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RESUMO

POZZOBON, Fernanda Manhaes. Avaliagao Prognéstica de Pacientes Hospitalizados por
COVID-19 - O Papel da Doenga Hepatica Esteatética, do Escore de Fibrose-4 e do D-Dimero.
Tese (Doutorado em Ciéncias Médicas) — Instituto D’Or de Pesquisa ¢ Ensino (IDOR), Rio de
Janeiro, 2024.

A identificacdo de fatores prognésticos na COVID-19 é um importante alvo de
investigacdo, permitindo uma abordagem terapéutica precoce e eficaz, direcionando o
planejamento das estratégias de prevencdo, tratamento e distribuicdo de recursos de saude.
Fatores inerentes ao paciente e marcadores laboratoriais tém sido avaliados. Uma possivel
relacdo da gravidade da COVID-19 com obesidade trouxe questionamento sobre o papel da
doenca hepatica esteatdtica [steatotic liver disease, (SLD)], frequentemente associada a
respostas inflamatorias mais exacerbadas, como possivel marcador de mau progndéstico na
COVID-19. De forma semelhante, marcadores ndo invasivos, como o Fibrosis-4 Score (FIB-
4) e 0 D-dimero (DD), mostraram uma provavel associacdo com os desfechos da doenca. Esta
tese teve como objetivo investigar o valor prognéstico da SLD e o desempenho de FIB-4 e DD,
tanto isoladamente quanto de forma combinada, na predi¢do de desfechos em pacientes com
COVID-19. Dois estudos observacionais foram realizados a partir de uma mesma coorte de
pacientes hospitalizados com COVID-19 no Hospital Barra D’Or, no periodo de marco a
dezembro de 2020. Todos os pacientes internados no periodo supracitado com infeccéo
confirmada por SARS-CoV-2, exames laboratoriais e tomografia computadorizada de torax
foram incluidos e acompanhados ao longo da internacdo. Varidveis demograficas, clinicas e
laboratoriais foram avaliadas. O desfecho priméario foi mortalidade hospitalar. Os desfechos
secundarios incluiram tempo de internacdo hospitalar e na UTI, necessidade de hemodialise, de
ventilacdo mecanica, e extensdo do acometimento pulmonar. No primeiro estudo, a SLD foi
diagnosticada por meio da medida do coeficiente de atenuacdo hepatica, obtido na tomografia
computadorizada de térax ou abdome. A relagdo entre SLD, gravidade clinica e mortalidade
hospitalar foi analisada em 610 pacientes (62 + 16 anos, 64% homens). A prevaléncia de SLD
foi de 30% e a taxa de mortalidade hospitalar, 19%. Pacientes com SLD eram mais jovens (58
+13vs 64 + 16 anos, p<0,001) e tinham maior indice de massa corporea (32 £5 vs 28 + 4 kg/m?,

p=0,014), assim como valores de AST na admissao mais elevados (82 + 339 vs 50 + 37, p=0,02).



Entretanto, DD (1112 + 2147 vs 1959 + 8509, p=0,07), proteina C-reativa (12 + 9 vs 11+ 8,
p=0,27), ALT (67 £ 163 vs 47 + 90, p=0,11), FA (83 £ 52 vs 102 + 125, p=0,27) e GGT (123
+ 125 vs 104 + 146, p=0,61) ndo diferiram entre pacientes com e sem SLD. Além disso,
comprometimento pulmonar >50% (20% vs 17%, p=0,25), tempo de internacdo (14 + 19 vs
16 + 23 dias, p=0,20), suporte de hemodidlise (14% vs 16%, p=0,57), uso de ventilacdo
mecanica (20% vs 20%, p=0,96) e mortalidade hospitalar (17% vs 20%, p=0,40) ndo diferiram
entre pacientes com e sem SLD. No segundo estudo, foi avaliado o desempenho do FIB-4 e do
DD na predicdo de mortalidade. A abordagem combinada dos dois marcadores foi estudada em
518 pacientes (61 £ 16 anos, 64% homens). O desempenho do FIB-4 foi superior ao do DD
na predicdo de mortalidade (AUROC 0,76 vs 0,65, p=0,003), sendo escolhido como primeiro
teste na analise sequencial (cutoff de 1,76 - 90% de sensibilidade), seguido pelo DD (cutoff de
2000 ng/mL - 90% de especificidade). Valores de FIB-4 > 1,76 correlacionaram-Se com maior
mortalidade (26% vs 5%, p<0,001), assim como DD > 2000 ng/mL (38% vs 16%, p<0,001). A
combinagédo de FIB-4 > 1,76 ¢ DD > 2000 ng/mL identificou um subgrupo com maior
mortalidade, comparado aquele com FIB-4 elevado isoladamente (48% vs 26%, p<0,001).
Concluimos que, na avaliacdo de fatores prognosticos da COVID-19, ndo houve associacdo
entre presenca de SLD e aumento de morbimortalidade. Por outro lado, 0 aumento nos valores
de FIB-4 e DD na admisséo hospitalar representa um maior risco de mortalidade, identificando
um subgrupo de pior prognostico quando utilizados de forma conjunta e sequencial, podendo

assim representar uma estratégia de avaliagcdo prognostica custo-efetiva.

Palavras-chave: COVID-19; D-dimero; doenca hepéatica esteatotica; escore FIB-4;

marcadores; mortalidade; progndstico.



ABSTRACT

POZZOBON, Fernanda Manhdes. Prognostic Assessment of Patients Hospitalized with
COVID-19 — The Role of Steatotic Liver Disease, Fibrosis-4 Score, and D-Dimer. Dissertation
(PhD in Medical Sciences) — Instituto D ’Or de Pesquisa e Ensino (IDOR), Rio de Janeiro, 2024.

It is important to investigate and identify prognostic factors in COVID-19 to allow an
early and effective therapeutic approach and steer strategies for prevention, treatment, and
health resource distribution. Factors inherent to patient and laboratory markers have been
assessed. The possible relationship between COVID-19 severity and obesity has prompted
questions concerning the role of steatotic liver disease (SLD), frequently associated with
exacerbated inflammatory responses, as a marker of poor prognosis in COVID-19. Similarly,
non-invasive markers, such as the Fibrosis-4 Score (FIB-4) and D-dimer (DD), showed a likely
association with disease outcomes. This dissertation aimed to investigate the prognostic value
of SLD and the performance of FIB-4 and DD, both individually and in combination, in
predicting outcomes in COVID-19 patients. Two observational studies were conducted based
on the same cohort of hospitalized COVID-19 patients at the Barra D’Or Hospital, from March
to December 2020. All patients hospitalized during the aforementioned period with confirmed
SARS-CoV-2 infection, laboratory tests, and chest computed tomography were included and
followed throughout their hospitalization. Demographic, clinical, and laboratory variables were
evaluated. The primary outcome was in-hospital mortality. Secondary outcomes included the
length of hospital and ICU stay, the need for hemodialysis, mechanical ventilation, and the
extent of lung involvement. In the first study, SLD was diagnosed through the measurement of
hepatic attenuation coefficient, obtained from chest or abdominal computed tomography. The
relationship between SLD, clinical severity, and in-hospital mortality was analyzed in 610
patients (62 + 16 years, 64% male). The prevalence of SLD was 30% and the in-hospital
mortality rate, 19%. Patients with SLD were younger (58 + 13 vs 64 + 16 years, p<0.001), and
had higher body mass index (32 £5 vs 28 + 4 kg/m?, p=0.014) and higher AST levels on hospital
admission (82 £ 339 vs 50 * 37, p=0.02). However, the levels of DD (1112 + 2147 vs 1959 +
8509, p=0.07), C-reactive protein (12 £ 9 vs 11+ 8, p=0.27), ALT (67 £ 163 vs 47 £ 90, p=0.11),
ALP (83 £52 vs 102 + 125, p=0.27), and GGT (123 + 125 vs 104 * 146, p=0.61) did not differ

when comparing patients with and without SLD. In addition, there was no difference in lung
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involvement >50% (20% vs 17%, p=0.25), hospital length of stay (14 + 19 vs 16 + 23 days,
p=0.20), need for hemodialysis (14% vs 16%, p=0.57), use of mechanical ventilation (20%
vs 20%, p=0.96), and in-hospital mortality (17% vs 20%, p=0.40) between patients with and
without SLD. In the second study, therole of FIB-4 and DD in predicting mortality was assessed.
The combination of those two markers was studied in 518 patients (61 = 16 years, 64% men).
FIB-4 performed better than DD in predicting mortality (AUROC 0.76 vs 0.65, p=0.003),
being, thus, chosen as the first test in sequential analysis (cutoff of 1.76 - 90% sensitivity),
followed by DD [cutoff of 2000 ng/mL - 90% specificity]. FIB-4 levels > 1.76 correlated with
higher mortality (26% vs 5%, p<0.001), as did DD > 2000 ng/mL (38% vs 16%, p<0.001). The
combination of FIB-4 > 1.76 and DD > 2000 ng/mL identified a subgroup with higher mortality
as compared to that with isolated high FIB-4 (48% vs 26%, p<0.001). In conclusion, when
assessing COVID-19 prognostic factors, the presence of SLD did not associate with increased
morbidity or mortality. However, increased FIB-4 and DD levels on hospital admission pose a
higher risk of mortality, identifying a subgroup of worse prognosis when used in combination

and sequentially, and might represent a cost-effective prognostic assessment strategy.

Keywords: COVID-19; D-dimer; steatotic liver disease; FIB-4 score; markers; mortality;

prognosis.
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1. INTRODUCAO

A pandemia da COVID-19 representou um dos maiores desafios para a humanidade na
histdria recente, resultando em quase 15 milhdes de mortes em todo o mundo (BRASIL,
MINISTERIO DA SAUDE, 2024). Embora o nimero de casos tenha diminuido, o Brasil ainda
registra em setembro de 2024 aproximadamente 8.000 casos e 170 6bitos por semana (BRASIL,
MINISTERIO DA SAUDE, 2024). Dada a variedade de manifestac@es clinicas da COVID-19,
tornou-se essencial identificar com precisdo os fatores de risco que poderiam levar a desfechos
mais graves, permitindo alocacdo mais eficiente de recursos e melhor abordagem terapéutica,

além de orientar politicas de satde publica.

1.1 FATORES CLINICOS DE RISCO NA COVID-19

Ao longo da pandemia, ficou evidente que a gravidade da doenca ndo é uniformemente
distribuida na populacéo, sendo influenciada por diversos fatores de risco que aumentam a
suscetibilidade a complicagOes graves e a desfechos negativos. Pacientes com idade avancgada
(acima de 60 anos) ou do sexo masculino apresentam maior probabilidade de desenvolver
formas graves da doenca. Além disso, a presenca de comorbidades, como hipertenséo arterial
sistémica (HAS), diabetes mellitus (DM), cardiopatia, neoplasia e imunossupressao, eleva
significativamente o risco de complicacbes graves (JORDAN; ADAB; CHENG, 2020;
MADJID; SAFAVI-NAEINI; SOLOMON; VARDENY, 2020; RICHARDSON; HIRSCH;
NARASIMHAN; CRAWFORD et al., 2020; SOHRABI; ALSAFI; O'NEILL; KHAN et al.,
2020; WJ; ZY; HU; WH et al., 2020).

A idade avancada foi consistentemente identificada como um dos principais fatores de
risco, em parte devido ao envelhecimento do sistema imunoldgico, que reduz a capacidade de
resposta a infeccBes virais e aumenta a probabilidade de desenvolvimento de condicdes
inflamatorias exacerbadas (ZHOU; YU; DU; FAN et al., 2020). O sexo masculino também tem
sido associado a um risco maior de evolucdo para formas graves da COVID-19, possivelmente
devido a uma combinacdo de fatores bioldgicos, como a expressdo dos receptores da enzima
conversora de angiotensina 2, que facilita a entrada do virus nas células, e fatores
comportamentais, como a maior prevaléncia de comorbidades em homens (PECKHAM; DE
GRUIJTER; RAINE; RADZISZEWSKA et al., 2020). A HAS, por sua vez, é uma das
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comorbidades mais frequentemente associadas a desfechos desfavoraveis em pacientes com
COVID-19 (YANG; TAN; ZHOU; YANG et al., 2020). O DM também emerge como um
importante fator de risco, levando a uma condic¢éo de imunossupressao crénica e hiperglicemia,
que podem estar associadas a um estado pro- inflamatério e pro-trombotico (ZHU; SHE;
CHENG; QIN et al., 2020). Cardiopatias, tanto isquémicas quanto ndo-isquémicas, estao
fortemente correlacionadas com uma pior evolucdo clinica na COVID-19, uma vez que a
infeccdo viral pode desestabilizar condigBes cardiacas pré-existentes (BANSAL, 2020).
Pacientes com neoplasias apresentam um risco aumentado, ndo sé pela imunossupressdo
associada ao cancer e seus tratamentos, mas também devido a alta prevaléncia de outras
comorbidades e ao estado inflamatorio cronico caracteristico dessas condigdes (LIANG;
GUAN; CHEN; WANG et al., 2020). Por fim, a imunossupressdo, seja por condicOes
subjacentes ou por terapias imunossupressoras, compromete o controle da replicacdo do SARS-
CoV-2, resultando em uma maior carga viral e, consequentemente, em maior probabilidade de

progressao para formas graves da doenca (D’ANTIGA, 2020).

1.2 PAPEL DA OBESIDADE E SINDROME METABOLICA

Nos primeiros estudos de 2020, a obesidade foi considerada um importante fator de risco
para desfechos desfavoraveis, resultando em recomendagcfes para maior vigilancia e
hospitalizacao precoce desses pacientes (GAO; ZHENG; WANG; SUN et al., 2020; SINGH,;
BILAL; PAKHCHANIAN; RAIKER et al., 2020; SOEROTO; SOETEDJO; PURWIGA,;
SANTOSO et al., 2020). Em contrapartida, estudos posteriores evidenciaram um efeito
paradoxal da obesidade, sugerindo que seu impacto negativo ndo ocorreria nos pacientes com
sobrepeso ou obesidade graus 1 e 2 (indice de massa corporal [IMC] entre 30 e 40 kg/m?), mas
principalmente no subgrupo com obesidade grau 3 (IMC > 40 kg/m?) (DANA; BANNAY;
BOURST; ZIEGLER et al., 2021; KIM, 2022). A controvérsia quanto ao impacto da obesidade
na evolucdo do COVID-19 destacou a importéncia de realizar novos estudos para trazer
evidéncias mais robustas e ajudar a compreender plenamente as interagdes entre obesidade e
COVID-19.

A sindrome metabdlica, condicdo associada a obesidade e ao DM, apresenta prevaléncia
crescente no mundo e configura uma das principais epidemias do século XXI. Envolve um
conjunto de alteracdes, como hiperglicemia, dislipidemia, resisténcia insulinica, hipertenséo
arterial e obesidade visceral (FORD; GILES; DIETZ, 2002; HIRODE; WONG, 2020). Postula-
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se que o estado inflamatorio cronico dos pacientes com sindrome metabdlica poderia exacerbar
os quadros infecciosos e favorecer a replicacdo viral, agravando os desfechos das doencas
virais, entre elas a COVID-19 (DIETRICH; GEIER; MERLE, 2023).

1.3 DOENCA HEPATICA ESTEATOTICA

A doenca hepatica esteatdtica (steatotic liver disease [SLD]), termo que atualmente
engloba todas as causas de esteatose, é a forma mais prevalente de doenca hepética crénica no
mundo, com prevaléncia que varia de 13,5% na Africa a 31,8% no Oriente Médio (MOREIRA;
VALERIO; VILLELA-NOGUEIRA; CERCATO et al.,, 2023; RINELLA; LAZARUS;
RATZIU; FRANCQUE et al., 2023). Na América do Sul, a prevaléncia tem aumentado
na Ultima década, atingindo 30% (MOREIRA; VALERIO; VILLELA-NOGUEIRA;
CERCATO et al., 2023). Estreitamente ligada & sindrome metabdlica e & obesidade, a SLD
tem sido associada a desfechos mais graves em pacientes com COVID-19, incluindo
progressao da pneumonia, maior necessidade de hospitalizagdo e ventilacdo mecanica (VM),
além de um aumento do risco de mortalidade, embora essa associacdo ainda ndo esteja
completamente estabelecida (CHEN; HAWA; BERINSTEIN; REDDY etal., 2021; THOPPIL;
STEWART; PUNG; NORDENHOLZ et al., 2022).

Vaérios estudos avaliaram o impacto da SLD nos desfechos da COVID-19, utilizando
principalmente escores ndo invasivos como o Dallas Steatosis Index (DSI), o Fibrosis-4 Score
(FIB-4) e o Hepatic Steatosis Index (HSI), para diagnostico ou estratificacdo da gravidade da
SLD (CHANG; JEON; SONG; KIM, 2022; CHEN; HAWA; BERINSTEIN; REDDY et al.,
2021; DIETRICH; GEIER; MERLE, 2023; FORLANO; MULLISH; MUKHERJEE;
NATHWANI et al., 2020; GAO; ZHENG; YAN; SUN et al., 2021; HAYAT; ASHFAQ;
JOHNSON; FORD et al., 2022; HUANG; ZHU; WANG; XUE et al., 2020; JI; QIN; XU;
ZHANG et al., 2020; LOPEZ-MENDEZ; AQUINO-MATUS; GALL; PRIETO-NAVA et al.,
2021; MAHAMID; NSEIR; KHOURY; MAHAMID et al., 2021; NATH; KUMAR,;
MALLICK; DAS et al., 2022; PARLAK; CIVGIN; BESLER; KAYIPMAZ, 2021;
TARGHER; MANTOVANI; BYRNE; WANG et al, 2020; TRIPON; BILBAULT,;
FABACHER; LEFEBVRE et al., 2022; ZHOU; ZHENG; WANG; SUN et al., 2020; ZIAEE;
AZARKAR; ZIAEE, 2021). Estes marcadores, embora amplamente utilizados por sua
praticidade e disponibilidade, possuem algumas limitagdes. Uma das principais desvantagens é
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a dependéncia dos niveis de aminotransferases em seus célculos, o que pode levar a uma
superestimacao da prevaléncia ou da gravidade da SLD em pacientes com COVID-19, uma vez
que a infeccdo por si s6 pode causar injuria hepatica (CHANG; JEON; SONG; KIM, 2022;
CHEN; HAWA; BERINSTEIN; REDDY et al, 2021; FORLANO; MULLISH;
MUKHERJEE; NATHWANI et al., 2020; JI; QIN; XU; ZHANG et al.,, 2020; LOPEZ-
MENDEZ; AQUINO-MATUS; GALL; PRIETO-NAVA et al, 2021; MOCTEZUMA-
VELAZQUEZ; MIRANDA-ZAZUETA,; ORTIZ-BRIZUELA; GARAY-MORA et al., 2022;
MUSHTAQ; KHAN; IQBAL; ALSOUB et al., 2021). Esse fator reduz a precisdo dos escores

na avaliacdo da verdadeira relagdo entre SLD e os desfechos da COVID-109.

Poucos estudos exploraram o uso de métodos radiologicos para o diagndstico da SLD. Um
dos raros trabalhos que utilizaram ultrassonografia (US) incluiu 202 pacientes e diagnosticou SLD
através do uso da US e do HSI (JI; QIN; XU; ZHANG et al., 2020). A prevaléncia da SLD foi de
38%, um valor elevado em comparacéo a outros estudos chineses, sugerindo que o HSI pode ter

superestimado a sua presenca.

A tomografia computadorizada (TC), amplamente disponivel no contexto de isolamento
respiratério dos pacientes com COVID-19, permite a avaliacdo direta da SLD através do
coeficiente de atenuacdo, eliminando as distor¢bes associadas aos marcadores bioquimicos,
além de ndo depender da interpretacdo do examinador. No entanto, seu uso foi subutilizado nos
estudos disponiveis, o que limita a robustez das conclusdes sobre a prevaléncia e o impacto da
SLD em pacientes com COVID-19 (ANGULO; BUGIANESI; BJORNSSON;
CHARATCHAROENWITTHAYA etal., 2013; BOHTE; VAN WERVEN; BIPAT; STOKER,
2011; LOPEZ-MENDEZ; AQUINO-MATUS; GALL; PRIETO-NAVA et al., 2021,
MOCTEZUMA-VELAZQUEZ; MIRANDA-ZAZUETA; ORTIZ-BRIZUELA; GARAY-
MORA et al., 2022; MUSHTAQ; KHAN; IQBAL; ALSOUB et al., 2021).

Em resumo, os estudos que examinaram a relacdo entre SLD e COVID-19 utilizaram
métodos diagnosticos heterogéneos, o que dificultou a determinagdo precisa da prevaléncia de
SLD e sua relevancia prognostica. Esta variabilidade metodoldgica ressaltou a necessidade de
abordagens mais padronizadas, utilizando a TC como método diagndstico, a fim de melhor
elucidar a relagdo entre SLD e os desfechos da COVID-19, o que motivou a realizagdo do

primeiro estudo.
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1.4 MARCADORES NAO INVASIVOS

Na busca por marcadores prognosticos na COVID-19, é crucial mencionar os testes nao
invasivos, baseados em parametros bioquimicos e clinicos rotineiros. Essas ferramentas, ja bem
estabelecidas para a estratificacdo de risco em diversos contextos (IBANEZ-SAMANIEGO;
BIGHELLI; USON; CARAVACA et al., 2020; KIM; KIM; PARK; AHN et al., 2010;
PARIKH; KAMEL; NAVI; IADECOLA et al., 2020; SAITO; OKUMURA; NAGASHIMA;
FUKAMACHI et al., 2020; STERLING; LISSEN; CLUMECK; SOLA et al., 2006), tém
mostrado uma relacdo significativa com fatores progndsticos na COVID-19 (ANGULO;
BUGIANESI; BJORNSSON; CHARATCHAROENWITTHAYA et al., 2013; GUAN; NI;
HU; LIANG et al., 2020; HAGSTROM; NASR; EKSTEDT; STAL et al., 2019; KIM; KIM;
KIM; THERNEAU, 2013; ONNERHAG; HARTMAN; NILSSON; LINDGREN, 2019;
PRANATA; YONAS; HUANG; LIM et al., 2021; STERLING; OAKES; GAL; STEVENS et
al., 2020; VIEIRA BARBOSA; MILLIGAN; FRICK; BROESTL et al., 2022; ZHAN; CHEN;
LIU; CHENG et al., 2021; ZHANG; SHI; WANG, 2020; ZHOU; YU; DU; FAN et al., 2020).
Marcadores como D-dimero (DD), FIB-4, proteina C-reativa (PCR), ferritina e as
aminotransferases foram identificados como prognosticos (ANGULO; BUGIANESI;
BJORNSSON; CHARATCHAROENWITTHAYA et al., 2013; GUAN; NI; HU; LIANG et
al., 2020; HAGSTROM: NASR; EKSTEDT; STAL et al., 2019; KIM; KIM; KIM;
THERNEAU, 2013; ONNERHAG; HARTMAN; NILSSON; LINDGREN, 2019; PRANATA,;
YONAS; HUANG; LIM et al., 2021; STERLING; OAKES; GAL; STEVENS et al., 2020;
VIEIRA BARBOSA; MILLIGAN; FRICK; BROESTL et al., 2022; ZHAN; CHEN; LIU;
CHENG et al., 2021; ZHANG; SHI; WANG, 2020; ZHOU; YU; DU; FAN et al., 2020).

A PCR, um marcador inflamatdério amplamente disponivel, € comumente utilizado em
quadros inflamatdrios e infecciosos. Na COVID-19, niveis elevados de PCR tém sido
associados a piores desfechos clinicos, como necessidade de VM e mortalidade, apesar de ser
um marcador pouco especifico (GUAN; NI; HU; LIANG et al., 2020; WANG; HU; HU; ZHU
et al., 2020). A ferritina, por sua vez, associa-se a tempestade de citocinas, frequentemente
observada em pacientes com desfechos negativos (ZHOU; YU; DU; FAN et al., 2020). No
entanto, € também um marcador inespecifico, que pode se elevar em diversas condi¢des, como
infeccOes, doengas autoimunes, malignidades e condicbes hepaticas, dificultando a
interpretacdo dos resultados. As aminotransferases sdo marcadores de injuria hepatica, e
estudos tém mostrado que niveis elevados dessas enzimas podem estar associados a maior

gravidade da doenca, provavelmente devido a inflamacédo sistémica e a disfuncdo multiorganica
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(POZZOBON; PERAZZO; BOZZA; RODRIGUES et al., 2021; ZHANG; SHI; WANG,
2020). Vale ressaltar que as elevacbes da aspartato aminotransferase (AST) e alanino
aminotransferase (ALT) ndo sdo especificas para COVID-19 e podem ocorrer em diversas
condicdes, como hepatites virais, consumo de alcool e uso de medicamentos hepatotdxicos, o
que pode dificultar a interpretagédo dos resultados.

Desde o inicio da pandemia, o DD tem sido relacionado a gravidade da doenca, a extenséo
do acometimento pulmonar e & mortalidade, sendo utilizado na triagem de pacientes, para
decisOes de estratégias terapéuticas e no monitoramento prognostico (GAO; LI; HAN; Ll et al.,
2020; ZHAN; CHEN; LIU; CHENG et al., 2021). Diversos estudos indicam gue niveis elevados
de DD na admissdo hospitalar podem ajudar a identificar precocemente pacientes com
prognostico desfavoravel e prever desfechos graves e fatais em pacientes com COVID-19
(ZHAN; CHEN; LIU; CHENG et al., 2021; ZHOU; YU; DU; FAN et al., 2020). Os pontos de
corte do DD na avaliagdo prognostica da COVID-19 variam entre os estudos, refletindo a falta
de consenso sobre o valor ideal. Tang et al. associaram niveis acima de 500 ng/mL a maior
risco de complica¢Bes tromboembdlicas, enquanto publicacbes de Zhou et al. e Yao et al.
relacionaram niveis superiores a 1000 ng/mL e 2000 ng/mL, respectivamente, a um aumento
significativo na mortalidade (TANG; BAI; CHEN; GONG et al., 2020; YAO; CAO; WANG,;
SHI et al., 2020; ZHOU; YU; DU; FAN et al., 2020).

O FIB-4 é um escore baseado em parametros laboratoriais, originalmente utilizado para
avaliar a fibrose hepética e a gravidade da doenca hepatica crénica. Ele combina a contagem de
plaquetas, os niveis de AST e ALT, e a idade do paciente, utilizando a seguinte formula: FIB-
4 = idade (anos) x AST (U/L) / plaquetas (10%L) x VALT (U/L) (VALLET-PICHARD;
MALLET; NALPAS; VERKARRE et al., 2007). Amplamente utilizado para avaliar a fibrose
hepética em condi¢cdes como hepatite cronica e SLD, evidéncias recentes sugerem que o FIB-4
possui valor prognéstico na COVID-19, independentemente da presenca de doenca hepatica
(ANGULO; BUGIANESI; BJORNSSON; CHARATCHAROENWITTHAYA etal., 2013;
HAGSTROM; NASR; EKSTEDT; STAL et al., 2019; KIM; KIM; KIM; THERNEAU,
2013; ONNERHAG; HARTMAN; NILSSON; LINDGREN, 2019; PRANATA; YONAS;
HUANG,; LIM et al., 2021; STERLING; OAKES; GAL; STEVENS et al., 2020; VIEIRA
BARBOSA; MILLIGAN; FRICK; BROESTL et al., 2022). A elevagdo do FIB-4 esta
associada a maior gravidade da doenca, maior necessidade de suporte ventilatorio e maior
mortalidade em 30 dias em pacientes com SARS-CoV-2 (STERLING; OAKES; GAL,;
STEVENS et al., 2020). No entanto, o uso do FIB-4 na avaliacdo de pacientes com COVID-19

deve ser analisado com cautela, uma vez que seu calculo é diretamente influenciado pelos niveis
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de aminotransferases, que podem ser alterados por diversos fatores durante a infeccdo por
SARS-CoV-2. Ainda ndo ha consenso sobre o ponto de corte ideal do FIB-4 nesse contexto
(AO; LI; LI; DU et al., 2022; BUCCI; GALARDO; GANDINI; VICARIO et al., 2022;
IBANEZ-SAMANIEGO; BIGHELLI; USON; CARAVACA et al., 2020; PRANATA;
YONAS; HUANG; LIM et al.,, 2021). Varios estudos que investigaram o desempenho
prognostico do FIB-4 em pacientes com COVID-19 extrapolaram os achados de pesquisas
sobre SLD e utilizaram pontos de corte entre 2,67 e 4,95, sendo 2,67 0 mais comumente adotado
(AO; LI; LI; DU et al., 2022; PRANATA; YONAS; HUANG; LIM et al., 2021; STERLING;
OAKES; GAL; STEVENS et al., 2020). Sterling et al. demonstraram associagéo entre FIB-4 >
2,67 e mortalidade em 30 dias, com hazard ratio de 1,68 (IC 95%, 1,19-2,38; p=0,003). Na
analise multivariada, obesidade, DM e FIB > 2,67 foram independentemente associados a
necessidade de ventilagdo mecénica (STERLING; OAKES; GAL; STEVENS et al., 2020).
Assim, DD e FIB-4 destacam-se como marcadores prognoésticos eficazes na COVID-19.
O FIB-4, por ser uma ferramenta acessivel e de baixo custo que utiliza variaveis prontamente
disponiveis na sala de emergéncia, € particularmente adequado para a triagem na admissao
hospitalar. Em contraste, o DD, embora tenha bom desempenho, é mais caro e nem sempre esta

disponivel nos servicos de emergéncia.

A utilizacdo combinada de marcadores, apesar da ideia tedrica de aumentar o potencial
de identificacdo de pacientes graves, foi pouco estudada na literatura. Estudo de Cheng et al.,
um dos poucos disponiveis, demonstrou que a combinacdo de niveis elevados de ureia e DD
identificou pacientes de alto risco para mortalidade hospitalar, com uma area sob a curva ROC
(AUROC) de 0,94, representando uma sensibilidade de 85% e especificidade de 91% (CHENG,;
HU; WANG; HUANG et al., 2020). Os dois marcadores combinados representaram um fator
de risco independente para pior prognostico. A auséncia de estudos que explorem a abordagem
combinada motivou a realizacdo do segundo estudo, com objetivo de desenvolver uma
estratégia mais racional e econdémica para a estratificacdo de risco, especialmente relevante em

paises com recursos limitados, como o Brasil.

Considerando a necessidade permanente de reconhecer fatores de risco associados a
desfechos graves na COVID-19, a presenca de dados conflitantes na literatura sobre o papel
progndstico da SLD, e a necessidade de uma abordagem custo-efetiva na identificacdo de
fatores preditores de gravidade, o objetivo desta tese foi estudar o papel da SLD, do FIB-4 e do

DD no prognostico de pacientes hospitalizados por COVID-19.
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Assim, buscando contribuir para essa area de conhecimento, foram elaborados dois
manuscritos apresentados no corpo desta tese. No primeiro, intitulado “Is Steatotic Liver
Disease Related to Poor Outcome in COVID-19 Hospitalized Patients?”, foi analisada a
influéncia da SLD na mortalidade e outros desfechos clinicos de pacientes hospitalizados com
COVID-19. No segundo manuscrito, denominado “Combination of Fibrosis-4 Score and D-
dimer to Predict Mortality in Hospitalized COVID-19 Patients”, avaliou-se o papel prognostico
do FIB-4 e do DD isoladamente e de forma combinada, propondo uma estratégia racional para

identificacdo de pacientes de alto risco de mortalidade.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

Avaliacdo de marcadores prognosticos em pacientes hospitalizados por COVID-19.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Comparar a apresentagao clinica e achados laboratoriais em pacientes com e sem
SLD, e avaliar o impacto da SLD nos desfechos clinicos de pacientes hospitalizados por

COVID-19.

2.2.2 Analisar a acuracia do FIB-4 e do DD, isoladamente ¢ numa abordagem
combinada sequencial, na predicdo de desfechos clinicos em pacientes hospitalizados por

COVID-19.
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ABSTRACT:

Background/Objectives: Steatotic liver disease (SLD) has been linked to more exacerbated inflammatory
responses in various scenarios. The relationship between SLD and COVID-19 prognosis remains unclear. Our aim
was to investigate the impact of SLD on the outcome of COVID-19. Methods: Patients hospitalized with
confirmed COVID-19 and who underwent laboratory tests and chest CT scan were included. SLD was assessed by
measuring the attenuation coefficient on CT scans. The relationship between SLD, the severity of COVID-19
clinical presentation and in-hospital mortality were assessed. Results: A total of 610 patients were included (mean
age 62116 years, 64% male). The prevalence of SLD was 30% and the overall in-hospital mortality rate, 19%.
Patients with SLD were younger (58+13 vs 64 + 16 years, p<0.001) and had higher BMI (32 £ 5 vs 28 + 4 kg/m2,
p=0.014). Admission AST values were higher in patients with SLD (82 + 339 vs 50 + 37, p=0.02), while D-dimer
(1112 + 2147 vs 1959 + 8509, p=0.07), C-reactive protein (12 + 9 vs 11 + 8, p=0.27), ALT (67 + 163 vs 47190,
p=0.11), ALP (83 + 52 vs 102 + 125, p=0.27) and GGT (123 + 125 vs 1044146, p=0.61) did not significantly
differ compared to patients without SLD. No difference was observed regarding lung parenchyma involvement
>50% (20% vs 17%, p=0.25), hospital length of stay (14 + 19vs16 + 23 days, p=0.20), hemodialysis
support (14% vs 16%, p=0.57), use of mechanical ventilation (20% vs 20%, p=0.96) and in-hospital mortality
(17% vs 20%, p=0.40) when comparing patients with and without SLD. Conclusion: The SLD showed no
significant association with morbidity and mortality in patients with COVID-19.

Keywords: steatotic liver disease; nonalcoholic fatty liver disease; COVID-19; SARS-CoV-2; outcome; mortality
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1. Introduction

Metabolic syndrome, described by Reaven in 1988 (1), has been considered the disease
of the century, with increasing prevalence rates worldwide that have reached 40% in some
countries (2, 3). Closely related to obesity and diabetes mellitus (DM), that condition comprises
a set of associated metabolic changes, such as hyperglycemia, dyslipidemia, insulin resistance,
arterial hypertension, and visceral obesity, resulting in a pro-thrombotic and pro-inflammatory
state, accompanied by an increase in some cytokines and C-reactive protein (CRP) (4, 5). The
chronic inflammatory state of the patient with metabolic syndrome has been postulated to
increase vulnerability to pro-inflammatory triggers of viral infections, which can worsen the
outcomes of diseases caused by influenza virus and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (1).

Steatotic liver disease (SLD), an overarching umbrella term introduced in 2023 by a
multinational consensus to encompass the various etiologies of steatosis (7,8), is currently the
most common cause of chronic liver disease worldwide, with prevalence ranging from 13,5%
in Africa to 31,8% in the Middle East and showing a substantial increase over the last decade
in South America (30%) (9). Main risk factors are obesity, type 2 diabetes mellitus,
dyslipidemia, and metabolic syndrome. SLD has been related to more severe coronavirus
disease 2019 (COVID-19), worse pneumonia progression, need for hospitalization and
mechanical ventilation (MV), and increased mortality risk (10, 11). However, the studies on the
influence of SLD on COVID-19 severity and outcome, most of which performed in Asia, have
assessed different populations, and used heterogeneous methodologies for the SLD diagnosis,
thus carrying several selection biases and yielding controversial results (11-24).

Considering the controversial findings about the influence of SLD on the COVID-19
presentation, clinical course, and mortality, in addition to the scarcity of data on the Western
population, it is important to assess the relationship between SLD and COVID-19 clinical
outcome in that population, in which the incidence of metabolic syndrome and SLD is even
higher than that in the Eastern population (25). Understanding this relationship in developing
countries with a high prevalence of obesity, metabolic syndrome, and SLD is of paramount
importance for prioritizing vaccination and directing resources to hospitalized COVID-19
patients. This study was aimed to assess the impact of SLD on the clinical outcome of
hospitalized patients with COVID-19 and to compare the COVID-19 clinical presentation and
laboratory findings of patients with and without SLD.
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2. Materials and Methods

2.1. Study Design and Population

This is a retrospective observational study including adult patients diagnosed with
COVID-19 and admitted to a private tertiary hospital in the city of Rio de Janeiro, Brazil, from
March to December 2020. Patients with confirmed SARS-CoV-2 infection, laboratory tests and
chest or abdomen computed tomography (CT) imaging were include in this study. Patients who
had undergone chest contrast-enhanced CT imaging, which hinders the assessment of liver
steatosis, were excluded from this study, as were those with prolonged hospitalization and

hospital-acquired SARS-CoV-2 infection.

2.2. Data Collection and Follow-up

The SARS-CoV-2 infection was confirmed with viral RNA detection by use of the real-
time reverse transcription-polymerase chain reaction (RT-PCR) technique on naso- and
oropharyngeal swabs, targeting the N gene and RARP gene regions of the coronavirus genome
(Allplex™ assay, Seegene, Seoul, South Korea).

The patients’ clinical, demographic, and laboratory data were retrieved from electronic
medical records. The following clinical variables were assessed: sex; age; body mass index
(BMI); comorbidities, such as systemic arterial hypertension (2), DM, chronic obstructive
pulmonary disease (COPD), heart disease, chronic kidney failure, and obesity; extent of lung
involvement; hospital length of stay; admission to the intensive care unit (ICU); need for
hemodialysis (3); use of MV; and in-hospital outcome (discharge or death). The laboratory data
assessed were as follows: D-dimer (4), CRP, alanine aminotransferase (5), aspartate
aminotransferase (6), alkaline phosphatase (7), and gamma-glutamyltransferase (GGT),
measured by use of colorimetric coupled enzyme assay; leukocyte and lymphocyte count,
determined by use of flow cytometry and impedance; and international normalized ratio (INR),
determined by use of a coagulometric method.

The following normal ranges for the laboratory tests were considered: DD < 500 ng/mL;
CRP < 1.0 mg/dL; leukocyte count between 3500 and 10500 cells/mm?; lymphocyte count
between 900 and 2900 cells/mm?; AST <40 U/L; ALT <40 U/L; ALP < 126 U/L; and GGT <
73 U/L. The initial (on hospital admission) and peak (the highest levels during hospital stay)
laboratory values were used for comparison in this study.

Overweight was defined as BMI > 25 and < 30 kg/m?, and obesity as BMI > 30 kg/m?
(26).
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Liver steatosis was detected on chest or abdomen CT imaging and quantified by use of
the liver attenuation coefficient measured in four sites of the liver parenchyma (two measures
in the right lobe, one in the right-to-left lobe transition, and one in the left lobe), during the non-
enhanced phase, as shown in figure 1. The contrast is a confounding effect because it alters
hepatic density, and there are no cutoff density values parameters that allow characterizing
steatosis in the post-contrast study. The most homogeneous areas of the liver parenchyma were
chosen, avoiding vessels, biliary tract, and focal liver lesions (27). Later, the arithmetic mean
of the four measures was calculated. Mean attenuation coefficient values < 40 Hounsfield units
were considered indicators of SLD (24, 28).

The extent of lung involvement was assessed on chest CT imaging performed on
admission and during hospitalization, when necessary. When more than one chest CT scan was
performed, the one with the most extensive lung involvement of each patient was analyzed. The
CT reports followed a structured pattern according to the Radiological Society of North
America expert consensus document on reporting chest CT findings related to COVID-19 (29).
The CT scans were reviewed by a single radiologist, who had no knowledge of the clinical data,
and were classified as follows: (Saude, #1) typical CT imaging with lung parenchyma
involvement of up to 25%, 25-50%, or greater than 50%; (6) atypical or indeterminate CT
imaging; (c) normal CT imaging (29).
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Figure 1. Computed tomography images and measurement sites of the attenuation coefficient in one
of the patients evaluated in the study.

2.3. Statistical Analysis

Continuous variables were reported as mean and discrete variables were reported as
absolute (n) and relative frequency (%). Comparisons between independent groups were
evaluated by Mann-Whitney and chi-square tests for quantitative and qualitative comparisons,
respectively. The clinical and laboratory findings on the first day of hospitalization (hospital
admission) were considered as baseline values, and the highest values of the entire
hospitalization period were considered as peak values. The primary outcome assessed was in-
hospital mortality. To analyze the factors independently associated with mortality, logistic
regression analysis was used. The univariate logistic model and the multivariate logistic model
with all variables were adjusted, as was the final model with all statistically significant
variables. The analysis was performed using SPSS package, version 29, 2022 (Property of IBM

Corporation). Significance level was determined when p<0.05 assuming two-tailed tests.
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3. Results

This study selected 715 patients hospitalized with the diagnosis of COVID-19, of whom,
6 who developed COVID-19 during hospitalization and 99 who underwent chest CT with
venous contrast enhancement, which hindered the assessment of hepatic steatosis, were

excluded as shown in Figure 2.

715 patients hospitalized with the diagnosis of COVID-19 from
March to December 2020

6 patients who developed COVID-19 |
during hospitalization were excluded [T

v

709 patients hospitalized with the diagnosis of COVID-19
inserted into database

99 patients excluded because the attenuation
coefficient could not be measured <
(contrast-enhanced CT)

610 patients included in the study

Figure 2. Flowchart of patients included in the study. CT, computed tomography.

This study, thus, included 610 patients with the following characteristics: mean age of
62+16 years (20-101); 388 (64%) of the male sex; and 69% with two or more comorbidities.
The comorbidities most frequently observed were SAH (52%), obesity (38%), and DM (30%).
Of all patients, only 20% had a normal BMI. In the general sample, the prevalence of obesity
was 38% (n=231) and that of overweight, 42% (n=256). Mean BMI was 29 kg/m? (17-50).

Regarding clinical course, 69% of the patients were admitted to the ICU, 20% required
MV, and 15% needed HD during their hospitalization.

Increases in the AST and ALT levels were observed in 56% and 40% of the patients on

hospital admission, and in 66% and 60% during hospitalization, respectively.

3.1. Steatotic Liver Disease
The prevalence of SLD was 30%. The patients were divided into two groups according

to the presence/absence of SLD. Tables 1 and 2 show the comparison between the groups with
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and without SLD. The group with SLD had a higher percentage of men, lower mean age, and

higher AST levels. The groups did not differ regarding the other variables assessed.

Table 1. Comparison of clinical and laboratory findings on hospital admission of patients with and without SLD.

Total (n=610) With SLD (n=181)  Without SLD (n=429) p
Male sex (%) 388 (64%) 139 (76%) 249 (58%) <0.001
Age (years) 62+ 16 58 + 13 64+ 16 <0.001
Acrterial hypertension (%) 317 (52%) 99 (55%) 218 (51%) 0.25
Diabetes mellitus (%) 183 (30%) 63 (35%) 120 (28%) 0.08
COPD (%) 29 (5%) 8 (4%) 21 (5%) 0.80
Heart disease (%) 89 (15%) 22 (12%) 67 (16%) 0.26
Kidney failure (%) 40 (7%) 8 (4%) 32 (7%) 0.16
Obesity (%) 231 (38%) 107 (59%) 124 (29%) <0.001
BMI (kg/m?) 29+5 32+5 28+4 0.014
D-dimer (ng/mL) 1696 + 7186 1112 + 2147 1959 + 8509 0.07
CRP (mg/dL) 11487 12+9 11+8 0.27
Leukocytes (/mm?3) 6972 + 3337 7156 + 2856 6894 + 3521 0.11
Lymphocytes (/mm?®) 1212 + 1745 1182 + 501 1224 + 2059 0.21
AST (U/L) 59+191 82 £ 339 50 £ 37 0.02
ALT (U/L) 53+118 67 £163 47 +£90 0.11
ALP (U/L) 96 + 107 83+ 52 102 +125 0.27
GGT (U/L) 110+ 139 123+ 125 104 + 146 0.61
INR 1.14+0.36 1.16 £ 0.5 1.13+£0.2 0.60

SLD, steatotic liver disease; COPD, chronic obstructive pulmonary disease; BMI, body mass index; CRP, C-reactive
protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-
glutamyltransferase; INR, international normalized ratio.

A higher percentage of patients with SLD had elevated AST and ALT levels on hospital
admission as compared to patients without SLD [64% vs 52% (p=0.019) and 50% vs 35%
(p=0.001), respectively]. The same was observed during hospitalization: 72% vs 64% (p=0.052)
and 71% vs 55% (p <0.001), respectively.

Regarding the progression of the clinical and laboratory findings during hospitalization,
the two groups were similar, except for the frequency of admission to the ICU, which was
higher in the group with SLD (Table 2). The chest CT scan with the most extensive lung
involvement of each patient during hospitalization was compared in the groups with and

without SLD, and no significant difference was found between the groups.
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Table 2. Comparison of clinical and ‘peak’ laboratory findings of patients with and without SLD.

Total (n=610) V\(/ri]t:hlgll_)D Wig:gz;g)LD p
Hospital length of stay (days) 16 £ 22 14 £19 16£23 0.20
ICU admission (n, %) 420 (69%) 137 (76%) 283 (66%) 0.01
ICU length of stay (days) 13+17 12+15 14 +18 0.16
Hemodialysis (n, %) 92 (15%) 25 (14%) 67 (16%) 0.57
Mechanical ventilation (n, %) 122 (20%) 36 (20%) 86 (20%) 0.96
Mortality (n, %) 116 (19%) 31 (17%) 85 (20%) 0.40
D-dimer > 500 ng/mL (%) 87% 87% 88% 0.73
CRP (mg/dL) 7+9 20+13 19+13 0.98
AST (U/L) 902 £+ 3600 266 + 1388 319 +£ 1970 0.60
ALT (U/L) 385 + 1567 155 + 495 163 + 880 0.67
ALP (U/L) 167 £ 127 114 + 106 140 £ 137 0.18
GGT (U/L) 190 £+ 261 200 + 298 186 + 242 0.76
Lung involvement <25%,
or normal or atypical 225 (37%) 58 (32%) 167 (39%)
findings

Chest  Lunginvolvement of 25~ 577 (as%) 87 (48%) 100 (44%) 0.5

Lung involvement > 50% 108 (18%) 36 (20%) 72 (17%)

SLD, steatotic liver disease; ICU, intensive care unit; CT, computed tomography; CRP, C-reactive protein;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-
glutamyltransferase.

3.2. Mortality

In this study, the mortality rate was 19.0% and similar for men and women (18.3% vs
20.3%; p=0.56). In-hospital mortality did not significantly differ between the groups with and
without SLD (17% vs 20%; p=0.40).

On logistic regression analysis, the variables related to mortality were age (OR 1.10 [95%
Cl, 1.06-1.14; p<0.001]), need for HD (OR 20.40 [95% CI, 7.13-58.41; p<0.001]), need for
MV (OR 38.83 [95% CI, 16.21-114.30; p<0.001]), lung involvement > 50% (OR 6.23 [95%
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Cl, 2.51-15.45; p<0.001]), and hospital length of stay (OR 0.98 [95% CI, 0.96-0.99; p=0.012]).

The presence of SLD did not correlate with mortality, as shown in Table 3 and in Scheme 1.

Table 3. Variables associated with mortality on logistic regression analysis.

o Univariate logistic Multivariate Final multivariate
Characteristics regression model logistic logistic regression model
regression model

OR p-value OR p-value OR p-value  95% ClI

Sex 0.88 0.56 0.52 0.19

Age 1.07 <0.001 1.13 <0.001 1.10 <0.001 1.06-1.14

SLD 0.83 0.43 1.16 0.81 125 @ 0.65 0.48-3.27

Aurterial hypertension 2.08 <0.001 0.42 0.14

Diabetes Mellitus 1.77 0.008 0.91 0.86

Obesity 0.94 0.77 1.93 0.21

COPD 3.76 <0.001 0.65 0.58

Heart disease 2.41 <0.001 0.74 0.62

Kidney failure 3.13 <0.001 1.65 0.49

>2 comorbidities 5.95 <0.001 1.46 0.63

Peak D-dimer > 500 ng/mL 19.54 0.003 3.73 0.61

Peak AST > 40 U/L 5.96 <0.001 3.25 0.08

Peak ALT >40 U/L 2.63 <0.001 1.28 0.68

Need for HD 62.92 <0.001 27.24 <0.001 20.40 <0.001 @ 7.13-58.41

Mechanical ventilation 119.00 <0.001 | 27.87  <0.001  38.83 <0.001 16.21-
114.30

Lung involvement > 50% 6.00 <0.001 6.05 0.001 6.23 <0.001 2.51-15.45

ICU admission 13.33 <0.001 1.58 0.53

Hospital length of stay 1.03 <0.001 0.98 0.007 0.98 0.012 0.96-0.99

SLD, steatotic liver disease; COPD, chronic obstructive pulmonary disease; Cl, confidence interval; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; HD, hemodialysis; ICU, intensive care unit.
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%ﬁ 610 COVID-19 hospitalized patients

Analysis of the impact of SLD on the outcome of COVID-19

Laboratory tests and chest CT
at admission

1

SLD assessed by attenuation
coefficient measurement on CT scans

e

’ —

\
SLD PREVALENCE 30%

OBESITY PREVALENCE 38%
MORTALITY 19%

4(( Pationts without SLD

Hepatic attenuation > 40 UH) )
n=429 4

No difference
lung involvement
hospital lenght of stay
need of hemodialysis
mechanical ventilation use
in-hospital mortality

Conclusion
No association between SLD and COVID-19
outcome

Scheme 1. Visual summary illustrating the comparation between the groups with and without steatotic
liver disease (SLD).

4. Discussion
This study, assessing a large cohort of Brazilian patients hospitalized with the diagnosis

of COVID-19 and with a high prevalence of SLD, found no association between SLD and
COVID-19 clinical severity. The clinical courses of the groups with and without SLD were
similar regarding the total hospital and ICU length of stays, need for MV and HD, and extent
of lung involvement. In addition, no relationship between SLD and in-hospital mortality was
found in this sample.

Obesity was initially considered a risk factor for unfavorable clinical course of disease in
studies conducted at the beginning of the COVID-19 pandemic, a perception that resulted in
the recommendation for higher clinical surveillance and early hospitalization of obese patients
(30-32). Dysregulation of the immune response to respiratory infections and impact on the

ventilatory function of patients with COVID-19 would associate with higher morbidity and
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mortality among them (30,31). However, some subsequent studies performed throughout the
pandemic have shown the paradoxical effect of obesity, suggesting that patients with moderate
obesity could be at lower risk for mortality, while the negative effects of obesity could be more
marked only in the subgroup of severely obese patients (BMI > 40 kg/m?) (33, 34).

Considering the significant relationship between obesity, metabolic syndrome, and SLD,
as well as the existence of controversial results on how those clinical conditions influence the
clinical course of SARS-CoV-2 infection, subsequent studies have aimed at defining the impact
of SLD on COVID-19 outcome (6, 11-13, 16-24, 35-37). However, the clinical profiles of the
populations studied, as well as the SLD prevalence and the SLD diagnostic methods used,
differed. These discrepancies have hindered the interpretation of those studies’ results,
evidencing the need for deeper analysis.

This study carried out a detailed assessment of SLD by calculating the attenuation
coefficient on CT scans in four points of the liver parenchyma by a single radiologist, which
reduces the interobserver and intraparenchymal variabilities. Our results showed SLD in 30%
of the patients, similarly to the Latin American prevalence reported in previous studies (38, 39).
The frequency of SLD in studies using the attenuation coefficient for its diagnosis has ranged
from 16% to 38% (18, 22, 24, 35-37), a variation that can be explained by differences in study
methodology and local prevalence of SLD.

In our study, the patients diagnosed with SLD had higher AST levels on hospital
admission and higher percentage of liver injury on hospital admission and during
hospitalization as compared to patients without SLD. These data are in accordance with those
reported by Huang et al. in the 2020 Chinese study involving 19 hospitals (12). In addition, a
higher frequency of ICU admission was observed in the group with SLD, which should be
carefully analyzed, because it might reflect issues of bed management or need for respiratory
isolation and not only disease severity. Furthermore, the higher frequency of ICU admission
could be related to a higher concern about a possible unfavorable clinical course because
patients with SLD are more often obese, as shown in Table 1.

One of the challenges to the interpretation of the role played by SLD in the COVID-19
outcome is the heterogeneity of the methods used for diagnosing SLD. Several studies have
applied non-invasive scores for that, such as the hepatic steatosis index (HSI) and the fibrosis-
4 index for liver fibrosis (FIB-4), which include the levels of aminotransferases in their
calculation formulae (11, 13-15, 19, 21, 23). This might result in overestimating the prevalence
of SLD, considering that COVID-19 is often associated with increased levels of
aminotransferases (11, 13-15, 19, 21, 23). A Mexican study by Velasquez et al., using the HSI,
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has found a 76% SLD prevalence, which is higher than that reported in the Mexican population
(14). In addition, it is worth noting that the indirect markers of fibrosis have not been validated
in COVID-19 population. Thus, we cannot claim that those changes result exclusively from
liver fibrosis without considering the possible influence from the viral infection itself (35).
Furthermore, previous studies (40-42), including one by our research group (43), have shown
that liver injury can be a marker of COVID-19 severity; thus, using diagnosis scores for SLD
that include in their calculation formulae the levels of aminotransferases could misdiagnose
more severe cases of COVID-19 as cases of SLD, which represents a selection bias.

The use of radiological methods for the diagnosis of SLD has been less explored in
studies. Ji et al. (1), conducting one of the few studies using ultrasonography to assess SLD,
have included 202 patients and diagnosed SLD with US and/or the HSI. In their study, liver
injury was identified in 75% of the patients throughout hospitalization, and SLD was diagnosed
in 38% of the patients, a higher percentage than that in Chinese studies, which can reflect
overestimation by the HSI.

Regarding outcome, in our study, the overall in-hospital mortality was 19%, in line with
some publications (11, 44-47). However, the observational cross-sectional study by Portela et
al. (48) carried out from 2020 to 2022 in public, private and philanthropic institutions of all
Brazilian regions has shown a 32% COVID-19 in-patient mortality rate at national level, higher
than that found in our study. It is worth noting that, despite the clinical severity of our patients,
with a significant ICU admission rate, 20% of whom on MV and 15% requiring HD, our sample
comprised cases exclusively from a private hospital in the Brazilian Southeastern region, which
is known to have better hospital and ICU structures as compared to those of public hospitals
and of other Brazilian regions. Thus, these characteristics could justify the lower mortality in
our case series as compared to that of the study by Portela et al.

Few studies have investigated the impact of SLD on COVID-19 clinical presentation and
outcome by using CT imaging for its diagnosis through the attenuation coefficient calculation
(17, 18, 22, 24, 35-37). Most of those studies have identified an association between SLD and
COVID-19 severity, a finding that differs from ours. However, the populations and
methodologies used were different from those of the present study (17, 18, 24, 35-37). Zhou-
Y-J et al. (1), for example, have shown a correlation between the presence of SLD and high
severity of COVID-19. However, the population of that study comprised patients under the age
of 60 years, thus, younger than ours, and no mortality data were reported. A Chinese case-
control study (1) has compared 587 patients hospitalized due to COVID-19 (cases) with 587

non-hospitalized patients who had undergone chest CT in the year preceding the pandemic due
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to other reasons (controls). That case-control study has found a longer hospital length of stay
and higher severity of lung involvement, but no relation to mortality, in the group with SLD as
compared to the group without SLD. Another limitation was that both groups (cases and
controls) underwent tests for the diagnosis of SLD in different occasions, which might have
hindered the analysis of the results.

Targher et al. (35) have compared patients with and without SLD, diagnosed by use of
CT imaging, and with different grades of liver fibrosis, assessed by use of FIB-4. They found
higher COVID-19 severity in patients with SLD in the subgroup of intermediate or high FIB-
4. However, the use of non-invasive markers, involving aminotransferases in their calculation
formulae, might have influenced those findings. Similarly, an Israel study with 71 patients has
shown the relationship of SLD with the severity of COVID-19 clinical presentation; however,
the methodology used for the diagnosis of SLD was not homogeneous, with the use of CT scan
in 59% of the patients and medical documentation in 41% of the cases (37). Another Chinese
study, conducted by Gao et al. (36), screened SLD using computed tomography and assessed
the association between circulating interleukin-6 levels and SLD at hospital admission in
relation to the risk of severe COVID-19. The study concluded that patients with SLD and
elevated serum interleukin 6 levels were at higher risk of experiencing severe illness from
COVID-19, highlighting the connection between the inflammatory profile of SLD and the
severity of COVID-19 clinical presentation.

Differently from the studies reporting an association between SLD and higher clinical
severity of COVID-19 and in line with our findings, Nath ef al., in a study assessing 3983
patients in India with a methodology similar to ours, have found no association between SLD
and worse clinical course or higher mortality (1). However, it is worth noting that, despite the
substantial size of the study by Nath et al., it cannot be directly compared with ours, due to
differences across key characteristics, such as the lower prevalence of SLD (20%) and low
mortality rate (6.4%), suggesting that study assessed a group of less severely ill patients.

Therefore, previous studies using the same SLD diagnostic method (CT scan) as ours had
methodological flaws or assessed populations with low prevalence of SLD and/or lower clinical
severity. Our study pioneered the assessment of the relationship between SLD and the outcome
of patients with COVID-19 in Brazil. Our study comprised a large cohort of patients with more
severe clinical characteristics, such as mean age over 60 years, and two or three comorbidities.
The SLD was assessed by use of CT scan, a well-established and more reliable method than

serum markers, with higher sensitivity and specificity, as compared to the US, for the diagnosis
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of SLD (28, 49, 50, 51). Thus, in a population with high prevalence of SLD and more severe
clinical findings, there was no association between SLD, worse clinical course and mortality.
This study has some limitations. One limitation of our study was its retrospective design,
which prevented the addition of new variables to the database across the follow-up period.
Additionally, the fact that it was conducted in a private center may hinder the extrapolation of
the results to the general population. Another important issue was the use of the BMI as
reference to define obesity because that variable can be influenced by non-measurable factors,
such as fluid retention and sarcopenia, not reflecting the grade of body and visceral fat

accumulation.

5. Conclusions
In conclusion, after conducting an in-depth analysis of a large sample of severe COVID-

19 patients with a notably high prevalence of SLD and employing a diagnostic method
characterized by low variability, our findings revealed that the presence of SLD did not exhibit

an impact on the overall outcome of these patients.
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ABSTRACT:

Aim: Fibrosis-4 (FIB-4) Score and D-dimer (DD) have emerged as prognostic markers in COVID-19.
However, precise cutoff points remain undefined, and their combined use has been scarcely studied. We aimed to

analyze FIB-4 and DD performance, individually and combined, to predict outcomes among COVID-19 patients.

Methods: From March to December/2020, hospitalized COVID-19 patients were evaluated based on
clinical and laboratory tests from their first day of hospitalization. Primary outcome was in-hospital mortality, and
secondary outcomes included hospital stay length, ICU admission and duration, need for hemodialysis, ventilatory
support, and extent of lung involvement. Optimal FIB-4 and DD cutoff points to predict mortality were established
to maximize sensitivity and specificity. A sequential diagnostic strategy using both markers was subsequently
evaluated.

Results: Among 518 patients (61+16 years, 64% men), the in-hospital mortality rate was 18%. FIB-4
outperformed DD in predicting mortality (AUROC 0.76 vs. 0.65, p=0.003) and was chosen as the first step in
sequential analysis. Mortality was higher in patients with FIB-4>1.76 vs. FIB-4<1.76 (26% vs. 5%, p<0.001) and
DD>2000 ng/mL vs. DD<2000 ng/mL (38% vs. 16%, p<0.001). Using FIB-4 as a screening test (cutoff = 1.76,
90% sensitivity) followed by DD (cutoff = 2000 ng/mL; 90% specificity) identified a subgroup with higher
mortality when compared to FIB-4 alone (48% vs. 26%, p<0.001), missing the identification of only 2% of deaths.

Conclusion: Sequential use of FIB-4 and DD represents a comprehensive strategy to identify high-risk
COVID-19 patients at hospital admission, potentially minimizing unnecessary DD tests in those deemed low-risk by
FIB-4.

Keywords: COVID-19; D-dimer; FIB-4 score; mortality; outcome; prognostic marker.
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List of Abbreviations:

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUROC, area under the ROC curve;
COPD, chronic obstructive pulmonary disease; COVID-19, Coronavirus disease 2019; CT, computed
tomography; DD, D-dimer; DM, diabetes mellitus; FIB-4, fibrosis-4 score; HD, hemodialysis; ICU, intensive care
unit; MV, mechanical ventilation; NPV, negative predictive value; PPV, positive predictive value; RT-PCR, real-
time reverse transcription polymerase chain reaction; SAH, systemic arterial hypertension; SARS- CoV-2, severe
acute respiratory syndrome coronavirus 2.

1. Introduction

Noninvasive tests based on routine biochemical and clinical parameters are valuable tools
for assessing risk stratification in different scenarios. The Fibrosis-4 Score (FIB-4), a fibrosis
score validated for various liver disease etiologies, has also been linked to extrahepatic clinical
outcomes in liver disease patients and several non-liver-related conditions such as intracerebral
hemorrhage and atrial fibrillation (1-5). Recent evidence indicates that FIB-4 has prognostic
value, predicting adverse outcomes in patients with steatotic liver disease and also in
Coronavirus disease (COVID-19), independent of the presence of liver disease (6-12). The
elevation of FIB-4 has been associated with increased disease severity, a greater need for
ventilatory support, and higher 30-day mortality in SARS- CoV-2 infection (12).

On the other hand, since the beginning of the pandemic, COVID-related mortality has
been widely associated with hypercoagulability and an increased risk of venous
thromboembolism events. Therefore, coagulation biomarkers such as D-dimer (DD) have been
linked to disease severity and mortality, and are being used in patient triage, therapeutic
strategies, and prognosis assessment (14). Several studies have shown that elevated DD at
hospital admission can predict severe and fatal outcomes in COVID-19 patients, with moderate
sensitivity and specificity (14, 15).

The FIB-4 is an accessible tool since it uses variables that are low-cost and easily
available in the emergency room, characteristics appropriate for a screening test upon hospital
admission. Instead, the DD is a more expensive marker, not always available in emergency
services. Precise cutoff points of these markers remain undefined, and their combined use has
not been evaluated (11, 13). Therefore, based on the characteristics of the tests, the objective of
this study was to analyze the performance of FIB-4 and DD, both individually and sequentially,

in predicting outcomes in hospitalized COVID-19 patients.

2. Methods
2.1 Study Design and Population

This was an observational longitudinal study including adult all patients diagnosed with
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COVID-19 and admitted to a private tertiary hospital in Rio de Janeiro, Brazil, from March to
December 2020. Patients with confirmed SARS-CoV-2 infection, presenting laboratory tests
(DD and variables that allow the calculation of FIB-4), and chest computed tomography (CT)
imaging at hospital admission were included in this study. Patients hospitalized for other

reasons who acquired the infection during their stay were excluded from study.

2.2 Data Collection and Follow-up
The presence of SARS-CoV-2 infection was verified through the detection of viral RNA

using the real-time reverse transcription polymerase chain reaction (RT-PCR) method. This was
performed on nasopharyngeal and oropharyngeal swabs, specifically targeting the N gene and
RdRP gene regions of the coronavirus genome (Allplex™ assay, Seegene, Seoul, South Korea).
The patients’ clinical, demographic, and laboratory data were collected at the first day of
hospitalization. The patients were followed during hospitalization, and information regarding
their clinical course was recorded throughout their stay until discharge or death. This database
was retrospectively analyzed. The clinical variables analyzed were sex, age and comorbidities
(including systemic arterial hypertension [SAH], diabetes mellitus [DM], chronic obstructive
pulmonary disease [COPD], heart disease, chronic kidney failure, and obesity). Primary
outcome was in-hospital mortality, and secondary outcomes included hospital stay length, ICU
admission and duration, need for hemodialysis, ventilatory support, and extent of lung
involvement. The laboratory data assessed at admission were as follows: DD, quantified
by immunoturbidimetric method, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), evaluated by use of a colorimetric coupled enzyme assay; platelet
count, determined by use of flow cytometry and impedance. FIB-4 was calculated using the
following formula: age x AST/platelet x VALT (16).

The degree of lung involvement was evaluated using CT scans conducted upon
admission. The CT reports followed a standardized format based on the Radiological Society
of North America's expert consensus guidelines for reporting chest CT findings associated with
COVID-19 (17). The CT scans were reviewed by a single radiologist, who was blinded to the
clinical data. The findings were categorized as less than 50% or greater than or equal to 50% of

lung involvement.

2.3 Statistical Analysis

Continuous variables were reported as mean, while discrete variables were present as
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absolute (n) and relative frequency (%). Comparisons between independent groups were
evaluated using the Mann-Whitney and Chi-square tests for quantitative and qualitative
comparisons, respectively. The analysis was performed using SPSS version 29.0.2.0 (20), a
product of IBM Corporation. The performance of FIB-4 and DD in predicting mortality was
assessed using the area under the ROC curve (AUROC). ROC curve comparisons were
performed using the DeLong et al. test, implemented in the MedCalc program, version 22.009
(2023, Windows). Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated. The significance level was set at p<0.05 for two-tailed
tests.

The relationship between FIB-4 and DD levels with primary and secondary outcomes was
analyzed. Their performance in predicting hospital mortality was compared through ROC curve
analysis. Optimal cutoff points for FIB-4 and DD were established, aiming to maximize
sensitivity and specificity. To better identify a subgroup of patients with more severe disease
and optimize resource allocation, we evaluated the combined use of FIB-4 and DD. The test
with the highest performance in the ROC curve analysis was selected as the initial approach,
considering a high-sensitivity cutoff point defined as 90%, suitable for an initial test. The
second test was then analyzed to identify a high-specificity cutoff point, also set as 90%, for
use in a subsequent step. Finally, we assessed the combined performance of FIB-4 and DD in

predicting in-hospital mortality.

3. Results

Among the 610 patients assessed, 524 hospitalized with a diagnosis of COVID-19 who
had available laboratory tests and chest CT scans were included, as shown in figure 1. Eighty-
six patients were excluded due to missing DD measurement and/or data required for calculating
FIB-4 score and/or a CT scan at hospital admission. Additionally, six patients hospitalized for
other reasons who were diagnosed with COVID-19 during their stay were excluded. In total,

data from 518 patients were analyzed in the study.

3.1 Demographical and clinical characteristics of the patients included

The demographical and clinical findings are described in Table 1, showing a
predominance of men and a high average age.

The global in-hospital mortality rate was 18%. Regarding clinical course, 69% of the
patients were admitted to the ICU, 21% required MV, and 15% needed HD during their
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hospitalization.

3.2 FIB-4 score and D-dimer

With the objective of comparing the two tests, the ROC curves for predicting in-hospital
mortality were analyzed. FIB-4 demonstrated superior performance compared to DD (0.76 vs.
0.65; p=0.003), as shown in Figure 2, and was selected as the first step in the sequential analysis.

In order to achieve a sensitivity of 90% in predicting in-hospital mortality, the cutoff point
for FIB-4 was set at 1.76, producing a specificity of 43%, a PPV of 26%, and a NPV of 95%.
For the sequential test, DD was used. To establish a specificity of 90%, the cutoff point was set
at 2000 ng/mL., producing a sensitivity of 25%, a PPV of 38%, and a NPV of 84%.

Table 2 shows the relationship between FIB-4 and DD, respectively, with primary and
secondary outcomes. FIB-4 at a cutoff point of 1.76 distinguished groups with higher mortality
rates (26% vs. 5%, p<0.001), as did DD at a cutoff point of 2000ng/mL (38% vs. 16%, p<0.001).
Regarding secondary outcomes, elevated levels of FIB-4 were associated with a adverse
prognosis, including a greater need for intensive support, MV, HD, and more extensive
pulmonary involvement. Similarly, DD values > 2,000 ng/mL were correlated with higher ICU
admission, and the need for MV and HD, compared to those with lower DD levels.

In the combined analysis, as shown in Table 3, the subgroup of patients with both elevated
FIB-4 and DD levels had a mortality approximately twice as high as that identified by elevation
of FIB-4 alone (HR, 1.974 [95% IC, 1.208-3.227]).

4. Discussion

This study, involving a large cohort of hospitalized COVID-19 patients, proposed a new
highly sensitive FIB-4 cutoff point of 1.76 as an initial tool for screening severe cases upon
hospital admission. A FIB-4 score > 1.76 was strongly associated with a worse COVID-19
prognosis, indicating increased requirements for ICU support, hemodialysis, mechanical
ventilation, greater lung involvement, and higher overall mortality risk. Furthermore, in our
analysis of DD and its relationship with outcomes, patients with DD levels > 2000 ng/mL
exhibited higher mortality rates, increased ICU admission, and greater need for hemodialysis
and mechanical ventilation compared to those with DD < 2000 ng/mL. The cutoff point of 1.76
was selected for its high sensitivity, as indicated by the ROC curve, making it suitable for
screening purposes. The sequential approach of combining FIB-4 with DD revealed that high
DD levels among patients with FIB-4 > 1.76 effectively identified individuals with higher
mortality rates, approximately twice as high as those identified by elevated FIB-4 alone. This
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sequential combination, analyzed for the first time in the literature, represents a comprehensive
strategy to better identify high-risk COVID-19 patients upon hospital admission, potentially
minimizing unnecessary DD testing in patients initially classified by FIB-4 as low-risk for
adverse outcomes.

Since the beginning of the pandemic, many studies have assessed risk factors for severe
outcomes in COVID-19 with the aim of better allocating resources and defining levels of
support. Early identification of patients at risk for disease progression is a major concern among
clinicians, for developing management strategies to prevent mortality. Several researchers have
focused on DD, reporting its significant increase in severe cases and non- survivors compared
to non-severe patients and survivors (1). DD have emerged as useful marker in risk assessment,
helping to identify COVID-19 patients at higher risk of complications (14, 15, 18). A meta-
analysis involving 100 studies demonstrated the relationship between elevated DD levels and
disease severity, combined endpoints, and mortality outcomes (1). Several other studies have
also linked elevated DD levels with increased severity and adverse outcomes in COVID-19 (15,
19-21). Another meta-analysis, conducted by Zhan et al., included 29 studies and evaluated the
performance of DD in assessing severity, mortality, and the presence of thromboembolic
events. The results demonstrated high sensitivity (77%, 75%, and 90%, respectively) and
specificity (71%, 83%, and 60%, respectively) for these endpoints (14).

Different cutoff points for DD have been proposed, highlighting its predictive value and
correlation with disease severity (15, 21). These variations arise from differences in study
populations, methodologies, and clinical settings. A study conducted by Zhou F et al. in 2020,
analyzing a cohort of 191 patients, documented through logistic regression that older age,
elevated SOFA scores, and DD greater than 1000 ng/mL at admission were associated with an
18-fold higher mortality risk compared to those with lower DD levels (15). In contrast, Yao et
al. retrospectively analyzed DD upon admission and identified that a cutoff value > 2000 ng/mL
predicted in-hospital mortality with a sensitivity of 88.2% and specificity of 71.3% (21). A
Chinese study involving 1114 patients evaluated the performance of DD before discharge or
death in predicting mortality, instead of the first test at admission, using a cutoff value of 2025
ng/mL, and found an AUROC of 0.909 (1). In our study, we used a cutoff point of 2000 ng/mL,
which showed high specificity in the ROC curve analysis. This makes it suitable for use as a
second-step test, and it correlated well with the primary outcome and most of the secondary
outcomes. Disadvantages related to the use of DD as a prognostic tool include its unavailability
in some emergency services, high cost, and low specificity, which can be influenced by factors

such as age, pregnancy, neoplasia, and inflammation, among others (23, 24).
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On the other hand, the FIB-4 score is a non-invasive and simple tool with established
performance in assessing liver fibrosis. Recent publications have demonstrated its relationship
with COVID-19 prognosis, independent of liver disease (11, 25, 26). FIB-4 is not only a marker
of liver fibrosis but is also associated with coagulation disorders, systemic inflammation, and
oxidative stress due to the use of variables such as age, platelets, ALT, and AST in its formula
(3, 13, 27-29). Some studies suggest that the value of FIB-4 lies in combining these variables
to account for the multifactorial clinical manifestations of COVID-19, making the FIB-4 score
a better predictor of prognosis than any component alone (13, 30, 31).

There is still no consensus on the ideal cutoff point for FIB-4 in the assessment of patients
with COVID-19. Numerous studies assessing the performance of FIB-4 in the prognostic
evaluation of COVID-19 patients have extrapolated findings from studies on steatotic liver
disease and used cutoff points ranging from 2.67 to 4.95, with the majority adopting 2.67 as the
cutoff point (1, 11, 13, 32-36). In the study by Ibafiez-Samaniego et al., FIB-4 > 2.67 was
associated with a higher percentage of mechanical ventilation and was considered an
independent risk factor (1). Similarly, in the study by Bucci et al., FIB-4 > 3.25 was associated
with increased mortality, and the ROC analysis for mortality showed that FIB-4 had a higher
predictive value than AST (p = 0.0018) and ALT (p < 0.0001) (32). Our study proposed the use
of a different cutoff point for FIB-4. The cutoff point of 1.76 was chosen based on the ROC
curve analysis due to its high sensitivity, making it ideal for use as the first step in a sequential
approach. It was successful in identifying high-risk COVID-19 patients at hospital admission.

Our study confirms the role of FIB-4 and DD in predicting outcomes in hospitalized
COVID-19 patients using a new, more sensitive FIB-4 cutoff point. Additionally, it highlights
the effectiveness of sequentially analyzing FIB-4 and DD to identify patients at higher risk of
in-hospital mortality. This strategy, which prioritizes assessing DD only in patients with
elevated FIB-4, offers an efficient and cost-effective method for identifying those at greater risk.
By adopting this approach, we would save 191 DD tests from those with low FIB-4 and a lower
probability of death, which could be especially valuable in developing countries with limited
financial resources. This approach carries a risk of misidentifying only 9 deaths in this group,
representing 4.7% of the low FIB-4 patients and 1.7% of the global population. Additionally,
assessing DD in the low-risk group (FIB-4 < 1.76) did not significantly improve the
identification of patients at risk of death, as only 2 patients who died in this group had DD >
2000 ng/mL.

Identifying predictors of severe outcomes is crucial, even after vaccination. While it

significantly reduces the risk of severe COVID-19, breakthrough infections can still occur,
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particularly in high-risk groups such as the elderly, immunosuppressed individuals, or those
with multiple comorbidities (37). Recognizing predictors of severe outcomes can help better
target interventions like booster doses and early treatment options (37). Continuous monitoring
and research into predictors of severe COVID-19 are essential for updating guidelines and
improving patient outcomes as the virus evolves and new variants emerge (37).

Some limitations can be pointed out as the inclusion of a single center, which may limit
the generalizability of our findings, and the retrospective design, which prevents us from
incorporating new or additional variables that could have provided further insights during the
follow-up period. The lack of information regarding alcohol consumption may also represent a
limitation, as alcoholic patients could present baseline elevations in aminotransferases. And
finally, it should be mentioned that our findings were based on a hospitalized COVID-19
population, and their use in outpatient settings need to be validated. Further multi-center studies
are needed to validate and extend our findings, ensuring that they are applicable across diverse

clinical settings and populations.

5. Conclusions

This study proposed a new highly sensitive FIB-4 cutoff point as an initial tool for
COVID-19 risk assessment at hospital admission and demonstrated that the sequential
combination of FIB-4 and DD represents a comprehensive strategy for identifying patients at
higher risk for poor outcomes. This approach allows for optimized use of DD, potentially
reducing unnecessary testing in patients initially classified by FIB-4 as low-risk for poor

outcomes, thus representing a cost-effective prognostic assessment strategy.
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TABLES:

Table 1. Demographical and clinical characteristics of the patients (n=518)

Male sex, %

Age, years

Older than 60 years, %

Presence of two or more comorbidities, %
SAHT, %

Obesity, %

DM, %

Heart disease, %

Kidney failure, %

COPDS, %

332 (64)
61+16
273 (53)
357 (69)
269 (52)
207 (40)
166 (32)
73 (14)
31 (6)

21 (4)

Abbreviations: TSAH, systemic arterial hypertension; *DM, diabetes mellitus; SCOPD, chronic obstructive pulmonary

disease.
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Table 2. Comparison of primary and secondary outcomes of patients with low and high FIB-4" and DD

Total FIB-4<1.76 FIB-4>1.76 p-value

(n=518) (n=191) (n=327)
Mortality (n, %) 95 (18%) 9 (5%) 86 (26%)  <0.001
Hospital length of stay (days) 14+ 17 9+12 16 +19 <0.001
ICU* admission (n, %) 358 (69%) 120 (63%) 238 (73%)  0.018
ICU length of stay (days) 12+ 15 8+9 14 + 17 <0.001
Hemodialysis (n, %) 76 (15%) 7 (4%) 69 (21%) <0.001
Mechanical ventilation (n, %) 106 (21%) 17 (9%) 89 (27%) <0.001
Lung involvement on chest CTS>50% 67 (13%) 11 (6%) 56 (17%) <0.001

DD<2000
(n=454)
71 (16%)

13+17
301 (66%)

12+16
57 (13%)
81 (18%)
45 (12%)

DD>2000
(n=64)
24 (38%)

16+ 16
57 (89%)
10+ 10
19 (30%)
25 (39%)
9 (20%)

p-value

<0.001
0.160
0.018
0.311

<0.001

<0.001
0.117

Abbreviations: SCT, computed tomography; 'DD, D-dimer; “FIB-4, fibrosis-4 score; ¥ICU, intensive care unit.
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DD < 2000 (n=281) 217 (T7%) 64 (23%)

FIB-4 > 176 DD > 2000 (n=46) 24 (52%) 22 (48%) <0.001
Total = 327 241 (73%) 86 (26%)

Total (n=518) 423 95 <0.001

Abbreviations: FIB-4, fibrosis-4 score; DD, D-dimer.

52



FIGURE LEGEND:

Figure 1. Flowchart of patients included in the study.

Figure 2. Analyze of the performance of FIB-4 and DD in predicting in-hospital mortality
through ROC curve analysis.

Figure 1.

610 patients hospitalized with the diagnosis of COVID-19 from March to
December 2020

86 patients were excluded due to the
absence of DD measurements or data for
calculating FIB-4

524 patients hospitalized with the diagnosis of COVID-19
inserted into database

6 patients who developed COVID-19 during
hospitalization were excluded
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Figure 1. Flowchart of patients included in the study. DD, d-dimer; FIB-4, fibrosis-4 score
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Figure 2. Analyze of the performance of FIB-4 and DD in predicting in-hospital mortality through ROC
curve analysis
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4. DISCUSSAO

A presente tese de doutorado realizou uma analise retrospectiva detalhada de uma grande
coorte de pacientes hospitalizados com diagnoéstico de COVID-19 em um tnico hospital
privado do Rio de Janeiro. O objetivo foi avaliar o impacto da SLD e da elevacao de marcadores
ndo invasivos, como o FIB-4 e o DD, no curso clinico e no prognostico da COVID-19,
possibilitando uma abordagem terapé€utica diferenciada, com alocagao racional de recursos.

Visando contemplar estes objetivos foram realizados dois estudos. O primeiro, de forma
pioneira no Brasil, comparou pacientes com e sem SLD, diagnosticados por tomografia
computadorizada, em um contexto de elevada gravidade clinica, e ndo demonstrou diferenca na
evolucdo clinica ou desfecho. O segundo estudo buscou uma estratégia de uso mais racional de
marcadores séricos, adequada para utilizagdo em situagcdes de menor disponibilidade de
recursos. Aplicando a combina¢do de dois marcadores isoladamente estabelecidos como uteis
na avalia¢do prognostica na COVID-19, foi possivel estabelecer uma estratégia custo efetiva
na selecdo de pacientes de maior gravidade.

No inicio da pandemia da COVID-19, a obesidade foi considerada fator de risco
significativo para um curso clinico desfavoravel, resultando em maior vigilancia clinica e
internacdo precoce de pacientes obesos (GAO; ZHENG; WANG; SUN ef al., 2020; SINGH;
BILAL; PAKHCHANIAN; RAIKER et al., 2020; SOEROTO; SOETEDJO; PURWIGA;
SANTOSO et al., 2020). A desregulagdo da resposta imune nas infecgdes respiratorias e o
impacto na func¢do ventilatoria foram associados a maior morbimortalidade (SINGH; BILAL;
PAKHCHANIAN; RAIKER et al., 2020; SOEROTO; SOETEDJO; PURWIGA; SANTOSO et
al., 2020). No entanto, alguns estudos subsequentes sugeriram um possivel efeito paradoxal da
obesidade, indicando que pacientes com obesidade moderada poderiam ter menor risco de
mortalidade, enquanto os efeitos negativos seriam marcantes em pacientes com obesidade grau
3 (IMC > 40 kg/m2) (DANA; BANNAY; BOURST; ZIEGLER et al., 2021; KIM, 2022).

Considerando a relacdo significativa entre obesidade, sindrome metabdlica e SLD, e os
resultados controversos sobre como essas condi¢des clinicas influenciam o curso da infec¢ao
pelo SARS-CoV-2, estudos subsequentes buscaram definir o impacto do SLD no desfecho da
COVID-19, com resultados conflitantes (CHEN; HAWA; BERINSTEIN; REDDY et al., 2021;
DIETRICH; GEIER; MERLE, 2023; GAO; ZHENG; YAN; SUN et al., 2021; HAYAT;
ASHFAQ; JOHNSON; FORD et al., 2022; LOPEZ-MENDEZ; AQUINO-MATUS; GALL;
PRIETO-NAVA et al., 2021; PARLAK; CIVGIN; BESLER; KAYIPMAZ, 2021; TARGHER;
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MANTOVANI;, BYRNE; WANG et al, 2020; TRIPON; BILBAULT; FABACHER;
LEFEBVRE et al., 2022; ZHOU; ZHENG; WANG; SUN et al., 2020; ZIAEE; AZARKAR;
ZIAEE, 2021).

Um dos maiores desafios no estudo da SLD e na interpretacéo de seu papel no desfecho
da COVID-19 é a heterogeneidade dos métodos diagnosticos. Varios estudos aplicaram escores
ndo invasivos, como o HSI, DSI e FIB-4, que incluem os niveis de aminotransferases no seu
calculo, potencialmente superestimando a prevaléncia ou a gravidade da SLD, devido a injaria
hepética que pode ocorrer na COVID-19 (CHANG; JEON; SONG; KIM, 2022; CHEN;
HAWA; BERINSTEIN; REDDY et al., 2021; FORLANO; MULLISH; MUKHERJEE;
NATHWANI et al., 2020; JI; QIN; XU; ZHANG et al., 2020; LOPEZ-MENDEZ; AQUINO-
MATUS; GALL; PRIETO-NAVA et al., 2021; MOCTEZUMA-VELAZQUEZ; MIRANDA-
ZAZUETA; ORTIZ-BRIZUELA; GARAY-MORA et al., 2022; MUSHTAQ; KHAN; IQBAL;
ALSOUB et al., 2021). Estudo mexicano de Velasquez et al., por exemplo, utilizou 0 HSI como
método diagndstico e encontrou uma prevaléncia de SLD de 76%, maior do que o relatado na
populagdo mexicana (MOCTEZUMA-VELAZQUEZ; MIRANDA-ZAZUETA; ORTIZ-
BRIZUELA; GARAY-MORA et al., 2022). Ademais, estudos anteriores (GUAN; NI; HU,;
LIANG et al., 2020; LEI; LIU; ZHOU; QIN et al.,, 2020; MANTOVANI; BEATRICE;
DALBENI, 2020), incluindo estudo do nosso grupo (POZZOBON; PERAZZO; BOZZA,
RODRIGUES et al., 2021), mostraram que a injdria hepatica e, consequentemente, a elevagao
das aminotransferases podem ser marcadores de gravidade da COVID-19. Portanto, o uso de
escores diagnasticos para SLD que incluem os niveis de aminotransferases em suas formulas de
calculo poderia identificar equivocadamente casos mais graves de COVID-19 como casos de
SLD. Todas as questdes mencionadas dificultam a interpretacao dos resultados e salientam a
necessidade de analises mais aprofundadas e precisas que possibilitem esclarecer a relagao entre
SLD e COVID-19.

No primeiro estudo foi realizada uma avaliacdo detalhada de SLD com célculo do
coeficiente de atenuagao por TC em quatro pontos distintos do parénquima hepético, aferido
por um Unico radiologista, reduzindo as variabilidades interobservador e intraparenguimatosa.
A TC representa um método bem estabelecido e mais confidvel do que os marcadores séricos,
oferecendo maior sensibilidade e especificidade em comparagao a US para o diagnostico de
SLD (BOHTE; VAN WERVEN; BIPAT; STOKER, 2011; MEDEIROS; BARBISAN; CRUZ;
DE ARAUJO et al., 2020). Além disso, a TC é mais acessivel no contexto de isolamento
respiratorio imposto pela COVID-19.
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Foi identificada a presenga de SLD em 30% dos pacientes, semelhante a prevaléncia
latino-americana (OLIVEIRA; SANTOS; MACHADO; MALTA et al., 2020; YOUNOSSI;
TACKE; ARRESE; SHARMA et al., 2019). Pacientes com SLD apresentaram maior
percentual de injaria hepatica, evidenciada por niveis mais elevados de AST na admissao
hospitalar e durante a hospitalizagao, em comparagdao com pacientes sem SLD. Esses dados
estdao de acordo com os relatados por Huang et al. em estudo chinés de 2020 envolvendo 19
hospitais (HUANG; ZHU; WANG; XUE et al., 2020). Além disso, foi observada uma maior
frequéncia de admissao em UTI no grupo com SLD, o que deve ser analisado com cuidado,
pois pode refletir questdes relacionadas ao gerenciamento de leitos ou a necessidade de
isolamento respiratorio, e nao apenas a gravidade da doenga. Alem disso, a maior frequéncia
de admissao em UTI pode refletir uma maior preocupacdo da equipe médica com um possivel

curso clinico desfavoravel, visto que este grupo apresentava maior percentual de obesos.

Em relacdo ao desfecho, a mortalidade intra-hospitalar geral no presente estudo foi de
19%, semelhante ao observado em algumas publicacbes (CHEN; HAWA; BERINSTEIN;
REDDY et al., 2021; GRASSELLI; ZANGRILLO; ZANELLA; ANTONELLI et al., 2020;
GUPTA; HAYEK; WANG; CHAN et al., 2020; WANG; HU; HU; ZHU et al., 2020; YANG,;
YU; XU; SHU et al., 2020). No entanto, um estudo multicéntrico brasileiro com expressiva
casuistica de pacientes de centros terciarios publicos encontrou mortalidade mais elevada (27%)
(PERAZZO; CARDOSO; RIBEIRO; MOREIRA et al., 2022). Outro estudo brasileiro
(PORTELA; MARTINS; LIMA; DE ANDRADE; DE AGUIAR PEREIRA, 2023), realizado
entre 2020 e 2022 em institui¢des pablicas, privadas e filantrdpicas de todas as regides do pais,
mostrou uma taxa de mortalidade intra-hospitalar por COVID-19 de 32%, superior a do estudo
atual. E importante ressaltar que, apesar da gravidade clinica dos pacientes, com uma taxa
significativa de admissdes em UTI, dos quais 20% com necessidade de VM e 15% de
hemodialise, nossa amostra consistiu exclusivamente por casos de um hospital privado da
Regido Sudeste do Brasil. Hospitais privados tendem a dispor de melhores estruturas
hospitalares e de UTI em comparacao com hospitais publicos e de outras regides do pais, o que
pode explicar a menor mortalidade observada no presente estudo em comparagéo aos estudos
de Portela et al e Perazzo et al (PORTELA; MARTINS; LIMA; DE ANDRADE; DE AGUIAR
PEREIRA, 2023).

Poucos estudos investigaram o impacto do SLD na COVID-19 usando a TC para o seu
diagndstico através do célculo do coeficiente de atenuagdo (GAO; ZHENG; YAN; SUN et al.,
2021; MAHAMID; NSEIR; KHOURY; MAHAMID et al., 2021; NATH; KUMAR,;
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MALLICK; DAS et al., 2022; PARLAK; CIVGIN; BESLER; KAYIPMAZ, 2021; TARGHER,;
MANTOVANI; BYRNE; WANG et al., 2020, ZHOU; ZHENG; WANG; SUN et al., 2020;
ZIAEE; AZARKAR; ZIAEE, 2021); a maioria deles encontrou associagao entre SLD e
gravidade da COVID-19, diferindo dos nossos achados. Zhou et al. demonstraram correlagao
entre SLD e gravidade da COVID-19 avaliando pacientes mais jovens que os nossos (ZHOU;
ZHENG; WANG; SUN et al., 2020). Parlak et al. avaliaram 343 pacientes hospitalizados em
um desenho semelhante ao do presente estudo e identificaram que a SLD, diagnosticada através
do coeficiente de atenuacao, foi um preditor independente de mortalidade e correlacionou-se
com pior acometimento pulmonar (PARLAK; CIVGIN; BESLER; KAYIPMAZ, 2021). De
forma semelhante, Targher et al. (TARGHER; MANTOVANI; BYRNE; WANG et al., 2020)
relataram maior gravidade da COVID-19 no subgrupo de pacientes com SLD e FIB-4
intermedidrio/alto, embora o uso das aminotransferases no calculo do FIB-4 pode ter
influenciado a andlise, ja que a injuria hepatica pode ser multifatorial no contexto de infec¢des
virais. Gao et al. também identificaram associacdo entre SLD e gravidade da COVID-19 no
subgrupo de pacientes com niveis elevados de interleucina-6 (GAO; ZHENG; YAN; SUN et
al., 2021). Por ultimo, estudo israelense encontrou associagdo entre SLD e gravidade da
COVID-19; todavia, a metodologia empregada ndo foi homogénea, com uso da TC em 59%
dos pacientes ¢ documentacdo médica relatando a presenga de SLD em 41% dos casos
(MAHAMID; NSEIR; KHOURY; MAHAMID et al., 2021).

Em consonancia com nossos achados, um estudo chinés comparou 587 pacientes
hospitalizados por COVID-19 com 587 controles que realizaram TC antes da pandemia,
encontrando maior tempo de internagéo e gravidade de acometimento pulmonar em pacientes
com SLD, sem associacao significativa com mortalidade intra-hospitalar (ZIAEE; AZARKAR,;
ZIAEE, 2021). Finalmente, estudo de Nath et al. também apresentou resultados semelhantes
aos nossos e nao demonstrou associagao entre SLD e piores desfechos (NATH; KUMAR;
MALLICK; DAS et al.,, 2022). Cabe ressaltar que este estudo avaliou uma populagiao
hospitalizada de menor mortalidade, sugerindo menor gravidade clinica em comparagao ao

presente atual.

Portanto, os estudos que utilizaram a CT para o diagnostico de SLD na COVID-19
apresentaram metodologia heterogénea ou avaliaram populagdes com baixa prevaléncia de
SLD e/ou menor gravidade clinica (GAO; ZHENG; YAN; SUN et al., 2021; MAHAMID;
NSEIR; KHOURY; MAHAMID et al., 2021; NATH; KUMAR; MALLICK; DAS et al., 2022;
PARLAK; CIVGIN; BESLER; KAYIPMAZ, 2021; TARGHER; MANTOVANI; BYRNE;
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WANG et al., 2020; ZHOU; ZHENG; WANG; SUN et al., 2020; ZIAEE; AZARKAR; ZIAEE,
2021). O presente estudo foi pioneiro no Brasil, avaliando uma grande coorte de pacientes com
elevada gravidade e SLD diagnosticada por TC. Nao foi identificada associa¢do entre a SLD e
a gravidade clinica da COVID-19. O curso clinico da infec¢ao nos grupos com e sem SLD foi
semelhante em relagdo ao tempo total de internagao hospitalar e em UTI, necessidade de VM e
HD, bem como extensao do comprometimento pulmonar. Adicionalmente, ndo houve
associagdo entre SLD e mortalidade intra-hospitalar nesta amostra.

Visando contemplar o segundo objetivo da tese, o segundo estudo avaliou o papel do FIB-
4 e DD como marcadores progndsticos em pacientes hospitalizados por COVID-19. O estudo
baseou-se na avaliagdo dos marcadores de forma isolada e na combinagdo sequencial deles,
com objetivo de selecionar pacientes de maior gravidade.

Os marcadores FIB-4 e DD tém se destacado como ferramentas Uteis na avaliagao
prognostica de pacientes com COVID-19, buscando identificar fatores de risco para desfechos
adversos (AO; LI; LI; DU et al., 2022; BUCCI; GALARDO; GANDINI; VICARIO et al.,
2022; CRISAN; AVRAM; GRAPA; DRAGAN et al., 2021; HE; YAO; CHEN; WANG et al.,
2021; PRANATA; YONAS; HUANG; LIM et al., 2021; VARIKASUVU; VARSHNEY;
DUTT; MUNIKUMAR et al., 2021; YAO; CAO; WANG; SHI et al., 2020; ZHAN; CHEN;
LIU; CHENG et al., 2021).

Desde o inicio da pandemia, a mortalidade na COVID-19 tem sido relacionada a
hipercoagulabilidade e ao maior risco de eventos tromboembolicos. Biomarcadores de
coagulacdo, como o DD, foram relacionados a pior prognostico, sendo utilizados na triagem de
pacientes, definicao de estratégias terapéuticas e avaliagdo prognostica (ZHAN; CHEN; LIU;
CHENG et al., 2021). Meta-analise com 100 estudos identificou uma associagao entre 0s niveis
de DD e a gravidade da doenca, desfechos combinados e mortalidade (VARIKASUVU;
VARSHNEY; DUTT; MUNIKUMAR et al., 2021). Outros estudos associaram niveis elevados
de DD a maior gravidade e piores desfechos na COVID-19 (HE; YAO; CHEN; WANG et al.,
2021; YAO; CAO; WANG; SHI et al., 2020; ZHAN; CHEN; LIU; CHENG et al., 2021;
ZHOU; YU; DU; FAN et al., 2020).

Os pontos de corte do DD na avaliagdo prognostica da COVID-19 variam entre 0s
estudos, refletindo a falta de consenso sobre o valor ideal para prever desfechos adversos
(YAO; CAO; WANG; SHI et al., 2020; ZHOU; YU; DU; FAN et al., 2020). Tang et al.
observaram que pacientes com COVID-19 e niveis de DD superiores a 500 ng/mL

apresentavam um risco aumentado de desenvolver complicagdes tromboembolicas (TANG; LI;
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WANG; SUN, 2020). Da mesma forma, Zhou et al. relataram que pacientes com niveis de DD
superiores a 1000 ng/mL apresentavam uma taxa de mortalidade significativamente mais alta
(ZHOU; YU; DU; FAN et al., 2020). Yao et al. também demonstraram que niveis superiores a
2000 ng/mL estavam associados a um risco elevado de 6bito, justificando intervengdes mais
agressivas (YAO; CAO; WANG,; SHI et al., 2020).

Outro marcador prognostico nao invasivo, o FIB-4 tem sido apontado por evidéncias
recentes como preditivo de eventos adversos, tanto em pacientes com SLD quanto em pacientes
com COVID-19 (ANGULO;BUGIANESI; BJORNSSON; CHARATCHAROENWITTHAYA
et al., 2013; HAGSTROM; NASR; EKSTEDT; STAL et al., 2019; KIM; KIM; KIM;
THERNEAU, 2013; ONNERHAG; HARTMAN:; NILSSON; LINDGREN, 2019; PRANATA;
YONAS; HUANG,; LIM et al., 2021; STERLING; OAKES; GAL; STEVENS et al., 2020;
VIEIRA BARBOSA; MILLIGAN; FRICK; BROESTL et al., 2022). O FIB-4 foi associado a
maior gravidade da doenga, maior necessidade de VM e maior mortalidade em 30 dias em
pacientes infectados pelo SARS-CoV- 2 (STERLING; OAKES; GAL; STEVENS et al., 2020).
Ainda nao ha consenso sobre o ponto de corte ideal para o FIB-4 na avaliagao de pacientes com
COVID-19 (AO; LI; LI; DU et al., 2022; BUCCI; GALARDO; GANDINI; VICARIO et al.,
2022; IBANEZ-SAMANIEGO; BIGHELLI; USON; CARAVACA et al., 2020; PRANATA;
YONAS; HUANG; LIM et al., 2021). A maioria dos estudos que analisou o desempenho do
FIB-4 na avaliagao prognoéstica de pacientes com COVID-19 extrapolou os achados de
estudos sobre SLD e adotou valores que variaram de 2,67 a 4,95, sendo 2,67 0 mais comumente

utilizado.

O presente estudo investigou o papel do FIB-4 e do DD na predicdo de mortalidade e
ambos se associaram a desfechos adversos. Na analise da AUROC, o FIB-4 demonstrou um
desempenho superior ao DD e foi utilizado como o teste inicial para a avaliacao na admissao
hospitalar. Este estudo também prop6s um novo ponto de corte para o FIB-4 — 1,76 — com
sensibilidade de 90% na andlise da curva ROC. O ponto de corte de 1,76 foi escolhido por
representar uma sensibilidade de 90% na analise da curva ROC, com um valor preditivo
negativo de 95%, ideal para testes de rastreio. Na analise sequencial, foi utilizado o ponto de

corte de 2000 para o DD, com especificidade de 90% na analise da curva ROC.

Na analise individual dos marcadores, niveis elevados de FIB-4 associaram-se a pior
prognostico: maior necessidade de suporte intensivo, VM, HD, maior extensdo de

comprometimento pulmonar e maior mortalidade. De forma semelhante, valores de DD >2.000
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ng/mL correlacionaram-se com maiores taxas de mortalidade, admisséo em UT]I, necessidade

de VM e HD, em comparagdo com aqueles com niveis mais baixos de DD.

A abordagem combinada de FIB-4 e DD, realizada pela primeira vez na literatura, revelou
que a presenca de niveis elevados de DD entre pacientes com FIB-4 > 1,76 identificou
individuos com taxas de mortalidade significativamente maiores do que aqueles identificados
apenas pelo FIB-4 elevado. Essa combinagao representa uma estratégia atil para identificar
pacientes de alto risco na admissao hospitalar, minimizando a realizacdo de dosagens
desnecessarias de DD em pacientes avaliados pelo FIB-4 como de baixo risco (FIB-4 < 1,76).
Os pacientes com FIB-4 baixo apresentaram uma mortalidade de apenas 5%. Neste subgrupo,
a dosagem de DD contribuiu pouco para a identificacao de pacientes de maior risco, uma vez

que, entre 0s 9 pacientes que evoluiram para 6bito, apenas 2 apresentavam DD elevado.

As limitagdes do estudo atual incluem a utilizagao de uma coorte de um unico hospital, o
que dificulta a generalizagao dos resultados, pois os achados podem nao ser aplicaveis a outras
populagbes ou contextos. Além disso, o desenho retrospectivo do estudo impde restrigdes, como

a impossibilidade de adicionar novas variaveis ou controlar possiveis fatores de confusao.

Desta maneira, utilizando a TC, um método com menor variabilidade e maior acurécia no
diagnostico da SLD, o presente estudo nao encontrou evidéncias de relacao entre a presenca de
SLD e pior curso clinico ou desfecho em pacientes hospitalizados por COVID-19. A avaliagao
dos marcadores nao invasivos reafirmou o papel do FIB-4 e do DD na predigao de desfechos
adversos, propondo um novo ponto de corte de alta sensibilidade para o FIB-4. Além disso,
nossos achados indicam que a combinagdo sequencial do escore FIB-4 e do DD ¢ eficaz na
estratificacao de risco, oferecendo uma abordagem racional do uso de recursos para identificar

pacientes de alto risco.
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5. CONCLUSOES

5.1 A presenca de SLD ndo se associa a desfecho desfavoravel em pacientes
hospitalizados por COVID-19. O curso clinico dos grupos com e sem SLD ¢ comparavel em
termos de duragdo da internacdo hospitalar e na UTI, necessidade de ventilagdo mecanica e

hemodialise, bem como de extensdo do comprometimento pulmonar.

5.2 A elevagdo dos marcadores FIB-4 ¢ DD na admissao hospitalar foi associada a
piores desfechos em pacientes com COVID-19. A combinagdo sequencial destes marcadores
mostrou-se eficaz na identifica¢ao de pacientes com elevada taxa de mortalidade, representando
uma abordagem mais racional na estratificacdo de risco. Esta estratégia evita o uso de DD, um
método de custo mais elevado e de disponibilidade varidvel, em pacientes classificados como de

menor risco (baixos valores de FIB-4), proporcionando um manejo mais racional de recursos.
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7. ANEXOS

7.1 SOLICITACAO DE DISPENSA DE TERMO DE CONSENTIMENTO
LIVRE E ESCLARECIDO

INSTITUTO D'OR DE PESQUISA E ENSINO
UNIDADE RESPONSAVEL: HOSPITAL BARRA D'OR

SOLICITACAO DE DISPENSA DE TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu, FERNANDA MANHAES POZZOBON, responsivel pela pesquisa intitulada “Prevaléncia de
DHGMA ¢ sua relagio com fatores metabolicos, achados laboratoriais, padrio de acometimento pulmonar e
desfecho clinico na infecgdio pelo SARS-CoV-2", solicito a0 Comité de Etica em Pesquisa — CEP, a dispensa
do Termo de Consentimento Livre ¢ Esclarecido — TCLE, conforme justificativa exposta abaixo.

() presente estudo trate-se de andlise retrospectiva de banco de dados, com obtengdo de dados
secundarios (prontuirios eletrénicos de pacientes). Adicionalmente, em se tratar de pacientes com infecgio
documentada por SARS CoV-2, a presenga do pesquisador ndio era permitida ¢ nio havia contato com
qualguer familiar do paciente. Assim, diante da impossibilidade justificavel de obtengio da anuéncia do
participante, o pesquisador responsavel devera declarar:

a) Que o acesso aos dados registrados em prontudrio de pacientes ou em bases de dados para fins da pesguisa
cientifica serd feito somente apds aprovagio do projeto de pesquisa pelo Comité de Etica em Pesquisa;

b) Assegurar o compromisso com a privacidade ¢ a confidencialidade dos dados utilizados preservando
integralmente o anonimato ¢ a imagem do participante (se for o caso);

¢} Assegurar a confidencialidade ¢ nio utilizagio das informagGes obtidas para o estudo proposto em prejuizo
dos participantes diretos e indiretos;

d) Os dados obtidos na pesquisa serdo usados exclusivamente para finalidade prevista no protocolo.

Devido 4 impossibilidade de obtengdo do TCLE (Termo de Consentimento Livre Esclarecido) de

todos os participantes, assino este termo para salvaguardar seus direitos.

Fermanda Manhdes Pozzobon
Rio de Janeiro 24 de janeiro de 2023

Fermanda Manhaes Porzobon

Heaspiial Universitirio Lowre Wanderley — 2 andar - Campus | da Usiversidade Pederal da Paralkba
R Tab Stamislon Eloy, £'m® Haire Castelo Branoo - Jobe Pessoa — PH, CEP SRO50-255 - Telefone: (3} 3206-0704, CMPJ - 15,126 437001 700
E-mail: cep bultuyiiebserh gov.br
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7.2 PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM
PESQUISA
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PESQUISA E ENSINO - IDOR asil

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Prevaléncia da DHGMNA e sua relacio com fatores metabolicos, achados laboratoriais,
padrao de acometimanto pulmanar e desfecho clinico na infecgdo pelo SARS-CaoV-2

Pesquisador: FERMANDA MAMNHAES POZZ0BON

Area Tematica:

Versao: 2

CAAE: 68657023.3.0000.5249

Instituigdo Proponente: INSTITUTO D'OR DE PESQUISA E ENSINDG
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Nimero do Parecer: 6.067.531

Apresentacao do Projeto:

INTRODUGAD:

A sindrome clinica causada pele SARS-CoV-2, identificado na China em janeiro da 2020, e também
denominada COVID-18, causa um especire de manifestagies clinicas gue varia de sintomas leves a
pneumaonia grave, dano pulmonar @ morte (Dong, 2020). Individuos com condigdes clinicas preexistentes
coma doenga cardiovascular, insuficiéncia renal cronica e

doenga pulmonar obsirutiva crinica estao sob maior risco de aprasantar manifestagdes mais graves que
nacessitam de internagao hospitalar e ventilagdo mecanica (Dong, 2020).

0 acometimanto hepalico foi observado em pacientes com COVID-12 numa incidéncia que variou da 14-
53% (Xu L, 2020; Wang, 2020; Xu XW, 2020), geralm@nte com niveis anormais de alanina aminotransferase
[ALT) e aspartato aminotransferases (AST), acompanhados por discreta elevagio nos niveis de bilirrubinas.
[¥u L, 2020). O mecanisma, ainda nao totalmente elucidado, parece envolver efailo citopatico direto do virus
& indugdo da resposta inflamataria exacerbada (Xu L, 2020). Rasultados de necropsia em pacientes com
COVID-18 revelaram degeneragdo de hepatocitos, necrose focal com infiltragao neutrofilica, infillrado
monocitico e linfocitico e microtrombose (Xie, 2020). Meta-analise de 11 estudos observacionais, 10 estudos
chineses 8 um americana, incluindo um total de 2034 pacientes adultos, encontrou graus variados de

elevacdo de enzimas hepaticas na maioria dos casos e uma prevaléncia de doenga hepatica crdnica
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relativaments baixa, da 3% (95% Gl 2%-4%, |2 = 29.1%), levando a hipdtese de que a injria hepatica na
COVID-19 grave & mais provavelmeants causada por uma desregulagdo imunaldgica do que pela presanga
de acometimento hepatico subjacenta préavio (Mantovani, 2020). Granda parte das publicagies evidenciaram
maior freqléncia de injuria hepatica nos casos de COVID-19 mais graves, comparado ags casos laves
(Huang, 2020; Guan, 2020; Cai, 2020; Xu L, 2020}, assim como maior ativagio das vias de coagulagio e
fibrindlisa (Wang, 2020; Wu C, 2020; Wan, 2020; Wang, 2020;

Guan W-J 2020, Mantovani, 2020).

A avaliagio de pacientas internados em terapia intensiva foi feita em alguns estudos recentes (Xu L, 2020,
Huang, 2020; Wang, 2020; Xie, 2020). Em contrapartida, a publicagio de Xie e cols. avaliou o acometimento
hepatico em uma populagao de pacientes internados fora de terapia intensiva. Apesar das medias dos
valores de fransaminases estarem na faixa de normalidade, 31,6% dos pacientes tiveram elavacao de ALT e
35.4% elevagao de AST. Sexo masculino, niveis elevados de leucocitos, nautrofilos e proteina G reativa
(PCR) foram os fatores mais associados a injuria hepatica. O acometimanto pulmonar na tomografia
computadorizada (TC) foi um fator da risco indepandente, apds ajusie para sexo masculino, PCR e d-dimero
(odds-ratio de 5.265, 85% CI (1.025-1.371), p = 0.022) (Xie, 2020).

O impacio prognastico de condigdes hepalicas subjacentes na COVID-18 permanece niao elucidado (Dong,
2020). A doenga hepatica gordurosa nao alcodlica (DHGNA), geralmente acompanhada de sindrome
metabdlica e obesidade, parece repraseniar um contexto de pior prognostico se comparada a outras formas
de doenga hepatica (Dong, 2020). A obesidade tem sido levantada como impaortante fator de risco no
desfecho da infecgao pelo coronavirus. Publicag8o de Gao F. e cols avaliou 150 pacientes, 75 obasos
(IMC25kg/m2) & 75 ndo obesos. Na admissao hospitalar, os pacienies obesos apresentavam maiores nivais
de PCH & menor contagem de leucdcitos, dois indicadores precoces da gravidade. Os pacientes obesos
também apresentaram maior tempo de internagao hospitalar (mediana de 23 versus 18 dias, p=0.037) e
uma maior proporgao apresantou COVID-18 grave (33% versus 14%, p=0.007). Na analise por regressaoc
logistica, a obesidade foi associada a um aumento de 3 vezes no risco de COVID-19 grave. A relagio entre
obasidade e a gravidade do COVID-189 permaneceu mesmo apis ajuste para idade, sexo, tabagisma,
hipartensdo, diabetes & dislipidemia (Gao,

2020).

Em ralagio a DHGNA, em publicagao de Ji e cols, pacientes com COVID-19 grave mais frequentemante
aprasantavam DHGNA comparados aquelas que apresantavam formas clinicas
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levas (Dong, 2020). Foi avaliado um tofal de 202 pacientes com infecgio confirmada pelo SARS-Caov-2 em
dois hospitais chinesas (55% do sexo masculino, madia de idade de 44 anos, 83% com sintomas
maoderados e 14% com quadra grave). A analise multivariada revelou um risco & vezes maior de progressao
das manifestagies da COVID-19 nos pacientes com DHGMA. Saxo masculino, maior indice de massa
corporal

(IMC) e idade superior a &0 anos tambem se mostraram associados a progressao da infecgao viral (Dong,
2020). Estudo semelhante avaliou 310 casos confirmados de COVID-19 em 4 centros chineses,
ancontrande uma pravaléncia de 30,3% de DHGMA, diagnosticada pela TC. Foram utilizados os escores
nao invasivos para categorizagio da probabilidade de fibrose - Fibrose-4 (FIB-4) @ NAFLD escore de fibrose
(MFS). Mo subgrupo da pacientes com DHGMNA, maior gravidade clinica da COVID-19 foi associada a FIB-4
intarmadiario ou alto, assim como o escore NFS intermediario ou alto. Tais associagies permansceram
significativas apos ajuste para sexo, obesidade e diagndstico de diabetes mellitus (Targher, 2020).

A avaliagio da atenuagio hepatica com base na TC & uma abordagem néo invasiva que pode ser usada
para identificar a presenga de esteatose hepatica durante os exames de TC pulmonar sem quaisquer
procedimantos adicionais (Medeiros, 2020). Varios métodos foram descritos na literatura para determinar a
asteatose hepatica na TC sem coniraste, incluinde um valor de atenuagdo do figado de 10 unidades
Hounsfield (HU) menor que a atenuagio do bago, atenuagio absoluta do figado < 40 HU e uma razdo de
atenuagio figado para bago < 1. Para a esteafose, a TC sem contraste tem uma sansibilidade variando de
43% a 95% e uma espacificidade de 30%-100% (Lawrencea, 2012; Dandl, 2012).

Estudo de Tahtabasi e cols avaliou a frequéncia de esteatose hepatica na TC de torax de pacientes com
COVID-19 e sua associagdo com o escore de gravidade da pneumaonia (PS5). Foram analisados exames de
TC de 485 pacientes, divididos em dois grupos: PCR positive @ PCR negativo para SARS-Cov-2. A
frequéncia de esteatose hepatica foi significativamenta maior no grupo de pacientes com PCR positivo
(40,9% vs 18,4%, p = 0.001). A analise por regressao logistica, apos ajusie para idade, HAS, DM, presanca
de sobrepeso e obesidade, demonstrou haver uma chance 2,2 vezes maior de apresantar astealose
hepatica no grupo com PCR positive do que nos confroles (OR 2.2; 1C 85%: p < 0,001). Houve correlagao
positiva antre esteatose hepatica e a gravidade da pneumonia (Tahtabasi, 2021). Outro estudo, realizado no
Brasil, avaliou retrospactivamente a frequéncia de esteatosa hapatica em 316 pacientes (204 RT PCR-
positiva; 112 AT-PCR negatives e TC de torax sem achados tipicos para SARS-Cov-2), idenfificando uma

maior prevaléncia de
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asteatose no grupo RT-PCR positive em comparagdo com o grupo controle (31,9% vs 7,1%, p < 0,001)
[Medeiros, 2020). De acordo com o Estudo de Risco Cardiometabalico Chinés, a prevaléncia da esteatose
hepalica na populagao chinesa & estimada em torno de 18,6% (18,5% am homans e 17,6% em mulheres)
(Liang, 2014}, enquanio nas populagdes da Europa, Oriente Medio & América do Morle estes valores ficam
antre 20-30% (Badogni, 2005; Zelber-Sagi, 2006; Williams, 2006). Assim, diante dos achados de maior
prevalancia de esteatosa nos casos de COVID-19, & da escassez de dados na populagao ocidental, torna-
58 relevante avaliar a relagdo da DHGNA com fatores dinicos metabolicos, achados laboratoriais, aspectos
tomograficos de acometimento pulmaonar e desfecho clinico da infecgao pelo SARS-CoV-2 nesta populagao,
cuja incidéncia de sindrome metabalica @ DHGMA & ainda maior do que na populagio chinesa (Bedogni,
2005; Zelber-Sagi, 2006; Williams, 20086).

METODOLOGIA:

1. Desanho do Estudo:

O presente estudo tem como desenho uma analise retrospectiva observacional de um banco de dados
axistente no Hospital Barra D'or.

O banco de dados foi produzido, através de busca ativa em prontuario eletrdnico no periodo de margo de
2020 a dezembro de 2020, com a inclusao de pacientas com o diagnoslico de infecgdo por SARS-CoV-2
confirmado pela presanga do RNA viral pelo metodo de reagio de cadeia de polimerase de transcriptase
revarsa (RT-PCR) coletadas com swab de oro ou nasofaringe (Laboratario Richet). A metodologia utilizada
na realizagdo do RT-PCR foi a Allpex, Seagene, usando como alvo as regides E gene, M gene & RdAP gene
do genoma do Coronavirus subgénero Sarbecovirus, gue incluiu detecgao universal para SARS-like e
aspecifica SARS-CoV-2, correspondente aos protocolos Charite e US CDC.

2. Critérios de inclusio:
Pacientas hospitalizados com diagndstico confirmado de infecgdo por SARS-CoV-2 pela pesquisa do RNA
viral (método RT-PCR) submetidos a realizagao de tomografia computadorizada (TC) de torax @ avaliagao

de enzimas hepaticas durante a internagao.

3. Critérios de exclusan:

- Auséncia de resultados de imagem e/ou exameas laboratoriais durante a internagao.
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- Pacientes submetidos a imagem de TC com coniraste comprometendo a avaliagdo da densidade do
figado.

-Pacientes com infernagdo prolongada que desenvolveram a infecgdo pelo coronavirus dentro do hospital,
tendo em vista a dificuldade de caracterizagao de sintomatologia e a presenca de fatores de confusao.

4. Variaveis analisadas:

4.1. Dados demograficos a clinicos:

Saxo, idade, IMC & comorbidades (hipertensao arterial sistémica, diabates mellitus, dislipidemia, obesidads,
doenga respirataria cronica, doenga coronariana) — informagdes oblidas a partir de informagdes do
prontuario eletrénico.

4.2, Avaliagao de transaminases, fosfatase alcalina, gama-GT e bilirrubinas:

Serdo avaliados os valores iniciais, de pico @ da alta hospitalar para as seguinies variaveis:

« Transaminases - madidas pelo método colorimétrica enzimatico; valores de referéncia: até 50 WL para
AST e 41 /L para ALT.

* Fosfatase alcalina - medida pelo método colorimétrico, com valores da referéncia de 40 a 130 UL

* Gama-GT - medida palo meétodo colorimetrico enzimatico com valores de referéncia até 60 WL,

* Bilirrubinas - medidas pelo matedo colorimatrico enzimatico com valores de referéncia de bilirrubina totais

de 0.2 até 1.1 mafdL, bilirrubina direta até 0.3 mg/dL e bilirubina indireta de 0.2 até 0.8 mg/dL.

4.3. Extansdo do acometimento pulmonar pala tomografia computadorizada:

Todos os pacientes incluidos no banco de dados foram submetidos a realizagao de tomografia
computadarizada (TC) de torax na admissio e durante o seguimeanio cinico, quando necessario. Os exames
de TC foram realizados em dois scanners, um Siemens, Somaton Emation, 16 canais e GE LightSpeed, 64
canais fisicos @ 128 canais software Optima. Os parametros técnicos utilizados nos exames de TC no
scannar Siemans, Somaton Emotion foram: colimagdo 16 x 1,2 mm, tempo de rotagdo do ganfry 0,65,
reconstrugdo com 1,2 mm de espessura, pitch 1,5, 120 KVp, mAs dependente de modulacao automatica da
dose de radiagdo (CARE Dose 4D da Siemens Healthcare). Os paramatros tecnicos utilizados nos exames
de TC no scanner GE LightSpead foram: colimagio 40 x 0,625 mm, tempo de rotagdo do gantry 0,8 s,

reconstrugdo com 1,25 mm de espessura, pitch
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1,375, 120 KVp, mAs dependente da modulago automatica da dose de radiag8o (Auto mA comSmart da
GE Healthcare). A descricdo dos laudos seguiu um padréo estruturado conforme recomendagao do ASNA
Consensus Statement on Reporting of CT findings related to COVID-19 por Scott Simpson, Do & Fermando
Kay. M (Simpson, 2020). Os exames aram revisados por um dnico radiologista e classificados de acordo
com a

descrigdo a seguir: (a) imagem tipica, com acometimenta até 25%, de 25 a 50% ou mais que 50% do

parénguima pulmonar; (b) imagem atipica; (c) normal (Simpson, 5; 2020).

4.4, Diagnostico de estealose hepatica pela tomografia computadorizada:

Foi utilizado como critério a presenga de coeficiente de atenuagao hepatico 40 unidades Hounsfield (HU),
medido am 4 locais do parénquima hepatico (duas medidas no lobo direito, uma na transi¢io do lobo direito
asquardo @ uma no lobo esquerdo), na fase sam contraste da lomografia de térax ou de abdome, quanda
houvesse. Foram escolhidas areas mais homogéneas, evitando vasos, vias biliares a lesdes hepaticas
focais (Boyce, 2010). Nos casos em que os paciantes realizaram mais de uma lomaografia, foi considerado,
para inclusdo no banco de dados, o cosficiente de atenuagdo da

primeira tomografia, para minimizar a influéncia da infecgdo pela SARS-CoV-2 ou medicagdes na asiealose
hepatica.

4.5. Estratificagdo de fibrose atraves de marcador ndo invasivo (FIB-4) em pacientes com DHGMNA:

O FIB-4 utiliza idade, AST, ALT e plaquetas (Vilar-Gomez, E. 2018). Os valores originais validados coma cut
-off para fibrose foram utilizados para categorizar emn baixa, intermediaria ou alta probabilidade de fibrose
hepatica. FIB-4 = 1,3 corasponde a baixo risco de fibrose avangada; entre 1,30 e 2,67 corresponde a risco
intermeadiario & FIB-4 = 2 67 correspondam a alto risco de fibrose avangada (Vilar-Gomaz, E. 2018).

4.6. Classificagao da gravidade da COVID-15:
Os pacientes tiveram o guadro clinico classificado como leve ou grave, de acordo com a necessidade de
suporte ventilatario. Os pacientes gque necessitaram de ventilagio mecanica foram classificados como

graves.

4.7. Local de admissao do pacianta:
Critico (Unidade de Tratamento Intensivo) e nao critico (Unidade Semi Intensiva ocu Unidade da
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Intarnagao).

4.8. Oufros dados laboratoriais & clinicos:

Contagem de leucocitos, linfocitos e plaguetas (medidos por contagem automatizada - citometria de fluxo e
impadancia), PCR (medida por método imunoturbidimétrico, com valor de normalidade até 1 mg/dL),
ddimero (método Elfa, com valor de normalidade 500 ng/ml FEU), tempo de protrombina & razao
narmalizada internacional (INR) também foram incluidos no banco de dados. Foram inseridos também
dados como a necessidade de venfilagdo mecanica, de hemodialise, internagao

am terapia intensiva, tempo de hospitaliza¢ao e desfecho {alla, fransferéncia ou obito).

Objetivo da Pesquisa:

1. Avaliar a frequéncia de estealose hapatica na TC de torax de pacienies com diagnostico confirmada
de COVID-18.

2. Avaliar a associagao de esteatose hepatica em pacientes com COVID-19 com a gravidade do
acometimento pulmonar, internagio em terapia intensiva e necessidade de ventilagio mecanica.

3. Avaliar a relagdo enfre a presanga de esteatose hepalica em pacientes com COVID-19 e mortalidade.
4. Avaliar a relagdo enfre o grau de elevacao das aminotransferases, gamaGT, fosfatase alcaling,
bilirrubinas e marcadaor nao invasivo de fibrose hepatica na DHGNA (FIB-4) e o desfacha da COVID-149.
5. Avaliar a relagdo enfre a presanga da DHGMA, fatores clinicos e dados laboratoriais na admissao

hospitalar & ao longo da internagao (leucograma, dimero D & PCR).

Avaliagio dos Riscos e Beneficios:

Riscos:

Toda pesquisa envolvendo seres humanos acaba gerando algum risco aos pacientes, am maior ou menor
grau.

Mo caso do nosso estudo, os riscos 580 pequencs, uma vez que nao existe contato direto do pesquisador
com o paciente, nao axiste interferéncia

na condugdo do caso ou inicio de gualquer medicagdo ou nova terapia. Também ndo foi usado material
biolagico de nenhum pacienta. Foram

usados dados de avaliagio retrospectiva alraves de consulla de prontudario elefranico, sam conferir
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riscos clinicos aos pacientes.

Os riscos aos quais os pacientes poderiam estar sujeitos referem-se a possibilidade de perda de
confidencialidade ou sigilo do caso, que, no Nosso

caso, forma minimizados evitando usar os nomes dos pacientes. Foram usados apenas numeros de
identificagdo & somenta o pesquisadar principal

tinha acesso aos dados dos pacientes, havendo manutengao do sigilo.

Houve, portanto, manutengido da confidencialidade & da privacidade dos participantes no estudo.

Beneficios:

Ampliar os conhacimentos sobre o curso clinico, os fatores da risco e o desfecho da COVID-18.

Favaracer a melhara na condugao dos casos de COVID-19, levando, assim, a uma melharia na sobrevida
dos pacientes.

Comentarios e Consideragbes sobre a Pesquisa:

Trata-se de estudo observacional refrospectivo, baseado em analise de dados secundarios, gue avaliara a
prevaléncia de Doanga Hapatica Gordurosa Mao-Alcodlica e sua relagdo com fatores metabolicos, achados
laboratoriais, padrao de acometimento pulmonar e dasfecho clinico na infecgao pelo SARS-CoV-2. Sara
avaliado banco de dados ja existente na unidade, contendoa 715 pacientes COVID-19 positives, internados
no Hospital Barra D'0Or & submetidos a tomografia computadorizada durante a internagio. Pesquisadaoras
solicitam dispensa de TCLE por se fralar de analise de dados secundarios.

Consideragies sobre os Termos de apresentagio obrigatdria:
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Cor Author: com
INTRODUCTION METHODS

Identifying risk factors for poor outcomes is crucial for Hospitalized COVID-19 patients were evaluated regarding laboratory
defining treatment strategies and allocating resources in admission tests, chest CT scan, gender, age, lung involvement, ICU
COVID-19. The Fibrose-4 score (FIB-4) and D-dimer (DD) admission, hemodialysis, mechanical ventilation, and mortality from
have emerged as prognostic markers. Precise cutoff March to December/2020.

points and their combined use remain unstudied.

Optimal FIB-4 and DD cutoffs to predict in-hospital mortality, aiming

OBIJECTIVES
to maximize sensitivity and specificity, were established.

ToicdmpsrethehaIvidugland combingd performanceior A sequential diagnostic strategy using both markers was

FIB-4 and DD in predicting outcomes among COVID-19 subsegliently evaluated,

patients.

RESULTS
= Among 518 patients (61+16 years, 64% men), the in-hospital mortality rate was 18%.
= FIB-4 showed superior performance in predicting mortality compared to DD (AUROC 0.76 vs. 0.65, p=0.003) and was chosen
as the first step in sequential analysis.
= FIB-4 was used as a screening test, with a cutoff point of 1.76 (90% sensitivity in ROC curve analysis), followed by DD

measurement with a cutoff value of 2000 ng/mL FEU (specificity of 90%).

0 v Table 1. Comparison of primary and secondary outcomes of patients with low and high FIB-4
) Total FIB-4 < 1.76 FIB-421.76 p-valuc
(n=518) (n=191) (n=327)

- Mortality (n, %) 95 (18%) 9 (5%) 86 (26%)  <0.001
Hospital length of stay (days) 14+17 912 16 +19 <0.001

i‘ o = — ICU admission (n, %) 358 (69%)  120(63%)  238(73%)  0.018
= '.','_'j,“,f,e, — ] ICU length of stay (days) 12415 849 14417 <0.001

- Hemodialysis (n, %) 76 (15%) 7 (4%) 69(21%)  <0.001
Mechanical ventilation (n, %) 106 (21%) 17 (9%) 89 (27%)  <0.001

g s R g e ¥ Lung involvement on chest CT = 50% 67 (13%) 11 (6%) 56 (17%) <0.001

Table 2. Comparison of primary and secondary outcomes of patients with low and high DD
Total DD <2000 DD 22000 p-value
(n=518)  (n=454) (n=64)
Mortality (n, %) 95 (18%)  71(16%) 24 (38%)  <0.001 2L AT 160N TE)
Hospital length of stay (days) 14417 13417 16+ 16 0.160 FIB-4<1.76 DD 2000 (n=18) 16 (89%) 2(11%) 0203
ICU admission (n, %) 358 (69%) 301 (66%) 57 (89%) 0.018 otal = 191 182 (95%) 9(5%)
ICU length of stay (days) 12415 12 +16 10 £10 0311 DD <2000 (n=281) 217 (77%) 64 (23%)
Hemodialysis (n, %) 76 (15%)  57(13%) 19 (30%) <0.001 FIB-421.76 DD 22000 (n=46) 24 (52%) 22,(48%) 4901
Mechanical ventilation (n, %) 106 (21%) 81 (18%)  25(39%)  <0.001 owt s a27 241.013%) 16260
Total (n=518) 423 95 <0.001
Lung involvement on chest CT > 50% 67 (13%) 45 (12%) 9 (20%) 0.117

A subgroup of patients with a higher mortality rate was identified, compared to the use of FIB-4 alone (48% vs. 26%, p<0.001),

missing the identification of only 5% of deaths.

CONCLUSIONS
The sequential use of FIB-4 and DD represents a comprehensive strategy to identify high-risk COVID-19 patients at hospital

admission, potentially minimizing unnecessary DD assessments in patients initially classified by FIB-4 as low-risk.
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