Elevate

Series
ANNALS OF MEDICINE
2025, VOL. 57, NO. 1, 2428431
https://doi.org/10.1080/07853890.2024.2428431
RESEARCH ARTICLE 3 OPEN ACCESS ) creckforupdats

Aetiology of chronic liver disease is a valuable factor for stratifying
adverse outcomes of acute decompensation: prospective observational
study

Jung Hee Kim?P, Sung-Eun Kim#?, Do Seon Song<, Hee Yeon Kim¢, Eileen L. Yoond, Ji Won Park®®,
Tae Hyung Kime, Young-Kul Jung®, Ki Tae Suk®®, Hyung Joon Yim¢, Jung Hyun Kwon¢,

Sung Won Lee¢, Seong Hee Kang¢, Moon Young Kimf, Soung Won Jeong9, Jae-Young Jangs,
Jeong Ju Yoo", Sang Gyune Kim", Young-Joo Jin, Gab Jin Cheon), Byung Seok Kimk,

Yeon Seok Seo®, Hyoungsu Kim?®, Dong Hyun Sinn!, Woo Jin Chung™, Hwi Young Kim",

Han Ah Lee", Seung Woo Nam®, In Hee KimP, Ji Hoon Kim¢, Hee Bok Chae% Joo Hyun Sohnd,

Ju Yeon Cho', Yoon Jun Kims, Jin Mo Yang¢, Jung Gil Park!, Won KimY, Hyun Chin Cho" and

Dong Joon Kim?® on behalf of the Korean Acute-on-Chronic Liver Failure (KACLIF) Study Group

3Department of Internal Medicine, Hallym Medical Center, Hallym University College of Medicine, Chuncheon, Republic of Korea;
blnstitute for Liver and Digestive Diseases, Hallym University, Chuncheon, Republic of Korea; ‘Department of Internal Medicine, College
of Medicine, The Catholic University of Korea, Seoul, Republic of Korea; “Department of Internal Medicine, Hanyang University College
of Medicine, Seoul, Korea; *Department of Internal Medicine, Korea University Medical Center, Seoul, Republic of Korea; ‘Department of
Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, Republic of Korea; 9Department of Internal Medicine,
Soonchunhyang University College of Medicine, Seoul, Republic of Korea; "Department of Internal Medicine, Soonchunhyang University
Bucheon Hospital, Bucheon, Republic of Korea; 'Department of Internal Medicine, Inha University Hospital, Inha University School of
Medicine, Incheon, Republic of Korea; 'Department of Internal Medicine, Gangneung Asan Hospital, University of Ulsan College of
Medicine, Gangneung, Republic of Korea; Department of Internal Medicine, Daegu Catholic University School of Medicine, Daegu,
Republic of Korea; 'Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of
Korea; ™Department of Internal Medicine, Keimyung University School of Medicine, Daegu, Republic of Korea; "Department of Internal
Medicine, College of Medicine, Ewha Womans University, Seoul, Republic of Korea; °Department of Internal Medicine, National Medical
Center, Seoul, Republic of Korea; PDepartment of Internal Medicine, Chonbuk National University Hospital, Chonbuk National University
Medical School, Jeonju, Republic of Korea; 9Department of Internal Medicine, Medical Research Institute, Chungbuk National University
College of Medicine, Cheongju, Republic of Korea; 'Department of Internal Medicine, College of Medicine, Chosun University, Gwangju,
Republic of Korea; *Department of Internal Medicine, Liver Research Institute, Seoul National University College of Medicine, Seoul,
Republic of Korea; 'Department of Internal Medicine, Yeungnam University College of Medicine, Daegu, Republic of Korea; “Department
of Internal Medicine, Seoul Metropolitan Government Seoul National University Boramae Medical Center, Seoul, Republic of Korea;
YDepartment of Internal Medicine, Gyeongsang National University Hospital, Jinju, Republic of Korea

ABSTRACT ARTICLE HISTORY
Background/Aims: Acute decompensation (AD) is defined as the development of complications Received 15 May 2024
related to portal hypertension and liver dysfunction that affect the progression of chronic liver Revised 15 May 2024
disease (CLD) or liver cirrhosis (LC). Variations exist in patient demographics and prognostic ~ Accepted 7 June 2024
outcomes of AD based on the aetiology of CLD, encompassing LC. However, limited research has KEYWORDS

been conducted to analyse these discrepancies across aetiologies. Chronic liver disease; liver
Methods: The prospective Korean Acute-on-Chronic Liver Failure (KACLiF) cohort consisted of cirrhosis; acute

1,501 patients who were hospitalized with AD of CLD from July 2015 to August 2018. In this decompensation;
study, we assess the clinical attributes and prognostic implications of AD with CLD/LC stratified aetiology

by the aetiology.

Results: Among 1,501 patients, the mean age was 54.7 years old and 1,118 patients (74.5%) were

men. The common events of AD were Gl bleeding (35.3%) and jaundice (35.0%). There was a

median follow-up of 8.0months (1.0-16.0months). The most common aetiology of CLD was

alcohol (n=1021), followed by viral hepatitis (n=206), viral hepatitis with alcohol-related (n=129),

cryptogenic (n=108) and autoimmune (n=37). Viral hepatitis with alcohol-related CLD showed a

poor liver function profile and a high frequency of acute-on-chronic liver failure (ACLF) [22.1% vs.

19.6% (alcohol CLD), 8.1% (viral CLD), 5.6% (autoimmune related CLD and 16.0% (cryptogenic

CLD)] with worse adverse outcomes (mortality or liver transplantation) than other aetiologies. The

difference in aetiology was a significant factor for 28-day adverse outcomes in multivariate

analysis even in a high MELD score (=15), which indicated poor baseline liver function and

prognosis (p<0.001).

CONTACT Sung-Eun Kim @ sekim@hallym.or.kr @ Division of Gastroenterology, Department of Internal Medicine, Hallym Medical Center, Hallym
University College of Medicine, Chuncheon 24252, Republic of Korea

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/07853890.2024.2428431.

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


mailto:sekim@hallym.or.kr
https://doi.org/10.1080/07853890.2024.2428431
https://doi.org/10.1080/07853890.2024.2428431
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2024.2428431&domain=pdf&date_stamp=2025-1-22

2 > JLHKMETAL

Conclusion: The aetiology of CLD constitutes a pivotal determinant influencing both short- and
long-term adverse outcomes of AD in CLD, even among individuals presenting with elevated
MELD scores. Notably, patients afflicted with viral hepatitis should exercise caution even in the
consumption of modest quantities of alcohol that induced the exacerbations in the adverse

outcomes associated with AD.

Abbreviations: AD: acute decompensation; LT: liver transplantation; LC: liver cirrhosis; CLD:
chronic liver disease; ACLF: acute-on-chronic liver failure; MELD: Model for End-Stage Liver Disease;
HCV: hepatitis C virus; HBV: hepatitis B virus; SIRS: systemic inflammatory response syndrome;
CTP: Child-Turcotte-Pugh score; CLIF-SOFA: score: Chronic Liver Failure Sequential Organ Failure
Assessment; CVD: cerebrovascular disease; DM: diabetes mellitus; HTN: hypertension; HCC:

hepatocellular carcinoma

Introduction

Acute decompensation (AD) is a widely accepted sta-
tus defined as the acute development of one or more
major complications, such as ascites, encephalopathy,
gastrointestinal (GI) bleeding and bacterial infection, in
patients with chronic liver disease (CLD), especially
liver cirrhosis (LC) [1, 2]. AD is the main cause of hos-
pitalization among patients with LC [1-3]. AD develops
in most LC patients in the absence of any other signif-
icant feature, while in approximately 30% patients, it is
associated with organ failure(s) (i.e. worsening of liver
function and/or kidney failure and/or failure of other
organs) [1, 4]. For instance, over a span of 10 years,
approximately 60% of patients diagnosed with cirrho-
sis may develop ascites, while variceal bleeding esca-
lates the annual incidence by 8-12% among cirrhotic
individuals [5]. Depending on the severity of the AD
event and the degree of underlying liver function
impairment, multi-organ dysfunction may ensue [2, 4].
Acute-on-chronic liver failure (ACLF) represents an
advanced manifestation of acutely decompensated cir-
rhosis distinguished by the presence of multi-organ
dysfunction and an elevated risk of short-term mortal-
ity [4]. Patients with ACLF are at high risk for short-term
death, regardless of their CLD aetiologies [2, 6-8].
Interestingly, there is a significant difference in the dis-
tribution of aetiologies of CLD in Western countries
and Asian countries. In a recent systemic review that
involved the analysis of 520 studies, the prevalence of
HBV infection exhibited greater incidence rates in
Africa and Asia (8%-61%) compared to Europe, the
Americas and Oceania (3%-14%). Conversely, the prev-
alence of HCV infection demonstrated significant het-
erogeneity across countries and regions, with rates
ranging from 12% to 83%. However, the global burden
of hepatitis B virus and hepatitis C virus-associated cir-
rhosis is declining, while the burden of cirrhosis attrib-
utable to alcohol and nonalcoholic fatty liver disease

(NAFLD) is rapidly escalating [9]. In Korea, the predom-
inant aetiology, particularly associated with acute
decompensation (AD) in 21 academic hospitals, was
alcohol-related chronic liver disease (CLD), accounting
for 63.1% (928 out of 1,470 cases) over the course of
1 year [6]. Regardless of the aetiology of CLD with AD,
AD and its worst form, acute-on-chronic liver failure
(ACLF), are undoubtedly highly correlated with adverse
outcomes such as mortality and liver transplantation
(LT) in CLD, including LC [4]. It is thought that there
are differences in patient characteristics and the prog-
nosis of AD development according to the aetiologies
of CLD, including LC, but there has been no study to
investigate this to date. Additionally, it is not yet
known which aetiology of CLD has the worst progno-
sis for these patients. Therefore, we aimed to investi-
gate the differences in characteristics and short-term
and long-term adverse outcomes among CLD patients
with AD according to each aetiology in the prospec-
tive Korean Acute-on-Chronic Liver Failure (KACLIF)
cohort. In addition, we investigated the risk factors for
adverse outcomes according to each aetiology.

Methods
Study population

The prospective KACLIF study is a Korean, multicentre,
prospective, observational study performed in 23 med-
ical centres. Each hospital had a liver unit, specific
ward(s) for liver patients and intensive care units, and
all of them had access to an LT program. Patients were
screened and enrolled from July 2015 to August 2018.
A total of 1,773 patients who were admitted for the
treatment of AD, of whom 272 cases were excluded
because these had been cases of recurrent hospitaliza-
tion during the follow-up period after first enrolment
and 1,501 patients who were included at the first hos-
pitalization during the study period, were analysed. AD



was defined as overt ascites, overt hepatic encepha-
lopathy, Gl bleeding, any kind of bacterial infection
and the deterioration of liver dysfunction, defined as a
serum bilirubin level =3 mg/dL. All instances of over-
lapping AD events were included and duly recorded.LC
was defined as (1) a cirrhotic configuration of the liver
and/or splenomegaly in radiologic findings, (2) varices
(abnormally enlarged veins, detected by upper endos-
copy or cross-sectional images), (3) biochemical param-
eters such as platelet, albumin, bilirubin and
prothrombin time and (4) historical confirmation such
as diffuse nodulation of liver and fibrous bands [10].
Patients who met any of the following criteria were
excluded: (1) age <18years, (2) the absence of any
chronic liver disease, (3) the presence of non-hepatic
malignancy, (4) admission due to chronic illness unre-
lated with CLD, (5) human immunodeficiency virus
infection, (6) chronic decompensation of end-stage
liver disease, (7) less than 28days of follow-up and (8)
incomplete data. This study protocol was approved by
the Institutional Review Boards of all 23 participating
academic centres. Written informed consent was
obtained from patients or their legal surrogates if we
could not obtain consent from patients before enrol-
ment in this study.

Data collection and definition of clinical
parameters

Data on patient demographics, the aetiology of liver
disease, clinical and laboratory variables, types of AD
and the development of ACLF were collected. The viral
hepatitis-related CLD and autoimmune-related CLD
were defined as the definitive viral serology and bio-
chemical parameters and/or liver pathology as diag-
nostic criteria [11-13]. And the aetiology for alcohol
related CLD was defined in patients who had taken
more than moderate drinking of alcohol (14 units/
week for men and 7 units/week for women) with alco-
hol use disorder at the time of the diagnose for the
CLD [14, 15].

Precipitating events included any kind of bacterial
infection, Gl bleeding, active alcoholism, reactivation
of viral hepatitis, toxic liver injury and others. Active
alcoholism was defined as more than 14 units/week
for men and more than 7 units/week for women
within 3months prior to admission. Systemic inflam-
matory response syndrome (SIRS) was defined accord-
ing to the criteria of the American College of Chest
Physicians/Society of Critical Care Medicine [16]. The
Child-Turcotte-Pugh (CTP) score (serum bilirubin, albu-
min, prothrombin time, grade of ascite and hepatic
encephalopathy), Model for End-Stage Liver Disease
(MELD) score (serum bilirubin, creatinine and
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prothrombin time) and Chronic Liver Failure-Sequential
Organ Failure Assessment (CLIF-SOFA) score (serum
bilirubin, prothrombin time, creatinine, Pa02/FiO2,
mean arterial pressure and grade of hepatic encepha-
lopathy) were calculated based on the clinical vari-
ables within 24h of admission. The patients who
developed AD and organ failure were classified as
having ACLF according to the CLIF-C definition [17].

Primary outcomes and follow-up

The primary endpoints of this study were 28-day and
overall adverse outcomes during the follow-up period.
Adverse outcomes were defined as death or LT.
Person-years were censored on the date of death, LT
or the last date of follow-up, whichever came first. In
order to both the mortality and the occurrence of LT
in patients, the patient’s medical records were utilized
in conjunction with national mortality data. The sub-
group analysis was performed to investigate the prog-
nostic difference on the presence of cirrhosis and ACLF.

Statistical analyses

Continuous variables were summarized as the
means +standard deviations or medians and ranges
and compared using Student’s t test or the Mann-
Whitney U test. Discrete variables were summarized as
the number of events for each category and percent-
ages and compared using the x2 test or Fisher’s exact
test, as appropriate. Survival curves were estimated
using the Kaplan-Meier method and compared using
the log-rank test. Cox regression analysis was con-
ducted for factors associated with survival. Multiple
Cox regression analysis was carried out using variables
that showed an association in univariate analysis with
a p value < 0.1 and performed using a forward condi-
tional stepwise procedure to avoid multicollinearity.
Statistical analyses were performed using SPSS for
Windows, version 27.0 (SPSS Inc., Chicago, IL).

Results

Baseline characteristics according to aetiology of
chronic liver disease

The baseline characteristics according to aetiology
of 1,501 patients with AD of CLD are shown in
Table 1. There was a median follow-up of 8.0 months
(1.0-16.0 months), the mean age was 54.7 years, and
males accounted for 74.5%. LC was confirmed in
93.2% of patients. The median CPS and MELD scores
were 9.0 (7.0-11.0) and 17.0 (12.9-22.3), respec-
tively. The common AD events were Gl bleeding
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(35.3%) and jaundice (35.0%). Overall adverse out-
comes (death or LT) during the follow-up period
occurred in 339 patients (22.6%). The most common
aetiology was alcohol-related CLD (68.0%), followed
by viral hepatitis CLD (13.7%), viral hepatitis with
alcohol-related CLD (8.6%), cryptogenic CLD (7.2%)
and autoimmune-related CLD (AIH or PBC) (2.5%).
Patients with alcoholic CLD were predominantly
male, had a high rate of active alcoholism and con-
sumed larger amounts of alcohol than patients with
other aetiologies (p<0.05). And the history of previous

AD was higher per cent in alcoholic-related CLD and
cryptogenic CLD than viral hepatitis with alcohol-related
CLD (p<0.05).

Patients with viral hepatitis with alcohol-related CLD
showed the worst liver function profiles in CPS and
MELD scores with poor prognosis at 28days and over-
all adverse outcomes (124% and 31.0%, p<0.05,
respectively) compared with others. LT was performed
most often among patients with viral hepatitis with
alcohol-related CLD in the 28-day period, but there
was no difference in the LT rate between patients with

Table 1. Baseline characteristics according to the aetiology of AD of chronic liver disease.

Virus
Overall (HBV+HCV) Alcohol Virus +alcohol AIH/PBC Cryptogenic
(N=1501) (N=206) (N=1021) (N=129) (N=37) (N=108) p value
Age (years) 547+115 56.3£12.7*% 53.4+104 52.0+£9.9 61.7+13.3* 65.5+12.2* <0.001
Male (n, %) 1118 (74.5) 121(58.7)* 828(81.1) 115(89.1) 8(21.6)* 46(42.6)* <0.001
AD (n, %)*
Ascites 431 (29.1) 39 (18.9)* 314 (30.8) 41 (31.8) 12 (32.4) 31 (28.7) 0.015
Bacterial infection 132 (8.8) 17 (8.3) 1(8.9) 13 (10.1) 4 (10.8) 7 (6.5) 0.867
Varix bleeding 429 (28.6) 56 (27.2) 302 (29.6) 36 (27.9) 7 (18.9) 28 (25.9) 0.594
Non-varix bleeding 100 (6.7) 8 (3.9) 6 (7.4) 8 (6.2) 12.7) 7 (6.5)
HE 222 (14.8) 22 (10.7) 155 (15.2) 16 (12.4) 4 (10.8) 25 (23.1)* 0.042
Jaundice 525 (35.0) 88 (42.7) 359 (35.2) 44 (34.1) 16 (43.2) 18 (16.7)* <0.001
Cirrhosis (n, %) 1399 (93.2) 160 (77.7)* 981 (96.1) 122 (94.6) 36 (97.3) 100 (92.6) <0.001
Previous AD" (n, %) 448 (29.8) 39 (18.9) 334 (32.7)* 30 (23.3) 6 (16.2) 39 (36.1)* <0.001
CVD (n, %) 67 (4.5) 5(24) 7 (4.6) 3(23) 4 (10.8) 8 (7.4) 1.00
DM (n, %) 382 (25.4) 54 (26.2) 241 (23.6) 26 (20.2) 11 (29.7) 50 (46.3) 1.00
HTN (n, %) 319 (21.3) 38 (18.4) 193 (18.9) 27 (20.9) 11 (29.7) 50 (46.3) 1.00
E (n, %)
Alcoholism 738 (49.2) 6 (2.9)* 660 (64.6)* 70 (54.3) 17)* 1 (0.9)* <0.001
Bacterial infection 101 (6.7) 23 (11.2) 61 (6.0) 7 (5.4) 3 (8.1 7 (6.5) 0.097
Gl bleeding 355 (23.6) 54 (26.2) 241 (23.6) 29 (22.5) 6 (16.2) 25 (23.1) 0.276
Viral activation® 66 (4.4) 55 (26.7)* 1(0.1)* 6 (4.7) 0 4 (3.7) <0.001
Toxic 21 (1.4) 7 (3.4) 9 (0.9) 2 (1.6) 1(27) 2 (1.9 0.072
Others 64 (4.3) 8 (3.9) 26 (2.5) 4 (3.1) 10 (27.0)* 16 (14.8)* <0.001
Alcohol intake* (n, %) 967 (64.4) 29 (14.1) 827 (81.0) 98 (76.0) 5 (13.5)* 8 (7.4)* <0.001
Alcohol amount (g/day) 63.2+81.5 10.1£57.6)* 80.7+79.4 75.7+£104.3 10.0£29.0)* 4,6+20.3)* <0.001
SIRS (n, %) 356 (23.7) 33 (16.0)* 27 (26.4) 34 (26.4) 3 (8.1)* 6 (14.8)* <0.001
HCC (n, %) 63 (4.2) 11 (5.3) 36 (3.5) 7 (5.4) 0 (0) 9 (8.3) 0.070
Laboratory data
WBCx10%/L 8.19 (4.80-9.94) 6.13 (4.28-8.88) 7.25 (5.02-10.62) 672 (4.83-9.47) 5.58* (4.26-7.99) 5.54 (4.18-7.73)* <0.001
Haemoglobin, g/dL 107 (8.6-12.4) 11.6 (9.6-13.3) 10 5 (8.4-12.2)* 1.1 (8.7-13.1) 11.1 (9.4-12.3) 10.4 (8.7-11.7) <0.001
Platelet, mg/L 6 (65-143) 104 (63-154)* 5 (65-143)* 82 (58-126) 116 (91-166)* 99 (69-150)* 0.018
Bilirubin, mg/dL 6 (1.6-8.2) 0 (1.3-8.4)* 9 (1.8-8.4) 4.5 (1.7-10.8) 7 (0.7-6.2)* 1.6 (0.8-3.7)* <0.001
Albumin, g/dL 9 (2.5-3.3) 2 (2.7-3.6)* 8 (2.5-3.3) 2.8 (2.4-3.3) 0 (2.5-3.7) 2.9 (2.6-3.2) <0.001
INR 5(1.3-1.8) 4 (1.3-1.7)* 5(1.3-1.8) 1.5 (1.3-2.1) 3 (1.1-1.5)* 14 (1.2-1.6)* <0.001
Creatinine, mg/dL 9 (0.7-1.2) 8 (0.7-1.0)* 9 (0.7-1.3) 0.9 (0.7-1.1) 7 (0.6-1.0)* 1.0 (0.7-1.3) <0.001
Sodium, mEq/L 136 (132-139) 137 (134-140) 135 (131-139) 135 (132-139) 137 (132-140) 137 (133-140) <0.001
Child-Pugh score 0 (7.0-11.0) 0 (7.0-10.0)* 0 (8.0-11.0) 9.0 (8.0-11.0) 0 (7.0-9.0)* 8.0 (7.0-9.0)* <0.001
MELD score 17 0 (12.9-22.3) 15 7 (11.6-20.3)* 174 (13.7-22.7) 18.1 (12.6-25.2) 13 5(9.7-17.2)*  13.7 (10.9-18.7)*  <0.001
MELD-Na score 19.8 (14.8-25.7) 17.8 (14.0-23.6)* 20.7 (15.6-26.4) 20.9 (14.8-27.6) 15.8 (11.6-20.3)* 17.0 (12.2-22.1)*  <0.001
Adverse outcome (n, %)
28 days 81 (5.4) 12 (5.8)* 49 (4.8)* 16 (12.4) 1(2.7) 3 (2.8)* 0.004
LT 14 (0.9) 4 (1.9) 4 (0.3) 5 (3.9 0 1(0.9)
90 days 166 (11.1) 27 (13.1)* 103 (10.1)* 26 (20.2) 3 (8.1)* 7 (6.5)* 0.004
LT 30 (2.0) 10 (4.9) 12 (1.2) 7 (5.4) 0 1(0.9)
Overall 339 (22.6) 37 (18.0)* 234 (22.9)* 40 (31) 5(13.5) 23 (21.3)* 0.047
LT 43 (2.9) 11 (5.3) 22 (2.2) 7 (5.4) 127 2 (1.8)

"It is indicated a significant difference compared to viral hepatitis with alcohol related CLD (p<0.05).

*all duplicate events that occurred were included.
"The history of acute decompensation occurred within 1year.

&t is included viral activation of hepatitis virus B, hepatitis virus C and hepatitis virus A.

*Current alcohol intake within 3 months.

AlH, autoimmune hepatitis; PBC, primary biliary cirrhosis; AD, acute decompensation; Gl, gastrointestinal; HE, hepatic encephalopathy; CVD, cerebrovascular
disease; DM, diabetes mellitus; HTN, hypertension; PE, precipitating event; HCC, hepatocellular carcinoma; SIRS, systemic inflammatory response syndrome;
WBC, white blood cell; INR, International Normalized Ratio; MELD, Model for End-Stage Liver Disease.



viral hepatitis with alcohol-related CLD and those with
viral hepatitis CLD in the overall period (5.4% vs. 5.3%).

28-day adverse outcomes and associated factors of
AD of chronic liver disease

Overall, 28-day adverse outcomes occurred in 81
patients (5.4%). The associated factors for 28-day
adverse outcomes among all patients are shown in
Table 2. In univariate analysis, the aetiology of CLD,
SIRS and MELD score was significant factors for 28-day
adverse outcomes. In multivariable analysis, the aetiol-
ogy of CLD was a significant factor for 28-day adverse
outcomes (p=0.012) stratified by the presence of SIRS,
serum albumin and MELD score. The low albumin
level, the presence of SIRS and a high MELD score
were also significant risk factors for 28-day adverse
outcomes. The aetiologies of CLD stratified by 28-day
adverse outcomes were in order as follows: viral hepa-
titis with alcohol-related CLD (12.4%), viral hepatitis
CLD (5.8%), alcohol-related CLD (4.8%), cryptogenic
CLD (2.8%) and autoimmune-related CLD (2.7%)
(p=0.003) (Figure 1).

Subgroup analysis according to liver function and
LC status: the effect of aetiology of CLD on
28-day adverse outcomes

In the group with LC (n=1,399), viral hepatitis with
alcohol-related CLD showed increased adverse out-
comes, followed by viral hepatitis CLD, alcohol-related
CLD and cryptogenic or autoimmune-related CLD
(p=0.009) (Table 3). In the MELD score =15 group
(n=938), the number of adverse outcomes was also
increased among patients with viral hepatitis with
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alcohol-related CLD, followed by those with viral CLD,
alcohol-related CLD and cryogenic or
autoimmune-related CLD (p=0.001).

Overall adverse outcomes and associated factors
of AD of chronic liver disease

Overall adverse outcomes occurred in 339 patients
(22.6%). The significant CLD aetiologies stratified by
overall adverse outcomes were in order as follows:
viral hepatitis with alcohol-related CLD (31.0%),
alcohol-related CLD (22.9%), cryptogenic CLD (21.3%),
viral hepatitis CLD (18.0%) and autoimmune-related
CLD (13.5%) (p=0.010) (Figure 2).

The associated factors for overall adverse outcomes
are shown in Supplementary table 1. In multivariable
analysis, serum albumin, history of AD, cirrhosis and
MELD score were significant factors for overall adverse
outcomes stratified by serum albumin, aetiology of
CLD, history of AD, cirrhosis, SIRS and MELD score.

Subgroup analysis according to AD of liver
cirrhosis and ACLF

We analysed patients with ACLF or organ failure accord-
ing to the CLIF-C definition. Among 1,399 patients with
LC, 250 (17.9%) patients showed ACLF at admission
(Table 4). Viral hepatitis with alcohol-related CLD
showed a high frequency and severity of ACLF and
organ failure compared with other aetiologies. In the
absence of ACLF group (n=1,149), the aetiology of CLD
was stratified by 28-day adverse outcomes in the fol-
lowing order: viral hepatitis with alcohol-related CLD,
viral hepatitis CLD, cryptogenic CLD, alcohol-related

Table 2. Associated factors for 28-day adverse outcomes.

Univariate HR (95% Cl) p value Multivariate HR (95% Cl) p value
Age 1.000 (0.981-1.019) 0.972
Sex 1.074 (0.659-1.753) 0.774
Aetiology 0.003 0.012
Cryptogenic Ref. Ref.
AIH/PBC 0.929 (0.097-8.931) 1.366 (0.141-13.185)
Virus 2.075 (0.904-4.765) 1.806 (0.507-6.430)
Alcohol 1.640 (0.763-3.527) 0.865 (0.266-2.812)
Virus +alcohol 3.554 (1.543-8.189) 2.193 (0.632-7.613)
Alcohol use 1.427 (0.880-2.313) 0.149
Alcohol amount 1.484 (0.945-2.330) 0.086
Total bilirubin 1.083 (1.064-1.101) <0.001
Albumin 0.285 (0.191-0.425) <0.001 0.498 (0.329-0.753) 0.001
INR 1.330 (1.251-1.414) <0.001
Na 0.937 (0.912-0.964) <0001
Previous AD 0.800 (0.487-1.315) 0.379
SIRS 2.648 (1.708-4.104) <0.001 1.800 (1.148-2.823) 0.010
HCC 0.275 (0.038-1.978 0.200
Cirrhosis 1.844 (0.582-5.842) 0.298
MELD 1.148 (1.124-1.172) <0.001 1.133 (1.108-1.159) <0.001

AlH, autoimmune hepatitis; PBC, primary biliary cirrhosis; AD, acute decompensation; INR, International Normalized Ratio; MELD, Model for End-Stage Liver Disease; SIRS, systemic inflammatory

response syndrome
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Figure 1. The 28-day adverse outcomes according to aetiology of chronic liver disease.

Table 3. Subgroup analysis according to liver function status.

Virus Alcohol

Virus +alcohol

AIH/PBC Cryptogenic

28-day adverse 28-day adverse

28-day adverse

28-day adverse 28-day adverse

outcome (%) outcome (%) outcome (%) outcome (%) outcome (%) p
LC
No (n=102) 2/46 (4.3) 0/40 (0) 1/7 (14.3) 0/1 (0) 0/8 (0) 0.168
Yes (n=1,399) 10/160 (6.2) 49/981 (5.0) 15/122 (12.3) 1/36 (2.8) 3/100 (3.0) 0.009
MELD
<15 (n=561) 0/92 (0) 5/335 (1.5) 0/46 (0) 0/23 (0) 0/65 (0) 0.474
>15 (n=938) 12/112 (10.7) 44/686 (6.4) 16/83 (19.3) 1/14 (7.1) 3/43 (7.0) 0.001

LG, liver cirrhosis; MELD, Model for End-Stage Liver Disease.

CLD and autoimmune-related CLD (p=0.006). However,
the aetiology of CLD was not stratified by adverse out-
comes in the presence of ACLF group (p=0.473). LT
was performed most often among patients with viral
hepatitis with alcohol-related CLD in the 28-day period,
but there was no difference in the LT rate between
patients with viral hepatitis with alcohol-related CLD
and those with viral hepatitis CLD in the overall period
(4.9% vs. 4.4%).

The comparison and subgroup analysis of patients
with viral, alcohol or both aetiologies in LC

We compared the alcohol-related CLD, viral hepatitis
CLD and viral hepatitis with alcohol-related CLD to
clarify the effect of aetiologies for prognosis in patients
with LC.

When comparing the three groups, the clinical char-
acteristics of patients with viral hepatitis with alcohol-
related CLD exhibited greater similarity to those with
alcohol related CLD than to those with viral hepatitis
CLD in terms of age, gender, the events of AD and liver
function status (CPS, MELD) (Table 1). Furthermore, the
incidence of ACLF also demonstrated an increased
among patients with alcohol-related CLD and those
with viral hepatitis with alcohol-related CLD in compari-
son with patients with viral hepatitis-related CLD
(p<0.05) (Table 4). In subgroup analysis according MELD
score =15, 28-day adverse outcomes increased in follow-
ing order: alcohol-related CLD (6.7%), viral hepatitis CLD
(12.5%) and viral hepatitis with alcohol-related CLD
(19.0%) (alcohol-related CLD vs. viral hepatitis with
alcohol-related CLD, p=0.001, viral hepatitis CDL vs. viral
hepatitis with alcohol-related CLD, p=0.07) (Figure 3).
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Figure 2. The overall adverse outcomes according to aetiology of chronic liver disease.

Table 4. Subgroup analysis according to AD on liver cirrhosis and ACLF.

Overall Virus (HBV+HCV) Virus +alcohol Cryptogenic
(N=1399) (N=160) Alcohol (N=981) (N=122) AIH/PBC (N=36) (N=100) p value
Age 55.1£11.3 57.6+11.8* 53.6+10.4* 52.2%99 61.9+13.3* 67.0+10.8 <0.001
Sex 1049 (75.0) 95 (59.4)% 798 (81.3) 109 (89.3) 7 (19.4)% 40 (40.0)* <0.001
ACLF, n (%) 250 (17.9) 3 (8.1)* 192 (19.6) 27 (22.1) 2 (5.6)* 16 (16.0) 0.001
Gr 1 127 (9.1) 7 (4.4 93 (9.5) 12 (9.8) 2 (5.6) 13 (13.0) 0.001
Gr 2 80 (5.7) (2.5 65 (6.6) 9 (7.4) 0 (0) 2 (2.0)
Gr 3 43 (3.1) (13 34 (3.5) 6 (4.9) 0 (0) 1(1.0)
Child-Pugh score 9.0 (7.0-11.0) (7. 9.0 (8.0-11.0) 9.0 (8.0-11.0) 0* (7.0-9.0) 8.0% (7.0-9.0) <0.001
MELD score 16.8 (12.7-22.3) ( 17.4 (13.6-22.7) 18.1 (12.7-25.3) 2 (9.6-17.2)* 13.6 (10.8-18.0)* <0.001
MELD-Na score 19.8 (14.7-25.8) *( 20.5 (15.5-26.4) 21.1 (14.8-28.0) 53 (11.5-20.2)* 16.4 (12.0-21.9)* <0.001
CLIF-C OF score 7.0 (6.0-8.0) 0 (6. 7.0 (6.0-8.0) 7.0 (6.0-8.3) 6.0 (6.0-7.0)* 6.5 (6.0-7.0)* <0.001
Liver, n (%) 212 (15.2) 22 (13. 160 (16.3) 26 (21.3) 2 (5.6) 2 (2.0) <0.001
Kidney, n (%) 135 (9.6) 8 (5.0) 104 (10.6) 11 (9.0) 1(2.8) 11 (11.0) 0.126
Brain, n (%) 113 (8.1) 5(3.1) 90 (9.2) 8 (6.6) 0 (0) 10 (10.0) 0.028
Circulation, n (%) 60 (4.3) 3 (1.9) 51 (5.2) 3 (2.5) 0(0) 3 (3.0) 0.123
Respiratory, n (%) 21 (1.5) 0 18 (1.8) 2 (1.6) 0 (0) 1(1.0) 0.418
Coagulation, n (%) 112 (8.0) 8 (5.0) 75 (7.6) 24 (19.7) (2.8) 4 (4.0) <0.001
Adverse outcome, n (%)
28-day mortality 78 (5.6) 10 (6.3) 49 (5.0)* 15 (12.3) 1(2.8) 3 (3.0)* 0.011
LT 12 (0.9) 3 (1.9 4 (0.4) 4 (33) 0 1(1.0)
90-day mortality 159 (11.4) 22 (13.8) 02 (10.4)* 25 (20.5) 9 (8.3) 7 (7.0* 0.007
LT 25 (1.8) 6 (3.8) 12 (1.2) 6 (4.9) 1(2.8) 0
Overall mortality 332 (23.7) 32 (20.0)* 233 (23.8)* 39 (32.0) 5 (13.9)% 23 (23.0) 0.030
LT 38 (2.7) 7 (4.4) 22 (2.2) 6 (4.9) 1(2.8) 2 (2.0)

“It is indicated a significant difference compared to viral hepatitis with alcohol-related CLD (p<0.05).
ACLF, acute-on-chronic liver failure; MELD, CLIF-C, Chronic Liver Failure-C; LT, liver transplantation.

Discussion the clinical characteristics by CLD aetiology were sum-
marized among prospectively enrolled CLD patients
with AD, and the effect of CLD aetiology on short-term
by dysfunction of other organs, is a common cause of  and long-term adverse outcomes was confirmed
adverse outcomes (death or LT) in CLD. In this study, among these patients. The baseline characteristics

Acute decompensation (AD), especially accompanied
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were different according to the five different aetiolo-
gies of CLD: viral hepatitis, alcohol-related CLD, viral
hepatitis with alcohol-related CLD, autoimmune-related
CLD and cryptogenic CLD. The difference in the aetiol-
ogy of CLD stratified by adverse outcomes was statis-
tically significant. Notably, patients with viral hepatitis
with alcohol-related CLD showed poorer liver function
profiles and increased 28-day/overall adverse outcomes
than patients with other aetiologies.

HBV and HCV are known leading causes of CLD and
the development of HCC. Currently, the vast majority
of HCV-infected patients treated with direct-acting
antivirals reach a sustained virological response rate,
and HBV-infected patients treated with nucleoside/
nucleotide agents achieve at least viral suppression
within almost 1 year [11, 12]. However, alcohol-related
liver disease still causes increasing morbidity and mor-
tality of CLD [5]. The process of alcohol-related liver
damage is complex and multifactorial. In particular,
the interaction of viral hepatitis and alcohol-related
liver damage is not fully understood, but alcohol
affects the major histocompatibility complex (MHC-I
and MHC-Il), which acts in antigen presentation and
has direct and indirect negative effects on viral replica-
tion [18]. Additionally, alcohol increases both oxidative
stress and cytotoxicity and weaknesses the immune
response to hepatitis virus [18]. The negative synergis-
tic effect of alcohol and viral hepatitis on patients
leads to a poor prognosis, accelerating the progression
of liver damage in addition to the toxicity of alcohol
itself. In a previous study, the AD of alcoholic LC and
alcoholic hepatitis showed the highest mortality with
active alcoholic patients in several weeks [19, 20]. In
addition, the AD of alcohol-related liver disease often
shows SIRS even in the absence of an infection. SIRS
with or without infection is a major determinant of
multiorgan failure and mortality in alcoholic hepatitis
[21]. Patients with alcohol-related CLD showed a higher

proportion of SIRS (26.4%) than patients with other
aetiologies in this prospective cohort. SIRS is also an
important factor for 28-day adverse outcomes along
with age, aetiology and MELD score. Furthermore, in
this study, the clinical characteristics of viral hepatitis
with alcohol-related CLD were similar to alcohol related
CLD, but in cirrhotic patients with high MELD, viral
hepatitis with alcohol-related CLD demonstrated a
poorer prognosis compared to viral hepatitis CLD or
alcohol-related CLD. This clinical observation under-
scores a negative synergistic effect of viral infection
and alcohol. Previous studies have shown good
long-term prognosis in patients with alcohol absti-
nence in alcoholic cirrhosis/alcoholic hepatitis, although
the duration of abstinence is controversial [22-24]. Our
findings suggested that the occurrence of
alcohol-induced CLD combined with viral hepatitis
itself has a poor long-term prognosis for AD compared
to other aetiology, regardless of subsequent alcohol
abstinence. In light of this, individuals diagnosed with
viral hepatitis should refrain from consuming moder-
ate amounts of alcohol as early as possible, as it has
the potential to induce chronic liver injury.

The differences in short-term adverse outcomes
according to aetiology occur also depending on
whether the cause of AD and CLD is treated. In viral
hepatitis CLD, viral activation accounts for only 26.7%
of precipitating factors for AD in this study. AD in
chronic hepatitis B patients who initiated antiviral ther-
apy for viral remission required several months to
achieve remission [11], as alcohol use is a factor that
cannot be easily corrected in the occurrence of AD
and viral activation poses a challenge in terms of rapid
control, unlike gastrointestinal bleeding or infection,
both of which can be promptly managed within a
short timeframe. For this reason, viral hepatitis can be
considered to have increased 28-day adverse outcomes
with alcohol-related CLD in this study. However, overall

Figure 3. A) The 28-day adverse outcomes according to aetiology of cirrhotic patients with MELD < 15 and B) the 28-day adverse
outcomes according to aetiology of cirrhotic patients with MELD >15.



adverse  outcomes were more increased in
alcohol-related CLD and cryptogenic CLD (mostly
NAFLD) than in viral hepatitis and autoimmune CLD.
Overall adverse outcomes were only affected by older
age, liver function status and the frequency of AD in
multivariate analysis.

In this study, the MELD score was the highest
among patients with viral hepatitis with alcohol-related
CLD. Patients with viral hepatitis with alcohol-related
CLD had a high proportion of LT (3.9%) compared
with patients with other aetiologies in the 28-day
follow-up period. However, during the overall period,
these patients showed the worst adverse outcomes,
but the proportion of LT (5.4%) was similar to that of
viral hepatitis patients (5.3%). These results were com-
parable even in the subgroup for cirrhosis. The MELD
score was introduced for the prioritization of LT candi-
dates in 2002 [25]. During this period, MELD scores
predicted 90-day mortality from various liver diseases,
and the allocation algorithm followed by MELD score
was shown to reduce waiting list mortality and
improve patient survival [26-28]. However, the prog-
nostic capacity of MELD score for predicting 90-day
mortality has somewhat diminished in the contempo-
rary era. Godfrey et al. analysed 120,393 patients listed
for LT in the United Network for Organ Sharing (UNOS)
system from 2002 to 2016 [29]. The incidence of
patients with HCV-related liver disease on the waiting
list decreased, but the incidence of alcoholic liver dis-
ease and nonalcoholic fatty liver disease increased
from 2002 to 2016. Moreover, the MELD score incor-
rectly predicts mortality in about 15-20% of patients
because the score does not include major cirrhotic
complication that induced poor prognosis [27]. Other
scoring system, the CLIF Consortium Acute
Decompensation score (CLIF-C ADs) developed by
European prospective cohort for cirrhotic patients
composed with age, creatinine, white blood cell count
and INR is more accurate than MELD score in predict-
ing prognosis in AD of cirrhotic patients [17]. For
these reasons, there is a pressing need to reevaluate
the criteria used in allocating LT, particularly MELD
score. This reassessment should take into account the
shifting prevalence rates, therapeutic advancements
impacting disease prognosis and severity across differ-
ent aetiologies, with special attention to patients
with AD.

Among the 1,399 cirrhotic patients with AD of CLD,
250 (17.9%) had ACLF at admission. The proportion of
ACLF according to aetiology was higher in viral hepa-
titis with alcohol-related CLD (22.1%), alcohol-related
CLD (19.6%) and cryptogenic CLD (16.0%) than in viral
hepatitis (8.1%) or autoimmune-related CLD (5.6%).
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The mechanism of ACLF in alcohol liver disease that
induces multiorgan failure and high mortality is
explained by elevated systemic inflammation and cir-
culating cytokine and innate/adaptive immune cell
dysfunction [20]. The differences in the pattern of
ACLF between alcohol-related liver disease and crypto-
genic CLD were the type of organ failure and grade of
ACLF. Alcohol-related liver disease was dominant in
liver failure and showed more severe ACLF grade than
cryptogenic CLD in this study. Non-alcoholic steato-
hepatitis (NASH) was the most common aetiology of
cryptogenic LC [30]. Compared to patients with other
aetiologies, despite the relatively high ACLF proportion
of cryptogenic LC, the 28-day adverse outcomes were
lower than those among patients with other aetiolo-
gies. This finding could be explained by the higher
burden of comorbidities among NASH patients, which
itself was a protective factor for short-term mortality
and showed a lower ACLF grade than other aetiolo-
gies [30].

Our data have some limitations. The overall median
duration of this study was relatively short, at 8 months.
Therefore, we lacked data comparing a greater num-
ber of 1-year adverse outcomes between patients
with different aetiologies. Nonetheless, this duration
was deemed sufficient for meaningful observation of
differences in short-term adverse outcomes according
to aetiology among patients with AD of CLD. The
patient with AD of CLD in alcohol-related liver disease
did not undergo liver biopsy. Consequently, we were
unable to distinguish whether some cases of
alcohol-induced acute-on-chronic liver failure (ACLF)
represented a severe form of alcoholic liver disease or
were merely a clinical progression of severe alcoholic
hepatitis, which constitutes a catastrophic progression
of alcoholic liver disease associated with high mortal-
ity [31]. Finally, we analysed the significance of aetiol-
ogy in predicting the prognosis of AD of CLD. This
cohort was composed of Asian individuals. To validate
the significance of aetiology, further prospective com-
parative studies involving participants from diverse
racial backgrounds and continental cohorts may be
warranted. However, the major strength of this study
lies the large number of patients with complete data
in prospective study settings. This is the first prospec-
tive study to compare the adverse outcomes of the
AD of CLD according to the various aetiologies.
Specifically, we were able to elucidate a fragment of
knowledge gleaned from previous studies, namely,
the poor prognosis of alcohol use in viral liver disease,
by directly comparing adverse outcomes between
viral hepatitis with alcohol-related CLD and alcohol/
viral-related CLD.
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In conclusion, viral hepatitis with alcohol-related
CLD showed the worst adverse outcomes compared
with other aetiologies, such as viral hepatitis,
alcohol-related  CLD,  cryptogenic CLD  and
autoimmune-related CLD, in AD of liver disease even
among individuals presenting with high MELD scores.
Patients diagnosed with viral hepatitis should refrain
from alcohol consumption to prevent the develop-

ment of alcohol-related liver disease, as it significantly
worsens overall adverse outcomes in cases of AD.
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