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Background: Hepatitis B virus related acute-on-chronic liver failure (HBV-ACLF) is a life-threatening 
syndrome characterized by acute and severe hepatic insults with high short-term mortality. This study aimed 
to compare the scoring systems which were used to predict short-term outcomes for HBV-ACLF patients.
Methods: A total of 529 patients diagnosed as HBV-ACLF were retrospectively analyzed and randomly 
divided, at a ratio of 3:1, into derivation cohort (n=397) and validation cohort (n=132). Univariate and 
multivariate analyses were performed to determine the discriminative abilities of the ALBI grade in 
predicting 30-day and 90-day mortality. The area under the receiver operating characteristic (AUC) curves 
was used to evaluate the accuracy of models.
Results: The survival was associated with lower ALBI score, MELD score and CLIF-C ACLF score than 
death. In the derivation cohort, elevated ALBI score was related to worse prognosis (30-day mortality: HR 
=3.452; 90-day mortality: HR =3.822), increased MELD score was associated with worse overall survival (30-
day mortality: HR =1.073; 90-day mortality: HR =1.082), and increased CLIF-C ACLF score was associated 
with worse overall survival (30-day mortality: HR =1.061; 90-day mortality: HR =1.065). The multivariate 
analyses identified the ALBI score, MELD score and CLIF-C ACLF score as independent prognostic 
predictors. The results of validation cohort validated these findings.
Conclusions: Our study revealed that both the ALBI score, MELD score and CLIF-C ACLF score could 
predict 30- and 90-day mortality of HBV-ACLF accurately. Elevated ALBI score, MELD score and CLIF-C 
ACLF score were associated with worse prognosis.
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Introduction

Acute-on-chronic liver failure (ACLF) is a life-threatening 
syndrome that occurs in patients with either previously 
diagnosed or undiagnosed chronic liver disease (1,2). It is 
characterized by acute and severe hepatic insults manifesting 
as coagulopathy and jaundice, complicated within four 
weeks by ascites and/or hepatic encephalopathy (3), and 
with high short-term mortality of 63–72.3% (4-6). In Asia, 
especially in China, the leading cause for ACLF is hepatitis 
B virus (HBV) infection with the proportion of more than 
70% (7). Liver transplantation is still the only therapeutic 
strategy that has been verified to be beneficial for ACLF 
patients. However, the lack of available donors restricts 
its application (8). Therefore, it is critical to monitor the 
disease progression and distinguish ACLF patients that 
need emergency liver transplantation. 

To predict the short-term outcomes accurately, several 
scoring systems such as Child-Pugh classification (CP), 
model of end-stage liver disease (MELD) (9), MELD 
sodium (MELD-Na) (10) were developed. Chronic 
liver failure-sequential organ failure assessment (CLIF-
SOFA) was developed to evaluate multiple organ failure 
initially, then modified as CLIF-CONSORTIUM score 
for ACLF patients (CLIF-C ACLFs). It had been proved 
the CLIF-C ACLFs was higher predictive accurate than 
CP, MELD and MELD-Na (11). The CP and MELD 
model are still routinely applied for allocation of donor 
livers due to their feasibility. The CP classification is based 
on five parameters including total serum bilirubin, serum 
albumin, prothrombin time, degree of ascites and extent 
of hepatic encephalopathy (12,13). However, subjective 
clinical assessment of the extent of ascites and hepatic 
encephalopathy limits its clinical application (14). 

The albumin-bilirubin (ALBI) grade was initially 
developed to assess the severity of liver dysfunction in 
patients with hepatocellular carcinoma (HCC) by Johnson 
and colleagues (15). It is calculated from serum albumin and 
bilirubin using the formula: ALBI score= (log10bilirubin × 
0.66) − (albumin × 0.085), where bilirubin is in mol/L and 
albumin in g/L. The cut-off points were as follows: ≤−2.60 
(ALBI grade 1), more than −2.60 to ≤−1.39 (ALBI grade 
2), and more than −1.39 (ALBI grade 3). Plenty of studies 
have verified its accuracy in predicting prognosis of HCC 
patients (16-19). Moreover, Chan et al. demonstrated that 
the ALBI grade was an independent prognostic factor for 
patients with primary biliary cirrhosis and superior to CP 
classification and MELD (20). However, it remains unclear 

about the feasibility of the ALBI grade in predicting short-
term outcomes of patients with hepatitis B virus related 
ACLF (HBV-ACLF).

The current study aimed to compare the accuracy of 
the scoring systems in predicting short-term outcomes of 
HBV-ACLF patients. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-20-608).

Methods 

Study population

We retrospectively enrolled patients who were newly 
diagnosed as HBV-ACLF from June 2012 to July 2015 
and admitted in the Third Affiliated Hospital of Sun 
Yat-sen University. ACLF was diagnosed according to 
the consensus recommendations of the Asian Pacific 
Association for the Study of the Liver (APASL), which 
included jaundice with a serum total bilirubin level of  
≥5 mg/dL, coagulopathy with an INR of ≥1.5 or 
prothrombin activity less than 40% and development of 
ascites and/or encephalopathy as determined by physical 
examination within 4 weeks (3,21). Patients with liver 
cancer and other malignancies were excluded. Patients were 
excluded if they were coinfected with human immune-
deficiency virus (HIV), hepatitis A, C, D, or E virus, or 
accompanied by alcoholic hepatitis, drug-induced hepatitis, 
autoimmune hepatitis. The ACLF patients received 
nucleotide antiviral therapies and treatment strategies 
according to the diagnostic and treatment guidelines for 
ACLF adopted by the Chinese Medical Association (22). 
All eligible patients or their relative gave written informed 
consent. This study was approved by the ethics committee 
of the Third Affiliated Hospital of Sun Yat-sen University 
(the ethical number: 2014-142), in accordance with the 
guidelines of the Declaration of Helsinki (as revised in 
2013) (23). The flow diagram was shown in Figure S1.

Data collection

The following data of pretreatment clinical information 
were reviewed and collected from the hospital electronic 
medical records: name, gender, age, hemoglobin (HGB), 
platelet count (PLT), normalized ratio (INR), serum alanine 
transaminase (ALT), aspartate transaminase (AST), albumin 
(ALB), total bilirubin (TBIL), γ-glutamyl transpeptidase 
(GGT), creatinine (Cr), blood urea nitrogen (BUN). All the 
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included patients were followed up at least for 90 days.
Calculation formula for models were as following: MELD 

score = 9.6 × ln(Cr) + 3.8 × ln(TBIL) + 11.2 × ln(INR) + 
6.4 × (etiologies), where Cr is in mg/dL; ALBI score = 
(log10bilirubin × 0.66) − (albumin × 0.085), where bilirubin 
is in mol/L and albumin in g/L; the CLIF-C ACLF was 
calculated as previous described (11). The classification of 
the ALBI grade were: ≤2.60 (ALBI grade 1), >−2.60, ≤−1.39 
(ALBI grade 2), and >−1.39 (ALBI grade 3) (15). 

Statistical analysis

All statistical analyses were performed using SPSS (version 
22.0, Chicago, IL, USA), MedCalc (version 15.2.2.0, 
Ostend, Belgien) and Graphpad Prism (version 8.0, San 
Diego, California, USA). Student’s t-test and Chi-square 
test were used to assess the correlation of continuous and 
categorical variables to relevant outcomes respectively. 
The most used cut-off value for ALBI score was used in 
this study (24). The optimal thresholds of MELD and 
CLIF-C ACLF score were identified by application of the 
receiver operating characteristics (ROC) curve using 90-day 
mortality as the discriminant (25). The Z-test was used to 
compare the area under the receiver operating characteristic 
(AUC). Kaplan-Meier method was used to perform 
survival analysis for the groups with different cut-off 
values, and their differences were tested with log-rank test. 
Subsequently, Cox proportional hazards regression model 
(enter method) was used to identify potential independent 
prognostic factors for 30- and 90-day mortality of HBV-
ACLF patients. A two-tailed P value less than 0.05 was 
considered statistically significant.

Results

Patients characteristics

A total of 597 patients newly diagnosed with HBV-ACLF 
were admitted in the Third Affiliated Hospital of Sun 
Yat-sen University. Of them, 68 were excluded: 21 were 
associated with HCC; 8 were coinfected with hepatitis A, 
C or E virus; 13 were caused by alcoholic hepatitis; 26 were 
associated with severe extra-hepatic diseases (Figure S1). 
Finally, 529 patients were included in the present study. 
They were randomly divided into derivation and validation 
cohort at a ratio of 3:1. Therefore, 397 patients [334 (84.1%) 
male; mean age, 45.09 years] were classified into derivation 
cohort, whereas 132 patients [58 (86.5%) male; mean age, 

43.76 years] were used to validate our findings. The baseline 
demographic and clinical characteristics were summarized 
in Table 1. The optimal cut-off values for MELD and 
CLIF-C ACLF were 27.83 and 48.63, respectively.

Derivation cohort

At the endpoint of 30-day after diagnosis, 291 (73.3%) 
patients were survived. The survival showed a decreased 
ALBI score, MELD score and CLIF-C ACLF score than 
those of death (Figure 1A,B,C). A total of 330 (83.1%) 
patients with liver function of ALBI grade 3 showed worse 
prognosis than those with ALBI grade 2 [hazard ratio 
(HR): 3.452; 95% confidence interval (CI): 2.272–5.244]. A 
total of 135 (34.1%) patients with high MELD score were 
associated with worse overall survival than those with low 
MELD score (HR: 1.073, 95% CI: 1.043–1.105), whereas 
111 (27.9%) patients with increased CLIF-C ACLF score 
showed worse prognosis (HR: 1.061, 95% CI: 1.039–1.085). 
The multivariate analysis identified the elevated ALBI score, 
MELD score and the CLIF-C ACLF score as independent 
risk factors in predicting 30-day mortality (Table 2). The 
ALBI score showed larger AUC than the MELD score and 
CLIF-C ACLF score (AUCs: 0.682 versus 0659, 0673) 
(Figure S2A).

In total, 224 (56.4%) patients were survived at 90-
day after diagnosed as HBV-ACLF. Similarly, the survival 
showed a decreased ALBI score, MELD score and CLIF-C 
ACLF score than those of death (Figure 1D,E,F). Patients 
with increased ALBI grade showed worse prognosis (HR: 
3.822; 95% CI: 2.505–5.832). Patients with high MELD 
score were associated with worse overall survival than those 
with low MELD score (HR: 1.082, 95% CI: 1.056–1.108). 
Patients with increased CLIF-C ACLF score showed worse 
prognosis (HR: 1.065, 95% CI: 1.047–1.084) (Figure 2).  
Among five parameters which were introduced in the 
multivariate analysis, the elevated ALBI score, MELD 
score and the CLIF-C ACLF score as independent risk 
factors in predicting 90-day mortality (Table 3). The AUCs 
for these three scoring systems were 0.67, 0.659 and 0.679, 
respectively (Figure S2B). The diagnostic accuracy of 
scoring systems for predicting 30- and 90-day mortality was 
shown in Table S1.

Validation cohort

One hundred thirty two patients were included in 
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validation cohort. According to the cut-off values, 37 
(28.0%) were classified into ALBI grade 2 group, 93 
(70.5%) were classified into low MELD score group 
while 98 (74.2%) were classified into low CLIF-C 
ACLF score group. Consistent to the derivation cohort, 
decreased ALBI grade, decreased MRLD score and 
CLIF-C ACLF score were associated with better 
prognosis (Figure 3). Among 15 clinicopathological 
characteristics, 8 were identified as potentially relevant 
with P values less than 0.05 in the univariate Cox 
regression analyses for 30-day mortality. Four of them 
were introduced in consequent multivariate analyses, 
the ALBI score, MELD score and CLIF-C ACLF score 
were identified as independent prognostic predictors for  
30-day mortality (Table S2). Six clinicopathological 
characteristics were potential relevant in univariate 

analyses for 90-day mortality. Similarly, the ALBI score, 
MELD score and CLIF-C ACLF score were identified as 
independent prognostic predictors for 90-day mortality 
(Table S3).

Discussion 

In the present study, we retrospectively analyzed 397 
HBV-ACLF patients, and compared the accuracy of the 
ALBI score, MELD score and CLIF-C ACLF score. The 
results demonstrated that both ALBI score, MELD score 
and CLIF-C ACLF score were independent prognostic 
predictors for 30- and 90-day mortality in hospitalized 
HVB-ACLF patients receiving antiviral therapy and other 
clinical treatment. The initial findings were validated 
using an independent cohort. The ALBI score showed 

Table 1 Baseline demographic and clinical characteristics of patients with HBV-ACLF in derivation cohort (n=397) and validation cohort (n=132)

Variables Derivation cohort (n=397) Validation cohort (n=132)

Age (year) 45.09±12.69 43.76±11.63

Male gender, n (%) 334 (84.1%) 58 (86.5%)

HGB (g/L) 119.3±23.6 119.1±23.7

PLT (109/L) 117.47±65.39 121.86±78.949

INR 2.83±1.09 2.79±1.01

ALT (IU/L) 650±813 831±974

AST (IU/L) 462±677 549±738

ALB (g/L) 31.48±4.68 32.5±4.99

TBIL (μmol/L) 373.73±167.56 380.42±181.48

GGT (IU/L) 96.77±92.64 93.30±64.98

Cr (μmol/L) 81.46±53.04 79.41±47.81

BUN (mg/dL) 4.88±4.69 4.99±5.06

ALBI score −1.02±0.39 −1.09±0.38

MELD score 26.85±5.61 26.6±5.47

CLIF-CACLF score 44.06±8.24 43.27±7.73

30-day survival, n (%) 291 (73.3%) 98 (74.2%)

90-day survival, n (%) 224 (56.4%) 78 (59.1%)

Data were expressed as numbers of patients (%) or mean ± SD. HBV-ACLF, hepatitis B virus related acute-on-chronic liver failure; HGB, 
hemoglobin; PLT, platelet; INR, international normalized ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, 
albumin; TBIL, total bilirubin; GGT, gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood urea nitrogen; ALBI, albumin-bilirubin; 
MELD, model for end-stage liver diseases. CLIF-CACLF, CLIF-CONSORTIUM score for ACLF patients.
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Figure 1 Violin plots showing the distribution of ALBI, MELD and CLIF-C ACLF score: in survival and death group at the end of 30-day (A, 
B and C), 90-day (D, E and F) after diagnosis. Solid lines represented median value, dotted lines represented quartiles. ***, P<0.001. ALBI, 
albumin-bilirubin; MELD, model for end-stage liver diseases; CLIF-CACLF, CLIF-CONSORTIUM score for ACLF patients.
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larger AUC than MELD score and CLIF-C ACLF score 
in predicting 30-day mortality. This would be helpful 
for clinical treatment strategies decision and selection of 
appropriate candidate for liver transplantation.

In China, HBV-ACLF accounts for almost 80% ACLF 
cases due to the high incidence of HBV infection, which 
would cause multiple organ failure severe function damage (26).  
Even antiviral therapy is a useful treatment strategy that 
would improve outcomes of HBV-ACLF patients (27), the 
mortality remains high. Emergency liver transplantation, 
the most effective therapeutic treatment, is limited by 
shortage of available donor livers. Therefore, it is important 
to lay emphasis on the allocation of donor livers. Accurate 
scoring systems which can predict prognostic outcomes 
are precondition for selection of candidates in the waiting 
list. Several scoring systems such as CP grade and MELD 
score have been developed to assess the severity of hepatic 
dysfunction and predict prognostic outcomes of HBV-ACLF. 
And they are commonly used for allocation of donor livers 
now. It is inspiring if any models show better accuracy of 
prognostic prediction than conventional scoring systems. 

Among varies scoring systems for prognostic prediction 

of patients with HBV-ACLF, MELD score was one of the 
most widely used for organ allocation (28,29). It involved 
three objective parameters, the total bilirubin, INR and 
creatinine. Recently, several scoring systems were reported 
to be superior to MELD score in accurate prognostic 
prediction of patients with ACLF. The CLIF-C ACLF, 
developed by Jalan et al., was demonstrated to be with better 
accuracy compared to MELD score, MELD-Na score (11).  
The acute physiology and chronic health evaluation 
(APACHE II) score showed higher predictive accuracy than 
MELD score, CP classification and SOFA (30). However, 
these models mostly analyzed patients in western countries 
with alcoholic hepatitis or hepatitis C virus related 
ACLF. In China, most ACLF patients were chronic HBV 
infection related. Moreover, the clinical manifestation and 
pathophysiology were different from alcoholic hepatitis 
related ACLF to HBV-ACLF. Consequently, whether these 
models exhibited ideal predictive value in patients with 
HBV-ACLF needed further investigation. It is necessary 
to identify an accurate prognostic scoring system based on 
patients with HBV-ACLF.

The ALBI grade was built to predict prognosis of 
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patients with HCC. Evidence based on 1,313 HCC patients 
from Japanese shown ALBI score was an accurate predictor 
of prognostic outcome and extended as an index of liver 
dysfunction (15). Another study by Chen et al. revealed 
that patients with lower ALBI score were associated with 
longer life expectancy. ALBI grade was more accurate than 
CP grade and MELD score for patients with HBV-related 
cirrhosis (31). ALBI grade was applied to predict hepatic 
function decline, and the conclusion shown it functioned 
similarly to CP score (32). Moreover, Andreatos et al. used 
ALBI grade to predict post hepatic liver failure in HCC 
patients underwent hepatectomy, and considered it as an 
effective predictor (33). Indeed, only serum albumin and 
bilirubin were involved in ALBI grade, which were entirely 
objective measurements that would be routinely monitored 
in patients with liver dysfunction. It would be easily 
available for ALBI grade.

A previous study enrolled 100 ACLF patients compared 

CP, MELD score and ALBI score in predicting the in-
hospital mortality (34). It concluded that neither MELD 
score nor ALBI score was effective in predicting the in-
hospital mortality of cirrhosis patients with ACLF. However, 
several limitations of this study unfolded obviously. It was 
unreliable to make a conclusion based on insufficient data 
set. Moreover, the etiology of patients enrolled in the study 
seemed to be incomparable. And different etiology would 
result in different clinical manifestation, pathophysiology and 
prognosis. In our study, we enrolled almost 400 HBV-ACLF 
patients based upon strict inclusion criteria. We also evaluated 
clinical and biochemical parameters using univariate and 
multivariate Cox proportional hazard regression. 

There are some limitations in the present study warrant 
consideration when interpreting our findings. Firstly, 
this is a retrospective study based on clinical data from 
single center, which may result in an increased possibility 
of selection bias and limit the generalization. Further 

Table 2 Independent prognostic factors for 30-day mortality by the univariate and multivariate Cox proportional hazards regression model in the 
derivation cohort

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (year) 1.004 0.994–1.014 0.402 – – –

Male gender 1.090 0.641–1.856 0.750 – – –

HGB (g/L) 0.995 0.988–1.003 0.266 – – –

PLT (109/L) 1.000 0.997–1.003 0.951 – – –

INR 1.315 1.131–1.528 <0.001 – – –

ALT (IU/L) 1.000 1.000–1.000 0.305 – – –

AST (IU/L) 1.000 0.999–1.000 0.318 – – –

ALB (g/L) 0.906 0.871–0.944 <0.001 – – –

TBIL (μmol/L) 1.001 1.000–1.002 0.023 – – –

GGT (IU/L) 1.000 0.997–1.002 0.675 – – –

Cr (μmol/L) 1.003 1.000–1.005 0.027 – – –

BUN (mg/dL) 1.054 1.031-1.081 0.001 0.995 0.957–1.034 0.791

ALBI score 3.452 2.272–5.244 <0.001 4.212 2.337–7.592 <0.001

MELD score 1.073 1.043–1.105 <0.001 1.038 0.997–1.080 0.069

CLIF-C ACLF score 1.061 1.039–1.085 <0.001 1.032 1.005–1.060 0.021

HR, hazard ratio; CI, confidence interval; HGB, hemoglobin; PLT, platelet; INR, international normalized ratio; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALB, albumin; TBIL, total bilirubin; GGT, gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood 
urea nitrogen; ALBI, albumin-bilirubin; MELD, model for end-stage liver diseases; CLIF-CACLF, CLIF-CONSORTIUM score for ACLF 
patients.
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international multi-center researches with more diversified 
patients should be conducted to substantiate our findings. 
Furthermore, all the included patients were in ALBI grade 
2 or grade 3 due to the insufficient available data of ALBI 
grade 1. Nevertheless, our study was carried out at an 
appropriate time as the lack of reliable study investigated 
the prognostic value of the ALBI grade that based on HBV-
ACLF patients.

In conclusion, our study revealed that both the ALBI 
score, MELD score and CLIF-C ACLF score could 
predict 30- and 90-day mortality of HBV-ACLF accurately. 
Elevated ALBI score, MELD score and CLIF-C ACLF 
score were associated with worse prognosis. The ALBI 
score was associated with larger AUC than the MELD 
score and CLIF-C ACLF in predicting 30-day mortality. 
In the clinical treatment strategies decision making and 

Table 3 Independent prognostic factors for 90-day mortality by the univariate and multivariate Cox proportional hazards regression model in the 
derivation cohort

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (year) 1.012 0.999–1.025 0.073

Male gender 0.976 0.651–1.462 0.905

HGB (g/L) 0.992 0.986–0.999 0.018 0.996 0.989–1.003 0.291

PLT (109/L) 1.000 0.997–1.002 0.720

INR 1.313 1.164–1.481 <0.001

ALT (IU/L) 1.000 1.000–1.000 0.121

AST (IU/L) 1.000 1.000–1.000 0.132

ALB (g/L) 0.926 0.898–0.956 <0.001

TBIL (μmol/L) 1.002 1.001–1.002 0.001

GGT (IU/L) 1.000 0.999–1.002 0.853

Cr (μmol/L) 1.004 1.002–1.005 <0.001

BUN (mg/dL) 1.055 1.031–1.079 <0.001 0.994 0.963–1.026 0.725

ALBI score 3.822 2.505–5.832 <0.001 2.901 1.850–4.549 <0.001

MELD score 1.082 1.056–1.108 <0.001 1.048 1.015–1.082 0.005

CLIF-C ACLF score 1.065 1.047–1.084 <0.001 1.032 1.005–1.059 0.020

HR, hazard ratio; CI, confidence interval; HGB, hemoglobin; PLT, platelet; INR, international normalized ratio; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALB, albumin; TBIL, total bilirubin; GGT, gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood 
urea nitrogen; ALBI, albumin-bilirubin; MELD, model for end-stage liver diseases; CLIF-CACLF, CLIF-CONSORTIUM score for ACLF 
patients.
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selection of appropriate candidate for liver transplantation, 
these three scoring systems should be routinely performed.
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Figure S1 Flow diagram showing the procedure of selection and exclusion of patients. HBV-ACLF, hepatitis B virus related acute-on-
chronic liver failure. HBV-ACLF, hepatitis B virus related acute-on-chronic liver failure.

Figure S2 Comparison of area under the receiver operating characteristic (AUC) for ALBI score, MELD score and CLIF-C ACLF score 
in predicting 30-day mortality (A) and 90-day mortality (B). ALBI, albumin-bilirubin; MELD, model for end-stage liver disease; CLIF-C 
ACLF, CLIF-CONSORTIUM score for ACLF patients.
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Table S1 Diagnostic accuracy of scoring systems for prediction of 30- and 90-day mortality

Models AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR

30-day mortality

ALBI score 0.682 (0.633–0.727) −1.39 96.2 21.6 30.9 94 1.23 0.18

MELD score 0.659 (0.610–0.706) 27.83 55.7 73.9 43.7 82.1 2.13 0.59

CLIF-CACLF score 0.673 (0.625–0.719) 48.63 50.9 80.4 48.6 81.8 2.59 061

90-day mortality

ALBI score 0.670 (0.622–0.716) −1.39 92.5 24.1 48.5 80.6 1.22 0.31

MELD score 0.659 (0.610–0.705) 27.83 52.6 80.4 67.4 68.7 2.68 0.59

CLIF-CACLF score 0.679 (0.630–0.724) 48.63 45.7 85.7 71.2 67.1 3.19 0.63

ALBI grade, albumin-bilirubin grade; MELD, model for end-stage liver disease; AUC, area under the operating characteristic; CI, 
confidence interval; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood 
ratio.

Table S2 Independent prognostic factors for 30-day mortality by the univariate and multivariate Cox proportional hazards regression model in the 
validation cohort

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (year) 1.017 0.988–1.047 0.246 – – –

Male gender 2.087 0.638–6.828 0.224 – – –

HGB (g/L) 1.002 0.987–1.016 0.830 – – –

PLT (109/L) 1.004 1.000–1.009 0.051 – – –

INR 1.442 1.092–1.902 0.009 – – –

ALT (IU/L) 1.000 1.000–1.000 0.825 – – –

AST (IU/L) 1.000 0.999–1.000 0.833 – – –

ALB (g/L) 0.936 0.879–0.996 0.037 – – –

TBIL (μmol/L) 1.002 1.000–1.004 0.027 – – –

GGT (IU/L) 0.998 0.992–1.004 0.487 – – –

Cr (μmol/L) 1.005 1.000–1.009 0.038 – – –

BUN (mg/dL) 1.067 1.017–1.118 0.008 1.035 0.981–1.091 0.210

ALBI score 4.094 1.692–9.904 0.002 3.572 1.412–9.032 0.007

MELD score 1.110 1.052–1.172 <0.001 1.088 1.028–1.152 0.004

CLIF-C ACLF score 1.069 1.022–1.118 0.004 1.049 1.011–1.103 0.035

HR, hazard ratio; CI, confidence interval; HGB, hemoglobin; PLT, platelet; INR, international normalized ratio; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALB, albumin; TBIL, total bilirubin; GGT, gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood 
urea nitrogen; ALBI, albumin-bilirubin; MELD, model for end-stage liver diseases; CLIF-CACLF, CLIF-CONSORTIUM score for ACLF 
patients.



Table S3 Independent prognostic factors for 90-day mortality by the univariate and multivariate Cox proportional hazards regression model in the 
validation cohort

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (year) 1.009 0.986–1.033 0.424 – – –

Male gender 1.380 0.624–3.052 0.427 – – –

HGB (g/L) 1.000 0.988–1.011 0.936 – – –

PLT (109/L) 1.004 1.000–1.007 0.054 – – –

INR 1.419 1.123–1.794 0.003 – – –

ALT (IU/L) 1.000 1.000–1.000 0.260 – – –

AST (IU/L) 1.000 0.999–1.000 0.379 – – –

ALB (g/L) 0.968 0.920–1.018 0.201 – – –

TBIL (μmol/L) 1.002 1.001–1.003 0.006 – – –

GGT (IU/L) 0.999 0.995–1.004 0.752 – – –

Cr (μmol/L) 1.003 0.999–1.008 0.107 – – –

BUN (mg/dL) 1.049 1.002–1.097 0.040 1.016 0.966–1.068 0.541

ALBI score 2.345 1.190–4.622 0.014 2.062 1.023–4158 0.043

MELD score 1.096 1.048–1.147 <0.001 1.085 1.034–1.139 0.001

CLIF-C ACLF score 1.060 1.023–1.098 0.001 1.046 1.006–1.087 0.023

HR, hazard ratio; CI, confidence interval; HGB, hemoglobin; PLT, platelet; INR, international normalized ratio; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; ALB, albumin; TBIL, total bilirubin; GGT, gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood 
urea nitrogen; ALBI, albumin-bilirubin; MELD, model for end-stage liver diseases; CLIF-CACLF, CLIF-CONSORTIUM score for ACLF 
patients.
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