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Background: To evaluate the ability of albumin-to-bilirubin (ALBI) score for assessing the in-hospital
death in cirrhotic patients.

Methods: Overall, 1,067 cirrhotic patients admitted between January 2009 and December 2014 were
retrospectively enrolled. We calculated the Child-Pugh, model for end-stage liver disease (MELD), and
ALBI scores. We performed receiver operating characteristic curve (ROC) analyses to assess the in-hospital
death. We calculated the area under the ROC curve (AUC).

Results: In the overall analysis, all of the three scores can significantly assess the in-hospital death (Child-
Pugh score AUC =0.750, 95% CI: 0.713-0.784, P<0.0001; MELD score AUC =0.728, 95% CI: 0.689-0.765,
P<0.0001; ALBI score AUC =0.698, 95% CI: 0.667-0.727, P<0.0001). In the subgroup analysis of hepatitis B
virus, Child-Pugh and ALBI scores were suitable to assess in-hospital death (Child-Pugh score AUC =0.752,
95% CI: 0.679-0.816, P<0.0001; ALBI score AUC =0.803, 95% CI: 0.751-0.849, P=0.0002) and both were
superior to the MELD score (AUC=0.564, 95% CI: 0.483-0.643, P=0.5357). In the subgroup analysis of
alcohol abuse, Child-Pugh and MELD scores properly assessed in-hospital death (Child-Pugh score AUC
0791, 95% CI: 0.727-0.846, P<0.0001; MELD score AUC =0.720, 95% CI: 0.647—0.786, P=0.0023),
rather than ALBI score (AUC =0.646, 95% CI: 0.588-0.702, P=0.1360).

Conclusions: ALBI score might be an alternative index for assessing the in-hospital death in patients with

liver cirrhosis.
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Introduction

Liver cirrhosis is a common cause of death in the world
(1,2). The accurate prognostic assessment of liver cirrhosis
is important in our clinical practice. Child-Pugh score is
the most commonly used tool to predict the prognosis of
liver cirrhosis (3). However, it has been established for a
long time, and its components are selected primarily based
on the surgeons’ experiences. Model for end-stage liver
disease (MEELD) score is also a central tool for prognostic
assessment of liver cirrhosis (4,5). It has greatly changed
the landscape of liver transplantation donor allocation (6),
and its components are determined according to the strict
statistical analyses. Until now, there are lots of controversy
regarding the comparison of Child-Pugh versus MELD
scores (7-10). More recently, albumin-to-bilirubin (ALBI)
score has been proposed as a novel, simple, and readily
available model for assessing the severity of liver dysfunction
in hepatocellular carcinoma (11). Several studies have also
explored the prognostic role of ALBI score in other liver
diseases (12-15). Herein, we attempted to conduct a large
study to assess the ALBI score for in-hospital death in
unselected cirrhotic patients.

Methods
Patients

The study protocol of this retrospective study has been
approved by the ethical committee of the No. 463 hospital
of Chinese PLA, which is a tertiary hospital. In this study,
the researchers enrolled all cirrhotic patients admitted to
the No. 463 hospital of Chinese PLA from January 2009
to December 2014. Two researchers (J Ma and B Han)
collected the primary data, including age, sex, cirrhosis
etiology, major causes of admission, liver function, renal
function, coagulation function, and in-hospital outcome,
from electronic medical charts. One of them also validated
the accuracy of data. We calculated the Child-Pugh,
MELD, and ALBI scores according to the current formulas
3,5,11).

Data analysis

First, the baseline characteristics of all patients, patients
with hepatitis B virus infection, and patients with alcohol
abuse were summarized. As for the baseline data, we
calculated the continuous data as the mean =+ standard
deviation and median (range) and the categorical data as the
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frequency (percentage). Second, we evaluate the suitability
of the different scores for assessing the in-hospital death
according to the receiver operating characteristic curve
(ROC) analysis. We calculated the areas under the ROC
curve (AUC) with 95% confidence intervals (CI). The cut-
off values were defined in line with the best sensitivity and
specificity. The corresponding sensitivity, specificity, and
positive and negative likelihood ratios were also reported.
Then, the diagnostic accuracy of the three different scores
were compared by the De-Long test. We used the MedCalc
statistical software to undergo the data analyses.

Results
Overall analysis

We included 1,067 cirrhotic patients. Baseline characteristics
were summarized in Table 1. Briefly, 67.9% of patients were
male; 29% and 30.9% of patients had hepatitis B virus
infection and history of alcohol abuse, respectively. The
most common cause of admission was ascites (65.4%).

Child-Pugh score could be evaluated in 591 patients. Most
of them were graded as Child B (49.6%) or C (40.4%). Twenty-
six out of the 591 patients died during their hospitalizations
(4.39%). The AUC was 0.750 (95% CI: 0.713-0.784,
P<0.0001) (Figure 1A4). The best cut-off value was 9 with
a sensitivity of 80.77 (95% CI: 60.6-93.4), a specificity of
64.07 (95% CI: 60.0-68.0), a positive likelihood ratio of
2.25, and a negative likelihood ratio of 0.30.

MELD score could be evaluated in 549 patients. Median
MELD score was 10.96 (range: —1.89-38.86). Twenty-six
out of the 549 patients died during their hospitalizations
(4.73%). The AUC was 0.728 (95% CI: 0.689-0.765,
P<0.0001) (Figure 1B). The best cut-off value was 12.9787
with a sensitivity of 84.62 (95% CI: 65.1-95.6), a specificity
of 62.72 (95% CI: 58.4-66.9), a positive likelihood ratio of
2.27, and a negative likelihood ratio of 0.25.

ALBI score could be evaluated in 926 patients. Median
ALBI score was -0.190 (range: —=2.320-1.370). Thirty-two
out of the 926 patients died during their hospitalizations
(3.45%). The AUC was 0.698 (95% CI: 0.667-0.727,
P<0.0001) (Figure 1C). The best cut-off value was 0.1 with
a sensitivity of 71.87 (95% CI: 53.3-86.3), a specificity of
66.22 (95% CI: 63.0-69.3), a positive likelihood ratio of
2.13, and a negative likelihood ratio of 0.42.

ALBI, Child-Pugh, and MELD scores could be evaluated
in 548 patients. Twenty-six of the 548 patients died during
their hospitalizations. The largest AUC (0.746) was
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Table 1 Baseline characteristics
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Variables N Mean + SD or frequency (%) Median (range)
Sex (female/male) 1,067 343 (32.1)/724 (67.9)
Age (years) 1,067 59.06+12.09 56.95 (19.79-94.45)
Etiology 1,067
HBV 309 (29.0)
HCV 57 (5.3)
Alcohol 330 (30.9)
Autoimmune-related 37 (3.5)
Unknown 334 (31.3)
Major causes of admission 1,067
UGIB 72 (6.7)
HE 42 (3.9)
Ascites 698 (65.4)
Jaundice 58 (5.4)
Weakness 167 (15.7)
Others 30 (2.8)
HCC 1,067 96 (9.0)
Laboratory tests
RBC (10"%/L) 957 3.2+0.8 3.24 (1.55-5.30)
Hb (g/L) 959 100.86+27.41 104.00 (46.00-161.00)
WBC (10"/L) 959 5.68+3.70 4.7 (1.1-24.8)
PLT (10°/L) 958 114.43+45.28 111.00 (52.00-269.00)
TBIL (umol/L) 936 36.99+22.76 28.65 (8.20-158.00)
ALB (g/L) 926 29.54+5.30 28.95 (20.00-45.30)
ALT (U/L) 927 45.82+63.91 29.00 (7.00-853.00)
AST (U/L) 921 71.72+76.69 48.00 (9.00-790.00)
ALP (U/L) 927 169.38+98.78 139.00 (48.00-597.00)
GGT (U/L) 918 187.52+163.08 130.50 (20.00-950.00)
BUN (mmol/L) 869 9.32+9.32 6.56 (2.78-85.00)
Cr (umol/L) 871 97.05+87.23 70.00 (42.30-685.00)
K (mmol/L) 909 3.93+0.64 3.93 (1.40-5.60)
Na (mmol/L) 899 138.75+4.85 139.00 (121.00-156.00)
PT (s) 604 16.92+2.93 16.20 (11.20-24.70)
APTT (s) 605 38.65+5.08 38.10 (30.40-62.40)
INR 604 1.52+0.40 1.39 (1.00-2.91)
Child-Pugh score 591 9.11+2.12 9.00 (5.00-15.00)
Child-Pugh class (A/B/C) 591 59 (10.0)/293 (49.6)/239 (40.4)
MELD-score 549 12.23+6.66 10.96 (-1.89-38.86)
ALBI-score 926 -0.245+0.700 -0.190 (-2.320-1.370)

HBV, hepatitis B virus; HCV, hepatitis C virus; UGIB, upper gastrointestinal bleeding; HE, hepatic encephalopathy; HCC, hepatocellular
carcinoma; RBC, red blood cell; Hb, hemoglobin; WBC, white blood cell; PLT, platelet; TBIL, total bilirubin; ALT, alanine aminotransferase;
ALB, albumin; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; K, potassium ion;
Na, sodium ion; GGT, gamma-glutamyl transpeptidase; INR, international normalized ratio; PT, prothrombin time; APTT, activated partial
thromboplastin time; MELD, model for end stage liver disease; ALBI, albumin-bilirubin.
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Figure 1 ROC analyses of Child-Pugh (A), MELD (B), and ALBI (C) scores for predicting the in-hospital mortality of liver cirrhosis. A

comparison of their prognostic abilities is also presented (D). ROC, receiver operating characteristic curve; MELD, model for end stage

liver disease; ALBI, albumin-bilirubin.

obtained by Child-Pugh score, followed by MELD (0.728)
and ALBI scores (0.703). The difference between them was
not statistically significant (ALBI vs. Child-Pugh, P=0.2400;
ALBI vs. MELD, P=0.6463; Figure 1D).

Subgroup analysis of bepatitis B patients

We included 309 cirrhotic patients with hepatitis B virus.
Baseline characteristics of these patients were summarized
in Table 2. Briefly, a majority of patients were male (74.1%).
The most common cause of admission was ascites (63.4%).
Child-Pugh score could be evaluated in 167 patients.
Most of them were graded as Child B (44.3%) or C (43.1%).
Six out of the 167 patients died during their hospitalizations

© Translational Gastroenterology and Hepatology. All rights reserved.

(3.59%). The AUC was 0.752 (95% CI: 0.679-0.816,
P<0.0001) (Figure 24). The best cut-off value was 9 with a
sensitivity of 100 (95% CI: 54.1-100), a specificity of 60.87
(95% CI: 52.9-68.5), a positive likelihood ratio of 2.56, and
a negative likelihood ratio of 0.00.

MELD score could be evaluated in 159 patients. Median
MELD score was 12.85 (range: 1.23-38.86). Six out of the
159 patients died during their hospitalizations (3.77%). The
AUC of MELD score was 0.564 (95% CI: 0.483-0.643,
P=0.5357) (Figure 2B). The best cut-off value of MELD score
was 10.7139 with a sensitivity of 83.33 (95% CI: 35.9-99.6),
a specificity of 43.79 (95% CI: 35.8-52.0), a positive
likelihood ratio of 1.48, and a negative likelihood ratio of 0.38.

ALBI score could be evaluated in 267 patients. Median

tgh.amegroups.com Transl Gastroenterol Hepatol 2017;2:88
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Table 2 Baseline characteristics in HBV group

Page 5 of 10

Variables N Mean + SD or frequency (%) Median (range)
Sex (female/male) 309 80 (25.9)/229 (74.1)
Age (years) 309 55.74+10.78 54.18 (30.98-90.24)
Major causes of admission 309
uGIB 21 (6.8)
HE 11 (3.6)
Ascites 196 (63.4)
Jaundice 16 (5.2)
Weakness 58 (18.8)
Others 7 (2.3)
HCC 309 42 (13.6)
Laboratory tests
RBC (10"/L) 274 3.28+0.82 3.35 (1.56-5.23)
Hb (g/L) 274 104.18+26.43 106.00 (46.00-161.00)
WBC (10"/1) 275 5.85+3.95 4.80 (1.10-24.80)
PLT (10°/L) 275 118.06+44.20 120.00 (52.00-252.00)
TBIL (umol/L) 270 36.76+21.22 28.10 (8.30-114.00)
ALB (g/L) 267 29.24+5.61 28.30 (20.10-45.30)
ALT (U/L) 268 51.50+66.31 31.00 (8.00-775.00)
AST (U/L) 267 76.03+76.87 50.00 (12.00-514.00)
ALP (U/L) 268 155.23+84.25 133.00 (50.00-539.00)
GGT (U/L) 265 158.60+£155.22 84.00 (20.00-950.00)
BUN (mmol/L) 257 10.17+10.51 6.84 (2.78-78.00)
Cr (umol/L) 255 105.93+103.13 73.00 (43.10-685.00)
K (mmol/L) 262 3.97+0.66 3.99 (1.40-5.50)
Na (mmol/L) 257 138.22+5.04 139.00 (121.00-148.00)
PT (s) 168 17.38+2.88 16.95 (11.20-24.70)
APTT (s) 169 38.48+4.57 37.50 (30.40-58.80)
INR 168 1.57+0.40 1.46 (1.01-2.91)
Child-Pugh score 167 9.11£2.31 9.00 (5.00-15.00)
Child-Pugh class (A/B/C) 167 21 (12.6)/74 (44.3)/72 (43.1)
MELD-score 159 13.25+7.53 12.85 (1.23-38.86)
ALBI-score 267 -0.217+0.729 -0.150 (-2.320-1.370)

HBYV, hepatitis B virus; UGIB, upper gastrointestinal bleeding; HE, hepatic encephalopathy; HCC, hepatocellular carcinoma; RBC, red
blood cell; Hb, hemoglobin; WBC, white blood cell; PLT, platelet; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; BUN, blood urea nitrogen; Cr, creatinine;
K, potassium ion; Na, sodium ion; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio;

MELD, model for end stage liver disease; ALBI, albumin-bilirubin.
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Figure 2 ROC analyses of Child-Pugh (A), MELD (B), and ALBI (C) scores for predicting the in-hospital mortality of hepatitis B virus

related liver cirrhosis. A comparison of their prognostic abilities is also presented (D). ROC, receiver operating characteristic curve; MELD,

model for end stage liver disease; ALBI, albumin-bilirubin.

ALBI score was —0.150 (range: —2.320-1.370). Six out of the 267
patients died during their hospitalizations (2.24%). The AUC
was 0.803 (95% CI: 0.751-0.849, P=0.0002) (Figure 2C).
The best cut-off value was 0.26 with a sensitivity of 83.33 (95%
CI: 35.99-99.6), a specificity of 70.11 (95% CI: 64.2-75.6),
a positive likelihood ratio of 2.79, and a negative likelihood
ratio of 0.24.

ALBI, Child-Pugh, and MELD scores could be evaluated
in 158 patients. Six out of the 158 patients died during their
hospitalizations (3.79%). The largest AUC was obtained
by ALBI score (0.778), followed by Child-Pugh (0.742)
and MELD scores (0.562). The AUC of ALBI score was
significantly larger than that of MELD score (P=0.0007),

© Translational Gastroenterology and Hepatology. All rights reserved.

but was similar to that of Child-Pugh score (P=0.6577)
(Figure 2D).

Subgroup analysis of alcobol abuse patients

We included 330 patients with alcohol abuse. Baseline
characteristics of these patients were summarized in Table 3.
Briefly, nearly all patients were male (98.2%). The most
common cause of admission was ascites (69.1%).
Child-Pugh score could be evaluated in 191 patients.
Most of them were graded as Child B (47.6%) or C
(44.0%). Seven out of the 191 patients died during their
hospitalizations (3.66%). The AUC was 0.791 (95% CI:

tgh.amegroups.com Transl Gastroenterol Hepatol 2017;2:88
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Table 3 Baseline characteristics in alcohol group
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Variables N Mean + SD or frequency (%) Median (range)
Sex (female/male) 330 6 (1.8)/324 (98.2)
Age (years) 330 54.04+8.45 51.97 (24.54-86.11)
Major causes of admission 330
uGIB 25 (7.6)
HE 10 (3.0)
Ascites 228 (69.1)
Jaundice 16 (4.8)
Weakness 48 (14.5)
Others 3(1.0)
HCC 330 17 (5.2)
Laboratory tests
RBC (10"/L) 293 3.12+0.79 3.17 (1.55-5.23)
Hb (g/L) 295 98.26+29.22 101.00 (46.00-158.00)
WBC (10"/1) 295 6.29+3.71 5.40 (1.20-22.50)
PLT (10°/L) 293 115.77+49.50 109.00 (52.00-269.00)
TBIL (umol/L) 289 38.61+£24.73 32.70 (8.30-158.00)
ALB (g/L) 287 29.81+5.16 29.40 (20.10-44.00)
ALT (U/L) 287 33.62+32.39 24.00 (7.00-373.00)
AST (U/L) 284 62.25+56.02 45.50 (9.00-513.00)
ALP (U/L) 287 151.51£77.00 132.00 (48.00-597.00)
GGT (U/L) 284 199.62+167.07 167.50 (20.00-780.00)
BUN (mmol/L) 265 8.22+7.75 5.68 (2.78-55.85)
Cr (umol/L) 264 93.94+82.64 68.40 (42.50-667.90)
K (mmol/L) 286 3.86+0.65 3.84 (1.40-5.60)
Na (mmol/L) 286 138.09+4.84 138.00 (121.00-151.00)
PT (s) 195 17.32+3.14 16.50 (11.90-24.60)
APTT (s) 195 39.08+4.86 39.20 (30.60-62.40)
INR 195 1.58+0.44 1.40 (1.03-2.84)
Child-Pugh score 191 9.22+2.24 9.00 (5.00-15.00)
Child-Pugh class (A/B/C) 191 16 (8.4)/91 (47.6)/84 (44.0)
MELD-score 173 12.73+6.60 11.27 (0.05-35.00)
ALBI-score 287 -0.247+0.701 -0.210 (-1.990-1.150)

UGIB, upper gastrointestinal bleeding; HE, hepatic encephalopathy; HCC, hepatocellular carcinoma; RBC, red blood cell; Hb, hemoglobin;
WBC, white blood cell; PLT, platelet; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
ALP, alkaline phosphatase; GGT, gamma-glutamy! transpeptidase; BUN, blood urea nitrogen; Cr, creatinine; K, potassium ion; Na, sodium
ion; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio; MELD, model for end stage liver

disease; ALBI, albumin-bilirubin.
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Figure 3 ROC analyses of Child-Pugh (A), MELD (B), and ALBI (C) scores for predicting the in-hospital mortality of alcohol related liver
cirrhosis. A comparison of their prognostic abilities is also presented (D). ROC, receiver operating characteristic curve; MELD, model for

end stage liver disease; ALBI, albumin-bilirubin.

0.727-0.846, P<0.0001) (Figure 3A4). The best cut-off value
was 9 with a sensitivity of 85.71 (95% CI: 42.1-99.6), a
specificity of 63.04 (95% CI: 55.6-70.0), a positive likelihood
ratio of 2.32, and a negative likelihood ratio of 0.23.

MELD score could be evaluated in 173 patients. Median
MELD score was 11.27 (range: 0.05-35). Seven out of the 173
patients died during their hospitalizations (4.04%). The AUC
was 0.720 (95% CI: 0.647-0.786, P=0.0023) (Figure 3B).
The best cut-off value was 13.1305 with a sensitivity of
85.71 (95% CI: 42.1-99.6), a specificity of 60.24 (95% CI:
52.4-67.7), a positive likelihood ratio of 2.16, and a negative
likelihood ratio of 0.24.

ALBI score could be evaluated in 287 patients. Median ALBI

© Translational Gastroenterology and Hepatology. All rights reserved.

score was —0.210 (range: —=1.990-1.150). Nine out of the 287
patients died during their hospitalizations (3.13%). The AUC
was 0.646 (95% CI: 0.588-0.702, P=0.1360) (Figure 3C). The
best cut-off value was —0.04 with a sensitivity of 77.78 (95% CI:
40.0-97.2), a specificity of 58.99 (95% CI: 53.0-64.8), a positive
likelihood ratio of 1.90, and a negative likelihood ratio of 0.38.

ALBI, Child-Pugh, and MELD scores could be evaluated
in 173 patients. Seven out of the 173 patients died during
their hospitalizations (4.04%). The largest AUC (0.787) was
obtained by Child-Pugh score, followed by MELD (0.720)
and ALBI scores (0.717). The difference between them was
not statistically significant (ALBI vs. Child-Pugh, P=0.3037;
ALBI vs. MELD, P=0.9607; Figure 3D).
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Discussion

In a recent systematic review and meta-analysis by Peng ez al.,
119 papers, which compared the discriminative ability of
Child-Pugh versus MELD scores, were identified (16).
They performed the comparison of Child-Pugh versus
MELD scores according to the patient status, clinical
presentations, and treatment options. They suggested
similar prognostic abilities of Child-Pugh and MELD
scores in most of cases. However, their benefits and
drawbacks in specific conditions should be further
identified. In the present study, a large number of cirrhotic
patients were selected. Most of our patients had severe liver
dysfunction. The overall analysis confirmed that Child-
Pugh and MELD scores were very similar for assessing
the in-hospital death in cirrhosis, both of them achieving
moderate prognostic abilities. The subgroup analyses of
hepatitis B patients showed that Child-Pugh score might
be better than MELD score for predicting the in-hospital
death, but the difference between them was not statistically
significant. Furthermore, the prognostic abilities of Child-
Pugh and MELD scores remained similar in patients with
alcohol related liver cirrhosis. Notably, in patients with
hepatitis B, the prognostic ability of MELD score was
not significant. Additionally, considering the potential
superiority of Child-Pugh score over MELD score in
such patients, three components (i.e., ascites, albumin and
hepatic encephalopathy), which are not included in the
MELD score, should be of prognostic importance.

ALBI score may be an alternative for assessing the
grade of liver dysfunction. Our study suggests that ALBI
score may be the most readily available prognostic model,
followed by Child-Pugh score and MELD score. This
is primarily because only two convenient parameters are
necessary for the ALBI score. The overall analysis also
demonstrated that the ability of ALBI score was similar to
that of Child-Pugh and MELD score for assessing the in-
hospital death. Notably, the subgroup analysis of hepatitis
B patients showed that the prognostic role of ALBI score
was significantly superior to that of MELD score. These
findings indicated that ALBI score should be widely spread
in our clinical practice.

Our study had several limitations. The major one is the
potential bias of patient selection. First, not all medical
charts had enough data for calculating Child-Pugh, MELD,
and ALBI scores. Indeed, about half of patients had the
data regarding Child-Pugh and MELD scores. In the
overall analysis, only 55% (591/1,067) of patients had data
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regarding Child-Pugh score, and only 51% (549/1,067) of
patients had data regarding MELD score. In the subgroup
analysis of patients with hepatitis B, 54% (167/309) of
patients had data regarding Child-Pugh score, and only
51% (159/309) of patients had data regarding MELD
score. In the subgroup analysis of patients with alcohol
related liver cirrhosis, 58% (191/330) of patients had data
regarding Child-Pugh score, and only 52% (173/330) of
patients had data regarding MELD score. Second, the data
were retrospectively collected. Third, the major cause of
admission was heterogeneous among patients.

In conclusion, ALBI score may be a reliable alternative
prognostic model for assessing liver cirrhosis severity,
especially in patients with hepatitis B.
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