as compared with
elderly without insulin resistance. ' They stated that the lack
of correlation between TNF-o and BMI or leptin suggests
that this cytokine did not originate from fat. Interestingly, the
current results revealed that although there was no difference
in fat mass between elderly women with and without MetS,
the greater the number of components of MetS, the more
elevated TNF-o. Possibly, this cytokine is not coming from
the adipose tissue.
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Table 2 Characteristics of subjects according to the components of metabolic syndrome

0-1 component

2~3 components 4-5 components

(n=39) (n=73) (n=18)
Age (years) 67959 67.2+54 66.8+4.2
Weight (kg) 569+ 8.7 65.7 £ 8.7* 70.3 + 6.5
Height (m) 1.53 £ 0.07 1.52 £ 0.06 1.51 +0.06
BMI (kg/m?) 243136 284 +3.7* 309+39
WC (cm) 813+ 10.1 935+ 87* 98.8 + 4.5%¥
HC (cm) 96.1 7.0 101.7 £ 7.7% 104.7 £ 4.9%
Waist-hip ratio 0.84 + 0.07 0.92 £ 0.07* 0.95 + 0.05
Waist-height ratio 0.53 +0.07 0.62 +0.06% 0.65 + 0.04*¥
LBM (%) 633x75 57.8 £ 5.0* 55.4 +3.6*
FM (%) 326+78 38.7 £ 5.4* 41.4 +3.8*%
SBP (mmHg) 1243+ 188 147.5 + 25.2* 156.1 +21.2*
DBP (mmHg) 759 £ 12.1 87.4 + 13.3* 94.4 + 10.9*
MBP (mmHg) 920+ 133 107.4 + 16.1* 115.0 + 13.0*
Glucose (mg/dL) 898+ 123 102.5 + 25.9* 132.5 + 49.7%¥
HBA,_ (%) 55+06 5607 57+l
Insulin (uU/mL)* 58+68 95+6.7 183+ 109
HOMA-IR? 1.7+ 11 23432 48+59
Total cholesterol (mg/dL) 2259 +31.0 238.7+43.8 246.9+31.9
Triglycerides (mg/dL) 100.8 + 43.4 165.3 + 58.6 239.6 £ 74.2%¥
HDL-C (mg/dL) 63.5+79 612113 50.3 £ 9.0%¥
MetS Z-score 122+ 0.13 141 £0.16* 1.54 £ 0.1 1%

Notes: *Different from zero or one component (P = 0.05); *different from two or three components (P = 0.05). Values expressed as median.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FM, fat mass; HbA, , hemoglobin A, _(glycosylated hemoglobin); HC, hip circumference; HDL-C, high-

density lipoprotein cholesterol; HOMA-IR, h is model of insulin r

SBP, systolic blood pressure; WC, waist circumference.

Adiponectin has been proposed as a significant genetic
contributor to MetS phenotype in older persons.'” It has
been found that among 1438 subjects aged 65-88 years, the
single nucleotide polymorphism 276 in intron-2 was associ-
ated with the risk of obesity and MetS independent of age
and sex (GG genotype presenting lower risk). It was also
associated to the risk of diabetes with an additive mode of
inheritance, independent of age, sex, and BML."7

The Framingham Offspring Study, which included
2406 men and 2569 women aged 19-74 years, examined

14

12

i 1 0 0r 1 component
[ 20¢3 compones

pg/mL

o [0 4 or 5 componerts
04
02

°
e o ™ INFy

Figure | Infammatory parameters in elderly women according to the presence of
different components of metabolic syndrome.

Notes: *Significantly different from zero or one component (P = 0.05); CRP data
is presented as median.

Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; INF-y, interferon-y;
TNF-0t, tumor necrosis factor-c.

; LBM, lean body mass; MBP, mean blood pressure; MetS, metabolic syndrome;

the clustering of metabolic factors in relation to coronary
heart disease risk.'"® The six metabolically linked risk
factors considered were HDL-C level (the lowest sex-
specific quintile), BMI, SBP, triglycerides, glucose, and
total cholesterol levels (the highest quintiles). With a
cluster of three or more risk factors, the risk of coronary
heart disease increased 2.4-fold for men and 5.9-fold for
women. These results are in accordance with Cabrera et al,
who demonstrated that the risk of cardiovascular events was
statistically significant for the following variables: diabetes

W Mets [ |Without Mets

IL-6 CRP TNF-o INF+y

Figure 2 Inflammatory parameters in elderly women with and without MetS.
Notes: *Significant difference between groups (P = 0.05); CRP data is presented
as median.

Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; INF-y, interferon-y;
MetS, metabolic syndrome; TNF-c, tumor necrosis factor-o.
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Table 3 Correlation coefficient of metabolic syndrome Z-score
(dependent variable) and anthropometric measures, metabolic
profile, and inflammatory parameters

Independent variables Correlation P
Anthropometric measures
Weight (kg) 0.20% 0.03
BMI 0.18 0.06
WC (cm) 0.26% 0.005
HC (cm) -0.03 0.75
Waist-hip ratio 0.32% 0.001
Waist-height ratio 0.24% 0.01
LBM (%) -0.02 0.79
FM (%) —-0.03 0.76
Metabolic profile
Glucose (mg/dL) 0.24% 0.01
HbA _ (%) 0.06 0.53
Insulin (WU/mL)* 0.24% 0.01
HOMA-IR! 0.32% 0.001
Total cholesterol (mg/dL) 0.02 0.78
Triglyceride (mg/dL) 0.39* 0.001
HDL-C (mg/dL) -0.26* 0.005
Inflammatory parameters
IL-6 0.09 0.28
CRP -0.03 0.72
TNF-a. 0.28* 0.002
INF-y 0.22% 0.0l

Note: Bold indicates a significant correlation (P = 0.05). tValues expressed as median.
Abbreviations: BMI, body mass index; CRP, C-reactive protein; FM, fat mass;
HbA, . hemoglobin A _(glycosylated hemoglobin); HC, hip circumference; HDL-C,
high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment
of insulin resistance; IL-6, interleukin-6; INF-y, interferon-y; LBM, lean body mass;
TNF-0, tumor necrosis factor-u; WC, waist circumference.

(hazard ratio [HR] 2.67; 95% confidence interval [CI]
1.98-3.61; P=0.001), prediabetes or diabetes (HR 1.60; 95%
CI 1.23-2.08; P = 0.001), hypertension (HR 1.69; 95% CI
1.28-2.24; P=10.001), MetS (HR 1.61; 95% CI 1.24-2.09;
P = 0.001), increased waist-hip ratio (HR 1.36; 95%
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Figure 3 Correlation coefficient of Z-MetS with blood pressure.
Abbreviation: Z-MetS, bolic syndrome Z-score.

CI 1.03-1.79; P = 0.05), hypertriglyceridemia (HR 1.67;
95% CI1 1.22-2.30; P =0.01), and high triglyceride/HDL-C
ratio (HR 1.73; 95% CI 1.31-2.84; P = 0.001)."” In this
sense, the current results revealed that women with MetS
presented higher cardiovascular risk factors. Therefore,
preventive measures and early detection of targets are
needed. Furthermore, a higher number of accumulated risk
factors will produce additional inflammatory and metabolic
disturbances in elderly women.

Despite the high prevalence of MetS and the intense
interest in this syndrome during much of this decade, recog-
nition by the public appears limited. A survey with 211,097
adults found that only 0.6% knew they had MetS and <15%
cognized the existence of MetS.”” The low percentage of
respondents in that survey who reported having ever been
told that they had MetS calls into question how unsuccessful
health care providers are in diagnosing MetS. To date, the
current findings contribute to literature and highlight the
association between inflammatory parameters, anthropo-
metric measures, metabolic profile, and blood pressure with
MetS Z-score in elderly women. More specifically, results of
blood pressure are of great interest and have optimal clinical
application, as blood pressure was strongly correlated with
MetS Z-score.

In the present study, cytokines were significantly higher
in elderly women with MetS and in those presenting at
least two components of MetS when compared with elderly
women without MetS or less than two components of MetS,
respectively. Similarly, Chen et al revealed that subjects
suffering from MetS may have a higher inflammation
status (CRP, IL-6) and a higher level of oxidative stress.”!
Moreover, a higher inflammation status was significantly
correlated with an increase in the risk of MetS. Similarly,
Ingelsson et al reported that a higher inflammation status
(evaluated by vascular cell adhesion molecule-1, E-selectin,
and CRP) were independently associated with MetS.*
These biomarkers were also independently associated with
HOMA-IR. These data reinforce the importance of including
blood markers of inflammation to improve the diagnosis of
MetS in elderly individuals.

There are some limitations in the current study. Due to
the reduced number of participants and the cross-sectional
design, no causal relationship could be defined. Larger,
prospective studies are needed to establish the relationship
between inflammation and MetS. In addition, only CRP, IL-6,
TNF-0, and INF-y were selected as inflammatory markers;
further studies could select more sensitive markers of
inflammation in subjects with MetS.
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Objectives: Resistance exercise is used as a non-pharmacological tool to elicit both gains in and main-
tenance of physical function in the elderly. Thus, the present study examined the acute response of
creatine kinase and interleukin-6 following an eccentric resistance exercise session in elderly obese
women classified as high responders or normal responders.
Design: Cross-sectional field study.
Methods: Ninety elderly obese women (69.4 + 6.01 years) were tested for a 10 repetition maximum on
the leg extension exercise and then completed an acute eccentric resistance exercise session consisting of
seven sets of 10 repetitions at 110% of 10 repetition maximum with a rest of 3 min between sets. Subjects
were divided into normal response or high response on the basis of the peak serum interleukin-6 (NR =59
and HR=7) and creatine kinase (NR=81 and HR=9) concentration being greater than (HR) or less than
(NR) the 90th percentile.
Results: Creatine kinase was higher at 0Oh, 3 h, 24 h and 48 h following the ERE for the HR group. The
peak creatine kinase was significantly higher in HR group versus the normal response group. The average
increase in the serum interleukin-6 A for the HR group (~850%)was significantly higher versus the normal
response group (~55%). Serum interleukin-6 was significantly higher at 0 h and 24 h following eccentric
resistance exercise only for the high response group, while peak levels were significantly higher in high
response group versus the normal response group (p <0.005). Only one subject met the criteria to be
classified as high response for both creatine kinase and interleukin-6 responsiveness.
Conclusions: Elderly individuals classified as high response experienced greater creatine kinase and
interleukin-6 responses to ERE. Thus, a prudent approach for eccentric resistance exercise prescrip-
tion might be programming additional recovery days and/or lower intensity training, especially in the
beginning stages of a program.

© 2013 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

(CK) concentration has been measured to assess the extent of mus-
cle microtrauma following RE.4> It was noted in previous research

Resistance exercise (RE) is used as a non-pharmacological tool
to elicit both gains in and maintenance of physical function in the
elderly; specific RE training methods need further exploration to
determine the best application and the risks for this population.!
It is well known that RE can lead to muscle microtrauma, which
is an important stimulus for muscular growth.?3 Creatine kinase

* Corresponding author.
E-mail address: jonatop@gmail.com (J. Prestes).

that someindividualsexpressed disproportionately greater CK con-
centration following the same volume of RE and were categorized
as high responders (HR).%>

It has been shown that eccentric exercise can induce greater
muscle damage as indicated by greater CK concentration.® More-
over, there is an association between the acute inflammatory
response and the muscle damage induced by eccentric exercise.” It
is known that myofibers express interleukin-6 (IL-6), a key cytokine
expressed in the inflammatory response, which is involved with
satellite cell proliferation, differentiation and muscle repair.5°

1440-2440/$ - see front matter © 2013 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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Considering this, it would be of great interest to investigate whether
individuals may express different IL-6 responsiveness following
a given RE stimulus, as was previously demonstrated for CK
concentration.*>

Interestingly, elderly individuals preserve eccentric strength
more readily than concentric strength.!® Evidence suggests that
eccentric resistance exercise (ERE) can be an excellent method to
utilize during the initial stages of a resistance training program in
the elderly!%!1; due to the lower perceived exertion versus con-
ventional resistance exercise.'? The higher efficiency of eccentric
resistance exercise (i.e. intense muscle work is achieved at a lower
metabolic expense),'* renders it as a powerful tool for restoring
muscle strength in people with a limited capacity to train at high
intensities such as older adults.'® Thus, investigating the acute
CK and IL-6 responses to eccentric resistance exercise in older
adults, and the potential for individuals to express different lev-
els of responsiveness for these markers, could provide valuable
information for the prescription of RE training for this population.

To the best of our knowledge, no study has investigated CK
concentration and IL-6 responses following eccentric resistance
exercise in older obese individuals, and further assessed the possi-
ble existence of differing responsiveness in the IL-6 marker. Thus,
the purpose of the present study was to examine CK and IL-6
concentration responses following eccentric resistance exercise in
elderly obese women, and to assess the existence of high respon-
ders and normal responders (NR) for these markers. Our hypothesis
was that serum CK and IL-6 would be higher following eccentric
resistance exercise for those individuals classified as high respon-
ders, and there would be no significant increase in CK and IL-6 in
elderly individuals classified as normal responders.

2. Methods

Ninety elderly women from a local community (69.44+6.01
years of age, 152.6 +6.2 cm in height, body mass of 64.6 + 12.1kg,
lean mass of 58.8 4 5.5%, and body fat of 41.2 + 5.5%) were recruited
to participate in the present study on a voluntary basis. Indi-
viduals were included according to the following criteria: age
>60 years, sedentary elderly females, body fat percentage >32%
and completion of all testing procedures. The list of medica-
tions used by the individuals included omeprazole (gastrointestinal
tract/metabolism), losartan (cardiovascular system), levotiroxin,
furosemide (diuretic) and simvastatin (cholesterol control). Obe-
sity was determined as recommended by the National Institute
of Diabetes and Digestive and Kidney Diseases,'” assuming a
cut-off point of 32% for women. Sedentary state was evalu-
ated by the International Physical Activity Questionnaire. Women
with inflammatory, rheumatic, or autoimmune conditions or use
of medications (i.e., beta blockers, hormone replacement ther-
apy, selective estrogen receptor modulators, anti-inflammatory,
insulin, fish oil and multivitamin supplements) that could modu-
late the biochemical response to RE were excluded. The study was
approved by the Institutional Research Ethics Committee (proto-
col#035/2011), and all subjects gave written, informed consent.

High responders for CK concentration were defined as a
ACK =>90th percentile or 96.3 U/l, according to the definition of a
“rare event” as compared with normal responders. 157 According
to Toft et al.,'® plasma IL-6 concentrations increased approximately
four-fold immediately following eccentric muscle actions in young
subjects (20-27 years); whereas, the increase was much smaller in
elderly subjects (67-75 years) (approximately 90% increase follow-
ing eccentric exercise consisting of 60 min of opposing the rotation
of cycle ergometer pedals down to 60 rpm). In this way, we assumed
that the AIL-6 >90th percentile or 7.5 pg/ml was a valid criterion
to define HR for this marker.

A ten repetition-maximum (10 RM) test was performed accord-
ing to the recommendations of Tibana et al.'®. On the first visit,
subjects completed a medical form and physical questionnaire,
anthropometric measures, dual-energy X-ray absorptiometry
(DXA, General Electric-GE model 8548 BX1L, 2005, Lunar DPX
type, software Encore 2005, Rommelsdorf, Germany) body com-
position analysis, and completed a familiarization session on a
leg extension isoinertial machine (Righetto, Sao Paulo, Brazil) that
involved performance of three sub-maximum sets of 8-10 rep-
etitions. Three days later, subjects performed a 10 RM test and
following 72 h of rest they completed the 10 RM test again to deter-
mine test-retest reliability (R=0.99). The test was terminated when
voluntary concentric failure occurred (inability to perform a full
range repetition of the movement as a consequence of fatigue).
As described previously by Tibana et al.,'® testing errors were
minimized by the following strategies: (a) standardized instruc-
tions were given concerning all data collection procedures; (b)
exercise technique and leg extension machine adjustments were
standardized for each subject; and (c) subjects were given verbal
encouragement throughout testing. Rest intervals of 3-5min were
instituted between 10 RM trials. Moreover, subjects were asked
not to ingest any stimulants (e.g. caffeine) or perform any physical
activity during the week prior to testing.

Seven days following the 10 RM tests, subjects completed
an eccentric resistance exercise (ERE) protocol adapted from
Willoughby et al.2 Upon arrival at the lab, subjects began with
a warm-up on a cycle ergometer for 10 min at 60rpm and 50W,
followed by 10 leg extension repetitions at 50% of the 10 RM, and
then a rest interval of 3-5min. The ERE session was performed on
the bilateral knee extension isoinertial machine with a load cor-
responding to 110% of the 10 RM. Subjects performed only the
eccentric phase of the lift (2-3s); at the end of each eccentric
repetition, the researcher moved the load through the concen-
tric portion of the range of motion to begin the next eccentric
repetition. Subjects completed seven sets of 10 repetitions with a
passiverest of 3 min between sets. The 10 RM trials and ERE session
were scheduled between 2:00 and 4:00 pm and were performed
under standardized controlled room temperature. The knee exten-
sion exercise was chosen because the investigation of lower limb
strength in the elderly is particularly important, considering that it
is particularly affected by sarcopenia and loss of functionality.?!

Blood samples were drawn from an antecubital vein by
venipuncture to determine whole blood CK and IL-6 concen-
tration pre- and 3, 24, and 48 h postexercise. CK concentration
was determined by use of a commercially available Reflotron CK
assay using the Reflotron system (Boehringer Mannheim GmbH,
Mannheim, Germany). IL-6 concentration was measured by Quan-
tikine or Quantikine high sensitivity commercial enzyme-linked
immunosorbent assay Kit (R&D Systems, Minneapolis, MN, USA).
The intra-assay coefficient of variation of the kits was 1.5-5.6%
for IL-6. The interassay coefficient of variation was 4.3-6.4% for IL-
6. The measures for CK and IL-6 were performed in triplicate and
averaged.

The data are expressed as means (95% confidence interval).
Shapiro-Wilk tests were applied to check for normality in distribu-
tion of the variables assessed. In case of non-normal distribution,
the variables were log transformed to base e prior to analysis to
approximate a normal distribution. The difference between base-
line CK and peak CK concentration (the highest value achieved at 0,
3,24, or48 hfor each subject), or ACK, was considered the response
following exposure to the ERE. The difference between baseline IL-6
and peak IL-6 concentration (at 0, 3, 24, or 48 h), or AIL-6, was con-
sidered the response following exposure to the ERE. The achieved
power of the sample size was determined using G*Power version
3.1.5 (Kiel, Germany), based on the differences between baseline
and peak concentrations of CK and IL-6 between the HR and NR
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Table 1

Mean (95% confidence interval) of anthropometric data and change of creatine kinase (ACK) and interleukin-6 ( AIL-6) for normal and high CK and IL-6 responders groups.

Creatine kinase (CK)

Interleukin-6 (IL-6)

NR (n=81) HR (n=9) NR (1=59) HR (n=7)

Age (year) 69.8 (68.4-71.1) 66.2 (62.3-70.1) 68.6 (67.0-70.2) 75.4(71.0-79.8)
Height (cm) 152.6(151.3-153.9) 153.8 (147.6-160.1) 1528 (151.1-154.4) 151.0 (144.8-157.2)
Weight (kg) 64.4(61.5-67.3) 63.9 (59.6-68.2) 66.1 (62.7-69.4) 58.7(50.7-66.7)
Body fat (%) 41.3(40.1-42.7) 409 (37.9-43.9) 42.1(40.9-43.7) 36.9(32.1-41.7)
10RM (kg) 36.5(34.5-38.4) 40.0 (31.3-48.7) 37.6(35.3-40.0) 34.4(23.4-45.4)
ACK (Uf1) 225(17.3-27.8) 233.4(150.0-316.9) 38.3 (22.2-54.4) 37.7(-21.9-97.4)
AIL-6 (pg/ml) 25 (1.6-3.4) 8.2(-0.7-3.12) 1.6(1.2-2.1) 15.6 (4.6-26.6)°

NR, normal responders; HR, high responders; A, delta (change); 10 RM, ten repetitions maximum.

* Significantly different versus the NR group (p < 0.05).

groups. For CK sample size (n=90), the effect size d was large and
the power was 0.99. For IL-6 sample size (n=66), the effect size d
was also large and the power was 0.98. The anthropometric data,
CKand IL-6 peak values following the ERE were compared between
the HR and NR groups using independent ¢-tests.

A mixed model ANOVA was used to compare the differences
in CK and IL-6 concentration between groups at pre-exercise and
over the course of 48 h post-exercise. Compound sphericity was
verified by the Mauchley test. When the assumption of sphericity
was not met, the significance of F-ratios was adjusted according to
the Greenhouse-Geisser procedure. Simple main effects were used
to determine the difference between groups at each time point and
to determine the difference between time points within each group.
Thelevel of significance was p < 0.05 and SPSS version 20.0(Somers,
NY, USA) software was used.

3. Results

Among the 90 subjects, nine (10.0%) were classified as HR
according to our pre-determined statistical criteria for increases in
serum CK concentration. Mean values for the NR and HR groups,
based on CK responsiveness, are shown in Table 1. The mean
increase in serum CK concentration ( ACK) for the HR group, 233.4
(95% CI: 150.0-316.9) U/1, was significantly greater (p <0.001) than
the NR group, 22.5 (95% CI: 17.3-27.8) U/L. All other variables (age,
height, weight, percentage body fat, leg extension 10 RM, and AIL-
6) were not significantly different between groups based on CK
responsiveness. The time-course of serum CK in the HR and NR
groups are shown in Fig. 1. There was a statistically significant
interaction between the groups and time on serum CK concen-
tration, £(3.445, 303.151)=18.275, p<0.001. The CK concentration
increased over the time following ERE for the HR group while nosig-
nificant differences were noted for the NR group across time points.
No significant differences between groups were noted in the base-
line serum CK concentration (NR, 97.6 (95% CI: 87.9-107.3) U/l and
HR, 127.4 (95% CI: 72.0-182.9) U/I; p=0.15). However, significantly

500
400
300
200
100

Creatine Kinase (U/l)

T T T T
Pre  Ch 3h  24h  48h

Time
Fig. 1. Mean (95% confidence interval) serum creatine kinase in normal (NR) and

high (HR) res ponder groups prior to and at 0, 3, 24 and 48 h following the eccentric
resistance exercise session. *Significantly different versus the NR group (p <0.05).

greater serum CK concentration was noted for the HR group at Oh,
3h, 24h and 48 h following the ERE (p<0.001). The peak CK con-
centration was significantly greater in the HR group versus the NR
group (HR, 360.9 (95% CI: 253.0-468.7) U/l and NR, 120.1 (95% CI:
110.4-129.9) U/l; p<0.001).

The IL-6 concentration at baseline and following ERE was
assessed in 66 women. Seven (10.6%) were classified as HR accord-
ing to our predetermined statistical criteria. Interestingly, only one
subject met the criteria to be classified as HR for both CK and IL-6
responsiveness. Mean values for the HR and NR groups, based on
IL-6responsiveness, are shown in Table 1. The mean increase in the
serum IL-6 (IL-6A) for the HR group, 15.6 (95% Cl: 4.6-26.6) pg/ml
or approximately 850%, was significantly greater (p<0.001) than
the NR group, 1.6 (95% Cl: 1.2-2.1) pg/ml or approximately 55%.
When based on IL-6 responsiveness, age was significantly greater
in the HR versus the NR group (p=0.01) and the percentage body
fat for the HR group was significantly less versus the NR group
(p=0.02).The time-course of serum IL-6 increases in the HR and NR
groups are shownin Fig. 2. There was a statistically significant inter-
action between the groups and time on serum IL-6 concentration,
F(1.976,80.998)=9.327, p <0.001. The IL-6 concentration increased
immediately following ERE and started to decrease over time until
reaching baseline values 48 h after the ERE for the HR group, while
no significant differences were noted for the NR group across time
points. No significant differences between groups were noted in the
baseline serum IL-6 concentration (NR, 5.3 (95% CI: 3.5-7.0) pg/ml
and HR, 3.8 (95% CI: —6.2-13.7) pg/ml; p=0.47). However, signifi-
cantly greater serum IL-6 concentration was noted in the HR group
at0h(p=0.01)and 24 h(p=0.02) following the ERE. There were no
significant differences between groups in serum IL-6 concentration
at 3h(p=0.08) and 48 h (p=0.95) following the ERE. The peak IL-6
concentration was significantly greater in the HR group versus the
NR group (HR, 17.5 (95% CI: 3.4-31.7) pg/ml and NR, 6.6 (95% CI:
5.0-8.2) pg/ml; p<0.001).

Interleukin-6 (pg/ml)
>

0

Pre  ©Ch 3h  24h 48h
Time
Fig.2. Mean(95% confidence interval)seruminterleukin-6 in normal (NR) and high

(HR) responder groups prior to and at 0, 3, 24 and 48 h following the eccentric
Tesistance exercise session. *Significantly different versus the NR group (p <0.05).
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4. Discussion

The key finding from the present study was the existence of an
HR group for IL-6 in elderly obese women following the perfor-
mance of ERE. The classification for the HR group in the present
study was a AIL-6 concentration=90th percentile or 7.5pg/ml.
Specifically, the percentage increase in IL-6 response for sub-
jects below the 90th percentile was 55%; whereas, the percentage
increase for subjects above the 90th percentile (seven of the 66
women) was 850%. The HR group exhibited significantly greater
IL-6 concentrations at Oh and 24 h following the ERE versus the
NR group, also the peak IL-6 and AIL-6 concentrations were sig-
nificantly greater for the HR group versus the NR group. Moreover,
when considering the ACK, nine of the 90 elderly women were
included in the =90th percentile with CK concentrations at least
96.3 U/l. The HR group exhibited significantly greater CK concen-
trations versus the NR group at Oh, 3 h, 24 h and 48 h following the
ERE. Additionally, the ACKand peak CK concentrations were signif-
icantly greater for the HR group versus the NR group. These results
confirmed our initial hypothesis.

The increase in IL-6 following exercise may depend on factors
such as age, body composition, and genetically expressed varia-
tion in the inflammatory response, including greater expression of
toll-like receptor 4 (TLR4), that may induce greater transcription
of inflammatory cytokines.?? Thus, it is important to determine
if any immune factors affect the transcription of other inflamma-
tory immune factors and if a person that is considered a HR for
one factor would be a HR for others. We found that the HR group
for IL-6 was older and had a lower body fat percentage as com-
pared with the NR group. Although adipose tissue is an important
endocrine organ responsible for the release of pro-inflammatory
markers,?? in the present study all women were elderly and obese.
These two factors may account for an increased release of IL-6, as
obesity and aging are associated with increased basal levels of IL-6
and risk for chronic diseases.* It has been shown that I1L-6 val-
ues > 2.08 pg/ml was associated with a higher mortality rate of 50
by 1000 per year in elderly individuals.?® In the present study base-
line values of IL-6 for both groups were high (3.8-4.3 pg/ml). Thus,
attention should be given to HR elderly women when prescribing
ERE, as they mayreach significantly higher IL-6 levels 24 h following
an exercise session.

The source of acute elevation in IL-6 immediately following
ERE could be related to muscle contractions from muscle fibers,
being considered a myokine. When released into the circulation,
IL-6 can promote metabolic modulations in several organs in a
hormone-like fashion, such as hepatic glucose production during
exercise or lipolysis in adipose tissue. Within skeletal muscle, IL-
6 also activates metabolic pathways to increase glucose uptake
and fat oxidation.”s The acute release of IL-6 following exercise
may also produce anti-inflammatory effects revealed by the pro-
duction of the classical anti-inflammatory cytokines IL-1ra and
1-10.%

Interestingly, Bruunsgaard et al.?’ found that centenarians and
81-year-old subjects have significantly higher plasma concentra-
tions of IL-6 compared with a young control group (18-30 years).
However, there was no differencein IL-6 levels between individuals
of 55-65 years and octogenarians. Thus, it is possible that the dif-
ference in age between NR (68.6 years) versus HR (75.4 years) did
not affect IL-6 results. Toft et al.'® submitted ten elderly, all healthy
and not taking any medication, to eccentric exercise consisting of
60 min of opposing the rotation of cycle ergometer pedals down to
60 rpm. Post-exercise values of IL-6 were found to be very similar
to those observed in the NR group from the present study, while
the HR group had higher values of IL-6 in response to ERE.

Regarding CK, similar results were found in two previous stud-
ies that used resistance exercise, consisting of multiple exercises

for 3 sets ata 10 RM load? or a single exercise for 4 sets at 85% of a 1
repetition maximum (1RM).> Machado et al.” reported a very high
CKresponse (i.e. approximately 2500 U/fl in an HR group) with arel-
atively low volume of work. In the present study, despite the ERE
protocol, which is suggested to induce greater muscle damage,’
peak values of CK increased to 361 U/l for the HR group. This dif-
ference may be due to distinct genders, age, genetics or physical
training status; aspects that need to be elucidated in future stud-
ies. To note, the adopted protocol for ERE induced no alarming CK
responses, which could be associated with excessive muscle dam-
age and acute rhabdomyolysis.

Comparisons with other studies are very difficult due to a large
degree of inconsistency in the exercise protocols utilized and the
individuality in the CK response. Some studies were designed to
induce muscle damage and were performed with unusual train-
ing methodologies, which may not reflect resistance training under
practical conditions. The specific muscle group examined can also
affect the magnitude of the CK response, as arm eccentric exercise
induced larger decreases and a slower recovery of strength, and
larger increases in blood markers of muscle damage (including CK)
versus leg exercise.?®

Considering that only one subject met the criteria to be classi-
fied as HR for both CK and IL-6 responsiveness, it can be hypnotized
that these blood markers are unrelated, and that the mechanisms
behind the rise in each are different. Also, IL.-6 was measured
in the circulation and it is possible that a different physiological
environment could be present in the skeletal muscle, as Buford
et al.2% showed that skeletal muscle has a significant accumula-
tion of transcripts for pro-inflammatory genes (TNF-c, IL-1, IL-6
and IL-8) 3 h following the completion of a resistance exercise bout.
Moreover, if the increase in CK was a result of changes in membrane
permeability rather than muscle damage, this might explain the
lack of association between CK and IL-6. Alternatively, any associ-
ation might have been confounded by the delay in the elimination
of CK from the extracellular compartment due to the ratio of the
enzyme’s life-span to biological half-life.3°

In the present study we utilized an ERE protocol because the
reserve of eccentric strength, albeit variable, could be used, in com-
bination with a greater magnitude of force development during
eccentric muscle actions, allowing for a higher training inten-
sity thus maximizing gains in muscle function in older adults.!?
This reinforces the importance of ERE for frail elderly individuals
exhibiting low muscular and cardiorespiratory fitness.

The present study had some limitations that should be consid-
ered, such as the genetic variability of the population examined,
lack of morphological analysis of muscle damage and diet was not
controlled (although they were advised to maintain their normal
dietary intake). Moreover, the inclusion of a non-obese group of
elderly women could be of value.

5. Conclusions

Only one subject was HR for both CK and IL-6, this implies
that, although both blood markers are associated with muscular
microtrauma, an individual presenting increased responsiveness
of CK may not necessarily have a greater inflammatory response
with respect to IL-6. Thus, we propose that multiple blood markers
should be analyzed in response to exercise to improve the under-
standing of the muscle damage response. Considering the longer
time necessary to recover from an exercise session in elderly, these
results could have implications for ERE prescription in that some
individuals might require more days to recover and/or a lighter
training, especially in the beginning stages of a resistance training
program.
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Practical implications

Both serum IL-6 and CK were higher for the HR versus NR,
this information should be considered during the pre-participation
screening process in exercise programs and training prescription
to avoid excessive damage to muscle tissue and inflammation.

Our data emphasize the need for specific safety cut-off point for
circulating values of IL-6 and CKresponse to ERE.

Aprudent approach for ERE prescription might be programming
additional recovery days and/or lower intensity training, especially
in the beginning stages of a program for HR individuals.
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Purpose: To compare the metabolic parameters, flexibility, muscle strength, functional
capacity, and lower limb muscle power of elderly women with and without the metabolic
syndrome (MetS).

Methods: This cross-sectional study included 28 older women divided into two groups: with
the MetS (n=14; 67.3+ 5.5 years; 67.5+ 16.7 kg; 1.45+ 0.35 m; 28.0 + 7.6 kg/m?), and without
the MetS (n= 14; 68.7 + 5.3 years; 58.2 + 9.9 kg; 1.55 + 0.10 m; 24.3 + 3.8 kg/m?). Body
composition was evaluated by dual-energy X-ray absorptiometry and dynamic muscle strength
was assessed by one-maximum repetition (1RM) tests in leg press, bench press and biceps curl
exercises. Six-minute walk test, Timed Up and Go (TUG); 30-second sitting-rising; arm curl
using a 2-kg dumbbell, sit-and-reach (flexibility), and vertical jump tests were performed.
Results: There was no difference between groups regarding age (£ = 0.49), height (P = 0.46),
body fat (%) (P = 0.19), systolic (P = 0.64), diastolic (P = 0.41) and mean blood pressure
(P = 0.86), 30-second sitting-rising (P = 0.57), 30-s arm curl (P = 0.73), leg press IRM
(P = 0.51), bench press IRM (P = 0.77), and biceps curl 1IRM (P = 0.85). However, women
without the MetS presented lower body mass (P = 0.001), body mass index (BMI) (P=0.0001),
waist circumference (P = 0.02), waist-to-height ratio (P = 0.02), fat body mass (kg) (P = 0.05),
lean body mass (kg) (P = 0.02), blood glucose (£ = 0.05), triglycerides (P = 0.03), Z-score for
the MetS (P = 0.05), higher high-density lipoprotein-cholesterol (HDL-C) (P = 0.002), better
performance on TUG (P = 0.01), flexibility (P = 0.03), six-minute walk test (P = 0.04), vertical
jump (P = 0.05) and relative muscle strength for leg press (P = 0.03), bench press (P = 0.04)
and biceps curl (P = 0.002) exercises as compared to women with the MetS.

Conclusion: Elderly women with the MetS have higher metabolic risk profile and lower func-
tional capacity, muscle strength, lower limb power and flexibility as compared to women without
the MetS. The evaluation of functional capacity may help to determine the degree of physical
decline in older persons with the MetS, while exercise interventions should be encouraged.
Keywords: metabolic syndrome, functional capacity, muscle performance, aging

Introduction

The term metabolic syndrome (MetS) describes a collection of risk factors that includes
obesity, insulin resistance, hypertension, and an abnormal lipid profile. These risk fac-
tors are associated with an increased risk of gastrointestinal cancer, diabetes mellitus,
cardiovascular disease,® and premature mortality.’> The prevalence of the MetS has
increased worldwide, in parallel with the increasing prevalence of obesity; data have
revealed an alarming 32.0% prevalence of the MetS in the central region of Brazil.®
The prevalence of most individual consequences of the MetS increases with age. For
example, in the third National Health and Nutrition Examination Survey (NHANES I1I)
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performed in the United States, the prevalence of the MetS
was 6.7% in persons 20 to 29 years old, 43.5% in those 60 to
69 years old, and 42.0% in individuals 70 years or older.”

Importantly, the decline in physical finction that occurs
with aging often represents the early stage of a continuous
process that leads to disability and other important adverse
outcomes. The decline in functional capacity is associated
with decreases in levels of flexibility, performance of activi-
ties of daily living, muscle power, and lower and upper limb
strength. Simple objective measures of physical performance
(walking speed, sitting to rising, and standing balance time)
and muscle strength have been used to predict the onset of
disability in older community-dwelling populations.® In
this sense, an understanding of the factors that contribute
to increased disability and functional declines in an aging
population has an important public health value.

Studies have linked the MetS to physical decline in older
persons.*!® Penninx et al’ revealed that older persons with the
MetS displayed a 50% greater chance of developing mobility
limitations compared with those without the MetS. Similarly,
Everson-Rose et al demonstrated that elderly men with
the MetS had an approximately 1-point lower performance
score and a 0.04 m/s slower walking speed than men without
the MetS.® Moreover, several investigations in the current
literature have shown that individuals with the MetS display
lower muscle strength and cardiorespiratory fitness. !¢
Additionally, it has been shown that elderly women with
the MetS presented lower high-density lipoprotein (HDL),
higher glucose, creatine kinase, C-reactive protein, and
triglycerides as compared with elderly women without the
MetS, reinforcing the findings of metabolic disturbance in
older people with the MetS." However, to the best of our
knowledge, no previous study has been designed to compare
the physical performance and metabolic parameters in elderly
women with and without the MetS.

The aim of the present study was to compare the meta-
bolic parameters, flexibility, muscle strength, functional
capacity and lower limb muscle power between elderly
women with and without the MetS. The initial hypothesis
was that women with the MetS could present more metabolic
risk factors and reduced physical capacity as compared with
those without the MetS.

Methods

Participants

Participants were recruited on a voluntary basis from
the Taguatinga community through posters and lectures
about the study. Forty sedentary elderly women older

than 60 years were selected by convenience and were
not necessarily representative of the Brazilian female
population. They were considered sedentary by accruing
less than 2 hours per week of physical activity during the
past year. Participants completed a recall form and physical
activity questionnaire and were subjected to anthropometric
measures. Twelve subjects were excluded from the analysis
because of malignancy, immunosuppressive therapy,
known inflammatory disease (eg, arthritis, inflammatory
bowel disease, psoriasis), acute infection, or invasive
procedures (eg, surgery, catheterization) during the last
6 months as evaluated in the medical history questionnaire.
Following these exclusions, the study group comprised
28 older women assigned into two groups: with the MetS
(n=14; 67.3 £ 5.5 years; 67.5 £16.7 kg; 1.45 £ 0.35 m;
28.0 £ 7.6 kg/m?), and without the MetS (n = 14;
68.7+5.3 years; 58.2 £9.9kg; 1.55+0.10m;24.3 £3.8kg/m?).
The MetS was defined according to the criteria ofthe National
Cholesterol Education Program’ Adult Treatment Panel I1I
(NCEP-ATP III)": waist circumference (WC) > 88 cm;
triglycerides >150 mg/dL; high-density lipoprotein-
cholesterol (HDL-C) << 50mg/dL; fasting glucose >110mg/dL;
systolic blood pressure (SBP)>130 mmHg; or diastolic
blood pressure (DBP) =85 mmHg. A Z-score was calculated
for each variable using individual subject data following
the ATP IIT criteria. The equation used to calculate the
MetS Z-score was as follows: Z-score = ([50 — HDL-C
mg/dL]/11.8) + ([triglycerides mg/dL — 150]/66.2) + ([ fasting
blood glucose mg/dL — 110]/10.4) + ([WC cm —
88]/9.2) + ([mean arterial pressure mmHg — 100]/8.7)/100.1¢
The Catholic University of Brasilia Ethics Committee for
Human Research approved the methods of the present study,
and all participants signed an informed consent document.

Blood pressure measurement

SBP, DBP, and mean blood pressure (MBP) were measured
with an oscillometric device (BP 3AC1-1 PC; Microlife AG,
Widnau, Switzerland) according to the recommendations
of the Brazilian Society of Cardiology."” The cuff size was
adapted to the circumference of the arm of each participant
according to the manufacturer’s recommendations. SBP and
DBP values were used to determine MBP according to the
following equation: MBP = DBP + ([SBP — DBP]/3).

Anthropometric measures

The body mass measurement was taken with the individual
wearing light clothes and bare feet, using digital scales
(W110H, Welmy, Sdo Paulo, Brazil) with a capacity of
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150 kg, and 100-gram divisions. Height was measured by
a wall stadiometer (Sanny, American Medical do Brasil,
Sao Paulo, Brazil), with capacity of 2,200 mm and 1-mm
divisions. Height and body mass were measured for the calcu-
lation ofthe body mass index (BMI). The waist circumference
was obtained using a nonelastic tape; measurements were
obtained in triplicate and then averaged. Waist circumference
was measured at the midpoint between the lower rib margin
and the iliac crest. Percent body fat and lean body mass were
determined by dual-energy X-ray absorptiometry (General
Electric-GE model 8548 BX1 L, Lunar DPX type, Encore
2005 software; Madison, WI, USA).

Functional capacity tests

Physical function was examined using a battery of tests
as follows. A 30-second chair-stand test that measured the
number of times that a subject was able to stand from a
standard chair and sit down again during 30 seconds was
evaluated.” The 30-second arm curl test measured upper-
body muscle function and was assessed by the number of
arm curl repetitions performed with a 2-kg dumbbell during
30 seconds.’ A Timed Up and Go (TUG) test was used to
determine the amount of time required for the subject to rise
from a standard armchair, walk 3 meters away, turn, return,
and sit down again.'®

Flexibility

The sit-and-reach test was used to evaluate flexibility as previ-
ously described.'® Briefly, individuals sat on the floor with legs
stretched out straight ahead while the soles of the feet were
placed flat against the box with knees locked and pressed.
With the palms facing downward and the hands on top of each
other, the subjects were advised to reach forward along the
measuring line as far as possible and to hold that position for
1 to 2 seconds while the distance was being recorded.

Six-minute walk test

The six-minute walk test has been used as a one-time measure
of functional status and has a high correlation with peak oxy-
gen uptake.? The test was performed as recommended by the
American Thoracic Society.”? The six-minute walk test was
performed in a 30-meter long indoor hallway free of obstacles.
The length of the corridor was marked every 1 meter. Partici-
pants were instructed to walk at a self-selected regular pace to
cover as much distance as they were able during the allotted
time. If necessary, slowing down and stopping to rest were
allowed. Feedback regarding the elapsed time was provided at
the end of each minute, and standardized encouragement was

expressed by statements such as “you are doing well, keep it
up” and “do your best.”?!

One-repetition maximum muscle

strength test (IRM)

All participants completed a familiarization protocol on the
equipment before the test procedures took place.?? During
this period, standard instructions and explanations about the
procedures of the test protocols and the proper execution of
exercise technique were given to participants. To enhance
reliability, testing procedures were administered by the same
investigator. Two tests on two different days with a minimum
of 48 hours of rest were conducted (test-retest). The 1RM
test was used to determine the dynamic muscle strength of
upper and lower limbs using conventional isoinertial weight
training machines (Righetto, Sao Paulo, Brazil). The heaviest
weight that can be lifted once is the most common measure
of weight lifting strength.?

The 1RM protocol was conducted according to the
method of Brown and Weir,” including load standardization,
exercise range of motion, and lifting technique during the per-
formance of each exercise. Prior to the 1RM tests, two light
warm-up sets were interspersed with 2-minute rest periods.
Then, the participants had up to five attempts to achieve the
1RM load (ie, maximum weight that could be lifted once
with proper technique), with a 5-minute interval between
attempts and 10-minute interval between exercises. The tests
were conducted for leg press, bench press, and biceps-curl
exercises. The strength tests were performed on two different
days interspaced by a 48 to 72 hour period, allowing for the
determination of test-retest reliability (ie, intraclass coef-
ficient) for both groups, » = 0.97, r = 0.99, r = 0.99 for leg
press, bench press, and biceps-curl, respectively. Both testing
sessions took place between 2 pm to 3 pm after lunch and
under a controlled standardized temperature.

Relative muscle strength was determined by the division
of absolute values by body mass. Moreover, relative muscle
strength has been recommended as a more accurate method
to compare muscle strength between individuals of differing
physical condition.?

Vertical jump test

A contact mat (Pro Model; Cefise Sports Biotechnology,
Nova Odessa, Brazil) was connected to a computer running
Windows XP. The height of the vertical jump was calculated
using JUMPING PRO software (Sports Timing Systems,
htt sportstimingsystems.co.uk/) from the flight time
measured in each attempt. Individuals stepped on the contact

IWWW.
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mat and put their feet in a lateral position aligned with their
hips, hands around the waist.? Volunteers were asked to per-
form four attempts of a countermovement vertical jump with
rest intervals of 40 seconds between trials. This procedure was
repeated 5 to 7 days after the initial testing period. Individuals
were asked to perform a maximal countermovement jump
to the greatest height possible after a signal from the evalu-
ator. The joint angle of knee flexion was self-selected by the
volunteers. Additionally, participants were advised to avoid
knee flexion during the landing phase of the movement. This
procedure could overestimate the height of the jump with an
artificial increment of flight time. Ifthis maneuver occurred,
the jump was not validated, and the individual was required
to perform another attempt. Both testing sessions took place
between 2 pm to 3 pm after lunch and under a controlled
standardized temperature.

Biochemical measures

Individuals reported to the laboratory between 8 am to
10 am after an overnight fast, for blood withdrawal from the
antecubital vein. Plasmatic triglycerides and glucose levels
were meastired by enzymatic cholesterol esterase/peroxidase
(CHOP-POD) and hexokinase methods, respectively. High-
density lipoprotein was measured by the Automation Method

(Autchumalyzer, HUMAN Diagnostics GMBH, Wiesbaden,
Germany).

Statistical analysis

The significance level for all studied variables was fixed at
P = 0.05. Initially a descriptive analysis of the variables
was carried out with central trend and dispersion data.
Next, the Kolmogorov—Smirnov test and Levene’s test were
conducted to assess data normalcy and homoscedasticity,
respectively. Individuals were separated as having (n = 14)
or not having the MetS (n= 14). Differences between groups
for anthropometric data, body composition parameters, blood
pressure, biochemical, and physical function were evaluated
by the unpaired Student’s #-test. In addition, the correlation
between the MetS Z-score and physical performance
parameters was evaluated by the Pearson’s correlation
coefficient. Correlation coefficient values between +0.1
and 0.3, £0.4 and 20.6, and >0.7 were considered weak,
moderate, and strong, respectively. Data were analyzed using
SPSS® version 19 (IBM Corporation, Armonk, NY, USA).

Results
Table 1 presents the anthropometric, biochemical, and hemo-
dynamic variables of the groups with and without the MetS.

Table | Anthropometric, biochemical and hemodynamic parameters of the study population

Variable MetS Without MetS Difference between P-value
n=14) (n=14) means (95% CI)
Anthropometric parameters
Age (years) 67.3+55 687 £53 142 (-2.8; 5.6) 0.49
Body mass (kg) 65.5 + 16.7* 582199 —12.9 (-20.2; -5.6) 0.001
Height (m) 1.45+0.35 1.55+0.10 0.02 (—0.04; —0.08) 0.46
Waist circumference (cm) 82.7 £21.3* 79.0 £8.6 —9.3 (-17.2; -1.5) 0.02
Waist-to-height ratio 0.54 £0.15* 0.51 £0.06 —0.07 (-0.12; —0.01) 0.02
Body composition
Body mass index (kg/m?) 28.0 £7.6* 243+38 —6.38 (-9.5; -3.3) 0.0001
Body fat (%) 42,6 £5.1 393+68 —3.24 (-8.3; 1.8) 0.19
Fat body mass (kg) 286+ 7.1*% 227+7.1 —5.97 (-12.0; 0.07) 0.05
Lean body mass (kg) 37.6 £4.6* 33.8+28 —3.85 (—7.15; —0.54) 0.02
Leg lean body mass (kg) 11.5+1.6 105+1.2 —0.99 (-2.19; 0.21) 0.10
Relative leg lean body mass 0.16 +0.02* 0.18 £0.02 0.02 (-0.01; —0.04) 0.01
Biochemical parameters
Glucose (mg/dL) 93.2 +28.0% 90.1 £9.6 —10.2 (-22.0; 1.6) 0.05
Triglycerides (mg/dL) 185.4 £ 95.3* 137.4 £ 66.7 —69.3 (—132.6; -5.9) 0.03
HDL-C (mg/dL) 40.6 +10.2% 50.6 +7.7 9.1 (3.7; 14.6) 0.002
Z-score of Met$S 1.29 + 0.06* 1.25+0.03 —0.04 (0. 07; 0.01) 0.05
Hemodynamic variables
Systolic blood pressure (mmHg) 117.7 £29.7 121.8+7.7 —1.78 (-9.7; 6.1) 0.64
Diastolic blood pressure (mmHg) 740+ 185 79327 142 (-2.1; 4.9) 0.41
Mean blood pressure (mmHg) 88.5+22.25 93.5:+32 035 (-3.8; 4.6) 0.86

Note: *Significant difference between groups.

Abbreviations: MetS, metabolic syndrome; n, number of subjects; Cl, confidence interval; HDL-C, high-density lipoprotein-cholesterol.
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There was no difference between groups with respect to
age (P = 0.49), height (P = 0.46), body fat percentage
(P =0.19), leg lean body mass (P = 0.10), SBP (P = 0.64),
DBP (P = 0.41), and MBP (P = 0.86). However, women
without the MetS had lower body mass (P = 0.001), BMI
(P=0.0001), WC (P=0.02), waist-to-height ratio (P =0.02),
fat body mass (P = 0.05), lean body mass (P = 0.02), blood
glucose (P = 0.05), triglycerides (P = 0.03), and Z-score of
MetS (P = 0.05), higher HDL-C (P = 0.002), and relative
leg lean body mass (P = 0.01) when compared with women
with the MetS.

Functional performance and muscle strength tests are
presented in Table 2. There was no difference between
groups for 30-second chair rise (P = 0.57), 30-second arm
curl (P=0.73), leg press IRM (P =0.51), bench press IRM
(P=0.77), and biceps curl 1IRM (P=0.85). However, women
without the MetS presented a greater performance on TUG
(P = 0.01), sit-and-reach (P = 0.03), the six-minute walk
test (P =0.04), vertical jump (P = 0.05) and relative muscle
strength on the leg press (P = 0.03), bench press (P = 0.04)
and biceps curl (P = 0.002) exercises (Figures 1 and 2).

Correlations among the variables of the study are sum-
marized on Figure 3 and Figure 4. There was a moderate
correlation of Z-score of MetS with TUG test (P = 0.001;
7 = 0.55) and with relative leg lean body mass (# = 0.01;
r=-0.46). Moreover, there were moderate negative correla-
tions for risk factors of the MetS with relative leg lean body
mass (P=0.001; »r=-0.55), six-minute walk test (P=0.01;
7 =-0.44) and vertical jump (P =0.01; r=—-0.44). Thus, the
higher were the risk factors, the lower were muscle capacity
and relative lower limb lean mass.

Discussion

The aim of this study was to compare the metabolic para-
meters, flexibility, functional capacity, lower limb power and
muscle strength of older women with and without the MetS.
Confirming the initial hypothesis, elderly women without
the MetS had greater functional capacity, muscle flexibility,
lower limb power, muscle strength, and fewer metabolic risk
factors as compared with elderly women with the MetS.
Additionally, the Z-score of MetS and risk factors of MetS
were correlated with functional capacity tests and relative
leg lean mass.

Cardiometabolic parameters of MetS can be associated
with several diseases and mortality, and low HDL-C can
be correlated with mortality in geriatric individuals.??
Cabrera et al®® reported, in a 12-year longitudinal study with
800 individuals, that hypertension, diabetes, hypertrigly-
ceridemia, and the MetS increased the risk of cardiovascular
events. Additionally, Cabrera et al* conducted a follow-up
study for 6.6 years in 516 women and demonstrated that there
are positive associations between the MetS and cardiovascu-
lar diseases independent of age and previous cardiovascular
disease. Thus, high cardiometabolic parameters can represent
a risk to health.

Evidence also suggests that high cardiometabolic param-
eters of the MetS are related to physical capacity and mobil-
ity in elderly individuals.*'**® In the present study, women
with the MetS presented lower functional capacity and
muscle strength when compared to women without the MetS.
Similarly, Penninx et al reported in a follow-up study of 4.5
years with elderly women and men that there was a strong
association between mobility limitations and the number of

Table 2 Functional capacity, flexibility and muscle strength tests of the study population

Variable MetS Without MetS Difference between P-value
n=14) (n=14) means (95% CI)

Functional capacity
30-second chair timed-stand (repetitions) 17.6 £3.2 18.1 +4.1 —0.78 (-3.6; 2.0) 0.57
30-second arm curl (repetitions) 208+3.2 21.7£3.6 —0.42 (-2.9; 2.1) 0.73
Timed Up and Go (seconds) 6.7 £1.2% 62109 —1.05 (—1.9; —0.2) 0.017
Flexibility sit and reach (cm) 21.3 £5.0% 263 £5.0 5.93 (2.1;9.7) 0.03
Six-minute walk test (m) 458.4 +80.1* 527.9+33.9 523 (2.15 102.5) 0.04
Vertical Jump (cm) 9.3 £24* 1.6 £2.6 2.56 (0.45; 4.7) 0.05

Muscle strength
Leg press (kg) 973 £304 105.7 £39.2 8.8 (—184;36.2) 0.51
Relative (leg press kg/body mass) 144 £ 0.40% 1.78 £ 0.55 0.41 (0.03; 0.78) 0.03
Bench press (kg) 21.7£56 22:4 £5.1 —0.59 (—4.83; 3.6) 0.77
Relative (bench press kg/body mass) 0.32 +0.07* 0.39 +0.08 0.61 (0.00; 0.12) 0.04
Biceps curl (kg) 14.6 £3.1 155128 0.22 (-2.11; 2.55) 0.85
Relative (biceps curl kg/body mass) 0.21 +0.04* 027 £0.04 0.05 (0.02; 0.08) 0.002

Note: *Significant difference between groups.

Abbreviations: MetS, metabolic syndrome; n, number of subjects; Cl, confidence interval.
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Abbreviation: MetS, metabolic syndrome.

MetS components. In addition, elderly subjects with the MetS
presented a 50% increased chance for developing mobility
limitations than those without the MetS.? Everson-Rose et al
reported that high triglycerides, low HDL, hyperglycemia,
and higher BMI were associated with poorer performance
scores on physical capacity tests. Women without the MetS
demonstrated greater performance on a gait speed test
(capacity to walk 6 m at a normal pace as fast as possible),
balance test (capacity to walk within a 20 cm wide path
that extended over 6 m as fast as possible) and chair stands
(ability to rise five times off the chair without using arms,
as fast as possible)."”

In the present study, elderly women without the MetS also
presented lower body mass and BMI when compared with
elderly women with the MetS. In this regard, Messier et al
reported that weight loss can reduce mechanical stress on the
knee-joint during walking. This relationship between weight

loss and patellofemoral compressive force on the knee is 1:4
(ie, for every pound of weight loss there is a 4-fold reduction
of mechanical stress on the knee).* In this sense, excess body
weight can be related to mechanical stress, pain, reduction of
daily living activity, and consequently, the degree of physical
mobility.>! BMI has also been shown to be an independent
predictor of functional capacity, demonstrating an inverse
association with functional capacity, which highlights the
importance of weight control for preservation of physical
mobility.*?

Another important finding is that elderly women without
the MetS showed greater relative muscle strength and muscle
power. Our study is in accordance with the results of Tibana
et al, which demonstrated that middle-age women without
the MetS had greater relative muscle strength as assessed by
handgrip strength when compared with women with MetS. "
In a cohort study, Sayer et al evaluated handgrip strength

1382

Dove;

Clinical Interventions in Aging 2013:8

155



Dove; Functional capacity in women with metabolic syndrome
A 3 B B 06-
[ 7S *
0.5+
2+ ]
8 8 04 ]
=5
8 F ll. L L]
=] [
3 5 0.3+
14 m
0.2+
@
0 : : 0.1 T T
Without MetS MetS Without MetS MetS
C 04+ %

;

=
3
|
§_ L
k] 0.2 [
o
L]
|
0.1 4
T T
Without MetS MetS

Figure 2 Comparison of relative muscle strength between elderly women with and without metabolic syndrome.
Notes: *Statistically significant difference between women with and without the metabolic syndrome (P << 0.05). Panel A, leg press relative muscle stregth; panel B, bench

press relative muscle strength; panel C, biceps curl relative muscle strength.
Abbreviation: MetS, metabolic syndrome.

in 2,677 men and women aged 59 to 73 years and reported
that lower handgrip strength is associated with high fasting
triglycerides, blood pressure, waist circumference, insulin
resistance, and the MetS.* Regarding muscle power, Sartorio
et al reported that lean body mass showed a positive linear
relationship with muscle power in a stair-climbing test in
1,298 obese women and men.*

Thus, muscle strength and power are import factors
that contribute to functional capacity and mobility in the
elderly***” Hanson et al reported that changes in muscle
power, muscle strength, lean body mass, and body fat
are predictors of functional test performance, such as the
six-minute rapid walk test, five-time chair stand, stair climb,
and get up and go (similar to TUG).* In the present study,
we used the vertical jump to estimate jump height, which
is a relevant and indirect measure of muscle power of the

lower limbs.?? Regarding this, our results demonstrated that
women without the MetS showed lower values of fat mass
and greater values of muscle strength, vertical jump, relative
leg lean mass, and physical performance in functional tests
when compared with women with the MetS. These results
reinforce the evaluation of muscle strength and power as an
important tool for determining the degree of compromise
in functional capacity for elderly individuals. Also, women
with the MetS may require additional health care attention,
as they present lower scores for muscle force and mobility
as compared with women without the MetS.

Skeletal muscle can play an important role in functional
capacity and also in cardiometabolic factors associated with
the MetS, as the MetS is associated with muscle strength
and power.*® Moreover, skeletal muscle has been shown
to be essential for glucose and triglyceride uptake.®**
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Additionally, individuals with lower leg lean mass show
a greater functional limitation.” Regarding this, women
without the MetS presented greater relative leg lean mass.
Moreover, there were positive correlations between relative
leg lean mass and functional performance in the six-minute
walk and TUG tests. In addition, negative correlations were
found between relative leg lean mass with Z-score of MetS
and the number of factors of MetS, which highlights the
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Figure 4 Correlation of relative leg lean mass (A) and Timed Up and Go (B) tests
with risk ZMetS.
Abbreviation: ZMetS, Z-score of metabolic syndrome.

importance of lean mass to functional performance and
control of cardiometabolic risk factors.

Our results also revealed that women with MetS had
lower relative muscle strength and leg lean mass. Hence,
nondrug treatments, such as resistance training (RT), have
been used in patients with cardiovascular risk factors. Several
systematic reviews and meta-analyses have highlighted the
effectiveness of RT in improving lipid profile,*? SBP, and
DBP* and glucose metabolism.* Recently Tibana et al®
analyzed the effects of 8 weeks of RT on MetS risk factors,
muscle strength, and muscle thickness in overweight/obese
middle-aged women. The study revealed that chronic RT
induced an increase in rectus femoris muscle thickness and
muscle strength. Therefore, RT can be considered a compo-
nent in a physical activity program designed to prevent and
treat physical decline in patients with the MetS.

Some methodological limitations of the present study are
worth mentioning. It is a cross-sectional study, with a reduced
number of participants, which hinders the establishment of a
cause-effect relation between the MetS, fumctional capacity,
and relative muscle strength. Moreover, additional metabolic
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parameters and different types of muscle strength tests, such as
isokinetic and isometric tests, could be included. Longitudinal
and experimental studies could be required to establish this
association between cardiometabolic parameters, lean body
mass, muscle strength, muscle power, and functional capacity
in elderly individuals with and without the MetS.

Conclusion

The present study has demonstrated that women with the
MetS presented greater metabolic risk factors and less func-
tional capacity, lower limb power, muscle strength, and rela-
tive leg lean mass. Therefore, physical activity programs with
RT should be included for the prevention of physical decline
in elderly women with the MetS. Moreover, the decreased
muscle strength and power in elderly women with the MetS
reinforces the importance of preventive programs, including
exercise, in this population. Future studies should focus on
correlations between physical capacity and chronic kidney
diseases in elderly individuals with the MetS.
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ANEXO L — ARTIGO 6 IDOSAS COM SINDROME METABOLICA APRESENTAM
MAIOR RISCO CARDIOVASCULAR E MENOR FORCA MUSCULAR RELATIVE.
PUBLICADO NO GRUPO DE TRABALHO.

ORIGINAL ARTICLE

Idosas com sindrome metabdlica apresentam maior

risco cardiovascular e menor forca muscular relativa

Elderly women with metabolic syndrome present higher cardiovascular risk
and lower relative muscle strength
Darlan Lopes Farias!, Ramires Alsamir Tibana!, Tatiane Gomes Teixeira®, Denis César Leite Vieira®,

Vitor Tarja!, Dahan da Cunha Nascimento’, Alessandro de Oliveira Silva’, Silvana Schwerz Funghetto?,
Maritza Alves de Sousa Coura!, Renato Valduga', Margé Gomes de Oliveira Karnikowski?, Jonato Prestes?

RESUMO

Objetivo: Comparar os pardmetros metabdlicos, antropométricos,
presséo arterial e forga muscular de mulheres idosas com sindrome
metabdlica e sem sindrome metabdlica. Métodos: Estudo caso-
controle com 27 (67,3+4,8 anos 31,0%5,0kg/m? idosas com
sindrome metabdlica e 33 (68,8=5,6 anos 27,2+5,3kg/m?) idosas
controle sedentdrias. As idosas foram submetidas & avaliagdo de
composigéao por meio da absorciometria de raio X de dupla energia
e teste de forga muscular de 10 repetigdes méximas na extenséo de
joelhos. Resultados: Quando comparadas as idosas sem sindrome
metabdlica, as idosas com sindrome metabdlica apresentaram
indices maiores para: massa corporal (72,2+13,5 x 63,4+14 6kg;
p=0,03), indice de massa corporal (31,0+5,0 x 27,2+5,3kg/m?%
p=0,007), massa gorda (30,9+9,9 x 24,4x8, b5kg; p=0,01),
presséo arterial sistdlica (125,1%8,2 x 119,3%8,7mmHg; p=0,01),
presséo arterial diastdlica (75,5+6,9 x 71,4=6,7mmHg; p=0,03),
pressédo arterial média {92,5+6,2 x 87,1%=6,7mmHg; p=0,004),
glicemia (103,8+19,1 x 91,1%x5,9mg/dL; p=0,001), triglicerideos
{187,1+70,2 x 116,3%36,7mg/dL; p=0,001) e creatina quinase
{122,6+58,6 x 89,8+32,5 U/L; p=0,01); foram menores: massa livre
de gordura {55,9+5,8 x 59,3%6,7 %; p=0,05); HDL-C {40,7+5,0 x
50,5+10,1mg/dL p=0,001) e forga muscular relativa (0,53%0,14 x
0,62+0,12; p=0,01). Conclusao: Idosas com sindrome metabdlica
apresentam maior risco cardiovascular e menor forga muscular
relativa, quando comparadas as idosas sem sindrome metabdlica. A
forga muscular relativa pode estar relacionada aos fatores de risco
cardiovascular da sindrome metabdlica.

Descritores: Sindrome X metabdlica/complicagdes; Fatores de risco/
etiologia; Doengas cardiovasculares/prevengédo & controle; Forga
muscular; Envelhecimento

ABSTRACT

Objective: To compare the metabolic, anthropometric, arterial blood
pressure, and muscle strength parameters of elderly women with and
without metabolic syndrome. Methods: A case-control study with
27 (67.3%+4.8 years of age, 31.0+5.0kg/m? elderly women with
metabolic syndrome and 33 (68.8+5.6 years of age, 27.2+5.3kg/m?
sedentary control elderly women. They were submitted to an evaluation
of body composition by means of dual-energy X-ray absorptiometry
and muscle strength testing with 10 maximal repetitions of knee
extension. Results: When compared to the elderly women without
metabolic syndrome, those with the metabolic syndrome had higher
levels for body mass (72.2+13.5 versus 63.4+14.6kg, p=0.03), body
mass index (31.0%5.0 versus 27.2%5.3kg/m? p=0.007), fat mass
(30.9+9.9 versus 24.4+8.5kg, p=0.01), systolic arterial pressure
(125.1%8.2 versus 119.3x8.7mmHg, p=0.01), diastolic arterial
pressure (75.5+6.9 versus 71.4=6.7mmHg, p=0.03), mean arterial
pressure (92.5+6.2 wversus 87.1%x6.7mmHg, p=0.004), blood
glucose {103.8%19.1 versus 91.1+5.9mg/dL, p=0.001), triglycerides
(187.1x70.2 versus 116.3%+36.7mg/dL, p=0.001), and creatine
kinase (122.6+58.6 versus 89.8+32.5U/L, p=0.01); lower levels
were found for fat-free mass (55.9+5.8 versus 59.3%6.7%; p=0.05),
HDL-C {40.7%5.0 versus 50.5+10.1mg/dL, p=0.001), and relative
muscle strength (0.53+0.14 versus 0.62+0.12, p=0.01). Conclusion:
Elderly women with metabolic syndrome have a higher cardiovascular
risk and less relative muscle strength when compared to those without
metabolic syndrome. Relative muscle strength may be related to the
cardiovascularr risk factors of the metabolic syndrome.

Keywords: Metabolic syndrome X/complications; Risk factors/
etiology; Cardiovascular diseases/prevention & control; Muscle
strength; Aging
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INTRODUGAO

A sindrome metabdlica (SM) € caracterizada por fato-
res de risco cardiovascular, como alteracoes lipidicas,
hipertensao arterial, adiposidade central e resisténcia
insulinica. Estudos epidemiolégicos tém demonstrado
fortes associagdes da SM com o risco de desenvolvi-
mento de cancer no sistema digestivo, diabetes, doen-
¢as cardiovasculares e morte precoce(, além de maior
utilizacdo de servicos de saude e custos médicos®.
Dados do National Health and Nutrition Examination
Survey® relataram que as taxas de prevaléncia de SM
foram 35,1% em homens e 32,6% em mulheres, res-
pectivamente. Na regido central do Brasil, Dutra et
al.® reportaram que as taxas de prevaléncia da SM
foram 32%, tanto para os homens como para as mu-
lheres.

Nesse aspecto, modificacoes do estilo de vida e, es-
pecialmente, no nivel de atividade fisica podem auxi-
liar no tratamento e na prevencdo da SM®. Ademais,
os componentes da aptidao fisica relacionada a satde,
como a forca e a massa muscular desempenham papel
importante para a realizagao de tarefas motoras, di-
minuindo o risco de quedas, além de repercutirem na
satide, longevidade e qualidade de vida de individuos
idosos®?. Por conseguinte, estudos tém demonstrado
uma associaciao da forca muscular com a diminuicao
dos fatores de risco cardiovascular®, obesidade®, pres-
sdo arterial elevada®, SM™ e morte precoce™.

Entretanto, os estudos que analisaram a associacao
da forca muscular com SM utilizaram apenas homens
e mulheres jovens, e idosos ingleses™™. Vale ressal-
tar que o envelhecimento também estd associado a uma
perda progressiva de forca e massa muscular™®. Nao é
de nosso conhecimento um estudo que tenha compa-
rado a forca muscular de mulheres idosas brasileiras
com e sem SM. A associagdo do envelhecimento, que
€ um processo cronico degenerativo®, com a SM pode
aumentar o risco de diversas comorbidades, o que di-
ferencia essa populacao de individuos jovens com SM.
Assim, a hipétese inicial do presente estudo era de que
mulheres idosas com SM apresentariam menor forca
muscular relativa e maior risco cardiovascular quando
comparadas com as mulheres sem SM.

OBJETIVO

Comparar a forca muscular de 10 repeti¢bes maximas
(10 RM) na extensdo dos joelhos de mulheres idosas
brasileiras, com e sem SM, bem como analisar se mu-
lheres com baixo fator de risco apresentavam diferen-
cas na forca muscular relativa.

METODOS

Foi realizado um estudo caso-controle no periodo de
agosto de 2011 a julho de 2012, com voluntarias re-
crutadas por antincio piiblico em jornais de circulacao
local e por contato telefonico, a partir de um cadas-
tro existente na Universidade, por meio do Centro de
Convivéncia do Idoso (CCI). As voluntdrias foram se-
lecionadas independentemente da raca ou da classe
social. O estudo foi aprovado pelo Comité de Etica e
Pesquisa da Universidade Catélica de Brasilia (UCB);
o Termo de Consentimento Livre e Esclarecido e um
questionario de prontiddo para a prética de atividade
fisica (PAR-Q) foram obtidos de todas as voluntarias
antes da inclusdo na pesquisa. A amostra foi consti-
tuida por 57 voluntdrias divididas em dois grupos: 27
(67,3+4,8 anos; 31,0+5,0kg/m?) mulheres idosas com
SM e 33 (68,8+5,6 anos; 27,2%5,3kg/m?) sem SM, que
néo praticavam atividade fisica regular e orientada.
Para serem incluidas na pesquisa, as participantes
deveriam estar hd, pelo menos, 6 meses sem realizar
exercicios fisicos regularmente (PAR-Q), nio deviam
estar em terapia de reposicio hormonal (autorrelatado)
e ter idade superior a 60 anos. Os critérios de exclusido
foram: (1) incapacidade de caminhar sem assisténcia;
(2) possuir prétese unilateral ou bilateral de quadril; (3)
ser fumante e (4) ter anormalidade de condugéo ou per-
fusdo cardiaca que contraindicassem as avaliacoes fisicas.
Todas as voluntarias foram submetidas aos seguintes
exames antes da avaliacdo da forca muscular: coleta da
amostra de sangue, exame de absorciometria de raio X
de dupla energia (DEXA) e avaliacio da pressio arterial.

Antropometria

Foram realizadas as medidas que possibilitaram esta-
belecer o pertfil antropométrico definido pelo indice de
massa corporal (IMC). Para avaliacio da composicio
corporal, foram analisados os percentuais de massa ma-
gra e de massa adiposa por meio do DEXA (DEXA,
General Electric-GE model 8548 BX1L, 2005, Lunar
DPX type, software Encore 2005). Os testes compreen-
deram uma varredura completa do corpo dos volun-
tarios, em posi¢do de dectibito dorsal, durante apro-
ximadamente 17 minutos, estando o aparelho sempre
regulado e operacionalizado por profissional tecnica-
mente treinado.

Anilise bioquimica

Os individuos foram submetidos a repouso absoluto de
30 minutos; em seguida, foi realizada a coleta de 20mL
de sangue da veia antecubital, por meio de pungdo ve-
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nosa pelo sistema vacutainer com anticoagulante EDTA,
possibilitando a determinagio dos triglicerideos pelo
método enzimdtico-colorimétrico (GPO/POD) no equi-
pamento Autohumalyzer (Human GMBH, Alemanha).
O HDL-C foi determinado por troca ionica seguida de
reaciio colorimétrica, com o kit da Linco® Research Inc.
(St Louis, USA), e a glicemia, pelo ensaio enzimdtico
por hexoquinase. A proteina C-reativa (PCR) e a crea-
tina quinase (CK) foram determinadas por meio do mé-
todo de turbidimetria, com intensificacio com a reacdo
por particulas por Espectrofotometro Cobas Mira Plus
(Roche Diagnostic, GmBH - ALEMANHA), com cali-
brador e soro controle Biosystem (Bayer®). A dosagem
de cortisol foi realizada pelo método de eletroquimio-
luminescéncia, seguindo as especificacoes do fabricante
do kit. A técnica foi desenvolvida no aparelho Elecsys
2010 da Roche Diagnéstica.

Pressao arterial em repouso

A determinacio da pressdo arterial sistélica (PAS) e
diastdlica (PAD) foi realizada pelo método oscilométri-
co, adotando-se a metodologia proposta pela V Diretriz
Brasileira de Hipertensao Arterial®” e um medidor os-
cilométrico (Microlife 3AC1-1, Widnau, Suica), valida-
do pela European Society of Hypertension. Com a idosa
na posicao sentada, apés 10 minutos de repouso, brago
direito apoiado e ao nivel do coragao, bracadeiras apro-
priadas ao tamanho do brago, colocou-se a bracadeira
do aparelho a cerca de 3cm acima da fossa antecubital
centralizando a bolsa de borracha sobre a artéria ume-
ral. Os valores das medidas de PAS e PAD foram utili-
zados para o cdlculo da pressio arterial média (PAM)
pela equacio: PAM=PAD+[(PAS - PAD)+3].

Determinacao da SM

A SM foi identificada levando-se em consideracdo os
pardmetros definidos pela I Diretriz Brasileira de
Diagnéstico e Tratamento da Sindrome Metabdlica®™,
que se baseia nos critérios definidos pelo National
Cholesterol Education Program’s — Adult Treatment Panel
III (NCEP — ATP III). Segundo o NCEP - ATP III, a
SM representa a combinacdo de, pelo menos, trés dos
cinco parametros usados para definir a SM: circunfe-
réncia abdominal elevada (no presente estudo utiliza-
mos o critério do IMC=30kg/m?), aumento de trigliceri-
deos (2150mg/dL), HDL-colesterol baixo ( <50mg/dL),
glicemia de jejum elevada (=110mg/dL) ou diabe-
tes e aumento da pressido arterial (pressdo sist6lica
=130mmHg e/ou pressao diastélica =85mmHg, ou uso
de anti-hipertensivos).

einstein. 2013;11(2):174-9

Teste de forga muscular

As idosas realizaram uma sessdo de familiarizacao na
extensao dos joelhos, com trés séries de 10 repeticoes
submdximas. Setenta e duas horas depois, foi realiza-
do o teste de 10RM no exercicio de cadeira extenso-
ra (Cybex International, Medway, MA) seguindo as
seguintes recomendacdes: (1) aquecimento de 5 a 10
repeticoes com intensidades de 40 a 60% de uma re-
peticio maxima (1RM) estimada; (2) descanso de 1
minuto, seguido de 3 a 5 repeti¢des com 60% de 1IRM
estimada e descanso de 3 minutos; (3) incremento do
peso tentando alcancar as 10RM em 3 a 5 tentativas,
usando 5 minutos de intervalo entre uma tentativa e
outra e 10 minutos entre os exercicios; (4) o valor re-
gistrado foi o de 10 repeticdes, com 0 peso maximo
levantado na tltima tentativa bem-sucedida. Para de-
terminar uma confiabilidade do teste de 10RM, foram
aplicados dois testes, com um intervalo de 48 horas™.
A forca muscular relativa foi calculada por meio da
seguinte férmula:

forca relativa=forca absoluta (kg)/massa corporal (kg).

Analise estatistica

O nivel de significAncia para todas as varidveis estu-
dadas foi de p=<0,05. Inicialmente, foi realizada a ana-
lise descritiva da amostra com medidas de tendéncia
central e dispersao. Em seguida, realizou-se o teste de
Kolmogorov-Smirnov para avaliar a normalidade dos
dados e, de acordo com o resultado, utilizou-se o teste
t de Student nao pareado, para os dados paramétricos,
ou teste de Mann-Whitney, para os dados ndo paramé-
tricos. Além disso, foi utilizada a one-way ANOVA com
correcdo de Bonferroni, para comparar a forca muscu-
lar relativa entre as idosas com nenhum ou um fator
de risco para SM, dois fatores de risco para SM e mais
de trés. Realizou-se, ainda, a correlacao entre a forca
muscular relativa e os fatores de risco cardiovascular,
antropométricos e bioquimicos, por meio da correla-
¢do de Pearson. Os dados foram analisados por meio
do programa Statistical Package for the Social Sciences
(SPSS), versdo 17.0. Assumindo um tamanho de efeito
de 0,97 entre os grupos (a partir de um estudo piloto),
uma amostra minima de 11 voluntarias para cada grupo
foi requerida para providenciar um poder do estudo de
85% para forca muscular relativa.

RESULTADOS

Os parametros antropométricos, pressoricos, bioquimi-
cos e inflamatérios das idosas, com e sem SM, estdo na
tabela 1. Nao foram observadas diferencas significati-
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vas para a idade (p=0,30), estatura (p=0,96) e cortisol
(p=0,57). Contudo, quando comparadas as idosas sem
SM, as idosas com SM apresentaram maiores valores
de massa corporal (p=0,03), IMC (p=0,007), percen-
tual de massa gorda (p=0,03), massa gorda (p=0,01),
massa livre de gordura (p=0,01), PAS (p=0,01), PAD
(p=0,03), PAM (p=0,004), glicose (p=0,001), triglice-
rideos (p=0,001), CK (p=0,01) & PCR (p=0,01); fo-
ram menores 0 percentual de massa livre de gordura
(p=0,05), o HDL-C (p=0,001) e a forga muscular re-
lativa (p=0,01). Além disso, as idosas que néo apresen-
taram fator de risco ou que apresentaram um fator de
risco para SM foram significativamente mais fortes do
que as que apresentaram dois ou mais fatores de risco
para SM (Figura 1).

Tabela 1. Parmetros antropométricos, presséricos e bioquimicos em mulheres
com e sem sindrome metabdlica

SM Sem SM

(n=24) (n=33) Valor de p
Idade (anos) 67,3+4,8 688+5,6 030
Estatura (m) 152+0,08 1,53+0,06 096
Massa corporal (kg) 7224135 63414 6% 0,03
IMC (kg/m?) 31,050 272+53% 0,007
Massa gorda (%) 441458 40,7+67% 005
Massa gorda (kg) 30,9+99 24,4485 001
MLG (%) %,9+5,8 59,3+6,7* 005
MLG (k) 3,04,2 35,1+4,1% 0,01
PAS [mmHg) 1251+8,2% 1193+87* 0,01
PAD (mmHg) 76,5+6,9* N.4+67% 003
PAM [mmHg) 9,5+6,2 87.1+6,7% 0,004
TGL (mg/dL) 187,1£702 116,3+£36,7% 0,001
Glicose [ma/dL) 106,8+191 91,1+59% 0,001
HOL (mg/dL) 40,7450 505+101*% 0,001
PCR (pg/mL)** 0,30 019 001
CKuL) 122,6+586 89,8432 5% 0,01
Cortisol (ug/dL) 14,5446 153458 057

"Diferenga significativa ertre 05 grupos; "*Dados expressados em mediana

IMC: indice de massa corporal; MLG: massa livre de gordura; PAS: pressao arterial sistdlica; PAD: pressa arterial
diastélica PAM: pressan arterial média; TGL: triglicerideos; HOL: lipoproteina de alta densidade; PCR: proteina C-
reatira CK: ereatina quinase; SM: sindrome metabélica.

As correlagdes entre a forga muscular relativa e as
demais varidveis, em ambos oS grupos, estao apresenta-
das na tabela 2. Foram observadas correlagoes inversas
da forga muscular relativa com massa gorda e MLG no
grupo sem SM. Ja no grupo com SM, a forga muscular
relativa esteve correlacionada inversamente a massa
corporal e ao IMC.
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*Diferenca signfficativa entre 05 grupos (p=0,05).
Figura 1. Forga muscular relativa para os grupos. (A) Corn e sern sindrome
metabdlica; {B) nenhum ou um {n=18) fator de risco para sindrome metabdlica; dois
{n=18) fatores de risco para sindrorne metabdlica; e trés (n=21) fatores de risco
para sindrome metabdlica

Tabela 2. Correlagéo ertre as variaveis e aforga muscular relativa em mulheres
corn e sem sindrorme metabdlica

Sem SM Com SM
R Valor de p R Valor de p
Idade (anos) -007 010 -014 058
Massa corporal (Kg) -033 01 -047 0,05*
Estatura (m) -027 019 0,8 071
IMC (Kg/fm?) -0.30 015 -057 001*
Massa gorda (%) -047 0,01% -046 0,06
MLG (%) 047 0,01% 046 0,06
Massa gorda (kg) -0,39 0,05% -045 0,06
MLG (kg) -019 035 028 026
PAS (mmHg) 018 037 0,8 0,88
PAD (mmHg) 015 045 027 029
PAM (mmHg) 018 039 021 040
TGL (mg/dL) -0 031 0,04 088
HDL [mg/dL) 015 046 0,00 098
Glicose (mg/dL) on 060 011 066
Cortisol (ug/dL) -0,06 080 014 058
CK UL -015 047 0,24 034
PCR (mg/dL) -0,09 064 0,30 023

*Conelasao significativa(pe 0.05).

IMC: indice de massa corporal; MLG: massa livre de gordura; PAS: pressa arterial sistlica; PAD: pressa arterial
diastdlica; PAM: d média; TGL: HOL: lipoproteina de alta densidade; CK:

PCR: proteina C-reativa; SM: sindrome metabélica.
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DISCUSSAO

Confirmando a hipétese inicial, as idosas que foram
diagnosticadas com SM apresentaram maior risco car-
diovascular e menor forca muscular relativa, quando
comparadas as idosas sem SM. Adicionalmente, os re-
sultados demonstraram que mulheres com dois ou mais
fatores de risco para SM apresentaram menor forca
muscular relativa quando comparadas as que nao apre-
sentaram fator de risco ou que apresentaram um fator
de risco para SM.

O estudo de Framingham Offspring®, que incluiu
2.406 homens e 2.569 mulheres, com idade entre 19 a 74
anos, examinou o agrupamento de fatores metabdlicos e
cardiovasculares em relacdo ao risco da doenga arterial
coronariana (DAC). Os fatores de risco considerados fo-
ram HDL-C, IMC, PAS, triglicerideos, glicose e coles-
terol total. Os autores demonstram que os participantes
que tinham trés ou mais fatores de risco aumentaram o
risco de desenvolver DAC 2,4 vezes para os homens e 5,9
vezes para as mulheres quando comparados aos volunta-
rios sem nenhum fator. Forti et al.?Y demonstraram que
a probabilidade de todas as causas de mortalidade em
idosas com SM (70 a 79 anos) foi aproximadamente duas
vezes maior quando comparada as idosas sem SM.

Assim, modificacoes no estilo de vida, em especial
a pratica de atividade fisica, podem auxiliar como fer-
ramenta nio medicamentosa no tratamento dos fatores
de risco da SM em idosas. Apesar da aptidido cardior-
respiratdria estar associada a todas as causas de mor-
talidade e doengas cardiovasculares®, recentes estudos
tém demonstrado que a for¢a e massa muscular sao
aspectos que desempenham papel importante para a
realizacdo de tarefas da vida didria, longevidade e qua-
lidade de vida, especialmente em individuos idosos®”.
Adicionalmente, foi demonstrada uma associacio entre
a for¢a muscular e a diminuicdo dos fatores de risco car-
diovascular®, obesidade®, pressio arterial elevada®®,
sindrome metabdlica® e morte precoce™.

Os resultados do presente estudo estdo de acordo
com aqueles apresentados por Tibana et al.(!, que de-
monstraram que mulheres brasileiras, de meia idade,
com SM, apresentaram menor forca muscular relativa
quando comparadas as mulheres sem SM. Resultados
semelhantes foram apresentados por Miyatake et al.(*)
apds analisarem homens japoneses de meia idade com
e sem SM. O estudo revelou que os portadores de SM
apresentaram menor forca muscular relativa de preen-
sao manual e de membros inferiores quando compa-
rados ao grupo controle. Jurca et al.!® e Wijndaele et
al.8 encontraram uma associaciio significativa entre
baixos valores de forca muscular e o desenvolvimento
de SM em mulheres.
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No entanto, para nosso conhecimento, apenas o
estudo de Sayer et al.(™® foi desenvolvido com idosos
portadores ou ndo de SM. Similarmente aos resultados
apresentados no presente estudo, as idosas com SM
apresentaram menor forca muscular relativa quando
comparadas aquelas sem SM. Esses resultados aumen-
tam a preocupacio sobre mulheres idosas com SM, visto
que o préprio processo de envelhecimento causa redu-
¢ao significativa da forca e massa muscular, processo este
que compromete realizagio das atividades didrias®®.

Poucos estudos analisaram os possiveis mecanismos
associados entre perda da forca e massa muscular com
disfungdes metabdlicas. Sabe-se que o misculo esque-
Iético € um importante determinante da taxa metabdli-
ca de repouso® e um 6rgio alvo essencial para o esto-
que de glicose™. Além disso, Izumiya et al.® usaram
intervencao gendmica para produzir hipertrofia muscu-
lar nas fibras musculares de camundongos obesos. Os
animais que tiveram as fibras musculares hipertrofiadas
pela indugéo transgénica de Aktl (mediador da hiper-
trofia muscular) exibiram redugées no peso corporal,
na massa gorda, glicose sanguinea, insulina e leptina.
Quando houve inativacdo transgénica da via Aktl, os
animais tiveram perda de massa muscular, que foi asso-
ciada ao aumento na deposicio de gordura corporal e
concentragao circulante de leptina e insulina, indicando
disfuncao metabdlica. Nesse aspecto, € plausivel assu-
mir que as idosas com SM do presente estudo tiveram
menor percentual de massa livre gordura quando com-
paradas as idosas sem SM, o que pode estar associado
as disfuncdes metabdlicas e 2 menor forca muscular re-
lativa. Entretanto, o presente estudo € apenas de carac-
teristica transversal caso-controle, o que impossibilita
estabelecer relacio de causa e efeito. Assim, estudos
longitudinais e de intervencbes sdo necessdrios para
descobrir os possiveis mecanismos de forca e da massa
muscular relacionados a SM. Outras limitagoes deste
estudo incluem o reduzido nimero de participantes e
o uso de medicamentos que afetam o metabolismo, co-
mumente utilizados para o tratamento da SM.

Ademais, as idosas com SM apresentaram maiores
concentragdes de CK se comparadas as idosas sem SM.
A CK tem sido associada ao desenvolvimento de hiper-
tensao® e, pelo que € conhecido, nenhum estudo ana-
lisou a CK em idosas portadoras de SM. Nesse aspecto,
Brewster et al.?® demonstraram que, em ratos esponta-
neamente hipertensos, os valores de CK no ventriculo
esquerdo e aorta sdo maiores do que em ratos normo-
tensos. Assim, o aumento da CK pode estar associado
a vasoconstricao e ao aumento da reatividade vascular
e contratilidade cardiaca. No entanto, outros fatores
podem ter afetado as concentracgdes circulantes de CK,
como o uso de estatinas para o controle da hipercoles-
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terolemia, visto que esse medicamento pode causar ra-
bdomidlise, com faléncia renal aguda e até a morte®?.

Nesse aspecto, a inclusdo do treinamento de forca
em idosas parece ser clinicamente relevante, pois, além
de aumentar a forca e a capacidade funcional®, induz
alteracOes benéficas no sistema cardiovascular e meta-
bélico™ em idosas. Além disso, dados deste grupo de
estudo demonstraram que o treinamento de forca nao
induz aumento sistémico nas citocinas inflamatérias em
mulheres portadoras de SM apés uma sessdo aguda®®,
além de diminuir a pressao arterial e a resistina cronica-
mente (dados nio publicados). Ndo obstante, uma tinica
sessao de exercicio de forca € capaz de reduzir a pressao
arterial durante 24 horas em mulheres com sobrepeso
e obesidade®?.

CONCLUSAO

Em conclusao, mulheres idosas com SM apresentam me-
nor forca muscular relativa e maior risco cardiovascular.
Além disso, idosas com dois ou mais fatores de risco para
SM tiveram menor forca muscular relativa quando com-
paradas as idosas com nenhum ou com um fator de risco
para SM, o que aumenta a preocupag¢ao com os cuidados
a satide. Ademais, os presentes resultados demonstraram
que idosas com SM tiveram maior concentragio de CK.
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