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RESUMO

O impacto da perda de musculo esquelético na progressao da hepatopatia cronica tem
sido cada vez mais reconhecido. A prevaléncia da sarcopenia entre pacientes cirréticos
gira em torno de 40,0% e observou-se que cada aumento de 1 cm?m? no indice de massa
muscular esquelética (IMME) esta associado a redugao de 3,0% no risco de mortalidade.
Contudo, os estudos sobre essa tematica em pacientes com hepatite C crénica, ainda, séo
escassos. Dessa forma, o objetivo do presente estudo foi avaliar, de forma inédita, todos
os componentes da sarcopenia, isto €, massa muscular esquelética reduzida, forga
muscular diminuida e desempenho fisico baixo em uma coorte de individuos cronicamente
infectados pelo HCV em periodo prévio e posterior a terapia com agentes antivirais de
acao direta (DAAs). Trata-se de um estudo longitudinal, em que foram incluidos,
prospectivamente, pacientes com hepatite C crbénica atendidos em ambulatorio de
cuidados terciarios, no periodo de 2017 a 2020. Esses pacientes foram submetidos a
avaliacao clinica, nutricional e da composicao corporal. As avaliagdes ocorreram antes do
inicio da terapia com DAA, ou seja, no tempo de base [Tempo 0 (T0)], na 122 semana apos
o final do tratamento [Tempo 1 (T1), que corresponde a resposta virolégica sustentada
(RVS)] e na 48?2 semana apo6s a concluséo da terapia com DAA [Tempo 2 (T2)]. A cirrose
hepatica foi diagnosticada através da avaliagdo clinica e de exames bioquimicos,
histologicos e radiolégicos. Em relagcdo aos componentes da composi¢ao corporal, a
bioimpedancia elétrica (BIA) foi utilizada para avaliar o &ngulo de fase (AF) e a massa livre
de gordura, que neste estudo, foi denominada massa muscular esquelética (MME). A MME
foi calculada através de uma equacéao de regressdo multipla previamente validada para o
calculo da MME. O IMME foi calculado dividindo-se a MME (kg) pelo quadrado da altura
(kg/m?). Adotaram-se como pontos de corte para IMME reduzido, de acordo com idade e
sexo, os valores <8,60 kg/m? para homens e <5,60 kg/m? para mulheres. A funcao
muscular foi avaliada pela forga de preensdo manual (FPM) e pelo teste timed up-and-go
(TUG). Os critérios de sarcopenia foram adaptados do European Working Group on
Sarcopenia in Older People 2 (EWGSOP 2). Em relagdo ao AF, valores <5,4° para
mulheres e <5,6° para homens foram considerados os pontos de corte para determinar o
AF baixo. A avaliagdo do estado nutricional foi baseada na Avaliacédo Global Subjetiva
(AGS). O Questionario Internacional de Atividade Fisica (IPAQ) foi utilizado para avaliar os

niveis de atividade fisica. Os dados foram analisados no programa estatistico SPSS verséao



26.0 (IBM Corp., Armonk, NY). A analise de caracterizagdo dos dados foi baseada nas
frequéncias absolutas e percentagens para as variaveis categoricas. Para avaliagao das
variaveis quantitativas foram utilizados calculo de média e desvio-padrdo ou mediana e
intervalo interquartil. O teste de normalidade usado foi o Shapiro Wilk. A forga das
associacoes entre os pares: AF e IMME, AF e FPM, AF e TUG foram analisados usando o
teste de correlagdo de Spearman. O teste t pareado foi utilizado para comparar os dados,
apresentados como média, antes (T0) e depois (T1, T2) do tratamento com os DAAs. Para
as variaveis apresentadas como mediana, foi usado o teste de Friedman. Os valores de
significancia foram ajustados pela corregao de Bonferroni para multiplos testes (P=0,017).
Para a analise longitudinal empregou-se o R Software Statistical (versdo 3.6.3, R Core
Team, 2022). Modelos de regresséo linear de efeitos mistos foram usados para testar o
efeito do tratamento com DAAs nas anormalidades do musculo esquelético e identificar
correlatos de IMME, FPM e desempenho fisico em uma analise longitudinal durante o
periodo compreendido entre TO, T1 e T2. Foram incluidos 62 pacientes [32 (51,6%) do
sexo feminino; 36 (58,0%) com cirrose hepatica compensada; 26 (42,0%) com hepatite
cronica; média de idade 58,6 + 10,8 anos]. Foram observados diminui¢ao significativa dos
marcadores indiretos de fibrose hepatica [escore AST fto Platelet Ratio Index (APRI) e o
Fibrosis-4 index (FIB-4)] e aumento de 0,20 kg/m? e 0,22 kg/m? no IMME em T1 e T2. Apos
a terapia com DAA, foi identificado aumento de uma unidade do AF associado a redugao
de 0,38 minutos no TUG. A erradicacdo do HCV com DAAs associou-se a reducao
dinAmica de marcadores nao-invasivos de fibrose hepatica e aumento da massa muscular
em pacientes com hepatite C crénica que apresentavam carga viral indetectavel na 122

semana apos a conclusao do tratamento antiviral.

Palavras-Chave: hepatite C crénica; massa muscular esquelética; forca muscular;

desempenho fisico, terapia antiviral de acao direta.



ABSTRACT

Skeletal muscle loss’s impact on the progression of chronic liver disease has been
increasingly recognised. The prevalence of sarcopenia among cirrhotic patients is around
40.0%, and in these patients, each increase of 1 cm?/m? in the skeletal muscle mass index
(SMI) was associated with a reduction of 3.0% in mortality risk. However, studies on this
topic in patients with chronic hepatitis C are still scarce. Thus, we aimed to evaluate, for
the first time, all components of sarcopenia, such as reduced skeletal muscle mass,
decreased muscle strength and low physical performance in a cohort of individuals
chronically infected by HCV, before and after direct-acting antiviral agent (DAA) treatment.
This is a longitudinal study including, prospectively, from 2017 to 2020, patients with
chronic hepatitis C who were treated at an outpatient clinic. These patients underwent
clinical, nutritional and body composition assessment. The evaluations occurred before the
start of DAA therapy at baseline [Time 0 (T0)] and subsequently at the 12" week after the
end of treatment [Time 1 (T1), which corresponds to the sustained virological response
(SVR)] and at week 48 after completion of DAA therapy [Time 2 (T2)]. Liver cirrhosis was
diagnosed through clinical evaluation and biochemical, histological, and radiological
examinations. Regarding the components of body composition, bioelectrical impedance
(BIA) was used to evaluate phase angle (PhA) and fat-free mass (FFM), which in this
study was termed skeletal muscle mass (SM). SM was calculated using a multiple
regression equation previously validated to estimate the SM (kg). SMI was calculated by
dividing skeletal muscle mass (kg) by the square of height (kg/m?). The cut-off points
values adopted for low SMI, according to age and sex, were <8.60 kg/m? for men and
<5.60 kg/m? for women. Muscle function was assessed by handgrip strength (HGS) and
the timed up-and-go (TUG) test. The sarcopenia criteria were adapted from the European
Working Group on Sarcopenia in Older People 2 (EWGSOP 2 Consensus). Regarding the
PhA, values <5.4° for women and <5.6° for men were the cut-off points for low PhA. The
assessment of nutritional status was based on the Subjective Global Assessment (SGA).
The International Physical Activity Questionnaire (IPAQ) assessed physical activity levels.
Data were analysed using the statistical program SPSS version 26.0 (IBM Corp., Armonk,
NY). Descriptive statistics provided demographic, clinical, biochemical, lifestyle, nutritional,
and virological data information. The Shapiro-Wilk test was used to evaluate whether the

data were normally distributed. The strength of the associations between the pairs: PhA



and SMI, PhA and HGS, PhA and TUG was analysed using Spearman's correlation. The
paired t-test was used to compare data, presented as mean, before (TO) and after (T1, T2)
DAA treatment. We used the Friedman test for the baseline variables presented as the
median. Significance values have been adjusted by Bonferroni correction for multiple tests
(P=0.017). We conducted the longitudinal analysis using the R Statistical Software
(version 3.6.3, R Core Team, 2022). Mixed-effects linear regression models were fitted to
SMI, HGS and physical performance and used to test the effect of the DAA during the
TO-T2 follow-up period. Sixty-two outpatients [32 (51.6%) female; 36 (58.0%) with
compensated liver cirrhosis; 26 (42.0%) with chronic hepatitis; mean age 58.6 + 10.8
years]. Significant decreases in liver fibrosis markers [AST to Platelet Ratio Index (APRI
score), and Fibrosis-4 index (FIB-4 index)] and an increase of 0.20 and 0.22 kg/m? in the
SMI were observed at T1 and T2. Following DAA therapy, an increase of one unit of PhA
was associated with a reduction of 0.38 min in TUG. HCV eradication with DAA therapy
was associated with a dynamic reduction of non-invasive markers of liver fibrosis and
increased muscle mass in patients with chronic hepatitis C who had an undetectable HCV

load at 12 weeks after completion of antiviral treatment.

Keywords: chronic hepatitis C; skeletal muscle mass; muscle strength; physical

performance, direct-acting antiviral therapy.
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1.0. CONSIDERAGOES INCIAIS

A presente tese esta inserida na linha de pesquisa “Mecanismos de doengas e tratamento
das afecgbes hepatobiliares: Estudo das alteragdes patogenéticas e fisiopatologicas
relacionadas as doengas hepatobiliares e do seu tratamento com énfase no transplante
hepatico” do Programa de Pods-graduacdo em Ciéncias Aplicadas a Saude do Adulto
(PrPGCASA) da Universidade Federal de Minas Gerais e integra o Grupo de Pesquisa
Interdisciplinar e Multiprofissional em Nutricdo Clinica e Metabolismo - Nutriclim -
registrado no Diretdério dos Grupos de Pesquisas do Brasil - Conselho Nacional de

Desenvolvimento Cientifico e Tecnolégico (CNPq).

Neste projeto de doutoramento, o objetivo foi avaliar, de forma inédita, todos os
componentes da sarcopenia, isto €, massa muscular esquelética reduzida, forca muscular
diminuida e desempenho fisico baixo em uma coorte de individuos cronicamente
infectados pelo HCV em periodo prévio e posterior a terapia com agentes antivirais de
acéo direta (DAAs).

No ano de 2013, eu me formei em Nutricdo pelo Centro Universitario Newton Paiva.
Durante  esse periodo, tive a oportunidade de conhecer a colega e amiga Tatiana,
nutricionista que me apresentou a minha orientadora Luciana Diniz e me abriu as portas

para o universo da pesquisa e docéncia.

Em 2015 iniciei meu mestrado acompanhando pacientes no Ambulatério de Dependéncia
Quimica, em que avaliei aspectos nutricionais e relacionados a qualidade de vida desses
individuos. Em seguida, no doutorado, busquei aprofundar meus estudos na area de
hepatologia, em especial, sobre a hepatite C e suas associagdes com as alteragdes

musculares e os fatores nutricionais.

Dessa maneira, serao apresentados a seguir os resultados do projeto de doutorado
vinculado ao PrPGCASA/UFMG. A tese e foi elaborada  no formato de artigo cientifico,
em consonancia com os requisitos estabelecidos pelo PrPGCASA para a defesa. O

material aqui apresentado esta organizado da seguinte forma:



Apresentacéo da tese

e Consideracdes Iniciais;

e Antecedentes Cientificos;

e Objetivos;

e Meétodos;

e Referéncias;

e Resultados apresentados em formato de artigo;
e Consideracdes finais;

e Apéndice (s) e Anexo (s).
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2.0. ANTECEDENTES CIENTIFICOS
2.1. Prémio Nobel - Descoberta do virus da hepatite C

Em 5 de outubro de 2020, os cientistas Harvey Alter, Michael Houghton e Charles Rice
foram laureados com o Prémio Nobel em Fisiologia ou Medicina pela descoberta do
virus da hepatite C (HCV). Essa descoberta permitiu a abordagem clinica de “milhdes”
de pacientes. Houve com o avancar do conhecimento melhora significativa da
performance dos testes diagnodsticos, além da revolugdo do tratamento da infecgao
causada pelo HCV com os agentes virais de agao direta [do inglés, Direct Antiviral
Drugs (DAAs)] (BAUMERT, 2020).

Segundo o Instituto Karolinska, situado na Suécia, os norte-americanos Harvey J. Alter
e Charles M. Rice e o britdnico Michael Houghton foram considerados pesquisadores
decisivos na luta contra um "grande problema de saude global que causa cirrose e
hepatocarcinoma ao redor do mundo". Na década de 70, Harvey Alter iniciou sua
carreira no Departamento de Hematologia e Hemotransfusées. Nesse periodo, as
descobertas dos virus das hepatites A e B alcangaram avancos significativos. Apesar
deste grande feito cientifico, a reducdo da incidéncia dos casos de hepatites
pos-transfusionais nao foi observada. Essa comprovagao corroborou com a hipétese de
existir “outro virus”, o qual também seria responsavel por numero expressivo de
hepatites pos transfusionais. Alter, em colaboragdo com Baruch Blumberg, ganhador do
Prémio Nobel de 1976, devido a descoberta do antigeno de superficie do virus da
hepatite B, iniciou estudos com o objetivo de identificar este “potencial” agente

responsavel pela hepatite pos-transfusional (BAUMERT, 2020).

Esse agente “potencial” foi, inicialmente, denominado virus da “Hepatite ndo-A, ndo- B”.
A infeccao causada por este virus foi relacionada ao quadro clinico caracterizado pela
fase aguda acompanhada por sintomas frustros que evoluia, em sua grande maioria,
para a fase cronica potencialmente letal. Ainda, foi demonstrado por Alter, que
chimpanzés transfundidos com o soro de 27 pacientes infectados pelo virus da
“‘Hepatite nao-A, nao-B” desenvolveram hepatite. Com base nesses achados, este
pesquisador conseguiu comprovar que O agente responsavel pelas hepatites
pos-transfusionais era um “virus” (BURKI, 2020; BAUMERT, 2020).
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Em 1982, Michael Houghton iniciou experimentos com o intuito de identificar o genoma
do virus da “Hepatite ndo-A, ndo-B”. Contudo, essa trajetoria, inicialmente, pautada em
meétodos cientificos classicos como, por exemplo, a visualizacio de particulas virais, foi
marcada pela sequéncia de insucessos. Esse pesquisador se associou aos colegas
Qui-Lim Choo e George Kuo e direcionaram os estudos em prol da abordagem
proteOmica. Durante cinco anos, em trabalho laborioso, foi feita a transferéncia de
acidos nucleicos isolados de figado e plasma de chimpanzés infectados pelo virus da
“‘Hepatite nao-A, nado- B” para bacteriofagos, que foram usados como vetores de
clonagem. Assim, varias bibliotecas de DNA complementar (cDNA) foram geradas.
Supondo que alguns desses cDNAs seriam derivados do virus da “Hepatite ndo-A,
nao-B” e que os anticorpos contra eles estariam presentes em pacientes com hepatite
decorrente de transmissdo parenteral através de hemotransfusdo, Houghton e seus
colegas testaram as proteinas codificadas com o sangue de um paciente infectado.
ApoOs dois anos de testes, identificou-se um clone positivo denominado 5-1-1,
permitindo, assim, o reconhecimento de um virus-RNA, que foi denominado virus da
hepatite C (HCV). A presencga de anticorpos contra proteinas virais em pacientes e em
chimpanzés com “Hepatite ndo-A, ndo-B”, tornou possivel a identificagdo do HCV como
agente causal. Houghton e colegas publicaram suas descobertas em 1989 (BURKI,
2020; BAUMERT, 2020).

A descoberta de Houghton foi seguida por varios estudos que tinham como objetivo a
demonstracdo da replicagdo do HCV. Charles Rice, virologista que trabalhava na
Universidade de Washington, em Saint Louis, teve papel decisivo para o entendimento
do ciclo do HCV. Este pesquisador identificou erros acumulados no processo de
replicacdo do HCV, fato que impedia a replicagdo desse virus. Foi identificada, entao,
uma regido na extremidade ndo traduzida 3' do genoma do HCV composta por
aproximadamente 100 pares de bases. Rice, Alexander Kolykhalov e sua equipe, com
base na importancia dessa regido para a replicagdo viral, a incluiram em RNAs do
HCV. Ainda, neste experimento foi inserida uma sequéncia de consenso, que teve
como objetivo eliminar possiveis erros deletérios. Através desta abordagem de
engenharia genética, os cientistas identificaram um clone de comprimento total que

resultou em infecgao viral efetiva acompanhada pelo surgimento de doenca hepatica
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em chimpanzés. Esse estudo confirmou que o HCV de forma isolada era capaz de
causar hepatite viral (BURKI, 2020; BAUMERT, 2020).

A descoberta feita por Alter, Houghton e Rice abriu caminho para os testes de triagem
aplicados durante as hemotransfusbes e para a elaboragcdo de antivirais que
possibilitam alcancar a cura virolégica em cerca de 95,0% dos pacientes infectados
pelo HCV. No entanto, segundo Rice, ainda, € necessario muito trabalho, “precisamos
de uma vacina, de medicamentos mais acessiveis e de triagem ampla para a

identificacdo da doenca em fase precoce” (BURKI, 2020).

2.2. Cenario da hepatite C

A infeccado pelo virus da hepatite C (HCV) é considerada um problema relevante de
saude publica no Brasi e no mundo (POLARIS OBSERVATORY HCV
COLLABORATORS, 2017; WHO, 2017). Estima-se que cerca de 71 milhdes de
pessoas sejam portadoras cronicas do HCV e que 399.000 morram, anualmente, em
consequéncia de doenca hepatica associada ao virus (POLARIS OBSERVATORY HCV
COLLABORATORS, 2017; WHO, 2017). Endémica em todo o mundo, a prevaléncia da
hepatite C ndo € homogénea e apresenta diferengas regionais consideraveis (WHO,
2017).

O sistema de vigilancia epidemioldgica no Brasil utiliza a presenga do HCV-RNA como
critério diagnostico de hepatite C. A notificagdo compulsoria da hepatite viral, no Brasil
teve inicio em 1996 e, no periodo de 1999 a 2011, foram notificados 82.041 casos de
HCV, sendo 60,1% pacientes do sexo masculino (BRASIL, 2012). Entre os anos de
2012 e 2015, cerca de 150 mil pacientes, que apresentavam HCV-RNA positivo, foram
identificados pelo sistema de vigilancia brasileiro (BRASIL, 2015). A prevaléncia da
infeccdo pelo HCV com base nos dados do Inquérito Nacional de Hepatites Virais no
periodo de 2009 a 2010 nas capitais brasileiras foi de 1,38% (intervalo de confianga -
IC 95%, 1,12% - 1,64%). Dentre essas regides, a prevaléncia da hepatite C foi maior na
regido Norte [2,1% (IC 95% 1,4% - 2,8%)] (PEREIRA et al., 2013).

De acordo com a histéria natural da hepatite C, aproximadamente 80,0% dos
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individuos que adquirem a infecgdo aguda tornam-se portadores crénicos, e destes,
cerca de 20,0% evoluem para a cirrose e suas complicagcdes em aproximadamente 10
a 20 anos apds a infecgdo (ALTER et al., 1992). Dessa maneira, o numero de
individuos cronicamente infectados pelo HCV, que estdo em risco de evoluir para
formas avancadas da doenca hepatica, é projetado em aumentar de forma significativa
nas proximas décadas, especialmente pela falta de rastreamento efetivo da infecgao
(MOHD HANAFIAH et al., 2013; WESTBROOK & DUSHEIKO, 2014).

Em relagéo ao tratamento nos ultimos 20 anos, o interferon peguilado alfa-2a ou alfa-2b
(Peg-IFN) e a ribavirina (RBV) foram os componentes essenciais do tratamento antiviral
da hepatite C cronica, contudo, a partir de 2011, essa terapia passa por mudanga
profunda e radical (WHO, 2018a). Inicialmente, foram introduzidos os DAAs que
compreendiam dois inibidores de proteases do HCV: boceprevir e telaprevir (EASL,
2011).

Esses medicamentos foram usados em combinagdo com o Peg-IFN + RBV e se
associaram a maior complexidade do tratamento e elevada frequéncia de efeitos
adversos (SARRAZIN et al., 2012). Consequentemente, essa terapia, atualmente, n&o
€ mais recomendada em muitos paises (DUSHEIKO & WEDEMEYER, 2012). Assim,
desde o ano de 2013, a terapia sem o emprego de interferon alfa (INF-a) tornou-se
realidade. Em 2015, a Food and Drug Administration (FDA) e a European Medical
Agency (EMA) aprovaram novos DAAs: sofosbuvir (inibidor de polimerase nucleotideo
analogo); simeprevir (inibidor de protease de segunda geragao); daclatasvir (inibidor da
HCV-NS5A); combinagao - sofosbuvir + ledipasvir (inibidor da NS5A); combinagao
paritaprevir + ombitasvir + dasabuvir (EASL, 2014).

Ressalta-se que 90,0% dos pacientes acometidos por doencga cronica podem ser
‘curados” com apenas trés meses de terapia. No entanto, o avanco no tratamento da
hepatite C crénica também representa um desafio para muitos sistemas de saude em
todo o mundo. Apesar de extremamente seguras e eficazes, as novas terapias sao
caras (WEDEMEYER et al., 2015).

No Brasil, de acordo com o Protocolo Clinico e Diretrizes Terapéuticas para Hepatite C
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e coinfeccdes (BRASIL, 2019), entre os DAAs que sao fornecidos pelo Ministério da
Saude para o tratamento da hepatite C crénica estdo: ledispasvir/sofosbuvir,
velpatasvir/sofosbuvir e  glecaprevir/pibrentasvir  (NOTA  INFORMATIVA  N°
13/2019-COVIG/CGVP/DIAHV/SVS/MS, de 31 de outubro de 2019).

Em sintese, 33 anos apdés a descoberta do HCV, DAAs foram desenvolvidos e
revolucionaram o tratamento da infeccdo pelo HCV, proporcionando, assim,
perspectivas em relagdo a cura abrangente de uma infecc¢do viral crénica em seres
humanos (CHUNG & BAUMERT, 2014; BURKI, 2020).

2.3. Estado nutricional em pacientes com doen¢a hepatica crénica

Comumente, as doengas hepaticas, principalmente em fase avancada, ocasionam
alteragdes nutricionais relevantes. Dessa forma, pesquisadores tém centralizado suas
investigacdes no papel desempenhado pela dieta e a influéncia do estado nutricional
na evolugdo das doengas hepaticas (MANGUSO & GOSTINO; YASUTAKE et al,
2012), visto que o figado exerce papel relevante em vias bioquimicas envolvidas na

metabolizagdo de inumeros nutrientes essenciais a vida (KALAITZAKIS, 2014).

Os aspectos nutricionais nesses pacientes sao considerados fatores de risco para a
progressao da hepatopatia, isto €, contribuem para a promogéo ou o aceleramento do
curso da doenga para estagios avangados: cirrose e carcinoma hepatocelular. O
sobrepeso e a obesidade parecem ter influéncia negativa no curso clinico dessas
entidades clinicas (NEGRO, 2020) e, a desnutricdo, achado frequente em pacientes
com cirrose hepatica, representa fator de risco associado a sobrevida desses
individuos (BUNCHORNTAVAKUL & REDDY, 2020).

Dentre as causas associadas a desnutricdo na hepatopatia cronica, especialmente em
vigéncia de fibrose significativa, destacam-se menor ingestdo dietética, nausea,
saciedade precoce, atraso no esvaziamento gastrico, aumento do gasto energético, ma
absorcdo de nutrientes, metabolismo hepatico alterado, motilidade intestinal
prejudicada e supercrescimento bacteriano intestinal (KACHAAMY et al., 2012;
BUNCHORNTAVAKUL & REDDY, 2020).
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Dessa maneira, no contexto da cirrose hepatica, a desnutricdo € muito relevante. Essa
alteragcao nutricional, nos pacientes cirroticos, € identificada em 13,0% e pode atingir
valores superiores a 90,0% em casos com hepatopatia avangcada (FERREIRA et al.
2011; MENTA et al. 2015). Em estudo prospectivo, em que foram incluidos 1.053
pacientes com cirrose, na Italia, a prevaléncia de desnutrigdo avaliada pela
antropometria foi de 23,0%, 44,0% e 57,0% em pacientes com cirrose classificados
pelo escore de Child-Turcotte-Pugh - A, Child-Turcotte-Pugh - B e Child-Turcotte-Pugh -
C, respectivamente (MERLI et al., 1996). Em conjunto, cirrose e desnutricao
contribuem para a perda de massa muscular esquelética. Esta perda, por sua vez, &
considerada indicador relevante de desnutricdo (CEDERHOLM et al., 2019).

2.4. Nomenclaturas e definigdoes de sarcopenia primaria e secundaria

Embora a prevaléncia de sarcopenia aumente em paralelo a progresséo da fibrose
hepatica (HIRAOKA et al., 2016), foi demonstrado que em pacientes com hepatite C
cronica, a reducdo da massa muscular esquelética precede o desenvolvimento da
cirrose (GOWDA et al., 2014). Apesar da relevancia clinica das anormalidades do
musculo esquelético em pacientes com doenca hepatica, o crosstalk/interagao
musculo-figado, ainda, n&do foi totalmente esclarecido em individuos cronicamente

infectados pelo HCV.

Em relagdo a avaliagdo da sarcopenia, atualmente, ndo ha uma definicdo padrao-ouro
nem um consenso universal para diagnosticar essa condigdo em individuos infectados
pelo HCV. A sarcopenia foi, originalmente, reconhecida como perda de massa
muscular esquelética e forga ligada ao processo de envelhecimento (STUDENSKI et
al., 2014; CRUZ-JENTOF et al., 2019). Dessa maneira, é fundamental ter consciéncia
que os critérios do consenso internacional sdo direcionados a populagao geriatrica.
Dentre as definicées de sarcopenia, o European Working Group on Sarcopenia in Older
People (EWGSOP) é o consenso mais amplamente mencionado (CRUZ-JENTOF et
al., 2010; CRUZ-JENTOF et al., 2019). Na iniciativa original do EWGSOP, a sarcopenia
foi operacionalmente descrita como uma perda gradual de massa muscular
(CRUZ-JENTOF et al., 2010). No decorrer de oito anos, o consenso EWGSOP1
(CRUZ-JENTOF et al, 2010) foi revisado e publicado como EWGSOP2
(CRUZ-JENTOF et al., 2019). De acordo com o consenso atualizado, EWGSOP2, a
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sarcopenia deve ser rastreada pela manobra de preensao manual para detectar forga
muscular reduzida (CRUZ-JENTOF et al., 2019). Assim, a sarcopenia é provavel
quando se identifica baixa forca muscular e, posteriormente, esta condicdo deve ser
confirmada pela determinagdo de massa muscular reduzida (CRUZ-JENTOF et al.,
2019). Em ambos os consensos, versdao 1 e 2, o indice de musculo esquelético é
avaliado pelo ajuste da massa magra apendicular (ALM) pela altura ao quadrado
(ALM/H?) (CRUZ-JENTOF et al., 2010; CRUZ-JENTOF et al., 2019). Além deste
aspecto, uma iniciativa americana conduzida pela Foundation for the National Institutes
of Health (FNIH) Biomarkers Consortium Sarcopenia Project, que usou dados
agrupados de varios estudos epidemioldgicos, incluindo participantes idosos residentes
na comunidade, recomenda que a massa muscular apendicular [do inglés appendicular
lean mass (ALM)] seja ajustada pelo indice de massa corporal (ALM/IMC)
(STUDENSKI et al., 2014). Ambos os consensos: EWGSOP1 e EWGSOP2, bem como
o consenso do FNIH, definem a sarcopenia como uma perda de massa muscular e
reducdo da forca muscular. Em sua definicdo de 2018, o EWGSOP2 compreende o
baixo desempenho fisico como um indicador da gravidade da sarcopenia
(CRUZ-JENTOF et al., 2019).

Sarcopenia esta associada ao aumento de desfechos clinicos negativos, que incluem
quedas, declinio funcional, fragilidade e mortalidade (CRUZ-JENTOFT et al., 2019b).
Como descrito previamente, a primeira vez em que o termo sarcopenia foi utilizado,
este se referia a perda de massa muscular referente ao processo de envelhecimento
(ROSENBERG, 1989; ROSENBERG,1997). Em adi¢cdo ao avancar da idade, a massa
e a fungdo do musculo esquelético sofrem influéncia de inumeros fatores
(CRUZ-JENTOFT et al., 2019a; CRUZ-JENTOFT et al., 2019b). Dessa forma, diante da
identificacdo da sarcopenia, € recomendada uma abordagem sistematica com o intuito
de determinar as causas potenciais (CRUZ-JENTOFT et al., 2010). No contexto da
deplegdo da massa muscular, seja pelo processo de envelhecimento ou por causas
secundarias, as quais incluem a presenca de doenga aguda e/ou crbnica, deve
atentar-se também para as causas subjacentes (Quadro 1) (CRUZ- JENTOFT et al.,
2019b). Em sintese, observa-se que a sarcopenia secundaria pode ser considerada

condigao clinica complexa relacionada a amplo espectro de causas subjacentes.
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A massa muscular esquelética € determinada pelo equilibrio entre a sintese e a
degradacgédo de proteinas, assim, na pratica clinica, a deteccdo de anormalidades do
sistema muscular esquelético torna-se relevante (HEYMSFIELD et al, 2014;
HEYMSFIELD et al., 2015). Como descrito anteriormente, a perda da massa muscular,
€ considerada indicador importante de desnutricdo (CEDERHOLM et al., 2019).
Desnutricdo é definida como estado moérbido secundario a deficiéncia ou excesso,
relativo ou absoluto, de um ou mais nutrientes (JELLIFFE, 1966). Dessa maneira,
conforme descrito acima, de forma operacional, sarcopenia, associada ao
envelhecimento, é definida como a perda de massa e fungdo muscular esquelética, ou
seja, forca ou desempenho (CRUZ-JENTOFT et al., 2019a). Contudo, ao estender-se
as anormalidades musculares que ocorrem em vigéncia de doenga crbnica, depara-se
com diferentes termos usados, como por exemplo, “sarcopenia’, “miopenia”,
“‘dinapenia”, “miosteatose”, “sarco-osteopenia” e “sarco-osteoporose”. Ao transpor esse
conhecimento ao cenario da doenga hepatica, embora a sarcopenia esteja associada a
desfechos adversos graves na presenca de cirrose, ndo ha consenso universal para
definir e diagnosticar essa condi¢do nessa populagdo. Assim, esse excesso de termos
ja antecipa a complexidade do mecanismo da perda muscular em vigéncia de
comorbidade cronica (EVANS et al., 2008; FEARON, EVANS & ANKER, 2011).

Quadro1. Causas subjacentes de sarcopenia

Aspectos nutricionais

Baixa ingestao de proteinas

Baixa ingestéo de calorias

Deficiéncia de micronutrientes

Disturbios cardiorrespiratérios, incluindo insuficiéncia cardiaca cronica e
doenca pulmonar obstrutiva crénica

Ma absorcio e outras condicdes gastrointestinais

Anorexia (envelhecimento, problemas orais)

Aspectos associado a inatividade

Repouso imobilidade e falta de condicionamento fisico

Baixa atividade estilo de vida sedentaria

Comorbidades

Doencas 6sseas e articulares

Disturbios metabdlicos (particularmente o diabetes mellitus)

Doencas Enddcrinas (particularmente insuficiéncia/deficiéncia androgénica)

Comorbidades neurolégicas
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Aspectos nutricionais

Baixa ingestao de proteinas

Neoplasia/cancer

Doencga hepatica e doencga renal

Aspectos relacionados a iatrogenia

Admissao hospitalar

Relacionado ao uso de medicamentos e drogas

Adaptado de CRUZ-JENTOFT et al., 2019a.
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Em sintese, ndo existe padronizacdo nos diversos termos usados para descrever o

compartimento “massa muscular”. Varios termos tém sido empregados como, por exemplo,

massa muscular, massa muscular esquelética, massa magra, massa livre de gordura,

todos tentando representar o mesmo compartimento: a massa muscular (GONZALEZ,

2021). Essa autora, entdo, sugere que cada termo deve ser utilizado de acordo com o

meétodo selecionado para a avaliagcdo da composicao corporal.

Segundo GONZALEZ (2021), poucos métodos de avaliagdo de composi¢cao corporal
tém a capacidade de mensurar diretamente a massa muscular. Dentre eles destaca-se
a ressonancia magnética (RM). Por meio da RM ¢é possivel ndo s6 avaliar a massa
muscular esquelética total em kg [do inglés, (SM) skeletal muscle mass] como,
também, a distribuicdo regional. Ainda, a tomografia computadorizada (TC) é capaz de
analisar a massa muscular esquelética de forma direta. Contudo, este instrumento
utiliza apenas a area muscular esquelética da regido da terceira vértebra lombar (L3).
Essa area € comumente utilizada, pois representa € a que possui melhor correlagao
com a massa muscular esquelética total. Geralmente, esta medida é ajustada pela
altura ao quadrado e é apresentada como indice do muasculo esquelético em cm?m? [do
inglés, (SMI) skeletal muscle index] (BUCKINX et al., 2018). Além dos métodos ja
descritos, ressalta-se a diluigdo de creatina marcada (do inglés, D3-creatine dilution),

no momento, disponivel apenas para pesquisa (EVANS et al., 2019).

Nos estudos que abordam a massa muscular, a massa livre de gordura [do inglés,
(FFM) fat-free mass] é outro termo comumente empregado. Este compartimento
corporal € avaliado pelos métodos bicompartimentais, isto é, o corpo humano € dividido

em dois grandes compartimentos, de acordo com as caracteristicas quimicas: a massa



de gordura ou massa gorda [do inglés, (FM) fat mass] (GONZALEZ, 2021). Dentre os
meétodos bicompartimentais destacam-se as estimativas de composi¢do corporal
obtidas por meio de pregas cutaneas, a hidrodensitometria e a pletismografia aérea

(BODPOD®) e a medida de agua corporal total por técnicas de diluicéo.

Ainda, deve-se considerar o termo massa magra [do inglés, lean mass (LM)]. Este o
compartimento corporal ndo inclui a gordura anatdbmica ou gordura de armazenamento
(contida no tecido adiposo subcuténeo e visceral), mas inclui a gordura essencial,
presente nas membranas celulares, na medula éssea, e nas bainhas dos nervos e
cérebro (MAZZOCCOLI, 2016). Vale ressaltar que, no momento, ndo existe um
instrumento capaz de mensurar a massa magra. Além deste aspecto, este termo é
usado erroneamente como sindbnimo de massa livre de gordura (GONZALEZ et al.,
2018; GONZALEZ, 2021).

Finalmente, outro termo muito utilizado como marcador de massa muscular € a massa
muscular esquelética apendicular [do inglés, appendicular lean mass (ALM)]. O indice
da massa muscular esquelética apendicular (ALMI) é usado quando a ALM ¢é ajustada
pela altura em metros elevada ao quadrado (kg/m?). Adicionalmente, a ALM pode ser
ajustada pelo IMC, ou seja, ALM/IMC ou, ainda, pelo peso, ALM/peso (Kg). A ALM é
mensurada pela absorciometria por dupla emissdo de raio X (DXA), principalmente
usada na avaliacdo de sarcopenia em idosos. No entanto, o compartimento medido
pelo DXA é o ALM. A maior parte dos musculos estdo localizados nos bragos e pernas
(75,0%) e, portanto, esta medida apendicular pode ser considerada um bom marcador
da massa muscular total. Entretanto, a ALM também €& apenas estimativa da massa
muscular apendicular, uma vez que a maior parte da ALM (75,0% - 85,0%) é composta
de musculo, mas o restante é constituido de pele e tecido conectivo (BUCKINX et al.,
2018; GONZALEZ et al., 2018; GONZALEZ, 2021).

2.5. Sarcopenia e hepatopatia créonica

A sarcopenia é frequentemente vista em pacientes cirréticos e atinge taxas que variam
de 30,0% a 70,0% (DASARATHY & MERLI, 2016). A etiologia da sarcopenia, neste

contexto, é multifatorial e inclui diminuicdo da ingestdo nutricional, ma absorgéao,
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metabolismo modificado, alteragcbes hormonais e hiperamonemia (DASARATHY &
MERLI, 2016). Varias evidéncias tém demonstrado a associagdo da sarcopenia com
desfechos negativos nessa populagcdo (DASARATHY & MERLI, 2016). Dentre esses
desfechos, destacam-se a reducdo da qualidade de vida bem como a redugdo da
sobrevida em pacientes com cirrose. Em investigagdo prévia, apesar de nao estar
completamente estabelecida na literatura cientifica, foi proposta a inclusdo da perda da
massa muscular esquelética para a pontuacdo do Modelo para Doenca Hepatica
Terminal, do inglés, Model for End-Stage Liver Disease, sistema de pontuagdo que
quantifica a urgéncia do transplante de figado em pacientes cirréticos
(MONTANO-LOZA et al., 2016).

Em sintese, em pacientes cirréticos, a sarcopenia é reconhecida como complicagao
significativa e as diretrizes da “European Association for the Study of the Liver” (EASL)
(MERLI et al., 2019) e da “European Society for Clinical Nutrition and Metabolism”
(ESPEN) (BISCHOFF et al., 2020) apontam para o rastreamento da desnutricdo e da
sarcopenia em hepatopatas. Além deste aspecto, a sarcopenia esta associada a
sindrome metabdlica e a fibrose hepatica avangada (LIM et al., 2010; LEE et al., 2016;
HAN et al., 2018).

Conforme descrito anteriormente, a sarcopenia foi estudada principalmente em
individuos idosos oriundos da comunidade e varios consensos foram desenvolvidos
(STUDENSKI et al.,, 2014; CRUZ-JENTOFT et al., 2019a; CRUZ-JENTOFT et al.,
2019b; SON et al., 2021). Vale ressaltar que o emprego dos consensos existentes para
avaliar a sarcopenia em pacientes cirroticos apresenta limitacbes. Dentre elas
destaca-se a influéncia da reteng¢ao de hidrica na mensuragdo da massa muscular em
pacientes cirréticos com ascite ou edema periférico. Ainda, ndo ha um consenso
especifico a ser usado em hepatopatas crénicos (TANDOM; MONTANO-LOZA, 2020).

Em estudos prévios, desenvolvidos pelo nosso grupo de pesquisa, BERING et al.
(2018a), por meio da bicimpedancia elétrica, avaliaram a prevaléncia de FFM baixa em
135 pacientes com hepatite C cronica. Nesse estudo, foi verificada prevaléncia
significativa de FFM diminuida, independentemente do grau de hepatopatia, isto €,
28,3% e 18,0% em pacientes com cirrose compensada e pacientes com hepatite C

cronica sem cirrose, respectivamente. Em outro estudo, conduzido por BERING et al.
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(2018b), foram incluidos 104 pacientes com hepatite C crbnica, submetidos a avaliagao
do indice de massa muscular esquelética apendicular e da massa 6ssea por meio da
DXA. Nessa investigagdo, 34,6%, 27,9%, 14,4%, 8,7% e 3,8% dos pacientes
apresentavam densidade mineral éssea baixa, forca muscular reduzida (avaliada pela
dinamometria), pré-sarcopenia (massa muscular baixa, avaliada pela DXA), sarcopenia
(massa muscular e forgca muscular, ambas reduzidas) e obesidade sarcopénica,

respectivamente.

2.6 Diagnéstico da sarcopenia na hepatopatia cronica

No contexto da doenga hepatica crbnica, a ultima década teve como destaque varias
investigacdes que focaram na avaliacdo da sarcopenia (DASARATHY & MERLI, 2016;
BUNCHORNTAVAKUL et al., 2020). A massa muscular diminui com o envelhecimento,
isto é, ha perda de aproximadamente 1,0% ao ano até que o individuo atinja os 70
anos de idade e, subsequentemente, essa perda aumenta para 1,5% ao ano
(BAUMGARTNER et al., 1998). Em pacientes com cirrose hepatica, a frequéncia anual
de perda muscular € maior e evolui de forma mais rapida. Observou-se que, nesses
pacientes, perdas maiores que 3,0% ao ano aumentam o risco de mortalidade,

independente da gravidade da doenga hepatica (HANAI et al., 2016).

Vale ressaltar que o espectro de alteragdes da massa muscular em pacientes com
hepatopatia € amplo. Em casos de cirrose avangada, a alteragdo muscular torna-se
pronunciada e pode ser identificada em avaliagdes clinica e nutricional, ambas,
passiveis de serem usadas em cenarios de pratica clinica. Por outro lado, em estagios
iniciais da doenca hepatica, a perda muscular pode nao ser evidente. Ja nas fases
avancadas das hepatopatias, a presenca de ascite e de obesidade podem dificultar o
reconhecimento da sarcopenia. Assim, torna-se essencial que os métodos de avaliacéo
da massa muscular/massa livre de gordura fornecam formas de medidas objetivas,
reprodutiveis e validadas para essa populagdo especifica. Ainda, devem ser
considerados o estado nutricional e o grau de hepatopatia dos pacientes
(MONTANO-LOZA; EBADI, 2020). Entretanto, nos estudos publicados até o momento,

que tinham como objetivo avaliar sarcopenia em pacientes com doenga crénica do
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figado, em sua maioria, a massa muscular/massa livre de gordura foi avaliada de forma
isolada (MONTANO-LOZA; EBADI, 2020). Dessa maneira, ainda, varias lacunas sao

observadas na apreciacao desse tema.

Conforme descrito previamente, a prevaléncia da sarcopenia pode atingir 70,0% a
100,0% de cirréticos, particularmente em estudos que avaliam a composigéo corporal
em pacientes listados para serem submetidos ao transplante hepatico (FERREIRA et
al.,, 2011). Contudo, os estudos sdo heterogéneos em varios aspectos, dentre eles
destacam-se o0os métodos empregados, a forma de mensuragcdo da massa
muscular/massa livre de gordura e/ou da performance/forga muscular, a auséncia de
pontos de cortes especificos para hepatopatas, a inclusdo de pacientes com etiologias
e fases diferentes da doenga hepatica (DASARATHY; MERLI, 2016; MONTANO-LOZA,;
EBADI, 2020; TANDOM; MONTANO-LOZA, 2020). Além deste aspecto, as diferengas
da massa muscular podem estar relacionadas ao sexo, a etnia e a area geografica do
paciente (CRUZ-JENTOFT et al., 2010; CRUZ-JENTOFT et al., 2019a).

Em nossa contemporaneidade, ndo existe técnica padronizada para o diagnostico de
sarcopenia, ocasionada por causas secundarias em qualquer populacdo, incluindo
pacientes acometidos por doengas hepaticas (SINCLAIR, 2019). Conforme descrito
acima, a maioria das investigagdes estavam direcionadas a avaliagdo isolada da massa
muscular/massa livre de gordura (MONTANO-LOZA; EBADI, 2020). Os estudos que
incorporam a avaliagdo da massa muscular e a analise da funcionalidade (forca e
desempenho) sdo escassos. Adicionalmente, estas investigacbes usam protocolos
heterogéneos em populagdes variadas. Existem varias modalidades para quantificagéo
da massa muscular, incluindo técnicas diretas e indiretas, como antropometria,

bioimpedéncia elétrica, DXA, ultrassom, RM e TC (Quadro 2).
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Quadro 2. Métodos/instrumentos usados na avaliagdo da massa muscular/massa livre de gordura
em pacientes com hepatopatia.

Métodos empregados para
avaliagao da massa
muscular/massa livre de
gordura

Vantagens

Desvantagens

Cenario - Pratica clinica

Circunferéncia Muscular do

braco

Custo menor; nao invasivo;
disponibilidade maior

Baixa reprodutibilidade; das
mensuragdes sao influenciadas
pela perda de tecido adiposo
subcutaneo; requer treinamento
especializado

Analise da composigao
corporal pela bioimpedancia
elétrica

Nao Invasivo; rapido; simples;
custo menor

As mensuragbes sao influenciadas
pelos seguintes fatores: retengéo de
liquidos; uso de diuréticos; ingestao
de liquidos e alimentos previamente
ao teste; realizacdo de atividade
fisica em momento anterior ao
procedimento

Absorciometria de duplo feixe
de raios-X

Nao Invasivo; custo
intermediario;  disponibilidade
maior quando comparada aos
métodos de imagem;
resultados  consistentes e
pouca exposi¢ao a radiagao

As mensuragdes sao influenciadas
pela presenga de edema em
membro inferior

Cenadrio - Laboratério de pesquisa/pesquisa clinica

Ultrassom (espessura  do
musculo da coxa)

Nao invasivo; simples;
confiavel; custo menor;
auséncia de exposicdo a

radiagdo; o método ndo ¢é
influenciado pela presenga de
edema

Reprodutibilidade, até o presente
momento, ndo foi ndo aferida

Tomografia computadorizada;
Ressonancia magnética

Rapido; preciso; o método nao
€ influenciado pela presenga
de ascite ou edema;
capacidade de quantificar a
quantidade e a qualidade, isto
€, a presenca de infiltracdo de
gordura do musculo
esquelético (mioesteatose)

Custo elevado, exposicdo a
radiagdo quando o paciente &
submetido a tomografia
computadorizada

Adaptado de Montano-Loza AJ & Ebadi M (2020).




Diante dos diferentes métodos, a escolha da técnica mais apropriada para a
mensuragao da massa muscular/massa livre de gordura depende da apreciagdo de
alguns aspectos. Dentre eles destacam-se o cenario, isto &, pratica clinica versus
laboratério de pesquisa/pesquisa clinica, recursos disponiveis, grau de precisao,
acessibilidade e viabilidade da técnica (MONTANO-LOZA; EBADI, 2020). Embora
todos os métodos possam ser aplicaveis na populagdo em geral, muitos ndo sao
apropriados ou precisos em pacientes cirroticos (Quadro 2). Nas tabelas abaixo, os
estudos em pacientes hepatopatas foram agrupados de acordo com o método usado:
(1) Tabela 1, compilado de estudos em que a area da massa muscular esquelética
[musculos: psoas, paravertebrais (eretor da espinha, quadrado lombar) da parede
abdominal (transverso abdominal, obliquos externos e internos, reto abdominal)] foi
mensurada na altura da vértebra lombar numero 3 (L3) pela TC; (2) Tabela 2,
compilagao de estudos em que a massa do musculo psoas foi avaliada pela TC;(3)
Tabela 3, compilado de estudos em que a massa muscular esquelética foi avaliada
pela DXA e bioimpedancia elétrica (BIA), adaptado de SON et al. (2021).
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Tabela 1. Compilado de estudos em que a area da massa muscular esquelética [musculos: psoas, paravertebrais (eretor da espinha,
quadrado lombar) da parede abdominal (transverso abdominal, obliquos externos e internos, reto abdominal)] foi mensurada na altura da
terceira e/ou quarta vértebras lombares pela tomografia computadorizada em pacientes com doenga hepatica cronica.

Autor (ano) Pa Numero Populagao do estudo Altura da Pontos de corte
is de mensuraca para sarcopenia
individuos 0
Montano-Loza Canad 112 Candidatos Tx L, 52,4 cm?/m?
(2012) a 38,5 cm?m?®
Tandon (2012) Canad 142 Candidatos Tx Ls 52,4 cm?/m?2
a 38,5 cm?/m®
DiMartini (2013) EUA 338 Candidatos Tx Lay 52,4 cm?/m??
38,5 cm?/m?
Giusto (2015) Italia 59 Candidatos Tx Ls 52,4 cm?/m?*
38,5 cm?/m?
Hanai (2015) Japao 130 Cirrose Ls 52,4 cm?/m?*
38,5 cm?m?
Sinclair (2016) Austra 145 Candidatos Tx (sexo masculino) L, 52,4 cm?/m*
lia 38,5 cm?/m®
Gu (2018) Coréia 653 Cirrose Ls 52,4 cm?/m??
38,5 cm*m?
Paternostro (2019) Austri 109 Cirrose L, 52,4 cm?/m??
a 38,5 cm?/m®
Acosta (2019) Estados 119 Pacientes submetidos a Tx pds HCC Ls 52,4 cm?/m?2
Unidos da 38,5 cm?/m?®
América

Tx, transplante hepatico; L3 - L4, na altura da terceira e/ou quarta vértebras lombares; HCC, carcinoma hepatocelular.
a, para homens; b, para mulheres.
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Adaptado de SON et al., 2021.

(Continuagao) Tabela 1. Compilado de estudos em que a area da massa muscular esquelética [musculos: psoas, paravertebrais
(eretor da espinha, quadrado lombar) da parede abdominal (transverso abdominal, obliquos externos e internos, reto abdominal)] foi

mensurada na altura da terceira e/ou quarta vértebras lombares pela tomografia computadorizada em pacientes com doenga hepatica
cronica.

(Autor (ano) Pais Numero de  Populagao do estudo Altura da Pontos de corte
individuos mensuracao para sarcopenia
Kumar (2020) india 115 Candidatos Tx L, 52,4 cm?/m?2
38,5 cm?/m?®
América do Candidatos Tx 50,0 cm?/m?*
Carey (2017) Norte 396 Ls 39.0 cm?/m?
. Ameérica do Candidatos Tx 50,0 cm?/m?
Ebadi (2018) Norte 353 L, 39.0 ome/m?®
: - Candidatos Tx 50,0 cm?/m?®
Kappus (2020) Reino Unido 355 L; 39.0 cm2/m?
Candidatos Tx 53,0 cm?/m? para IMC 225 kg/m?/43,0
Montano-loza (2014) Canada 248 L, cm?/m? para IMC <25 kg/m?*?
41,0 cm?*m?2°®
Candidatos Tx 50,0 cm?/m?*
Van Vugt (2018) Holanda 585 Ls 39.0 cm2/m?
Ishikawa (2016) ~ Doenga cronica do 42,0 cm? m*
Japao 149 figado Ls 38,0 cm2/m?
2 2a
Ebadi (2020) Canada 603 Cirrose L, 50,0 cm*/m

37,0 cm?/m?®

Tx, transplante hepatico; L3 - L4, na altura da terceira e/ou quarta vértebras lombares; HCC, carcinoma hepatocelular.
a, para homens; b, para mulheres.
Adaptado de SON et al., 2021.
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Tabela 2. Compilado de estudos em que a massa do musculo psoas foi mensurada na altura da terceira e/ou quarta vértebras lombares pela
tomografia computadorizada em pacientes com doenga hepatica crénica.

Autor (ano) Pais Numero de Populagao de Método de Altura da Pontos de corte Método de
individuos estudo mensuracdo  mensuragcdo  para sarcopenia determinacao do
ponto de corte
Englesbe (2010) Estados Unidos 163 Cirréticos PMA L, NR Quartis mais
da América submetidos aTx baixos
Krell (2013) Estados Unidos 207 Cirréticos PMA L, NR Tercil inferior
da América submetidos ao Tx
Golse (2017) Estados Unidos 256 Cirréticos PMA Ls-.4 1561 mm?? Curva ROC
da América submetidos ao Tx 1464 mm2® reIaqonada a
mortalidade em um
ano
Hamaguchi (2014) Japao 200 Cirroticos PMA/altura? Umbigo 6,86 cm?/m?? Curva ROC para
submetidos ao Tx 4,117 cm?/m?® mortalidade
Tsien (2014) Estados Unidos 53 Cirréticos PMA/altura? L, 12,3 cm? m? 5° percentil
da América submetidos ao Tx 10,5 cm?/m?°® especifico para
Idade> 50 anos idade e sexo
Kalafateli (2017) Reino Unido 232 Receptores do Tx  PMA/altura? L; 340 mm?/m? Quartis mais
inferiores
estratificados pelo
sexo
Ebadi (2018) América do 353 Cirréticos PMA/altura? L, 5,1 cm?/m?2 Curva ROC
Norte 4,3 cm?/m?® relacionada a

mortalidade na
lista de espera

Tx, transplante hepatico; PMA, area do musculo psoas; L3 - L4, na altura da terceira e/ou quarta vértebras lombares; ROC, Receiver Operating Characteristic; TPMT,
espessura transversal do musculo psoas; TIPS, shunt porto-sistémico intra-hepatico transjugular.
Adaptado de SON et al., 2021.
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(Continuagdo) Tabela 2. Compilado de estudos em que a massa do musculo psoas foi mensurada na altura da terceira e/ou quarta vértebras
lombares pela tomografia computadorizada em pacientes com doencga hepatica crénica.

Autor (ano) Pais Numero de Populacéo de Método de Altura da Pontos de corte Método de determinacéo
individuos estudo mensuracdo  mensuracao para sarcopenia do ponto de corte
Hou (2020) China 251 Cirréticos PMA/altura? L, 3,5 cm?/m?22 Curva ROC relacionada a
2,6 cm?/m?® mortalidade em 3 anos
Ohara (2020) Japao 318 Doenga PMA/altura? L, (1). 330 mm?/m?2 (1) 2 DP abaixo da média
hepatica crénica 169 mm?/m?2® do controle normal
(2). 374 mm?/m?22 (2) 5,0% inferiores ou
229 mm?/m?2® controle
normal
Durand (2014) Franca 562 Cirréticos em TPMT/altura Umbigo 16,8 mm/m indice de Youden
lista de espera relacionado a mortalidade

na lista de espera

Kim (2014) Coréia 65 Cirrose TPMT/altura Ls40u 14 mm/m Curva ROC relacionada a
descompensad umbigo mortalidade em 1 ano
a
Pacientes com . .
Huguet (2018) Franca 173 cirrose emlista  TPMT/altura Umbigo 15,2 mm/m Curva ROC rglamonada a
mortalidade
de espera
Pacientes com
cirrose 17,8 mm/m Curva ROC relacionada a
Praktiknjo (2019) Europa 186 descompensad  TPMT/altura Umbigo ’ .
) 14,0 mm/m mortalidade em 1 ano
a submetidos
ao TIPS

Tx, transplante hepatico; PMA, area do musculo psoas; L3 - L4, na altura da terceira e/ou quarta vértebras lombares; ROC, Receiver Operating Characteristic; TPMT,
espessura transversal do musculo psoas; TIPS, shunt porto-sistémico intra-hepatico transjugular.
Adaptado de SON et al., 2021.
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Tabela 3. Compilado de estudos em que a massa muscular esquelética foi avaliada pela absorciometria por dupla emissao de raio X e bioimpedancia

elétrica.
Modalidade Autor (ano) Pais Numero de Populacao de Método de Pontos de corte Método de determinacéo do
individuos estudo mensuracao para sarcopenia ponto de corte
DXA Giusto Italia 139 Candidatos Tx ASMI 27,26 kg/m?® Baumgartner et al. (1998)
(2015) 25,45 kg/m®° (2 DP abaixo do valor
médiode acordo com 0 sexo)
DXA Bering Brasil 104 Hepatite C crénica ASMI 7,26 kg/m? EWGSOP1
(2018) 5,45 kg/m?®
DXA Belarmino Brasil 144 Cirréticos, sexo ASMI 7,26 kg/m?2 EWGSOP1
(2018) masculinos com
ascite
DXA Alferink Holanda 4609 Participantes do ASMI 7,25 kg/m? EWGSOP1
(2019) Rotterdam Study 5,67 kg/m?®
DXA Lindgvist Suécia 53 TX ASMI 7,59 kg/m?® Média (1 DP abaixo do valor
(2019) 5,47 kg/m?® médio da populagéo jovem)
DXA Lee (2016) Coréia 2761 DHGNA ASM/IMC 0,789 FNIH
0,521
DXA Han (2020) Coréia 7191 DHGNA ASM/IMC 0,882 Quintil inferior
0,582 FNIH
DXA Golabi EUA 4611 DHGNA ASM/IMC 0,789 FNIH
(2020) 0,521

DXA, Aborciometria por dupla emissdo de raio X;Tx, transplante hepatico; ASM, musculo esquelético apendicular; ASMI, indice do musculo esquelético apendicular; DP, desvio padrao;
EWGSOP1, European Working Group on Sarcopenia in Older People; DHGNA, doenca hepatica gordurosa n&do-alcodlica; IMC, indice de massa corporal; FNIH, “the Foundation for the
National Institutes of Health Biomarkers Consortium Sarcopenia Project consensus (FNIH Consensus)”; ROC, Receiver Operating Characteristic,ANGS, The Asian Working Group for
Sarcopenia; JSH, The Japan Society of Hepatology; DM, diabetes mellitus.
Adaptado de SON et al., 2021.
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(Continuagao)Tabela 3. Compilado de estudos em que a massa muscular esquelética foi avaliada pela absorciometria por dupla emissao de raio X e
bioimpedancia elétrica.

Modalidade Autor (ano) Pais Numero de Populacéo de Método de Pontos de corte Método de determinacao do
individuos estudo mensuracao para sarcopenia ponto de corte
DXA Santos Brasil 210 Cirroticos Membro 2,104 Curva ROC para mortalidade
(2021) superiormusculo/ 1,506
altura?
BIA Nishikawa  Japao 382 Cirrdticos ASMI 7,0 kg/m# Definicdo da AWGS e JSH
(2017) 5,7 kg/m®
BIA Hanai Japao 120 Cirrdticos ASMI 7,0 kg/m?2 Definicdo da AWGS e JSH
(2017) 5,7 kg/m?
BIA Hayashi Japao 112 Doenca ASMI 7,0 kg/m* Definicdo da AWGS e JSH
(2018) hepatica cronica 5,7 kg/m®
BIA Kim (2020) Coréia 2168 Doenga ASM/IMC 0,789 FNIH
hepatica crénica 0,521
BIA Seo (2020) Coréia 4210 Homens com (ASM/peso 0,789 2 DP abaixo do valor médio
DM tipo 2 corporal) x 100 0,521 da populagao jovem
ASM/IMC FNIH
BIA Petta [talia 225 DHGNA (ASM/peso 37,0% Janssen
(2017) corporal) x 100 28,0%

DXA, Aborciometria por dupla emissdo de raio X;Tx, transplante hepatico; ASM, musculo esquelético apendicular; ASMI, indice do musculo esquelético apendicular; DP, desvio padrao;
EWGSOP1, European Working Group on Sarcopenia in Older People; DHGNA, doenga hepatica gordurosa nédo-alcodlica; IMC, indice de massa corporal; FNIH, “the Foundation for the
National Institutes of Health Biomarkers Consortium Sarcopenia Project consensus (FNIH Consensus)”; ROC, Receiver Operating Characteristic,ANGS, The Asian Working Group for

Sarcopenia; JSH, The Japan Society of Hepatology; DM, diabetes mellitus.

Adaptado de SON et al., 2021.
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2.6. Impacto do tratamento com antivirais de acao direta na composigcao

corporal

Conforme descrito previamente, no contexto da hepatite C cronica, a evolugao da
hepatopatia inflamatéria pode originar as formas avangadas de acometimento
hepatico - cirrose hepatica e carcinoma hepatocelular. Dentre os fatores de risco
implicados no desenvolvimento das formas avancadas de doenga hepatica
destacam-se os niveis séricos elevados de alanina aminotransferase (ALT), o uso
abusivo de alcool e a coinfecgdo com o virus da hepatite B (HBV). Vale ressaltar
que além da hepatopatia, a hepatite C crénica é considerada doencga sistémica e
varias condigdes extra-hepaticas, associadas a infecgao crénica pelo HCV tém
sido descritas como, por exemplo, a crioglobulinemia mista, disturbios
linfoproliferativos, doencgas cardiovasculares e renais, resisténcia periférica a
insulina, diabetes mellitus tipo 2, artrite reumatoide e produgao de autoanticorpos
(DIETZ, MAASOUMY, 2022).

No cenario das manifestacbes extra-hepaticas, a interagcdo entre o HCV e as
alteracdes do musculo esquelético também sao relevantes. A sarcopenia tem sido
considerada condigdo complexa e multifacetada e, especificamente, em pacientes
infectados cronicamente pelo HCV, os mecanismos envolvidos na lesdo do
musculo esquelético ndo foram completamente esclarecidos. Nesse cenario, as
interlocugbes entre o hospedeiro, o virus e o ambiente ndo devem ser

desconsiderados.

Em relagdo ao HCV, o desenvolvimento do DAA revolucionou o tratamento dessa
infeccdo cronica (CHUNG & BAUMERT, 2014; BURKI, 2020). Considerando o
grau de acometimento hepatico, a erradicagdo do HCV ocasionaria alteragao do
microambiente inflamatério e associar-se-ia a melhora da funcdo hepatica.
Entretanto, esses efeitos podem extrapolar o figado e alcangarem o musculo
esquelético. Nesse sentido, alguns trabalhos foram publicados com o objetivo de
avaliar o impacto do tratamento com os DAAs na melhora da composigao corporal
e em aspectos relacionados a qualidade de vida de pacientes infectados

cronicamente pelo HCV.
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Sugimoto et al. (2018) avaliaram a composi¢cao corporal de 33 pacientes
submetidos ao tratamento com os DAAs. A bioimpedancia multifrequencial foi
utilizada para avaliar a massa muscular esquelética e a area de gordura visceral
em diferentes periodos do acompanhamento clinico, isto €, na 24 semana antes
do tratamento, no inicio do uso dos DAAs, no final do tratamento, na 24? semana
apo6s o término da terapia com DAAs, e na 482 semana apds o término da terapia
com DAAs. Dentre os pacientes incluidos, foi observado aumento da albumina
apos 48 semanas de tratamento naqueles que apresentavam massa muscular
reduzida no tempo basal. Ainda, foi identificado aumento da massa muscular
esquelética na 242 e na 482 semana apos o término da terapia com DAAs. O
aumento da massa muscular se associou ao aumento do peso corporal e redugao

da gordura visceral.

Ichikawa et al. (2020), como o emprego do questionario SF-36 e da TC, avaliaram
a qualidade de vida e o indice de massa muscular, respectivamente, em
individuos infectados pelo HCV (n = 82), no inicio e apds trés anos do tratamento
com DAAs. Nesse estudo, foram observados melhora da percepcao de saude,

aprimoramento da qualidade do sono e aumento da massa muscular.

Adicionalmente, no Japao, Yoh et al. (2017) avaliaram as alteragdes musculares
em pacientes com hepatite C submetidos ao tratamento com DAAs. A
bioimpedancia elétrica foi utilizada para avaliar a massa muscular esquelética. Os
pacientes que alcangaram a resposta viroldgica sustentada RVS (n = 36)
apresentaram aumento da massa muscular em comparagdo ao valor basal.
Diferentemente, Wojtowicz et al. (2018), na Polbnia, ao avaliaram o efeito do
tratamento com DAAs na performance fisica de pacientes submetidos ao
transplante hepatico, ndo observaram aumento da massa muscular ou melhora
nos parametros bioquimicos direcionados a avaliagdo da performance hepatica
(WOJTOWICZ et al., 2018).

Com base nos achados descritos acima, a erradicacdo do HCV associa-se a
melhora da fungédo hepatica e ganho de massa muscular. Contudo, as evidéncias

ainda sao restritas. Vale ressaltar que na avaliagdo do musculo esquelético, ndo
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ha consenso acerca do método mais apropriado e/ou dos pontos de corte

utilizados nos hepatopatas.

Em sintese, os efeitos da RVS induzida pelos DAAs na massa muscular de
pacientes com hepatite C cronica sdo controversos, incluindo resultados como
nenhuma alteracdo na massa muscular, supressdo da perda muscular esquelética,
aumento da massa muscular ou até mesmo diminuicdo da massa muscular. Além
deste aspecto, a maioria dos estudos disponiveis foram realizados em paises
asiaticos, limitando a avaliacdo de potenciais fatores ligados a etnia e diferencas
geograficas. Neste contexto, o papel desempenhado pela resposta imunoldgica do
hospedeiro, especialmente os efeitos pro-inflamatorios, sobre as células
musculares esqueléticas na infeccdo cronica pelo HCV ndo deve ser
negligenciado. Futuros estudos longitudinais e multicéntricos sdo necessarios para

reduzir esta lacuna do conhecimento.
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3.0. JUSTIFICATIVA E HIPOTESES A SEREM TESTADAS

O diagnéstico e a classificagdo de disturbios nutricionais e a associagdo dessas
alteragdes com a evolugao da hepatopatia em pacientes com hepatite C cronica, ainda,
nao foram completamente esclarecidos. Além deste aspecto, estudos que avaliam a
influéncia da terapia com DAAs no estado nutricional desses pacientes s&o escassos na

literatura.

O tratamento da HCV visa a interromper a replicagao viral e prevenir as complicagdes da
infecgdo crbnica, como a evolugdo para a cirrose e/ou carcinoma hepatocelular.
Contudo, outros fatores implicados na aceleragao do curso da doenga hepatica tém sido
identificados nesses pacientes. Dentre eles destacam-se obesidade/sobrepeso, que
influenciam a progressao da fibrose hepatica. Ainda, o crosstalk/interacdo entre o
musculo e o figado deve ser outro fator potencial a ser considerado em relagédo a
progressédo da hepatopatia e a manutengdo do estado de saude de pacientes com
hepatite C crénica (PEDERSEN & HOJMAN, 2012; HIRAOKA et al., 2016).

Dessa maneira, pretende-se com a realizagédo desta tese, testar as seguintes hipoteses:

1). O tratamento com antivirais e a erradicacdo do virus interfere de forma

positiva na massa muscular e no estado nutricional dos pacientes.

2). O tratamento com antivirais e a erradicagao do virus associa-se a melhora da

funcao hepatica.
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OBJETIVOS

Objetivo geral

Avaliar alteragdes em parametros da composicao corporal e da funcdo hepatica
antes e depois da erradicagdo do HCV pela terapia composta pelos agentes

antivirais diretos (DAAs) em pacientes com hepatite C crénica.

Objetivos especificos

Avaliar a prevaléncia de obesidade, sarcopenia e fatores associados (nutricionais
e clinicos) em pacientes com hepatite C crbnica submetidos ao tratamento

antiviral com DAAS;

Avaliar o estado nutricional e a composi¢ao corporal de pacientes com hepatite C

crbnica antes e depois do tratamento antiviral;

Avaliar a influéncia da terapia antiviral em parametros da composi¢ao corporal:

massa gorda, massa muscular esquelética, angulo de fase;

Avaliar a influéncia da terapia antiviral em parametros antropométricos: IMC e

circunferéncia da cintura;

Avaliar a influéncia da terapia antiviral em parametros bioquimicos relacionados a

fungao hepatica;

Realizar uma revisdo de literatura sobre sarcopenia e hepatites virais:

caracteristicas, mecanismos e relevancia clinica.
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5.0. PACIENTES E METODOS

Em consonancia as diretrizes e normas regulamentadoras de pesquisa em seres
humanos, de acordo com a Resolu¢édo n° 466/2012 do Conselho Nacional de Saude, o
presente estudo foi aprovado pelo Comité de em Pesquisa da Universidade Federal de
Minas Gerais (COEP/UFMG), por meio dos pareceres n° ETIC 0404.0.203.000-10
(ANEXO I) e CAAE 61481116.0.0000.5149 (ANEXO II).

5.1. Delineamento geral do estudo

Trata-se de um estudo de coorte prospectivo com objetivo de avaliar o estado
nutricional e a composi¢ao corporal de pacientes com hepatite C cronica submetidos ao
tratamento com agentes antivirais diretos. Este estudo foi conduzido no Ambulatério de
Hepatites Virais do Instituto Alfa de Gastroenterologia do Hospital das Clinicas da
Universidade Federal de Minas Gerais (AHEV/IAG/HC/UFMG) depois de aprovagao
pelo Comité de Etica em Pesquisa da Universidade Federal de Minas Gerais (ETIC
0404.0.203.000-10; CAAE: 61481116.0.0000.5149). Todos os individuos incluidos

assinaram o Termo de Consentimento Livre e Esclarecido (TCLE) (APENDICE I).

Os dados foram coletados no periodo de margo de 2017 a julho de 2020. Os pacientes
foram entrevistados nos dias das consultas médica de rotina. A entrevista realizada
pelos pesquisadores visava obter dados demograficos, clinicos e informag¢des sobre o
estilo de vida. Ainda, os individuos incluidos foram submetidos a avaliagao do estado
nutricional e da composi¢ao corporal. Informacgdes adicionais, especialmente sobre os
exames complementares, foram coletadas no momento da inclusdo no estudo, durante

o acompanhamento nutricional e/ou pela consulta do prontuério médico (APENDICE II).

5.2. Participantes do estudo - pacientes com hepatite C crénica

Sessenta e sete pacientes com diagnéstico confirmado de hepatite C crénica foram
convidados a participar do estudo. Estes pacientes iniciaram o tratamento antiviral e
foram submetidos a avaliagdo nutricional, a avaliacdo da composi¢cao corporal, a

dinamometria e ao teste Timed up-and-go (TUG).
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Critérios de Inclusao

. Diagnostico confirmado de hepatite C cronica [anti-HCV e HCV-Ribonucleic acid
(HCV-RNA)];

. Pacientes com idade entre 18 e 75 anos;

. Estar cognitivamente apto a realizar o protocolo de pesquisa.

Critérios de excluséo

« Coinfecgao pelos virus: HBV ou HIV;
. Tratamento antiviral atual ou nos ultimos 12 meses;
. Diagnéstico de neoplasia, inclusive carcinoma hepatocelular;

. Pacientes com outras causas de doenga hepatica além da infecgcédo pelo HCV e
doengas avangadas, como doencga renal cronica, insuficiéncia cardiaca, doenca
pulmonar crénica e neoplasia, incluindo carcinoma hepatocelular;

. Pacientes que desenvolverem doengas graves durante o tratamento;

. Cirrose descompensada;

. Presengca de sobrecarga de fluidos interfere na avaliagdo da composi¢ao
corporal, a pontuagcdo de Child-Pugh-Turcotte de cada paciente foi obtida. Os
pacientes que atingiram a pontuacdo de Child-Pugh-Turcotte >7 pontos nao
foram incluidos no estudo;

. Presenca de encefalopatia hepatica ou outra condicdo fisica ou mental que
pudesse comprometer o processo de entrevista;

« Gestantes ou lactantes.

Durante a conducgao do estudo do total de 67 pacientes, cinco foram excluidos devido o
aparecimento de doengas graves durante o uso dos DAAs: (mieloma multiplo n = 1),
descompensacao de doencgas ja existentes (diabetes mellitus) (n = 1), morte subita (n =
1) e em dois casos houve descontinuag&o no estudo. Dessa maneira, foram avaliados

62 pacientes (Figura 1).



Avaliados para elegibilidade 67 pacientes

!

Inclusao no —p
estudo

* Avaliagdo bioquimica, ultrassom abdominal, biépsia hepatica, entrevista, avaliagdo de estilo de vida, avaliagdo antropomeétrica,
avaliagdo da composigao corporal e avaliagdo do estado nutricional

Tempo basal (T0)

* Excluidos (n = 5 pacientes)

« Inicio da doenga ou descompensagdo de doengas pré-existentes como
mieloma multiplo (n = 1) e diabetes mellitus (n = 1)

= Morte subita (n=1)

« Dados de BIA incompletos (n = 2)

v

A A

Conclusdo da
terapia anti-HCV

A 4

122 ou 24® semana de tratamento (correspondente ao fim do DAA)
Permaneceram 62 pacientes ambulatoriais com CHC (58,1% com cirrose compensada; 41,9% sem cirrose)

!

Acompanhament0 —————
T1

12 semanas (T1) apds o término do tratamento
12% semana ap6s a conclusao do DAA (equivalente a resposta virolégica sustentada)
Avaliagao bioquimica, de estilo de vida,

!

62 pacientes apresentaram carga viral indetectavel (HCV) em T1

|

Acompanhamento =——p|
T2

48 semanas (T2) apés o término do tratamento
48% semana apos a conclusao do DAA
Avaliagao bioquimica, de estilo de vida, antropometria, composigdo corporal e estado nutricional
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Figura 1. Fluxograma STROBE. BIA, bioimpedancia elétrica; CHC, hepatite C cronica; DAA, tratamento antiviral de acao direta;
numero de pacientes; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; RVS, resposta virologica

sustentada.
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5.3. Avaliagao clinica e laboratorial
Diagnéstico de infecgdo crénica pelo virus da hepatite C

A infecgao crénica pelo HCV foi confirmada por Enzyme-Linked Immunosorbent Assay
(ELISA) de terceira geragao (AxSYM HCYV, version 3.0; Abott GmbH&Co., Wiesbaden,
Germany). HCV-RNA foi detectado pelo ensaio (AMPLICOR 2.0 assay Roche

Diagnostics, Branchburg, NJ) de acordo com as instrugdes do fabricante.

Avaliagéo da carga viral e genotipagem

A carga viral foi determinada utilizando o teste comercial (Cobas Taq Man HCYV test
V.2.0; Roche Molecular Systems, Pleasanton, CA). Genotipagem do HCV foi realizada
por meio de ensaio com sonda especifica (VERSANT HCV genotyping assays;
Bayer’s Diagnostic Corporation, Tarrytown, NY) de acordo com a recomendagédo do
fabricante. Pacientes com HCV-RNA positivo foram diagnosticados com hepatite C

cronica.

Exames bioquimicos

Foram solicitados exames laboratoriais de rotina conforme os protocolos de
assisténcia instituido no AHEV/IAG/HC/UFMG para avaliagdo do estado geral dos
pacientes, os exames foram: hemograma, testes da funcdo hepatica, glicemia de
jejum, colesterol total e fracdes, triglicérides, ureia e creatinina. E importante enfatizar

gue nenhum exame adicional foi realizado para a finalidade desta pesquisa.

Avaliacéo da presencga e estadiamento da cirrose hepatica
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Foram calculados os escores de Child-Turcotte-Pugh (CHILD & TURCOTTE, 1964) para

estratificar os pacientes com cirrose hepatica em trés grupos distintos (A, B ou C) em

ordem crescente de gravidade da hepatopatia (Quadro 3).

Como a sobrecarga hidrica interfere na avaliagdo da composigao corporal, o escore de

Child-Pugh-Turcotte foi avaliado para cada paciente, e aqueles com escore de

Child-Pugh-Turcotte >7 pontos e/ou cirrose descompensada nao foram incluidos no
estudo (CHILD & TURCOTTE, 1964; D'AMICO et al., 2014) (Quadro 3). O diagnéstico de
cirrose foi baseado em parametros clinicos, bioquimicos, radiolégicos e histolégicos

(GINES et. al., 2021).
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Os pacientes foram diagnosticados com cirrose compensada ou cirrose descompensada
durante a entrevista clinica e o exame fisico. O diagndstico de cirrose compensada foi
baseado na auséncia de sangramento de varizes de eséfago, ascite e edema, ictericia ou
encefalopatia sintomatica. A presenca de cirrose descompensada foi pautada pela
presenca de qualquer uma das complicagdes descritas anteriormente (D'AMICO et al.,
2014).

Entre os pacientes com cirrose submetidos a mensuragcdo da rigidez hepatica,
empregou-se os critérios Baveno-VIlI para detectar a presenga de hipertensdo portal
clinicamente significativa (DE FRANCHIS et al., 2022). Nos pacientes cirroticos, em que
nao foi possivel submeté-los a elastografia hepatica, os seguintes achados sugestivos de
hipertensdo portal clinicamente significativa foram considerados: esplenomegalia,
dilatacdo da veia porta, oclusdo da veia porta, formagao de vasos colaterais, diminuicao
da contagem de plaquetas e presenga de varizes gastroesofagicas no exame
endoscopico (DE FRANCHIS et al., 2022).

Cada paciente foi submetido a avaliagdo clinica detalhada. O exame fisico,
particularmente para triagem de edema bilateral de membros inferiores e ascite, foi feito
de forma minuciosa. Além disso, todos os pacientes incluidos apresentavam niveis
séricos de albumina 23,5 g/dL e auséncia de ascite foi confirmada através da

ultrassonografia abdominal.

Quadro 3. Estratificacdo da funcéo hepatica de acordo com a classificagdo de
Child-Turcotte-Pugh*

PONTOS 1 2 3
Encefalopatia Ausente Graus 1a2 Graus 3 a4
Ascite Ausente Leve a moderada | Acentuada (tensa)
Bilirrubinas (mg/dl) <2,0 2,0a3,0 >3
Albumina (g/dl) >3,5 2,8a3,5 <2,8
Protrombina (segundos) <4,0 4,0a6,0 >6

*Child A, 5 a 6 pontos; Child B, 7 a 9 pontos; Child C, 10 a 15 pontos. Fonte: (CHILD & TURCOTTE, 1964).
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O FIB4 é um escore de avaliagao do grau de fibrose hepatica validado em pacientes
com hepatite C cronica e destaca-se por ser método pratico, ndo invasivo e de baixo
custo. O calculo utiliza exames laboratorial de rotina e idade, de acordo com a férmula a
seguir (STERLING et al., 2006; VALLET-PICHARD et al., 2007):

Idade (anos) X AST (U/L)
FIB4 =

Plaquetas (10°) X ALT (U/L)

Os valores de referéncia do FIB4 sao classificados de acordo com a escala METAVIR
(Quadro 4)

Quadro 4. Estadiamento do grau de fibrose de acordo com o escore FIB4

RESULTADO <1,45 1,45 - 3,25 23,25
Interpretaca Auséncia de fibrose N&o é possivel Alta
o significativa identificar do valor probabilidade de
de fibrose hepatica fibrose
avancada

Quadro adaptado de (BRASIL, 2019)

Comorbidades clinicas e avaliagdo de disturbios metabolicos

A hipertenséo foi diagnosticada de acordo com o European Society of Hypertension
e European Society of Cardiology Guidelines (MANCIA et al., 2018) e o diabetes
mellitus foi definido usando o American Diabetes Association Guidelines (ADA,
2018). A dislipidemia foi diagnosticada de acordo com ESC/EAS Guidelines for the
Management of Dyslipidaemias (CATAPANO et al., 2016). A sindrome metabdlica foi
diagnosticada de acordo com o critério harmonizado de 2009 (ALBERTI et al., 2009).
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5.4. Avaliagao do estado nutricional: peso, altura, indice de massa corporal (IMC) e

circunferéncia da cintura (CC)

Uma nutricionista realizou todas as avaliagées do estado nutricional. Peso e altura foram
medidos com plataforma mecéanica (Filizola, S&do Paulo, Brasil). Apenas roupas leves
puderam ser usadas no momento da afericao e os individuos foram orientados a retirar
os sapatos, cintos e outros acessoérios. Determinou-se a altura em estadibmetro
acoplado a balanga, estando o paciente em pé, descal¢o, em plataforma fixa, de costas
para o marcador, com pés unidos, em posicao ereta, com os olhos voltados para frente
(JELLIFFE,1968).

Foi utilizada a féormula de Quetelet para calcular o indice de massa corporal (IMC), a
partir do peso corporal (kg) dividido pelo quadrado da altura em metros: indice de massa
corporal = peso atual (kg)/estatura (m)? e o estado nutricional foi classificado segundo os

critérios da Organizagao Mundial de Saude (WHO, 1995) como descrito (Quadro 5).

Quadro 5. Classificacdo do estado nutricional de adultos segundo o indice de massa

corporal.
IMC (kg/m?) CLASSIFICAGAO
<16,0 Magreza grau Il
16 a 16,9 Magreza grau |l
17a 18,4 Magreza grau |
18,5a 24,9 Eutrofia
25,0a 29,9 Sobrepeso
30,0 a 34,9 Obesidade grau |
35,0 a2 39,9 Obesidade grau Il
>40,0 Obesidade grau lll

IMC, indice de Massa Corporal.

Os pacientes idosos (= 60 anos, no Brasil) tiveram o IMC classificado pelo critério de
LIPSCHITZ (1994) como descrito no Quadro 6.
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Quadro 6. Classificacdo do estado nutricional de idosos segundo o indice de Massa

Corporal.
IMC (kg/m?) CLASSIFICAGAO
<220 Magreza
22,0-26,9 Eutrofia
=27,0 Excesso de peso

IMC, Indice de Massa Corporal.

A circunferéncia da cintura (CC) foi medida no plano horizontal, a meio caminho entre a
borda inferior das costelas e a crista iliaca superior, na posicao ortostatica, com fita elastica
(cm). A obesidade central foi diagnosticada como muito alta quando a circunferéncia da
cintura foi = 102cm em homens e = 88cm em mulheres (ALBERTI et al., 2009; SILVEIRA,
et al., 2018).

A desnutricdo foi avaliada por meio da avaliagdo global subjetiva (AGS). Os pacientes
foram classificados da seguinte forma: nutridos (AGS A), suspeitos de desnutricdo ou
moderadamente desnutridos (AGS B) e desnutridos graves (AGS C) (DETSKY, 1987).

5.5. Avaliagao da composicao corporal e do angulo de fase

A composicao corporal e o angulo de fase foram avaliados por meio da BIA (RJL Systems
Quantum, Clinton Township, Ml), e as medidas foram obtidas sob rigorosa padronizagao do
procedimento, de acordo com o National Institutes of Health (BIOELECTRICAL
IMPEDANCE ANALYSIS IN BODY COMPOSITION MEASUREMENT, 1996).

As medidas foram realizadas com os pacientes deitados na posi¢ao supina, com bracos e
pernas estendidos, sendo orientados a retirar todos os adornos de metal. Antes da
colocagao dos eletrodos, as areas de contato foram higienizadas com alcool, para que um
eletrodo emissor fosse colocado proximo a articulagdo metacarpo-falangeana da superficie
dorsal da mao direita e 0 outro na posigao distal ao arco transverso da superficie superior
do pé direito, e, por sua vez, um eletrodo detector fosse colocado entre as proeminéncias

distais do radio e da ulna do punho direito e o outro entre o maléolo medial e lateral do
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tornozelo direito, como demonstrado na Figura 2.

O aparelho de Bioimpedancia Elétrica (BIA) utilizado foi o Quantum X (RJL System, 2007)
(Figura 3), o qual foi testado antes do inicio dos exames, devendo apresentar Resisténcia
(R) aceitavel, ou seja, entre 495 e 505 ohms e Reatancia (Xc) aceitavel, ou seja, entre
-0,03 e 0.03 ohm.

O procedimento para o teste € demonstrado na Figura 4 e os valores de R e de Xc foram
fornecidos pelo equipamento, e os seguintes dados de peso, altura, idade e sexo foram
digitados no software Body Composition (RJL Systems) para obtencédo dos resultados de
Massa Magra (MM) e Massa Gorda (MG), ambos tanto em quilogramas quanto em

percentual, bem como obteng&o do valor do Angulo de Fase (AF).

A massa livre de gordura (MLG), neste estudo, denominada massa muscular esquelética,
foi calculada usando uma equagédo BIA de regressdo multipla previamente validada de
massa muscular esquelética (MME) (kg) = [(Ht¥ R x 0,401) + (género x 3,825) + (idade x
-0,071)] + 5,102] em que a altura estd em centimetros e a resisténcia em ohms; para
homens = 1 e mulheres = 0; e idade em anos (JANSSEN et al., 2000).

O indice de massa muscular esquelética (IMME) foi calculado dividindo-se a massa
muscular esquelética (kg) pelo quadrado da altura corporal (kg/m?); assim, IMME = [MME
(kg)/H (m?)]. Adotou-se como ponto de corte para baixo IMME o valor <2 DP abaixo da
média do IMME do grupo controle, de acordo com idade e sexo, <8,60 kg/m? em homens e
<5,60 kg/m? em mulheres, conforme descrito anteriormente por Coelho et al. (2020). Ainda,
avaliamos o grau de concordancia entre o ponto de corte estabelecido no grupo controle e
aquele adotado em estudo anterior de Janssen et al.: <8,51 kg/m2 em homens e <5,75
kg/m2 em mulheres (JANSSEN et al., 2004) (k = 0,94; P < 0,001) (COELHO et al. 2020;
BYRT et al., 1993).

Considerando o contexto da doenga hepatica crénica, um conjunto crescente de
evidéncias tem demonstrado que o angulo de fase (AF) derivado da BIA ndo é apenas
considerado um indicador progndstico independente para fibrose hepatica (PAGANO et al.,
2020) e taxas de sobrevivéncia relacionadas a cirrose (RUIZ-MARGAIN et al., 2015), mas
tem sido apontado como um indice de qualidade muscular global (RUIZ-MARGAIN, et al.,
2015; DI VINCENZO et al. 2021; RUIZ-MARGAIN, et al., 2021), independente da presenca
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de ascite (RUIZ-MARGAIN, et al., 2021).

Os valores bioelétricos de R e Xc com corrente em frequéncia unica de 50 KHz foram
utilizados para calcular o AF pela seguinte equagdo: AF (°) = arco tangente (Xc/R) x
(180/11). Adotou-se como ponto de corte para baixo AF o valor <5,4° em mulheres e <5,6°

em homens, segundo Ruiz-Margain et al. (2021).

Figura 2. Posigcdo para a fixacdo de eletrodos nas méos e nos pés para a andlise de
Bioimpedancia Elétrica. (Fonte: RJL System, 2007).
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Figura 3. Aparelho de Bioimpedancia Elétrica Quantum X RJL System (Fonte: RJL
System, 2007).

Figura 4. Teste de resisténcia para Bioimpedancia Elétrica. (Fonte: RJL System, 2007).

5.6. Avaliagcao da for¢a de preensao manual

A afericdo da forca muscular foi realizada com o dinamémetro JAMAR® (Asimow

Engineering Co., Los Angeles, CA) (Figura 5).



Figura 5. Modelo de dinamémetro JAMAR®
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Para aferir a forga, os pacientes permaneciam assentados com os cotovelos apoiados e

flexionados em 90°. Foram coletadas trés medi¢cdes a mao dominante, e utilizado a maior

medida para avaliagdo da forgca muscular. O ponto de corte utilizado para avaliar forca de

preensao manual baixa foi de <27 kg para homens e <16 kg para mulheres de acordo

com os critérios preconizados pelo EWGSOP2 (CRUZ-JENTOF et al., 2019).

5.7. Avaliagao do desempenho fisico

Teste timed get-up-and-go

O TUG mede o tempo necessario para completar uma série de tarefas relacionadas
com a avaliagcao das fungdes da vida diaria. Através desse teste, avalia- se o equilibrio
dindmico, o qual pode ser interpretado como medida de desempenho fisico. O
individuo inicia o teste sentado em um banco (encostado na parede), com os bragos
cruzados a frente do peito. O teste consiste em levantar-se do banco, caminhar, de
forma confortavel, sem correr, trés metros contornando um cone (que demarca a
distancia) e retornar ao banco, sentando-se novamente. O teste foi realizado duas
vezes, sendo o0 menor tempo computado como resultado (PODSIADLO;
RICHARDSON, 1991). Adotamos como ponto de corte para desempenho baixo o
resultado do TUG maior ou

igual a 20 segundos de acordo com o Consenso EWGSOP2(CRUZ-JENTOF et al.,
2019).



5.8. Avaliagao da sarcopenia

A sarcopenia foi definida pela presenca de ambos IMME diminuido e FPM reduzida de
acordo com o Consenso EWGSOP2 (CRUZ-JENTOF et al.,, 2019). A obesidade
sarcopénica foi definida pela presencga de sarcopenia e percentual de gordura corporal
>27,0% e >38,0% para homens e mulheres, respectivamente (BAUMGARTNER et al.,
1998).

5.9. Avaliagao de Atividade fisica

O nivel de atividade fisica foi avaliado pelo questionario IPAQ (/International Physical
Activity Questionnaire) versao curta. O IPAQ foi proposto pela Organizagao Mundial da
Saude, em 1998, na tentativa de elaboragao de um instrumento valido, reprodutivel e
padronizado que pudesse avaliar o nivel de atividade fisica da populagdo mundial. O
IPAQ é composto de trés aspectos distintos: caminhada, atividade moderada e
atividade vigorosa. Ao final das perguntas, o individuo pode ser classificado como:
sedentario, irregularmente ativo ou inativo. As perguntas do IPAQ incluem as atividades
no trabalho, para ir de um lugar a outro, por lazer, por esporte, por exercicio como parte
das atividades em casa ou no jardim. A atividade fisica habitual dos participantes foi
avaliada por meio da versao curta do Questionario Internacional de Atividade Fisica
(IPAQ), validado para a populagéo brasileira (HALLAL et al., 2014). A atividade fisica foi
dicotomizada em adequada escala categérica moderada a alta do IPAQ =600
equivalentes metabdlicos (MET -min/semana] ou baixa (<600 MET-min/semana). Um

profissional treinado aplicou os questionarios.

5.10. Avaliagao do consumo de alcool
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Histéria prévia de uso de alcool foi investigada como parte da avaliagdo do estilo de vida.

O consumo de alcool de risco foi definido como o consumo superior a 20 g e 30 g de

alcool diariamente para mulheres e homens, respectivamente, por mais de cinco anos
(U.S. DEPARTMENT OF AGRICULTURE AND U.S. DEPARTMENT OF HEALTH AND

HUMAN SERVICES, 2020).



5.11. Avaliagao da terapia com os antivirais de agao direta (DAAs)

De acordo com as diretrizes de pratica clinica e o protocolo do centro de tratamento
(AASLD-IDSA, 2018; BRASIL, 2019; EASL, 2020), os pacientes iniciaram a terapia com
duragao variavel de 12 a 24 semanas. As entrevistas presenciais foram conduzidas
pelo mesmo investigador. Na primeira entrevista, fornecemos informagdes ao paciente
e obtivemos o consentimento informado por escrito. Foram realizadas entrevistas
sucessivas na semana 4, na semana 12 ou 24 de tratamento (fim do tratamento) e 12
semanas apdés o0 seu término, momento em que se avalia a resposta virologica
sustentada (RVS), revelando a cura ou ndo da infecgao pelo HCV. Os pacientes foram
considerados como tendo atingido a RVS se tivessem HCV-RNA indetectavel apés 12
semanas de conclusao do DAA. A ultima entrevista foi realizada na 482 semana apos o
inicio da terapia antiviral de agéo direta (Figura 5). Para confirmar a influéncia dos
DAAs nos dados clinicos, comparamos os dados no momento da inclusao do paciente
no estudo (T0), na 122 semana apos conclusao do tratamento, correspondente a RVS e

na 482 semana apos o término dos DAAs.
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Avaliagao
nutricional

Durante o tratamento Final de tratamento

Semana 12 ou 24 RVS — 12 semanas 48 semanas apos

Semana 12 final de
tratamento

apos finalizar finalizar
tratamento tratamento

Figura 6. Esquema de tratamento com os antivirais de agéo direta (DAAS).
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5.12. Calculo da amostra

No inicio deste estudo, havia poucos estudos avaliando o impacto da erradicagédo do HCV
na composi¢cao corporal de pacientes com hepatite C. Os primeiros pacientes que
receberam terapia com DAAs em nosso ambulatério foram aqueles incluidos como
pacientes virgens de tratamento, conforme relatado em o manuscrito de BERING et al.
(2018). Apds a publicagdo desse estudo transversal, os primeiros 30 pacientes foram
submetidos ao tratamento com DDAs. Durante o tratamento foram utilizadas medidas
antropométricas para avaliagdo do estado nutricional (dados nao publicados). Essa fase
preliminar foi importante para o desenho da pesquisa atual. No contexto da sarcopenia
primaria, a perda muscular esquelética esta intimamente associada a doengas metabdlicas
e cardiovasculares em idosos. Avangando em direcao as doencas hepaticas cronicas, a
sarcopenia esta frequentemente associada a doenca hepatica gordurosa n&o alcodlica
(DHGNA). Com base nesses achados, inicialmente, utilizamos a medida da circunferéncia
da cintura (CC) para calcular o tamanho da amostra. Posteriormente, com a publicacao de
SUGIMOTO et al. (2018), foi possivel revisar esses calculos com base na mensuragéo da

massa muscular em diferentes momentos da terapia com DAAs.

O tamanho da amostra foi calculado com base no IMME, considerado o desfecho principal
do presente estudo. O calculo foi realizado usando um teste t para amostras pareadas,
considerando um tamanho de efeito (média da diferenga) de 0,1 kg/m?, um teste bilateral,
um poder de 90% e nivel de significancia de 0,05. O desvio padrao para a média diferenca
de IMME utilizada no calculo foi de 0,22 kg/m? (SUGIMOTO et al. 2018). Baseado nesses
achados, o tamanho da amostra obtido foi de 43 individuos. Considerando uma perda de
30,0% durante o acompanhamento dos pacientes (43/0,7 = 61,43), estimou-se que seria

necessario um tamanho de amostra de 62 pacientes para a precisao acima mencionada.

5.13. Analise estatistica

Os dados foram analisados no software estatistico IBM SPSS versao 26.0 (IBM Corp.,
Armonk, NY). Analises descritivas forneceram informacdes sobre os dados demograficos,
clinicos, bioquimicos, de estilo de vida, nutricionais e de dados virologicos. A comparagao
das porcentagens foi feita pelo teste Qui-quadrado de Pearson assintético ou exato. A

comparagdao das medianas foi feita pelo Teste Mann Whitney, quando ndo houve
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distribuicdo normal. O teste de normalidade usado foi o Shapiro Wilk.

A forca das associacbes entre os pares: AF e IMME, AF e FPM, AF e TUG foram
analisados usando o teste de correlacdo de Spearman. O teste t pareado foi utilizado para
comparar os dados, apresentados como média, antes (T0) e depois (T1, T2) do tratamento
com os DAAs. Para as variaveis apresentadas como mediana, foi usado o teste de
Friedman. Os valores de significancia foram ajustados pela corregdo de Bonferroni para
multiplos testes (P=0,017). Para a analise longitudinal empregou-se o R Software
Statistical (versdo 3.6.3, R Core Team, 2022). Modelos de regressao linear de efeitos
mistos foram usados para testar o efeito do tratamento com DAAs nas anormalidades do
musculo esquelético e identificar correlatos de IMME, FPM e desempenho fisico em uma
analise longitudinal durante o periodo compreendido entre TO, T1 e T2. As variaveis
testadas nos modelos incluiram variaveis fixas, todas avaliadas em TO, sexo, idade,
presenca de cirrose compensada, presenca de comorbidades clinicas (hipertenséo,
diabetes mellitus e sindrome metabdlica), AF baixo, estilo de vida sedentario, taxa de
filtracdo glomerular (TFG) e variaveis temporais, com distingdo entre antes do tratamento
TO e pés-tratamento (T1 a T2). Niveis séricos de HCV-RNA foram excluidos da regressao
linear mista, pois os resultados dos testes para HCV foram negativos (HCV-RNA
indetectavel) em todos os pacientes apdés o tratamento. Um teste de razdo de
verossimilhanga com procedimento de selecao retrospectiva foi utilizado para construir os
trés modelos multivariaveis finais, que incluiam variaveis com nivel de significancia de
0,05. Nestes modelos, apenas as variaveis que permaneceram significativas apos o ajuste

multivariavel foram mantidas nos modelos finais.
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7.0 RESULTADOS NA FORMA DE APRESENTAGAO DE ARTIGOS

Primeiro Artigo: Sarcopenia na hepatite viral crénica: do conceito a relevancia clinica

Com o intuito de responder ao objetivo especifico - Realizar uma revisado de literatura
sobre sarcopenia e hepatites virais: caracteristicas, mecanismos e relevancia clinica, foi
elaborada a revisao que culminou na confecgao do primeiro artigo.

Resumo:

Dentre os fatores de risco da cirrose e do carcinoma hepatocelular, observa-se um
aumento da frequéncia de variaveis metabdlicas, contudo, as hepatites virais crénicas B e
C, no mundo, permanecem como fatores de risco relevantes associados a doenga hepatica
avancada. Além de danos no figado, os virus da hepatite B (HBV) e hepatite C (HCV)
associam-se as manifestacdes extra-hepaticas, incluindo crioglobulinemia mista, doengas
linfoproliferativas, doenca renal cronica, resisténcia a insulina, diabetes tipo 2, sindrome
sicca, poliartrite semelhante a artrite reumatoide e producdo de autoanticorpos.
Recentemente, esta lista cresceu e inclui, também, a perda de musculo esquelético
denominada “sarcopenia”. A perda de massa muscular ou funcdo muscular € uma
caracteristica significativa da desnutrigdo em pacientes cirrdticos e € detectada em
aproximadamente 23,0% a 60,0% dos pacientes com doenca hepatica avancada. No
entanto, entre os estudos previamente publicados, ha heterogeneidade significativa em
relagdo as etiologias das doengas hepaticas e aos métodos usados para diagnosticar a
sarcopenia. Em particular, a interacdo entre sarcopenia, hepatites virais crénicas B e C ndo
foi completamente esclarecida. A sarcopenia pode resultar de uma interacao complexa e
multifacetada entre virus-hospedeiro-ambiente em individuos cronicamente infectados pelo
HBV ou HCV. Assim, na presente revisdo, fornecemos uma visao geral do conceito,
prevaléncia, relevancia clinica e mecanismos potenciais implicados na presenca de
sarcopenia em pacientes com hepatite viral cronica, com énfase nos resultados clinicos,
que tém sido associados a perda de musculo esquelético nesses pacientes. Uma visao
abrangente da sarcopenia em individuos cronicamente infectados com HBV ou HCV,
independentemente do estagio da doenca hepatica, reforcardao a necessidade de uma
abordagem integrada de educagao médica/nutricional/fisica no cotidiano do cuidado clinico
dispensados aos pacientes com hepatites virais crbénicas B e C.

Palavras-Chave: Hepatite B cronica; Hepatite C crbnica; Sarcopenia; Perda muscular
esquelética; Cirrose; desfechos clinicos.
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Abstact

Although the requency of meabolicrisk factors for cirrhosgs and hepatocdlular
carcinoma (HCC) isincreasing, chronic hepatitisB (CHE) and chronichepatitisC
[(CHC) remain the most relevant risk factors for advanced liver disease
worldwide. In addition to liver damage hepatitisB virus (H B¥) and hepatitis C
virus (HCW) infections are associ ated with a myriad of extrahepatic manifes-
ationsincluding mixed cryoglobulinaemia, lymphoproliferative disorders renal
disease insulin resistance, type2 disbeles, sicca syndrome, rheumatoid arthritis-
like polyarthritis, and autoantibody production. Recently, thelist has grown to
indude sarcopenia. Loss of musdemass or musde fundion is a critical feature of
malnutrition in cirrhotic patients and has been found in approximately 23.0%-
60.0% of patients with advanced liver disease Nonetheess, among published
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studies, there is significant heterogeneity in the aetiologies of hepatic diseases and measurement
methods used to determine sarcopenia. In particular, the interaction between sarcopenia, CHB and
CHC has not been completely clarified in a real-world setting. Sarcopenia can result from a
complex and multifaceted virus-host-environment interplay in individuals chronically infected
with HBV or HCV. Thus, in the present review, we provide an overview of the concept,
prevalence, clinical relevance, and potential mechanisms of sarcopenia in patients with chronic
viral hepatitis, with an emphasis on clinical outcomes, which have been associated with skeletal
muscle loss in these patients. A comprehensive overview of sarcopenia in individuals chronically
infected with HBV or HCV, independent of the stage of the liver disease, will reinforce the
necessity of an integrated medical/nutritional/ physical education approach in the daily clinical
care of patients with CHB and CHC.

Key Words: Chronic hepatitis B; Chronic hepatitis C; Sarcopenia; Skeletal muscle loss; Cirrhosis; Clinical
outcomes

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sarcopenia is a key feature of malnutrition in liver cirrhosis and has been found in approximately
23.0%-60.0% of patients with advanced hepatic disease. Skeletal muscle loss is associated with poor
quality of life and increased mortality, which are significant cirrhosis-related complications. In individuals
chronically infected with hepatitis B virus or hepatitis C virus, the muscle-liver-immune crosstalk during
the development of sarcopenia has not been completely clarified. Based on these findings, an overview of
the concept, prevalence, clinical relevance, and potential mechanisms of sarcopenia in patients with
chronic viral hepatitis is of utmost importance.

Citation: Coelho MPP, de Castro PASV, de Vries TP, Colosimo EA, Bezerra JMT, Rocha GA, Silva LD.
Sarcopenia in chronic viral hepatitis: From concept to clinical relevance. World J Hepatol 2023; 15(5): 649-665
URL: https://www.wjgnet.com/1948-5182/full/v15/i5/649.htm

DOI: https://dx.doi.org/10.4254/wjh.v15.15.649

INTRODUCTION

Globally, chronic hepatitis B (CHB) and chronic hepatitis C (CHC) were responsible for almost 96.0% of
the 1.3 million deaths related to hepatitis viruses in 2015[1,2]. Two-thirds of the global burden of
cirrhosis could be attributed to hepatitis B virus (HBV) and hepatitis C virus (HCV) infections[2] and
approximately 720000 deaths involving chronically infected individuals have occurred, mostly from
cirrhosis and hepatocellular carcinoma (HCC)[1,2].

HBV and HCV affect hepatocytes and can cause both acute and chronic diseases[3]. Individuals with
long-term chronic infections have a considerable risk of developing cirrhosis and HCC during their
lifetime[3]. Although the frequency of metabolic risk factors for cirrhosis and HCC, such as metabolic
syndrome, obesity, type II diabetes, and non-alcoholic fatty liver disease (NAFLD) is increasing, HBV
and HCV are currently the most relevant global risk factors for severe hepatic diseases[4,5].

In addition to potential liver diseases, HCV infection is associated with several extrahepatic manifest-
ations, including mixed cryoglobulinaemia, lymphoproliferative disorders, renal disease, insulin
resistance, type 2 diabetes, sicca syndrome, rheumatoid arthritis-like polyarthritis, and autoantibody
production[6]. Similar to CHC, CHB can be associated with extrahepatic systemic and/or autoimmune
manifestations such as systemic vasculitis, glomerulonephritis, and cutaneous manifestations[7].

Numerous studies have demonstrated that both CHB and CHC are associated with nutritional
disorders, especially in hepatic cirrhosis, and patients with impaired metabolic function of the liver are
at a high risk of malnutrition. This nutritional abnormality has been identified in 13.0%-70.0% of
patients with liver disease[5,9] and it is associated with poor quality of life[10-12] and relevant cirrhosis-
related complications such as sepsis[13], refractory ascites[14], hepatic encephalopathy[15,16],
spontaneous bacterial peritonitis[17], reduced survival[18], and high mortality[19-21]. Taken together,
malnourishment and liver cirrhosis contribute to skeletal muscle wasting, an important marker of
malnutrition. Loss of muscle mass or muscle function is the key feature of malnutrition in cirrhotic
patients and has been found in approximately 23.0%-60.0% of patients with advanced liver disease[%,22-
25].

]Sarcopen.ia has been considered a relevant topic in clinical hepatology settings, and a comprehensive
overview of skeletal muscle loss in individuals chronically infected with HBV or HCV, independent of
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the stage of the liver disease, will strengthen an integrated medical/nutritional/ physical education
approach in the daily clinical care of patients with CHB and CHC.

Thus, we first contextualised our review in relation to the connection between liver and nutrient
metabolism. We then briefly reviewed the origin of the concept of sarcopenia along with the progress in
understanding viral hepatitis biology and its related clinical manifestations. Finally, we performed a
review to identify and summarise available data on the prevalence and clinical implications of
sarcopenia in patients with chronic viral hepatitis.

Essential crosstalk between liver metabolic functions and nutrient metabolism in the body

It is well known that liver plays a central role in the metabolism of nutrients, including macronutrients/
micronutrients, vitamin storage and processing, and oxidant/antioxidant balance[26-29]. Hepatic
dysfunction can impair the entire spectrum of metabolic and nutritional processes in the body.
Therefore, liver diseases are strongly associated with nutritional disorders[9,23,25]. In fat metabolism,
hepatocytes break down fats to generate energy[3(]. In carbohydrate metabolism, hepatic cells are
capable of storing or releasing glucose and contribute to maintaining a constant blood glucose level in
circulation[31].

Additionally, the liver is crucial for maintaining protein and nitrogen metabolism[32]. Hepatic cells
perform important functions in the balance between protein synthesis and degradation. In healthy
individuals, the blood ammonia level originating from amino acid metabolism is controlled by
functional hepatic glutamine metabolism and urea cycle in the liver[33,34]. In the presence of cirrhosis,
hepatocyte dysfunction is associated with a state of overall protein deficiency and hyperammonaemia.
In this setting, glutamine synthesis from glutamate in skeletal muscle mass plays a significant
compensatory role in ammonia disposal[33-35].

Although glutamine synthetase activity is low in skeletal muscle[36] because of its large mass,
skeletal muscle is quantitatively the most important site of glutamine synthesis. Ammonia uptake by
appendicular muscle has been measured in patients with acute liver failure[37] and was estimated to be
100 nmoL/100 g/min. In chronic liver disease, skeletal muscle also functions as an important
extrahepatic site for the removal of ammonia[34,38].

Skeletal muscle encompasses 30.0%-40.0% of the total body mass; thus, this organ is the primary
protein store in the human body[39]. The protein turnover balance is responsible for maintaining
normal skeletal muscle mass[40]. Increased plasma ammonia levels have been linked to sarcopenia, as a
potential mediator of muscle depletion in cirrhosis. Several investigations, including those using animal
models, have demonstrated that hyperammonaemia stimulates myostatin expression[41-43]. Myokine is
a well known inhibitor of protein synthesis[12]. Furthermore, hyperammonaemia results in muscle
mitochondrial dysfunction, increased formation of reactive oxygen species, and oxidative stress, which
impair muscle function and repair[44].

This evidence sheds light on the potential pathophysiological mechanisms involved in the liver-
muscle axis in hepatic fibrosis[12,35]. Various investigations have shown that skeletal muscle wasting is
associated with the progression and poor prognosis of chronic hepatopathy[9,17-21,45-47].

Definition of sarcopenia in different scenarios — from the aging process to hepatic diseases
Sarcopenia and chronic viral hepatitis timelines: Understanding the potential interactions between
muscle, liver, and chronic viral hepatitis. The neurologist MacDonald Critchley wrote a manuscript 90
years ago titled “The neurology of old age”[48], which is recognised as the first publication
demonstrating age-related skeletal muscle loss. Later, in 1970, Nathan Shock conducted the Baltimore
Study of Aging, in which functional changes with age were observed in physiological systems such as
sensory, cardiovascular, respiratory, and renal systems[49,50]. However, the term sarcopenia from the
Greek words “sarx” (flesh or muscle) and “penia” (loss) was first coined by Rosenberg in the late 1980s.
According to the author, no decline is more dramatic or potentially more functionally significant than
the loss of muscle mass with advancing age[50]. Thus, in the first stage of concept elaboration,
sarcopenia was operationally described as a gradual loss of muscle mass based on methods estimating
muscle mass[50]. A pioneering study by Baumgartner ef al[51] (1998) described sarcopenia as when the
appendicular skeletal muscle mass measured by the dual-energy X-ray absorptiometry (DXA) and
adjusted for squared height, was less than two standard deviations below the sex-specific means of
healthy young adult individuals. However, following studies have shown that the loss of muscle
function, defined as muscle strength and power, is two to five times higher than muscle mass wasting
and is significantly linked to adverse outcomes[52,53].

The European Working Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as a
syndrome characterised by gradual and generalised loss of skeletal muscle mass and strength[54,55].
Finally, in 2016, sarcopenia was recognised as a disease in the 10* Edition of the International Classi-
fication of Diseases with the ICD code 10 - M62.84: Muscle insufficiency[56,57].

Although sarcopenia was originally recognised as an age-related loss of skeletal muscle mass, this
clinical condition has been expanded to include loss of muscle function; in addition, it is related to a
broad range of chronic diseases[55,59]. Translating this definition into the hepatic disease panorama,
several studies have demonstrated that sarcopenia is of utmost significance[9,17-21,58]. Nevertheless, in
literature, the term sarcopenia is marked by multiple definitions, diverse methods used to measure

WJH | https://www.wjgnet.com 651 May 27,2023 | Volume15 | Issue5 |

89



Coelho MPP ¢t al. Sarcopenia and chronic viral hepatitis

a

Bnishideng

skeletal muscle mass, and heterogeneous study designs enrolling patients with cirrhosis of different
aetiologies[55,59]. In addition, the major part of the investigations targeting sarcopenia in patients with
hepatic diseases evaluated only the skeletal muscle mass[58,59]. Despite these conundrums, we have to
bear in mind that most of the cirrhotic patients with skeletal muscle loss included in previous investig-
ations had chronic viral hepatitis.

Although many studies have shown a relationship between liver damage and sarcopenia, the
mechanisms underlying skeletal muscle injury have not been completely clarified. Sarcopenia can result
from a complex and multifaceted virus-host-environment interplay in individuals chronically infected
with HBV or HCV.

Concerning the overlap between viral hepatitis[60-64] and sarcopenia timelines[48-51,65-67]
(Figure 1), even before Rosenberg proposed the term sarcopenia[50], Storch (1984) reported a clinical
case of 'lupoid' hepatitis with the detection of hepatitis B core antigen (HBcAg) in motor endplates and
cross-striations of skeletal muscle in a 12-year-old female patient[67]. Although the diagnostic
significance and causes of the described findings were unclear, extrahepatic deposition of this viral
marker has been proposed as an indicator of HBV replication in skeletal muscle[67]. Subsequently,
inclusion body myositis, a chronic progressive inflammatory myopathy in the elderly, was associated
with HCV infection[68,69].

In particular, the prevalence of sarcopenia has been associated with the progression of liver fibrosis
[24,70,71]. A study by Hiraoka et al[71] (2016) in Japan, using computed tomography and handgrip
strength (based on the EWGSOP criteria), found sarcopenia in 7.1%, 11.8%, and 21.9% of the patients
with chronic viral hepatitis B and/or C without cirrhosis, with compensated (Child-Turcotte-Pugh A),
and decompensated (Child-Turcotte-Pugh B/ C) cirrhosis, respectively. Bering ef al[72] (2017), also using
the reference values recommended by EWGSOP, identified the presence of sarcopenia in 7.1% and
11.8% of the non-cirrhotic and compensated cirrhotic (Child-Turcotte-Pugh A) Brazilian patients,
respectively. In both studies, 7.0% of the CHC subjects had sarcopenia prior to the onset of cirrhosis[71,
72]. In line with these findings, a cross-sectional study from the National Health Examination and
Nutrition showed that low muscle mass, as evaluated by mid-upper arm circumference measurements,
antedates the development of cirrhosis in American patients with CHC[73]. Taken together, these data
shed light on putative risk factors for skeletal muscle loss other than advanced hepatopathy-related
factors. Among the potential predictors, virus, host, and environmental factors, such as viral load/
genotype, nutritional status, and immune response should be highlighted.

Currently, advancements in direct-acting antiviral agents (DAAs) have resulted in outstanding
improvements in the management of patients chronically infected with HCV, with sustained virological
response rates that surpass 95.0% in real-life scenarios[74]. Treatment with DA As is safe and effective
and has been associated with liver and non-liver benefits, such as the prevention of hepatic disease
progression and improvements in quality of life scores[74,75]. However, a study showed that DAA-
induced clearance does not completely restore the altered cytokine and chemokine milieu in CHC
patients[76]. Hence, in these individuals, cytokine and chemokine signatures vary depending on the
stage of the liver disease and the response to antiviral therapy[77-50]. This knowledge can be transferred
to the muscle-liver axis in the context of HCV eradication, especially with the introduction of interferon-
free (IFN-free) treatments in clinical practice. More recently, results from interventional studies have
demonstrated that HCV eradication by DA As suppresses skeletal muscle loss in patients with CHC[31-
84], suggesting a direct role of the virus in muscle mass depletion. However, the role played by the host
immune response, especially pro-inflammatory effects, on skeletal muscle cells in CHC should not be
overlooked[6,77-79,85]. Future longitudinal and multicentre studies are required to reduce this gap in
knowledge.

Concerning extrahepatic manifestations of HCV infection, several studies suggest that an imbalance
between pro-inflammatory and anti-inflammatory cytokines might induce immune activation in sites
outside the liver, and consequently, generate a wide range of systemic symptoms and signals, including
myalgia, weakness, fatigue, nausea, abdominal pain, weight loss, arthralgia, purpura, Raynaud’s
phenomenon, xerostomia, dry eyes, depressive feelings, and anxious mood[6,56]. Therefore, CHC has
been identified as a systemic disease, and 40%-74% of patients chronically infected with HCV may
develop at least one non-liver manifestation throughout the clinical course of the infection[56].

It is generally acknowledged that the mechanisms involved in HCV-related extrahepatic manifest-
ations are attributable to antibody- and cell-mediated immune responses[57-90]. Among these
mechanisms, cryoglobulinaemia (type II cryoglobulin) is associated with chronic HCV[6,86].
Cryoglobulins are immunoglobulins that precipitate in vitro at temperatures < 37 °C and solubilise upon
warming. HCV can trigger the expansion of B cell clones that secrete monoclonal IgM with rheumatoid
factor activity. IgM then binds to polyclonal IgG molecules, which recognise HCV antigens. The
resulting immunocomplexes activate complement proteins, which bind cell receptors on endothelial
cells, leading to the recruitment of mononuclear and polymorphonuclear cells resulting in vasculitis.
Vasculitis may occur in the brain, skin, joints, kidneys, lungs, heart, and digestive tract[6,56]. Another
site that may be affected by immune-mediated occurrence is the skeletal muscle. Although secondary
sarcopenia is frequently identified in patients with cirrhosis, the mechanisms underlying the interaction
between the loss of skeletal mass, inflammatory mediators, and chronic viral hepatitis are still unclear.
Given the potential role of circulating pro-inflammatory cytokines in mediating age-related sarcopenia

WJH | https://www.wjgnet.com 652 May 27,2023 | Volume15 | Issue5 |

90



Coelho MPP et al. Sarcopenia and chronic viral hepatitis

Critchley - “The neurology
of old age” the age-related

Outbreaks of jaundice ST o T o skeletal muscle loss
epidemics in China L]!aur::ice ° wg‘:ﬁg‘;fo';am; b etk s Bianchi introduced the term hepatitis Epidemic form of skeletal muscle
epidemics in Babylon origin and the problem could that he defined as '|nf|an"|n'nat|? hepatis ) h'epatltls
a e e non exquisite legitima during First World War

5,000 B.C 2,500 B.C

Stephen Feinstone et al.

In 1989, Rosenberg proposed the term 'sarcopenia discovered hepatitis A

Qui-Lim Choo et al. isolated the genetic Mario Rizzetto et al. discovered IS () Baruch Blumberg et a/ Above 5 million soldiers and civilians
sequence of hepatitis C virus (HCV) hepatitis D virus (HDV) discovered hepatitis B on the German side suffered from
Interferon-alfa (IFN-a) monotherapy virus (HBV) hepatitis during the Second World

for HCV treatment

War

1965-67

Does malnutrition affect survival
in cirrhosis? Merli, Riggio, Dally

Interferon/ribavirin as a Pegylated Interferon/ribavirin - Norms and correlates of bioimpedance phase Protease inhibitors/ PegINF/
standard treatment for HCV was angle in healthy human subjects, hospitalized ribavirin
introduced as HCV treatment patients, and patients with liver cirrhosis. were approved for HCV treatment

Selberg & Selberg 2002

Associations of muscle mass and grip strength with severe Direct-acti
NAFLD: A prospective study of 333,295 UK Biobank ":nﬁ:‘ifa'lng
participants.
Petermann-Rocha ef al. 2022 as HCV treatment

DOI: 10.4254/wjh.v15.i5.649 Copyright ©The Author(s) 2023.

Figure 1 Timeline of the knowledge evolution in the chronic viral hepatitis and sarcopenia fields.

(49

Raishideng'

WJH | https://www.wjgnet.com 653 May 27,2023 | Volume15 | Issue5 |

91



Coelho MPP et al. Sarcopenia and chronic viral hepatitis

IS

REeishideng

[91,92], the effects of these inflammatory mediators on the pathogenesis of skeletal muscle loss occurring
in HBV and HCV should be evaluated.

Other potential predictors of sarcopenia in chronic viral hepatitis should be considered, such as
environmental factors, which are strongly linked to nutritional disorders and muscle homeostasis.
Several lifestyle aspects in individuals with CHB and CHC may contribute to muscle damage, such as
dietary patterns, diet-related non-communicable diseases, sedentarism, cigarette smoking, alcohol, and
non-alcohol substance use. Analysing data from the Korean National Health and Nutrition Examination
Surveys 2008-2011, Han et al[93] observed that sarcopenia was independently associated with liver
fibrosis in patients with CHB. The authors also observed that when the study population was stratified
according to metabolic factors, sarcopenia was independently associated with fibrosis among subgroups
with obesity, insulin resistance, metabolic syndrome, and liver steatosis.

More recently, Santos et al[94] (2022), used DXA, handgrip strength, and Timed Up and Go test to
show that in patients with CHB, the presence of metabolic-associated fatty liver disease and central
obesity was associated with low muscle mass and strength. Although secondary sarcopenia is a well-
known predictor of liver fibrosis in patients with NAFLD[95], the interaction between sarcopenia and
CHB is poorly understood. These findings encourage the evaluation of metabolic and skeletal muscle
loss among individuals chronically infected with HBV and reinforce the need for further large-scale
case-control studies.

Few studies have examined the effects of antiviral treatment on muscle mass in CHB patients. In an
investigation centred on the measurement of psoas major muscle using computed tomography before
and after long-term entecavir therapy, no significant change in the muscular area was identified in any
of the patients, but a significant increase was detected in the group of patients with serum albumin < 4
g/dL before treatment[96]. In contrast, Kim ef al[97] (2020) investigated the dynamic association
between changes in fibrosis and muscle mass during antiviral therapy and reported that appendicular
skeletal muscle mass (ASM) significantly decreased during treatment of HBV infection.

Approximately 462 million adults worldwide are underweight, whereas 1.9 billion are either
overweight or obese[93,99]. According to the World Health Organization definition, the double burden
of malnutrition is characterised by the coexistence of undernutrition along with overweight, obesity, or
diet-related non-communicable diseases within individuals, households, and populations across the
course of life[95,99]. Furthermore, a growing body of evidence has shown that excessive food intake and
lack of physical exercise, considered serious characteristics of the modern lifestyle, have also been
verified in patients with liver disease[100,101]. Health professionals face a great challenge particularly in
the management of CHB and/or CHC patients, because malnutrition and overweight can simultan-
eously be present in a patient[47,102]. Sarcopenic obesity, which is characterised by a decrease in ASM
and excess body fat, is associated with increased mortality and influences the metabolic profile and
physical performance compared with clinical manifestations alone[47,100]. Consequently, an
improvement in the comprehension of body composition and nutritional status of chronically infected
HBV and HCV individuals, regardless of the severity of the liver disease, is highly relevant for
clinicians, dieticians, and specialists in hepatic diseases[101,102].

PREVALENCE AND CLINICAL IMPLICATIONS ASSOCIATED WITH SARCOPENIA IN
PATIENTS WITH CHRONIC VIRAL HEPATITIS

Sarcopenia is a relevant risk factor for adverse outcomes in cirrhotic patients[12,15]. As mentioned
earlier, among the objectives of this review, we aimed to identify and summarise the available data on
the prevalence and adverse clinical outcomes of sarcopenia in patients with chronic viral hepatitis. The
steps involved in the review process are as follows:

Literature search

We first performed a sequential electronic search using PubMed, Embase, Biblioteca Virtual em Saude,
Cochrane Library, Scopus, Web of Science, and Cumulative Index to Nursing and Allied Health on
September 1, 2022 to identify published scientific reports on sarcopenia in patients with chronic viral
hepatitis. The search included studies that were published between January 1995 and September 2022.
To do the research, a combination of the following descriptors was used: “hepatitis C”, “chronic
hepatitis C”, “hepatitis B”, “chronic hepatitis B”, “sarcopenia”, “low muscle mass”, “sarcopenic
obesity”, “skeletal muscle mass”, and “skeletal muscle” (Supplementary material).

The eligibility of the articles was evaluated by two independent reviewers (MPPC and TPV).
Duplicate articles were excluded from the analysis. The articles were selected by title, abstract, and full
text in separate and sequential steps, following the predefined inclusion and exclusion criteria. To
evaluate whether the articles met all previously established criteria, each article was analysed
individually. A third reviewer resolved the disagreements between the two reviewers.
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Eligibility criteria

We used the Patients, Intervention, Comparison, Outcome model to develop literature search strategies
[103]. Eligible manuscripts included adults aged = 18 years who were chronically infected with HBV or
HCV. We also considered the following conditions: presence of inpatients and outpatients, sample size
of at least 30 subjects, and loss of skeletal muscle mass and/or function as the variable of interest. In
addition, the clinical outcomes included infectious and noninfectious complications (clinical outcomes),
increased length of hospital stay, mortality, survival, and health-related quality of life scores. Moreover,
data on the prevalence of low skeletal muscle mass and/or function, including pre-sarcopenia,
sarcopenia, and sarcopenic obesity, independent of the grade of liver fibrosis, were also assessed.

Quality assessment
The methodological quality of the studies was assessed by two independent reviewers using the Joanna
Briggs Institute Critical Appraisal tools applicable to each specific study design[104]. Each criterion was
assessed as “yes” (fulfilled), “no” (not fulfilled), or “unclear”. Any differences in opinion between the
reviewers regarding the methodological quality were resolved by consensus through direct discussion.
Disagreements were resolved through discussion with a third research member.

A total of 1427 articles were identified in the aforementioned databases. After discarding duplicates,
non-English language papers, and non-relevant articles, 17 full-length published articles were selected
for appraisal and were retained in the current mini-review (Supplementary material).

Prevalence, definitions, and clinical outcomes associated with sarcopenia

One of the most remarkable consequences of aging is the involuntary loss of muscle mass, strength, and
function, termed sarcopenia[54-56]. Various attempts have been made to apply this operational
definition to hepatic disease settings, as summarised in Table 1[47,71-73,93,94,105-109,110-114,115]. The
designs of the 17 included studies were retrospective cohort (n = 8), cross-sectional (n = 8), and
prospective cohort (n = 1). Most of the studies were performed in Asia (7/17, six in Japan and one in
Korea[71,93,108,109,111,112,114]) and America (four in the United States[73,106,107,115], two in Canada
[47,105], and two in South America[72,94]), while one each was performed in Europe[113], and in
Australia/Oceania[110]. The overall sarcopenia prevalence varied from 3.8% to 53.7% in the 17 studies.

The median age of the participants ranged from 49.2 to 70.5 years[112,113]. One study included only
men[110] while all the others were mixed-sex investigations, with the number of women varying
between 26[72] and 9287[73]. Different aetiologies of liver diseases were observed in these studies[47,71-
73,93,94,105-109,110-114,115]; with respect to chronic viral hepatitis, two studies included only patients
chronically infected with HBV[93,94] and HCV[72]. In 53.0% of the investigations, sarcopenia was
diagnosed according to one of the four consensus diagnostic criteria for age-related sarcopenia
proposed by the Asian Working Group for Sarcopenia, EWGSOP, the Foundation for the National
Institutes of Health Sarcopenia Project, and the Japan Society of Hepatology[71,72,93,108,111,112,114,
115]. Muscle mass was measured using computed tomography in the majority of studies (8/17 studies
[47,71,105-107,109,111,113]), followed by bioelectrical impedance analysis (4/17[108,112,114,115]), DXA
(4/17 studies[72,93,94,110]), and anthropometric measurements (1/17 studies[73]). Muscle strength was
measured using handgrip strength in 5/17 studies[71,72,94,112,114]. Physical performance was
evaluated in two studies[94,112].

The studies reported results for approximately six different types of outcomes: mortality (five studies
[47,105,106,110,113]), decreased survival (four studies[108,109,113,114]), severity of liver fibrosis (two
studies[71,93]), osteopenia/osteoporosis and vertebral fractures (two studies[72,112]), while one each
identified poor quality of life[111], and malnutrition[72]. In HBV scenario, sarcopenia was associated
with metabolic derangements, central obesity, and metabolic syndrome[93,94].

DISCUSSION

Globally, sarcopenia is a research hotspot [116] and its clinical significance in patients with chronic liver
disease is of utmost importance. In cirrhosis, sarcopenia intensely affects the health status and health-
related quality of life [10,13-17,18-21]. Muscle wasting that affects cirrhotic patients is accelerated, and
losses greater than 3.0% annually have been related to adverse outcomes[59].

Despite the awareness and clinical recognition of sarcopenia in cirrhotic patients, large heterogeneity
permeates studies focused on sarcopenia in these individuals. It should be highlighted that in literature,
the term sarcopenia is marked by multiple definitions, diverse measurement methods, and hetero-
geneous study designs enrolling patients with cirrhosis of diverse aetiologies and different stages of
liver fibrosis[59]. In addition, most investigations targeting sarcopenia in patients with hepatic diseases
have evaluated only skeletal muscle mass[59].

In the current review, the overall prevalence of sarcopenia varied from 3.8% to 53.7%. This difference
can be attributed to the different criteria used to detect sarcopenia. In patients with chronic liver disease,
there is neither a gold-standard definition nor a universal operational criterion for identifying
sarcopenic cases. Additionally, the aetiology of the liver disease and severity of hepatic fibrosis varied
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Table 1 Summary of main studies investigating the association between sarcopenia and adverse clinical outcomes in the context of chronic hepatopathies including patients chronically infected with

hepatitis B or C virus, n (%)

Stud Prevalence of
Study  Study ’ . ) ucy . Sex (M/F) Aetiology of liver Overall prevalence of  sarcopenia according to  Clinical outcome/main
Ref. ' . Diagnosis of sarcopenia population (  Age, yr' . R i .
location design n (m) disease, n (%) sarcopenia (%) the severity of the liver  results
) disease (%)
Montano- Canada  Retrospective CT at the level of the third 112 cirrhotic  54.0+1.0 78/34 Alcohol 25 (22.0); HCV 40 Not mentioned Sarcopenia, Child-Pugh
Loza et al cohort lumbar vertebrae (L3 SMIL, <385 patients 32 (29.0); Alcohol + score, and MELD score
[105], 2012 |:m2,ffm2 for women and < 52.4 evaluated for HCV 18 (16.0); HBV 2 were associated with
cm?/m? for men) 15T (2.0); Autoimmune 21 mortality
(19.0); Others 14 (13.0)
Krelletal ~ United Retrospective CT-measured psoas muscle; Sex- 207 adult 51.7+98 129/78 HCV 54 (26.1; HBVY9 - Not mentioned Sarcopenia was associated
[106], 2013  States cohort stratified TPA terciles; Criteria patients who (4.4); Alcohol 30 (14.5); with a heightened risk for
for cutoff: Lowest TPA tercile underwent LT Autoimmune 47 (22.7); post-transplant infections
NASH 8§ (3.9); HCC 52 and mortality
(25.1); Others 28 (13.5);
More than one
indication for liver
transplantation 21
(10.1)
Gowdaet  United Cross- MUAC below the 10 percentile 18513 HCV-39.3+ HCV- 303 (1.6%) had CHC Low MUAC HCV+42/303 HCV+ without significant ~ CHC was associated with
al[73], 2014 States sectional for age- and sex-matched NHANES 8.5, HCV + 8923/9287; (13.8); HCV-1220/18210 liver fibrosis (APRI = 1.5) low MUAC, even in the
reference values participants 47+58 HCV+ (6.7) absence of advanced liver
197/106 disease
Yadav etal United Prospective  CT at the level of the third 213 cirrhotic 553 +8.6 129/84 HCV 94 (44.0); Alcohol 222 Not mentioned Sarcopenia was not
[107],2015 States cohort lumbar vertebrae; (L3 SMIL, = patients. 34 (16.0); NASH 29 associated with mortality,
385 cm?/m’ for women and < evaluated for (13.6); PBC/PBS 16 poor quality of life, and
52.4 cm?/m? for men) 5T (7.5); Cryptogenic functional capacity
cirrhosis 13 (6.1);
Others 26 (12.2)
Hirackael Japan Cross- CT-measured psoas muscleand 807 67.1 £10.0 466/341 HCV 511 (63.3); HBV 3.9-16.7 (AGWS); 7.1-219  [CH, LC Child-Pugh (A, Prevalence of sarcopenia
al[71], 2016 sectional HGS-measured muscle strength 134 (16.6); HBV and (EWGSOP) and B/C)]; AGWS; 39,48, increased with the
AWGS and EWGSOP criteria HCV 3 (3.7); Alcohol 45 16.7; EWGSOP; 7.1, 11.8, progression of chronic liver
(5.6); Others 114 (14.1); 219 disease
Previous or current
HCC 256 (31.7)
Montano- Canada  Retrospective CT at the level of the third 678 560+1.0to  457/221 HCV 269 (40.0), alcohol  Sarcopenia 292 (43.0), Child-Pugh (A, B, C); Sarcopenia and myoste-
Loza et al cohort lumbar vertebrae; (L3 SML, = 58010 153 (23.0), NASH and Sarcopenic obesity 135 Sarcopenia 12.7, 51.0, 36.3; atosis were independently
[47], 2016 41.0 cmzj m? for women and < cryptogenic cirrhosis (20.0), Myosteatosis 353 Sarcopenic obesity; 8.9, associated with a higher
53.0 cm?/m? for men) 96 (14.0); Autoimmune  (52.0), Sarcopenia and 47.4, 43.7; Myosteatosis long-term mortality in
liver di 55 (8.0); my sis 176 (26.0) 12.2,51.0,36.8 cirrhosis
HBV 43 (6.0); Others
not specified 5 (1.0);
Concomitant HCC 291
(43.0)
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Nishikawa Japan
et al[108],
2017

Bering efal  Brazil
[72], 2018

Han et al Korea
[93], 2018

Kamoetal Japan
[109], 2019

Sinclairet  Australia
al[110],

2019

Ohashiet  Japan
al[111],
2019
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Cross-
sectional

Cross-
sectional

sectional

Retrospective
cohort

Retrospective
cohort

Cross-
sectional

BIA-measured upper limb
skeletal muscle mass (kg) AWGS
cutoff (SMI, < 7.0 kg/m" for men
and 5.7 kg/m? for women)

DXA-measured ASMI with
EWGSOP cutoff (ASMI, <7.26
kg/rnz for men and £5.45 kg/m
2 for women)HGS-measured
muscle strength - EWGSOP
criteria

DXA-measured ASMI with
sarcopenia defined as the lowest
quintile for sex-specific
sarcopenia index cutoff values
(< 0.89 for men and < 0.58 for
women) modified from the
criteria, were adapted from the
FNIH Consensus

CT at the level of the third
lumbar vertebrae; Sarcopenic
obesity as the combination of
low SMI (< 4031 cm?/ m? for
men; < 30.88 ‘:mz,'fm2 for
women) and either VFA =100
cm? or BMI 2 25 kg,"m2

DXA-measured ASMI - cutoff
(ASMI, <7.26 kg/m” for men)

CT at the level of the third
lumbar vertebrae; JHS criteria
(L3 SMI, < 38.0 cm?/m? for
women and < 42.0 |:m2/m2 for
men)
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383 652+10.3
104 505+113
506 Non-
sarcopenic
485+12.9;
Sarcopenic
485+129
277 540
[18.0-69.0]
420 55.4
[49.1-59.4]
335 69.5+10.2

205/178

78/26

258/248

134/143

Male, 420

169/166

657
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HBV 32 (8.3); HCV 235 136 (35.5)

(61.4); Others 116 (30.3)

CHC patients without

cirrhosis 70 (67.3), with

compensated cirrhosis
34 (32.7)

CHB significant
fibrosis according to
FIB4without
sarcopenial60/ 407
(39.3)with
sarcopenia57,/99 (57.6)

HCC 74 (26.7), HCV

and/or HBV 60 (21.7),
Cholestatic disease 56
(20.2); Others 87 (31.4)

HCC 119 (28.3), HCV
102 (24.3), Alcoholic
cirrhosis 53 (12.6),
Primary sclerosing
cholangitis 43 (10.2),

NAFLD 26 (6.2); Others

autoimmune and
metabolic conditions,

77 (18.3)

HCV 139 (41.5), HBV
57 (17.0), NAFLD 44
(13.1), Alcoholic liver

disease 40 (11.9) Others

55 (164)HCC 86/335

Low muscle strength 29
(27.9), Low ASMI 15 (14.4);
Sarcopenia 9 (8.7);
Sarcopenic obesity 3 (3.8)

99 (19.6)

Groups divided according
to SMI and VFA or BMI;
Without sarcopenia/non-
obesity (NN); n =167
(60.0)/n =179 (65.0);
Without
sarcopenia/obesity (NO);
n =55 (20.0)/n = 43 (15.0);
Sarcopenia/ non- obesity
(SN); n=46 (17.0)/n =49
(18.0); Sarcopenia/ obesity
(SO):; n=9 (3.0)/n =6 (2.0)

130 (30.9)

180 (53.7)

No association with Child-
Pugh score

Sarcopenia without
cirrhosis 5 (7.1) with
compensated cirrhosis 4
(11.8)

Not mentioned

Groups divided according
to SMI and VFA Child-
Pugh A, B/C; Sarcopenia/
non-obesity (SN); 13
(283)/33 (71.7);
Sarcopenia/ obesity (SO) 4
(44.4)/5 (55.6); Groups
divided according to SMI
and BMIChild-Pugh A,
B/C; Sarcopenia/ non-
obesity (SN); 12 (24.5)/37
(75.5); Sarcopenia/ obesity
(50)5(8:3)/1(17)

Not mentioned

Child-Pugh A, B, C169
(94.0), 10 (5.5), 1 (0.5)
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Sarcopenia was associated
with low overall survival in
male patients

Sarcopenia was associated
with bone mineral content
and malnutrition. BMI was
normal in 88.9% of
sarcopenic patients and in
all patients with sarcopenic
obesity. The mid-arm
muscle circumference was
positively correlated with
ASMI

Sarcopenia was associated
with significant fibrosis,
specifically in CHB patients
with obesity, insulin
resistance, metabolic
syndrome, and liver
steatosis

Patients with sarcopenic
obesity showed worse
survival after LDLT
compared to non-
sarcopenic/non- obesity
patients

Low ASMI is strongly
associated with mortality in
men awaiting liver
transplantation

Sarcopenia was associated
with low scores of quality of
life using the Medical
Outcomes Short-Form
Health Survey (SF-36)
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Saekietal  Japan Cross-
[112], 2019 sectional

BIA-measured SMISarcopenia 142 705 90/52
was diagnosed using the [58.8-76.0]
following criteria: JSH criteria:
Low HGS (< 26 kg for men and
< 18 kg for women) and low SMI
(<7.0 kg/m2 for men and <5.7
1-(g/1'n2 for women); AWGS
criteria: Low HGS (< 26 kg for
men and <18 kg for women)
and/or low gait speed (< 0.8
m/s both for men and women)
and low SMI (< 7.0 kgjmz for
men and < 5.7 kg/m" for
women); FWGSOP?2 criteria:
Low HGS (< 27 kg for men and
<16 kg for women) and low SMI
(<7.0 kg/m2 for men and <5.5
kg/rnz for women). Low gait
speed (£ 0.8 m/s for both men
and women) is an indicator for
defining severe sarcopenia

Pintodos  Germany Retrospective CT-measured PMA and bilateral 368 492
Santos ef al cohort ESA as well as the combined [36.9-61.5]
[113], 2019 PSMA. Muscle areas were

subsequently normalised to the

patient’s height squared - PMI,

ESI, and PSMI

631 CLD 65.0
[52.0-71.0]

Nishikawa Japan Retrospective  BIA-measured SMI; Sarcopenia

etal[114], cohort was diagnosed using criteria:

2021 JSH criteria: low HGS (< 26 kg
for men and < 18 kg for women)
and SMI (< 7.0 kg,/m? for men
and <5.7 kg,v'mz for women);
AWGS criteria: Low calf circum-
ference (CC) (< 34 cm for men
and < 33 cm for women);
Japanese criteria: High waist
circumference (WC) (> 85 cm for
men and > 90 cm for women)

Van United Retrospective  BIA-measured SMI; EWGSOP2 12032 NAFLD
Dongenet  States cohort criteria: With sarcopenia if their NHANES 46.01(0.47);
al[115], SMI > 1 SD below the gender- participants ALD 43.92
2022 specific meanfor young adults (NHANESIII, (1.33); HCV
(aged 20-39 y) in NHANESIII (=  1988-1994); 39.49 (0.94);
36.7% in men and 2 26.6% in 4200 (349%)  HBV41.12
women) CLD; 7832 (1.70);
(65.1%) Control;

B_,‘
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255/113

309/322

6049/5983

658

(@57)
HCV 45 (31.7), HBV 16  JSH or AWGS criteria; 48 Child-Pugh A/B, C; 32
(11.3), Alcoholic liver ~ (33.8); EWGSOP2 criteria;  (66.7)/16 (33.3)
disease 48 (33.8); 40 (28.2)
Others 33 (23.2)
HCC 164 (44.6), Median PSMI was used to  Child-Pugh A, B, C; 53
Alcoholic liver disease  divide the study (14.4), 92 (25.0), 197 (53.5)
147 (39.9), HCV 91 population into high and
(24.7), HBV 55 (14.9), low muscle index
Biliary liver disease 38  subgroups, which were
(10.3) Others (11.1) further compared
HCV 286 (45.3), HBV  Sarcopenia; Low HGS + Not mentioned
90 (14.3), Others 255 Low SMI; 73/631 (11.6);
(40.4) Low HGS; men 49 (15.9);
women 89 (27.6); Low SMI;
men 76 (24.6); women 107
(33.2); Low CC; men 49
(15.9); women 81 (25.2);
High WC; men 106 (66.7);
women 103 (32.0)
NAFLD 3238 (77.1%);  Prevalence of sarcopenia ~ Not mentioned
ALD 685 (16.3%); HCV  was higher among NAFLD
218 (5.2%); HBV 59 than other; CLDs and
(1.4%) controls (40.7% in NAFLD,

27.2% in ALD, 22.4% in
HCV, 16.8% in HBV, and
18.5% in controls)
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Sarcopenia, osteoporosis,
osteosarcopenia, and
vertebral fracture were
highly prevalent and closely
associated with one another
in patients with liver
cirrhosis. Specifically,
patients with osteosar-
copenia had the highest risk
of vertebral fractures

Sarcopenia was a predictor
of early post-OLT survival
in male patients

Multivariate analysis
showed that men, presence
of LC, presence of HCC,
low-GS, low-CC, serum
albumin, estimated
glomerular filtration rate,
hepatitis B virus, and
hepatitis C virus were
significant factors
contributing to the overall
survival. CC can be an
alternative marker for
muscle mass in CLD
patients

Among 4 patients with
CLDs and the controls, all-
cause cumulative mortality
was: 35.2% HCV, 34.7%
ALD, and 29.6% NAFLD.
The presence of sarcopenia
was associated with a
higher risk of all-cause
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controls 41.56 (0.40) mortality only among
subjects with NAFLD.
Attainment of ideal LS7
metrics (ideal body mass
index, ideal blood pressure,
ideal physical activity, and
ideal glycaemic control)
provides protection against
sarcopenia in NAFLD

Santos etal  Brazil Cross-
[94], 2022 sectional

DXA-measured ALMp,,; and 105 CHB 485+12.0 61/44 Not mentioned

patients in the first sex-specific ~ outpatients

105 CHB outpatients -
without cirrhosis 76.2%

MAFLD and central obesity
were associated with low

quintile (< 0.767 for men and <
0.501 for women) were

with compensated
cirrhosis 23.8%

muscle mass and strength in
patients with chronic

considered to have low ALMgyy hepatitis B, independent of
adapted from FNTH Consensus the stage of the liver disease
criteria, HGS-measured muscle

strength, and physical

performance - TUG

"Mean (SD) or standard error of the mean (SEM) or median [interquartile range 25th_g5th percentile.

HBV: Hepatitis B virus; HCV: Hepatitis C virus; SD: Standard deviation; F: Female; M: Male; CT: Computerised tomography; L: Lumbar; SMI: Skeletal muscle index; LT: Liver transplantation; MELD: Model for End-stage Liver Disease;
TPA: Total psoas area; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular carcinoma; MUAC: Mid-upper arm circumference; NHANES: The National Health and Nutrition Examination Survey; APRI: Aspartate
aminotransferase to Platelet Ratio Index; CHC: Chronic hepatitis C; PBC: Primary biliary cholangitis; PBS: Primary sclerosing cholangitis; HGS: Handgrip strength; CH: Chronic hepatitis; LC: Liver cirrhosis; AWGS: Asian Working
Group for Sarcopenia; EWSOP: The European Working on Sarcopenia in Older People; BIA: Bioelectrical impedance analysis; ASMI: Appendicular skeletal muscle mass index; DXA: Dual-energy X-ray absorptiometry; FNTH Consensus:
Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project consensus; BMI: Body mass index; FIB4: Fibrosis-4 index; VFA: Visceral fatty area; LDLT: Living donor liver transplantation; NAFLD: Non-
alcoholic fatty liver disease; JSH: Japan Society of Hepatology; PMA: Psoas muscle area; ESA: Erector spinae muscle area; PSMA: Paraspinal muscle area; PMI: Psoas muscle index; ESI: Erector spinae muscle index; PSMI: Paraspinal
muscle index; CC: Calf circumference; WC: Waist circumference; CLD: Chronic liver disease; NHANES 111, 1988-1994, the Third National Health and Nutrition Examination Survey; ALD: Alcohol-associated liver disease; LS7: Life's
Simple 7 health metrics; ALMgy,: Appendicular lean mass was adjusted for BMI; TUG: Timed Up and- Go test; MAFLD: Metabolic-associated fatty liver disease; OLT: Orthotopic liver transplantation.

among the investigations included in this minireview. Using computed tomography and hand grip
strength, Hiraoka et al[71] (2016) (based on EWGSOP1 criteria) found that sarcopenia was present in
7.1%,11.8%, and 21.9% of Japanese patients with chronic B and/or C viral hepatitis with non-cirrhosis,
compensated cirrhosis (Child-Turcotte-Pugh A), and decompensated cirrhosis (Child-Turcotte-Pugh B/
C), respectively. The authors observed that the prevalence of sarcopenia increased with the progression
of hepatic fibrosis. Of particular concern was the finding that patients with CHC had sarcopenia prior to
the onset of cirrhosis[71]. These findings reinforce the need for further research focusing on the
biological mechanisms underlying the concurrent occurrence of sarcopenia in patients with chronic viral
hepatitis.

Concerning the clinical outcomes associated with sarcopenia in patients chronically infected with
HBV or HCV, skeletal muscle loss has been considered an independent prognostic marker of mortality
in cirrhotic patients and is associated with an increased risk of complications, such as sepsis[13],
refractory ascites[14], hepatic encephalopathy[15,16], and spontaneous bacterial peritonitis[17].

Considering other clinical implications of sarcopenia in patients with CHC, an association between
skeletal muscle loss and bone loss was verified, independent of the severity of liver fibrosis[72]. In
cirrhosis settings, bone disorders have been linked to hypogonadism[117], vitamin D deficiency[115],

B_,‘

Baishideng WJH I https:/ /www.wjgnet.com 659
J

May 27,2023 | Volume15 | Issue5 |



Coelho MPP et al. Sarcopenia and chronic viral hepatitis

(494

REeishideng

and low levels of insulin-like growth factor[119]. Nevertheless, little is known about the bone status of
patients with CHC, especially before the onset of cirrhosis. Among the potential factors, chronic inflam-
mation, inadequate diet and nutrition, and weight and muscle loss may contribute to low bone mineral
density in subjects chronically infected with HCV. Taken together, muscle mass and muscle strength
stimulate osteogenesis through connections between the bone and skeletal muscle[120]. In addition,
skeletal muscle mass is recognised as an independent predictor of bone mineral density in healthy[121]
and diseased individuals[122,123].

In the current review, metabolic derangements, central obesity, and metabolic syndrome were
associated with sarcopenia in patients with CHB[93,94]. However, there are few studies exploring
skeletal muscle loss in CHB patients. To date, among the various aetiologies implicated in liver diseases,
liver-muscle interaction has been the most studied in patients with NAFLD/NASH[66,70]. Of particular
concern in fatty liver disease is the fact that various evidence point to the complexity of the mechanisms
implicated in skeletal muscle damage. In a previous investigation, Lee et al. observed that up to 12.0% of
patients diagnosed with NAFLD had sarcopenia independent of obesity and insulin resistance, and

approximately 30.0% of sarcopenic individuals without metabolic syndrome and obesity had NAFLD
[124,125].

CONCLUSION

There is no universal consensus regarding the diagnosis of sarcopenia in patients with chronic viral
hepatitis. Although the prevalence of sarcopenia increased in parallel with the progression of hepatic
fibrosis, interestingly, sarcopenia was observed in patients chronically infected with HCV before the
onset of cirrhosis. Even in studies not focused on evaluating only patients with chronic viral hepatitis,
relevant adverse health-related outcomes were associated with sarcopenia in CHB or CHC patients.
These findings highlight the importance of addressing skeletal muscle mass and strength loss in patients
with chronic viral hepatitis. Effective strategies should be implemented to screen for sarcopenia in these
patients, independent of the stage of the liver disease. An integrated medical/nutritional /physical
education approach will enable greater understanding of the significance of musculoskeletal changes in
patients chronically infected with HBV or HCV.
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Segundo Artigo: A massa muscular esquelética aumenta apds a erradicagdo viral com

antivirais de acéo direta em pacientes com hepatite C crénica: um estudo longitudinal

Com o intuito de responder ao objetivo geral incluindo os objetivos especificos: Avaliar
alteragdes em parametros da composig¢ao corporal e da fungao hepatica antes e depois da
erradicagdao do HCV pela terapia composta pelos agentes antivirais diretos (DAAs) em
pacientes com hepatite C crénica, foram feitas analises e interpretacbes minuciosas dos
dados coletados que resultaram na elaboragéo do segundo artigo.

Resumo:

Antecedentes: Resultados de estudos que avaliaram o efeito da erradicagao do HCV apoés
o uso da terapia antiviral de agdo direta (DDA) na massa muscular esquelética de
pacientes com hepatite C cronica sdo escassos. Objetivo: Avaliar os componentes da
sarcopenia (massa muscular baixa, forca muscular baixa e desempenho fisico baixo) em
uma coorte de individuos com hepatite C cronica antes e apds a administragao da terapia
com DAAs. Métodos: Realizamos um estudo longitudinal com a inclusao de pacientes com
hepatite C crénica submetidos a avaliagdo da composigcédo corporal antes (T0), e na 122
(T1) e 482 (T2) semanas apos o término da terapia com DAAs. A bioimpedancia elétrica foi
usada para avaliar a massa muscular esquelética (MME) e angulo de fase (AF). O indice
IMME (IMME) foi calculado dividindo-se a MME pela altura ao quadrado. A fungao
muscular foi avaliada pela forga de preensdo manual (FPM) e teste timed up-and-go
(TUG). Modelos de regressao linear de efeitos mistos foram ajustados para os IMME, FPM
e desempenho fisico com o intuito de testar o efeito da erradicagao do HCV pelos DAAs.
Resultados: Foram incluidos 62 pacientes (média de idade, 58,6 + 10,8 anos; 58% com
cirrose compensada). Diminui¢des significativas nos marcadores de fibrose hepatica e um
aumento de 0,20 e 0,22 kg/m? no IMME foram observados em T1 e T2. Ainda, apds o
término da terapia com DAAs, um aumento de uma unidade no AF foi associado a redugcao
de 0,38 min no TUG. Conclusao: A erradicagdgo do HCV com terapia com DAAs
associou-se a reducado dinamica de marcadores nao invasivos de fibrose hepatica e ao
aumento da massa muscular em 62 pacientes hepatite C crénica que alcangaram a
erradicagao do HCV (carga viral do HCV indetectavel) na 122 semana ap6s a concluséo do
tratamento antiviral.

Palavras-Chave: Hepatite C crbénica; massa muscular esquelética; forga muscular;
desempenho fisico, terapia antiviral de acao direta.
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Summary

Background: Results of studies evaluating the effect of viral eradication following
direct-acting antiviral (DDA) therapy on skeletal muscle mass of patients with chronic
hepatitis C (CHC) are scarce.

Aim: To assess the components of sarcopenia (low muscle mass, low muscle strength
and low physical performance) in a cohort of CHC individuals before and after DAA
therapy.

Methods: We performed a longitudinal study of patients with CHC who underwent
body composition assessment before (T0), and at 12 (T1) and 48 (T2) weeks after
DDA therapy. Bioelectrical Impedance Analysis was used to assess skeletal mass
muscle (SM) and phase angle (PhA). SM index (SMI) was calculated by dividing the
SM by squared height. Muscle function was evaluated by hand grip strength (HGS)
and timed up-and-go (TUG) test. Mixed-effects linear regression models were fit-
ted to SMI, HGS and physical performance and were used to test the effect of HCV
eradication by DAA.

Results: 62 outpatients (mean age, 58.6 +10.8 years; 58% with compensated cir-

rhosis) were included. Significant decreases in liver fibrosis markers and an increase
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in TUG.

of antiviral treatment.

1 | INTRODUCTION

Although chronic hepatitis C (CHC) is now a curable disease with
the advent of innovative and highly potent direct-acting antiviral
(DAA) therapy,'? approximately 290,000 deaths worldwide in 2019
were attributable to hepatitis C virus (HCV)-related liver diseases,
mostly due to cirrhosis and hepatocellular carcinoma (HCC),3 HCV
has also been involved in the dysfunctions of several other organ
systems,4 and up to two-thirds of patients with CHC present with
extra-hepatic manifestations such as cryoglobulinemic vasculitis,
lymphoma, cardiovascular diseases, insulin resistance, and type 2
diabetes.*

Additionally, skeletal muscle loss has frequently been observed
in patients with advanced cirrhosis.” Although sarcopenia was origi-
nally recognised as an age-related loss of skeletal muscle mass, it has
secondary causes, including chronic diseases.® Low-skeletal muscle
mass and strength is a common outcome in cirrhotic patients, which
is associated with poor quality of life, clinical complications, and in-
creased mortality.7'8

The clinical effects of sarcopenia on cirrhosis have been well
establishedg; nonetheless, there is limited data on HCV's involve-
ment in skeletal muscle loss.!® Concerning chronic viral hepatitis,
sarcopenia can be attributed to a complex and multifaceted in-
teraction between the virus, host and environment. Recent in-
vestigations demonstrated that HCV eradication following DAA
treatment suppresses the loss of muscle mass in patients with
CHC,15 suggesting a direct effect of the virus on the skeletal
muscle. There are, however, seemingly contradictory results,
with some studies indicating that muscle mass declines post-DAA
therapy.'®

More recently, a longitudinal investigation including patients
with CHC who achieved sustained virologic response (SVR) after
DAA therapy demonstrated that HCV eradication can result in
reverse inflammaging.)’” In older individuals, pieces of evidence
pointed to inflammaging as an imbalanced secretion of proinflam-
matory cytokines that might be either naturally emerged with
ageing or can be aggravated by external factors.’®? These inflam-
matory mediators can directly or indirectly impact skeletal mus-
cle loss, accelerating muscle protein degradation and intensifying
sarcopenia.20

Although previous studies demonstrated an improvement

21,22 11-15

in liver function, increase in skeletal muscle mass and

COELHO ETAL.

of 0.20 and 0.22kg/m? in the SMI were observed at T1 and T2. Following DAA

therapy, an increase of one unit of PhA was associated with a reduction of 0.38 min

Conclusion: HCV eradication with DAA therapy was associated with a dynamic re-
duction of non-invasive markers of liver fibrosis and increased muscle mass in 62

patients with CHC who had an undetectable HCV load at 12 weeks after completion

immunological restoration process?>24 following HCV eradication,
there is a paucity of data evaluating body composition before and
after DAA treatment in patients with CHC. Because we are unaware
of studies evaluating all components of sarcopenia in individuals
chronically infected with HCV before and after DAA therapy, we
evaluated the effect of HCV eradication on skeletal muscle mass,
muscle strength and physical performance in this population.
Moreover, we evaluated associations between components of sar-
copenia and demographic, clinical, biochemical, lifestyle, nutritional,

and virological variables in patients with CHC.

2 | PATIENTS AND METHODS

The study was designed and conducted following the Declaration of
Helsinki and was approved by the Ethics Committee of the Federal
University of Minas Gerais/UFMG (ETIC 0404.0.203.000-10; CAAE,
07761212.2.0000.5149).

2.1 | Study population

This longitudinal study comprised 67 consecutive outpatients with
CHC diagnosis attending the Viral Hepatitis Outpatient Clinic,
University Hospital, Belo Horizonte, Brazil, from 2017 to 2020.
The main eligibility criteria for participation in the study were
being at least 18years old, and having proven HCV infection as
confirmed by the presence of specific HCV seromarkers and HCV-
RNA. These individuals underwent body composition assessment
at enroliment for DAA therapy [baseline time (T0)], 12 weeks (T1)
after the end of treatment equivalent to SVR, defined as an un-
detectable HCV load at 12weeks after completion of anti-HCV
therapy, and 48weeks (T2) following DAA therapy completion
(Figure 1).

All patients were screened for other hepatic diseases. The fol-
lowing patients were excluded from the study: those aged <18 years;
women who were pregnant or breastfeeding; those with hepatic en-
cephalopathy; hepatitis B virus (HBV)/HCV or HCV/human immuno-
deficiency virus (HIV) coinfection; patients who had causes of liver
disease other than HCV infection and advanced conditions such as
chronic kidney disease, heart failure, chronic pulmonary disease, and

neoplasia, including HCC.
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Assessed for eligibility 67 patients

!

Baseline time (T0)
Enrollment — *Biochemical evaluation, abdominal ultrasound, liver biopsy, interview, lifestyle evaluation,
anthropometric assessment, body composition evaluation and nutritional status appraisal

» Excluded (n = 5 patients)

+lliness onset or decompensation of pre-existing diseases
—> as multiple myeloma (n = 1) and diabetes mellitus (n = 1)
*Sudden death (n = 1)

*Incomplete BIA data (n = 2)

Completion of
anti-HCV =~ ———f

therapy

12th or 24th week of treatment (corresponding to the end of DAA)
62 outpatients with CHC remained (58.1% with compensated cirrhosis; 41.9% without cirrhosis)

!

T1 follow-up ———>

12 weeks (T1) after the end of treatment
12" week after DAA completion (equivalent to SVR)
Biochemical, lifestyle, anthropometry, body composition and nutritional status appraisal

62 patients had an undetectable HCV load at T1

T2 follow-up =

48 weeks (T2) after the end of treatment
48" week after DAA completion
Biochemical, lifestyle, anthropometry, body composition and nutritional status appraisal

FIGURE 1 STROBE flow chart. BIA, bioelectrical impedance analysis; CHC, chronic hepatitis C; DAA, direct-acting antiviral treatment; n,
number of patients; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; SVR, sustained virological response.

Since fluid overload interferes with body composition assess-
ment, the Child-Pugh-Turcotte score was assessed for each patient,
and those with a Child-Pugh-Turcotte score 27 points and/or decom-
pensated cirrhosis were not included in the study.zs'26 The diagnosis
of cirrhosis was based on standard clinical, biochemical, radiological,
and histological parameters.?’ Among patients with cirrhosis who un-
derwent liver stiffness measurement (LSM), we used the Baveno-VI|
criteria to define clinically significant portal hypertension (CSPH).28
In cirrhotic patients without LSM, we evaluated findings suggestive
of CSPH, such as splenomegaly, portal vein dilation, portal vein oc-
clusion, collateral vessel formation, declining platelet counts, and
the presence of gastroesophageal varices in the endoscopic exam.”®
Each patient underwent a detailed physical examination, particularly
for screening bilateral lower extremity oedema and ascites. In addi-
tion, all included patients had serum albumin levels 23.5g/dL, and
the absence of ascites was confirmed by abdominal ultrasound.

Five patients were excluded because two had illness onset or
decompensation of pre-existing diseases during DAA therapy as
multiple myeloma (n=1) and diabetes mellitus (n=1), one had a sud-
den death, and two had incomplete bioelectrical impedance analysis
(BIA). Of the other 62 outpatients with CHC, 58% with compensated
cirrhosis and 42% without cirrhosis remained in the study. The par-
ticipants were from a similar socioeconomic level, as assessed by a
previously validated questionnairezg based on income and educa-
tional level.

The Viral Hepatitis Outpatient Clinic is an outpatient care am-

bulatory of a metropolitan tertiary teaching hospital that admits

patients to treat chronic viral hepatitis. All participants signed the

informed consent form.

2.2 | Laboratory parameters

Blood samples were obtained from each patient after 12 h of over-
night fasting for HCV diagnosis and biochemical and haematologi-
cal evaluation. Fasting blood glucose levels, glycated haemoglobin
(A1C), total cholesterol and fractions, triglycerides, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (y-GT), alkaline phosphatase (AP), albumin,
total bilirubin, prothrombin activity, complete blood count test and

creatinine were evaluated by routine laboratory methods.
2.3 | Clinical comorbidities and metabolic
derangement evaluation

Hypertension, diabetes mellitus, dyslipidaemia and metabolic syn-

drome were defined following international guidelines.m’33

2.4 | Non-invasive indirect markers of liver fibrosis

We evaluated the hepatic fibrosis scores of patients by using the
FIB-4 index and the APRI index.**"¢
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2.5 | Lifestyle assessment

A current and a previous history of alcohol use was investigated as
part of the lifestyle evaluation. Risky alcohol consumption was de-
fined as drinking more than 20 and 30g of alcohol daily for women
and men, respectively, for more than Syrears.37

Participants' habitual physical activity was assessed using the
International Physical Activity Questionnaire (IPAQ) short version
validated for the Brazilian population.38 Physical activity was di-
chotomised into normal (moderate-to-high categorical scale of IPAQ
2600 metabolic equivalents of task [MET]-min/week) or low (<600
MET-min/week). A trained person administered the questionnaires.

2.6 | Anthropometry assessment and
nutritional status

A nutritionist (M.P.P.C.) carried out all nutritional evaluations. Weight
and height were measured with a mechanical platform type (Filizola,
Sao Paulo, Brazil). Light indoor clothing, excluding sweaters, belts
and shoes, could be worn. We used Quetelet's formula to calculate
body mass index (BMI) as a ratio between weight in kilograms and

height in meters squared (kg/m?).%

For elderly subjects, we used the
Lipschitz classification.*°

Waist circumference (WC) was measured in the horizontal plane
midway between the lower rib edge and the upper iliac crest in the
standing position with a flexible, non-stretchable tape (cm). Central
obesity was diagnosed as a waist circumference =90 cm in males and
>80cm in females.®

Malnutrition was evaluated by using subjective global assess-
ment (SGA). Patients were classified as follows: nourished (SGA A),
suspected to be malnourished or moderately malnourished (SGA B)

and severely malnourished (SGA c).

2.7 | Evaluation of body composition

Body composition was evaluated by using BIA (RJL Systems Quantum,
Clinton Township, Ml), and the measurements were obtained under
a strict standardisation of the procedure, according to the National
Institutes of Health.*? Resistance (R) and reactance (Xc) were as-
sessedinohm at 50kHz and 800 pA. Fat-free mass (FFM), in this study,
termed skeletal muscle mass, was calculated using a previously vali-
dated multiple regression BIA equation of skeletal muscle mass (SM)
(kg) = [(Ht?/R x 0.401) + (gender x 3.825) + (age x -0.071) + 5.102]
where height is in centimetres and resistance in ohms; for men=1
and women=0; and age is in years.43 SMI was calculated by dividing
skeletal muscle mass (kg) by the square of body height (kg/m2); thus,
SMI=[SM (kg)/H (mz)]. We adopted as a cutoff point for low SMI the
value of <2 SD below the mean SMI of the control group, accord-
ing to the age and sex, <8.60kg/m? for men and <5.60kg/m? for
women, as previously described by Coelho et al.** Furthermore, we

assessed the degree of agreement between the cutoff established in
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the control group and that adopted in a previous study by Janssen
et al.: £8.51 kg/m2 for men and <5.75 kg/mz for women® (k=0.94;
p=0.001).*4*¢ Regarding BIA-derived fat mass (FM), high FM was
considered as greater than 27.0% for men and 38.0% for women.*’
Considering the context of chronic liver disease, a growing body
of evidence has demonstrated that BIA-derived phase angle (PhA)
is not only considered an independent prognostic indicator for
liver fibrosis*® and cirrhosis-related survival rates,‘w but it has been

pointed out as an index of overall muscle quality,>#7-5

regardless of
the presence of ascites.”® The bioelectrical values of R and Xc with
a current at a single frequency of 50kHz were used to calculate the
PhA by the following equation: PhA (°)=arctangent (Xc/R)x (180/x).
We adopted as a cutoff point for low PhA the value of <5.4° for

women and £5.6° for men, according to Ruiz-Margain et al.st

2.8 | Handgrip strength assessment

Handgrip strength (HGS), used to evaluate muscle strength, was
measured with the hand-held dynamometer JAMAR® (Asimow
Engineering Co., Los Angeles, CA). Subjects were seated with their el-
bows flexed at 90° and supported at the measurement time.”? During
HGS measurement, we asked the patient to grip the dynamometer
with maximum strength and hold the grip for 3s. We collected three
measurements from each hand alternatingly, and the maximum
strength was defined as the greatest of the six measurements.*? Low
muscle strength was defined as HGS below 16 and 20kg for women
and men, respectively, according to the European Working Group on
Sarcopenia in Older People Consensus (EWGSOP2).

2.9 | Timed up-and-go test

The timed up-and-go test (TUG) measures the time it takes an indi-
vidual to stand up from an armchair, walk a distance of three metres,
turn, walk back to the chair and sit down again.”® We adopted as
a cutoff point for low performance the TUG result greater than or
equal to 20s according to the EWGSOP2 Consensus.®

2.10 | Sarcopenia assessment

Sarcopenia was defined as the presence of both low SMI and low
muscle strength as adapted from EWGSOP.® Sarcopenia was con-
sidered severe when low muscle strength, low muscle mass and low
physical performance were all detected.®

2.11 | Sarcopenic obesity assessment

Sarcopenic obesity was defined as the presence of both sarcopenia

and body fat percentage >27.0% and >38.0% for men and women,

respectively.ﬁ‘47
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2.12 | DAA therapy evaluation

The HCV treatment followed the protocols determined by the
Therapeutic Guidelines Program of the Brazilian Ministry of Health
(Brasil, 2019),54 in accordance with the international clinical practice
guidelines,55 using the following schemes with a variable duration
of 12-24weeks: sofosbuvir/daclatasvir (n=27; 43.6%), sofosbuvir/
simeprevir (n=18; 29.0%), sofosbuvir/daclatasvir/ribavirin (n=13;
21.0%), sofosbuvir/ribavirin (n=2; 3.2%), sofosbuvir/ledipasvir/riba-
virin (n=1; 1.6%) and sofosbuvir/simeprevir/ribavirin (n=1; 1.6%),
respectively. The majority of the patients, 53 (85.5%), had not re-
ceived previous treatment for hepatitis C. Nine patients (14.5%)
were experienced patients who had previously received the follow-
ing treatments: pegylated interferon alpha (Peg-IFN-a) and ribavirin
(RBV) [n=6/9 (66.7%)], telaprevir (TVR) in combination with Peg-IFN
and RBV [n=2/9 (22.2%)] and boceprevir (BOC) in combination with
Peg-IFN and RBV [n=1/9 (11.1%)]. Patients were considered to have
achieved SVR if they had undetectable HCV-RNA 12weeks after
DAA completion.

The same investigator conducted interviews. In the first inter-
view, before DAA, we provided information to the patient and ob-
tained written informed consent (Figure 1). Successive interviews
were carried out at the: 4th week (during treatment), 12th or 24th
week of treatment (corresponding to the end of DAA) and 12th
week after DAA completion (equivalent to SVR, i.e., revealing the
cure or not of the HCV infection). The last interview was conducted
at 48 weeks following the end of DAA therapy.

To improve the accuracy of the results, biochemical evaluation,
abdominal ultrasound, liver biopsy, interview, lifestyle evaluation,
anthropometric assessment, body composition evaluation and nu-
tritional status appraisal were obtained from each patient at the
time (TO) of her or his inclusion in the study, before DAA therapy
(Figure 1). Of these procedures, biochemical appraisal, lifestyle,
anthropometry, body composition and nutritional status were also
evaluated after DAA treatment (T1 and T2).

2.13 | Statistical analysis

Data were analysed with IBM SPSS (IBM Corp., Armonk, NY), a sta-
tistical software package version 26.0. Descriptive statistics pro-
vided demographic, clinical, biochemical, lifestyle, nutritional and
virological data information. The Shapiro-Wilk test was used to
evaluate whether the data were normally distributed. The asymp-
totic Pearson's ;{2 test or Fisher's exact was used to compare per-
centages. The Mann-Whitney U test or Kruskal-Wallis test was used
to compare the medians, and Student's t-test or ANOVA was used to
compare the means.

The strength of the associations between the pairs: PhA and
SMI, PhA and HGS, PhA and TUG was analysed using Spearman's
correlation. The correlation coefficient was interpreted as follows:
0.00-0.30 negligible, 0.30-0.50 Low, 0.50-0.70 moderate, 0.70-
0.90 high and 0.90-1.00 very high.>
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The paired t-test was used to compare data, presented as
mean, before (TO) and after (T1, T2) DAA treatment. For the base-
line variables and relative changes presented as median, we used
the Friedman test to compare these continuous variables between
different time points. The level of significance was set at p<0.05.
Significance values have been adjusted by Bonferroni correction for
multiple tests (p=0.017).

We conducted the longitudinal analysis using the R Statistical
Software (version 3.6.3, R Core Team, 2022). Mixed-effects linear
regression models were fitted to SMI, HGS and physical performance
and used to test the effect of the DAA during the TO-T2 follow-up
period. Variables tested in the models included fixed variables, all
assessed at TO, sex, age, presence of compensated cirrhosis, pres-
ence of clinical comorbidities (hypertension, diabetes mellitus and
metabolic syndrome), low PhA, sedentary lifestyle, eGFR and time-
varying variables time, with a distinction between before treatment
(TO) and post-treatment (T1 to T2) periods. Serum HCV RNA levels
were excluded from the mixed linear regression because the test re-
sults for HCV were negative in all patients after treatment. A likeli-
hood ratio test with the backward selection procedure was used to
build the three final multivariable models, which comprised variables
significant at the 0.05 level. In these models, only the variables re-
maining significant after multivariable adjustment were kept in the

final models.””">?

2.14 | Sample size estimation

The sample size was calculated based on the SMI, which is consid-
ered the main outcome of the current study. The calculation was
performed using a paired-sample t-test, considering an effect size
(mean of difference) of 0.1 kg/mz, a two-sided test, a power of 90%
and a significance level of 0.05. The standard deviation for the mean
difference of SMI used in the calculation was 0422kg/m2415 Based
on these findings, the sample size obtained was 43 individuals.t061
Considering a loss of 30% during patient follow-up (43/0.7=61.43),
a sample size of 62 patients was estimated to be needed for the
abovementioned precision.

3 | RESULTS
3.1 | Characteristics of the study population

The baseline characteristics of patients with CHC receiving inter-
feron (IFN)-free DAA regimen are summarised in Table 1. The mean
age of the patients was 58.6+10.8years, and 52% were women
(range 34-76years). A total of 58% (36/62) of the patients had he-
patic cirrhosis, categorised into Child A5 (81%) and A6 (19%) scores
and the median fibrosis (FIB-4 index) was 3.9 (range 2.4-6.1). The
diagnosis of cirrhosis was established in 39% (14/36), 33% (12/36)
and 28% (10/36) of patients by ultrasound and signs of portal hyper-

tension, histology and ultrasound elastography, respectively. CSPH
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TABLE 1 Baseline characteristics of patients (n=62) with chronic hepatitis C before treatment with direct-acting antiviral therapy.

Variables

Sociodemographic data n (%)
Sex, n (%)
Male
Female
Age (years)
Male®
Female®
Educational level, n (%)
<9years
>9years
Total household income/month® n (%)
<1 minimum wage
1.001-3 minimum wages
3.001-5 minimum wages
>5 minimum wages
Clinical comorbidities n (%)
Type 2 diabetes mellitus
Hypertension
Metabolic syndrome
Liver disease stage
Chronic hepatitis
Cirrhosis
Cirrhosis stage (n=36)—Child A5/A6
MELD®
APRI®
FIB4©
Virological parameters
HCV-RNA (log,,, (IU)/mL)
Genotype (1a, 1b, 2, 3a) n (%)
Biochemical and haematological parameters
Serum albumin (g/dL)?
ALT (U/L)
AST (U/L)°
y-GT (U/L)°
ALP (U/L)°
PA (%)
Total bilirubin (mg/dL)"
Baseline platelets (*1000/mm?)?
HDL cholesterol (mg/dL)"
Triglycerides (mg/dL)"
eGFR (mL/min)*
Lifestyle data n (%)
Current alcohol use®
Current smoking

IPAQ (<600 MET-min/week)

Total (n=62)

30 (48)
32(52)

57.9+10.2
59.3+114

32(52)
30 (48)

8(13)

27 (44)
17(27)
10(16)

17(27)
32(52)
34 (55)

26(42)

36 (58)

29/7
8.5(7.0-11.0)
1.8(0.7-2.6)
3.9(2.4-6.1)

9.9 (4.3-21.5)
23/33/2/4

41+04

71.5 (49.8-104.5)
63.0 (43.0-100.0)
101.0 (48.0-169.0)
90.0 (64.5-108.5)
83.2+16.2

0.8 (0.6-1.1)
159.0+67.3

47.5 (39.8-56.3)
102.0 (77.8-147.5)
90.6+20.0

12 (19)
14(23)
47 (76)

Low SMI (n=4)

3(75)
1(25)

64.7+12.1
73.0

3(75)
1(25)

1(25)
3(75)
1(25)

1(25)

3(75)

4/0
6.0(6.0-7.5)
2.0(1.2-21)
3.7(3.0-4.0)

14.0 (9.5-37.6)
2/5/0/0

4.1+0.2

85.0 (41.2-141.5)
86.0(76.5-110.5)
57.0 (52.0-61.5)
102.0 (95.5-108.5)
89.3+11.1
0.8(0.7-0.9)
146.7+45.9

47.0 (38.0-48.0)
115.0 (107.5-116.5)
82.2+274

1(25)
2(50)
4 (100)

Normal SMI (n=58)

27 (47)
31(53)

57.1+10.0
58.8+11.3

29 (50)
29 (50)

7(12)
26 (45)
16 (28)
92(16)

16 (28)
29 (50)
33(57)

25(43)
33(57)

25/7
8.8(7.0-11.0)
1.7(0.7-2.7)
3.9(2.4-6.5)

9.6 (4.0-21.5)
21/28/2/4

4.0+0.4

68.0 (49.8-104.5)
58.0 (42.0-100.0)
104.5 (48.8-175.0)
90.0 (63.5-108.0)
82.7+16.2
0.9(0.7-1.1)
159.7 +69.4

48.0 (40.0-57.0)
97.0(78.0-136.0)
91.2+19.6

11 (19)
12(21)
43 (74)

p

0.35

0.61

0.47

1.0
0.61
0.32

0.63

0.12
0.63
0.46

0.25
1.0

0.81
0.59
0.16
0.25
0.48
0.47
0.31
0.70
0.47
0.53
0.39

1.00
0.22
0.56
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TABLE 1 (Continued)

Variables

Anthropometric data
BMI (kg/m?)?
Waist circumference (cm)*
BMI classification
Underweight
Eutrophic
Overweight
Obese
Assessment of malnutrition
SGA (A)
SGA(B)
Muscle mass data
FFM (kg)”
%FM?
SM (kg)
Male
Female
SMI (kg/m?)
Male
Female

Low SMI (kg/m?)

Muscle strength and physical performance data

HGS (kg)®
Male
Female

Low HGS

Physical performance [TUG (s)]

Male
Female

Low physical performance
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Total (n=62) Low SMI (n=4) Normal SMI (n=58) P
26.9 (24.6-29.1) 21.8(21.1-25.9) 27.3(24.7-29.3) 0.01
94.5 (88.0-102.0) 85.0(81.3-96.3) 95.0 (90.8-102.0) 0.08
2(3) 2(50) 0(0) 0.006
24 (39) 1(25) 23 (40)

31(50) 1(25) 30(52)

5(8) 0(0) 5(9)

59 (95) 3(75) 56 (97) 0.18
3(5) 1(25) 2(3)

45.2 (38.3-55.0) 37.0(31.4-54.3) 46.0 (38.6-55.0) 0.23
34.0+8.9 30.9+4.7 34.2+9.1 0.48
27.8(26.1-29.5) 20.5(19.7-22.9) 28.0(27.3-29.7) 0.002
17.5(15.1-18.4) 10.4 17.5(16.0-18.3) -
99+1.0 82101 10.0+£0.8 0.001
7.3+0.9 4.6 74+0.8 -
4(7) - - -
39.8(34.9-43.9) 25.0(20.5-30.4) 40.0 (36.0-44.0) 0.03
21.6 (17.0-24.0) 14.0 22.0(18.5-24.0) -

10 (16) 3(75) 7(12) 0.01
10.0(8.6-12.1) 12.2(11.3-12.9) 9.7 (8.6-11.9) 0.10
10.4 (9.0-12.4) 214 10.3 (8.9-11.6) —
6(10) 1(25) 5(9) 0.34

Note: p values <0.05 were considered significant. Pearson's chi-squared and Fisher's exact tests were used to compare categorical variables. The

t-test and Mann-Whitney U test were used for the comparison of normally and not normally distributed continuous variables, respectively.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; APRI, the AST to Platelet Ratio Index; AST, aspartate aminotransferase;
BMI, body mass index; eGFR, estimated glomerular filtration rate by utilising the Modification of Diet in Renal Disease Study equation; FFM, fat-
free mass; %FM, fat mass percentage; FIB4, the fibrosis 4 index; HCV, hepatitis C virus; HDL, high-density lipoprotein cholesterol; HGS, Handgrip
strength; IPAQ, IPAQ (normal: 2600 METs-min/wk); MELD, Model for End-Stage Liver Disease; n, number of subjects; PA, prothrombin activity; SGA,

subjective global assessment; SMI, skeletal mass index; SM, skeletal mass; TUG, the timed up-and-go test; y-GT, y-glutamyltranspeptidase.

*Mean+SD.

The Brazilian national minimum wage was R$ 924.00 ($175.80) (minimum wage law: n® 13.152/2015) in 2018.

“Median [(interquartile range), 25th-75th percentile].

9520 and >30g daily for women and men, respectively.

was identified in 39% (14/36) of patients. The most common HCV

Regarding sarcopenia components, low SMI, low HGS and low

genotype was genotype 1 (90%, 56/62). Sedentarism was identified physical performance were observed in 7% (4/62), 16% (10/62)
in 76% (47/62) of patients; among them, 19% and 23% were in cur- and 10% (6/62) of the patients, respectively (Table 1 and Figure 2).
rent use of alcohol and tobacco, respectively. Concerning the BMI, Sarcopenia was identified in 5% (3/62); among these patients, one

50% (31/62) and 39% of the patients were classified as overweight (2%, 1/62) met the criteria for severe sarcopenia and one (2%, 1/62)

and eutrophic, respectively. According to the SGA, most patients for sarcopenic obesity (Male, %FM=29.9, WC=100.0; Figure 2).

(95%) were well nourished.

Patients with decreased SMI had lower BMI and WC than those
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Sarcopenia
(Low HGS + Low SMI)
n=2

Severe sarcopenia
(Low SMI + Low HGS +
Low TUG)
n=1

Low HGS + Low TUG
n=4

n=0

without low muscle mass (Table 1). Patients with low HGS had
lower HCV viral load than those without decreased muscle strength
(Table S1). The frequency of patients suspected to be malnourished
or moderately malnourished was higher in patients with reduced
physical performance than those without low physical performance
(Table S2).

Regarding clinical comorbidities, neither hypertension nor type
2 diabetes mellitus was associated with skeletal muscle abnormal-
ities (Table 1, Tables S1 and S2). No differences between patients
with and without skeletal muscle loss were observed in biochemical
and haematological data. Neither cirrhosis nor the median of non-
invasive indirect markers of liver fibrosis was associated with sarco-
penia and its components.

Concerning lifestyle assessment, no differences between pa-
tients with and without muscle loss were identified in current
smoking/drinking habits and sedentarism (IPAQ <600 MET-min/
week).

3.2 | Phase angle and muscle abnormalities

Low PhA was observed in 22 (36%) patients. Patients with low
SMI and low HGS had a significantly higher frequency of low PhA
than those without low SMI and low HGS, respectively (Figure 3).
Male patients with low SMI and reduced HGS had a significantly
lower PhA than those with normal SMI (5.1+0.1 vs 6.2+0.9;
p=0.04) and with normal HGS (5.0+0.3 vs 6.3+0.8; p=0.05),

COELHOETAL.

Low SMI + Low TUG

FIGURE 2 Venn diagram displaying
the percentage of patients with
chronic hepatitis C (h=62) who had
sarcopenia diagnosis [n (%)] adapted
from the European Working Group on
Sarcopenia in Older People (EWGSOP
2). Low SMI [n=4 (6.5)], low HGS [n=10
(16.1)], low TUG [n=6 (9.7)], sarcopenia
(low SMI+low HGS) [sarcopenian=1
(1.6)+sarcopenic obesity n=1 (1.6)],
severe sarcopenia (low SMI +low
HGS +low TUG) [n=1 (1.6)].

respectively. No differences in the PhA were observed between
patients with and without decreased physical performance.

3.3 | Sarcopenia and its components from baseline
to 48 weeks following DAA therapy

3.3.1 | Baseline and changes in the biochemical
parameters and non-invasive indirect markers of liver
fibrosis data after DAA treatment

The serum ALT and albumin levels were significantly decreased and
increased at T1 and T2 compared to TO, respectively (Tables 2 and 3).
Liver fibrosis markers, APRI score and FIB-4 index were significantly
lower at T1 and T2 than at TO. No statistically significant difference
was identified in the estimated renal function between TO, T1 and T2.

3.3.2 | Baseline and changes in the anthropometric
data, body composition parameters, muscle

strength and physical performance after

DAA treatment

Skeletal muscle mass index (SMI) was significantly increased after
DAA therapy at T1 and T2 compared to TO. Neither %FM nor BMI
modified between TO, T1 and T2. PhA was significantly increased
after DAA therapy at T2 compared to TO (Tables 2 and 3).
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FIGURE 3 Comparisons of the low phase angle (PhA) frequencies between patients with chronic hepatitis ¢ (n=62) with and without
skeletal muscle loss; low and normal handgrip strength (HGS) and normal and low physical performance (TUG). p values <0.05 were
considered significant. Pearson's chi-squared or Fisher's exact tests were used to compare categorical variables.

3.4 | Changes in the components of sarcopenia after
DAA treatment

In the final multiple model for SMI, women had a significantly lower
SMI (Table 4), whose reduction was 2.88 kg/m2 as compared to the
men. By contrast, BMI was positively associated with SMI and a unit
increase in BMI was associated with an increment of 0.1kg/m? in
the SMI. Additionally, a significant increase in SMI was found in the
post-treatment period (T1 and T2); an increase of 0.20 and 0.22kg/
m? in the SMI was observed at weeks 12 and 48 following the end of
DAA therapy, respectively.

In the final multivariable model for HGS, older patients and
women had significantly lower physical performance than younger
patients and men, respectively (Table 4). An increase of each year in
age was associated with a reduction of HGS by 0.22kg. The HGS was
15.26 kg lower in women as compared to men.

In the final multiple model for physical performance, PhA was
inversely associated with TUG (Table 4) and the increase of one unit
of PhA was associated with a reduction of 0.38 min in TUG. BMI was
positively associated with physical performance, and the increase of
one unit of BMI was associated with an increase in 0.09 min in TUG.

In the mixed-effects linear regression model, including metabolic
syndrome, this clinical condition was not associated with sarcopenia

components (data not shown).

4 | DISCUSSION

Previous studies demonstrated that DAA therapy is safe and effec-
tive for treating patients with CHC.'? Successful HCV eradication
by oral antivirals is associated with improving hepatic function and
reducing liver disease severity,l'z In the current study, an increase
of 0.20 and 0.22kg/m? in the SMI was observed at 12weeks and
48weeks post-DAA therapy.

Muscle mass and albumin levels increased following DAA-
induced SVR, independently of the SMI status assessed at baseline,
which differs from previous findings.ls’(’2 In a Japanese study, in-
creased muscle mass and serum albumin levels were only detected
in CHC patients who presented with low muscle mass before DAA
therapy.15 Until recently, there has been limited data on changes in
skeletal muscle following DAA treatment. Additionally, the effects
of DAA-induced SVR on the muscle mass of patients with CHC are
controversial, including outcomes such as no muscle mass change,63

suppression of skeletal muscle Ios,s,,11 muscle mass increase!® ™ or

even muscle mass decrease.!®

Regarding anthropometric features, in the present study, in-
creased BMI was positively associated with muscle mass at baseline
and post-DAA treatment. In the primary sarcopenia scenario, para-
doxical findings reinforce the complex interplay between increased

BMI and skeletal muscle loss.%* Although increased visceral fat can
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TABLE 2 Baseline variables and relative changes showed as median and interquartile range (25th-75th percentile) of patients with CHC
(n=62) who achieved sustained virologic response after direct-acting antiviral therapy.

24th-week after therapy 48th-week after therapy

Variables Baseline completion completion Test statistic p
Biochemical parameters and non-invasive indirect markers of liver fibrosis data
ALT (U/L) 71.5(49.8-104.5) 29.0(21.5-36.0) 31.0(25.0-44.0)** 64.8 <0.001
APRI 1.8(0.7-2.6) 0.5(0.30-0.8)* 0.4 (0.3-0.7)** 63.1 <0.001
FIB4 3.9(2.4-6.1) 1.9(1.3-3.3)* 1.7 (1.2-2.5)** 42.6 <0.001
Anthropometric data
BMI 26.9 (24.6-29.1) 27.3(24.9-29.9) 27.3(24.5-30.2) 6.3 0.04
Muscle strength and physical performance
HGS 25.0(19.8-39.6) 26.0(20.0-38.0) 27.0(21.0-37.0) 1.3 0.52
TUG (s) 10.2(8.9-12.2) 9.5(8.5-11.8)* 9.9 (8.8-11.6) 7.6 0.02

Note: Related-samples Friedman's two-way analysis of variance by ranks was used to compare each parameter at pre-treatment and after antiviral
therapy. The significance level =0.05. Significance values were adjusted by Bonferroni correction for multiple tests (p=0.017).

Abbreviations: ALT, alanine aminotransferase; APRI, aspartate aminotransferase-platelet ratio index fibrosis; DAA, Direct-Acting Antiviral therapy;
FIB-4 index, Fibrosis-4, BMI, body mass index; HGS, handgrip strength; n, number of individuals; SMI, skeletal mass index was adjusted for height in

metres squared; SVR, sustained virological response; TUG, for the timed up-and-go test.

*<0.05 Baseline versus 24th-week after DAA therapy completion. **<0.05 Baseline versus 48th-week after DAA therapy completion.

24th-week after

Variables Baseline therapy completion
Biochemical parameters

Serum albumin 41+04 4.2+0.3"

(g/dL)

eGFR (mL/min) 90.6+20.0 90.8+19.7
Body composition data

SMI 8.5+1.6 87+17*

PhA 5809 59109

%Fat mass 34.3+9.2 33.7+10.0

TABLE 3 Baseline variables and
relative changes presented as the mean
and standard deviation of patients with
CHC (n=62) who achieved sustained
virologic response after direct-acting
antiviral therapy.

48th-week after
therapy completion

4.4+0.3"" "

87.7+19.7

87+1.7*
6.0+1.0**
34.3+9.5

Note: The paired t-test was used to compare each parameter at pre-treatment and after antiviral

therapy. The significance level=0.05.

Abbreviations: DAA, direct-acting antiviral therapy; eGFR, estimated glomerular filtration rate by
utilising the Modification of Diet in Renal Disease Study equation; n, number of individuals; PhA,

phase angle; SVR, sustained virological response.

*<0.05 Baseline versus 24th-week after DAA therapy completion. **<0.05 Baseline versus 48th-
week after DAA therapy completion. ***<0.05 24th-week after DAA therapy completion vs. 48th-

week after DAA therapy completion.

stimulate systemic inflammation and insulin resistance, which can
sequentially lead to muscle mass loss and sarcopenia in ageing pa-
tients,® we should bear in mind that some studies addressing obe-
sity in this population have shown a protective role of high BMI on
skeletal muscle.®67%° However, in consonance with several previous
studies,70 we found that BMI was negatively associated with physi-
cal performance.

In the liver disease setting, the term sarcopenia is marked by
multiple definitions, diverse measurement methods and hetero-
geneous study designs enrolling patients with cirrhosis of various
aetiologies and different stages of liver fibrosis.”>”® In addition, it

should be highlighted that, currently, sarcopenia is defined as loss

of muscle mass and strength and/or physical function; however, in
the great majority of studies targeting skeletal muscle loss in pa-
tients with hepatopathies, the term sarcopenia was only restricted
to muscle mass evaluation.>”® As the awareness of sarcopenia in
cirrhotic patients is quite new, neither a gold standard nor a uni-
versal criterium for it exists. Considering our study findings, based
on the modified EWGSOP2 recommendations,® only 4.8% (3/62) of
patients met the sarcopenia criteria. It should be emphasised that
this consensus is directed towards the geriatric population, and so
the clinical relevance and prognostic value for each component that
encompasses this sarcopenia criterion is not yet defined in the sec-

ondary sarcopenia.
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TABLE 4 Univariate and multivariate analyses of variables associated with sarcopenia components in 62 patients with chronic hepatitis
C before direct-acting antiviral therapy, 12weeks after the end of treatment (T1, sustained virologic response) and 48 weeks following DAA
therapy completion.

Univariate analysis Multivariable analysis

Variables p value Coefficient (8) SE 95% Cl p value
Skeletal muscle mass index
Age (years) 0.0002 -0.02 0.02 [-0.03; 0.001] 0.07
Sex (female) <0.001 -2.88 0.20 [-3.27; -2.50] <0.001
Compensated cirrhosis 0.07 - - - -
Type 2 diabetes mellitus 0.30 — - — —
Hypertension 0.38 — - — -
eGFR (mL/min) 0.78 — — — —
BMI (kg/m?) 0.11 0.10 0.02 [0.06; 0.13] <0.001
Phase angle 0.29 — - — —
IPAQ (<600 MET-min/week) 0.03 - - - -
Times in weeks

Post-12 weeks of DAA completion (T1) 0.001 0.20 0.07 [0.07; 0.33] 0.004

Post-48 weeks of DAA completion (T2) 0.002 0.22 0.08 [0.06; 0.37] 0.01
Skeletal muscle strength
Age (years) 0.04 -0.22 0.08 [-0.37; -0.06] 0.006
Sex (female) <0.001 -15.26 1.66 [-18.51; -12.01] <0.001
Compensated cirrhosis 0.28 — — — -
Type 2 diabetes mellitus 0.29 — — — -
Hypertension 0.27 — — — -
eGFR (mL/min) 0.53 - - - -
BMI (kg/m?) 0.19 - - - -
Phase angle 0.08 — — — -
IPAQ (<600 MET-min/week) 0.66 - - - -
Times (weeks)

Post-12 weeks of DAA completion (T1) 0.46 -0.09 0.64 [-1.34; 1.16] 0.88

Post-48 weeks of DAA completion (T2) 0.83 -0.01 0.52 [-1.02; 1.01] 0.99
Physical performance
Age (years) 0.0002 0.05 0.02 [0.01; 0.08] 0.009
Sex (female) 0.49 - - - -
Compensated cirrhosis 0.55 — - — —
Type 2 diabetes mellitus 0.27 - - - -
Hypertension 0.16 — - — —
eGFR (mL/min) 0.002 - - - -
BMI (kg/m?) 0.004 0.09 0.04 [0.02; 0.16] 0.01
Phase angle 0.002 -0.38 0.18 [-0.74; -0.01] 0.05
IPAQ (<600 MET-min/week) 0.06 - - - -
Time (weeks)

Post-12 weeks of DAA completion (T1) 0.04 -0.41 0.23 [-0.85; 0.03] 0.07

Post-48weeks of DAA completion (T2) 0.62 -0.07 0.22 [-0.51; 0.36] 0.74

Note: The model was based on the analysis per individual covariable and on the final linear mixed model (multiple analysis). The variance components:
standard deviations of random effect were 0.721 (intercept), 0.370 (T1), 0.527 (T2) and 0.250 (residual). Correlations: =0.085 (T0 and T1), -0,167 (TO
and T2) and 0.392 (T1 and T2).

Abbreviations: BMI, body mass index; DAA, Direct antiviral agents; eGFR, Estimation of glomerular filtration rate; IPAQ, International Physical
Activity Questionnaire (normal: 2600 METs-min/week); SE, standard deviation of the errors/residuals.
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Although in the present study, neither improvement in muscle
strength nor enhancement in physical performance was observed
after successful HCV eradication, no specific exercise resistance
training was performed. Contrarily, in a Polish prospective study, a
significant objective and subjective improvement in physical perfor-
mance was seen in liver transplant recipients after DAA use, even
without physical exercise strategies.71 It is well established in the
literature that physical activity is of utmost importance in improving
muscle strength and physical performance. We found that old age
was a predictor of reduced muscle strength. Although sarcopenia
was initially recognised as an age-related loss of skeletal muscle,
this clinical condition has been expanded to include a broad range
of chronic diseases, including chronic liver diseases.®™ Recently,
DAA-induced SVR was associated with reverse inflammaging in
CHC patients17 This process was first coined by Franceschi et al.
in the early 2000s, and it is characterised as a low grade, chronic
inflammatory state resulting from an age-associated immune system
dysfunction.72 Several molecular mechanisms have been described
as causes of primary sarcopenia; among them, proinflammatory
cytokines should be highlighted.73 Based on these findings, the
effects of inflammatory mediators on the pathogenesis of skeletal
muscle loss occurring in HCV-chronically infected patients should
be considered.

In line with previous studies, a dynamic reduction of non-invasive
markers of fibrosis was identified in our research. The improvement
of liver function might be due to reduced inflammation rather than
substantial fibrosis regressionn; therefore, its relationship to necro-
inflammatory improvement cannot be excluded. These data highlight
the role of muscle-liver-immune crosstalk as a potential pathway im-
plicated in restoring inflammatory response after HCV eradication
by DAA. In particular, the interaction between sarcopenia and CHC
has yet to be wholly clarified in a real-world scenario. More recently,
in an investigation enrolling patients with HCV treated with DAA,
neither an improvement in muscle mass nor a decrease of myostatin,
considered a major cytokine involved in the suppression of skeletal
muscle proliferation and hypertrophy, was verified with viral erad-
ication.®? In individuals chronically infected with HCV, sarcopenia
can result from a complex and multifaceted virus-host-environment
interplay. Although it is well known that skeletal muscle abnormali-
ties increase in consonance with the severity of liver fibros',is,s'?’E"75
particularly in patients with CHC, we have to consider that skeletal
muscle abnormality can occur before the onset of hepatic cirrho-
sis'®7>7¢ and data regarding the muscle dynamic regeneration in pa-
tients treated with DAA are lacking.

Based on these findings, the direct role of HCV in muscle mass
depletion should not be disregarded. Concerning the virus-liver-
muscle axis, in the early 1990s, Alexander reported that inclusion
body myositis, a chronic progressive inflammatory myopathy in the
elderly, was associated with HCV infection.”” Although the diagnos-
tic significance and causes of the described findings were unclear,
extrahepatic deposition of this viral marker has been proposed as
an indicator of HCV replication in skeletal muscle.”” More recently,

researchers focused on the pathogenesis of HCV-related psychiatric

COELHO ETAL.

symptoms demonstrated that the virus is able to cross the blood-
brain barrier.”®

In the present study, it is also interesting to note that patients
with low SMI and low HGS had a significantly higher frequency of
low PhA than those without low SMI and low HGS at baseline, re-
spectively. Although literature highlights the importance of evalu-
ating muscle quality in sarcopenia, there is a debate about how to
measure it, and PhA is one of the options. Considering the context of
chronic liver disease, a growing body of evidence has demonstrated
that BIA-derived PhA is a good indicator of nutrition in cirrhotic
patients.'w’51 In cirrhosis, PhA is not only considered as an inde-
pendent prognostic indicator for liver fibrosis and cirrhosis-related
survival rates, but it has been pointed out as an index of overall mus-
cle quality, regardless of the presence of ascites 8t Thus, PhA may
be valuable for detecting low muscle quality among HCV-chronically
infected individuals, especially before the onset of significant liver
fibrosis.

Although our study had a small sample, to our knowledge, it is
the first study to appraise muscle mass, muscle strength, functional
performance and PhA in patients with CHC before and after antiviral
therapy. This study has some limitations. In line with investigations
that used convenience sampling in ambulatory/outpatient clinics, our
results might be affected by unintended selection bias. In addition,
the participants included were recruited from a referral centre and
consequently may not be representative of all patients with CHC.

In summary, given the scarce and controversial data targeting
the crosstalk between sarcopenia and HCV eradication, altogether,
these findings do not enable us to reach a definite conclusion. In ad-
dition, most of the available studies that enrolled HCV-chronically
infected patients treated with DAAs were conducted in Asian coun-
tries, limiting the assessment of potential factors linked to ethnic
and geographical differences. In this context, the role played by
the host immune response, especially pro-inflammatory effects, on
skeletal muscle cells in CHC should not be overlooked. Future lon-
gitudinal and multicentre studies are required to reduce this knowl-
edge gap.

In the present study, HCV eradication with DAA therapy was as-
sociated with a dynamic reduction of non-invasive markers of liver
fibrosis and increased muscle mass in 62 patients with CHC who had
an undetectable HCV load at 12 weeks after completion of antiviral
treatment.
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Editorial: Hepatitis C virus eradication improves skeletal

muscle mass—Authors' reply

We thank Drs Tian and Ngu for their insightful comments on our
study, and we would like to make some further observations.? We
agree that skeletal muscle loss is significantly related to adverse clin-
ical outcomes among patients with chronic liver disease in terms of
morbidity and mortality.? More recently, a meta-analysis showed that
the overall prevalence of sarcopenia among patients with cirrhosis is
approximately 40.0%.* Furthermore, a decrease of 3.0% and 12.0%
in mortality was associated with 1em?/m? increase in skeletal mus-
cle index (SMI) and 1 mm/m enlargement in transverse psoas muscle
thickness, both measured at the level of the third lumbar vertebra,
respective h.l'.4 In our study, hepatitis Cvirus (HCV) eradication follow-
ing direct-acting antiviral therapy was associated with an increase of
0.20 and 0.22kg/m? in SMI at Weeks 12 and 48 following the end of
antiviral treatment, respectively.? Although the muscle-liver cross-
talk in chronic hepatitis C (CHC) is not wholly clarified, we observed a
dynamic reduction in non-invasive markers of hepatic fibrosis and in-
creased muscle mass in patients who have achieved HCV eradication.

The next issue raised was focussed on the potential role of HCV
in the derangement of muscle mass and function. Previous investiga-
tions reinforce this hypothesis, such as the regression of lymphoma
after HCV eradication and viral detection in blood-brain barrier en-
dothelial cells.>® These pieces of evidence shed light on the patho-
gen-host-environment triad. It is well known that CHC is a systemic
disease’ associated with several extrahepatic manifestations; among
them, myocytes might be minor replication sites for HCV. Thus, un-
derstanding the mechanisms involved in skeletal muscle loss in these
patients is of utmost relevance. Concerning this, the role played by
the host immune response, particularly pro-inflammatory effects, on
skeletal muscle cells in CHC should not be disregarded.

Regarding another query, despite the clinical recognition of sar-
copenia in patients with cirrhosis, there is neither a gold standard
definition nor a universal operational criterion for sarcopenic case
finding.® In our study, the diagnosis of sarcopenia was performed as
proposed by the European Working Group on Sarcopenia in Older
People 2 (EWGSOP 2) criteria to detect sarcopenia.” In this context,
it should be emphasised that the EWGSOP definitions are directed
towards the older adult population. Of note, the incorporation of the

APET correspondence columns are restricted to invited editorials and letters
discussing papers that have been published in the journal. An invited editorial
or letter must have a maximum of 500 words, may contain one table or
figure, and should have no more than 10 references. It should be submitted
electronically to the Editors via http://mc.manuscriptcentral.com/apt.

term sarcopenia into cirrhosis settings is marked by multiple defini-
tions, diverse measurement methods and heterogeneous study de-
signs enrolling various hepatic disease aeticlogies and different liver
fibrosis stages. Furthermore, most investigations targeting sarcopenia
in patients with hepatic diseases only assessed skeletal muscle mass.
Finally, low phase angle (PhA) is an independent prognostic
marker for hepatic cirrhosis and has the potential to be an indicator
of overall muscle quality, irrespective of ascites. More recently, low
Ph& has been suggested as a biomarker of inflammation due to its
relationship with high levels of inflammatory biomarkers such as tu-
mour necrosis factor-alpha, interleukin-4 and C-reactive pri:l-l:t:in.ml
Future longitudinal investigations targeting inflammatory markers
are required to improve knowledge and awareness about sarcopenia
mechanisms among patients with chronic viral hepatitis.
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8.0 CONSIDERAGOES FINAIS

Diante do impacto das doencas hepaticas, em especial da hepatite C, na evolugao e
complicagdes hepaticas, o desenvolvimento dos antivirais de agao direta como cura para
infeccdo foi um marco na pesquisa cientifica. E por conseguinte, estudar o impacto do
tratamento da hepatite C e aspectos relacionados a qualidade de vida, sarcopenia e estado

nutricional dos pacientes torna-se necessario.

Esse trabalho demonstrou que a terapia com DAA foi associada a melhora significativa na
funcdo hepatica e aumento da massa muscular esquelética em 12 e 48 semanas apds o
término do tratamento em pacientes com hepatite C crbénica. Ainda, um artigo de revisao

da literatura sobre a associagcao das hepatites virais e sarcopenia foi elaborado.

A presenca de perda muscular esquelética esta significativamente relacionada a resultados
clinicos adversos entre pacientes com doenga hepatica crénica em termos de gravidade e
mortalidade. A prevaléncia da sarcopenia entre pacientes cirréticos gira em torno de 40,0%
e observou-se que cada aumento de 1 cm?m? no indice de massa muscular esquelética

(IMME) esta associado a reducao de 3,0% no risco de mortalidade.

O presente estudo reforca a necessidade de aprofundar os conhecimentos sobre o
potencial do HCV na perda da massa e fungdo muscular. Investigacbes anteriores
reforcam esta hipotese, como a regressdo do linfoma apds tratamento da hepatite C
crbnica e a deteccdo do HCV nas células endoteliais da barreira hematoencefalica. Em
nosso estudo, a erradicagdo do HCV apds o uso dos DAAs foi associada a um aumento de
0,20 e 0,22 kg/m? no IMME nas semanas 12 e 48 apds o término do tratamento antiviral,
respectivamente. Portanto, essas evidéncias lancam luz sobre o crosstalk/interagcao
musculo-esquelético-figado, especialmente no contexto da hepatite C crbnica, que é
considerada uma doenca sistémica. Pacientes infectados cronicamente pelo HCV podem
desenvolver manifestagdes extra-hepaticas, que afetam a qualidade de vida, a morbidade
e a mortalidade. Assim, compreender os mecanismos envolvidos na perda muscular
esquelética nesses pacientes é de extrema relevancia. No que diz respeito a interagao
entre o HCV, o hospedeiro e o ambiente, o papel desempenhado pela resposta

imunoldgica do hospedeiro, particularmente os efeitos pro-inflamatérios, nas células do
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musculo esquelético ndo deve ser desconsiderado. Futuras investiga¢des longitudinais
direcionadas a marcadores inflamatoérios sdo necessarias para melhorar o conhecimento e
a conscientizagdo sobre os mecanismos da sarcopenia entre pacientes com hepatite C

cronica.
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Projoto: CAAE - 20390513.2.0000.5149
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DECISAO

O Comith de Etica em Pesquisa da UFMG - COEP aprovou, no
dia 18 de setembro de 2013, o projelo de pesquisa intitulado
“Osteoporose ¢ hepatite C cronica: avaliacho do estado
nutricional, das concentragdes séricas da vitamina D, da
densidade Mineral 6ssea e das citocinas inflamatérias em
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ano apds o inicio do projeto
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DECISAD

O Comité de Etica em Pesquisa da UFMG - COEP aprovou. no
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de pesquisa inttulado “Avaliacio do estado nutricional, da massa
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mluMMmmtmmﬂcm
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serlo submetidos a0 tratamento com agentes  antivirais
diretos{DAAs) para erradicacdo do virus da hepatite C (VHC)

O relatdno final ou parcial deverd ser encaminhade ao COEP ym
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ANEXO IIl.

Abstracts

P093-W

MANAGEMENT STRATEGIES FOR HOME PARENTERAL SUPPORT
RELATED TO QUALITY OF LIFE IN INTESTINAL FAILURE PATIENTS: A
SCOPING REVIEW

A. Bjerklund !, S. Andersson*?, V. Westerlund , L. Bangsgaard Antonsen >
on behalf of NNA Nordic Nutrition Academy ' Department of Specialized
Medicine, Sahlgrenska University Hospital, Gothenburg; ?Department of
Clinical Nutrition, Karolinska University Hospital, Stockholm, Sweden;
3 Department of Intestinal Failure and Liver Diseases, Copenhagen
University Hospital, Rigshospitalet, Copenhagen, Denmark

Rationale: Quality of life in patients with chronic intestinal failure is
challenged by the need for lifelong home parenteral support (HPS), for at
least 12 hours per day. The aim of this study was to identify healthcare
initiated HPS management strategies that impact quality of life in patients
with intestinal failure.

Methods: A systematic literature search was conducted in Pubmed and
Cinahl on the 22™ of March 2022. Search results were mapped according
to the |BI manual and with the extraction tool Covidence. Non-pharma-
cological HPS management strategies were included. Full-text screening
was performed independently by four researchers and three researchers
systematically processed the data extraction pairwise.

Results: A total of 18 studies were included. The most common study
design was cross-sectional (33 %). Seven studies (39 %) were interven-
tional, but only 3 of these used a RCT design. Eleven unique HPS man-
agement strategies were identified and grouped into 3 themes:
prescription, administration, and tools for self-care. Infusion frequency and
infusion volume were the most frequently identified strategies, appearing
7 respectively 5 times. Fewer infusions and less volume of HPS had a
positive effect on quality of life.

Conclusion: This study indicates that management strategies of HPS can
impact quality of life. However, there is a lack of high-quality evidence and
only a few strategies have been investigated in more than two studies.
Disclosure of Interest: None declared
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EFFECT OF IN VITRO SUPPLEMENTATION OF BRANCHED-CHAIN AMINO
ACIDS ON GLUTATHIONE PEROXIDASE ENZYME ACTIVITY AND
INTRACELLULAR GLUTATHIONE CONCENTRATION IN CACO-2 CELLS

BRE.V. Garcia*', M.M. Rogero ', G.R. Sampaio ', RA.M. Soares '. ! Nutrition,
School of Public Health, University of Sao Paulo, Sao Paulo, Brazil

Rationale: Glutathione, in its reduced form (GSH), represents the main
cellular antioxidant in situations of oxidative stress, such as clinical con-
ditions involving acute and chronic inflammation. Branched-chain amino
acids (BCAA) are essential for regulating intracellular protein synthesis and
potentially have a role in modulating oxidative stress. This study aimed to
assess the effects of BCAA supplementation in vitro on the activity of the
enzyme glutathione peroxidase (GPx) and the intracellular concentration
of GSH and oxidized glutathione (GSSG) in Caco-2 cells.

Methods: Caco-2 cells were cultured until they reached 80% confluence.
The cell cultures were divided into six groups: two control groups — one
with Dulbecco's Modified Eagle's Medium without BCAA (CTLO) and one
with BCAA - and four supplemented groups - leucine group, isoleucine
group, valine group, and BCAA association . The cells were first treated
with BCAA for 24 hours and then stimulated with lipopolysaccharide (LPS)
for an additional 24 hours. GPx enzyme activity was assessed using a
colorimetric kit (Abcam, ab102530, MA, USA). The intracellular concen-
tration of GSH and GSSG was evaluated using a colorimetric kit (Abcam,
ab239709, MA, USA), and GSSG was obtained by the difference between
total glutathione and GSH. Subsequently, the GSH/GSSG ratio was calcu-
lated. Analysis of variance (One-way ANOVA) was performed, followed by
Tukey's post hoc test, with p < 0.05 considered significant.

605

Clinical Nutrition ESPEN 58 (2023) 424-750

Results: In vitro supplementation of BCAA in Caco-2 cells, treated with or
without LPS, did not induce alterations in GPx enzyme activity or intra-
cellular GSH/GSSG ratio compared to the values observed in the CTL group.
Conclusion: BCAA did not significantly alter cellular components associ-
ated with the glutathione antioxidant system in Caco-2 cells.

Disclosure of Interest: None declared
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PREVALENCE OF SARCOPENIA AND ITS INFLUENCE ON OUTCOMES IN
PATIENTS WITH ACUTE PANCREATITIS

G. Poropat*!, T. Nadarevi¢?, A. Lackovi¢' V. Gurdon®, G. Hauser '
! Gastroenterology, Clinical Hospital Center Rijeka, Faculty of Medicine
Rijeka, University of Rijeka; *Radiology; 3 Gastroenterology, Clinical
Hospital Center Rijeka, Rijeka, Croatia

Rationale: Presence of sarcopenia (SP) in acute pancreatitis (AP) could
further affect disease course. Our aim is to determine the prevalence of SP
in AP based on computed tomography (CT) and its association with disease
severity and clinical outcomes.

Methods: We retrospectively analyzed pts hospitalized for AP. APACHE II
and BISAP were determined on admission. Abdominal CT with CT Severity
Index (CTSI) was performed between days 3 and 5. Assessment of SP was
recorded by psoas muscle index (PMI) and Hounsfield Unit average
calculation (HUAC) at L3 level. Complications of AP were defined by
Atlanta criteria. Impact of comorbidities was assessed by Charlson co-
morbidity index (CCI).

Results: We analyzed 50 pts, 32% women, mean age 67 years. Prevalence of
SP was 16% by PMI and 26% by HUAC. We found significant negative cor-
relations of PMI with APACHE Il (P=0.006), BISAP (P=0.02), CCI (P=0.002),
and age (P=0.01). HUAC is negatively correlated with APACHE II
(P<0.0001), BISAP (P<0.0001), BMI (P=0.005), CCI (P<0.0001), age
(P<0.0001) and length of hospital stay (P=0.02). According to PMI, no
significant difference was found between the group with marked SP and
the group without SP in all analyzed parameters. Using HUAC criteria, pts
with SP were significantly older (76+7.2 vs 59.2+14.1;P=0.0001) and had
significantly higher BMI (30.8+3.7 vs 26.8+4.6;P=0.007). The same group
had significantly higher values of APACHE 11 (10.9+20.7 vs
6.3+8.2;P=0.0001) and CCI (5+2.5 vs 2.2+1.8;P=0.0001).

Conclusion: SP is quite common in AP. As expected, SP in AP is associated
with older age and a greater number of concomitant diseases, but it also
seems to be associated with higher BMI. There are indications that SP is
associated with potentially more severe AP, but this has not been confirmed
in terms of specific clinical outcomes. This is likely a consequence of limited
number of observed complications and low proportion of severe AP.
Disclosure of Interest: None declared

P098-wW

SKELETAL MUSCLE MASS IS SIGNIFICANTLY INCREASED AFTER DIRECT-
ACTING ANTIVIRAL THERAPY IN PATIENTS WITH CHRONIC HEPATITIS C

M.PP. Coelho', TP. de Vries!, AM. Pires' ER. de Alvarenga”, R.D.
Cambraia®, ] M.T. Bezerra**°, EA. Colosimo?, G.A. Rocha’, LD. Silva*"®
on behalf of Nutriclim - Grupo Interdisciplinar e Interprofissional em
Nutricao Clinica e Metabolismo !Sciences Applied to Adult Health Care
Post-Graduate Programme, Faculdade de Medicina; 2Department of
Statistics, Instituto de Ciéncias Exatas; > Outpatient Clinic of Viral Hepatitis,
Instituto Alfa de Castroenterologia, Faculdade de Medicina, Universidade
Federal de Minas Gerais (UFMG), Belo Horizonte; “Biological Sciences
Degree Course; °>Animal Science Post-Graduate Programme, Universidade
Estadual do Maranhdao (UEMA), Sao Luis; °Parasitology Post-Graduate
Programme; ” Laboratory of Research in Bacteriology, Faculdade de
Medicina; ®Department of Internal Medicine, Faculdade de Medicina,
Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil
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Abstracts

Rationale: In chronic hepatitis C (CHC), the mechanisms behind sarco-
penia have not been completely clarified. Thus, we investigated skeletal
muscle mass and liver function before and after sustained virological
response (SVR) to DAA therapy patients with CHC.

Methods: Patients chronically infected with HCV were evaluated at
baseline, 12 weeks and 48 weeks after the end DAA-therapy. Bioelectrical
Impedance Analysis (BIA) was used to assess the skeletal mass muscle
(SM). The skeletal muscle mass index (SMI) was calculated by dividing the
SM (kg) by squared height; thus, SMI = [SM (kg)/H (m?)]. Patients in the
first sex-specific quintile (<9.2 for men and <6.6 for women) were
considered to have low SMI. Muscle function was evaluated by hand grip
strength (HGS) and the timed up-and-go (TUG) test. The diagnosis of
sarcopenia was performed according to the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2 Consensus). The International
Physical Activity Questionnaire was used to assess physical activity levels.
Associations were investigated by mixed linear models.

Results: This prospective study included 62 CHC outpatients followed at
the tertiary care ambulatory centre (mean age, 58.6 + 10.8 years; 51.6%
females; 41.9% without cirrhosis; 58,1% with compensated cirrhosis). Out
of 62 participants, 6 (9.7%) were considered sarcopenic (low SMI and HGS
combined). Liver fibrosis markers, such as APRI score and FIB-4 index, were
significantly decreased at 12 weeks and 48 weeks post-DAA treatment.
Skeletal muscle mass index (SMI) was significantly increased after DAA
therapy. Low phase angle (PhA) was positively and independently asso-
ciated with sarcopenia and its components at baseline time.

Conclusion: SVR following DAA therapy was independently associated
with improved liver function and increased skeletal muscle mass in pa-
tients with CHC.

FAPEMIG supported the current study.

Disclosure of Interest: None declared

P099-W

COMPARISON OF DIFFERENT DIAGNOSTIC CRITERIA FOR SARCOPENIA
ASSESSMENT IN PATIENTS WITH CHRONIC HEPATITIS C

TP. de Vries', AM. Pires ', K. G. Dias Diniz ', ALS. Chagas?® D.A. Vieira®,
AM. Kakehasi®, VM.M. Suen”, T. Bering°, E.A. Colosimo ®, G.A. Rocha’,
KD.P. Farah® LD. Silva**® on behalf of Nutriclim - Grupo
Interdisciplinar e Interprofissional em Nutricao Clinica e Metabolismo -
Nutriclim 'Sciences Applied to Adult Health Care Post-Graduate
Programme; 2Medical undergraduate student; >Locomotor System
Department, Faculdade de Medicina, Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte; *Internal Medicine, Faculdade de Medicina de
Ribeirao Preto. Universidade de Sao Paulo. Ribeirao Preto (USP), Ribeirdo
Preto; *Department of Food and Nutrition, Universidade Federal de Mato
Grosso (UFMT), Cuiabd; ® Department of Statistics, Universidade Federal de
Minas Gerais (UFMG); 7 Laboratory of Research in Bacteriology; ® Internal
Medicine, Faculdade de Medicina, Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte, Brazil

Rationale: There is neither a gold standard definition nor a universal
consensus to diagnose sarcopenia in patients with chronic hepatitis C
(CHC). Thus, we aimed to compare the prevalence of sarcopenia and the
agreement and discrepancies between the European Working Group on
Sarcopenia in Older People (EWGSOP1), the EWGSOP2 and The Foundation
for the National Institutes of Health Biomarkers Consortium Sarcopenia
Project (FNIH) consensuses in CHC.

Methods: Dual-energy X-ray absorptiometry was used to assess muscle
mass by quantifying appendicular lean mass (ALM) adjusted for squared
height (ALM/ht?) or for body mass index (ALMgyy). Muscle function was
evaluated by handgrip strength. The Controlling Nutritional Status score
was used to assess the nutritional status.

Results: This cross-sectional study included 103 CHC outpatients followed
at the tertiary care ambulatory (mean age, 50.6 + 11.3 years; 74.8% males;
67.0% non-cirrhotic; 33.0% with compensated cirrhosis). Sarcopenia
prevalence was 8.7%, 9.7% and 9.7%, according to EWGSOP1, EWGSOP2 and
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FNIH consensuses, respectively. There is neither sex- nor liver disease
severity-specific differences in the prevalence of sarcopenia between the
criteria applied. Sixteen (15.5%) patients fulfilled at least one of these
criteria, and 3/16 (18.8%) were diagnosed as sarcopenic by the three con-
sensuses simultaneously. Sarcopenic obesity was identified in 9/16 (56.3%)
patients, and 6/9 (66.7%) of these met only FNIH consensus.

Conclusion: This is the first study to demonstrate that the revised EWG-
SOP2 did not affect sarcopenia diagnosis in CHC patients. In overweight
patients, the ALM adjusted by BMI appears to be more feasible to detect
sarcopenia in CHC.

Disclosure of Interest: None declared

Macronutrients metabolism
P100-W

AMINO ACIDS AND FRAILTY: A MENDELIAN RANDOMIZATION STUDY

Y. Li*, T. Xie, P. Wang. Shanghai Ninth People’s Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai, China

Rationale: Observational studies have suggested that some amino acids
such as branched-chain amino acids may prevent frailty. By using Men-
delian randomization analysis, we examined the relationship between
fatty acids and frailty.

Methods: We carried out a two-sample univariable and multivariable
Mendelian randomization (MR) analysis based on an aggregated
genome-wide association studies (GWASs) to evaluate the causal effects
of plasma levels of amino acids on frailty index (FI). Summary statistics
data were retrieved from MRC Integrative Epidemiology Unit (MRC-IEU).
Wald ratio and Inverse variance weighted methods were implemented to
infer the causal effects. Horizontal pleiotropy was assessed by MR-Egger
regression.

Results: A total of 69077 cases with amino acids and 175226 cases with FI
were enrolled in our study. There were significantly negatively associated
between 2-methylbutyroylcarnitine (OR=0.592,95%Cl=0.381~0.920),2-ami-
nobutyrate(OR=0.705,95%C1=0.500~0.993),N-acetylornithine{ OR=0.950,
95%C1=0.906~0.996),0-sulfo-L-tyrosine(OR=0.652,95%C1=0.471~0.903),
Asparagine (OR=0.791, 95%(1=0.625~0.999) and FI while significantly posi-
tively associated between 3-methyl-2-oxobutyrate(OR=1.834, 95%
Cl=1.079~3.117), alanine(OR=1.522, 95%CI=1.017~2.227),valine (OR=2.493,
95%C1=1.122~5.541),hydroxytryptophan(OR=1.649, 95%CI=1145~2.375) and
FI. A negative relationship was also observed in Multivariate MR in N-acety-
lornithine (OR=0.954, 95%CI=0.923~0.986),2-aminobutyrate (OR=0.743,95%
(1=0.588~0.938) 2-methylbutyroylcarnitine  (OR=0.719, 95%Cl=0.561~
0.922) and O-sulfo-L-tyrosine (OR=0.663, 95%CI=0.530~0.830). A positive
relationship was only observed in alanine (OR=1.513, 95%CI=1.090~2.100)
and hydroxytryptophan (OR=1.798, 95%Cl=1.424~2.271).

Conclusion: The present MR study implies that N-acetylornithine,2-ami-
nobutyrate,2-methylbutyroylcarnitine and O-sulfo-L-tyrosine are protec-
tive factors of frailty while Alanine and hydroxytryptophan are risk factors
of frailty.

Disclosure of Interest: None declared
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MAKING A TRANSITION TO A HEALTHY LIFESTYLE BY ASSESSING
RESTING HEART RATE DETERMINANTS

C. Serantoni*">, A. Riente ', A. Abeltino >, G. Bianchetti “*>, M. De
Spirito %, G. Maulucci *>. ! Neuroscience, Universita Cattolica del Sacro
Cuore; % Fondazione Policlinico Universitario “A. Gemelli” IRCCS; 3 Metabolic
Intelligence Lab, Rome, Italy

Rationale: Resting heart rate (RHR) is gaining importance as an indicator
of everyone's health and a predictor of cardiovascular-related diseases. The
higher a person’s resting heart rate, the greater the risk of premature death
[1]. The role of diet on resting heart rate is still not clear and under
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APENDICE A. Termo de Consentimento Livre e Esclarecido - Pacientes

Eu, NUT: , estou
sendo convidado pelo Grupo de Pesquisa em Hepatites Virais para participar do estudo
“Avaliacdo do estado nutricional, da massa Ossea, de mediadores inflamatérios e da
qualidade de vida relacionada a saude em pacientes com hepatite B e C cronica
(tratados e nao tratados com terapia antiviral)” CAAE 61481116.0.0000.5149.”, para
avaliar alguns fatores que podem alterar a qualidade de vida de pacientes com
hepatites virais cronicas B ou C. Esses fatores sao os seguintes: condi¢gdes nutricionais
(obesidade, magreza, peso normal); uso de alcool/drogas; fadiga crénica (cansago de
longa data) e alteragbes emocionais (tristeza, alegria, desénimo, depressao).

Varios estudos tém mostrado que as doengas do figado causadas pelo virus (hepatite B
ou hepatite C) podem modificar o estado de nutricdo (fazer ganhar ou perder peso) e/ou
apresentar alteracbes emocionais (tristeza, fadiga, desanimo, depressao). Essas
alteragdes podem ser causadas pelo préprio virus ou pela resposta imunoldgica da
pessoa (defesa do nosso corpo contra o virus da hepatite) que alterariam substancias
produzidas no nosso cérebro (neurotransmissores). Essas substancias regulam as
nossas emogoes e sentimentos.

Para tanto, preciso responder a alguns questionarios sobre minha histéria médica e
psicoldgica, assim como perguntas a fim de avaliar a presenca de possiveis problemas
emocionais e questionarios para avaliar meu estado nutricional: peso, altura, medidas
corporais (circunferéncias e pregas cutaneas) e habitos alimentares. Preciso também
me submeter ao teste de bioimpedancia elétrica e DEXA, para determinacdo da
composicao corporal. Apds a entrevista um profissional experiente fara a coleta de 10
ml de meu sangue, para estudo dos genes que podem estar ligados a depresséo e
alteracbes da nutricdo, com material esterilizado e descartavel. Esse €& um
procedimento seguro, porém, no local da coleta do sangue periférico podera surgir
desconforto e pequeno hematoma. Assim, seguirei as orientagées do profissional que
estiver realizando o procedimento.

Fui esclarecido que os dados serédo sigilosos e que poderei ter acesso as informagdes,
em qualquer momento, sobre os riscos e beneficios relacionados ao estudo, inclusive
que poderei tirar minhas duvidas em qualquer momento. Fui ainda garantido sobre a
confidencialidade do sigilo e privacidade dos dados. Concordo e aceito que em nenhum
momento solicitarei remuneragdo ou recompensa financeira para participar do
respectivo estudo. A minha decisdo de participar ou ndo do estudo é inteiramente
voluntaria e estou esclarecido também que a decisdo n&o afetara o meu tratamento.
Além disso, poderei retirar-me do estudo a qualquer momento, para isso deverei entrar
em contato com o pesquisador. Estou ciente que os dados serdo exclusivamente para
estudo com posterior publicagcdo dos resultados obtidos. Apds respondidas todas as
minhas duvidas, assino o presente documento em duas vias.

Belo Horizonte, de de 20
Assinatura do paciente:
Assinatura do pesquisador:

Endereco do Comité de Etica em Pesquisa da UFMG: Av. Anténio Carlos, 6627, Unidade
Administrativa Il - 2° andar, Campus Pampulha, Belo Horizonte, MG, CEP: 31270-901.

Telefone:0XX 31 3409-4592- email: coep@prpg.ufmg.br
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APENDICE B: Questionarios e protocolos

PROJETOS: Avaliacao do estado nutricional, da massa 6ssea, de mediadores inflamatorios e
da qualidade de vida relacionada a satide em pacientes com hepatite B e C cronica

(tratados e nao tratados com terapia antiviral)” CAAE 61481116.0.0000.5149.

Nome: DN: Data:___Sexo: Idade:_ Registro HC:__N°  projeto:

NUT /201

N° LAB: Endereco: CEP:__Telefone: Celular:

Email: Profissao: Ocupacio atual: Renda mensal familiar: N°

pessoas na casa:
Escolaridade:
() analfabeto () 1° grau incompleto () 1° grau completo () 2° grau incompleto () 2° grau
completo () 3° grau incompleto () 3° grau completo

Anos de estudo:

Estado Marital: () casado/amasiado () solteiro ( ) divorciado () viavo

Renda per capita:

Diagnéstico primario: Pressio arterial:
mmHg
Carga Viral: Log: Genétipo: Esteatose () Sim ()
Nao
Porcentagem: infeccdo: Data  do  Diagndstico: [ ]
Tempo de
Provavel Fonte / Mecanismo de Infeccio: | ]
01-Sexual; 05-Acidente de trabalho; 09-Tratamento dentario; 13-Desconhecida
02-Transfusional 06-Hemodialise; 10-Pessoal/pessoa;
03-Uso de 07-Domiciliar; 11-Alimento/agua contaminada;
drogas;
04-Vertical; 08-Tratamento cirurgico; 12-Outras:

Comorbidades associadas: () DM () HAS () AVE/IAM () HCV () HBV () CA () Insuficiéncia renal Outros:

‘Histéria familiar de doencas: ( ) DM ( ) HAS () AVE/IAM () HCV () HBV () CA ()Insuficiéncia renal Outros:
Medicamentos em uso

Sorologia: [1-Reagente; 2-Nao reagente; 3-Inconclusivo; 4-Nio realizado/nio sabe/sem informacao]
() Anti-HAV-IgG ou () Anti-HBc-lgG ()
total; Anti-HDV-IgG;
() HBsAg; () HBeAg; () Anti-HCV;
() Anti-HBs; () Anti-HBe; () HCV-RNA;
() Anti-HBc-IgM; () Anti-HDV-IgM;

HDA prévia: () Sim () Nao; PBE prévia: () Sim ( ) Nao; Ascite prévia: () Sim () Nao; Ascite
atual: () Sim () Nao; Encefalopatia previa: () Sim () Nao.
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APENDICE B: Questionarios e protocolos ALCOOLISMO

1. Ja consumiu bebida alcoélica? () SIM ( )NAO
2. Idade inicio:
3. Idade término:

DETERMINACAO DA QUANTIDADE E FREQUENCIA DO CONSUMO DE ALCOOL
1. Em geral, quantos dias por semana vocé ingere alcool?
2. Em um dia tipico, quantas doses (drinks) vocé ingere?
3. Qual o nimero maximo de doses (drinks) que vocé ingeriu em uma ocasiio especial no més

passado? gtd de alcool (mL) x teor alcodlico da bebida x 0,8 (D do
INGESTA ALCOOLICA alcool)
TIPO DE BEBIDA: 100
FREQUENCIA:
VOLUME: (Teor alcoolico: cacha¢a-55%; vinho-12%; cerveja-4%)
CONSUMO MEDIO:

Resultado em gramas da ingestdo do alcool:

TABAGISMO
() fumante () ndo fumante () ex fumante
Quantos cigarros por dia:
Idade em que comegou a fumar:
Idade em que parou de fumar:
Magos/ Ano : () continua fumando atualmente
USO DE OUTRAS DROGAS
() cocaina () maconha ( )crack ( )LSD () Ecstasy () Outras
Quantidade:
Tempo de uso: Frequéncia:

PARAMETROS BIOQUIMICOS

Variaveis Valor
es
DATA
Hemacias (milhdes)
Hb (g/dL)/ Ht (%)

Plaquetas (x103)

Leucdcitos (mm3)

Linfécitos (total)

Neutrdfilos (total)

Eosindfilos (total)
AP%

RNI
PT/Alb/Glob
Uréia/Creatinina
BT/BD/BI
AST/ALT
FA/GGT
Na+/K+
HCV-RNA
Glicemia (mg/dL)
Colesterol total
(mg/dL)
Triglicérides (mg/dL)
LDL/ HDL/ VLDL
(mg/dL)
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APENDICE B: Questionarios e protocolos

QUALIDADE DE VIDA

SF-36: () REALIZADO; CLDQ: () REALIZADO; LDQOL: () REALIZADO;
() PENDENTE; () ()
PENDENT PENDEN
E; () N/A; TE; ()
N/A;

Avaliacao Antropométrica e de Composicao Corporal

Peso atual (Kg): Peso habitual (kg):
Altura (m):
IMC (Kg/m?): Classificago:
Circunferéncia de Cintura (cm): Classificagao:
Indice de Adiposidade Corporal: Circunferéncia do Braco (cm):
Classificagdo: Classificacdo em percentil:
Circunf. Muscular do Brac¢o (CMB): Area Muscular do Brago (AMB):
Classificacdo: Classificacao:
Area Gordurosa do Brago (AGB): Classificagdo:
Pregas cutineas (mm):
PTC: Classificagdo :
Valores Bioimpedancia elétrica: Resisténcia: Reacténcia:
MG % (kg) MM % ( kg) Classificagdo MG% :
AF : AF médio: AF calc: Classificacao:
Sindrome Metabdlica: (  )Sim (  )Nao Homa:
Parametros Bioquimicos - Data do exame:_/ /
Dinanometria:

Tempo de caminhada:
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APENDICE B: Questionarios e protocolos
QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA — VERSAO CURTA

Para responder as questdes lembre que:
atividades fisicas VIGOROSAS sio aquelas que precisam de um grande esforgo fisico
e que fazem respirar MUITO mais forte que o normal
atividades fisicas MODERAIDAS sio aquelas que precisam de algum esforco fisico
e que fazem respirar UM POUCO mais forte que o normal

Para responder as perguntas pense somente nas atividades que vocé realiza por pelo menos 10 minutos

continuos de cada vez.

1a Em quantos dias da tltima semana vocé CAMINHOU por pelo menos 10 minutos continuos em casa ou no trabalho,
como forma de transporte para ir de um lugar para outro, por lazer, por prazer ou como forma de exercicio?

dias por SEMANA () Nenhum

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

horas: Minutos: Total em min x 3,3 (METs) =

2a. Em quantos dias da tltima semana, vocé realizou atividades MODERADAS por pelo menos 10 minutos continuos,
como por exemplo pedalar leve na bicicleta, nadar, dangar, fazer ginastica aerdbica leve, jogar volei recreativo, carregar
pesos leves, fazer servigos domésticos na casa, no quintal ou no jardim como varrer, aspirar, cuidar do jardim, ou
qualquer atividade que fez aumentar moderadamente sua respiragdo ou batimentos do coragao.

dias por SEMANA () Nenhum

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

horas: Minutos: Total em min x 4,0 (METs) =

3a Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por pelo menos 10 minutos continuos,
como por exemplo correr, fazer ginastica aerobica, jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer
servigos domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos elevados ou qualquer atividade
que fez aumentar MUITO sua respiragdo ou batimentos do coragéo.

dias por SEMANA () Nenhum

3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos continuos quanto tempo no total
vocé gastou fazendo essas atividades por dia?

horas: Minutos: Total em min x 8,0 (METs) =

Estas ultimas questdes sdo sobre o tempo que vocé permanece sentado todo dia, no trabalho, na escola ou faculdade, em
casa e durante seu tempo livre. Isto inclui o tempo sentado estudando, sentado enquanto descansa, fazendo ligdo de casa
visitando um amigo, lendo, sentado ou deitado assistindo TV. Nao inclua o tempo gasto sentando durante o transporte
em Onibus, trem, metro ou carro.

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

Minutos: :
Total em min

4b. Quanto tempo no total vocé gasta sentado durante em um dia de final de semana?
horas: Minutos: Total em min,

| TOTAL METs minutos/semana = Classificacio: ( ) baixo { ) moderado () alto
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APENDICE B: Questionarios e protocolos

Avaliacio Global Subjetiva do Estado Nutricional

A) Anamnese
1) Peso corporal

Mudou nos ultimos 6 meses () sim () ndo

Perda total nos tltimos 6 meses = kg; % perda =

Alteracdo nas ultimas duas semanas: 0 sem alteragdo 1 perda de peso 2 ganho de peso. Peso atual
kg

Peso habitual

kg Altura: m

2) Ingestio alimentar (ultimas 2 semanas)
Sem alteragao
Alterada para:
___dieta hipocalorica
___dieta pastosa hipocalorica
__dieta liquida >15 dias ou solu¢@o de infusdo intravenosa > 5 dias
___jejum > 5 dias
___mudanga persistente > 30 dias

3) Sintomas gastrointestinais (tultimas 2 semanas)
sem alteragdo
ndusea
vOmitos
diarréia
anorexia/ disgeusia
disfagia/ odinofagia
distensdo abdominal, dor abdominal

4) Capacidade funcional
Sem disfungao (trabalho 6timo)
Com disfungao

Tipo: trabalho sub-6timo ambulatorial acamado.

5) Doenca e sua relaciao com necessidades nutricionais
Diagnostico primdario
Demanda metabdlica: baixa moderada, elevada.

B) Exame fisico
(para cada categoria, especificar: 0= normal, 1= leve, 2= moderada, 3= grave).

perda de gordura subcutanea (triceps, torax)
perda muscular (quadriceps, deltéide)
edema tornozelo

edema sacral

ascite

anasarca

C) Avaliagao subjetiva global (selecione uma)

A =bem nutrido

B = moderadamente (ou suspeita de ser) desnutrido
C = gravemente desnutrido
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APENDICE B: Questionarios e protocolos

RECORDATORIO 24 HORAS

HORARI ALIMENTOS/
0 QUANTIDADES
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