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O mundo

Um homem da aldeia de Negu4, no litoral da Colémbia, conseguiu subir aos
céus. Quando voltou, contou. Disse que tinha contemplado, Ia do alto, a vida
humana. E disse que somos um mar de fogueirinhas.

— O mundo é isso — revelou — Um montéao de gente, um mar de fogueirinhas.
Cada pessoa brilha com luz prépria entre todas as outras. Nao existem duas
fogueiras iguais. Existem fogueiras grandes e fogueiras pequenas e fogueiras
de todas as cores. Existe gente de fogo sereno, que nem percebe o vento, e
gente de fogo louco, que enche o ar de chispas. Alguns fogos, fogos bobos,
nao alumiam nem queimam; mas outros incendeiam a vida com tamanha
vontade que é impossivel olhar para eles sem pestanejar, e quem chegar perto

pega fogo.

Eduardo Galeano, O livro dos abracos.
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RESUMO

A doenga pulmonar obstrutiva cronica (DPOC) caracteriza-se pela
obstrugcdo crénica e progressiva do fluxo aéreo, decorrente da resposta
inflamatoria anormal dos pulmbes. As alteragdes patologicas da doenca
envolvem também a inflamagao sistémica, que contribui para o catabolismo
proteico e perda de massa muscular, aumentando o risco do comprometimento
do estado nutricional nestes pacientes. No entanto, o impacto do suporte
nutricional nesse grupo de pacientes € controverso. Assim, o primeiro objetivo
dessa tese foi verificar a associacdo da circunferéncia da panturrilha (CP)
reduzida com desfechos clinicos em pacientes com DPOC encaminhados para
um programa de reabilitagdo pulmonar. Nessa coorte histérica de 144
pacientes, aqueles com CP reduzida eram mais propensos a apresentar piores
desfechos: gravidade da doenga (OR= 5,09; IC 95%, 2,00 a 12,96),
exacerbagcdes frequentes (OR = 2,34; IC 95%, 1,11 a 4,91), maior
comprometimento da qualidade de vida (OR = 2,70, IC 95%, 1,22 a 6,00) e
maior mortalidade (OR = 3,69; IC 95%, 1,06 a 12,87). O segundo objetivo da
tese foi verificar a acuracia do indice de massa corporal (IMC) no diagnéstico
de desnutricdo e seu valor prognostico para o tempo de internagdo e
mortalidade intra-hospitalar em pacientes com DPOC internados por
exacerbacido da doenca. Nessa analise secundaria de uma coorte envolvendo
241 pacientes, o baixo IMC apresentou acuracia insatisfatoria para identificar a
desnutricdo (AUC < 0,70), mas foi um preditor de permanéncia hospitalar
prolongada (OR = 2,28; IC 95%, 1,17 a 4,44). O ultimo objetivo da tese foi
revisar sistematicamente o efeito de intervencdes dietética com suplementagcao
nutricional oral (SNO) calorico e/ou proteica em paradmetros do estado
nutricional em pacientes com DPOC. Os resultados da revisao sistematica com
meta-analise envolvendo 32 ensaios clinicos randomizados (ECR) demonstrou
que as interven¢des nutricionais aumentaram o peso corporal (MD = 1,44 kg;
IC 95%, 0,81 a 2,08, I? = 73%), a massa livre de gordura (MLG) (SMD = 0,37;
IC 95% 0,15 a 0,59, 12 = 46%), a circunferéncia muscular do brago (MD = 0,29
mm?; IC 95% 0,02 a 0,57, I*> = 0%), a dobra cutanea tricipital (MD = 1,09 mm;



IC 95% 0,01 a 2,16, 1> = 0%) e a forca da preensao palmar (FPP) (SMD = 0,39;
IC 95%, 0,07 a 0,71, I2=62%) em comparagao com as dietas controle. Porém, a
certeza da evidéncia para os desfechos nutricionais variou de muito baixa a
baixa. O comprometimento do estado nutricional é prevalente em pacientes
com DPOC e esta associado a piores desfechos clinicos. E ainda que o IMC
reduzido seja um preditor independente de mortalidade, o seu uso isolado é
inapropriado para a identificacdo de desnutricdo. O aumento da oferta calérica
e/ou proteica por meio de SNO promove a melhora de marcadores do estado

nutricional em pacientes com DPOC.

Palavras-chave: doenca pulmonar obstrutiva crbénica; exacerbacgao;
mortalidade; estado nutricional; desnutricdo; terapia nutricional oral,

suplementos nutricionais orais.



ABSTRACT

Chronic obstructive pulmonary disease (COPD) is characterized by
chronic and progressive airflow obstruction, resulting from an abnormal
inflammatory response of the lungs. The pathological changes of the disease
also involve systemic inflammation, which contributes to protein catabolism and
loss of muscle mass, increasing the risk of impaired nutritional status in these
patients. However, the impact of nutritional support in this group of patients is
controversial. Thus, the first objective of this thesis was to verify the association
of reduced calf circumference (CC) with clinical outcomes in COPD patients
referred to a pulmonary rehabilitation program. In this historical cohort involving
144 patients, those with reduced CC were more likely to have worse outcomes:
disease severity (OR=5.09; 95% CI, 2.00-12.96), frequent exacerbations
(OR=2.34 ; 95% ClI, 1.11-4.91), worse total quality of life score (OR = 2.70, 95%
Cl, 1.22-6.00) and higher mortality (OR = 3.69; 95% CI, 1.06-12.87). The
second objective of the thesis was to verify the accuracy of the body mass
index (BMI) in the diagnosis of malnutrition and its prognostic value for the
length of stay and in-hospital mortality in COPD patients hospitalized for
exacerbation of the disease. In this secondary analysis of a cohort involving 241
patients, low BMI showed unsatisfactory accuracy in identifying malnutrition
(AUC < 0.70) but was a predictor of prolonged hospital stay (OR = 2.28; 95%
Cl, 1.17 — 4.44). The last objective of the thesis was to systematically review the
effect of dietary interventions with caloric and/or protein oral nutritional
supplementation (ONS) on nutritional status parameters in COPD patients. The
results of a systematic review with meta-analysis involving 32 randomized
controlled trials (RCTs) showed that nutritional interventions increased body
weight (MD = 1.44 kg, 95% Cl, 0.81 to 2.08, > = 73% ), fat-free mass (FFM)
(SMD = 0.37; 95% Cl 0.15 to 0.59, I> = 46%), arm muscle circumference (MD =
0.29 mm2; 95% CI 0.02 to 0.57, I? = 0%), triceps skinfold (MD = 1.09 mm; 95%
Cl 0.01 to 2.16, I> = 0%) and handgrip strength (HGS) (SMD = 0.39; 95% Cl,
0.07 to 0.71, 1>=62%) compared to control diets. However, the certainty of the
evidence for nutritional outcomes ranged from very low to low. Impaired

nutritional status is prevalent in COPD patients and is associated with worse 15



clinical outcomes. And although reduced BMI is an independent predictor of
mortality, its isolated use is inappropriate for malnutrition identification. The
increase in caloric and/or protein supply through ONS promotes the
improvement of nutritional status markers in COPD patients.

Keywords: chronic obstructive pulmonary disease; exacerbation; mortality;
nutritional status; malnutrition; oral nutritional therapy; oral nutritional

supplements.
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1 REFERENCIAL TEORICO

1.1 IMPORTANCIA DO PROBLEMA

A Doenga Pulmonar Obstrutiva Crénica (DPOC) é uma condig&o clinica
comum, evitavel e tratavel, caracterizada por sintomas respiratorios
persistentes e limitacdo ao fluxo aéreo decorrente de anormalidades das vias
aéreas e/ou alveolares geralmente causadas por exposigao significativa a

particulas ou gases nocivos '

. A limitacdo cronica ao fluxo aéreo propria da
DPOC é causada por uma combinacdo de doenga das pequenas vias aéreas
(bronquiolite obstrutiva) e destruigdo do parénquima (enfisema) ".

A prevaléncia da DPOC varia amplamente entre os paises , assim como
entre 0s grupos populacionais em um mesmo pais, em decorréncia de
diferencas metodologicas das pesquisas na coleta de dados, critérios

2 Blanco et. al. realizaram uma busca

diagndsticos e analise dos dados
sistematica da literatura objetivando identificar a prevaléncia de DPOC em
estudos populacionais de amostras representativas da populacdo em geral,
entre individuos com idade =240 anos e limitacdo do fluxo aéreo compativel com
diagndstico de DPOC, por meio de critérios espirométricos validados 3. Com
base em 147 estudos, verificou-se uma prevaléncia média mundial estimada de
DPOC de 13,1% (IC 95% 10,2-15,6%), com a seguinte distribuicdo em cada
continente: Europa, 12,4% (IC 95% 8,8—-16,0%); Africa, 13,9% (IC 95% 12,0—
15,9%); América, 13,2% (IC 95% 10,5-15,9%); Asia, 13,5% (IC 95% 10,0—
16,0%); e Oceania, 11,6% (IC 95% 9,8-13,1%) . Estudos epidemioldgicos
mais recentes estimam prevaléncia global de DPOC em 11,7% *°, com
projecdes de aumento nas proximas décadas devido a exposi¢cao continua aos
fatores de risco da DPOC (tabagismo, poluigdo ambiental e ocupacional) e ao
envelhecimento da populagdo mundial; ou seja, a medida que a longevidade
aumenta, mais pessoas expressarao os efeitos a longo prazo da exposi¢ao aos

fatores de risco para a doenca .
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Segundo dados do estudo Global Burden of Disease (GBD), a DPOC
constitui uma das dez principais causas de aumento dos anos de vida
ajustados por incapacidade entre individuos com =50 anos de idade e € um
importante contribuinte para o aumento do peso global das doengas nao
transmissiveis *. Em todo o mundo, a DPOC representa a terceira principal
causa de mortalidade, respondendo por mais de trés milhdes de mortes em
2019 °.

A DPOC impde uma sobrecarga substancial aos pacientes, que pode
incluir uma variedade de sintomas respiratérios (dispneia, tosse, expectoragao,
sibilos, aperto no peito) de gravidade variavel €. Além disso, os portadores da
doenca sado susceptiveis as suas manifestacbes sistémicas, que contribuem
para sua gravidade, como o comprometimento do estado nutricional, observado
principalmente pela reducdo da massa e fungdo da musculatura esquelética 78
Neste contexto, os pacientes tendem a regredir os seus niveis de atividade
fisica quando comparados aos controles saudaveis da mesma idade °.

O declinio na capacidade de exercicio contribui ainda mais ao
descondicionamento do sistema cardiovascular e musculoesquelético,
aumentando a dispneia relacionada a atividade e exacerbando o sedentarismo.
A menos que interrompido, este ciclo de dispneia, inatividade e
descondicionamento leva a incapacidade da realizacdo das atividades basicas
da vida diaria nesse grupo de doentes ® aumentando o risco de morbidade e

mortalidade, bem como os custos em saude '°.

1.2 DPOC: FATORES DE RISCO, SINTOMATOLOGIA E DIAGNOSTICO

Varios fatores ambientais e endogenos aumentam o risco de desenvolver
DPOC . Dentre os fatores de risco ambientais, o tabagismo € o mais
reconhecido e estudado. No entanto, envolvem também a inalagdo de agentes
toxicos/irritantes provenientes do tabagismo passivo " poluicdo do ar (queima
de combustiveis) 2, combustdo de biomassa ', atividades ocupacionais '*. O

baixo peso ao nascer é outro fator de risco para DPOC, provavelmente porque



19

a ma nutricdo intrauterina resulte em pulmdes menores, de modo que o
declinio da fungdo pulmonar associado a idade se manifeste precocemente
nesses individuos '°. Nessa perspectiva, talvez o baixo nivel socioeconémico

seja o maior fator de risco para DPOC, ja que incorpora varios fatores de risco
16

E provavel a presenca de interacdes importantes entre os fatores
ambientais e a susceptibilidade genética para desenvolver a doenca 7 Ainda
que fumacga do cigarro cause inflamagé&o nos pulmdes de todos os fumantes,
apenas uma minoria desenvolve obstru¢ao significativa ao fluxo aéreo devido a
um declinio acelerado da funcdo pulmonar '®. A taxa de declinio da funcao
pulmonar na populagdo geral €é determinada cerca de 50% pela
hereditariedade. Isso sugere que fatores genéticos podem determinar a
susceptibilidade a doenca. A deficiéncia de a-1-antitripsina - um disturbio
genético hereditario que resulta na protegdo pulmonar insuficiente a agao da
elastase neutrofilica e a outras agressdes - € responsavel por <1% dos casos
de DPOC. Individuos com essa deficiéncia desenvolvem enfisema precoce,
sendo a sua manifestagao intensificada na presenga de tabagismo, indicando

uma clara predisposicdo genética 8 DPOC .

A dispneia crénica e progressiva € a caracteristica sintomatica mais
comum na DPOC. Enquanto a tosse com escarro esta presente em até 30%
dos casos. Esses sintomas podem ser variaveis no dia-a-dia e podem preceder
o desenvolvimento da limitagdo ao fluxo aéreo por muitos anos. E possivel que
individuos com limitagao significativa do fluxo aéreo sejam assintomaticos e
vice-versa. Comumente a procura por assisténcia médica € determinada pelo
impacto dos sintomas na condi¢ao funcional do paciente. Mas também pode
ser motivada tanto pela presenga crbnica ou aguda e transitéria de

exacerbagao da sintomatologia respiratéria *.

O diagnéstico da doencga € feito a partir da historia de sintomalogia
sugestiva e/ou da exposi¢ao aos fatores de risco, sendo confirmado por dados
do exame de espirometria, pos-broncodilatador: relagdo VEF; (Volume

expiratorio forgcado no primeiro segundo/CVF (Capacidade vital forcada) <70%
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e VEF1<80% do normal previsto A classificagdo da gravidade da limitagéo ao
fluxo aéreo é feita com base nos valores de VEF; ' (Tabela 1). Além disso, o
GOLD (Global Initiative for Chronic Obstructive Lung Disease) ' propde o uso
da ferramenta de avaliagdo “ABCD” (Tabela 2), que considera a sintomatologia

e a historia de exacerbacdes como base para o inicio do plano terapéutico.

Tabela 1 — Classificagdo da gravidade da limitacdo ao fluxo aéreo (conforme

VEF p6s-broncodilatador)

Em pacientes com VEF,/CVF< 0,70:

GOLD 1 Leve VEF; = 80% do previsto
GOLD 2 Moderada 50% < VEF,< 80% do previsto
GOLD 3 Grave 30% < VEF,50% do previsto
GOLD 4 Muito grave VEF < 30% do previsto

Fonte: Adaptado de Global Initiative for Chronic Obstructive Lung Disease (GOLD), 2022 !

Abreviaturas: VEF4, Volume expiratério forcado no primeiro segundo; CVF, Capacidade vital
forgcada.
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Tabela 2 - Classificagcdo da DPOC quanto ao impacto dos sintomas e o risco

de exacerbacao

Histéria de exacerbagao
moderada ou grave

=2o0uz=1levando a
internagao hospitalar C D

0 ou 1 (ndo levando a

internagdo hospitalar) A B
mMRC 0 -1 mMRC = 2
CAT <10 CAT =10
Sintomas

Fonte: : Adaptado de Global Initiative for Chronic Obstructive Lung Disease (GOLD), 2022 !

Abreviaturas: mMMRC: modified Medical Research Council; CAT: COPD Assessment Test.

1.3 FISIOPATOLOGIA DA DPOC

A DPOC inclui a doenca das pequenas vias aéreas, uma condi¢do na
qual os bronquiolos de pequeno calibre se encontram estreitados e em menor
numero; enfisema, um disturbio definido anatomicamente, caracterizado pela
destruicdo dos alvéolos pulmonares e dilatagdo dos espagos aéreos; e
bronquite crbnica, clinicamente definida por tosse crdnica e expectoracao
purulenta. Sendo que a maioria dos pacientes com DPOC apresenta todos os
trés mecanismos patoldgicos (doenga das pequenas vias aéreas, enfisema e

bronquite crbénica), ainda que em graus variados 19

O mecanismo predominante a limitagdo progressiva ao fluxo aéreo

parece estar intimamente relacionado ao processo inflamatorio, estreitamento e
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fibrose nas pequenas vias aéreas, resultando na hiperinsuflagdo pulmonar, e
consequentemente em dispneia progressiva aos esforgos. Ha inflamagao
crbnica, predominantemente nas pequenas vias aéreas € no parénquima
pulmonar, com aumento no numero de macrofagos e neutréfilos nos estagios
iniciais da doencga, e mais tarde com o aumento dos linfécitos (em particular,

células T citotdxicas CD8+) %°.

Os macrofagos alveolares desempenham um papel critico na condugéao
dessa inflamacdo pulmonar, liberando quimiocinas que atraem células
inflamatdrias, como mondcitos, neutrofilos e células T para os pulmdes. As
células T CD8+ atuam na apoptose de células-alvo, relacionando-se a
destruicdo pulmonar, produzem e liberam citocinas retroalimentando o
processo inflamatorio (ativagdo dos macréfagos, que entdo produzirdo uma
série de citocinas), e aumentam a expressao de receptores relacionados as

quimiocinas no pulmao (responsaveis pelo recrutamento de linfocitos T) 21

As enzimas elastoliticas sdo responsaveis pela destruicdo tecidual do
enfisema e incluem a elastase de neutréfilos e metaloproteinase-9 de matriz
(MMP-9). Ha um desequilibrio entre 0 aumento da produgéo de elastases e a
deficiéncia de antiproteases endogenas, como al-antitripina, inibidor de
leucoprotease secretora e inibidores teciduais de MMPs. A MMP-9 pode ser a
enzima predominantemente elastolitica que causa o enfisema e também ativa o
fator de crescimento transformador-B, uma citocina que € expressa
particularmente nas pequenas vias aéreas e que pode resultar na fibrose

caracteristica e estreitamento das vias aéreas .

O estresse oxidativo € uma caracteristica marcante da DPOC e surge
como resultado de elementos oxidantes exdégenos e daqueles liberados por
células inflamatérias ativadas, como neutréfilos e macréfagos, assim como
possiveis alteragdes no sistema antioxidante enddgeno decorrente de
poliformismos genéticos ?°. O dano oxidativo aos tecidos circundantes leva &
formacdo de moléculas organicas altamente reativas - espécies reativas de
oxigénio (EROs), que podem modificar proteinas e alterar sua fungdo, bem
como resultar na formacdo de padrées moleculares associados a danos

(DAMPs) e neoautoantigenos. O estresse oxidativo pode ativar a via do NF-kB
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(Fator nuclear kappa B) e aumentar a sua expressao, que € correlacionada a
limitagdo do fluxo aéreo. Além disso, o estresse oxidativo prejudica o processo

de fagocitose, aumentando a expressdo génica inflamatéria .

1.4 IMPACTO DA DPOC NO ESTADO NUTRICIONAL

A DPOC tem um importante componente sistémico que manifesta-se por
meio de efeitos extrapulmonares de impacto progndéstico, dentre os quais
destaca-se o comprometimento nutricional, incluindo alteracbes do
metabolismo energético e proteico, consumo alimentar, peso corporal, massa e

fungdo muscular "8,

O gasto energético de repouso (GER) %?° e o turnover proteico estdo
aumentados em pacientes com DPOC (em especial no fen6tipo enfisematoso)
e deplegdo muscular, comparado aqueles com massa muscular (MM)

26

preservada e controles saudaveis Este estado de hipermetabolismo é

associado a inflamacdo sistémica cronica, dinamica respiratoria anormal %,

2

exacerbacdes agudas *® e uso de B,-agonistas %°.

Embora a anorexia ndo constitua o principal fator limitante a ingestao
alimentar em pacientes clinicamente estaveis, uma vez que o apetite é
geralmente preservado, e até mesmo um elevado consumo é relatado por
aqueles com baixo peso, o consumo alimentar pode ser insuficiente frente ao
hipermetabolismo . Por outro lado, em pacientes com perda de peso observa-
se uma menor ingestdo, que é atribuida a varios fatores, incluindo dispneia ao
se alimentar, saciedade precoce *', o impacto emocional da doenca e anorexia
%2 Os mecanismos bioldgicos da anorexia nao sao totalmente compreendidos,
mas parecem estar correlacionados ao aumento na circulagdo de citocinas
neuro-hormonais e inflamatérias, como interleucina (IL)-6, IL-8 e fator de

necrose tumoral alfa (TNF—a) e quimiocinas *.

As alteragcdes decorrentes do processo de envelhecimento também

contribuem para a redugédo da ingestdo alimentar na DPOC, devido a maior
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expressao de sintomas limitantes do consumo de alimentos (disfungao olfatéria
e gustativa, dificuldade de mastigacdo e degluticdo, inapeténcia), problemas

socioecondmicos (isolamento social ou pobreza)

e dependéncia funcional
para a obtencgdo, preparo e/ou consumo de alimentos ****. Todos esses
elementos resultam em um balango energético negativo que invariavelmente
resulta na reducdo da massa e funcdo muscular. O hipermetabolismo pode
contribuir para a perda de peso se as necessidades de energia ndo forem

totalmente atendidas *°.

Apesar da relativa preservagcdo da massa gorda, a deplecdo muscular é
observada em uma proporcao substancial de pacientes, incluindo aqueles com
peso corporal normal *°. O estado inflamatério crénico de baixo grau subjacente
a doencga, com niveis plasmaticos elevados de citocinas, como TNF-q, IL-1 e
IL-6, Receptores soluveis do TNF-a (STNF-R) e proteina C-reativa (PCR), é um
contribuindo para a perda de peso aguda e redugdo de MM % Além disso, a
taxa de degradagado da proteina muscular € possivelmente mediada por uma
elevagdo consistente de duas vias catabdlicas: sistemas de autofagia e de

ubiquitina-proteossomo 3

Da mesma forma, a gravidade da obstrugdo do fluxo aéreo gera uma
elevada demanda de oxigénio (aumento do trabalho respiratorio) que é
atendida de forma limitada, ja que o fluxo sanguineo prioriza a oferta de
oxigénio a orgaos criticos (coragdo, sistema nervoso central e musculos
ventilatorios), enquanto os tecidos periféricos, incluindo os musculos
esqueléticos, desenvolvem hipdxia e déficit de nutrientes *. Além disso, um
rearranjo das fibras musculares, que leva a maior expressdo das de tipo |l
(glicolitica) em relacdo as de tipo | (via oxidativa), diminui a resisténcia
muscular, comprometendo a capacidade de exercicio e também a MM, pois as
fibras musculares do tipo Il respondem de forma diferente aos estimulos

anabdlicos e catabdlicos .

A inatividade fisica sustentada, uma caracteristica comum da DPOC,

repercute negativamente sobre a massa e fungdo do musculo esquelético
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° e mesmo em estagios leves da doenga foi independentemente

39

periférico
associada a perda do quadriceps 7, em consequéncia da sintese proteica

diminuida e do aumento da protedlise *°.

Da mesma forma, as exacerbagdes agudas intensificam o catabolismo
proteico e a fraqueza da musculatura esquelética pelo aumento da inflamacao
pulmonar e sistémica e pelo desuso muscular devido ao repouso forcado, além
da incorporacao de corticoide ao esquema terapéutico (usualmente associado

a miopatia) 224

1.5 COMPROMETIMENTO DO ESTADO NUTRICIONAL NA DPOC

Pacientes com DPOC sao susceptiveis ao comprometimento do estado
nutricional, desencadeado pela interagdo complexa de multiplos fatores
etiologicos, sendo variavel a contribuicdo relativa de cada um entre os
individuos afetados *'. As alteracdes nutricionais resultantes podem manifestar-
se pelo baixo peso corporal, perda ponderal involuntaria, mudancas na
composicéo corporal (deplegcdo de MM), ou pela combinag&o destas, como a
desnutricdo, sarcopenia e caquexia, que ainda podem se sobrepor. Desta
forma, a prevaléncia de comprometimento nutricional em pacientes com DPOC
varia consideravelmente, em decorréncia dos diferentes critérios e pontos de

corte usados, assim como das caracteristicas da populacao estudada.

Embora muitas vezes utilizados como termos intercambiaveis para
indicar o comprometimento nutricional, desnutricdo, sarcopenia e caquexia sao
entidades distintas, que invariavelmente compartiiham da deplecdo de MM

como um dos seus marcadores.

A desnutricao é definida como um estado subagudo ou crénico em que
ha uma combinacdo de graus variados de atividade inflamatéria e de
subalimentacdo ou hiperalimentagdo com consequente repercussao na

|.42

composic¢ao corporal e diminuicdo da capacidade funcional.”™ A identificacdo da

condicdo requer a avaliacdo de diversos parametros de ordem nutricional,
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incluindo avaliagdo da ingestdo alimentar em relagdo aos requerimentos
nutricionais; fatores limitantes da ingestdo alimentar; histérico de peso;
composi¢cédo do corporal; capacidade funcional; bem-estar fisico, psicologico e
social; historia da doenca; e condigdo socioecondmica *2.

A sarcopenia, por sua vez, € uma doenga musculo-esquelética,
caracterizada pela presencga da redugao da forga (sugestivo de sarcopenia) e
MM, sendo que a concomitancia do comprometimento do desempenho fisico
indica a gravidade da condi¢cao 4 Até poucas décadas, a sarcopenia era
entendida como perda progressiva de MM esquelética decorrente do
envelhecimento, no entanto, pode ser secundaria a doengas que cursam com a

inflamac&o crénica, acometendo individuos independentemente da idade *°.

Ja a caquexia é uma sindrome multifatorial associada a doenca e
caracterizada por perda de MM com ou sem perda de gordura, sendo a perda
ponderal grave e progressiva associada a presenga de inflamagéo a principal

caracteristica desta condigao “°.

Em uma revisdo sistematica com metanalise envolvendo pacientes
admitidos em unidades de pneumologia hospitalar, a prevaléncia de risco
nutricional foi de 32,73% (IC 95%, 31,29% a 34,17%, 1°=97,6%, 12 estudos),
que foi avaliado principalmente pela ferramenta NRS-2002 (Nutritional Risk
Screening), mas com resultados similares aos obtidos pelo MUST (Malnutrition
Universal Screening Tool) *’. Enquanto a prevaléncia de desnutricdo foi de
36,95% (IC 95% 34,80% — 39,10%; > = 99,7%; 11 estudos), apresentando
estimativas inferiores em estudos que a identificaram por meio de parametros
antropomeétricos (25,88%) do que quando a ASG (Avaliacdo Subjetiva Global)
foi aplicada (48,81%), sugerindo que o uso exclusivo de parédmetros
antropométricos, como o IMC para avaliagdo da desnutricdo resulta na

subidentificacdo dessa condicdo *'.

Recentemente, uma revisao sistematica com metanalise, que incluiu 22
estudos (n=9.416), identificou maior prevaléncia de sarcopenia entre pacientes
com DPOC nos estudos que utilizaram um unico critério diagndstico [MM
reduzida; 34%, (IC 95% 20,6—47,3)] do que naqueles que usaram >1 critério
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[MM reduzida + forga muscular reduzida e/ou desempenho fisico reduzido;
15,5% (IC 95% 11,8-19,1)]; além disso, a condig¢&o foi mais comum naqueles
em estagios mais avancados da DPOC “®. Ainda, em dois estudos transversais
envolvendo pacientes com DPOC admitidos em Programa de Reabilitagdo
Pulmonar (PRP), a sobreposi¢cao de sarcopenia e desnutricdo variou de 9,7% 49
a 24% .

Em uma analise secundaria de dados do estudo ECLIPSE (Evaluation of
COPD Longitudinally to Identify Predictive Surrogate Endpoints), a caquexia foi
avaliada entre 1.483 portadores de DPOC, sendo identificada por dois critérios:
1) Consenso [perda de peso > 5% em 12 meses ou baixo IMC + presencga =3
dos 5 seguintes parametros: diminuigcdo da forca muscular, fadiga, anorexia,
indice de massa livre de gordura reduzido e alteragao bioquimica (hemoglobina
12 g/dL ou PCR >5 mg/L)] e 2) Perda de peso: perda de peso >5% ou, na
presenca de IMC baixo, perda de peso >2%). A prevaléncia de caquexia
usando a definicdo de consenso e a de perda de peso foi de 4,7% e 10,4%,

respectivamente °'.

1.6 VALOR PROGNOSTICO DO COMPROMETIMENTO DO ESTADO
NUTRICIONAL EM PACIENTES COM DPOC

Na década de 1960 parametros de comprometimento nutricional como a
perda e o baixo peso corporalem pacientes com DPOC despertaram
interesse de pesquisadores da area, pela sua associacdo com menor tempo de
sobrevida em individuos com o mesmo grau de gravidade da doencga 2 De
fato, a sobreposicdao da deplecado nutricional a DPOC intensifica o impacto
sistémico negativo de ambas, comprometendo a estrutura e fungcdo dos

%354 bromovendo um balanco energético

musculos pulmonares e esqueléticos
negativo, além de impactar negativamente na imunocompeténcia e em

aspectos emocionais desses pacientes *°.
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Historicamente, observa-se na literatura médica da DPOC o uso
preponderante e isolado do IMC como pardmetro nutricional preditor de
desfechos de morbidade e mortalidade. Em uma revisdo sistematica com
metanalise avaliando o valor prognostico do IMC para a mortalidade na DPOC,
apos ajuste para a idade, sexo, VEF1 (% predito) e tabagismo, pacientes com
baixo IMC (<18,5 kg/m?) apresentavam risco de morte 1,48 vezes maior
(RR=1,48, IC 95% = 1,26-1,75); I> = 66%; 8 estudos; 14.163 participantes)
comparados aqueles com valores de IMC na faixa de normalidade (18,5 kg/m?
a 24,9 kg/m?). Em outra revisdo sistematica com metanalise envolvendo cinco
ECR entre pacientes com DPOC, a taxa anual estimada de declinio do VEF foi
inversamente proporcional aos valores de IMC °°. Em comparacdo aos
pacientes na faixa normal de IMC (18,5 ou 20 a <25 kg/m?) aqueles com baixo
IMC apresentavam um declinio mais rapido do VEF4: — 47,58 ml/ano (IC95% -
51,7 a — 43,4) e 52,9 ml/ano (IC95% — 57,3 a — 48,5), respectivamente °°.

No entanto, o uso de marcadores de MM revelam um maior valor
prognéstico mais preciso que o IMC na DPOC. A analise prospectiva de
pacientes encaminhados para reabilitagdo pulmonar identificou que o indice de
massa livre de gordura (IMLG) reduzido foi independentemente associado a
mortalidade em um periodo de dois anos (HR= 13,03, IC 95% 1,67 a 101,71),
mesmo apos ajustado para a idade e fungdo pulmonar e (HR= 9,38, IC 95%
1,19 a 74,0) para a idade e capacidade de difusdo, enquanto o baixo IMC nao
demonstrou associacdo com o desfecho % Da mesma forma, a analise dos
dados de 1.898 pacientes com DPOC do estudo de base populacional
Copenhagen City Heart Study identificou associagdo do IMLG baixo com o
aumento da mortalidade geral (HR=1,5; IC 95% 1,2 a 1,8) e por DPOC
(HR=2,4; IC 95% 1,4 a 4,1), que persistiu mesmo em individuos com IMC
normal para a mortalidade geral (HR=1,3; IC 95% 1,1 a 1,7) °".

Os métodos comumente utilizados para estimar a MM na DPOC como a
tomografia computadorizada, absorciometria de raios-x de dupla energia,
(DEXA), ultrassonografia e bioimpedancia *® tendem a ser sofisticados e
onerosos, e desta forma inacessiveis na pratica clinica. Além destes métodos,

a European Respiratory Society (ERS) reconhece o uso da antropometria
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como apropriada a avaliacdo da MM na assisténcia nutricional de pacientes
com DPOC *°. Neste contexto, emerge a medida da circunferéncia da
panturrilha (CP) como um potencial marcador de MM, dada a sua correlagéo
positiva (r > 0,7) com a massa muscular apendicular (MMA) avaliada pelo

59,60

DEXA em estudos populacionais , € por configurar-se em uma alternativa

de avaliacao acessivel, de baixo custo, ndo invasiva e de facil execucédo na
pratica clinica ®'. Além disso, valores reduzidos de CP tem sido associados a
desfechos clinicos em pacientes hospitalizados, como a maior incidéncia de

readmissdo em 30 dias % , permanéncia hospitalar prolongada %%

|63

, presenca
de risco nutricional ®° e desnutricido 6 Estudo brasileiro envolvendo pacientes
com DPOC hospitalizados por exacerbacdo da doenga a CP reduzida
aumentou a chance de presen¢a de desnutricdo e de internagdo hospitalar

superior a 11 dias %

Ja em pacientes ambulatoriais, a CP reduzida
demonstrou o maior potencial preditor para o risco de mortalidade em trés

anos, quando comparada a circunferéncia do brago e ao IMC ®°

O comprometimento nutricional manifesto tanto pelo diagnostico de
desnutricdo quanto de sarcopenia ou caquexia esta associado a piores
desfechos em pacientes com DPOC, independente da condicdo clinica. De

fato, pacientes desnutridos ou caquéticos apresentam risco trés vezes maior de

166 o readmissdo hospitalar ©’, tempo médio de hospitalizagéo

obito
prolongado ® e percepcdo de qualidade de vida reduzida . Assim como, a

presenca de sarcopenia associa-se a piores escores de dispneia 69,70

| 70,71

, menor

forca e capacidade funciona

Dada a natureza multifatorial e a complexidade do comprometimento
nutricional na DPOC, suas distintas possibilidades de expressao e respectiva
associacdo com desfechos clinicos, a ERS prop6s a estratificacdo dos
pacientes em fendtipos metabdlicos, considerando parametros do estado
nutricional como o IMC, MM e perda ponderal % Desta perspectiva, a ERS
identificou e definiu seis fenétipos metabdlicos (obesidade, obesidade morbida,
obesidade sarcopénica, sarcopenia), seguidos dos riscos para desfechos
clinicos. Esses fendtipos foram pouco explorados até o presente momento

quanto a sua validade. Um estudo envolvendo 270 pacientes com DPOC em



30

avaliagao para admissao em PRP, revelou que os fendtipos de composi¢ao
corporal estdo associados a capacidade fisica 2. Ainda que esse grupo de
pacientes compartilhasse de caracteristicas clinicas similares, aqueles com
obesidade sarcopénica evidenciaram pior capacidade de exercicio, forga
muscular periférica e respiratoria e eram menos ativos fisicamente em

comparagao com os outros fenétipo metabdlicos 2.

1.7 INTERVENGCOES DIETETICAS NO MANEJO DO COMPROMETIMENTO
NUTRICIONAL NA DPOC

O tratamento do comprometimento nutricional na DPOC por meio de
intervengdes dietéticas compartilha do racional aplicado a outras condicdes
inflamatorias e catabdlicas, associadas a doengas crénicas e agudas, nas
quais a terapéutica precoce tem o potencial de reverter ou minimizar a

deplecéo das reservas corporais, reduzindo o risco de piores desfechos >,

Na DPOC, os obijetivos dietoterapicos devem ser balizados pela condi¢gao
clinica do paciente (estavel ou em exacerbacgao) - determinante do background
metabdlico e potencial anabdlico "°, além do estado nutricional, a gravidade da

doenca e o nivel de atividade fisica.

Os objetivos da dietoterapia em pacientes estaveis visam manter ou
aumentar o peso corporal e a MM. Enquanto durante os episddios de
exacerbagbes agudas a proposta € minimizar a perda de peso e de MM .
atentando ao efeito da sobrecarga calérica ao risco ou piora da hipercapnia e a

intensificacdo dos sintomas respiratdrios *”.

1.7.1 REQUERIMENTOS ENERGETICOS

A calorimetria indireta (CIl) constitui o método mais confidvel para

mensurar 0 gasto energético de um individuo e orientar a prescricao
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energética, porém o equipamento tem custo elevado e demanda técnicos

8 Como

qualificados a sua utilizagdo, limitando a sua aplicabilidade
alternativa, a estimativa dos requerimentos energéticos se da pelo calculo de
equacdes preditivas. A literatura dispbe de equagdes desenvolvidas e
validadas para portadores de DPOC por métodos de referéncia, entre as quais
a proposta por Moore e Angelillo " No entanto, apos a aplicagao da equagao
em pacientes estaveis e instaveis, os autores encontraram uma diferencga
média na estimativa de 73 kcal + 279 e 108 kcal + 297, respectivamente "°. Em
ambos 0s casos a variagao foi ampla, indicando que erros de estimativa podem
ser comuns e de risco para extremos caldricos indesejaveis na DPOC:
subalimentacdo e hiperalimentacao 8 A Academy of Nutrition and Dietetics
(AND) sugere o calculo de 30 kcal/kg de peso corporal para estimar o gasto
energético total (GET) em pacientes com DPOC sem obesidade, e orienta usar
o julgamento clinico & sua determinagdo naqueles com IMC >30 kg/m? ®.
Recomenda ainda o uso de outras equacgdes gerais disponiveis na pratica
clinica para o calculo do GER, dentre estas a proposta pela Organizagéo
Mundial da Saude (OMS), a de Harris-Benedict (HBE) ou a de Westerterp. No
entanto, tais equacdes apresentam taxas de precisdo das estimativas inferiores
a 70%, a equacao de HBE demanda o acréscimo do fator injuria, que n&o esta
bem estabelecido na DPOC ®', enquanto a equacdo de Westerterp requer
informagdes dos valores de massa livre de gordura (obtida por impedancia

biolétrica), inviavel a maioria dos ambientes assistenciais.

Ainda, para casos de desnutricdo, encontra-se na literatura a indicacao de
oferta caldrica de pelo menos 45 kcal/kg de peso corporal/dia, com o intuito de
promover um ganho ponderal de 2 kg, que estaria associado a melhora da
forca muscular e da sobrevida (em quatro anos) ">’®. No entanto, os efeitos
metabdlicos de impacto respiratério (aumento da produgdo de diéxido de
carbono) devem ser ponderados quando da intengdo de aumentar a oferta
caldrica, principalmente entre pacientes em exacerbacéao, ja que a lipogénese
resultante do excesso de energia promove o aumento significativo da producéo
de diéxido de carbono (VCO,) .
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1.7.2 REQUERIMENTOS DE MACRONUTRIENTES

Durante algumas décadas, uma das principais preocupag¢des na
terapéutica nutricional para portadores de DPOC foi a manipulacdo de
macronutrientes, por meio da reducio da proporgao de carboidratos e aumento

da oferta lipidica .

O fundamento para esta conduta baseava-se no
pressuposto fisiologico do efeito individual de cada macronutriente sobre o
quociente respiratorio (QR). O QR é obtido por Cl e definido pela razédo entre a
VCO; e o consumo de oxigénio (VO3), sendo um marcador da metabolizagao
de substratos energéticos: em média 0,70 para gorduras, 0,80 para proteina e
1,00 para carboidratos . A prescricdo de dietas hiperlipidicas e hipoglicidicas
foi abandonada pela auséncia de evidéncias robustas demonstrando o seu

beneficio &',

Até o momento nao ha evidéncia sobre a distribuicdo percentual ideal de
carboidratos e gorduras na dieta para portadores de DPOC, no entanto, a
oferta destes macronutrientes deve ser estabelecida considerando-se a
presenga de comorbidades (doengas cardiovasculares e diabetes mellitus),

estilo de vida, dificuldades financeiras e preferéncias pessoais ®'.

A quantidade de proteina dietética recomendada na DPOC é variavel, e
segundo propde o National Institute for Health and Care Excellence (NICE)
para o manejo nutricional desses pacientes, deve ser estimada da seguinte
forma: a) na auséncia de risco nutricional ou desnutricdo/estabilidade clinica,
de 0,8 a 1,5 g de proteina/kg de peso corporal/dia e b) em periodos de
agudizagao (exacerbados), a partir de 1,5 g de proteina/kg de peso corporal
/dia "®. No entanto, a European Society for Clinical Nutrition and Metabolism
(ESPEN) objetivando a manutencdo da forga e fungdo muscular em idosos,
recomenda que a dieta deva fornecer um aporte proteico aumentado, tanto
pelo declinio da resposta anabdlica a ingestdo de proteinas, quanto para
compensar as condi¢cdes inflamatorias e catabdlicas associadas a doencgas

crénicas e agudas comuns no envelhecimento 2.
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1.7.3 EFETIVIDADE DAS INTERVENGOES DIETETICAS

A intervencdo dietética instituida deve considerar além dos aspectos
clinicos e nutricionais, os habitos, preferéncias alimentares e estilo de vida de
cada individuo. Estruturando o plano terapéutico fundamentalmente pelo
consumo de alimentos habituais, adequando a frequéncia e volume das
refeicdes e/ou fortificando as preparagdes com alimentos de maior densidade
caldrica ou proteica, conforme as necessidades do paciente. Caso o paciente
nao consiga atingir as suas necessidades nutricionais apenas por meio das
estratégias aplicadas a dieta habitual, ha indicagdo do uso da suplementagéo
nutricional oral (SNO) a complementacéo da ingestao dietética ®.

A SNO é uma das poucas estratégias de cuidado nutricional mencionadas
pelo documento GOLD ', como terapéutica relevante ao manejo da DPOC. A
conduta é fundamentada principalmente pela revisdo sistematica com
metanalise da Cochrane (atualizada em 2012) % de 17 ECR, envolvendo
pacientes com DPOC estaveis. Embora a SNO nao tenha influenciado a funcao
pulmonar, promoveu ganho ponderal significativo (especialmente nos
desnutridos), aumento em marcadores de MM e adiposa e melhor tolerancia ao

exercicio

. Sendo que, apenas nos pacientes desnutridos observou-se
melhora significativa na forga muscular respiratoria (inspiratoria e expiratoria) e
na qualidade de vida relacionada a saude °. Similarmente, uma analise post
hoc de subgrupo do estudo NOURISH (Nutrition effect On Unplanned
Readmlissions and Survival in Hospitalized patients) (ECR multicéntrico)
envolvendo pacientes com DPOC hospitalizados e desnutridos (n= 214),
demonstrou o impacto positivo da SNO hiperproteica e hipercaldrica contendo
betahidroxi-beta-metilbutirato (HMB) na FPP, peso corporal, concentra¢des
plasmaticas de biomarcadores nutricionais (hemoglobina, calcio e vitamina D) e
na redugado do risco de mortalidade em um periodo de 90 dias apds a alta 8. O
beneficio da SNO na DPOC estavel também foi demonstrado por Collins et al.
em duas revisdes sistematicas com metanalise 8%, Na primeira revisdo ¥,
com 13 ECR, evidenciou-se um aumento significativo na ingestdo calérico-

proteica, peso corporal e em marcadores de MM e adiposa. E na segunda 8
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com 12 ECR, embora o uso de SNO nao tenha repercutido em alteracées na
funcdo pulmonar, resultou em incremento na forca muscular respiratoria
(pressao inspiratoria e expiratoria maxima) e periférica (FPP), qualidade de
vida e desempenho fisico. Em contraste, uma revisdo sistematica recente %° de
22 estudos (sem restricdo de delineamento) avaliou os efeitos do uso de SNO
em pacientes com DPOC estaveis durante PRP, e ndo encontrou efeitos
adicionais da intervengdo em parametros antropométricos, capacidade e de
exercicio, composi¢cao corporal, funcdo muscular respiratéria e qualidade de
vida.

Ainda, a partir da ultima década observa-se o interesse em investigar o
potencial impacto da suplementagao de nitrato (principalmente pela ingestdo do
suco de beterraba) na capacidade de exercicio em portadores de DPOC %%
(por aumentar a disponibilidade de 6xido nitrico). Os efeitos da suplementagao
em pacientes com doencas respiratérias cronicas foram avaliados em uma
metanalise * de 11 ECR (n=282 participantes, dos quais, 94,7% com
diagnostico de DPOC), que verificou o beneficio da suplementacdo no
desempenho fisico, somente quando da administragdo a longo-prazo e em
associacao a reabilitagdao pulmonar. No entanto, esta inferéncia € baseada em
apenas um ECR %, que por diferenciar-se dos demais pelo maior tamanho
amostral (supera a soma de todas as amostras incluidas na metanalise) e

tempo de intervengéao (oito semanas), poderia justificar tal achado.
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2 JUSTIFICATIVA

O componente extrapulmonar da DPOC, evidenciado pelos seus efeitos
sistémicos envolve entre outros, o comprometimento do estado nutricional *',
manifesto pelo baixo peso, perda ponderal involuntaria, desnutri¢cdo,
sarcopenia e/ou caquexia, reconhecidamente associado a piores desfechos

67,68,97,98 66,99

clinicos aos portadores da doenca e maiores custos em saude

Neste contexto, a deplecdo de MM destaca-se como caracteristica comum

dessas alteragoes 3048°1:68.72

No entanto, os métodos mais indicados a
avaliagcao da deplecdao muscular tendem a ser sofisticados e de alto custo %8
inviabilizando o seu uso na pratica clinica. Sendo assim, faz-se necessaria a
identificacdo de parémetros viaveis na assisténcia desses pacientes que
possam reconhecer o comprometimento da MM e sua associagdao com
desfechos clinicos na DPOC. Além disso, o comprometimento nutricional tende
a ser subidentificado nos diferentes contextos de assisténcia em saude, e
decorre principalmente do uso de estratégias de avaliagdo inapropriadas *'.
Ainda que a suplementagdo nutricional hipercal6rica e hiperproteica seja
recomendada para pacientes com DPOC ' a fim de atender os
requerimentos de nutrientes e preservar ou minimizar alteracbes na
composi¢cdo corporal, a real magnitude do efeito dessa conduta sobre os

parametros do estado nutricional requer maiores investigagoes.
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3 OBJETIVOS

3.1

OBJETIVO GERAL

— Explorar as alteragdes do estado nutricional em pacientes com DPOC,

assim como o uso do IMC para captura-las e a possivel associagao
dessas alteragcdbes com desfechos clinicos, além de revisar
sistematicamente o efeito de intervengdes nutricionais de
suplementacado oral caldrico e/ou proteica em paradmetros do estado

nutricional nessa populagao.

3.2 OBJETIVOS ESPECIFICOS

— Avaliar a frequéncia de deplecdao de massa muscular por meio da

medida da circunferéncia da panturriha e a sua associagdo com
desfechos clinicos em pacientes com DPOC encaminhados para um

programa de reabilitagdo pulmonar;

— Avaliar a acuracia de dois pontos de corte distintos para o baixo IMC no

diagndstico de desnutricdo e seu valor prognostico em predizer tempo
de internagao hospitalar prolongada e mortalidade intra-hospitalar em

pacientes com DPOC hospitalizados por exacerbacao da doencga;

— Avaliar sistematicamente o efeito de intervengdes dietéticas com

suplementacdo nutricional e/ou fortificagdo de alimentos sobre

parametros do estado nutricional de pacientes com DPOC.
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Abstract

Background and Aims: Muscle wasting is associated with worse outcomes in
chronic obstructive pulmonary disease (COPD) patients. We assessed the
association of calf circumference (CC) measurement with clinical outcomes in
COPD patients referred to an outpatient pulmonary rehabilitation program
(PRP).

Methods: In this single-center, retrospective observational study we analyzed
demographical, clinical [spirometry test, comorbidities, COPD exacerbations,
modified Medical Research Council dyspnea scale, 6-minute walk test in %
predicted values, quality of life scores, body mass index, and CC), and all-
cause deaths (for two years)] data from COPD patients PRP medical records.
Patients were grouped according to CC in reduced CC [male (< 34 cm) and

female (< 33 cm)] or adequate CC group.

Results: We evaluated a total of 144 patients (age 64.6+£8.5 years; 65.3%
males; forced expiratory volume in 1 second (FEV,), 40.3+15.8 % predicted).
Eighteen patients (12.5%) died during the two years follow-up. Logistic
regression showed that patients with reduced CC (45%) were more likely to
present worse outcomes compared with those COPD patients with adequate
CC: more advanced GOLD stages (OR= 5.09; 95%CI 2.00-12.96), COPD
frequent exacerbators (OR= 2.34; 95%CI 1.11-4.91), greater impairment in the
total quality of life score (OR=2.70, Cl 1.22-6.00), and higher mortality
(OR=3.69; 95%CIl 1.06-12.87).

Conclusion: Reduced CC in COPD patients under initial assessment for PRP
admission was associated with disease severity, frequent exacerbation, poor
health status, and higher mortality in two-years of follow-up. Considering its
clinical applicability, CC measurement should be introduced in the nutritional

assessment of COPD patients admitted for PRP.
Clinical Relevancy Statement

Muscle wasting is a common finding in COPD patients and it has been

associated with worse outcomes. This study showed that calf circumference
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(CC) measurement can be a potential muscle mass marker surrogate in this
population, once the low CC demonstrated association with disease severity,
frequent exacerbation, poorer total quality of life score, and higher mortality in a
COPD outpatients sample referred to pulmonary rehabilitation.

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by
irreversible airflow limitation resulting from a mixture of airway disease
(obstructive bronchiolitis) and parenchyma destruction (emphysema), which is
usually progressive and associated with the abnormal inflammatory response of
the lungs to harmful particles or gases '. According to the latest data, COPD

affects 11.7% of the world population

and is already assumed as the third
leading cause of death worldwide 2. In addition to pulmonary involvement, the
disease has an extrapulmonary component evidenced by its systemic effects,

among which the loss of muscle mass (MM) >,

Muscle wasting observed in COPD patients results from complex

4 1n all

interaction factors involving mainly systemic inflammatory response
stages of the disease, the imbalance between protein synthesis and breakdown
can lead to intense catabolism. Other factors can lead to increased metabolism
and worsening of catabolic activity, including smoking, abnormal respiratory
dynamics *, drugs such as b2-agonists, the increased effort required for
breathing and eating °, and the presence of systemic inflammation and oxidative
stress ©. Reduced MM is associated with adverse effects on exercise capacity ’,

9 7

dyspnea 8, respiratory muscle function °, and pulmonary function ’; and is a

useful predictor of COPD severity ’.

The methods often used to quantify MM in this population, as computed
tomography (CT), dual-energy X-ray absorptiometry, ultrasonography, and
bioelectrical impedance 1% are expensive and not always be available in clinical
practice settings. The European Respiratory Society pointed those methods and
anthropometry as appropriate measurements of body composition of COPD
patients in clinical practice ''. Among the anthropometric indicators of reduced

MM, a simple and easy-to-perform is calf circumference (CC). In fact, in a
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Brazilian study that established the cutoff points of CC to identify reduced MM
using dual-energy X-ray absorptiometry as the comparator, this indicator
presented specificity of 76% and satisfactory accuracy 2. These CC cutoff
points have already been associated with clinical outcomes in hospitalized

patients, as the incidence of hospital readmission in 30 days 13

14,15

and prolonged

hospital stay "'° and nutritional risk '*, and malnutrition *°.

Although relatively few investigations have evaluated CC among COPD
patients, these studies demonstrated an association between this
anthropometric measure and outcomes in this population . Ho et al. ®
verified that CC was a strong predictor of exercise tolerance among 136
Taiwanese COPD outpatients (predominantly male and mean age 72.4+7.5
years), according to the logistic regression analysis. The same research group

also conducted a cohort study V'

involving 104 COPD outpatients
(predominantly male and mean age 74.2+6.9 years), in which low CC (< 30 cm)
was positively associated with a 4.4-fold increase in mortality risk during the 3-
year follow-up period, according to multivariate Cox regression analysis.

Chaudhary et al. "®

compared the correlation between anthropometric, and
other nutritional status markers with airflow limitation among 102 Indian COPD
outpatients (predominantly <60 years) and found an inverse association
between CC and severity of COPD (p<0.001), although researchers did not
examine this association by univariate or multivariate analysis. Recently, in a
Brazilian longitudinal study conducted with 176 COPD patients hospitalized by
the disease’s exacerbation (mean age 68.2 + 10.4 years), Teixeira et al. (18)
showed that low CC (< 34 cm for men and < 33 cm for women) was significantly
associated with malnutrition (OR 4.62) and more than 11 days hospital stay (OR
2.21) according to multivariate analysis. Given the scarce literature on this
specific issue, this study aimed to assess if reduced CC is associated with
clinical outcomes in COPD patients referred to an outpatient pulmonary

rehabilitation program.
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Methods
Design

This was a single-center, retrospective observational study using existing
data of COPD patients (= 40 years old) of both sexes referred to an outpatient
PRP. The data collection occurred during the patient’s initial evaluation for
admission in the PRP by a pulmonary physician and trained rehabilitation
therapists, from May 2002 to October 2009. This study was conducted
according to The Code of Ethics of the World Medical Association (Declaration
of Helsinki). The Research Ethics Committee of the Institution approved this
study protocol (humber 4.08.03.06.306), and all patients gave written informed

consent.
Sample

COPD patients were selected using a non-probabilistic convenience
sampling, and the inclusion criteria were clinical and functional diagnosis of
COPD, according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria’ (irreversible airflow limitation defined as FEV./forced vital
capacity [FVC] <0.70) and clinical stability indicated by no change in medication
dosage or exacerbation of symptoms in the preceding four weeks. Exclusion
criteria were: patients with comorbidities (psychiatric illness or dementia,
uncontrolled cardiovascular diseases, orthopedic, rheumatologic,
musculoskeletal or neurological disorders) that contraindicated physical activity,
patients in current use or with the indication for oxygen therapy at rest or
exercise, or patients that did not have available CC data. We calculated the
sample size for the present study, considering the difference in CC between
survivors and non-survivors COPD patients (334 + 2.9 vs 309 + 3.8,
respectively) reported by Ho SC et al ', with a power of 90%, a significance
level of 5%, and an additional of 20% for adjustment in multivariate analysis and
follow-up losses. The proposed calculation estimated 94 patients to conduct the

study.
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Data collection

Data were retrieved from the PRP medical records of each patient and
included: age, gender, FEV4, and FVC (liters and % predict) post-bronchodilator
spirometry '°, modified Medical Research Council dyspnea scale (MMRC scale)
20 self-reported comorbidities history, frequencies of hospital admissions, and
antibiotics requirement due to COPD exacerbations during 12 months previous
to the initial assessment. As with any exacerbation treated with antibiotics, the
patient also receives corticosteroids, the use of corticosteroids is implicit when
prescribing antibiotics. This information was applied to categorize patients as
COPD frequent exacerbators 2, if they had one or more hospitalizations and/or
antibiotics use two or more times in the last year. Smoking status and history
(pack-years), anthropometric measurements (weight, height, and calf
circumference) %2, body mass index (BMI) %2, exercise capacity [6-minute
walking test (6 MWT)] %, BODE (Body mass index, airflow Obstruction,
Dyspnea, and Exercise capacity) index *, health-related quality of life (HRQL)
(St. George’s Respiratory Questionnaire - SGRQ) % were collected. Also, the
data of all-cause deaths in the following two years after initial assessment were

obtained.

Spirometry tests were performed using the spirometer (Microlab®, United
Kingdom), according to the published standard ' Based on the post-
bronchodilator % of predicted FEV values, airflow obstruction degree severity
was determined using GOLD stage criteria: GOLD stage 1 (mild): = 80%; stage

2 (moderate): 50-79%; stage 3 (severe): 30-49%; stage 4 (very severe) < 30%
1

Dyspnea associated with daily activities was assessed using the mMRC
scale, with scoring ranging from 0 (“Dyspnea only with strenuous exercise”) to 4

(“Too dyspneic to leave house or breathless when dressing”) 2.

Exercise capacity was evaluated by the 6MWT, performed following
ATS/ERS guidelines %. Furthermore, patients were categorized into two groups,
according to the walked distance in the percentage of predicted values,

obtained from reference equation for Brazilian population 2°: =80% of the
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predicted as ‘preserved performance’ and <80% of the predicted as ‘impaired

performance’ %',

To assess health-related quality of life, patients completed the self-
administered SGRQ # under the rehabilitation staff supervision. The SGRQ
consists of a total score and three components subscores: symptoms, activities,
and impact (each, total score and subscores, ranging from zero [best possible

health status] to 100 points [worst possible health status]).

Anthropometric measurements were performed according to the World
Health Organization recommendations #. Weight and height were measured
with a calibrated anthropometric scale (Filizola®, Brazil), and patients were
requested to wear light clothing and to be barefoot. BMI was calculated based
on height and weight. CC was measured with a steel measuring tape
(Cescorf®, Brazil), and taken at the widest girth of right calf with the patient
seated and the knee flexed to 90°. In this study, CC measurement was used as
a marker of MM, and the cutoff points of < 34 cm for men and < 33 cm for

women were adopted as indicative of ‘reduced muscle mass’ 2.
Statistical analysis

Descriptive statistics were calculated, and quantitative data are
presented as mean and standard deviation or median and interquartile
amplitude, while categorical data are presented as n (%). The normality of
variables was tested by Kolgomorov-Smirnov. Patients with reduced MM were
compared to patients with adequate MM by Student T-test (parametric
variables), Mann-Whitney test (non-parametric variables), or Chi-square
(categorical variables). Logistic regression was performed to evaluate the
magnitude of the association between reduced CC and clinical outcomes,
considering confounders variables in the adjustment based on P values < 0.20
in bivariate analyses. All analyses were performed in SPSS 21.0 and P values

< 0.05 were considered statistically significant.
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Results

One hundred forty-four consecutive patients were included in the study
(Figure 1). Table 1%®presents the demographic and clinical characteristics of
this sample. Over half of the patients were men, with a mean age of 64.6 £ 8.5
years. GOLD stages 3 and 4 corresponded to about three-quarters of the
patients evaluated and BODE index median score was 3.0 (2.8 - 5.0).
Approximately 80% of the patients were former smokers and had a lifetime
smoking exposure median of 42.0 (22.5 -80.0) pack-year. Patients were
followed for two years and 18 deaths occurred during this time. Thirty-nine
percent of patients were classified as COPD frequent exacerbators, with 26.4%
and 22.2% of the total sample presenting the criteria one or more
hospitalizations and antibiotics use two or more times in the last year,

respectively.

Reduced CC was observed in 45.1% of patients, and it was more
frequent in females (56.0%) compared to males (39.4%), although the
difference did not reach statistical significance (p = 0.078). Table 2 presents the
comparisons of general and clinical characteristics of COPD patients grouped
according to CC. The ‘reduced MM’ group presented lower values in spirometry
parameters, a higher proportion of patients classified as GOLD 3-4 stages and
increased frequency of acute exacerbations in the previous 12 months
compared to the ‘adequate MM’ group. Also, the ‘reduced MM’ group presented
a significant minor performance in 6MWT and a higher value in all three
subscores and total SGRQ score. Otherwise, the mortality rate was significantly

higher in the ‘reduced MM’ group in comparison to the ‘adequate MM’ group.

Table 3 shows the logistic regression analysis results about the
association between reduced MM and clinical outcomes. Patients with reduced
MM presented 5.0 times higher odds of a more advanced stage of COPD, 2.3
times higher odds of acute exacerbation history in the last 12 months, 2.7 times
higher odds of worse health-related quality of life, and an increase of 3.7 times
in risk of death in the following two years in comparison to patients with

adequate MM.
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Discussion

The present study evaluated the association between reduced CC,
clinical outcomes, and mortality among COPD patients who were screened for
admission to an outpatient PRP. Patients with reduced CC presented more
odds for worse outcomes, namely, more advanced GOLD stages, greater
impairment in total SGRQ score, higher odds of acute exacerbation history in
the last 12 months, and higher mortality in two years compared with those
COPD patients with adequate CC.

Reduced CC was present in 45% of studied COPD outpatients,
according to the Brazilian CC cutoff points. The prevalence of reduced MM
among COPD patients varies, depending on the population studied and the
diagnostic approach to assess body composition. The European Respiratory
Society pointed dual-energy X-ray absorptiometry, bioimpedance analysis, and
anthropometry as appropriate measurements of body composition of COPD
patients in clinical practice, especially to distinguish between low and normal
fat-free mass (FFM) ''. Until now reduced FFM index is the most common
indicator of reduced MM applied in studies involving COPD patients and the
frequency of low FFM ranged from 35.0 to 48.0% "?**°. We identified only three

studies '°31%2

that assessed it by low CC and reported its prevalence data, like
as in the current study: among 50 Swedish hospitalized COPD patients (mean
age 75.7 + 6.9 years) evaluated next to discharge (stable condition and free
state of acute exacerbation) low CC (<31 cm) was presented in 62% of sample
3. a Taiwanese investigation %2 with 83 COPD patients (predominantly male
and > 65 years old) from a pulmonary rehabilitation unit, in which the
prevalence of low CC (<30 cm for men and <27 cm for women) was 14.5%; and

a Brazilian study '

among 176 COPD hospitalized patients during an
exacerbation, in which the prevalence of low CC (according to Brazilian cutoff
points) was 70%. With some differences due to the cutoff point adopted for the
identification of reduced MM, the current study confirmed that this condition is

prevalent in COPD patients.

Muscle wasting is a common systemic manifestation of COPD and tends
to follow the progressive disease course >*3*. This catabolism is directed by
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3,4,33

multiple factors interaction , Which in turn impacts differently on each patient

343334 oxidative stress “3*** hypoxemia

3,4,33,34

4 and includes systemic inflammation

3,4,33 4,33

, recurrent exacerbations , corticosteroids use

4,33,34

and hypercapnia

343334 apigenetic modifications of muscle cells **, aging

between protein synthesis and degradation *333* low levels of anabolic

4,33,34 4,33

, an imbalance

hormones and growth factors
4,33,34 4,33

, vitamin D deficiency ™, physical inactivity

, cigarette smoke **3, and alcohol abuse *. The presence of reduced MM

in COPD patients is related to worse outcomes "°.

In line with previous studies, low MM was associated with COPD severity
in this sample of outpatients. Patients with reduced CC had five times more
odds of presenting advanced GOLD stages compared with their counterparts
with adequate CC. The Extrapulmonary Consequences of COPD in the Elderly
study *°, a multicenter population-based observational study involving 460
COPD patients (mean age 75.0 + 5.9 years) found that COPD severity was
significantly, although weakly, correlated with low calf circumference (<31 cm)
(Spearman correlation coefficient = -0.011). Similarly, an Indian study involving
102 COPD outpatients (majority < 60 years-old) showed a significant CC

decline with increasing severity of COPD 8.

We found that COPD patients with reduced CC had an increased
likelihood of acute exacerbation history in the last 12 months in 2.3 times than
their counterparts with adequate CC. Muscle wasting and COPD acute
exacerbations seem mutually contribute to each other. MM depletion is
commonly aggravated during acute exacerbation “***® due to the contribution

of several factors, including higher systemic inflammation *

38

, worsening of
COPD symptoms of impact on food intake *°, intensification of muscle disuse

t 37,39 4. In

and it prolongation after the acute even , and corticosteroids use
parallel, low MM is associated with frequent exacerbations *°. In a Spanish
prospective study “1 with 78 COPD patients hospital admitted for acute
exacerbation, the readmission in the next three months was associated with
less FFM. Similarly, in a post hoc analysis of a prospective observational cohort
2 with 102 stable male COPD patients, an accelerated decline in the cross-

sectional area of the erector spinae muscles assessed by CT was associated
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with twice frequency of moderate-to-severe exacerbations during three years of

follow-up.

In the current study, patients with reduced CC exhibited 2.7 more
chances of impaired total SGRQ score. To date, none study analyzed the
possible association between CC measurement and HRQL in COPD patients,
but it has already been related to other indicators of reduced MM. Shoup et al.
3 evaluated the relationship between nutritional status and HRQL in 50
symptomatic COPD patients (most of them had completed a PRP) and showed
that patients with a low lean mass index had significantly higher subscores and
total SGRQ scores than their counterparts with preserved lean mass [symptom,
69 + 14 versus 56 + 21; activity, 73 + 14 versus 59 + 21; impact, 37 £ 19 versus
25 + 15 and total SGRQ, 53 + 13 versus 40 + 15]. Another study ** investigated
the relationship between the different domains of SGRQ with peripheral muscle
histochemical in 29 Venezuelan COPD outpatients and verified a moderate
negative correlation between total SGRQ score with type | muscle fiber
proportion (r=-0.59; p<0.01). Muscle depletion appears to be more prominent in
lower extremity muscle groups in COPD patients, and may also contribute to
weakness in the lower limbs, which has a greater impact on the perception of
health status resulting from the disease *°. Previous studies among COPD
patients reported poorer HRQL in women than in men “®*". In the present study,
stratification by gender was not feasible to analyze, due to the small sample
size. This gender-specific assessment in HRQL remains like a perspective for

future studies with larger sample size.

Muscle wasting in COPD patients has been identified as an important
predictor of mortality ”. In our study, the presence of reduced CC increased 3.7
times the likelihood to die in two-years. The only study identified in the literature
analyzing the relationship between CC and mortality in COPD was a Thailand
cohort ', in which low CC (<30 cm) predicted the risk of death among 104
COPD outpatients most accurately (HR= 4.40 (95% ClI, 1.82-10.63), p=0.001)
than mid-arm circumference and body mass index in a follow-up of three-years.
Muscle wasting has also been associated with mortality in COPD in other

studies "®*%4% that used different parameters for the assessment of MM.
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The current study presents some limitations. Its retrospective single-
center design limits its results generalization. Another limitation is related to
missing data for some of the patients, which may have underpowered the
analysis in which these variables were included, due to its commitment to its
small sample size. Moreover, the date of death unregistered precluded us to
carry out the Cox regression analysis to determine the association between CC
classification and mortality. The findings of mortality at two years of follow-up
need to be confirmed since the CC measurement was evaluated only at the
baseline, also we did not have other information related to the patient's clinical
condition that could also be predictors of mortality in this period, which may
have affected the results of our study. The CC cutoff points applied in this study
were validated to older adults’ Brazilian population; however, our sample was
constituted of almost 70% of elderly patients. Another limitation that must be
pointed out is the frequency of exacerbations that can change as demonstrated
by Vogelmeier et al. (2019) *°. The study included an American and English
database and showed that 34.2% and 46.9% of patients with no exacerbation in
the previous year had one or more exacerbations in the subsequent year and
those with one exacerbation had 28.5% and 33.5% two or more exacerbation
episodes *°. As a strength, this is an original study that, with the simplicity of
measuring the CC was able to reproduce outcome findings in COPD patients
from previous investigations that evaluated MM using more sophisticated
methodologies, and therefore, more expensive and unusual for clinical
applicability. Our results can be applied in clinical practice since CC is an easy,
inexpensive, accessible, and quick measure and can be obtained by any duly
trained healthcare professional. It is important to reinforce the limitations of CC:
limb edema precludes the measure of CC and in patients with sarcopenic

obesity the established cutoff points cannot be accurate to identify reduced MM.

Considering the limitations pointed above related to its retrospective
design, the current findings are more ‘hypothesis-generating’ than absolute
conclusions. Prospective studies with large samples and preferably from
different centers are desirable to confirm our results, including serial

measurements of CC in PRP to assess if this multidisciplinary intervention is
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effective in modifying and improving MM volume in these patients assessed by
this simple indicator. Furthermore, future studies should also investigate the
association between reduced CC and physical performance, since we observed
a significant and clinically relevant difference in 6MWT (> 30 meters) between

patients with reduced and adequate CC.
Conclusion

Reduced CC in COPD patients under initial assessment for PRP
admission was associated with disease severity, acute exacerbation history in
the last 12 months, poor health status, and higher mortality in two-years of
follow-up. Considering its clinical applicability, the measure of CC should be

introduced in the nutritional assessment of COPD patients admitted for PRP.
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Table 1 — Characteristics of COPD patients (n = 144)
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Variables

Descriptive Statistics

Demographic characteristics
Age (years)

> 60 years-old ®

Male

Clinical characteristics
FEV, (1)

FEV, (% predict)

FVC (I)

FVC (% predict)
FEV4/FVC

GOLD stage

1/2/3/4

COPD frequent exacerbator
Hospital-admissions in the last year °
Antibiotic prescriptions in the last year (> 2 times)"”
Comorbidities
Hypertension
Cardiovascular disease
Diabetes
Osteoporosis
mMRC, Dyspnea scale (n = 76)
Scale 0/1/2/3/4

BODE Index (points) (n = 130)
Smoking (n = 138)
Current smoker
Former smoker
Never smoker
Smoking pack-years (n = 123)
6MWT (m) (n =133)
6MWT (% of predicted)
Health-related quality of life (n = 133)
Symptoms SGRQ score
Activity SGRQ score

64.6 8.5
102 (70.8)
94 (65.3)

1.0 (0.8 — 1.4)
40.3 + 15.8
2.3+0.8
66.9 + 20.1
47.4+11.9

2 (1.4)/ 35 (24.3)/ 65 (45.1)/ 42
(29.2)
56 (38.9)
38 (26.4)
32 (22.2)

37 (26.4)
12 (8.6)
6 (4.3)
5(3.2)

5 (6.6)/19 (25.0)/17 (22.4)/9
(11.8)/26 (34.2)
3.0 (2.8 - 5.0)

19 (13.8)
113 (81.9)
6 (4.3)
42 (22.5 -80.0)
375.9 + 95.0
68.4+17.2

495+ 19.7
73.3+324

(continued on next page)
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Table 1 Continued

Variables Descriptive Statistics
Impact SGRQ score 36.5 (22.8 — 48.0)
Total SGRQ score 49.8 £16.5
Body weight (kg) 679+ 15.3
BMI (kg/m?) 251%5.0
Calf circumference, cm 34437

Data are presented as meanz standard deviation or median (P25-P75) for quantitative variable
and as number (%) for categorical variable.

au

older adults”, according Brazilian legislation *.
b referring to the number of events in the total sample.

Abbreviations: FEV+, forced expiratory volume in one second; FVC, forced vital capacity; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; mMRC, modified Medical Research
Council dyspnea scale; BODE, Body Mass Index. Airflow Obstruction. Dyspnea and Exercise
Capacity; BMWT, 6-min walk test; SGRQ, Saint George Respiratory Questionnaire; BMI, Body
Mass Index.
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Table 2 — Comparison of general and clinical characteristics between COPD patients with "Adequate muscle mass" and

"Reduced muscle mass" (n=144)

"Adequate muscle mass" "Reduced muscle mass"
Variable (& >34cme Q>33 cm) (3 <34cme Q <33 cm) ¢]
(n=79) (n=65)

Age (years) 64.5+87 64.6 + 8.3 0.970"
> 60 years-old® 55 (69.6) 47 (72.3) 0.854'
FEV+ (1) 1.1 (0.8-1.6) 0.8 (0.7-1.0) < 0.001%
FEV1 (% predict) 40.9 (31.9-56.2) 34.0 (26.2-42.0) <0.001"
FVC (1) 25+0.8 21108 0.004'
FVC (% predict) 70.6 £21.0 62.4 +18.1 0.014'
FEV1/FVC 49.9 +11.8 44.3+11.4 0.005°
GOLD stage

1and 2 30 (38.0) 7 (10.8)

3and 4 49 (62.0) 58 (89.2) <0.001°
COPD frequent exacerbator 22 (27.8) 34 (52.3) 0.005°
mMRC, Dyspnea scale (points) 0.0 (0.0-2.0) 0.0 (0.0-1.0) 0.508”
BODE Index (points) 3.0 (2.0-4.0) 4.0(3.0-5.0) 0.001%
Smoking habit and history

Current smoker 7 (9.6) 12 (18.5) 0.308°

Former smoker 63 (86.3) 50 (76.9)

Never smoker 3(4.1) 3 (4.6)

Smoking pack-years 40.5 (21.6-80.0) 44.0 (22.5-79.5) 0.996°

(continued on next page)
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"Adequate muscle mass"

"Reduced muscle mass"

Variable (3 >34cme Q>33 cm) (3 <34cme Q<33 cm) P
(n=79) (n=65)
Exercise capacity
6MWT (m) 390.5+87.0 357.3+102.1 0.046'
6MWT (<80% of predicted) 58 (78.4) 46 (79.3) 0.897°
Health-related quality of life
Symptom SGRQ score 46.7 £ 16.6 53.0+£19.2 0.063"
Activity SGRQ score 72 (53.0-85.3) 75 (66.0-92.0) 0.042°
Impact SGRQ score 31.0 (18.5-41.3) 40.5 (28.3- 52.5) 0.004*
Total SGRQ score 45.8 + 16.6 54.7 £ 15.0 0.02
Anthropometry
Body weight (kg) 77.1+13.0 56.7 £ 9.3 <0.001"
BMI (kg/m?) 279+ 4.4 21.6+34 <0.001"
2-year mortality 4(5.1) 14 (21.5) 0.004*

' Student’s t-test. 2 Mann—Whitney U test. 3 Chi-square test. * Fisher's exact test.

Data are presented as means + SDs or medians (interquartile range, IQR), or absolute (relative) frequencies.

an

older adults", according Brazilian legislation z,

Abbreviations: FEV1: forced expiratory volume in one second; FVC: forced vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung

Disease; mMMRC: modified Medical Research Council dyspnea scale; BODE: Body Mass Index. Airflow Obstruction. Dyspnea and Exercise

Capacity; BMWT: 6-min walk test; SGRQ: Saint George Respiratory Questionnaire; BMI: Body Mass Index.



Table 3 - Association between reduced muscle mass and clinical
outcomes in COPD patients referred to an outpatient pulmonary
rehabilitation program

Reduced muscle mass P value

Odds Ratio (Cl 95%)"

Gold stages 3 e 4

Crude model 3.74 (1.46-9.53) 0.006
Adjusted model’ 5.09 (2.00-12.96) 0.001

COPD frequent exacerbators

Crude model 2.72 (1.34- 5.48) 0.005
Adjusted modef* 2.34 (1.11-4.91) 0.025

Total SGRAQ score (>49 points)

Crude model 3.05 (1.49- 6.26) 0.002

Adjusted modef* 2.70 (1.22-6.00) 0.015
Mortality

Crude model 3.55 (1.05-12.05) 0.042

Adjusted modef* 3.69 (1.06-12.87) 0.041

Logistic regression.
) Adjusted for age and smoking status
¥ Adjusted for age, smoking status, and (FEV,) forced expiratory volume in one second.

SGRAQ: Saint-George Respiratory Questionnaire.
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ABSTRACT

Background: Background: Body mass index (BMI) has received attention in
relation to chronic obstructive pulmonary disease (COPD) given its prognostic
value; despite its limitations in detecting nutritional impairments compatible with
malnutrition. This study aimed to confirm the association between BMI and in-
hospital outcomes in patients with acute exacerbation of COPD (AECOPD) and
its inaccuracy in diagnosing malnutrition. Methods: Secondary analysis of a
cohort study of hospitalized AECOPD patients. Malnutrition was diagnosed by
subjective global assessment (SGA), Academy of Nutrition and Dietetics -
American Society for Parenteral and Enteral Nutrition (AND-ASPEN), and two
cutoff values for reduced BMI (age-related and < 21.0). We assessed BMI
accuracy using the area under the receiver operating characteristic (AUC-ROC)
curve. We evaluated in-hospital mortality and hospital stay outcomes (longer or
shorter than the median) and constructed regression models. Results: 241
patients were analyzed, the median hospital stay was 11 (7—-18) days, and 7.5%
of patients died. Malnutrition prevalence according to BMI, SGA, and AND-
ASPEN was 21.4%, 50%, and 54%, respectively. Reduced BMI presented low
agreement with SGA and AND-ASPEN (kappa = 0.315 and 0.383) and
unsatisfactory accuracy (AUC-ROC curve = 0.333 and 0.679). Age-related
reduced BMI (OR=2.11; 95%CI, 1.10-4.04) and BMI < 21.0 (OR=2.25; 95%Cl,
1.13-4.48) were associated with hospital stays longer than the median, but not
in-hospital mortality. Conclusion: BMI was inaccurate in identifying malnutrition
in AECOPD patients and was positively associated with hospital stays longer
than 10 days.

Keywords: malnutrition, COPD, hospitalization, body mass index, length of

stay.
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Clinical Relevancy Statement

Malnutrition is a common COPD systemic manifestation, and it is
associated with impaired functional capacity and quality of life, and higher
exacerbation and mortality risk. In addition, acute exacerbation episodes
contribute to nutritional deterioration in COPD patients. In clinical practice,
malnutrition identification is imperative and requires comprehensive assessment
methods; however, the BMI value is still over-emphasized for malnutrition
diagnosis. In this study involving hospitalized patients with AECOPD, we
demonstrated that reduced BMI underdiagnosed malnutrition in comparison to
Subjective Global Assessment and the American Society of Parenteral and
Enteral Nutrition - Academy of Nutrition and Dietetics' approach for this
diagnosis. Reduced BMI was associated with hospital stays longer than the
median in adjusted models, but not with in-hospital mortality.

Introduction

Chronic obstructive pulmonary disease (COPD) affects about 13.1% of

1

the World population * and is an important contributor to the rising burden of

non-communicable diseases and increased disability-adjusted life-years. 2
Worldwide, COPD represents the third leading cause of mortality and caused

more than three million deaths in 2019. . 3

In addition to pulmonary involvement, COPD presents an extra-
pulmonary component determined by systemic effects that contribute to its
severity, such as malnutrition. * Malnutrition is common in COPD, and its
prevalence varies from 14% ° to 83%, © according to the assessment applied,
the severity of disease, clinical setting, and patient's socioeconomic
background. Malnutrition is associated with impaired functional capacity, quality
of life, and survival of these patients. In COPD patients, malnutrition results
from multiple factors interaction, such as the chronic inflammatory process,
reduced food intake, respiratory symptoms, physical inactivity, aging,
medications, which invariably lead to protein catabolism and loss of muscle

mass. ’
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Furthermore, COPD patients can still be affected by periods of
exacerbation - an acute event characterized by worsening of respiratory
symptoms, requiring changes in the therapeutic regimen. * Malnutrition and
acute exacerbation in COPD act mutually. While malnutrition increases
exacerbation risk, the increase of local and systemic inflammation underlying
the exacerbation episode often incorporate elements (anorexia, fever, reduced
physical activity, a negative energy balance, high work of breathing, and use of

systemic steroids) that contribute to nutritional status deterioration. ’

Despite the recognized unfavorable impact of malnutrition in hospitalized
patient outcomes and the well-established comprehensive nutritional

811 malnutrition is still

assessment methods to recognize it in clinical practice,
diagnosed by methods less accurate, such as body mass index (BMI). A recent
survey involving members of the Academy of Nutrition and Dietetics (n = 2,718)
revealed that registered dietitians still use BMI to identify malnutrition, and less
than half routinely applied nutrition-focused physical examination techniques
during the nutritional assessment.’ It is also observed in studies conducted
with COPD patients that used BMI for diagnosing undernutrition. '*'* However,
BMI is unable to detect the nutritional impairments that meet malnutrition
diagnosis criteria requirements and precede an underweight phenotype. 19
Malnutrition diagnosis involves the presence of inflammation due to chronic or
acute disease, impaired nutritional intake and/or assimilation exacerbated by
inflammation, and its deleterious repercussions in body composition and
functional capacity. '® Subjective global assessment (SGA) is recognized as a
reference method for diagnosing malnutrition. 8 Recently other tools were also
proposed: AND-ASPEN (Academy of Nutrition and Dietetics-American Society
for Parenteral and Enteral Nutrition) ® and GLIM (Global Leadership Initiative on
Malnutrition). '' In a previous study among hospitalized patients with AECOPD,
' our research group showed that AND-ASPEN tool ° presented an excellent
accuracy and substantial concordance with SGA ® for the diagnosis of
malnutrition, as well as satisfactory predictive validity, in contrast to GLIM, B
which showed acceptable accuracy and good agreement, and no association

with clinical outcomes.
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Although BMI could not be accurate to diagnose malnutrition, historically,
reduced BMI has received considerable attention in COPD, given its prognostic
value. ® A meta-analysis involving 22 cohorts (21,150 COPD participants)
found a higher risk of death (RR = 1.34) for underweight individuals (BMI <18.5
kg/m?) compared with those having normal BMI (18.5-24.9 kg/m?). @
Furthermore, the literature presents different cutoff values for low BMI
associated with increased risk of mortality in COPD. '*?° Thus, this study aimed
to evaluate the accuracy of two distinct cutoff values for reduced BMI on
diagnosing malnutrition (compared to SGA and AND-ASPEN) and their

association with hospital stay and in-hospital death in patients with AECOPD.

Methods
Participants and study design

We conducted a secondary analysis of a prospective observational study
among COPD patients admitted to a Brazilian public hospital due to
exacerbation of the disease, from March 2019 and March 2020, as detailed in a
previous paper. 1 Briefly, inclusion criteria were: patient able to participate in a
short interview and to stand in an upright position (all data obtained from the
nurse staff before inviting patients to be included in the study). The exclusion
criteria were limb amputation presence and COPD hospital admission reasons
unrelated to respiratory conditions. The ethical Committee of Hospital approved
the protocol (approval number 3.126.689), and the study conduction followed
the local standards for ethics in research involving humans
(http://www.conselho.saude.gov.br/resolucoes/2012/Reso0466.pdf).

Data collection

Trained nutrition staff (a researcher dietitian and three undergraduate
nutrition students) collected data in the first 72 hours of the participants’ hospital
admission. Sociodemographic (age, gender, self-reported ethnicity, and
educational level) and clinical variables (smoking status and comorbidities
history) were gathered from electronic records or obtained by a standardized

interview with patients at bedside. Patients who claimed abstinence from
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smoking for at least six months or never smoked were considered non-smokers
in the analysis. The Charlson Comorbidity Index (CCl) adjusted for age was
calculated based on comorbid conditions to classify the patient's severity, 2’
using an electronic application recommended by Hall et al. 2

The patients who had their spirometry test data from last year available
in the electronic records had the diagnosis of COPD confirmed by the Final
Expiratory Volume in the First Second/Final Vital Capacity (FEV4/FVC) ratio
<70% post-bronchodilator use. Lung function parameters such as FEV;
(absolute and % of predicted), FVC, FEV4+FVC were also obtained from
spirometry and applied to classify patients into four spirometry stages according
to the Global Initiative of Chronic Obstructive Lung Disease (GOLD) guidelines:
GOLD 1 (mild) if FEVy >80% of the predicted value, GOLD 2 (moderate) if
>50% FEV41 <80%, GOLD 3 (severe) if >30% FEV: <50%, and GOLD 4 (very
severe) if FEVy <30%. * Patients answered the modified Medical Research
Council (MMRC) dyspnea scale to classify dyspnea level. 2

The following parameters common to SGA® and AND-ASPEN ° were
collected: involuntary weight loss [actual and usual (in the previous six months)
body weight information to establish the weight loss magnitude and its pattern],
muscle mass and subcutaneous fat loss (nutrition-focused physical
examination), and changes in food intake (amount and consistency). In addition,
the nutrition staff collected specific data on SGA?® (gastrointestinal symptoms
persisting longer than two weeks, reduction of functional capacity and its
duration, and metabolic demand of disease) and for AND-ASPEN ° consensus,
the diminished functional status through handgrip strength (Saehan® - Masan,
Korea). We diagnosed patients as malnourished using SGA 8 tool, considering
the patient’s clinical history and physical examination in moderately
malnourished (SGA B) or severely malnourished (SGA C) and using AND-
ASPEN consensus °, in the presence of at least two of the six recommended

clinical characteristics.

Body weight (kg) and height (m) were measured using a calibrated digital

scale (Plena® - Sao Paulo, Brazil) and a portable stadiometer brand (SECA® -
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Hamburg, Germany), wearing light clothing, barefoot, and in the upright position
during the measurements. BMI (kg/m?) was calculated and for analysis
purposes, we applied the BMI cutoff values for underweight in two categories,
as follow: age-related reduced BMI (< 18.5 kg/m? for adults ** and < 22.0 kg/m?
for elderly ?°) and BMI < 21.0 kg/m?. ?°

At patients' discharge, we checked the electronic records to collect the
outcomes of interest: length of hospital stay (LOS) and in-hospital mortality. For
data analysis, we categorized the LOS as higher if the value found in days was

equal to or greater than the median of our sample.

Statistical analysis

Descriptive statistics were calculated to present data and test the
normality of quantitative variables using the Kolmogorov-Smirnov test. We also
calculated the sensitivity, specificity, predictive positive and negative values
(PPV and NPV), as well as the area under the ROC curve with a 95%
confidence interval (95% CI) and kappa coefficient. Performance metrics were
classified as follows: kappa values < 0.20 as poor; 0.21-0.40 as fair; 0.41-0.60
as moderate; 0.61-0.80 as substantial; 0.81-0.99 as almost perfect; and 1.00
as perfect agreement. 2 We assumed that the sensitivity, specificity, and
positive and negative predictive values from 90 to 100%, as high, from 80 to
<89% as moderate, and <79% as low. %

We compared patients grouped by BMI by Student t, Mann-Whitney,
Fisher Exact, and Chi-Square tests regarding to parametric quantitative
variables, non-parametric quantitative variable, and categorical variables,
respectively. Fisher Exact test was applied when less than five cases in one
group presented the feature analyzed. To evaluate the association of reduced
BMI with clinical outcomes, we performed Logistic Regression using higher LOS
as dependent variable and Cox Regression for in-hospital death. Crude and
adjusted models (MMRC scale and age included as confounders) were
constructed. We included as confounders in multivariate adjusted analysis all

variables with P value < 0.20 in the comparison of groups in bivariate analysis.
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Although patients with BMI < 21.0 kg/m? presented different COPD stage and
FEV: values in comparison to patients with BMI > 21.0 kg/mz, we did not
include it as a confounder because these data were available for a subsample
of 140 patients.

Data were analyzed on the SPSS 22.0 version and P values < 0.05 were

considered statistically significant.

Results

A total of 241 hospitalized patients with AECOPD were included in the
current study. The majority of them was males (53.5%), elderly (78.8%), self-
reported white ethnicity (81.7%), actual non-smoker (94.6%), and classified as
GOLD 3 or 4 (59.3% of 140 patients with FEV4 available). Other features are
summarized in Table 1.

Both reduced BMI groups (age-related and < 21.0 kg/m2) had a higher
prevalence of malnutrition by SGA and AND-ASPEN compared to those not
categorized as reduced BMI. While patients with BMI < 21.0 kg/m?, in
comparison to patients with BMI > 21.0 kg/mz, were younger, presented lower
CCI adjusted for age and FEV+/FVC ratio, and spent more days in hospital, as
demonstrated in Table 1.

A prevalence of malnutrition was equal to 22.0%, 20.7%, 49.8%, and
53.9% by BMI age-related, BMI < 21.0 kg/m? SGA, and AND-ASPEN,
respectively.

The sensitivity and the specificity of age-related reduced BMI for
malnutrition diagnosis, considering SGA?® as a reference method was equal to
39.2% and 95.0%, respectively. The overall accuracy was 67.1%. The
agreement between age-related reduced BMI and SGA® for malnutrition
diagnosis was low, with a kappa coefficient of 0.342 (p<0.001), and its
performance was unsatisfactory because the AUC-ROC curve was 0.671, as
shown in Table 2. We observed similar results (with lower AUC-ROC curve
value) when considering BMI < 21.0 kg/m? cutoff to group underweight
patients.

The sensitivity and the specificity of age-related reduced BMI for

malnutrition diagnosis, considering AND-ASPEN ® as a reference method, were
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38.5% and 97.2%, respectively. The overall accuracy was 65.0%. PPV and
PNV were 94.3% and 57.0%, respectively. The agreement between age-
related reduced BMI and SGA? for malnutrition diagnosis was low, with a kappa
coefficient equal to 0.338 (p<0.001); its performance was not satisfactory when
compared with AND-ASPEN ° as the reference method, since the AUC-ROC
curve was equal to 0.679 (CI95% 0.611 - 0.746; P< 0.001), as demonstrated
in Table 2. For the underweight group of patients (< 21.0 kg/m?), we observed
similar results, with the lower AUC-ROC curve.

Table 3 presents the distribution of patients with reduced BMI for the
outcomes of interest: mortality and LOS. Regardless of the cutoff value adopted
for the classification of reduced BMI, it was not associated with in-hospital
mortality. In contrast, reduced BMI increased by two times the odds of hospital

stay > 10 days after adjustment for confounders (Table 4).

Discussion

This study evaluated the accuracy of two distinct cutoff values for
reduced BMI in diagnosing malnutrition and their association with LOS and in-
hospital mortality among patients with AECOPD. The reduced BMI presented
low reliability in identifying malnutrition, regardless of the cutoff value, compared
with the SGA ® and the AND-ASPEN consensus criteria. ? In contrast, reduced
BMI was associated with hospital stay longer than median after adjustments,

but not in-hospital mortality.

In our study, about half of patients presented malnutrition according to
SGA ® and AND-ASPEN consensus, ° while it was less than one-quarter
considering BMI criteria. In previous investigations among hospitalized COPD
patients, the prevalence of malnutrition varied widely, ranging from 14% ° to
83%. © This variability may have resulted from different criteria applied for the
malnutrition diagnosis, COPD clinical phenotype and severity stage, reason for
hospital admission (causes related or not to respiratory conditions), history of
exacerbation episodes, participants’ age, and the local socio-economic
conditions. BMI remains a common criterion used for diagnosing malnutrition

11

clinical settings. In a meta-analysis investigating the prevalence of
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malnutrition on hospital admission in pulmonology department inpatients,
among the 11 studies that assessed nutritional status, the mean prevalence of
malnutrition was 37% (95% Cl, 34.8%—39.1%, 1°=99.7%). % Of these studies,
five were diagnosed with malnutrition using a comprehensive nutritional
assessment method (SGA?®), while three studies adopted BMI in isolation. The
comparison between these methods revealed that BMI indicated a proportion of
malnutrition five times lower than SGA. In a more recent meta-analysis
conducted by our research group, including 45 observational studies with
inpatients and outpatients COPD patients, we demonstrated a mean prevalence
of malnutrition equal to 20% (95%CI 0.15 — 0.25; I? = 100%) , and it is lower in
the subgroup of studies that applied BMI for malnutrition diagnosis in
comparison to these studies that applied any integrative tool, such as SGA
(pooled prevalence = 0.37, 95% CI 0.25 - 0.50; I> = 96% versus pooled
prevalence = 0.15, 95%CI 0.11 - 0.21; I? = 100%); p < 0.01). *® So, malnutrition
is underdiagnosed by the BMI owing to its inherent limitations, which do not
capture relevant changes in nutritional status, such as muscle mass depletion

and involuntary weight loss, especially in overweight and obese individuals. 15

In this study, BMI was inaccurate in recognizing malnourished patients
considering SGA® and AND-ASPEN ? as the reference methods, demonstrated
by the low AUC- ROC and kappa values. This corroborates the findings of
previous studies with different populations of hospitalized inpatients, assessing
the agreement between the use of isolated BMI and SGA?® for the diagnosis of
malnutrition. Tran et al. assessed 693 adult patients from six general public
hospitals, and although they found acceptable AUC-ROC curve values (0.70-
0.73) for all BMI categories below 21.0 kg/m? the values were low for
sensitivity (39.6-64.6%). >' In parallel, Ng et al ?* also considered distinct BMI
cutoff values to identify malnutrition in 1,152 older hospital inpatients and found
a fair agreement (kappa= 0.225-0.401; p < 0.0005) for all BMI cutoff value
categories less than 21.0 kg/m?. 3! Similarly, among 300 hospitalized surgical
patients BMI (< 18.5 kg/m?) compared to SGA® showed poor agreement
(kappa= 0.068, p < 0.05), low sensitivity [0.43, NS (95% CI 0.33-0.47)] and
specificity [0.39, NS (95% CI 0.35-0.42)]. *3
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Despite the inadequacy of BMI in detecting malnutrition, our findings
revealed a two-fold increase in the chance of hospital stay > 10 days in patients
with reduced BMI, regardless of age adjustment. Similarly, two Indian studies
among COPD patients hospitalized observed a significant negative correlation
between low BMI and LOS, **** suggesting the deleterious impact of nutritional
depletion in the occurrence of complications and poorer response to treatment
during hospitalization. In contrast, we failed to confirm the acknowledged BMI
association with mortality in COPD. BMI is one of the four components of the
BODE (body-mass index, airflow obstruction, dyspnea, and exercise capacity)
index, ' which has a score calculated in clinical practice, because it is a strong
predictor of the risk of death among COPD patients. This association was also
verified in a meta-analysis with COPD, identifying that low BMI (< 18.5 kg/m?)
increased the risk of mortality [relative risk (RR)= 1.34, Cl 95%: 1.01,1.78;0.04].
'8 |n addition, Schols et al. also found that, in COPD patients, low BMI increased
mortality risk when patients presented normal (semistarvation) (RR= 1.23, 95%
Cl 1.68, 2.24) or reduced fat-free mass index (cachexia) (RR= 1.91, 95% CI
1.37, 2.67); the magnitude of association was higher in patients with cachexia,

which better reflects the severity of systemic disease than does BMI. 36

This study had some limitations: a) its single-center design and the
eligibility criteria (such as the inclusion of patients able to respond to the
interview and exclusion of those presenting localized or generalized fluid
accumulation) reduce the generalizability of the results; b) spirometry data were
missing for 42% of our sample and it precluded the inclusion of FEV, as a
confounder in the multivariate analysis; c) we did not explore information on
smoking history, since we did not collect enough data to estimate the intensity
of tobacco exposure (pack-years) and its duration; d) the short follow-up
probably prevented us from detecting an association between reduced BMI and
mortality, which added to the low incidence of mortality; this could have
compromised the power of the study to detect this association. Nonetheless,
our study has important strengths. The accuracy of BMI was compared to SGA
® _ which is a recognized tool for malnutrition in the hospital setting, and AND-

ASPEN ° - which concurrent and predictive validity in COPD patients was
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previously demonstrated by our research group. The study findings contribute to
providing important information for clinical practitioners because it emphasizes
the BMI weakness tin identifying malnutrition in hospitalized patients with
AECOPD.

These findings suggest that in the nutrition care process of hospitalized
COPD patients, it is relevant to diagnose malnutrition through the use of
comprehensive tools which consider aspects related to disease severity, food
consumption, weight history, and depletion and functionality of muscle mass.
However, in a multimodal assessment, BMI can be calculated with a focus on
its association with clinical outcomes, rather than a nutritional diagnostic

parameter.

Conclusion

Regardless of the cutoff value applied, BMI was inaccurate to identify
malnutrition in hospitalized patients with AECOPD compared with the SGA 8
and AND-ASPEN °. Patients with low BMI were twice as likely to have a LOS
longer than 10 days, however, in our sample, low BMI was not associated with

mortality.
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Table 1. Comparison of features of hospitalized patients with AECOPD with normal and reduced body mass index by age and according the

cutoff value 21.0 kg/m?
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All sample Normal BMI Age-related P value BMI > 21 .Okg/m2 BMI < 21 .Okg/m2 P value
reduced BMI
(n=241) (n=188) (n=191) (n=50)
(n=53)
Age (years), mean + SD 68.30+£10.21 68.01+9.87 69.34+11.38 0.404 ' 69.26+10.14 64.6619.8 0.004 '
Elderly, n (%) 190 (78/8%) 149 (79.3%) 41 (77.4%) 0.9147 156 (81.7%) 34 (68.0%) 0.056 *
Males, n (%) 129 (53.5%) 104 (55.3%) 25 (47.2%) 0.371°2 104 (55.3%) 25 (47.2%) 0.371°2
Self-reported white ethinicity 197 (81.7%) 158 (84.0%) 39(73.6%) 0.1247 162 (84.8%) 35 (70.0%) 0.027 7
Smoking status
Never/ Former smoker, n (%) 228 (94.6%) 178 (94.7%) 50 (94.3%) 1.000° 178 (93.2%) 50 (100%) 0.076°
CCI (points), mean + SD 4.93+2.06 4.93+2.11 4.92+1.88 0.984 ' 5.10+2.11 4.26+1.72 0.009 "
mMRC (points), mean + SD 3.96+1.33 4.03+1.18 3.70+1.74 0.106 " 4.01+1.20 3.78+1.74 0.287"
COPD stage* 0.356° 0.017°
1-2, n (%) 57 (40.7%) 49 (43.0%) 8 (30.8%) 52 (46.0%) 5(18.5%)
3-4, n (%) 83 (59.3%) 65 (57.0%) 18 (69.2%) 61 (54.0%) 22(81.5%)

(continued)
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FEV, (%)*, mean £ SD

45.98+18.21 46.28+19.09 44.74+14.29 0.690 " 46.96+18.61 42.02+16.18 0.201"
FVC (%)*, mean + SD 60.39+17.45 59.97+16.86 61.99+19.79 0.582" 60.55+17.51 59.75+17.49 0.827"
FEV4/ FVC (%)*, mean £ SD 72.28+22.73 73.53+22.96 67.43+21.53 0.199 " 74.24+22.52 64.66+22.31 0.042"
Malnutrition by SGA, n (%) 120 (49.8%) 73 (39.0%) 47 (88.7%) <0.001? 72 (37.9%) 48 (96.0%) <0.001?
Malnutrition by AND-ASPEN, n (%) 130 (53.9%) 80 (43.0%) 50 (94.3%) <0.001? 83 (43.9%) 47 (94.0%) <0.001?
Length of hospital stay (days), 11.0(7.0-18.0) 10.0(7.0-17.8) 13.0(8.0-21.0) 0.066 * 10.0 (7.0 17.0) 13.5 (8.8 - 25.0) 0.023*
median (P25-P75)
In-hospital death, n (%) 18 (7.5%) 15 (8.0%) 3 (5.7%) 0.770° 16 (8.4%) 2 (4.0%) 0.379°

* Data available for 140 patients.

Abbreviations: SD, standard deviation; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index; CCl,
Charlson comorbidity index; mMMRC, modified Medical Research Council; COPD, chronic obstructive lung disease; FEV4 (%) , final expiratory
volume in the first second percent of predicted; FVC (%) , final vital capacity percent of predicted; SGA, subjective global assessment; AND-

ASPEN, Academy of Nutrition and Dietetics-American Society for Parenteral and Enteral Nutrition; P25, 25th percentile; P75, 75th percentile.

! Student t test. ? Chi-square test. ® Fisher Exact test. * Mann-Whitney Test.
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Table 2. Metrics of reduced BMI reliability in diagnosing malnutrition.

Test Method Age-related reduced BMI BMI < 21.0 kg/m?
Reference Method SGA AND-ASPEN ° SGA AND-ASPEN °
Sensitivity 39.2% 38.5% 40.0% 36.2%
Specificity 95.0% 97.2% 98.3% 97.2%
PPV 88.7% 94.3% 96.0% 94.0%
NPV 61.0% 57.0% 62.1% 56.1%
Accuracy 67.1% 65.0% 69.2% 63.8%
AUC-ROC 0.671 0.679 0.500 0.333
(0.602 - 0.740) (0.611 - 0.746) (0.378 - (0.265 - 0.401)
0.622)
Kappa 0.342 0.338 0.383 0.315

Abbreviations: BMI, body mass index; SGA, subjective global assessment; AND-ASPEN, Academy of Nutrition and Dietetics-
American Society for Parenteral and Enteral Nutrition; PPV, positive predictive value; NPV, negative predictive value; AUC-ROC,

area under the ROC curve
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Table 3. Association between reduced BMI and clinical outcomes in COPD

patients
In-hospital death Length of hospital stay
Survivors Non- <10 days > 10 days
survivors
(n=223) (n=117) (n=124)
(n=18)
Age-related  reduced 50 (22.4%) 3 (16.7%) 19 (16.2%) 34 (27.4%)
BMI, n (%)

BMI < 21.0kg/m?, n (%)

P value = 0.770"
48 (21.5%) 2 (11.1%)

P value = 0.379'

P value =0.053%
17 (14.5%) 33 (26.6%)

P value = 0.031?

' Chi-square test. “ Fisher Exact test.

Abbreviations: BMI, body mass index.
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Table 4. Association between reduced body mass index, higher length of
hospital stay, and In-hospital death in patients with AECOPD: multivariate

analysis

In-hospital death ' Hospital stay higher
HR (95% CI) than 10 days 2
OR (95% CI)

Age-related reduced BMI
Crude 0.43 (0.12 - 1.53) 1.93 (1.03 - 3.62)
Adjusted 0.51(0.14-1.91)° 2.11(1.10-4.04)°
BMI < 21.0kg/m?
Crude 0.21 (0.05 - 0.93) 2.11 (1.10 - 4.05)

Adjusted 3 0.21 (0.04 - 1.09) ® 2.25(1.13-4.48)°

' Cox Regression. * Logistic regression.

 Adjusted for modified Medical Research Council dyspnea scale score and
self-reported ethinicity

> Adjusted for modified Medical Research Council dyspnea scale score, age-
adjusted Charlson comorbidity index, smoker and self-reported ethnicity.
Abbreviation: AECOPD, acute exacerbation of chronic obstructive pulmonary disease;

BMI, body mass index.
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Running title: oral nutritional supplements on COPD patients
Keywords: COPD; Oral Nutrition Therapy; Nutritional Status; Oral Nutrition

Supplements; Food Fortification.

ABSTRACT

Compromised nutritional status is associated with a poor prognosis in COPD
patients. However, the impact of nutritional support in this group of patients is
controversial. The present study systematically reviewed the effect of energy
and or protein supplements or food fortification on anthropometry and muscle
strength of COPD patients. We searched MEDLINE (PubMed), EMBASE,
Cochrane Library, and Scopus for all published randomized clinical trials
(RCTs) without language restriction up to May 2021. Three reviewers performed
study selection and data extraction independently. We judged the risk of bias by
RoB 2 and the certainty of evidence by the GRADE approach. We included
thirty-two randomized controlled trials and compiled 31 of them (1,414
participants) in the random-effects model meta-analyses. Interventions were
energy and/or protein oral nutritional supplements or food fortification added to
the diet for at least one week. Pooled analysis revealed that nutritional
interventions increased body weight (MD=1.44 kg, 95%Cl 0.81 to 2.08,
1°=73%), lean body mass (SMD=0.37; 95%CI 0.15 to 0.59, 1°=46%), midarm
muscle circumference (MD= 0.29 mm2, 95% Cl 0.02 to 0.57, 1°=0%), triceps
skinfold (MD= 1.09 mm, 95% Cl 0.01 to 2.16, 1>=0%), and handgrip strength
(SMD= 0.39, 95% CI 0.07 to 0.71, 1>=62%) compared to control diets. Certainty
of evidence ranged from very low to low, and most studies were judged with
some concerns or at high risk of bias. This meta-analysis revealed, with limited
evidence, that increased protein and/or energy intake positively impacts

anthropometric measures and handgrip strength of COPD patients..
PROSPERO CRD: 42020207577

Keywords: COPD; Nutrition; Oral Nutriton Therapy; Nutritional Status; Oral
Nutrition Supplements; Food Fortification.



100

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common,
preventable, and treatable clinical condition, characterized by persistent
respiratory symptoms and progressive airflow limitation due to airway and/or
alveolar abnormalities usually resulting from significant exposure to harmful
particles or gases (. At a global level, COPD prevalence is about 12.2% @,

®) the disease was the third

and according to World Health Organization
leading mortality cause in 2020, responsible for approximately 6% of all deaths.
Recent epidemiological findings indicate an increase in COPD prevalence,

associated to the world population aging .

In addition to pulmonary involvement, the disease has an extra-
pulmonary component evidenced by its systemic effects, which affect the
nutritional status of patients (V. The nutritional abnormalities manifested mainly
as reduced muscle mass, strength and/or function and involuntary weight loss -
regardless of body mass index (BMI) values ), low body weight (BW) and
nutrient deficiencies ) tend to coexist and predict worse outcomes, including
poor pulmonary function ©, impaired exercise capacity ", and health-related
quality of life ®, higher hospital readmissions ©, length of hospital stay %',

health-costs 1""'?, and mortality rates ('"314).

Compromised nutritional status prevalence among COPD patients has
been reported to be as high as 45% ", depending on assessment method,
diagnostic criteria, and cutoffs applied, as well the studied population. The
pathogenesis of nutritional abnormalities in COPD is complex and involves
multiple factors interaction, including increased systemic inflammation and
oxidative stress, hypoxia, acute exacerbations, corticosteroids use '®'" COPD
symptoms, and patient-related factors as age, genetics, lifestyle, and

psychological aspects 7).

The impact of nutritional status on the general condition of COPD
patients manifests itself mainly through weight loss and muscle wasting.
Unintentional weight loss occurs in almost 50% of the patients with severe
COPD and about 15% of patients with mild-to-moderate COPD '®. The decline



101

(19,20) (16)

in pulmonary function , acceleration in disease progression , and
impaired resistance to infections can be expected in malnourished COPD
patients "), In addition, COPD patients present peripheral muscle dysfunction
and atrophy, expressed as muscle strength and endurance reduction V.
Dynamometric parameters are negatively associated with the disease stage ?

and with peak inspiratory flow rate generation %,

In clinical practice, oral nutritional supplements (ONS) or fortified food
(FF) prescription is the therapeutic first choice for patients with or at risk of
malnutrition "?#2°. However, the first meta-analysis %°) investigating the ONS
(caloric supplementation for at least 2 weeks) influence in stable COPD patients
outcomes, involving nine trials (n= 277 subjects), failed to show consistent
benefits on anthropometric measurements, lung function, and exercise capacity
in patients with COPD. There is a growing literature on the effect of energy and
protein-based supplementation or FF on nutritional and clinical outcomes in the
COPD population. The latest published meta-analyses of randomized controlled
trials (RCTs) evaluating the effect of nutritional support in COPD patients
concluded that ONS @2 mainly in depleted patients, resulted in statistically
significant increases in BW, midarm muscle circumference (MAMC), skinfold
thickness, and in respiratory muscle strength. However, these reviews have
emphasized the need for more high-quality RCTs to confirm the role of

nutritional support in COPD.

Two of the meta-analyses cited above had several analytical limitations
(27.28)  The authors did not report whether a dose-response gradient was
performed and did not make the subgroups analysis considering features,
including patients' clinical status, and energy and/or protein quantities

2728) |n addition, since 2012, more than 40 references about this

prescribed ¢
topic were published. Furthermore, a more recent systematic review ©% of 22
studies (observational and intervention design) investigated the current
evidence supporting the use of any nutritional supplementation (vitamins,
PUFAs, protein, carbohydrates, etc.) to improve outcomes during PR in stable
COPD patients, concluded that the results are controversial and pointed to the

need for further studies in this area. However, the authors performed only a
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narrative synthesis of the evidence. The current systematic review aimed to
overcome the limitations of previously published systematic reviews addressing
the effects of energy and/or protein ONS or FF on anthropometry, body
composition, and muscle strength of COPD patients and to provide an up-to-

date evidence synthesis.

METHODS
Study design

This systematic review of RCTs was conducted according to the
recommendations of Cochrane Handbook for Systematic Reviews of
Interventions Version 6.11 " and reported following the Preferred Reporting
ltems for Systematic Reviews and Meta-Analysis (PRISMA) guidelines ©?. We
registered its protocol in the International Prospective Register of Systematic
Reviews (PROSPERO) under number CRD42020207577.

Research Question

The objective of this study was to evaluate the available evidence from
RCTs for the following clinical question: “What is the effect of dietary
interventions with energy and/ or protein ONS and/or FF on nutritional status
parameters in COPD patients?”.

We defined the intervention as any nutritional therapy based on energy
and/or protein (e.g., creatine or whey protein or amino acid metabolites) and/or
amino acids (e.g., isolated or in combination form) ONS or FF added to the diet
for one or more week. And we defined the control group as a usual diet or

placebo or dietary advice, as reported by authors in the primary studies.
Eligibility criteria

We developed inclusion and exclusion criteria using the Patient,
Intervention, Comparators, Outcome, and Study Design (PICOS) method
(Table 1). We included all RCTs (parallel or crossover design)that assessed the

effects of different ONS or FF reporting at least one of the outcomes of interest:
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a) BW; b) lean body mass (LBM); c) fat mass (FM); d) peripheral muscle
strength. The studies should be performed in adults over 40 years of age with a
COPD diagnosis.

We excluded studies that used the following interventions: 1. Enteral or
parenteral nutrition; 2. ONS with different macronutrient distribution between the
groups; 3. Comparison between two active ONS, but with distinct energy
proposes; 4. Comparison between two protein sources ONS; 5. ONS of
antioxidants or nitrate. Moreover, we excluded studies with COPD patients
under mechanical ventilation, observational studies, literature reviews, opinion
papers, non-randomized trials, and abstracts with irretrievable full-text after two

attempts to contact the authors.

Search methods for identification of studies

We identified studies through a comprehensive search strategy
developed and conducted by S.B. and F.M.S. in the following electronic
databases on September 2", 2020: MEDLINE (PubMed), EMBASE, Cochrane
Library, and Scopus. There were no restrictions to language or date of
publication. We identified appropriate controlled vocabulary (e.g. MeSH terms
and Emtree terms) and free-text terms (considering, for example, spelling
variants, synonyms, acronyms) in all databases: COPD (population); nutrition
therapy, dietary supplements, food supplements, and FF (interventions). Table
S1 (Supporting Information) presents the full search strategy performed in
PubMed. We updated the search on May 18", 2021.

Selection of studies

We screened records by title and abstract in a reference manager
software (EndNote X9.3.1, Clarivate Analytics) based on the eligibility criteria by
two independent investigators (S.B. and F.M.S.) after the automatic exclusion of
duplicates. Bibliographic references of all studies included in this systematic
review were hand-searched to identify additional RCTs not identified through
electronic searching. Also, we used the "cited by" link function in PubMed for
each article included in this review to identify potential eligible RCTs. To explore
the grey literature, we searched the US National Library of Medicine
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(ClinicalTrials.gov). After exclusion of irrelevant records, we assessed full-text
articles for eligibility through a standardized electronic form in Google Forms®
by each investigator in an independent manner (S.B. and V.K./S.B. and C.F.B.).
A third researcher (F.M.S.) resolved any disagreement between reviewers

through discussion before inclusion.

Data collection

Data were also independently extracted by three reviewers grouped in
pairs (S.B., V.K., and C.F.B.) through a standardized electronic form in Google
Forms®, and subsequently cross-checked in conjunction with F.M.S. before
computing entries in structured tables in Microsoft Office Excel®. We extracted
the following data from each study: first author; year of publication; study
design; country of study; intervention time; measured endpoints; inclusion and
exclusion criteria; sample size; male percentage of sample; sample mean age;
sample mean baseline values of BMI or ideal BW percentage; and sample
mean baseline forced expiratory volume in the first second in liters and/or
predicted%. We also collected information about the setting of nutritional
intervention, considering a Pulmonary Rehabilitation setting when the study
referred to it as such or if the trial applied an exercise resistance training
systematic, regardless of its period and frequency. Detailed descriptions of each
intervention were also extracted, as well as baseline and at the end of the
intervention measurements of the outcomes values - as mean and standard
deviation (SD) in each intervention. When studies report only median values,
standard error, confidence interval (Cl), interquartile intervals, and minimum and
maximum, we transformed these values, obtained by the calculations presented

in the Cochrane Handbook 3'.

Assessment of risk of bias in included studies

The risk of bias within individual trials was assessed by two independent

investigators (S.B. and F.M.S.) using the revised Cochrane risk-of-bias tool for

(33)

randomized trials (RoB 2) , and final judgments were established by

consensus. Each study was evaluated with regards to the five following
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domains: 1) bias arising from the randomization process; 2) bias due to
deviations from intended interventions; 3) bias due to missing outcome data; 4)
bias in the measurement of the outcome; 5) bias in the selection of the reported
result. The overall risk of bias judgment was: a) low risk of bias, if the trial
judgment was at low risk of bias for all domains; b) some concerns, if the trial
judgment raised some concerns in at least one domain for this result, but not
was at high risk of bias for any domain; and c) high risk of bias, if the trial
judgment was at high risk of bias in at least one domain or some concerns for

multiple domains in a way that substantially lowered confidence in the results.

GRADE assessment of the certainty of the evidence

We assessed the overall certainty of the evidence for each outcome
across studies following the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) approach ©%). Certainty of evidence
was considered ‘high’ by default and thereafter downgraded to ‘moderate’, ‘low’
or ‘very low’ depending on the seriousness of the limitations in five criteria:
within-study risk of bias, the directness of evidence, inconsistency, the precision
of effect estimates and risk of publication bias.

Data synthesis and analysis

We collected the mean change of the data values between post- and
pre-treatment of the study (delta) and the SD of this value (delta SD) in each
arm of the study for the outcome of interest. If the primary studies did not report
mean change in each group, we obtained it by subtracting the post-intervention
mean from the baseline. While in delta SD absence, we estimated it assuming a
correlation of 0.5 between the baseline and final measures within each group,
according to the formula of Follmann et al ®, as proposed in the Cochrane
guidelines ®". Equal variance was assumed among ftrials and between

intervention and controls.
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We performed our meta-analyses using DerSimonian and Laird random-
effects model regardless of statistical heterogeneity, assuming that there is not
one single true effect size across studies due to clinical and methodological
diversity between studies. Statistical tests of the significance of 1° to choose
between fixed and random effects models are not recommended by the
Cochrane Handbook " because these tests have undesirable statistical
properties and fundamentally should not determine the most appropriate meta-
analytic model. Instead, we used our desired inference to guide which model to
use. The choice of random effects allows for unconditional inferences that are
not restricted to the observed studies ©. In addition, the meta-analytic model
was adjusted using the Hartung-Knapp-Sidik-Jonkman method ©”) to produce

more robust estimates with more conservative results.

We calculated continuous outcomes and presented them as weighted
mean differences (WMD) of changes from baseline with means and SD for BW,
MAMC, and triceps skinfold when studies measured outcomes in the same way,
and as standardized mean difference (SMD) and 95% Cls for LBM and FM, and
handgrip and quadriceps strength presented as Hedges’ g " to combine trials
that measure the same outcome but used different units of measurement (eg,
for fat-free mass in kg, percent, and kg/m?). As a rough guide, effect sizes in
SMDs are interpreted as suggested by Cohen ©®®. Small effects “that cannot be
discerned by the naked eye” are around 0.2; medium effects are around 0.5;
and large effects “that can be seen by the naked eye” are around 0.8. For
outcomes reported in SMD, we also performed stratified analyses based on the
original measurement scale presented as WMDs to enhance the interpretability
of our results. All results are presented with point estimates along with 95%

confidence intervals (95% ClI).

Assessment of heterogeneity, exploratory analyses, and publication bias

We assessed the magnitude of statistical heterogeneity using the 2
accordingly the following interpretation ©": values from 0% to 40% might not be
important; 30% to 60% may represent moderate heterogeneity; 50% to 90%

may represent substantial heterogeneity and 75% to 100% considerable
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heterogeneity. Aiming to identify potential sources of heterogeneity and effect
mediators, we planned to perform several exploratory subgroup analyses based
on: a) within-study risk of bias, b) whether the intervention consisted of an
energy supplement, protein supplement, or energy-protein supplement, c)
clinical status (stable versus unstable patients), d) baseline overall sample BMI
(with 22 kg/m? as the cutoff point). Furthermore, we performed univariate meta-
regression analyses to further investigate the statistical heterogeneity and to
identify potential associations between our primary outcomes and the following
study-level covariates as continuous variables: a) baseline overall sample BMI;
b) intervention duration (in weeks); c) total amount of prescribed supplement
energy content in the intervention arm; and d) total amount of prescribed
supplement protein content in the control group. In the presence of crossover
RCTs design, we temporarily excluded these studies to determine whether its
removal altered the results of the meta-analysis. Where there were at least ten
studies (BW, LBM, HGS, and QS), we used funnel plots to visually assess the
risk for publication bias and small-study effects, along with Egger’s regression

test. The trim-and-fill method was used to adjust for publication bias.

Changes in the review protocol

During the review process, we opted to perform two modifications in the
study protocol, due to the high amount of data extracted. First, we restricted the
intervention to oral nutritional supplements or food fortification adding energy
and/or protein. Second, we opted by presenting the results in two independent
publications: the first one is the current and will answer the research question
"effect of nutrition therapy in anthropometric parameters, body composition, and
peripheral muscle strength in COPD patients", while the second one will answer
the research question "effect of nutrition therapy in clinical and functional
outcomes in COPD patients". It was included in the PROSPERO.
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RESULTS
Selection and general characteristics of included studies

We initially identified a total of 3,807 articles through database searches,
of which 490 were duplicates. We assessed the full text of 48 studies for
eligibility and included 32 (3940:49-58.41.59-68:42.69.704348) of them in the current
systematic review (Figure 1). The number of studies included in the meta-
analysis varied according to the outcomes. Table S2 (Support Information)
presents the list of excluded studies after inspection of the full report and a

justification for this exclusion (/*7%81-86.73-80)

Table 2 presents general features of eligible studies for this systematic
review. Trials were conducted in a variety of countries including Canada ©'7?,
Denmark ©7%2 India ©®®) Iran ©®4) Italy 4849525660) " japan (043 Netherlands
(41436369 gpain ©®) Sweden “**) Switzerland ©®, Turkey ©>®" England
(40.42:44,4647.54)  and USA 98567 The studies were published between 1987 3
and 2020 ©*% most of which (n=21; 1,252 participants) (41:42:54-61:63.64.43-30) g5y
the year 2003. Almost all manuscripts were available in the English language,

©® and another in Spanish ©®. Only one study

except for one in German
applied a crossover design (25 participants), with eight weeks of the
intervention period (no washout period reported) ©. The remaining 31 studies
were parallel-group design, with a mean intervention duration of about 12

weeks [ranging from nine days “® to 12 months 3%,

The thirty-two studies included in this review randomized a total of 1,680
participants. Of these, we included 1,414 in the statistical analysis because
most studies reported only an analysis per protocol, excluding participants who
dropped out of the study or did not complete the protocol sufficiently. The mean
sample size was equal to 52.5 participants [ranging from nine ©® to 233 ©9)),
with a mean age of 67.0 years [ranging from 54.2 ©® to 77.7 ®9] of which
approximately 70% were male [although in six studies ©%°¢%%%9) gender
information was unavailable]. The mean of forced expiratory volume in one
second was equal to 42.1% of predicted values [ranging from 31.4 “% to 56%

39,49,52,57,65,67-69

(®9)]- data not reported in eight studies )~ and mean of BMI was
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equal 22.3 kg/m” [ranging from 17.2 "' to 30.9 kg/m* ©”)] [data not reported in
11 studies (39,40,53,62,65,66,68—70)].

Twenty-nine studies included COPD patients in stable clinical condition

(1,554) (39405254-58,60-6341.648844-47.49-51) ong the majority of them were

outpatient-based (1,256 participants). In 12 studies the patients participated in a

pulmonary rehabilitation program (798 participants) (#2:44:99.69.:45:46.48.50.53-55.57). i,

three studies the nutritional intervention started in inpatient base and continued

(48.65.67) of which one

in an outpatient modality after discharge (65 participants),
study (28 participants) took place in pulmonary rehabilitation in the outpatient
part, “® and in one study (233 participants) the intervention was entirely in an
inpatient pulmonary rehabilitation ©®. On the other hand, three studies included
only COPD patients admitted to the hospital for an acute exacerbation (126
participants) 436670,

Treatment groups of the included studies received the following
interventions, stratified according to ONS composition (Table S3 - Support

Information):

(1) Supplement of energy and high-protein (=20% of total energy from

protein): it was the intervention in 14 RCTs (659 participants)

(40.43,68,51,53,54,57.59.61.63687) ' the mean energy density was 1.3 kcal/ml (ranging

from 0.54 to 1.5), and it provided a mean of 528.6 kcal [ranging from 312.5)
(5963) to 960 % kcal], and 27.2 grams of protein [ranging from 10.4 ¥ — 54 0 ¢
protein];

(2) Protein-based and amino acids supplements: it was the

intervention in 10 studies (560 participants) #4#6:48:49.52.36.5860.64) " ¢ \which five

) (44-46,56,60

used creatine (306 participants ) three prescribed essential amino

acids mixture (148 participants) 48492

(64)

, one used whey protein (46 participants)
, one prescribed a “protein powder”, but did not specify its sources (60
participants) ©®;

(3) Energy supplement (<20% of total energy from protein): it was the

39,47,50,55,65,66,69,

intervention in eight studies (461 participants) ¢ 9 the mean of

ONS energy density was 1.6 kcal/ml [ranging from 1.0 ®® to 2.1 ©®9] and it
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provided mean daily energy of 565 kcal [ranging from 400 ©° to 720 %59 and

18.9 grams of protein [ranging from 9.0 “"to 28.8 %)
Most comparisons involved ONS vs. placebo (42.43,62,63,69,44-46,49,54,56,50,60)

but we found a variety of other comparisons including, usual diet (39:40:51:5867)

t (65.66.70)

hospital die , nutritional advice “'®¥ leaflet providing advice (content

was never discussed) “”), monthly general education program ©%, normal
energy diet ©® normal meals alone with dietary instruction ©*, and the
remaining three trials not informed the comparators “®°":¢") (Table S3 — Support

Information).

Eighteen studies assessed the compliance with the study protocol

(42,43,58,59,62-64,68,69,45-48,53-55,57) of which half of them reported results (42,43,46—

48,59.61.6465 (Table S3 — Support Information) with inconsistent definitions and

measurement units, which made it impossible to estimate the general rates of
patient compliance among the studies that report it. Nineteen papers did not
inform regarding funding.

Risk of bias in primary studies

Figure S1 (in the Supporting Information) summarizes the bias risk
assessment results for the studies included in this systematic review
accordingly RoB 2 tool. Our judgment of the overall risk of bias did not result in

any study ranked as “low”, while we judge 14 studies as “some concerns”

(39,41,59,60,64,69,42,43,48-50,52,56,58) and 18 studies as uhighu risk of bias (40,44,61-63,65—

68,70,45-47,51,53-55,57)

In the first domain of RoB 2 (bias arising from the randomization process)

all studies were judged as “some concerns”, except one study judged as “high”

risk of bias ©®; while in the second domain (deviations from intended

interventions), twelve studies were judged as “low” (#243:60.44-4749.54.356.59) " fittaan

» (39,41,67-70,48,50,53,55,57,61,63,

as “some concerns ) and the five remaining studies

as “high” 4051626566 Regarding to missing outcome data (third domain), nine

39,41,43,48,50,58,62,64,69), fifteen as “some concerns’

» (44-47,61,63,68,70

studies were judged as “low” {

(40,42,65-67,49,51-57

, and eight as “high ) In addition, all studies were

considered as having low risk for the domain measurement of the outcome,
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while twenty-eight studies were assessed as “low” (39:40:49.30.52,55-61,41,62-67.69,70.42-

*8) and four studies as “some concerns” 1°3*458)n, fifth domain (selection of the
reported results). Table S4 (in the Supporting Information) presents the
reasons for these judgments.

Effect of intervention on body weight

Twenty-seven RCTs (1,164 participants) (39,40,49-53,55,58,59,62,63,41,64—70,42—48)
measured BW as an outcome, of which 26 (39,40,49-53,55,58,59,62,63,41,64—67,69,70,42—-48)
of them reported data that could be pooled. We found a statistically significant
benefit of nutritional intervention on BW using the random-effects model [MD =
1.44 kg, 95% Cl 0.81 to 2.08, P < 0.01, I> = 73%, (1,144 participants)] (Figure
2). We excluded Ganzoni et al.'s study ©® from the meta-analysis because it did
not report sufficient information to impute the measures of dispersion of the
treatment effect. In this study, the intervention group (n = 15) received advice to
follow a high-energy diet (energy supply corresponding to 1.8 times the basal
metabolic rate, i. e.,~ 2,840 kcal/day) supplemented with the ONS (Fresubin®,
OP 200 ml), once or twice a day, while the control group (n = 15) followed a
normal energy diet. Although the intervention group obtained more weight gain
(7.0 kg), the difference relative to the control group (weight gain of 2.3 kg) was

not statistically significant (p=0.08).

In sensitivity analysis, the exclusion of the only crossover RCT did not
materially change the results [MD = 1.18 kg, 95% CIl 0.66 to 1.70, P < 0.01, % =
55.1%, (1,094 participants)]. Table 3 describes the results of the subgroup
analysis for the BW outcome. The magnitude of BW gain was significantly
higher in BMI <22 kg/m2 subgroup compared to BM| 222 kg/m2 subgroup, and it
was also significantly higher in studies conducted with stable COPD patients
compared to unstable COPD patients. On the other hand, we did not observe
significant differences for BW between the three intervention subgroups, neither
between the studies grouped by the risk of bias of primary studies. In univariate

meta-regression analyses (Table S5 - Support Information) for between-group
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differences in BW, the amount of energy and protein prescribed, as well as the
length of intervention, were able to partially explain the observed statistical
heterogeneity (R* = 16.66 to 45.95%), but were not statistically significantly
associated with between-group changes in BW. Univariate meta-regression
analysis using baseline BMI as the predictor variable did not explain the
heterogeneity and was not significantly associated with between-group

differences in BW.

Visual inspection of the funnel plot (Figure S2 - Supporting Information)
suggests no substantial asymmetry, with non-significant Egger’s test [intercept:
0.34, (Cl 95% -0.83 to 1.52); p = 0.57].

We judged the certainty of evidence regarding this outcome as low, due
to within-study risk of bias that was classified as some concerns in 12 studies
(39,41,69,42,43,48-50,52,59,64) and hlgh in 14 studies (40,44,65-67,70,45-47,51,53,55,62,63) the
persistent inconsistency that could not be explained in subgroup analyses or

meta-regression, and the low precision of effect estimates (Table 4).

Effect of nutritional interventions in lean body mass

Sixteen RCTs (933 participants) (42,43,56,59,60,63,64,69,44,46,48-50,52,53,55)

measured LBM as an outcome; however, only 13 (n = 657) (#3:4460.6364:46.48-

50.52,53.55.56) studies included data that could be pooled of a statistically significant
increase in LBM with the nutritional intervention (SMD = 0.37; 95% ClI, 0.15 to
0.59, p < 0.01, 12 = 46%) (Figure 3). LBM was measured using bioelectrical

(43,46,49,52,55,56.60.64) \yhijle three trials used dual-

impedance (BIA) in eight trials
energy x-ray absorptiometry (DEXA) #4483 and two trials ©°*® did not report
body composition assessment methods. Of the three studies that could not be
included in the meta-analysis because they used different units to report LBM,

s %) found no significant improvement in the proportion of LBM [

two studie
presented as fat-free mass/kg ©® and skeletal muscle mass ©®] for the ONS
group, while one study “? observed clinically relevant LBM gains only in the

placebo group.
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In subgroup analysis, we investigated whether the method of LBM
measurement was associated with the observed results, which were not
statistically significantly different between subgroups (p for interaction = 0.48).
We also performed subgroup analysis for LBM according to BMI, intervention,
and risk of bias. No clinically relevant differences in intervention effects between
these three subgroups were found, with non-significant tests for subgroup
differences (Table 3).

Visual inspection of the funnel plot and Egger's test [intercept: -3.63, (ClI
95% 1.39 to 5.86); p = 0.0087] were compatible with publication bias (Figure
S3). There was very-low quality evidence (risk of bias in primary studies,
heterogeneity, and publication bias) for LBM outcome (Table 4). The results of
the trim-and-fill results suggest that four trials might have been missing such
that their addition would change the overall effect on LBM to [number of studies
combined: k = 17 (with added 4 studies); SMD= 0.17 (95% CI, -0.0782 to
0.4267, p= 0.1762)].

Regarding midarm muscle circumference, the pooled differences in
change from baseline values of seven studies (325 participants) 340:47.51.62.66.69)
resulting in a small, but statistically significant increment circumference (MD
0.29 mm? 95% Cl 0.02 to 0.57, p = 0.03, 1>= 0%) in the intervention group as
compared to the control group (Figure 4). There was low-quality evidence (due
to risk of bias and unfeasibility to estimate the risk of publication bias) (Table 4)

for this outcome.
Effect of intervention in fat mass

Nine RCTs (n = 523) (42-44:46.50.53.59.60.63) rannrted data on FM. Pooled
results showed no statistically significant differences for this outcome (SMD =
0.16; 95% CI, -0.07 to 0.40, p = 0.18, 1> = 43%) (Figure 5). The certainty of
evidence for FM was very low (due to risk of bias, imprecision, heterogeneity,

and the unfeasibility to investigate risk of publication bias) (Table 4).

We included six trials (158 participants) °4%°1.6567) in the analysis of
nutritional intervention effects on triceps skinfold. The pooled MD was 1.09 mm
(95% CI, 0.01 to 2.16, p = 0.05, 1> = 0%) (Figure 6), though from low-quality
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evidence concerning for FM (due to risk of bias, imprecision, heterogeneity, and

the unfeasibility to investigate risk of publication bias) (Table 4).

Effect of intervention in handgrip and quadriceps strength

(39,40,67,70,42-45,47,49,61,64) assessed

Twelve trials (448 participants)
peripheral muscle strength by HGS, resulting in a pooled SMD of 0.39 (95% Cl,

0.07 to 0.71, p = 0.02, I’= 62%) (Figure 7).

Our subgroup analysis showed that the nutritional intervention for COPD
patients at stable clinical conditions resulted in a higher effect on handgrip
strength than in their unstable counterparts (Table 3). The univariate meta-
regression analysis performed, considering the length of intervention and BMI
as predictors, (Table S6 - Support Information) was unable to satisfactorily
explain the substantial heterogeneity for handgrip strength. No evidence of
publication bias was found based on the funnel plot visual inspection (Figure
S4 - Supporting Information) and the Egger’s test was not statistically significant
[intercept: -1.81 (Cl 95%, -5.72 to - 2.10); p = 0.39]. There was very low-quality

evidence (due to risk of bias, inconsistency, and imprecision (Table 4) from

Ten trials (n = 510) “#2746:5054.57.5963) rapnorted the effect of intervention on

QS (SMD, 0.15, 95% Cl -0.04 to 0.35, p = 0.12, 1°= 15%) (Figure 8). Seven

42,43,46,54,57,59,

studies measured QS by isometric strength %) two studies by

isokinetic strength “**°) while one study did not report the methodology applied
®9 In subgroup analysis investigating whether units of measurement was
associated with the observed results, we found that only for the studies
reporting QS in Newton-meters unit 43-46:545963) ¢
there was a significant effect in QS (MD = 2.53; 95% Cl 0.44 to 4.63, P = 0.02,

1> = 0%), with a significant test for subgroup differences (p = 0.04). Subgroup

7 reports, 383 participants)

analyses revealed no statistically significant associations between explanatory
variables (clinical status, type of intervention, BMI, and overall risk of bias of
primary studies) on QS outcomes, and univariate meta-regression analysis with

BMI as the predictor variable only partially (R* = 25.93%) explained the
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observed statistical heterogeneity with no significant association with the

outcome (p = 0.23) (Table S6 - Support Information).

No evidence of publication bias was found based on the funnel plot
inspection and a non-significant Egger’s test [intercept: 0.83, (Cl 95% -2.00 to -
3.65); p = 0.58] (Figure S5 - Supporting Information). There was low-quality

evidence (risk of bias and imprecision) (Table 4).

DISCUSSION

In this systematic review with meta-analysis of RCTs, we evaluated the
effect of energy and/or protein ONS or food fortification (FF) on nutritional
outcomes of COPD patients. The review identified 32 studies (1,680
participants) and showed that these nutritional interventions compared with
control (placebo or usual care or dietary instruction) resulted in a significantly
positive impact in several nutritional parameters. It is necessary to highlight that
we identified a high risk of bias in most of the primary studies, and the certainty

of the evidence was very low/low for all outcomes.

Our findings are consistent with most of the results from three meta-
analyses #"?9 published between 2012 and 2013, limited to stable COPD
patients, in which nutritional support, mainly in the form of ONS (for more than
two weeks) compared with placebo or usual diet also revealed significant
improvements in BW 29 midarm muscle circumference #"?®) and skinfold
thickness #"?% (especially in malnourished patients), and handgrip strength 2.
As well as a lack of benefit from nutritional interventions for free-fat mass ®
and quadriceps strength ?®%) Notwithstanding, we observed methodological
differences between the present meta-analysis and the previous ones #"29)
including intervention selection criteria (administration route, nutritional
composition, and duration) and absence of information about protocol study

registration.

The current review also provides a comprehensive analysis of the body
of evidence by applying proper methodological safeguards to several
limitations, compared to the previous ones "% which used a tool (Jadad
scale) to assess the risk of bias explicitly discouraged by the Cochrane
Handbook for Systematic Reviews of Interventions ©". Furthermore, such
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reviews did not judge the certainty of the evidence, according to the GRADE
system ®¥, and limited the selected studies to English only "% In this review,
we also included an additional ten studies published since these meta-analyses

publication ?"=29),

The present meta-analyses detected substantial statistical heterogeneity
for BW and handgrip-strength and a moderate statistical heterogeneity for fat-
free mass. The meta-regression and the subgroup analysis were unable to
explain the statistical heterogeneity, with non-significant interaction tests.
However, the subgroup analyses for BW revealed a significant increase in the
magnitude of effect from nutritional intervention in patients with lower BMI and
clinically stable. Likewise, although the test for subgroup differences indicates
that there was no statistically significant subgroup effect between the three
categories of nutritional interventions, we observed greater effect size for BW
with protein-based supplementation, which, according to the individual
evaluation of these studies, suggests that the benefits come from the
supplementation of creatine and essential amino acids. Caution is necessary in
the interpretation of results on fat-free mass, since a publication bias was
identified and the adjustment for funnel asymmetry by trim-and-fill method
pointed to the lack of four studies and an important change in the pooled effect
of the intervention. It is expected that in the presence of publication bias the
summary measure shows a higher effect than the real effect, as evidenced in
our results. Maybe, studies with negative results were not published and we did

not identify them in our broad literature search.

The better outcomes of nutritional interventions for BW in lower BMI
patients may be can be explained by the potential for improving baseline food
intake and for weight gain, compared to those with normal or higher BMI. The
demonstration of benefit in clinically stable patients compared to a subgroup of
exacerbated patients for BW could be explained by the fact that in the last there
is a marked increase in local and systemic inflammation, along with the
presence of limiting factors to food intake, that negatively impact the nutritional
status ("), The purported mechanism for the effect of creatine supplementation

may be associated with its orexigenic activity (as observed in animal studies) (®7
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and increased water retention, a consequent stimulus to increase in myofibrillar
mRNA and protein content ®® promoting gains in free-fat mass. With anabolic
effects in the same direction, the essential amino acids supplementation
promotes protein synthesis and the resulting hypertrophy by activating

translation and retarding proteolysis and expression of various atrogenes 9.

Regarding nutritional interventions, the trial protocols generated some
uncertainty about the overall contribution of additional energy or proteins from
nutritional supplementation to the usual food intake during interventions. About
88% of studies did not tailor the nutritional intervention based on individual
estimative of the energy-protein requirements of the patients. Of the 56% of the
studies that reported total energy and protein intake during the experiment, in
forty percent of them, food intake was lower in the intervention group compared
to the control group at the end of the follow-up. Almost 60% of the studies
reported the methodology applied to assess adherence to the protocol, but only
21% of these revealed the referred level of patient adherence (with
heterogeneous reporting this information). These limitations on the guarantee of
the intended intervention make it impossible to recognize the true magnitude of
the effect of energy and protein supplementation on the outcomes of interest.
However, this brings us a pragmatic character and the need to identify
strategies to facilitate patient adherence to nutritional interventions in clinical
practice, resulting in an overall net benefit for outcomes relevant to the patient.

We conducted the present systematic review with meta-analysis under
the latest Cochrane recommendations ®", following PRISMA guidelines ©? after
a prospectively registered protocol. We assessed the certainty of the evidence
for each outcome of interest using the GRADE system . We identified and
included all studies relevant to our research question, regardless of language.
We used random-effects for all outcomes, regardless of the heterogeneity
expressed by 2, assuming that there is not one single true effect size across
studies due to their clinical and methodological divergences. Our main limitation
was the inability to access one Chinese publication ®®, which probably could
fulfill our eligibility criteria. Yet, we need to underline the limitations for the

interpretation of our results. All the RCTs included in this review had some
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concerns or high risk of bias, due to problems mainly related to the
randomization process (no information on the concealment of allocation
sequence), due to deviations from interventions (unreported data or lack of
blinding of participants and/or caregivers and/or people delivering the
interventions and/or people assessing the outcomes), and due to missing
outcome data (no information about follow-up loss or losses of follow-up higher
than 13%). Most included studies were small sample-sized with highly variable
intervention duration (1.29 to 48 weeks). The statistical heterogeneity remains
high after subgroup analyses, suggesting the influence of other features
between the studies, unexplored due to the impossibility to create subgroups
(ex., COPD severity, since it was unreported in the majority of the studies).
Furthermore, the information unavailability about patients’ GOLD stage in most

of the studies precluded the subgroup analysis for the disease severity.

The certainty of the evidence ranged from very low to low. The most
common reasons for downgrading it were the identification of high or some
concerns risk of bias in the included studies, imprecision of effect estimates,
and the inconsistency from individual studies, unexplained by sensitivity
analysis. For these reasons, the available evidence herein summarized is
insufficient to provide clear recommendations for clinical practice due to the
limited certainty of evidence and should therefore be interpreted with caution.
The potential benefit of nutritional supplementation/fortification directs to
protein-based nutritional supplementation particularly for COPD patients with
reduced BMI and clinically stable, which should be addressed in pragmatic

trials.

In future RCTs, investigations must be designed with adequate power to
detect significant but realistic differences in outcomes relevant to individuals
living with COPD; in addition to exploring the best protein substrate for
supplements and its effective dose, if any, considering the patient's nutritional
needs, establishing strategies to optimize adherence; and effectively assess
total food intake. Authors should also consider the intention-to-treat analysis
and then perform subgroup and sensitivity analyzes based on COPD metabolic

phenotypes, pulmonary rehabilitation, and adherence to the nutritional
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intervention, in addition to assessing the degree of maintenance of the identified
benefits after treatment ends. When comparing the intervention to "routine
care", the latter should be clearly described to allow for transparent
comparisons with other trials and appropriate inferences for real-life practice.

CONCLUSION
Based on limited evidence, this meta-analysis suggests that high-energy
and/or high-protein intake improves anthropometric parameters and handgrip

strength in COPD patients. Conversely, the nutritional interventions showed no

benefit in fat-free mass.
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Table 1 PICO strategy for inclusion and exclusion criteria

Criteria
Parameter
Inclusion Exclusion
Participants COPD patients . Asthma-COPD overlap syndrome
. Mechanical Ventilation
Any nutritional therapy based on
energy and/or. protein .(e.g., f:reatine . Parenteral Nutrition
or whey.proteln or am|rTo ac@ . Enteral feeding
Intervention (s) metabphtes) and{or ammp a‘?'ds . Anabolic steroids or drugs
(e.g., isolated or in combination ) . Different macronutrient distribution and similar energy
form) ONS or FF added to the diet
supply
. Comparison of two levels of energy intake with the same
supplement
Placebo or habitual/ usual dietorno  * Comparison of same caloric supply and proportion of

Comparison (s)

Outcome (s)

Study design

Time of intervention

intervention or usual medical
standard or nutrition advice/
counseling

. Body weight

. Lean body mass

. Fat mass

. Peripheral muscle strength

Randomized controlled trial

One week or more

macronutrients, differing only in a specific dietary compound
source
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Table 2 General characteristics of included RCTs (n=32) investigating the effect of oral nutrition therapy on nutritional
parameters of COPD patients

Sample Participants characteristics
Intervention
Authorlyear ReT Setting time oW Age ® Male BMI FEV:” FEV4/FVC
Count Desian up Randomized  Analyzed !
ry g (weeks) (n) (n) 0 2y [% of predict
(vears) (%) (kg/m®)  Grin liters (I)]

Lewis/1987 ™7

Parallel  Outpatient 8 NR 21 NR 62.1 (15.2) 71.4 NR 0.8(0.3)1 31.3 (6.3)
United States
Efthimiou/1988 ™7 31.4(9.7) %

Parallel  Outpatient 12 NR 14 NR 62 (7.9) 57.1 NR 37.7(9.2)
United Kingdom 0.7 (0.2) |
Knowles/1988 " Crossover

Outpatient 8 NR 25 25 69.0 (9.2) 84.0 NR  37.0(11.0)% NR
(wash-out

Canada NR)
Otte/1989 ™

Parallel Outpatient 13 Zero 28 28 54.8 (7.9) 21.4 NR 39.9(17.7) % NR
Denmark

; (65) Inpatient at
Fuenzalida/1990 CRC (part 6
United States Parallel  Oufoationt Zero 9 9 624 (56) 1000  NR 1.2(0.9)1 NR
(part 2)

Cosyi81 ®9 gpain  Parallel Hospital 2.25 NR 37 NR NR NR NR  33.0(16.4) % NR
Rogers/1992 ™" Inpatient at 3

Parallel Uand 1 28 27 64.0 (7.3) NR NR 1.0 (0.4) | 35.8 (7.6)
United States Outpatient

(continued on next page)
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] Sample Participants characteristics
Author/year RCT . Inte'ﬁﬁgt'on Loss to 3 FEV:" a
) Setting follow- Randomized Analyzed Age Male BMI FEV4/FVC
Country (ref) Design (weeks) up (n) (n) o 2 [%,of predict
(years) (%) (kg/m’) orin liters ()]
Ganzoni/1994 ™7 8
Parallel Outpatient 48 30 20 66 NR NR NR NR
Switzerland 2 (NR)
Schols/1995 ™7 . 8
Parallel '”E%E“t 30 233 217 65.0 (8.6) NR NR NR NR
Netherlands
Unterborger/1997 2
nlerberger Parallel Hospital 9 33 24 69.3 (8.3) 62.5 NR 33.8(13.3) % NR
Canada
Goris/2003 ™" 12
Parallel Outpatient NR 20 19 62.0 (11.0) 55.0 19.8 40.0 (16.0) % NR
Netherlands
Steiner/20037 . 34.6 (13.9) %
Parallel  Oulpatient 7 25 85 60 67.0 (8.5) 62.4 23.9 NR
United Kingdom 0.9 (0.3)
Vermeeren/2004™7
Parallel Hospital 9 56 47 66.5 (8.7) 66.1 211 34.6 (11.5) % 47.5 (14.2)
Netherlands 1.29
Fuld/2005 ™ . 454 (149) %
Parallel  Oulpatient 12 13 38 25 62.8 (8.9) 60.5 23.8 38.5 (10.2)
United Kingdom 1.1(0.4)1
Faager/2006™” - 8 43 (17) %
Parallel  Oulpatient NR 23 23 66.0 (6.0) 435 23.7 NR
Sweden 1.2 (0.6) |

(continued on next page)
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Table 2 Continued

Sample Participants characteristics
Intervention
Author/year RCT time Loss to . =
. 0 FEV, s
Countr Desian Setting follllgw Randomized Analyzed Age Male BMI FEV4/FVC
y 9 (weeks) (n) (n) (years) (%) (kg/m?) [% of predict
y ° g orin liters (I)]
Deacon/2008 “©) . 44.1 (20.4) %
Parallel  Oulpatient 1.71 20 100 80 68.0 (7.8) 62.5 26.7 NR
United Kingdom 1.1(0.6) |
Weekes/2009 47 31.8 (13.6) %
Parallel Outpatient 24 29 66 40 68.1 (9.8) 50.9 19.7 0.4 (0.1)
United Kingdom
Baldi/2010 (48) Inpatient/
0,
ety Parallel OU}?sge”t 12 2 28 26 71.6 (6.0) 71.4 205  425(14.0)%  43.8(14.1)
Dal Negro/2010 “9
Parallel Outpatient 12 NR 32 NR 75.0 (7.0) 78.1 20.2 0.9(0.2)1 38.5(9.4)
Italy
Sugawara/2010 © . 55.6 (25.7) %
Parallel  Outpatient 12 NR 32 32 77.7 (6.7) NR 18.3 43.8 (14.9)
Japan 1.3(0.6) 1
Dal Negro/2012 ©2
Parallel Outpatient 12 NR 88 NR 74.0 (6.7) 69.3 20.0 0.8(0.3) 1 38.6 (9.74)

Italy

(continued on next page)
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Table 2 Continued

] Sample Participants characteristics
Author/year RCT . Inte'ﬁﬁgt'on Loss to 3 FEV:" a
Countr Desian Setting foIlI‘cF),w- Randomized Analyzed Age Male BMI FEV4/FVC
y 9 (weeks) (n) (n) (years) (%) (kg/m?) [% of predict
y ° g orin liters (I)]
Sugawara/2012 ™7 . 445(16.9) %
Parallel  Oulpatient 12 5 36 31 77.2 (5.3) 94.4 NR 39.0 (10.6)
Japan 1.1(0.4)1
Constantin/2013 © . 46.8 (16.9) %
Parallel  Oulpatient 8 9 59 50 68.0 (7.2) 55.9 25.9 40.2 (10.1)
United Kingdom 1.1 (0.0) |
Gurgun/2013 ™77 .
Parallel  Oulpatient 8 NR 30 NR 65.4 (18.0) 93.3 18.9 41.9(28.3)  51.2(24.2)
Turkey
Marinari/2013 ™7
Parallel  Outpatient 8 NR 55 NR 73.5(8.2) NR 301 423(12.3)% NR
Italy
Ahnfeldt- 57) ]
Mollerup/2015 Parallel  Oulpatient 9 18 53 35 68.4 (8.7) 43.4 23.8 NR NR
Denmark
Khan/2016 ™
Parallel  Outpatient 12 5 60 60 54.2 (10.3) 90 180  51.6(11.8)% 67 (8.1)
India

(continued on next page)
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Participants characteristics

Intervention
Author/year RCT time Loss to . =
: - FEV, a
Countr Desian Setting follllgw Randomized Analyzed Age Male BMI FEV4/FVC
y 9 (weeks) (n) (n) (years) (%) (kg/m?) [% of predict
orin liters ()]

van de Bool/2017 .

Parallel O”E’at'e”t 16 8 81 81 62.5 (8.2) 50.6 227  55.1(19.8)%  43.1(12.2)
Netherlands RP
De Benedetto™

Parallel Outpatient 8 NR 90 90 73 (7.0) 75.5 30.9 56 (19.9) % NR
Italy
Degirmenci/2018 ™ Hospital

Parallel and 12 23 63 40 74.7 (10.3) 97.5 17.2 41.4 (20.9) % 81 (28.5)
Turkey Outpatient
van Beers/2020 ™

Parallel Outpatient 48 20 81 81 62.5 (8.2) 51 227 55.1(19.6) % 43.1 (12.2)
Netherlands
Ahmadi/2020 ™7

Parallel Outpatient 8 2 46 44 62.8 (7.1) 100.0 211 43.8 (15.4) % NR

Iran

Abbreviations: NR, Not reported; FEV+, Forced Expiratory Volume in 1 second; FVC, Forced Vital Capacity; CRC, Clinical Research Centre; CRU, Clinical Research Unit; PRP,
Pulmonary rehabilitation program.

@ Mean and SD

There is one other group in this study not included in our analysis that was not considered for us since the intervention in this study arm was anabolic steroid-based.
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Table 3 Subgroup analysis for randomized controlled trials on body weight, lean mass, handgrip strength, and quadriceps
strength

Body weight Lean body mass
Analysis Studies, No. MD Studies, No. SMD
% % p-value % % p-value
(patients, No) (95% ClI) (patients, No) (95% ClI)

Body mass index

<22 kg/m? 9 (384) 2.22 (0.41t0 4.03) 90 7 (295) 0.37 (0.07 to 0.67) 36

222 kg/m? 7 (295) 0.85 (0.37 to 1.33) 36 0.09 5(331) 0.42 (0.01 t0 0.82) 68 0.87
Clinical status*

Stable 23 (1,036) 1.64 (0.93 to 2.34) 73 - - -

<0.01 -

Unstable 3(108) 0.26 (0.16 to 0.36) Zero - - -
Type of intervention

Energy 8 (328) 1.38 (0.41 to 2.35) 83 2 (62) 0.56 (-0.03 to 1.15) 24

Energy and high-protein 10 (438) 0.90 (0.44 to 1.35) Zero 3 (155) 0.18 (-0.14 to 0.50) Zero

0.24 0.38

Protein-based 8 (378) 2.22 (0.04 to 4.40) 81 8 (440) 0.44 (0.1210 0.77) 62
Overall risk of bias

Some concerns 12 (645) 1.89 (0.61 to 3.18) 74 8 (410) 0.36 (0.06 to 0.66) 53

0.38
High 14 (499) 1.28 (0.75 to 1.80) 74 5 (247) 0.40 (0.04 to 0.77) 45 0.85

(continued on next page)
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Body weight Lean body mass
Studies, No. SMD Studies, No. SMD
Analysis % % p-value % % p-value
(patients, No) (95% ClI) (patients, No) (95% ClI)
Pulmonary rehabilitation
Yes 10 (523) 1.27 (0.56 to 1.98) 53.3 6 (224) 0.44 (0.09 to 0.79) 34.8
No 16 (621) 1.54 (0.61 to 2.47) 77.6 nee 7 (433) 0.33 (0.03 to 0.63) 57.3 0.64
Study design 1
Crossover 1(50) 2.35 (-4.05 to 8.75) Zero - - -
0.78
Parallel 25 (1,094) 1.44 (0.81 to 2.06) 745 - - - -
Handgrip strength Quadriceps strength
Body mass index
<22 kg/m? 5 (154) 0.41 (-0.13 t0 0.95) 77 0.75 8 (435) 0.13 (-0.09 to 0.35) 24 0.51
222 kg/m? 3(107) 0.30 (-0.08 to 0.69) Zero 2 (75) 0. 30 (-0.16 to 0.76) Zero
Clinical status
Stable 10 (383) 0.50 (0.16 to 0.84) 59 0.04 9 (467) 0.16 (-0.05 to 0.38) 25 0.88
Unstable 2 (65) -0.13 (-0.62 to 0.36) Zero 1(43) 0.11 (-0.48 t0 0.71) NA

(continued on next page)
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Handgrip strength Quadriceps strength
Analysis Studies, No. SMD p- Studies, No. SMD
% % | % % p-value
(patients, No) (95% ClI) valué  (patients, No) (95% Cl)
Type of intervention
Energy 3 (86) -0.02 (-0.45 to 0.40) Zero 2 (32) 0.29 (-0.21 t0 0.78) 4
Energy and high-protein 5(183) 0.42 (0.00 to 0.84) 45 0.19 5 (315) 0.12 (-0.11 to 0.34) Zero
Protein-based 4(179) 0.60 (-0.04 to 1.24) 73 3(128) 0.18 (-0.64 to 1.00) 74 0.82
Overall risk of bias
Some concerns 5 (257) 0.45 (-0.07 to 0.98) 75 4 (116) 0.25 (-0.02 to 0.52) Zero 0.45
0.68
High 7 (191) 0.32 (-0.08 t0 0.72) 44 6 (294) 0.09 (-0.22 to 0.40) 38
Pulmonary rehabilitation
Yes 3(107) 0.30 (-0.08 to 0.69) Zero 8 (386) 0.19 (-0.06 to 0.45) 31 0.51
0.68
No 9 (341) 0.42 (0.01 to 0.84) 69.8 2 (124) 0.05 (-0.30 to 0.40) Zero

Abbreviations: MD, Mean difference; SMD, Standard mean difference; BMI, body mass index.

* Analyzes for lean body mass did not perform since none study that reported this outcome was conducted with unstable patients.

1 Analyzes for lean body mass did not perform since none study that reported this outcome was a crossover randomized controlled trial.
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Table 4 Summary of Findings: nutritional supplementation or food fortification compared to placebo or usual diet or no
intervention effect on nutritional parameters of COPD patients

Population: COPD patients

Settings: 1 RCT was inpatient; 3 RCTs were at hospital; 3 RCTs combined inpatient and outpatient; 25 RCTs were outpatient

Intervention: nutritional supplementation or food fortification

Comparison: placebo or usual diet or no intervention

Studies, No. Heterogeneit (12 Effect Size
Outcomes Compiled studies %/) Y% Quality of evidence (GRADE)
(Patients, No) ¢ MD'/ SMD? (95% Cl)
39,40,49—
Body weight (kg) 26 (1,144) 53,55,58,59,62.63,41,64- 73 1.44 (0.81 to 2.08)’ OO0 Low?
67,69,70,42-48
Midarm muscle circumference (cm) 7 (325) 394047,5162.66.69 Zero 0.29 (0.02 to 0.57)' o000 LowW®
Triceps skinfold (mm)
6 (158) 3940,51,65-67 Zero 1.09 (0.01 to 2.16)’ OOOO VERY LOW ©
43,44,60,63,64,46,48—
Lean body mass* 13 (657) 50,52,53,55,56 46 0.37 (0.15 to 0.59)? OOOQ VERY LOW ¢
Fat mass (kg) 9 (523) 42-44,46.,50,53.59.60.63 43 0.16 (-0.07 to 0.40)? OOOO VERY LOW®
Handgrip strength 12 (448) 39.40,67,7042-45.47.49,61,64 62 0.39 (0.07 to 0.71)° OOOO VERY LOW'
Quadriceps strength?
10 (510) 42-46,50,54,57,59.63 15 0.15 (-0.04 to 0.35)? 000 Low®

(continued on next page)
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Table 4 Continued

GRADE Working Group grades of evidence ©*?

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

Abbreviations: MD, Mean difference; SMD, Standard mean difference.

2 due to within-study risk of bias that was classified as some concerns in 12 studies %4!6469424348-505258.59) g high in 14 studies “04465-67.7045-4751.83556263) tha jnconsistency that
could not be explained in the subgroup analysis and meta-reg?ression, and the imprecision of effect estimates. ®due to within-study risk of bias that was classified as some
concerns in two studies % and high in five studies “*#"5"%2%) and the unfeasibility of investigate risk of publication bias because of the reduced number of studies. °due
to within-study risk of bias that was classified as some concerns in one study ®® high in five studies “**"***" the imprecision of effect estimates, and the unfeasibility of
investigate risk of publication bias because of the reduced number of studies. °due to within-study risk of bias that was classified as some concerns on eight 3485052566064
studies and high in five studies ““®**%*%) and the moderate heterogeneity that could not be explained in subgroup analysis and meta-regression, and publication bias. °due t
within-study risk of bias that was classified as some concerns in five studies (********® and high in four studies “**®**%®) and the imprecision of effect estimates, the moderate
heterogeneity, and the unfeasibility of investigate risk of publication bias because of the reduced number of studies. 'due to within-study risk of bias that was classified as some
concerns in five studies ®**2**49%) and high in seven studies “****47%6770 the inconsistency that could not be explained in the subgroup analysis and meta-regression, and the
imprecision of effect estimates. °due to within-study risk of bias that was classified as some concerns in four studies “******°), and high in six studies ““¢**5"%) and the
imprecision of effect estimates.

* Parameters and units of measurement aPpIied in the studies for lean body mass: free-fat mass (FFM) in kilogram (kg) (n=8 studies) “"#>4446475051.62) 'EEM index in kilogram per
square meter (kg/m?) (n= 3 studies) “* %! FFM (%) (n= 1 study) ®®, and appendicular skeletal muscle mass in kg (n= 1 study) ©".

(10,16,21,23,24) (11,19,22,26,30,39,41)

T Units of measurement applied in the studies for handgrip strength: kilogram-force (kgf) (n=5 studies) and kilogram (kg) (n= 7 studies)

) (22-25,32,37,40)

* Units of measurement applied in the studies for quadriceps strength: kgf (n= 1 study) ?", kg (n= 1 study) *, Newton-meter (n= 7 studies , and Newtons per kg (n=1

study) #9)
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Identification of studies via databases and registers

Recordsidentified from™ Records removed before
Cochrane (n=733) screening:
Embase (n =363) Duplicate (n=490)
Publded (n =265) >

Scopus (n=2 386)

Identification

.

Records screened Records excluded™
(n=337) ——| (n=3268)
Reports sought forretrieval Reports not retrieved

g (m=49) *l (n=1)

c

L]

4

!g Reports assessedfor eligibility Reports exduded (n=16):
(n=48) . Only abstractavailable (n=4)

Outcome not relevantto this revew
(n=3)

Provision of similar amounts of
protein and energy in both groups
(n=2)

Shontarm interventon (A=1)

Study populaton with diverse lung
diseases (n=1)

e ; ; Herbalintervention (n=1)
Studies includedinreview Publication retracted (fraudulent)

(n=32) (n=1)
Reports ofinduded studies Companson betwesn two sctive
(n=32) supplements (n=1)

Included I

Mo placebo/control (n=1)
Mota RCT(a=1)

Figure 1 Flow diagram of study selection



Experimental Control
Study Mean SD Total Mean SD Total
Lewis, 1987 1.00 300 10 022 400 11
Efthimiou, 1988 420 350 7 070 957 7
Knowles, 1988 097 1183 25 -138 1148 25
Otte, 1989 152 141 13 016 0893 15
Fuenzalida, 1990 444 682 £ 321 678 4
Entrenas Costa, 1991 -1.20 1034 16 -180 11860 21
Rogers, 1992 1.70 510 15 040 826 12
Schols, 1985 203 1028 72 -008 1196 63
Saudny-Unterberger, 1997 021 254 14 008 0863 10
Goris, 2003 020 120 11 030 235 8
Steiner, 2003 063 145 25 -058 154 35
Vermeeren, 2004 137 1.30 22 112 120 24
Fuld, 2005 110 252 14 010 088 11
Faager, 2006 124 16.28 13 1.04 1369 10
Deacon, 2008 070 167 38 020 192 42
Weekes, 2009 200 110 22 094 060 18
Baldi, 2010 380 260 13 -010 110 13
Dal Negro, 2010 5583 879 16 -1.07 644 16
Sugawara, 2010 140 530 17 -1.00 585 15
Dal Negro, 2012 553 899 44 -189 660 44
Sugawara, 2012 130 830 17 020 430 14
Gurgun, 2013 1.10 080 15 060 070 15
Khan, 2016 148 330 a0 017 250 30
van de Bool, 2017 190 11.02 42 030 1062 39
van Beers, 2020 0.64 343 42 090 337 39
Ahmadi, 2020 052 218 23 064 268 21
Total (95% Cl) 582 562

Heterageneity: Tau® = 1.23; Chi® = 94.26, df = 25 (P < 0.01); I = 73%
Test for overall effect: P < 0.01

Figure 2 Forest plot diagrams for body weight

Weight
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Mean Difference
IV, Random, 95% CI
0.78[-223, 3.79]
490[-265,12.45]
2.35[-4.05, 875
1.36 [ 0.46, 2.26]
1.23[-7.71, 10.17]
0.60[-6.49, 7.69]
1.30[-4.04, 6.64]
2.11[-1.68, 590]
0.29[-1.10, 1.67]
-0.10[-1.88, 1.68]
1.21[ 045, 1.97]
025[-047, 0.97]
1.00[-042 242]
0.20 [-12.06, 12.46]
0.50[-0.29, 1.29]
295[ 241, 3.49]
390[ 2.37, 543]
G660 1.26, 11.94]
240[-149, 629
742 412,10.72]
1.60[-3.04, 6.04]
0.50[-0.08, 1.08]
165[ 017, 2.13]
160[-3.11, 6.31]
1.54 [ 0.08, 3.02]
-012[-1.57, 1.33]

1.44[ 0.81, 2.08]
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Experimental Control Std. Mean Difference 5td. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 55% Cl
Vermeeren, 2004 -050 260 21 -040 270 22 7.6% -0.04 [-0.64, 0.56] :
Fuld, 2005 200 164 14 040 089 11 4.7% 1.13[0.27, 1.99]
Deacon, 2008 090 243 38 080 264 42  10.4% 0.04 [-0.40, 0.48]
Baldi, 2010 1.50 260 13 -010 230 13 54% 0.63[-0.16, 1.42]
Dal Negro, 2010 359 429 16 -013 419 16 6.0% 086013, 158]
Sugawara, 2010 030 092 17 000 1.18 15 6.3% 028 [-0.42, 098]
Dal Negro, 2012 366 452 44 380 4.33 44 10.8% -0.03 [-0.45, 0.39]
Sugawara, 2012 080 5450 17 010 249 14 6.2% 020 [-0.51, 0.91]
Gurgun, 2013 060 050 15 010 080 15 57% 0.88[0.13, 1.64] :
Marinari, 2013 370 550 30 -060 170 25 8.1% 1.00[044 157] ——
De Benedetto, 2018 110 440 45 100 440 45  10.9% 0.02 [-0.39, 0.44] —3-
van Beers, 2020 017 1.36 42 022 1.4 39 10.4% 0.29 [-0.15, 0.73] -
Ahmadi, 2020 285 465 23 078 262 21 7.6% 0.53 [-0.07,1.14] T—
Total (85% CI) 335 322 100.0% 0.37 [ 0.15, 0.59] <
Heterogeneity: Tau® = 0.07; Chi° = 22.09, df = 12 (P = 0.04); I* = 46%
Test for overall effect: P < 0.01 -1 0 1

Favours Control  Favours Intervention

Figure 3 Forest plot diagrams for lean body mass



Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Lewis, 1987 0.10 1.61 10 040 3.00 11 1.8%  -0.30[-2.33, 1.73] ;
Efthimiou, 1988 0.70 0.80 7 010 3.00 T 1.4% 0.60[-1.70, 2.80] 5
Knowles, 1988 082 3.16 25 1.50 3.06 25 25%  -0.68[-240 1.04] i
Otte, 1989 010 054 13 003 058 15 429% 013 [-0.29, 0.558] —+5-
Entrenas Costa, 1991  -0.10 1.83 16 -050 2.15 21 4.5% 0.40[-0.88, 1.68] —t—
Schols, 1995 040 170 72 010 180 63 210% 0.50[-0.09, 1.09] B
Weekes, 2009 -0.10 0.90 22 -080 082 18 259% 0.50[-0.03, 1.03] —E—
Total (95% CI) 165 160 100.0% 0.29 [ 0.02, 0.57] ol
Heterogeneity: Tau® = 0; Chi® = 3.28, df = 6 (P = 0.77); P = 0% : ' ' '
Test for overall effect: P =0.03 -2 -1 0 1 2

Favours Contral

Figure 4 Forest plot diagrams for midarm muscle circumference

Favours Intervention
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Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Steiner, 2003 067 204 25 076 166 35 114% 0.77[0.24,1.31] i—l—
Vermeeren, 2004 1.70 250 21 150 250 22 9.9% 0.08 [-0.52, 0.68] ——
Fuld, 2005 170 216 14 060 067 11 6.4% -0.63 [-1.44,0.18] = :
Deacon, 2008 -0.70 200 38 -040 1892 42 139% -0.15 [-0.58, 0.29] —E—'—
Sugawara, 2010 -0.04 127 17 017 122 15 B.1% (.10 [-0.59, 0.80] —Eli
Sugawara, 2012 1.30 1.60 17 000 302 14 7.7% 0.54 [-0.18, 1.28] —H
van de Bool, 2017 120 220 42 020 845 39 14.0% 0.16 [-0.27, 0.60] —H—
De Benedetto, 2018  -1.10 4.40 45 100 440 45  14.8% -0.02 [-0.44, 0.39] —E}'—
van Beers, 2020 086 324 42 022 1.3 39 139% 0.43[-0.01, 0.87] —'—El—
Total (95% CI) 261 262 100.0% 0.16 [-0.07, 0.40] ol
Heterogeneity: Tau® = 0.05: Chi® = 13.95, df = 8 (P = 0.08) I* = 43% : ' ! !
Test for overall effect: P =018 -1 05 0 0.5 1

Favours Control  Favours Intervention

Figure 5 Forest plot diagrams for fat mass



Study

Lewis, 1987
Efthimiou, 1988
Knowles, 1988
Fuenzalida, 1990
Entrenas Costa, 1991
Rogers, 1892

Total (95% Cl)

Experimental

Mean
0.10
1.50
0.12
2.66
0.20
0.20

sD
265
1.60
477
4.76
520
520

Total
10

7

25

5

16

15

78

Control

Mean
-0.70
-0.10
-0.80

0.20
010
-0.20

sD
3.56
1.60
4.57
3.95
4.06
4.06

Heterogeneity: Tau® = 0; Chi° = 1.19, df = 5 (P = 0.95); I = 0%
Test for overall effect: P =0.05

Figure 6 Forest plot diagrams for triceps skinfold

Total
11

25

21
12

Weight

16.3%
41.2%
17.3%
3.6%
12.2%
9.5%

100.0%

Mean Difference

IV, Random, 95% CI

0.80 [-1.87, 3.47]
1,60 [-0.08, 3.28]
0.92 [-1.67, 3.51]
2 46 [-3.23, 8.15]
0.10[-2.98, 3.18]
0.40 [-3.09, 3.89]

1.09 [ 0.01, 2.16]
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Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lewis, 1987 082 592 13 023 1147 10 7.3% 0.07 [-0.76, 0.89]
Efthimiou, 1988 190 210 7 030 210 7 51% 098 [-015,2.11] —H
Rogers, 1982 210 220 15 070 220 12 72% 1231040, 2.07] —E—
Saudny-Unterberger, 1997 -0.87 3.43 13 038 272 10 7.2% -0.38 [-1.21, 0.45] —HB+—
Steiner, 2003 064 172 25 005 220 B 103% 0.34 [-0.18, 0.85] S
Vermeeren, 2004 0.00 3.00 20 000 300 22 9.4% 0.00 [-0.61, 0.61]
Fuld, 2005 295 450 14 061 257 11 74% 060[-021,1.41] E
Faager, 2006 069 718 12 170 1108 10 72% -011 [-0.95 0.73]
Weekes, 2009 -0.80 2.34 22 110 234 18 9.2% 0.13 [-0.50, 0.759] —i-—
Dal Negro, 2012 160 1.49 44 060 1.81 44 10.9% 1.32[0.85, 1.78] P
Degirmenci, 2018 071 7.59 20 -014 6.07 20 9.2% 0.12 [-0.50, 0.74] ——
Ahmadi, 2020 306 7.08 23 025 7.6 21 9.5% 0.38[-0.21,0.98) ——E—
Total (95% CI) 228 220 100.0% 0.39 [ 0.07, 0.71] -
Heterogeneity: Tau® = 0.19: Chi® = 28.57, df = 11 (P < 0.01): F = 62% | ! ' '
Test for overall effect: P = 0.02 -2 -1 0 1 2

Favours Control  Favours Intervention

Figure 7 Forest plot diagrams for handgrip strength



Experimental

Study Mean
Steiner, 2003 1.77
Vermeeren, 2004 3.00
Fuld, 2005 3.50
Faager, 2006 -2 00
Deacon, 2008 8.90
Sugawara, 2010 5.00
Constantin, 2013 18.97
Ahnfeldt-Mollerup, 2015 0.27
van de Bool 2017 13.60
van Beers, 2020 10.35

Total (95% CI) _

SD
3.68
8.00
2.41
41 57
14.60

9.73
25.30

1.04
2490
22.75

Total
25
20
18

7
38
17
25
18
42
42

252

Control

Mean SD Total
037 360 35
200 9.00 23
070 543 18
21.00 4193 5
10,00 1043 42
060 990 15
18.28 2570 25
022 089 17
10.80 2490 39
10,05 21.54 39
258

Heterogeneity: Tau™ = 0.01; Chi* = 10.62, df = 9 (P =0.30); = 15%

Test for overall effect: P =012

Figure 8 Forest plot diagrams for quadriceps strength

Weight
11.5%
9.0%
6.9%
2 6%
15.0%
6.7%
10.3%
7.6%
15.2%
15.2%

100.0%

Std. Mean Difference
IV, Random, 95% CI
0.38 [-0.14, 0.90]
0.11 [-0.48, 0.71]
0.98[0.28, 1.67]
-0.51 [-1.68, 0.67]
-0.09 [-0.53, 0.35]
0.56 [-0.15, 1.27]
-0.01 [-0.57, 0.54]
0.05[-061,0.71]
011 [-0.32, 0.55]
0.01 [-0.42, 0.45]

0.15 [-0.04, 0.35]

149
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IV, Random, 95% ClI
——"E—
E.
P —

|
-1.5

-1 05 0 05 1 15

Favours Control Favours Intervention



150

SUPPLEMENTARY DATA
Table S1 Full search strategy performed on PubMed
Table S2 Characteristics of excluded studies [ordered by study ID]

Table S3 Characteristics of the interventions according to oral nutrition
therapy, assessment of adherence to the planned trials’ protocol, and
authors’ conflict of interests disclosures from primary studies

Table S4 Reasons for classification of risk of bias in primary studies

according to RoB 2

Table S5 Univariate meta-regression analysis of the effect of nutritional

intervention on body weight

Table S6 Univariate meta-regression analysis of the effect of nutritional

intervention on handgrip and quadriceps strength

Figure S1 Risk of bias summary: review authors’ judgements for individual

studies included

Figure S2 Funnel plot for body weight
Figure S3 Funnel plot for lean body mass
Figure S4 Funnel plot for handgrip strength

Figure S5 Funnel plot for quadriceps strength
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Table S1 Full search strategy performed on PubMed, lasted performed in May 18", 2021.

PICO Component

Search strategy in PubMed

#1 Population

CCCeeqeeeerePulmonary bisease, Chronic Obstructive [Title/Abstract]) OR (COPD[Title/Abstract])) OR (Chronic Obstructive Pulmonary
Disease[Title/Abstract])) OR (COADITitle/Abstract])) OR (Chronic Obstructive Airway Disease[Title/Abstract])) OR (Chronic Obstructive Lung
Disease[Title/Abstract])) OR (Airflow Obstruction, Chronic[Title/Abstract])) OR (Airflow Obstructions, Chronic[Title/Abstract])) OR (Chronic
Airflow Obstructions[Title/Abstract])) OR (Chronic Airflow Obstruction[Title/Abstract])) OR (Bronchitis, Chronic[Title/Abstract])) OR (Pulmonary
EmphysemalTitle/Abstract])) OR (Lung Diseases, Obstructive[Title/Abstract])) OR (Lung Disease, Obstructive[Title/Abstract])) OR (Obstructive
Lung Disease[Title/Abstract])) OR (Obstructive Lung Diseases[Title/Abstract])) OR (Obstructive Pulmonary Diseases[Title/Abstract])) OR
(Obstructive Pulmonary Disease[Title/Abstract])) OR (Pulmonary Disease, Obstructive[Title/Abstract])) OR (Pulmonary Diseases,
Obstructive[Title/Abstract])) OR (alpha 1-Antitrypsin Deficiency[Title/Abstract])) OR (COPD, Severe Early-Onset[Title/Abstract]))) OR
(Pulmonary Disease, Chronic Obstructive[Title/Abstract])) OR (Bronchitis, Chronic[Title/Abstract])))

#2 Intervention

CCCCCeCeereerrrr @ (DietrTitle/Abstract]) OR (Diets[Title/Abstract])) OR (Nutrition Therapy[Title/Abstract])) OR (Therapy,
Nutrition[Title/Abstract])) OR (Medical Nutrition Therapy[Title/Abstract])) OR (Nutrition Therapy, Medical[Title/Abstract])) OR (Therapy, Medical
Nutrition[Title/Abstract])) OR (Diet Therapy[Title/Abstract])) OR (Nutritional Support[Title/Abstract])) OR (Support, Nutritional[Title/Abstract])) OR
(Dietary Supplements[Title/Abstract])) OR (Dietary Supplement[Title/Abstract])) OR (Supplements, Dietary[Title/Abstract])) OR (Dietary
Supplementations[Title/Abstract])) OR (Supplementations, Dietary[Title/Abstract])) OR (Food Supplementations[Title/Abstract])) OR (Food
Supplements[Title/Abstract])) OR (Food Supplement[Title/Abstract])) OR (Supplement, Food[Title/Abstract])) OR (Supplements,
Food[Title/Abstract])) OR (Food, fortificated[Title/Abstract])) OR (Food, fortification[Title/Abstract])) OR (Energy intake[Title/Abstract])) OR
(Protein intake[Title/Abstract])) OR (Energy drinks[Title/Abstract])) OR (Energy drink[Title/Abstract])) OR (Drink, energy[Title/Abstract])) OR
(Drinks, energy[Title/Abstract])) OR (Energy supplements[Title/Abstract])) OR (Protein supplements[Title/Abstract])) OR (Calorie
supplement[Title/Abstract])) OR (Protein, Whey[Title/Abstract])) OR (Proteins, Whey[Title/Abstract])) OR (Whey protein[Title/Abstract])) OR
(Creatine[Title/Abstract])) OR (Amino acids[Title/Abstract])) OR (Amino Acids, Peptides,[Title/Abstract] AND Proteins[Title/Abstract])) OR
(BCAA[Title/Abstract])) OR (Nutritional intervention[Title/Abstract])) OR (Enteral nutrition support[Title/Abstract])) OR (Whey
peptide[Title/Abstract])) OR (Nutritional supplement therapy[Title/Abstract])) OR (Essential amino acids supplementation[Title/Abstract])) OR
(Nutrient Supplementation[Title/Abstract]))

#3 Study design

((randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR randomly[tiab] OR
trial[tiab] OR groups[tiab] NOT (animals [mh] NOT humans [mh]))))

Combined search

#1 AND #2 AND #3




Table S2 Characteristics of excluded studies [ordered by study ID]
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Study

Reason for exclusion

Angelillo, 1985 77

Benito-Martinez, 2017 ?

Cai, 2003 ¥
Calder, 2018 "%
Camere, 2016
Collins, 2014 "
Gurgun, 2011 7"
Ingadottir, 2020 /¥
Laviolette, 2010 ¥
Matsuyama, 2005
Ogasawara, 2018 ©"
Planas, 2005 #4
Raizada, 2014
Sugawara, 2011 ¥
Tiimer, 2009 ©*

Zongxing, 2005 ©®

Supplementation given only for five days.

Study population with diverse lung diseases.

Herbal intervention.

Provision of similar amounts of protein and calories in both groups.
Only abstract available.

Only abstract available.

Only abstract available.

Outcome not relevant to this review.

Provision of similar amounts of protein and calories in both groups.
Publication retracted (fraudulent).

Outcome not relevant to this review.

Comparison between two active supplementations
Non-randomized prospective study.

Only abstract available.

No placebo/control intervention.

Outcome not relevant to this review.
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Table S3 Characteristics of the interventions according to oral nutrition therapy, assessment of adherence to the planned

trials’ protocol, and authors’ conflict of interests disclosures from primary studies

Mean difference

Intervention time energy and protein Method of L i .
. L ) Funding, including role in study
Author, year Oral nutrition therapy characteristics intake between adherence
and authors’ COI disclosures
(weeks) intervention and measure
Intervention group (IG) Control group (CG) control group
ONS: Isocal HCN®, 2 kcal/mL (40% CHO, 45%
fat, and 15% prot), 240 — 480mL/day
208 kcal/day
Lewis/1987 9 ONS goal: provide 500-1000 kcal/day and 19— Usual diet 8 NR No information given
38 g prot/day 15.4g/day
+ usual diet
ONS: Build-up® (Carnation), each ONS sachet
mixed with 237 mL of whole milk: 320 kcal and
18 g prot, two to four times/day
- o) ONS goal: months four to six, to reach
Efthimiou/1988 681 kcal/day
Normal diet 12 NR No information given
2,500 kcal/day and 90g prot/day (men) or
25.9g/day
2,300 kcal/day and 80g prot/day (women)
Normal diet: months one to three, and seven to
nine
ONS: Sustacal® (54% CHO, 22% fat, and 24%
Knowles/1988 " prot) 458.9 kcal/day Daily food diary
Usual diet 8 No information given
ONS goal: increase caloric intake about 50% Protein NR

above normal level

(continued on next page)
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Author, year

Oral nutrition therapy characteristics

Intervention group (IG)

Control group (CG)

Mean difference

Intervention time energy and protein
intake between
(weeks) intervention and

control group

Method of adherence
measure

Funding, including role in study
and authors’ COl disclosures

Otte/1989 2

Fuenzalida/1990

Entrenas Costa/1991 ©®

Rogers/1992 ©”

Ganzoni/1994 0

ONS: Novo® (1 kcal/mL, 50% CHO, 30% fat,
and 20% prot)

ONS goal: 400 kcal/day and 20 g prot/day

ONS: Sustacal HC® (1.5 kcal/mL, 50% CHO,
29% fat, and 16% prot)

ONS goal: from 360 kcal to 1,080kcal/day +
Hospital Diet

ONS: Pulmocare® (1.5 Kcal/mL, 28% CHO,
55.2% fat, and 16.7% prot)

ONS goal: increase caloric intake with ONS by
up to 1.5 times BEE

Varied ONS (with eating plan: 1.7 x REE and
1.5g prot /kg)

ONS: Fresubin OP® 200 mL, one to two
times/day

Fats and carbohydrates addition in all meals
(small and frequents)

Placebo: same consistency and taste than
ONS, but 0.1 Kcal/mL, and 0.005g prot/mL

Hospital Diet

Hospital Diet

Usual diet (hospitalized at week 1 and 4 of the
study)

Normocaloric diet

13 NR
6 67.1 kcal/day
Protein NR
225 NR
3
NR

-25.5 kcal/day

48 Protein NR

A nurse connected to
the study visited the
patients every 14th day,
she ensured correct
administration

NR

NR

NR

Caloric intake at three-
month intervals was
monitored, but NR the
assessment method
used

NOVO (Bagsvaerd, Denmark)
provided the nutritional formula
and reference product to the
study.

No information given

No information given

No information given

No information given

(continued on next page)
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Oral nutrition therapy characteristics

Mean difference

Intervention time energy and protein Method of L i .
Funding, including role in study
Author, year intake between adherence
) i and authors’ COI disclosures
Intervention group (IG) Control group (CG) (weeks) intervention and measure
control group
ONS: high-caloric drink mix (Nutridrink®,
Protifar®, Fantomalt®, and oil), 200 mL (35%
o X 8 531.9 kcal/day .
©9) CHO, 51% fat, and 14% prot) daily high caloric Supplement intake . . .
Schols/1995 L No ONS . No information given
liquid supplement (420 kcal/200 ml: . was recorded daily
Protein NR
ONS goal: 420 kcal/day
ONS: Ensure®, Ensure Plus®, or
. . 2 355 kcal/day X
70 A variety of puddings, or extra snacks ) i Supplements were provided by Abbott
Saudny-Unterberger/1997 Hospital diet NR
Laboratories, Montreal, Canada.
. 10g/day
ONT goal: to assure a caloric intake 21.5x REE,
if normal BMI and at 2 1.7x REE, if low BMI
ONS: Respifor® (1.5 kcal/mL, 60% CHO, 20%
fat, and 20% prot), three times/day
Goris/2003 “" 12 143.3 kcal/day
Nutritional advices from a dietitian on how to . X .
ONT goal: 560 kcal/day . . . NR No information given
increase their energy intake .
Protein NR
+ nutritional advices from a dietitian on how to
increase their energy intake.
Self-reported
ONS: Respifor® (1.5 kcal/mL, 60% CHO, 20% . )
. compliance with the
fat, and 20% prot), three times/day
. . 407 kcal/day supplement (%
. w2 Placebo: packed and flavored identically from . . .
Steiner/2003 7 cartons No information given
ONS goal: 570 kcal/day ONS (non-nutritive)
24.1g/day
taken/cartons

prescribed)

(continued on next page)
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Author, year

Oral nutrition therapy characteristics

Intervention group (IG)

Control group (CG)

Intervention time

(weeks)

Mean difference
energy and protein
intake between
intervention and
control group

Method of
adherence

measure

Funding, including role in study
and authors’ COI disclosures

Vermeeren/2004 “¥

Fuld/2005 “%

Faager/2006 9

Deacon/2008 “¥

Weekes/2009 “7

ONS: Respifor® (1.5 kcal/mL, 60% CHO, 20%
fat, and 20% prot), three times/day

ONS goal: 570 kcal/day

ONS: Creatine (Cr) + glucose polymer (5 g Cr
and 35 g glucose/dose).

A. Loading phase: three times/day (14 days)

B. Maintenance phase: one time/day (10 wk)

ONS: Creatine (0.3 g/kg BW/d) first 7 d, and
0.07 g/kg BW/d next 7 wk

ONS: Creatine monohydrate (Cr) loaded for 5
days (22 g, divided in four doses/day), followed
by maintenance during PR (3.76 g/d).

Tailored dietary advice and counseling and
Food Fortification (FF): whole milk powder, to

“fortify” 1 pint of full-cream milk. FF goal: provide
200 to 300 kcal and 7 to 11 g of prot/day

Placebo: vanilla flavored

water with 0 kcal/day

Placebo: glucose polymer 40.7 g

Placebo: glucose

Placebo: Similar texture and appearance
powder: Lactose for 5 days(24 g divided in four
doses/day), followed by 4 g/day during PR

Leaflet providing advice on nourishing snacks
and drinks and encouraging FF during baseline
assessment (content was never discussed)

1.29

1.71

24

355.9 kcal/day

30 g/day

NR

NR

NR

194 kcal/day

11.8 g/day

Monitored by the
nurses

NR

Urine 24 h

1 wk from trial start

and at 8 wk, and 2

mo after the end of
ONS intake

Self-reported and
ONS empty tub
return

5-day dietary diaries
(months 1, 3,6,7,9
and 12)

The study was supported by Numico
Research BV, The Netherlands

Authors declared no COI

No information given

Authors declared no COI

None declared.

(continued on next page)
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Author, year

Oral nutrition therapy characteristics

Intervention group (IG)

Control group (CG)

Mean difference

Intervention time energy and protein
intake between
(weeks) intervention and

control group

Method of
adherence

measure

Funding, including role in study
and authors’ COI disclosures

Baldi/2010 “®

Dal Negro/2010 “9

Sugawara/2010 ©

Dal Negro/2012 ©?

Sugawara/2012 3

Constantin/2013 ©¥

ONS: liquid supplements of 200 mL each,
Aminotrofic® (EAAs mixture 4 g), two times/day

ONS: Aminotrofic® (EAAs mixture 4g) , two
times/day

ONS: Nutritional drink 200 mL (60% CHO, 25%
fat, and 15% prot, enriched with w-3 PUFA, and
vitamin A), two times/day

ONS goal: 400 kcal/day

+ Encouraged to consume regular meal portions

ONS: Aminotrofic® (EAAs mixture 4g) , two
times/day

ONS: Meint® 200 mL (1.0 kcal/mL, 53% CHO,
25% fat, and 20% whey protein), two times/day

ONS: 199 prot and 49g glucose polymer in 500
mL of water.

No ONS

Placebo: indistinguishable from ONS

Monthly 45-min education program (COPD and
dyspnea control, medication and equipment
use, nutrition, stress management, and
relaxation techniques)

Placebo

Normal meals alone with dietary instruction

Placebo: identical volume, noncaloric drink

-90 kcal/day
12
Protein NR
12 NR
12 NR
-75.5 kcal/day
12
-5.8 g/day
-2.5 kcal/day
12
-1.5 g/day
8 NR

Assessed but NR
how

NR

NR

NR

Daily intake of ONS
was confirmed in a

diary.

ONS intake was
supervised and took
place immediately
after each training
session (three
times/wk)

Authors declared no COI

No information given

Authors declared no COI

No information given

Authors declared no COI

None declared

(continued on next page)
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Author, year

Oral nutrition therapy characteristics

Intervention group (IG)

Control group (CG)

Mean difference

Intervention time energy and protein
intake between
(weeks) intervention and

control group

Method of
adherence
measure

Funding, including role in study
and authors’ COl disclosures

Gurgun/2013 ®®

Marinari/2013 ©°

Ahnfeldt-Mollerup/2015 7

Khan/2016 ©®

ONS: nutritional drink 250 mL (53.3% CHO,
30% fat, and 16.7% prot), three times/day

+ encouragement to continue the consumption
of their own meal portions.

ONS: EufortynLios® (Creatine 170 mg + 160 mg

Coenzyme Q-Ter), two times/day

ONS: Protein bar (134.8 kcal, 14.6g CHO, 4.2g
fat, and 9.3 prot), two times/day

ONS: protein powder PROTENIX® (2 servings:
90 Kcal, 55% CHO, 0% fat, and 45% prot), 30
g/day

Usual medical standard of care

Placebo: bags apparently identical to ONS

Exercise only

Usual diet

-89.6 kcal/day

-2.50 g/day

Patient’s daily intake
was checked by
controlling their food
diary.

NR

Staff at the PRP
distributed the
protein bars to the
participants and
followed up on
compliance
regarding their
intake.

Based on drink
consumption diaries
and changes

No information given

Authors declared no COI

Authors declared no COI

No information given

(continued on next page)
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Author, year

Oral nutrition therapy characteristics

Intervention group (IG)

Control group (CG)

Intervention time

(weeks)

Mean difference
energy and protein
intake between
intervention and
control group

Method of
adherence

measure

Funding, including role in study
and authors’ COI disclosures

van de Bool/2017 %

De Benedetto/2018

Degirmenci/2018 ©"

ONS: 1.5 kcal/mL, 125 mL (60% CHO, 20% fat,
20% prot, enriched with leucine, w-3 PUFA, and
vitamin D), two to three times/day

160 mg Coenzyme QTer® + 170 mg Creatine,

twice daily

ONS: Nutrivigor®, 220 mL (39g CHO, 11g fat,
189 prot, enriched with HMB, FOS, calcium, and
vitamin D), two times/day + usual diet

Placebo: Non active constituents and flavored

non-caloric aqueous solution.

Placebo

No nutritional support.

-134.4 kcal/day

-3.3 g/day

NR

NR

Tracked on a
calendar, but also
calculated from the

amount of
supplements
provided and turned
in after the ONS
period.

NR

NR

One author employed by Nutricia
Research. Two authors report grants
from Netherlands Lung Foundation
and Nutricia Research, during the
conduct of the study. One author
member of International Scientific
Advisory Board of Nutricia Advanced
Medical Nutrition.

Interdisciplinary Association for
Research in Lung Disease (AIMAR)
Study Group and by an unrestricted
grant of Scharper S.p.A None of the

sponsors had an influence on the
design, conduct, analysis and
interpretation of the study.

No information given

(continued on next page)
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Oral nutrition therapy characteristics

Author, year

Intervention group (IG) Control group (CG)

Intervention time

(weeks)

Mean difference
energy and protein
intake between
intervention and

control group

Method of
adherence

measure

Funding, including role in study
and authors’ COl disclosures

One author reports grants from the

ONS: 1.5 kcal/mL, 125 mL (60% CHO, 20% fat,
20% prot, enriched with leucine, w-3 PUFA, and

vitamin D)
Placebo: Non active constituents and flavored
Beers/2020 Phase 1: First 4 months, ONS three times/day non-caloric aqueous solution.
van Beers
Phase 2: Next 8 months, ONS one time/day Phase 1: Only at first 4 months

(non-blinded)

48

-178.2 kcal/day

-10.5 g/day

Tracked on a
calendar, but also
calculated from the

number of
supplements
provided and turned
in after the ONS
period.

Lung Foundation Netherlands and
Nutricia Research during the study.
One author reports personal fees
from AstraZeneca, Boehringer
Ingelheim, Chiesi, Novartis,
GlaxoSmithKline and TEVA outside
the submitted work. One author
reports a grant for this study as it was
financially supported by a public-
private consortium of Maastricht
University/NUTRIM, CIRO+ BV Horn,
Nutricia Research and the Lung
Foundation Netherlands, personal
fees as employee at Nutricia
Research during the study and
personal fees as employee at Nutricia
Research outside the submitted work.
One author has a patent issued
covering the product.

(continued on next page)
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Oral nutrition therapy characteristics

Intervention time

Author, year
Intervention group (IG) Control group (CG) (weeks)

Mean difference
energy and protein
intake between
intervention and
control group

Method of
adherence

measure

Funding, including role in study
and authors’ COI disclosures

van Beers/2020 © (continued)

ONS: Whey beverage fortified with magnesium
Ahmadi/2020 ¢4 and vitamin C (15.9 g whey protein) + dietary Dietary advice and routine care 8
advice and routine care

217.2 kcal/day

13.9 g/day

Checked based on
the amount
consumed by each
of them

One author reports personal fees
from Nycomed, Boehringer,
AstraZeneca, GSK, Novartis and
Chiesi. Prof. Schols reports grants
from Nutricia Advanced Medical
Nutrition.

Authors declared no COI

Abbreviations: ONS, Oral nutritional supplement; %CHO, % of total energy from carbohydrate ;%fat, % of total energy from fat; %prot, % of total energy from protein; prot, protein; NR, Not reported; COI, Conflict of interests; BEE, Basal Energy Expenditure; REE,
Resting Energy Expenditure; BMI, Body mass index; ONT, Oral nutrition therapy; BW, Body weight: PR,Pulmonary rehabilitation; EAAs, Essential amino acids; w-3 PUFA, omega-3 polyunsaturated fatty acids; DHA + EPA, Docosahexaenoic acid +

Eicosapentaenoic acid; HMB,Hydroxymethyl Butyrate; FOS, Fructooligosaccharides.
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Table S4 Reasons for classification of risk of bias in primary studies according to RoB 2

Study D1 D2 D3 D4 D5 Overall Reasons
It is not clearly described if participants, careers and people delivering the
. 29 Some Some Some interventions aware of the assigned intervention during the trial. There is
Lewis /1987 ©®9 Low Low Low , _ , ,
concerns concerns concerns no information about the allocation sequence concealment. It is not clear
if patients differed regarding baseline features.
Efthimiou/1988 “9 Some Some There is no information about the allocation sequence concealment. It is
High Low Low High not clear if patients differed regarding baseline features. There is no
concerns concerns
information about losses of follow-up.
61
Knowles/1988 Some . Some Some . It is not clear if patients differed regarding baseline features. There is no
High Low High . . .
concerns concerns concerns information about losses of follow-up and about the washout period.
(62)
Otte/1989 Some _ _ There is no information about the allocation sequence concealment.
High Low Low Low High .
concerns Between groups comparisons of outcomes were not performed.
Fuenzalida/1990 **
There is no information about the allocation sequence concealment.
Some . Some . . .
High Low Low High Between groups comparisons of outcomes were not performed. There is
concerns concerns

no information about losses of follow-up.

(continued on next page)
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Study D1 D2 D3 D4 D5 Overall Reasons
There is no information about the allocation sequence concealment. There
Entrenas Costa/1991 ©® . . o i
_ _ Some _ are some differences between groups at baseline. There is no information
High High Low Low High )
concerns about losses of follow-up. Between groups comparisons of outcomes
were not performed.
It is not clearly described if participants, careers and people delivering the
) Some Some Some . interventions aware of the assigned intervention during the trial. There is
Rogers/1992 Low Low High ) ) ]
concerns concerns concerns no information about the allocation sequence concealment and the losses
of follow-up.
It is not clearly described if participants, careers and people delivering the
) ©8) Some Some ) Some ) interventions aware of the assigned intervention during the trial. There is
Ganzoni/1994 High Low High . . . .
concerns concerns concerns no information about the allocation sequence concealment and patient’s
baseline features. Losses of follow-up were > 20%.
There is no information about the allocation sequence concealment. Itis
69) Some Some Some . . o . .
Schols/1995 Low Low Low not clearly described if careers and people delivering the interventions
concerns concerns concerns

aware of the assigned intervention during the trial

(continued on next page)
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Study D1 D2 D3 D4 D5 Overall Reasons
It is not clearly described if participants, careers and people delivering the
0) Some Some . . interventions aware of the assigned intervention during the trial. There is
Saudny-Unterberger/1997 High Low Low High ) ) ]
concerns concerns no information about the allocation sequence concealment. Losses of
follow-up were > 20%.
Goris/2003 " It is not clearly described if participants, careers and people delivering the
Some Some Some ) ) ) ) ) ) ) )
Low Low Low interventions aware of the assigned intervention during the trial. There is
concerns concerns concerns . . .
no information about the allocation sequence concealment.
m Some Some Some There is no information about the allocation sequence concealment.
Steiner/2003 “? Low Low Low
concerns concerns concerns Losses of follow-up were > 20%.
Some Some
Vermeeren/2004 ¥ Low Low Low Low There is no information about the allocation sequence concealment.
concerns concerns
" Some . . There is no information about the allocation sequence concealment.
Fuld/2005 “* Low High Low Low High
concerns Losses of follow-up were > 20%.
45 Some ) ) There is no information about the allocation sequence concealment.
Faager/2006 “° Low High Low Low High
concerns Losses of follow-up were > 20%.
46) Some . . There is no information about the allocation sequence concealment.
Deacon/2008 Low High Low Low High
concerns Losses of follow-up were > 20%.

(continued on next page)
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Study D1 D2 D3 D4 D5 Overall Reasons
) Some . . There is no information about the allocation sequence concealment.
Weekes/2009 Low High Low Low High
concerns Losses of follow-up were > 20%.
There is no information about the allocation sequence concealment. Itis
. “8) Some Some Some not clearly described if participants aware of the assigned intervention
Baldi/2010 Low Low Low ) ) ) o ) )
concerns concerns concerns during the trial while career and people delivering the interventions aware
about this.
“9) Some Some Some There is no information about the allocation sequence concealment and
Dal Negro/2010 Low Low Low
concerns concerns concerns losses of follow-up.
s s s It is not clearly described if participants, careers and people delivering the
ome ome ome
Sugawara/2010 © Low Low Low interventions aware of the assigned intervention during the trial. There is
concerns concerns concerns ) . .
no information about the allocation sequence concealment.
52) Some Some Some There is no information about the allocation sequence concealment and
Dal Negro/2012 Low Low Low
concerns concerns concerns losses of follow-up.
It is not clearly described if participants, careers and people delivering the
interventions aware of the assigned intervention during the trial. There is
s (53) Some Some Some Some . ) ) ]
ugawara/2012 Low High no information about the allocation sequence concealment. Loss of
concerns concerns concerns concerns

follow-up equal to 14%. Results of some outcomes of interest were not

reported.

(continued on next page)
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Study D1 D2 D3 D4 D5 Overall Reasons
s s s There is no information about the allocation sequence concealment. Loss
ome ome ome
Constantin/2013 4 Low Low High of follow-up equal to 15%. Results of some outcomes of interest were not
concerns concerns concerns
reported.
It is not clearly described if participants, careers and people delivering the
- Some Some Some _ interventions aware of the assigned intervention during the trial. There is
Gurgun/2013 ® Low Low High _ _ _
concerns concerns concerns no information about the allocation sequence concealment and losses of
follow-up. Groups had different body weight at baseline.
o - Some Some Some There is no information about the allocation sequence concealment and
Marinari/2013 © Low Low Low
concerns concerns concerns the losses of follow-up.
There is no information about the allocation sequence concealment. lItis
- Some Some Some ) not clearly described if participants aware of the assigned intervention
Ahnfeldt-Mollerup/2015 ©” Low Low High _ , _ o , ,
concerns concerns concerns during the trial while career and people delivering the interventions aware
about this. Loss of follow-up > 20%.
There is no information about the allocation sequence concealment. Itis
s Some Some Some not clearly described if career and people delivering the interventions
Khan/2016 ©® Low Low Low S - _ _ _
concerns concerns concerns aware about this while participants aware of the assigned intervention

during the trial.

(continued on next page)
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Study D1 D2 D3 D4 D5 Overall Reasons
50 Some Some Some There is no information about the allocation sequence concealment. Loss
van de Bool/2017 % Low Low Low
concerns concerns concerns of follow-up equal to 15%.
60 Some Some Some There is no information about the allocation sequence concealment. Loss
De Benedetto/2018 ¥ Low Low Low
concerns concerns concerns of follow-up equal to 15%.
It is not clearly described if participants, careers and people delivering the
) ) - Some Some ) ) interventions aware of the assigned intervention during the trial. There is
Degirmenci/2018 ©" High Low Low High , _ ,
concerns concerns no information about the allocation sequence concealment. Losses of
follow-up were > 20%.
It is not clearly described if participants, careers and people delivering the
©3) Some Some . . interventions aware of the assigned intervention during the trial. There is
van Beers/2020 High Low Low High ) ) ]
concerns concerns no information about the allocation sequence concealment. Losses of
follow-up were > 20%.
Careers and people delivering the interventions aware of the assigned
. 4) Some Some Some ) ) ) ) ) ) ) )
Ahmadi/2020 Low Low Low intervention during the trial. Groups were different in baseline regarding
concerns concerns concerns

some outcomes as lean mass and quality of life.
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Table S5 Univariate meta-regression analysis of the effect of nutritional intervention on body weight and lean body mass

Body weight (kg)

Lean body mass*

Covariate
Adjusted Confidence interval Adjusted Confidence interval
Estimate . p-value Estimate . p-value
R? (%) 95% R? (%) 95%
Amount of energy
36.50 -0.0034 -0.0069 to 0.0000 0.0514 Zero -0.0007 -0.0021 to 0.0008 0.3082
prescribed (kcal)
Amount of protein
. 16.66 -0.0620 -0.1386 to 0.0147 0.1072 Zero -0.0124 -0.0453 to 0.0206 0.4121
prescribed (g)
Duration of intervention
(wk) 45.95 0.0454 -0.0089 to 0.0997 0.0974 Zero 0.0010 -0.0199 to 0.0218 0.9203
w
BMI (kg/m?) zero -0.1783 -0.574310 0.2176 0.3505 Zero -0.0046 -0.0717 to 0.0625 0.8821

Abbreviation: BMI, body mass index

* Analyzes did not perform due to the number of studies with this information available.
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Table S6 Univariate meta-regression analysis of the effect of nutritional intervention on handgrip and quadriceps strength

Handgrip strength Quadriceps strength
Covariate
Adjusted Confidence interval Adjusted Confidence interval
Estimate . p-value Estimate . p-value
BMI (kg/m?) Zero -0.0115 -0.1897 to 0.1666 0.8990 25.93 -0.0517 -0.1377 t0 0.0344 0.2391
Duration of Zero
0.0106 -0.0450 to 0.0661 0.7094 Zero -0.0015 -0.0156 to 0.0125 0.8311
intervention (wk)
Amount of protein -
- - - Zero -0.0026 -0.0272 to 0.0220 0.8368

prescribed (g)*

Abbreviation: BMI, body mass index

* Analyzes did not perform due to the number of studies with this information available.
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Risk of bias domains
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D4: Bias in measurement of the outcome.

DS: Bias in selection of the reported result. ® Lo

Bias arising from the randomization process
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Bias due to missing outcome data
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Figure S1 Risk of bias summary: review authors’ judgements for individual

studies included
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7 CONSIDERAGOES FINAIS

A DPOC é uma doencga heterogénea e complexa, manifesta em distintos
fendtipos clinicos, que de maneira particular interagem com a condi¢cao
nutricional do paciente, resultando de alguma forma em alteracbes de
parametros nutricionais. Ainda que o numero e a intensidade destas alteragdes
variem em cada caso, verifica-se que o comprometimento nutricional é
frequente em pacientes com DPOC. E dado o seu valor prognéstico, se faz

necessaria a sua identificagao precoce e pronta intervengao.

Na coorte histérica, o uso da circunferéncia da panturrilha reduzida,
como marcador de deplecdo de MM foi identificada como preditora de pior
prognéstico - gravidade da doencga, fendtipo de exacerbacédo frequente, pior
escore de qualidade de vida relacionada a saude e mortalidade. Essa
associagao entre MM reduzida e piores desfechos clinicos ja havia sido
verificada em estudos prévios envolvendo pacientes com DPOC, que avaliaram
a MM por meio de equipamentos mais sofisticados e, portanto, mais caros e
menos disponiveis na assisténcia em saude. Nossos resultados sugerem a
incorporagao da medida da CP como indicador de MM na avaliagao nutricional
desses pacientes, vista a sua aplicabilidade clinica, baixo custo, facilidade e
rapidez a obtencdo, sendo passivel de mensuragcdo por qualquer profissional
de saude devidamente treinado. Ja a andlise secundaria da coorte de
pacientes internados por exacerbacido da doenga reforgou a limitagédo do IMC
em identificar a desnutricdo, independentemente do ponto de corte utilizado.
Embora tenha sido evidenciado o valor prognéstico do IMC como preditor de
permanéncia hospitalar prolongada, o mesmo néao foi preditor de mortalidade
intra-hospitalar. Tais achados sinalizam a importancia de uma avaliagcéo
nutricional mais detalhada, com dados antropométricos combinados a
minucioso exame fisico, investigagdo do consumo alimentar, reconhecimento

de sintomas gastrointestinais e determinagao da for¢ca e fungdo muscular para
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diagndstico de desnutricdo. O IMC deve ser entendido como um parametro
complementar a ser utilizado no processo de cuidado nutricional do paciente

com DPOC, haja vista seu valor prognéstico.

O comprometimento nutricional € modificavel por meio de intervengdes
dietéticas na forma de SNO, resultando na melhora de parametros do estado
nutricional. Através de revisdo sistematica com metanalise de 32 ECR com
duracdo média de 12 semanas, demonstrou-se que a SNO caldrica e/ou
proteica promove aumento do peso corporal, MLG e FPP. Sendo que a analise
de subgrupos sugere um efeito mais pronunciado em pacientes com menor
valor de IMC e clinicamente estaveis, e quando da SNO proteica comparada as
exclusivamente hipercaléricas, em especial as formulas a base de creatina e
aminoacidos essenciais. No entanto, a certeza da evidéncia sumarizada no
presente estudo € de baixa a muito baixa. Ainda assim, o cuidado nutricional
deve ser transversal a assisténcia de pacientes com DPOC e guiado pelo
julgamento clinico-nutricional, a fim de estabelecer uma conduta individualizada

€ minimizar o risco de desfechos desfavoraveis ao pacientes.

Como perspectiva futura, com base nos achados da presente tese,
pode-se enumerar alguns gaps na literatura a serem preenchidos por estudos
bem delineados a fim de contribuir para aprimorar o conhecimento nas
diferentes etapas do processo de cuidado nutricional de pacientes com DPOC,
em especial no que diz respeito a avaliacdo nutricional e a intervengao

dietética:

1) Avaliagdo do valor prognéstico da CP em pacientes com DPOC
hospitalizados e de medidas seriadas tanto em pacientes ambulatoriais como

naqueles hospitalizados

2) Avaliacao do efeito de diferentes intervencdes dietéticas em pacientes
com DPOC de acordo com os fendtipos nutricionais, condicao clinica e

associacao ou ndo com treinamento fisico.
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Tais linhas de investigagcao contribuiriam para que o manejo nutricional
na DPOC fosse incorporado as diretrizes clinicas e embasado por evidéncias
de mais alta qualidade, considerando-se além do impacto nutricional,
desfechos clinicos e funcionais relevantes para a qualidade de vida e sobrevida

do paciente.
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Endarepe:  smosoc Tren, 558 - Cacfo Adrnimtmebes dz GHC

Balimy: CHISTO HEDEMTON CEP: 993802
UF- B Eunkkipioc: PORTD ALEDRT
Talsfona: (5| pYET-2407 Fan: (=I03ET-407 E-mall: cep-phofiighcoom br
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HOSPITALAR COMNC EI'I;E.D

Comirasmgis da Fansoss 11 3 B

e s dhances de desnuinr, ideniificar & feramena mals aosada e prediora de destechos
rar mals seguranga para o diagnastion nuindonal, eapa essenclial pam esruturacio da t=mapia
FRTCional.

E Imporans reforcar gus fode pacikente identficydo como iEnds risco raricional ou
-:Ie-:.num;.!-:- e simalrado pam o nuindonista responsiyel peia Emergéncia ou pels Dinidade
d= Fneumoicgla, cependendo 4o local onde o padenbe esver RMAMSSo NO MComEento d oDkets
e davios.

Comaniarios & Conclderagdsc cobre a Pecgulca:

Projeto de pesguisy de dsserdaclo de mesirado.

Conclderagdet cobre oo Termoc de apreceantaglc obrigakaria:

Adequados.

[Fesomandaglsc:

A

Conolucdst ou Penddnolas o Licia do Insdegqusghes:

Bem pendéndas.

Conelderagdec Finals a ortbirio do CEF:

Ects parecer fol slaborado bessado ot doesumanios abales relzslonados:
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Tipo Dooamenio fArquivo: Fosiagem Auior Shuacio
inforraies Basicas| PE_INFORMAGOES BABICAS_DO_F TIHZEEME =i
i Prodeio ROSETD 1245856 paf 101445
TCLE ! Termos de | ok gl FMZE01E | Fléawvia Moraes 3iva Aefin
Assenbimendo / 11426
Jusificatva de
Ausincls
Diros TERMODEC OMFRIOMISED . pdf 1222018 | Fléwia Moraes 3iva Aefin
js-qe-a

Outros cvbruna pad 1ZMZ001E | Flavia Moraes 2ika A cefbo
154558

Dwiros cviavia.pdl 1ZMZ22018 | Flavia Moraes 3iva Aefhn
154537

Diros CWV_JAQIUELINE jpdf 1ZMZT0E | Flavia Moraes 3iva Aaibn
1545212

Projein Delairaco | | projebo_DPOC po 1ZMZZ01E | Flavia Moraes 3iva Arefhn

Broschura 154455

InyesSaador

Exndareps: Foamosoc Trein, 55 - Carto Adrnimioebes do GHC

Balimo:  iSHISTO MEDENTOM CEP: g1.sc2m
U NS Municipio: PORTO ALDLNE
Tulsdone (= prer2407 Fas: SIIEET-HO7 E-mall: cec-phofiphcom br
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HOSPITAL NOSSA SENHORA
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HOSPITALAR CONCEICAD
Comiruie o Fanecs 3 3 B
Outos Imi=grantes pd 1Z1MZI01E | Flavia Momes 3o Aoito
154440
Declrn e anuencia_DFEOC pd? 1MZEI0E | JAQUBELINE FINK Aoeito
Instiu e 185245
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Foiha de Rosio folha_mosto_IDPOC. pal 1022018 | JAQUELIME FINK Azt
1845010
2Ruagdc do Parsosr:
ADrTvaEdo
Heosccia &preclegdo da COMER:
Hio

PORTO ALEGRE, 30 d= Janeiro de 2012

Assinado por:
Owamnlel Demétrio Faustine da 3iva
{Coordanadoriall

Erdaregs:  'aroscc Trein, 596 - Cevto Adrunimimies de GHE

Babrmz:  GIRISTO REDEMTON CEP: g1603m
ur- s Menkipic  PORTO ALEGRE
Talsdonar (50 prET-2a? Faa: (S1OET-NO7 E-mali: cag-ghofiphecm br
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Anexo 2 — Protocolo PROSPERO

ID do registro do protocolos da
Enderego para acessar o protocolo
revisao sistematica

CRD42020207577 https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42020207577
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Anexo 3 - Normas dos periédicos (enderegos eletrénicos)

Titulo Enderecgo para acessar as normas

Journal of Parenteral and Enteral

Nutrition https://aspenjournals.onlinelibrary.wiley.com/hub/journal/19412444/forauthors.html

https://www.cambridge.org/core/journals/british-journal-of-
nutrition/information/instructions-contributors

British Journal of Nutrition




