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MACHADO, Felipe Vilaca Cavallari. Associacfes entre alteracfes de composicao
corporal e caracteristicas clinicas e fisico-funcionais em DPOC. 2018. 61 f.
Dissertacao (Mestrado em Ciéncias da Reabilitacdo) — Universidade Estadual de
Londrina, Londrina, 2018.

RESUMO

Introducdo: As anormalidades de composicdo corporal sdo determinantes
independentes de desfechos em pacientes com DPOC. Atualmente, ja se sabe que
a estratificacdo destes pacientes em fenétipos de composi¢céo corporal (metabdlicos)
estd associada a desfechos importantes, como capacidade de exercicio e
inflamacg&o, mas ndo h& dados comparando a atividade fisica na vida diaria (AFVD)
e forca muscular entre esses fendtipos. Deste modo, o objetivo deste estudo foi
comparar caracteristicas clinicas e fisico-funcionais em pacientes com DPOC
estratificados em fendtipos metabolicos. Métodos: Uma andlise transversal foi
realizada com 270 pacientes com DPOC estavel. De acordo com os percentis 10 e
90 dos valores de referéncia especificos para género, idade e indice de massa
corporal (IMC) de indices de massa livre de gordura e indice de massa gorda, 0s
pacientes foram estratificados em quatro grupos: Composicdo Corporal Normal
(CCN), Obesos, Sarcopénicos e Obesos-sarcopénicos (OS). Os pacientes foram
submetidos a avaliacdo da capacidade de exercicio, forca muscular periférica e
respiratoria, AFVD por meio de sensores de movimento, severidade de dispneia,
estado funcional e sintomas de ansiedade e depressao. Resultados: A prevaléncia
de pacientes classificados como CCN, Obesos, Sarcopénicos e OS foi de 39%, 13%,
21% e 27%, respectivamente. OS apresentaram menor distancia percorrida no teste
de caminhada de seis minutos (TC6min), comparado com CCN (P<0,05).
Sarcopénicos e OS apresentaram pior forca muscular periférica e respiratoria
comparados com CCN (P<0,05). Sarcopénicos apresentaram mais tempo em AFVD
de moderada a alta intensidade comparados com todos os outros grupos (P<0,05) e
menos tempo em AFVD sedentarias comparados com CCN e Obesos. (P<0,05).
N&o foram encontradas diferencas com relacdo a severidade de dispneia, estado
funcional e sintomas de ansiedade e depressao (P>0,16). Sarcopénicos e OS
apresentaram, respectivamente, 7,8 [95% IC: 1,6-37,7] e 9,5 [2,2-41,7] vezes mais
chance de percorrer menos que 350 metros no TC6min. Conclusdes: Os fendtipos
metabolicos estdo associados as caracteristicas fisico-funcionais em pacientes com
DPOC. Pacientes com Obesidade-sarcopénica foram considerados o0s mais
debilitados.

Palavras-chave: Doenca Pulmonar Obstrutiva Cronica. Obesidade. Sarcopenia.
Atividade Fisica. Tolerancia ao exercicio. Forca muscular.



MACHADO, Felipe Vilaca Cavallari. Associations between body composition
abnormalities with clinical characteristics and physical function in COPD. 2018.
61 p. Dissertation (Master's Degree in Rehabilitation Sciences) — Universidade
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ABSTRACT

Background: Abnormal body composition is an independent determinant of COPD
outcomes. To date, it is already known that patient stratification into body
composition (metabolic) phenotypes are associated with important outcomes, such
as exercise capacity and inflammation, but there are no data comparing physical
activity (PA), and muscle strength among these phenotypes. Thus, the aim of this
study was to compare clinical characteristics and physical function in patients with
COPD stratified into metabolic phenotypes. Methods: A cross-sectional analysis was
conducted with 270 stable COPD patients. According to the 10th and 90th
percentiles of sex-age-BMI-specific reference values for fat-free and fat mass
indexes patients were stratified into four groups: Normal Body Composition (NBC),
Obese, Sarcopenic, and Sarcopenic-obese (SO). Patients underwent assessment of
exercise capacity, peripheral and respiratory muscle strength, PA in daily life using
activity monitoring, dyspnea severity, functional status and symptoms of anxiety and
depression. Results: The prevalence of patients classified as NBC, Obese,
Sarcopenic and SO was 39%, 13%, 21%, or 27%, respectively. SO presented lower
6-minute walking distance (6MWD) compared with NBC (P<0.05). Sarcopenic and
SO groups presented worse peripheral and respiratory muscle strength compared
with NBC (P<0.05, for all). Sarcopenic group presented more time in moderate-to-
vigorous PA compared to all other groups (P<0.05, for all) and less sedentary time
when compared with NBC and Obese groups (P<0.05, for all). There were no
differences regarding dyspnea severity, functional status and symptoms of anxiety
and depression (P>0.16). Sarcopenic and SO groups had, respectively, 7.8 [95% CI:
1.6-37.7] and 9.5 [2.2-41.7] times higher odds to have a 6MWT equal or lower to 350
meters. Conclusion: Metabolic phenotypes are associated with physical function in
patients with COPD. Sarcopenic-obese patients were the most impaired.

Keywords: Chronic Obstructive Pulmonary Disease. Obesity. Sarcopenia. Physical
Activity. Exercise Tolerance. Muscle Strength.
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1 INTRODUCAO

A Doenca Pulmonar Obstrutiva Cronica (DPOC) € uma das maiores
causas de morbidade e mortalidade no mundo e apresenta impacto negativo nos
ambitos social e econémico’. A inalacdo de particulas nocivas e a exposicdo das
vias aéreas a um processo de inflamacdo cronica pode induzir a alteracdes
patolégicas no tecido e mecanismos de reparo e defesa pulmonares®. Essas
alteracdes podem causar prejuizos na funcdo pulmonar, como limitagdo ao fluxo
aéreo e hiperinsuflacdo®. Sabe-se que estes pacientes ndo apresentam somente
prejuizo na funcdo pulmonar como também sdo acometidos por diversas
manifestacdes extrapulmonares (sistémicas)>.

Dentre essas alteracbes sistémicas, as anormalidades de
composicao corporal sdo prevalentes nestes individuos, com capacidade de afetar o
prognéstico da doenca’ e predizer determinados desfechos, independentemente do
prejuizo na funcdo pulmonar®. De acordo com caracteristicas da composicéo
corporal, a European Respiratory Society recomenda a estratificacdo dos pacientes
com DPOC em fendtipos metabdlicos, para desenvolvimento de estratégias de
intervenc&o e prevencao efetivas®. Os fenétipos metabdlicos refletem uma interacdo
complexa entre predisposicdo genética, estilo de vida e “gatilhos” da doenga em
musculos, 0ssos e tecido adiposo®.

Alguns dos fenétipos metabdlicos propostos s&o®: (1) obesidade,
gue apesar de ainda néo estar bem estabelecido, parece ser mais prevalente em
pacientes com DPOC, variando de 18 a 54% dos pacientes®, (2) sarcopenia, uma
sindrome caracterizada por progressiva e generalizada perda de massa muscular e
forca, e (3) a obesidade-sarcopénica (OS), que ocorre quando a sarcopenia esta
associada ao aumento de massa gorda’. Recentemente, um estudo verificou que a
prevaléncia de sarcopenia e OS €é maior em pacientes com DPOC quando
comparados com individuos-controles e que os pacientes classificados com OS
apresentam reducdes na capacidade de exercicio e aumento do estado
inflamatorio®.

Como diversos estudos tém mostrado que a composi¢cao corporal
esta associada com desfechos importantes e é capaz de definir diferentes fenotipos
metabolicos em pacientes com DPOC, pode-se hipotetizar que pacientes

estratificados em diferentes fenotipos metabodlicos apresentariam diferengas em
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suas caracteristicas clinicas, fisico-funcionais e em sua atividade fisica de vida
diaria. Desta forma, a presente dissertacdo teve como objetivo comparar
caracteristicas clinicas e fisico-funcionais de individuos com DPOC estratificados em
diferentes fenétipos metabdlicos. A dissertacdo estd em formato de artigo cientifico

gue sera apresentado na secao 3.
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2 REVISAO DE LITERATURA - CONTEXTUALIZACAO

2.1 Doenga Pulmonar Obstrutiva Cronica

A DPOC ¢ definida atualmente como uma doenca comum,
prevenivel e tratdvel caracterizada por sintomas respiratorios persistentes e limitagdo
ao fluxo aéreo devido a anormalidades de vias aéreas e/ou alveolares causadas
geralmente pela exposicdo & particulas e gases nocivos®. A doenca resulta de uma
interacdo complexa entre fatores genéticos e ambientais, sendo o tabagismo o
principal fator de risco®. Projecdes indicam que o impacto da DPOC aumentara nas
proximas décadas devido a exposicdo continua aos fatores de risco para
desenvolvimento da doenca e ao envelhecimento da populacéo®.

O diagndéstico clinico de DPOC deve ser considerado em qualquer
paciente com sintomas de dispneia, tosse cronica ou producdo de secrecdo e
histérico de exposicéo aos fatores de risco da doenca®. Um dos principais sintomas
da DPOC é a dispneia. E recomendado que, assim como a fun¢do pulmonar, este
sintoma seja incluido na avaliagdo e classificacdo dos pacientes®. Além disso, a
dispneia se mostrou um preditor de mortalidade melhor que a fungéo pulmonar®,
bem como apresentou correlagdes com escalas de estado funcional™*.

Na tentativa de minimizar ou evitar os sintomas respiratérios?,
pacientes com DPOC frequentemente apresentam reducdo do nivel de atividade
fisica na vida diaria (AFVD), mantendo um estilo de vida predominantemente
sedentario quando comparados a individuos controles™***. A inatividade fisica leva
ao descondicionamento fisico e isso, somado a respostas inflamatorias
inapropriadas/excessivas, acarreta consequéncias extrapulmonares (sistémicas)®?>.

Considerando as diversas manifestacdes extrapulmonares que estes
pacientes podem apresentar, pode-se concluir que a DPOC é uma doengca complexa

e heterogénea™*®.

Heterogénea porque nem todas essas manifestacdes estao
presentes em todos os pacientes e complexa porque essas manifestacbes podem
apresentar diversas interagbes dinamicas e néo lineares'. Deste modo, estudos
recentes descrevem a reabilitacdo pulmonar como uma estratégia de gerenciamento
personalizada e integrada em parceria com o paciente’’, e sugerem a estratificacdo

e caracterizacao fenotipica de pacientes com DPOC de acordo com determinadas
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caracteristicas em comum, como caracteristicas de composicao corporal (Figura 1),

para o desenvolvimento de melhores estratégias de prevencéo e intervencao®.

Figura 1 — Fendtipos metabdlicos: A: Saudéavel (referéncia), B: Obesidade, C:
Caquexia, D: Sarcopenia e obesidade oculta. (Adaptado de: Schols et

al.”)

y ¢ Y

A B C D

2.2 Avaliacdo da composicao corporal

Existem diversos métodos para avaliacdo da composicdo corporal,
que podem ser mais ou menos apropriados para a pratica clinica ou para pesquisa
de acordo com a varidvel de interesse®. O quadro 1 apresenta as medidas
apropriadas de composicdo corporal e marcadores substitutos para pesquisa e

pratica clinica, de acordo com cada possivel variavel de interesse.



17

Quadro 1 — Medidas apropriadas de composicao corporal e marcadores substitutos
para pesquisa e pratica clinica.

Variavel Pesquisa Préatica clinica
Massa livre de gordura Diluicdo de 6xido de deutério DEXA, bioimpedancia elétrica
/massa gorda (monofrequéncia),
antropometria (dobras
cutaneas).
Massa intracelular Diluigdo de 6xido de deutério Bioimpedancia elétrica
combinada com diluicdo de (multifrequéncia).
brometo
Massa muscular Tomografia computadorizada, DEXA, ultrassonografia,
Ressonancia magnética, biomarcadores, antropometria
biomarcadores. (circunferéncia de antebraco).
Gordura abdominal Tomografia computadorizada, DEXA.
Gordura visceral Ressonéncia magnética, Antropometria (didametro sagital
biomarcadores. e/ou relacdo circunferéncia
cintura/quadril),
ultrassonografia.
Massa e densidade 0ssea DEXA DEXA, tomografia
computadorizada (alta
resolucéo)

Adaptado de: Schols et al.’

A composicao corporal se refere a quantidade e distribuicdo de
tecidos no corpo humano. Individuos diferentes podem apresentar a mesma massa
corporal, porém esta ser constituida de tecidos completamente diferentes (tecido
muscular, adiposo e conjuntivo). Desta forma, mudancas no peso ou no indice de
massa corporal (IMC) ndo levam em consideracdo a composicdo corporal*>. Uma
revisao sistematica verificou que, em adultos e idosos saudaveis, o IMC possui baixa
sensibilidade para detectar individuos com aumento de gordura corporal,
diagnosticando apenas metade destas ocorréncias'®. Portanto, a acuracia
diagnéstica do IMC em pacientes com DPOC, que frequentemente apresentam
reducdo de massa magra e/ou aumento de massa gorda*®, pode ser ainda pior,
considerando que essas alteragcbes podem ocorrer independentemente de
alteracdes no IMC.

Um método de baixo custo e que pode ser utilizado para avaliacédo

da composicdo corporal na préatica clinica em pacientes com DPOC>*°, é por meio
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da medida de dobras cutdneas. Estas medidas podem ser utilizadas para
caracterizar a gordura subcutanea e estimar a quantidade de massa gorda corporal
por meio de equacdes de predicdo’®. Desta forma, a massa livre de gordura também
pode ser estimada como a diferenca entre o peso e a massa gorda corporal®.
Apesar de sua utilizacdo na pratica clinica, a acuracia deste método é questionavel,
visto que alguns estudos verificaram diferencas na estimativa de massa livre de
gordura obtida por meio deste método quando comparado com métodos mais

sofisticados?®?

, enquanto outros estudos suportam sua utilizacdo como um método
barato e acurado'®?. As diferencas nestes resultados poderiam estar associadas
com a utilizacdo de diferentes equacdes™® e as diferencas étnicas nas populacdes
estudadas®.

A avaliacdo da composicdo corporal considerando dois
compartimentos (massa livre de gordura e massa gorda) também pode ser realizada
por meio da andlise de bioimpedancia elétrica. Esta analise baseia-se no conceito de
que os diferentes tecidos corporais oferecem diferentes resisténcias a passagem de
uma corrente elétrica?®. Consequentemente, com a realizacdo do teste pode-se
determinar a medida de resisténcia e reatancia®® — que dependem da composicédo
corporal - e, por meio de equacdes, estimar a quantidade de massa livre de gordura
e massa gorda para um determinado individuo®. Alguns dispositivos realizam essas
medidas de impedancia em diferentes frequéncias (bioimpedancia elétrica
multifrequéncia), tendo em vista que, em frequéncias baixas a corrente nao
atravessa a membrana celular, e em frequéncias mais altas atravessa, essa
modalidade permite uma mais detalhada estratificacdo do compartimento de massa
livre de gordura, com distincdo entre a distribuicdo de agua/massa intra e extra-
celular®*. Além disso, ha dispositivos que possibilitam a colocacdo de um maior
namero de eletrodos, o que permite a analise da composi¢do corporal de membros
superiores e inferiores e tronco, separadamente (bioimpedancia elétrica
segmentar)®*.

A composicao corporal pode ser avaliada de forma mais detalhada
por meio da absortometria radiolégica de dupla energia (Dual-Energy X-ray
Absorptiometry - DEXA). Este método apresenta a vantagem de considerar trés
compartimentos, sendo a massa livre de gordura classificada em massa livre de
gordura e contetido mineral 6sseo®. A utilizacdo da DEXA permite identificacdo de

perda mineral 6ssea e a quantificagdo da massa muscular apendicular ou de tronco.
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Além disso, é considerado por alguns estudos como padrdo-ouro para andlise da
composicao corporal e parece ser um método alternativo a diluicdo do éxido de
deutério para avaliacdo da massa livre de gordura®.

Outra técnica comumente utilizada como referéncia para avaliacdo
da composicdo corporal é a diluicho de Oxido de deutério. Este método €
considerado padrdo-ouro para avaliacdo da quantidade de &gua total corporal.
Considerando que esta variavel € um dos maiores preditores da massa livre de
gordura, trata-se de uma técnica altamente precisa para avaliacdo da composicao
corporal. Uma dose conhecida de agua marcada com deutério € administrada e,
apos o equilibrio e miscigenacdo com a agua corporal total, sua concentracdo é
medida em amostras de saliva, urina ou sangue, geralmente por meio da
espectrometria de massa de razées isotépicas®’.

As modalidades de imagem, como a tomografia computadorizada, a
ressonancia magnética e o ultrassom, estdo ganhando popularidade e representam

novas técnicas importantes para avaliagdo da composicéo corporal®®

. A tomografia
computadorizada pode ser utilizada para estimar a massa muscular, por meio da
imagem do corte transversal de membros inferiores e/ou superiores. Adicionalmente,
considerando a densidade especifica da gordura, esta técnica é capaz de detectar
infiltracdes de gordura nos musculos®®. A ressonancia magnética apresenta a
vantagem de estimar a composicéo corporal regional e estimar de maneira acurada
e viavel o tecido adiposo intra-abdominal?’. Finalmente, a ultrassonografia tem se
mostrado um método capaz de avaliar de maneira simples e confiavel (em
comparacao com a tomografia computadorizada) a area de seccdo transversa do
reto femoral®, sendo que esta medida mostrou associacées com a forca muscular
avaliada tanto em individuos saudaveis quanto em pacientes com DPOC®,

Todos o0s métodos para avaliagdo da composicdo corporal
apresentam vantagens e limitacfes (Quadro 2); entdo, para a escolha do método
deve-se considerar sua disponibilidade, aplicabilidade e objetivo da avaliacdo. Por
meio destes métodos pode-se comparar a composi¢cdo corporal de individuos
saudaveis daqueles com alguma doenca ou ainda determinar se o individuo

apresenta ou ndo anormalidades de composig&o corporal.
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Quadro 2 —Principais vantagens e limitacdes dos diferentes métodos para avaliacao
da composicéao corporal

Método

Vantagens

LimitacOes

Dobras cutaneas

Simples, barato e de facil
aplicabilidade. N&o invasivo e
requer baixa cooperacéo do

avaliado.

Acuracia depende de equacbes
e pode variar em diferentes
populagdes. O treinamento da
técnica é importante para evitar

erros intra e inter avaliador.

Bioimpedancia

De facil aplicabilidade, ndo

invasivo e requer baixa

Acurédcia depende de equacdes
e pode variar em diferentes

popula¢bes. Pode ser afetado

elétrica
cooperacdo do avaliado. por alteracdes de estado hidrico
dos individuos avaliados.
_ _ L Alto custo do equipamento,
Permite a diferenciacdo da . ,
L R necessario conhecimento
composigao corporal em trés o

_ o técnico e problemas com o uso

DEXA compartimentos (incluindo massa

Ossea). Permite avaliacéo

separada de tronco e membros.

em individuos com maior
dimensao corporal (atletas e

obesos).

Diluig&o de oxido

de deutério

Requer baixa cooperacéo do
avaliado. Considerado padréo ouro

para massa livre de gordura total.

Uso restrito em hospitais e
centros de pesquisa
especializados. Pode ser
afetado por alteracdes de
estado hidrico dos individuos

avaliados.

Modalidades de

imagem

Permite a avaliacdo precisa de
massa muscular regional. Requer

baixa cooperacao do avaliado.

Alto custo, limitagces para
individuos obesos, limitagbes
para estimar quantidade total de

massa livre de gordura.

2.3 Fisiopatologia e impacto das anormalidades de composi¢cdo corporal em

pacientes com DPOC

O entendimento da fisiopatologia e do impacto das anormalidades

de composicdo corporal

bY

em pacientes com DPOC ¢é essencial

para o

desenvolvimento de intervencbes direcionadas a etiologia e as necessidades
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ocasionadas por essas alteraces”. Comumente pacientes com DPOC apresentam
anormalidades como: reducdes na massa muscular’, massa 6ssea e/ou massa
gorda®. Por outro lado, alguns pacientes apresentam aumento da gordura corporal®,
em alguns casos com preservacdo da massa livre de gordura e em outros,
concomitantemente com reducdes na massa livre de gordura®.

A massa muscular € determinada pelo equilibrio entre sintese e
degradacdo proteica; um dos fatores de estimulo para a sintese proteica € a
disponibilidade de amino&cidos na corrente sanguinea®. Em pacientes com DPOC,
evidéncias indicam aumento da taxa de degradacdo proteica® e diminuicdo na
concentracdo sanguinea de aminoacidos de cadeia ramificada comparados com
individuos controles®. Sabe-se que pacientes com DPOC que apresentam reduc&o
na massa livre de gordura apresentam prejuizo em suas caracteristicas fisico-
funcionais e sobrevida®. Os pacientes podem ser classificados como tendo reducéo
de massa livre de gordura por meio da utilizacdo de pontos de corte, geralmente o
décimo percentil dos valores de referéncia®.

A perda de peso e gordura corporal pode ocorrer quando o gasto
energético excede a disponibilidade de energia®. Sabe-se que pacientes com DPOC
com perda de peso podem apresentar aumento no gasto energético em repouso®,
durante a ventilacdo® e maior custo de adenosina trifosfato (ATP) para contracdo

muscular®*, além de, menor eficiéncia mecanica em membros inferiores®®3¢

e
requerimento diario energético aumentado®’. Todos esses fatores parecem indicar
gue alguns pacientes se encontram em um estado hipermetabdlico que poderia
contribuir para perda de peso® (deplecdo de massa gorda e massa livre de gordura).

Obesidade é definida como o acumulo anormal e extensivo de
gordura que afeta a satde®®. Do ponto de vista energético, a obesidade e/ou o
aumento da quantidade de gordura corporal ocorrem quando existe um balanco
energético positivo indesejavel, sendo a inatividade fisica um dos fatores que pode
contribuir para este desequilibrio. A prevaléncia de obesidade na DPOC, definida
como o IMC = 30, varia de 18 a 54%° porém, poucos estudos realizaram uma
comparacao direta da prevaléncia de obesidade em DPOC e individuos controles.
Quando considerados o0s estudos que realizaram comparagdes indiretas, a
prevaléncia de obesidade em pacientes com DPOC parece ser maior que a de

individuos controles®.
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O entendimento de como a presenca da obesidade afeta o
prognéstico e desfechos clinicos em pacientes com DPOC é alvo de diversos
estudos atuais. Ainda ndo ha consenso se pacientes com DPOC e obesidade
apresentam maior ou menor intensidade de sensacdo de dispneia; entretanto,
estudos indicam que pacientes com maiores valores de IMCs apresentam menor
hiperinsuflacdo pulmonar®*®. Com relacdo & capacidade de exercicio, os efeitos da
obesidade parecem depender da modalidade de exercicio®. Visto que em condicbes
nas quais o peso nao tem influéncia direta, como em testes realizados em bicicleta
estacionaria, a capacidade de exercicio se mostrou semelhante entre pacientes com
DPOC obesos e com peso normal*’. Por outro lado, testes em que o peso é
suportado e geram maior trabalho, como o teste de caminhada de seis minutos
(TC6min), a distancia percorrida pelos pacientes obesos se mostrou reduzida®.
Outro fator que parece estar associado com essa discordancia € a diferenca nos
protocolos dos testes*’, visto que testes em que o paciente controla o seu proprio
ritmo, como o TC6min, poderiam estar mais susceptiveis a mudancas em individuos
com maior peso, pois este pode diminuir e adequar a sua velocidade ao sentir mais
dificuldade, o que ndo acontece em testes em que o ritmo € determinado
externamente*’. Além disso, a obesidade parece estar associada com menor
mortalidade e menor risco de readmissées hospitalares por exacerbacdo da
doenca®.

De forma mais complexa, a deplecdo de massa livre de gordura
pode estar associada com o aumento da adiposidade (OS), tanto na populagéao

12 quanto em individuos com DPOC?. E de grande interesse o entendimento do

gera
impacto da associacao e interacdo entre estas duas anormalidades. Um crescente
namero de evidéncias indica que esta condi¢cdo esta associada com maior risco de
saude®*. Em pacientes com DPOC, somente um estudo explorou as associacdes
entre OS e desfechos importantes para a doenca como a capacidade de exercicio, 0
estado funcional e marcadores de inflamacdo sistémica®. Desta forma, ainda é
necessario explorar as associacdes entre a OS e outras caracteristicas clinicas e

fisico-funcionais em pacientes com DPOC.
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ABSTRACT

Background: Abnormal body composition is an independent determinant of COPD
outcomes. To date, it is already known that patient stratification into body
composition phenotypes are associated with important outcomes, such as exercise
capacity and inflammation, but there are no data comparing physical activity (PA),
and muscle strength among these phenotypes. Thus, the aim of this study was to
compare clinical characteristics and physical function in patients with COPD stratified
into body composition phenotypes.

Methods: A cross-sectional analysis was conducted with 270 stable COPD patients.
According to the 10th and 90th percentiles of sex-age-BMI-specific reference values
for fat-free and fat mass indexes patients were stratified into four groups: Normal
Body Composition (NBC), Obese, Sarcopenic, and Sarcopenic-obese (SO). Patients
underwent assessment of exercise capacity, peripheral and respiratory muscle
strength, PA in daily life using activity monitoring, dyspnea severity, functional status
and symptoms of anxiety and depression.

Results: The prevalence of patients classified as NBC, Obese, Sarcopenic and SO
was 39%, 13%, 21%, or 27%, respectively. SO presented lower 6-minute walking
distance (6MWD) compared with NBC (P<0.05). Sarcopenic and SO groups
presented worse peripheral and respiratory muscle strength compared with NBC
(P<0.05, for all). Sarcopenic group presented more time in moderate-to-vigorous PA
compared to all other groups (P<0.05, for all) and less sedentary time when
compared with NBC and Obese groups (P<0.05, for all). There were no differences
regarding dyspnea severity, functional status and symptoms of anxiety and
depression (P>0.16). Sarcopenic and SO groups had, respectively, 7.8 [95% CI: 1.6-

37.7] and 9.5 [2.2-41.7] times higher odds to have a 6MWT equal or lower to 350
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meters. Conclusion: Body composition phenotypes are associated with physical
function in patients with COPD. Sarcopenic-obese patients were the most impaired.
Keywords: Chronic Obstructive Pulmonary Disease; Obesity; Sarcopenia; Physical

Activity; Exercise Tolerance; Muscle Strength.

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by airway
and/or alveolar abnormalities and significant extrapulmonary (systemic) effects [1].
One of these systemic effects of COPD includes an abnormal body composition,
which is highly prevalent in these patients, affects prognosis [2] and is an important
independent determinant of COPD outcomes [3], such as exercise capacity and
inflammation [4]. Body compostion abnormalities in this population may include an
increase in fat mass (FM), a decrease in fat-free mass (FFM) or even, a shift from
FFM toward FM [2].

Therefore, it is recommended to stratify these patients, in specific body
composition phenotypes [3]. Considering the previous described abnormalities of
body composition the commom existent body composition phenotypes in patients
with COPD are characterized by low FFM [5] (sarcopenia), high FM [6] (obesity) or a
combination thereof (i.e. Sarcopenic-obesity) [4]. A recent study showed that patients
with COPD were 3 times more likely to present Sarcopenic-obesity compared to a
non-COPD control group [4]. Additionaly, Sarcopenic-obesity was independently
associated with reduced six-minute walking test (6MWT) and a higher risk of
presenting with elevated systemic inflammattory biomarkes [4].

To date, it remains unknown whether and to what extent peripheral and

respiratory muscle strength, physical activity in daily life (PADL), symptoms of anxiety
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and depression, and functional status are different after patient stratification into body
composition phenotypes. Our hypothesis is that there are differences in these
outcomes in patients with COPD stratified into pre-especified body composition
phenotypes. This could be supported in part to the already described impact of body
composition phenotypes in exercise capacity and inflammation in patients with COPD
[4] and due to the already described associations between body composition and
physical function in the general population [7,8]. Thus, the aim of this study was to
compare clinical characteristics and physical function in patients with COPD stratified

body composition phenotypes.

Methods
Participants and study design

A retrospective study with a cross-sectional analysis was conducted with
patients with COPD recruited during the initial evaluation for admission in a physical
training program of two already published studies [9,10] and an ongoing study
(ClinicalTrials.gov number, NCT03127878). The data collection occurred at the
University Hospital of Londrina, Brazil and at the Pitdgoras Unopar University, Brazil,
from 2006 until 2018. The initial evaluations performed in all studies were similar.

Patients from both centers were assessed for eligibility and according to the
assessment of body composition classified in four different groups. The results of the
assessments of clinical characteristics and physical function were compared between
these groups. The inclusion criteria were diagnosis of COPD, according to GOLD [1];
clinical stability defined as the absence of exacerbations within at least one month
prior the study; absence of any regular physical training in the preceding year,

absence of any important comorbidities (orthopaedic, rheumatological, neurological
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or cardiovascular) which could interfere in the research protocol. Patients were
excluded if they did not complete the assessment of body composition. All studies
were approved by the Research Ethics Committee of the two institutions (number

123/09 and 377/10) and all participants signed an informed consent term.

Body Composition

Body weight and height were measured on a calibrated scale (Filizola model
21; Filizola, Brazil), and body mass index (BMI) was calculated as weight divided by
height squared (kg/m2). Body composition was assessed by bioelectrical impedance
analysis (BIA) using a single-frequency analyser (Biodynamics 310TM; Biodynamics
Corp, USA, in both centers) according to the protocol of Lukaski et al. [11] and
manufacturer’'s recommendations. Participants were instructed to avoid exercising for
at least 12 h before the test and refrain from the ingestion of coffee, tea, chocolate or
alcoholic beverages. Body composition measurements were performed with patients
lying in the supine position in the morning at the same room. In addition, patients
fasted for at least 4 h before the test and urinated immediately before the evaluation.

FFM was calculated from the impedance using a specific formula derived for
patients with COPD [12]. FM was calculated by subtracting FFM from body weight.
FFM and FM were adjusted for differences in body surface by dividing by height
squared, consequently FFM and FM indexes (FFMI and FMI, respectively) were
calculated.

The FFMI and FMI values were compared with previously published age-sex-
BMI specific reference values obtained from the general population [13]. Values of
FFMI lower than the 10" percentile and values of FMI equal or higher than the 90™

percentile of the reference values were considered as abnormal [4]. Therefore,
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patients were classified in four groups: Normal Body Composition (NBC, patients with
FFMI=10" percentile and FMI<90"™ percentile), Obese (FMI=90" percentile and
FFMI=10" percentile), Sarcopenic (FFMI<10" percentile and FMI<90™ percentile), or

Sarcopenic-Obesity (SO, FFMI<10™ percentile and FMI=90™ percentile).

Clinical Characteristics

Demographic (sex and age) data were collected. The level of functional
limitation due to breathlessness in activities of daily living was assessed using the
Medical Research Council (MRC) dyspnea scale [14]. The London Chest Activity of
Daily Living (LCADL) scale [15] was used in order to assess functional status.
Symptoms of anxiety and depression were assessed using the Hospital Anxiety and

Depression Scale (HADS) [16].

Physical Function

The functional exercise capacity was assessed by the 6MWT. It was
performed according to international standardization [17]. The predicted 6-minute
walk distance (6MWD) was calculated according to reference values proposed by
Britto et al [18]. for the Brazilian population. Peripheral muscle strength was
assessed using the one-repetition maximum test (1RM), following international
standardization [19], for each of three exercises performed on gymnasium equipment
(CRW 1000; Embreex, Brazil): leg extension, arm extension and arm flexion.
Respiratory muscle strength was assessed by digital manovacuometer (MVD 300%;
Globalmed, Brazil) according to international standardization [20]. Maximal

inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were determined
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and reference values used were proposed by Neder et al. [21] for the Brazilian
population.

PADL was assessed during two consecutive weekdays with a validated
[22,23] multisensory PA monitor (SenseWear Pro Armband, BodyMedia, Pittsburgh,
USA). Patients were instructed to wear the monitor during awake time for 12 hours,
starting from the time that the patient wake up [24,25]. A valid assessment day was
considered if the patient wore the monitor for at least 10 hours [26,27]. The mean of
the variables assessed from both days were used for the analysis. The variables
used were: steps per day; average metabolic equivalents (METS) per day; sedentary
time (time spent in activities below 1.5 METs [ST<1.5 METSs]) [28], light activities
(time spent in activities within 1.5 and 3 METSs) [28], moderate-to-vigorous physical

activity (time spent in activities above 3 METs [MVPA]) [28].

Statistical Analysis

Normality in data distribution was evaluated using the Shapiro-Wilk test. The
results were described as mean + standard deviation or median [interquartile range
25%-75%]. Firstly, the comparisons of continuous variables between patients from
the two centers were performed with Student’s t test for independent samples or
Mann-Whitney U test. One-way ANOVA or Kruskal-Wallis test were performed for the
comparisons between body composition phenotypes groups. Categorical variables
were compared using the Chi-square test. An one-way ANCOVA was performed for
comparisons among the body composition phenotypes groups considering
adjustments for potential cofounders. All the tests with comparisons between more
than two groups were followed by Bonferroni post-hoc test for pairwise comparisons.

A binomial logistic regression was performed to ascertain factors associated with the



30

likelihood of patients present a 6MWT equal or lower than 350 meters [29]. The
software used was SPSS 22.0 (IBM, Armonk, NY, USA). Significance level was set at

P<0.05.

Results

In this study a total of 279 participants were enrolled. Of these, 9 patients were
excluded because they did not perform the body composition assessment. From the
270 remaining patients, 201 were recruited at the University Hospital of Londrina and
69 at the Pitdgoras Unopar University. There were no differences regarding
demographic, anthropometric, clinical and physical function data between patients
from the two different centres (P>0.10 for all).

Demographic and pulmonary function characteristics of the patients are
presented in Table 1. From the 270 patients considered in the analysis, 106 (39%)
were classified as NBC, 34 (13%) were classified as Obese, 56 (21%) were classified
as Sarcopenic, and 74 (27%) were classified as SO. There were no differences in the
proportion of patients classified as NBC, Obese, Sarcopenic and SO between the
two centers (P>0.42). Sarcopenic and SO groups presented lower forced expiratory
volume in the first second (FEV;) and higher proportion of patients classified as
GOLD Il (severe) and GOLD IV (very severe) (P<0.01). The proportion of female
patients were higher in NBC group compared with all the other groups (P<0.01).

The Table 2 presents the comparisons of clinical characteristics and physical
function data among patients with COPD stratified into body composition phenotypes.
There were no differences regarding symptoms of anxiety and depression, dyspnea
in daily life and functional status between the groups. Sarcopenic and SO groups

presented, in comparison with NBC and Obese groups, lower 6MWD and MEP in
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percentage of predicted (P<0.01, for all). In addition, SO group presented lower time
in MVPA compared to Sarcopenic (P<0.01). Sarcopenic group presented higher
average METs per day compared to all other groups (P<0.01).

Figure 1 presents the one-way ANCOVA for the comparison of absolute
values of the 6MWD, peripheral muscle strength and PADL, after adjustments for
confounders. Patients with SO still presented significant reductions in 6MWD after
adjustments for sex, BMI and lung function. After adjustment for sex the Sarcopenic
and SO groups presented lower peripheral muscle strength regarding leg extension,
arm extension, and arm flexion compared with NBC. Sarcopenic group presented
more time in MVPA compared to all other groups and less sedentary time when
compared with NBC and obese groups, when adjusting for sex, exercise capacity
and lung function.

The logistic regression model was statistically significant (P<0.01). From the
predictor variables inserted on the model, an increasing BMI and age was associated
with increased likelihood, whereas increasing VEF; and being male were associated
with a reduction in the likelihood of presenting a distance equal or lower than 350
meters at the 6MWT (Table 3). Sarcopenic and SO groups had, respectively, 7.8 and

9.5 times higher odds to have a 6MWT equal or lower to 350 meters.

Discussion

The present study compared clinical characteristics and physical function after
stratification into body composition phenotypes in patients with COPD. The relative
prevalence of patients classified as Obese, Sarcopenic and SO were 13%, 21% or
27%, respectively, and there were a higher proportion of male in these groups.
Patients with SO presented significant worse exercise capacity, peripheral and

respiratory muscle strength and were less physically active compared with the other



32
groups. On the other hand, obese patients were the less impaired and presented no
differences for any of the outcomes when compared with NBC patients. Patients
stratified as Sarcopenic and SO presented a higher disease severity; this finding is in
accordance with the study from Joppa et al [4]. Both groups presented lower exercise
capacity, peripheral and respiratory muscle strength compared with the other
patients; the main differences between these two groups were that Sarcopenic group
presented more time in MVPA and less sedentary time per day.

Considering exercise capacity, peripheral and respiratory muscle strength both
groups with normal FFMI (NBC and Obese) presented similar results, whereas the
groups with abnormally low FFMI (Sarcopenic and SO) presented significant
reductions. These findings are in accordance with previous studies that show a close
relationship between FFM and exercise capacity [4,30,31], skeletal muscle weakness
[30,32], and respiratory muscle strength [33,34]. According to our results body
compositions are less associated with clinical characteristics, since there were no
differences in dyspnea, functional status and symptoms of anxiety and depression
between the groups, all these outcomes frequently are impaired in patients with
COPD [2] and could be considered major characteristics of the disease.

Notwithstanding, that Sarcopenic patients presented a higher average METS,
time spent in MVPA and less sedentary time, whereas the number of steps were
comparable with NBC and Obese groups, suggesting that these last groups of
patients perform the same amount of PADL, but in a lower intensity. In addition,
Sarcopenic patients also presented FM reduction (lower FMI compared with the other
groups [except with NBC in male patients] (Table 1). It is well known that weight loss
(i.e. fat and muscle loss) occurs if energy requirements are not fully met [3]. These

findings raise the hypothesis that a negative energy balance in these patients could
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be associated with the development of these abnormalities. Although reduction of
energy expenditure or PADL is not desirable in COPD patients, the energy balance
could be restored by increasing their energy intake [3].

In contrast, patients stratified as Obese presented no differences in any of the
assessments when compared with NBC group. Our hypothesis is that this could be
partially explained by a not yet fully understood phenomenon called “obesity
paradox” - associated with better survival and some functional outcomes but, on the
other hand, associated with increased risk of cardiovascular and metabolic disease
[30]. The obesity paradox could be related to the direct effect of adipose tissue on
lung mechanics [35] or an epiphenomenon of other, yet unknown disease
characteristics that confers both a reduced mortality risk and preserved fat mass
and/or FFM [3] (e.g. patients in a positive energy balance or reduced protein
turnover). In the present study, male obese patients presented preserved FFM and
female obese patients presented higher FFM compared with NBC. It was not
surprising since there is a positive correlation between BMI and FFMI [36].

In the One-way ANCOVA we adjusted the absolute values of the 6MWD for
sex proportion and BMI because these are important determinants of the 6MWD in
healthy Brazilians and are factors included in the reference equation for the
prediction of the 6MWD [18]. Peripheral muscle strength was adjusted for sex
proportion due to difference in absolute values of strength between male and female
[37]. PADL were adjusted for sex, lung function and exercise capacity because these
factors are associated with physical activity [38].

To our knowledge this is the first study with the aim of comparing, peripheral
and respiratory muscle strength, PADL, symptoms of anxiety and depression, and

functional status in patients with COPD stratified as body composition phenotypes.



34
The findings of the present study confirm the increasing evidence that body
composition phenotypes are independently associated with outcomes in patients with
COPD. And that in patients with COPD the BMI is limited to identify body composition
abnormalities since, according to a widely accepted cut-off point in the classification
of obesity (BMI=30kg/m?) [8], most of patients from SO group would be classified as
normal weight, whereas most of patients from NBC group would be classified as
overweight/obese (Table 1).

Some limitations of the present study include: (1) the cross-sectional analysis,
that does not allow direct cause-consequence understanding, (2) the reference
values for FFMI and FMI used was not developed specifically for Brazilian
population, (3) the assessment of PADL was performed in two consecutive weekdays
that despite being sufficient for reliable measurement in more severe patients may
not be enough for less impaired patients [38], (4) the lack of some important
information, such as prevalence of comorbidities, socioeconomic status and weather
conditions.

Future studies should investigate the associations of body composition
phenotypes and other outcomes such as, mortality and hospital admissions as well
as, confirm our results preferably, in a prospective design to better explore cause-
consequence understanding. Investigate whether patients stratified in body
composition phenotypes have benefits of changing to other groups. Also, investigate
if patients stratified in these phenotypes present different response to the same
pulmonary rehabilitation program and develop targeted interventions specifically for
the different phenotypes and compare it with the effects of traditional pulmonary

rehabilitation.
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Conclusion
Body composition phenotypes are associated with physical function in patients
with COPD. Obese patients present preserved characteristics and were similar to
NBC patients. SO patients were the most impaired, considering their reductions in
exercise capacity, PADL, peripheral and respiratory muscle strength. Sarcopenic
patients present the same impairments in physical function compared with SO,
although higher time spent in MVPA and less sedentary time per day. Clinical

characteristics were similar across the different body composition phenotypes.
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Table 1. Anthropometrics, demographics, lung function and body composition data of COPD patients stratified into body

composition phenotypes.

Variables NBC Obese Sarcopenic SO P value
6MWD (m) 465[414-505] 480[365-541] 473[416-524] 472[390-506] 0.81
6MWD (% predicted) 88[81-99] 90[73-98] 85[71-95] 83[72-90]* <0.01
1RM Quadriceps (Kg) 17[12-21] 19[13-24] 16[13-19] 15[11-21] 0.39
1RMBiceps (Kg) 11[9-14] 12[8-15] 10[8-12] 12[9-14] 0.35
1RM Triceps (Kg) 1445 1445 12+4 12+5 0.09
MIP (%predicted) 78+23 74+28 69127 70125 0.10
MEP (%predicted) 103[89-135] 118[102-145] 83[66-111]*t 88[75-113]*t <0.01
Steps/day 4441[2830-6894] 5515[2663-8552] 5520[2839-8742] 3789[2210-5355] 0.05
MVPA > 3 METSs (min/day) 22[9-44] 20[7-45] 36[7-89] 16[3-31]# <0.04
Light Activities (min/day) 211497 206+113 224189 214+117 0.91
ST < 1.5 METs (min/day) 465+118 4701144 418+109 482+135 0.15
Average METs/day 1.45[1.25-1.71] 1.35[1.15-1.85] 1.75[1.48-2.0]*t 1.40[1.15-1.65]# <0.01
MRC 4[2-4] 3[2-4] 4[2-4] 4[2-4] 0.44
HADS Anxiety (pts) 5[3-10] 4[3-9] 5[3-7] 6[3-8] 0.68
HADS Depression (pts) 42-8] 4[1-6] 4[1-7] 4[1-8] 0.74
LCADL (pts) 22[16-28] 18[13-24] 22[17-29] 24[15-30] 0.16

Data expressed as absolute frequency, mean+SD or median [IQR 25-75%]. NBC: normal body composition; SO: sarcopenic-obese; FVC: forced vital
capacity; FEV;: forced expiratory volume in the first second; GOLD: Global Initiative for Chronic Lung Disease; BMI: body mass index; FFMI: fat-free

mass index; FMI: fat-mass index;

*P<0.05 compared with NBC
1P<0.05 compared with Obese

#P<0.05 compared with Sarcopenic
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Table 2. Clinical characteristics and physical function data of COPD patients stratified into body composition phenotypes.

Variables NBC (n=106) Obese (n=34) Sarcopenic (n=56) SO (n=74) P value
Sex (Male/Female) (33/73) (25/9)* (35/21)* (59/15)* <0.01
Age (years) 6717 6718 6718 68+9 0.81
Heigth (cm) 1579 161+8 160+7* 164+8* <0.01
Weight (Kg) 68+14 83+16* 57+11*t 67+131# <0.01
FVC (Y%predicted) 72+16 7018 79+19 65+16 0.40
FEV, (%predicted) 50+14 47+16 43+16* 42+16* <0.01
FEV./FVC 58+13 59+17 50+12*t 54+14 <0.01
GOLD (/1mi/v) (2/53/46/5) (0/14/15/5) (1/19/23/13)* (1/21/31/21)* <0.01
Male
BMI (kg/m?) 29.8[26.8-32.4] 29.6[24.7-34.9] 20.6[19.6-26.0]*t 25.0[22.6-28.3]*t <0.01
FFEMI (kg/m?) 20.9+1.7 20.3+2.4 16.5+1.7*F 16.5+2.2*t <0.01
FMI (kg/m?) 7.4+2.6 10.4+3.9* 5.9+2.2% 8.6+2.5# <0.01
Female
BMI (kg/m®) 27.3+4.6 35.7+6.4* 21.8+4.7*t 24.3+4.9.1 <0.01
FFMI (kg/m?2) 17.1£1.8 18.8+£2.4* 14.0£1.3*t 13.9+£1.7*F <0.01
FMI (kg/m2) 10.5[7.7-12.8] 16.3[14.2-20.6]* 6.9[4.8-11.2]*t 12.7[8.6-14.1]# <0.01

Data expressed as meanzSD or median [IQR 25-75%] NBC: normal body composition; SO: sarcopenic-obese; 6MWD: six-minute walk distance; 1RM:
one-maximum repetition; MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure; MVPA: time in moderate-to-vigorous physical activity
(above 3METS), ST: time in sedentary activities (bellow 1.5METSs); METs: metabolic equivalents of task; MRC: Medical Research Council dyspnea scale;
HADS: Hospital Anxiety and Depression scale; LCADL: London Chest Activity Daily Living scale. For 6MWD: (n=259), 1RM: (n=251); MIP and MEP:
(n=267); MVPA, light activities, ST, Average METS, Steps: (h=160); MRC: (n=230); HADS: (n=159); LCADL: (n=230).

*P<0.05 compared with NBC

1P<0.05 compared with Obese

#P<0.05 compared with Sarcopenic
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Table 3. Binomial logistic regression to ascertain factors associated with the

. Odds 95% Cl 95% Cl
Variables . P value
Ratio Lower Upper
6MWD (<350m)

Sex (male) 0.14 0.04 0.44 <0.01
BMI (kg/m?) 1.17 1.05 1.31 <0.01
Age (years) 1.18 1.10 1.28 <0.01
FEV; (%predicted) 0.97 0.94 1.00 0.03
Obese 2.80 0.50 15.68 0.24
Sarcopenic 7.85 1.63 37.70 0.01
SO 9.51 2.17 41.66 <0.01

likelihood of patients present a 6MWT equal or lower than 350 meters.
Cl: Confidence interval; 6MWD: six-minute walk distance; BMI: body mass index; FEV;: forced
expiratory volume in the first second; SO: sarcopenic-obesity.
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6MWD: six-minute walk distance; NBC: normal body composition; SO: sarcopenic-obese; MVPA: time
in moderate-to-vigorous physical activity, ST: sedentary activities;

aAdjusted for: Sex, body mass index and forced expiratory volume in the first second (%predicted). NBC
(n=100), Obese: (n=33); Sarcopenic: (n=53); SO: (n=73)

bAdjusted for: Sex. NBC (n=95), Obese: (n=32); Sarcopenic: (n=52); SO: (n=72)

“Adjusted for: Sex, forced expiratory volume in the first second (%predicted) and 6MWD (%predicted).
For NBC (n=62), Obese: (n=21); Sarcopenic: (n=32); SO: (n=42)

*P<0.05 compared with NBC.

TP<0.05 compared with Obese.

#P<0.05 compared with Sarcopenic.

Figure 1. One-way ANCOVA with the comparison of absolute values of the 6MWD,
peripheral muscle strength and PADL between patients stratified in body composition
phenotypes.
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4 CONCLUSAO GERAL

A presente dissertacdo acrescenta a literatura atual achados que
fortalecem as evidéncias ja existentes de que a composicdo corporal € um fator
independentemente associado com desfechos importantes para pacientes com
DPOC. Pode-se concluir que as anormalidades de composicdo corporal podem
discriminar fenotipos metabdlicos que estdo associados com caracteristicas fisico-
funcionais nestes pacientes. Em resumo, a presenca de obesidade-sarcopénica
esteve associada com piores desfechos, visto que os pacientes apresentavam pior
funcdo pulmonar, capacidade de exercicio, forca muscular respiratoria e periférica
e menor nivel de atividade fisica na vida diaria. A presenca de sarcopenia também
esta associada com prejuizos nas caracteristicas fisico-funcionais, porém estes
pacientes apresentam um perfil de atividade fisica caracterizado por mais tempo
em atividades de maiores intensidades (23METs) e menos tempo em atividades
sedentarias (<1,5METs). Os pacientes considerados obesos apresentam
caracteristicas fisico-funcionais preservadas quando comparados com 0s pacientes
com composi¢do corporal normal. Finalmente, as caracteristicas clinicas como
dispneia crbnica na vida diaria, estado funcional e sintomas de ansiedade e
depressdao nao apresentaram associacbées com a composicdo corporal em

pacientes com DPOC.
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ANEXO A

Parecer do comité de ética em pesquisa (Universidade Estadual de Londrina)

m‘ Universidade p,g A
= Estadual de Londrina GOVENG 50 EAGD

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina

Registro CONEP 5231
Parecer CEP/UEL.: 173/2012
CAAE: 08307812.0.0000.5231
Processo: 26336/2012
Pesquisador(a): Fabio de Oliveira Pitta
Unidade/Orgao: CCS - Departamento de Fisioterapia

Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina’ (Registro CONEP 5231) — de acordo com as
orientagbes da Resolugéo 196/96 do Conselho Nacional de Saude/MS e Resolugdes
Complementares, avaliou o projeto:

“SEGUIMENTO A LONGO PRAZO DE UM PROGRAMA DE TREINAMENTO
FiSICO DE LONGA DURAGCAO SOBRE ASPECTOS PULMONARES E
SISTEMICOS DE PACIENTES PORTADORES DE DOENCA PULMONAR
OBSTRUTIVA CRONICA (DPOC)”

Situagéo do Projeto: Aprovado
L]

Informamos que devera ser comunicada, por escrito, qualquer modificagéo que ocorra
no desenvolvimento da pesquisa, bem como devera apresentar ao CEP/UEL relatério
final da pesquisa. 3

\ PR S g

Londrina, 08 de outubro de 2012.

Profa. Dra. Alexandrina Apareéida Maciel Cardelli
Coordenadora do Comité de Etica em Pesquisa Envolvendo Seres Humanos
Universidade Estadual de Londrina

Campus Universitdrio: Rodovia Celso Garcia Cid (PR 445), Km 380 - Fone (43) 337 -4000 - PABX - Fax 3328-4440 - Caixa Postal 6001 - CEP 86051-990 - Intemet http://www.uel.br
LONDRINA - PARANA - BRASIL

Form. Cédigo 11,764 - Formato A4 (210x297)




ANEXO B

Parecer do comité de ética em pesquisa (Universidade Norte do Parand)

H Universidade Norte dﬁ Parana

Comité de Etica em Pesquisa
PARECER CONSUBSTANCIADO

PROTOCOLD: PUQITraQ
RESPONSAVEL: Josiane Mangues Feicar Fiaie da Giiain
CATEGORIA DE PROJETO: Capackagie

O Comis de Blica am Pesquisa da Unapar analscy 8 APROVOU guanio 2o aspecto &lisa o
projeta “Efetbos do treinamats fisics em sobo & om dgua em pacientes com DPOC.S™

O CEFUNDFAR astabelens:

al O sujeils da pasguisa tem a liberdade de recusar-ge & pAMCIpEr ou of eirar sew
corsentimenio sm qualguer fass da pecouisa. Sem penalzaclo alguma e sem prejuz
a0 ssy suidado (Res. CHE 19658 - Hem 1.1 f) & deve receber uma cipia do Terma
s Consanimento Lve & Esclarecido, na imieg ra, por ala aa8naco {ibam v 2.d).

b} O pesquissder deve deservoiver @ pesquisa confarme delineada fd pROMSGIKD SEIOVRGD
@ descontingg o estudo somenie apés andli=s dEs rapfes da desconbnudade pelo
CEPUNOPAR (Res. CHS lem 1113.2), aguardancdo sou pareces, excela quanda
perosber fscs U &8N0 NED praiso a0 suesto participanie ol quande constatar a
superiandads de regime oferecido 3 wen dos rUpos da pesquisa (ltem W3] que
requeiram agho imediata,

£ O CEPANOPAR deve ser informado de todos oa alsiles adwarscs ou labes relevanies
que akeram o cunso romal 9o esbudy (Res, NS Bem V.2l E papsl do peaguisador
assegurar medidas imadiatas adequadas frenle a ewenla advefBc grave ocomdo
{meama que kenha sido em oubro cenlro) @ emvial Aolificecie o CERLINGPAR junio
COM SEU posickanamenta.

&) Ewvenhugls modificagies ou emendas 30 proldofls devem Sor apreseniadas ao
CERIUMOPAR de forma clara & sucinta, endfcando a parte do prolecels & ser
modificada & suas juslificativas

&} Semestraimerie devern @& encaminhadas relaliras paroals & ao bErrrinG &9 progeta o
relattria final

Landrina, 08 &8 depembng de 5010,

g
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ANEXO C

Normas de formatacéo do periodico Clinical Nutrition

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be a PDF
file or a Word document, in any format or lay-out that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for refereeing.
If you prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be
uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions are typically sent
to a minimum of two independent expert reviewers to assess the scientific quality of
the paper. The Editor is responsible for the final decision regarding acceptance or
rejection of articles. The Editor's decision is final. More information on types of peer
review.
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REVISED SUBMISSIONS
Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also
the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
‘grammar-check’ functions of your word processor.

Article structure

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Essential title page information

» Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. You
can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required and should be structured according to:
Background & Aims - Methods - Results - Conclusions. The abstract should state
briefly the purpose of the research, the principal results and major conclusions. An
abstract is often presented separately from the article, so it must be able to stand
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alone. For this reason, References should be avoided, but if essential, then cite the
author(s) and year(s). Also, non-standard or uncommon abbreviations should be
avoided, but if essential they must be defined at their first mention in the abstract
itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's lllustration Services to ensure the best
presentation of their images and in accordance with all technical requirements.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the
article. Highlights are optional and should be submitted in a separate editable file in
the online submission system. Please use 'Highlights' in the file name and include 3
to 5 bullet points (maximum 85 characters, including spaces, per bullet point). You
can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
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requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxXxX, yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.

Artwork
Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol,
Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in
separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.
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TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a
minimum of 500 dpi is required.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

* Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article.
Please indicate your preference for color: in print or online only. Further information
on the preparation of electronic artwork.

For color reproduction in print, there is a charge of $200 per figure; you will receive
information regarding payment articleonce your article has been accepted for
publication.

lllustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style
images, as well as a full range of charts, tables and graphs. Image 'polishing' is also
available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not
on the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.



60

Please avoid using vertical rules and shading in table cells.
References
Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management
software, please ensure that you remove all field codes before submitting the
electronic manuscript. More information on how to remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:

http://open.mendeley.com/use-citation-style/clinical-nutrition

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

References have to be cited in the text by Arabic numerals and numbered in the
order in which they are cited. The reference section should be typed double-spaced
at the end of the text, following the sample format given below. Abbreviate journal
titles according to the List of Journals Indexed in Index Medicus (available from the
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Superintendent of Documents, US Government Printing Office, Washington, D.C.
20402, USA, DHEW Publication No. (NIH) 91-267; ISSN 0093-3821. Provide all
authors' names. Provide article titles and inclusive pages. 'Unpublished data' and
'‘personal communications' do not qualify as References and should be placed in
parentheses in the text. Accuracy of reference data is the responsibility of the author.
Refer to the Vancouver style of citation with your reference manager program

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what
the paper is about. More information and examples are available. Authors of this
journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the "Track Changes' option in Microsoft Office files as these will appear in the
published version.



