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Purpose: Hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is a serious medical condition with a high short-term 
mortality rate, making accurate prognostic assessment essential for informed clinical decision-making. In this study, we aimed to 
develop a simple and effective prognostic model for predicting short-term mortality in patients with HBV-ACLF.
Patients and Methods: To achieve our objective, we enrolled both a cross-sectional cohort (n = 291) and a retrospective cohort (n = 
185) in this study. We collected laboratory and clinical data from these cohorts and performed univariate and multivariate logistic 
regression analyses to identify independent predictors of short-term mortality. Subsequently, we developed a novel prognostic score for 
HBV-ACLF, which was validated and assessed using receiver operating characteristic (ROC) curve analysis to determine its 
performance.
Results: Our analysis revealed that the admission prealbumin (PAB) level was a robust independent predictor of 30-day mortality, 
with an area under the receiver operating characteristic (AUROC) of 0.760. Moreover, we developed the HIAPP score, a prognostic- 
score model based on PAB. The HIAPP score was significantly lower in survivors compared to non-survivors (−2.80±0.21 vs 0.97 
±0.41, P < 0.001). The HIAPP score’s AUROC value was 0.899, which was found to be superior to the MELD score (AUROC = 
0.795) and the CLIF-C ACLF score (AUC =0.781) and comparable to the COSSH-ACLF II score (AUC =0.825) for predicting 30-day 
mortality. These findings were also validated in a separate cohort, further supporting the utility of the HIAPP score as a prognostic tool 
for HBV-ACLF patients.
Conclusion: Our study identifies the admission PAB level as a simple and valuable predictive index for 30-day mortality in HBV- 
ACLF patients. Furthermore, the HIAPP score, which incorporates PAB, PLT, INR, HE, and age, is an easy-to-use and pragmatic 
prognostic score in predicting short-term mortality.
Keywords: hepatitis B virus related acute on chronic liver failure, short term prognosis, prealbumin, prognostic model

Introduction
Acute-on-chronic liver failure (ACLF) is a severe clinical syndrome characterized by acute liver decompensation, organ 
failures, and a high rate of short-term mortality triggered by an acute insult.1–3 In China, HBV-ACLF accounts for more 
than 70% of ACLF cases due to the high prevalence of HBV infection.4,5 While liver transplantation (LT) is the definitive 
therapeutic option for liver failure,6 the shortage of LT resources in China leads to an extremely poor prognosis for HBV- 
ACLF patients, with a high short-term mortality rate ranging from 29.7% to 40%.7,8 Thus, accurate assessment of the 
clinical condition and prognosis is critical for effective HBV-ACLF management and allocation of LT resources.
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In recent years, several prognostic models have been developed for HBV-ACLF, including the COSSH-ACLF II 
score, the FT3 correlation formula score, and the P5 score based on plasminogen.9–11 These models have demonstrated 
high prognostic value for predicting poor outcomes in patients with HBV-ACLF. However, they also have some 
limitations. The COSSH-ACLF II score requires an accurate score for hepatic encephalopathy and involves complex 
calculations. The FT3 correlation formula score requires further validation in a larger group of patients with HBV-ACLF. 
Additionally, the detection of plasminogen is not widely used in clinics, limiting the practical application of the P5 score 
based on plasminogen. Currently, the model of end-stage liver disease (MELD) is a frequently used prognostic score for 
predicting short-term outcomes in patients with HBV-ACLF. However, its predictive accuracy is limited, and thus, there 
is a need for more accurate and easily applicable prognostic indicators and models for HBV-ACLF.

Prealbumin (PAB), also referred to as transthyretin, is mainly synthesized by the liver and is minimally influenced by 
venous replenishment.12 Besides serving as a sensitive nutritional protein marker, PAB is also a sensitive biomarker for 
assessing the severity of liver diseases.13 In patients who have undergone hepatectomy or LT, serum prealbumin has been 
demonstrated to be a useful prognostic indicator for predicting postoperative complications and survival.14,15 However, 
the potential utility of PAB in prognosticating HBV-ACLF has not been comprehensively investigated.

In this study, we investigated the potential prognostic value of PAB in HBV-ACLF patients and found it to be 
a significant predictor of short-term mortality. Subsequently, we developed and validated a prognostic score based on 
PAB to accurately predict the short-term mortality in HBV-ACLF patients.

Materials and Methods
Study Design and Patients
This study included two cohorts. The first cohort (cohort 1, n=291) was a cross-sectional study that included 185 HBV- 
ACLF, 27 HBV-DCC, 28 HBV-LC, 26 CHB, and 25 HCs. The aim of this cohort was to investigate the association 
between PAB level and 30-day mortality in HBV-ACLF patients. The second cohort (cohort 2) was a retrospective cohort 
consisting of 185 HBV-ACLF inpatients, which was further divided into a deriving cohort (65%) and a validation cohort 
(35%). The deriving cohort was used to identify independent and powerful prognostic factors for short-term mortality 
and to develop a new prognostic score, while the validation cohort was used to validate the new score’s prognostic 
ability. Patients with HBV-ACLF were recruited based on the APASL criteria, which required positive HBsAg for at least 
6 months, serum total bilirubin (TBIL) levels of 5 mg/dL or higher, INR levels of 1.5 or higher or prothrombin activity 

Graphical Abstract

https://doi.org/10.2147/IDR.S402585                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 2612

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


levels below 40%, and the development of ascites and/or encephalopathy within 4 weeks.16 Patients with other types of 
hepatitis viruses, alcoholic liver disease, autoimmune liver disease, or liver cancer were excluded. All subjects were 
recruited or enrolled at the Second Affiliated Hospital of Anhui Medical University between May 1, 2012, and 
November 1, 2021. All HBV-ACLF patients were followed up for 30 days or until death, whichever occurred first, 
and the 30-day mortality rate was determined. The study was approved by the ethical committee of the Second Affiliated 
Hospital of Anhui Medical University and was conducted in accordance with the 1975 declaration of Helsinki. Written 
informed consent was obtained from all participants for the use of their clinical data in this study.

Clinical Data
Demographic and clinical data were extracted retrospectively from medical records, and laboratory variables were 
measured in all subjects within the first 24 hours after admission. Serum levels of prealbumin, albumin, total protein 
(TP), globulin, total bilirubin (TBIL), aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN), and creatinine were quantified using the Beckman Coulter AU5800 automatic biochemical analyzer 
(USA). Platelet (PLT), neutrophil, and white blood cell (WBC) counts were measured using the Sysmex XT-4000i 
Hematology Analyzer (Japan). The international normalized ratio (INR) was determined using the Sysmex CS 5100 
automatic coagulation analyzer (Japan). Serum Hepatitis B viral DNA (HBV DNA) levels were measured using the 
Agilent Technologies Mx3000P System (USA).

Calculation of Scores
The scores were calculated using previously reported formulas.9 The Model of End-Stage Liver Disease (MELD) score 
was calculated as follows: MELD = 3.78 × ln [TBIL (mg/dL)] + 11.2 × ln (INR) + 9.57 × ln [serum creatinine (mg/dL)] 
+ 6.43. The Chronic Liver Failure-ACLF (COSSH-ACLF) IIs score was calculated as follows: COSSH-ACLF IIs = 
1.649 × ln(INR) + 0.457 × HE score (HE grade: 0/1, 1–2/2 and 3–4/3) + 0.425 × ln(neutrophil) (109/L) + 0.396 × ln(TB) 
(umol/L) + 0.576 × ln(serum urea) (mmol/L) + 0.033 × age. The Chronic Liver Failure-Consortium ACLF (CLIF-C 
ACLF) score was calculated as follows: CLIF-C ACLF = 10 × [0.33 × CLIF- organ failure score (OFs) + 0.04 × age + 
0.63 × ln (white blood cell [WBC]) −2].

Statistical Analysis
Statistical analyses were conducted using SPSS 20.0 and MEDCALC software. Quantitative variables were presented as 
means ± SD or medians (P25-P75), while categorical variables were presented as numbers and percentages. The 
Student’s t-test or chi-square test was used for group comparisons. The Spearman correlation coefficients were used to 
assess the correlation between PAB and other laboratory markers. Multivariate logistic regression was used to identify 
independent prognostic factors for 30-day mortality in HBV-ACLF. A two-tailed P value of ≤0.05 was considered 
statistically significant. Receiver operating characteristic (ROC) curves were used to evaluate the predictive value of 
various prognostic indices for HBV-ACLF patients.

Results
Clinical Characteristics
Table 1 presents the general characteristics of HBV-ACLF, HBV-DCC, HBV-LC, CHB, and HCs. There were no 
significant differences in age, gender ratio, or laboratory parameters between the deriving and validation groups of HBV- 
ACLF patients. However, there were significant gender and age differences among patients with different stages of HBV- 
related liver diseases. Patients with HBV-ACLF had significantly increased levels of ALT, AST, TBIL, creatinine, 
neutrophil count, PT, and PT-INR (p < 0.05) and lower levels of albumin and platelet counts compared to other groups. 
During the 30-day follow-up period, 128 HBV-ACLF patients survived, while 57 patients died.
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Table 1 Clinical Characteristic of the Subjects

HC (n =25) CHB (n =26) HBV-LC  

(n =28)

HBV-DCC  

(n = 27)

HBV-ACLF

Total (n=185) Deriving Cohort (n=120) Validation Cohort (n=65) P*

Age (y) 45.40±11.95 38.15±10.76 47.75±12.46 54.85±10.75 48.39±12.69bd 48.68±13.61 47.86±10.86 NS

Gender (female/male) 8/17 7/19 7/21 9/18 27/158ad 16/104 11/54 NS

WBC (×109/L) 6.63±1.48 5.51±1.68 4.13±1.86 2.86±1.52 7.11±4.56bcd 7.11±4.08 6.56±3.25 NS

Neutrophil (×109/L) 3.64±1.08 2.86±1.09 2.19±1.04 2.53±4.67 4.95±3.38abcd 5.11±3.66 4.64±2.81 NS

Platelet (×109/L) 207.00(190.00 −253.00) 178.00(156.50–211.00) 88.50(61.50–125.25) 50.00(31.00–84.00) 87.00(60.00–120.50)abd 86.50(63.25–125.00) 92.00 (56.00–115.00) NS

Albumin (g/L) 46.20±2.67 41.17±3.22 35.24± 5.66 28.40±5.87 29.74±4.84abc 29.62±4.77 29.97±5.00 NS

ALT (U/L) 19.00(15.50–35.50) 29.00(19.50–77.25) 51.50(27.25–169.50) 26.00(18.00–43.00) 401.00(119.50–751.50)abcd 403.50(130.25–768.25) 355.00(112.00–715.00) NS

AST (U/L) 24.00(22.50–29.50) 26.00(19.00–47.25) 52.50(32.50–100.50) 46.00(33.90–66.10) 262.00(145.50–599.00)abcd 263.50(157.00–611.50) 228.00 (116.00–584.00) NS

Serum bilirubin (mg/dL) 0.83±0.21 0.94±0.76 1.57± 1.24 2.15±1.51 19.42±8.21abcd 19.52±8.23 19.23±8.22 NS

BUN (mmol/L) 4.88(4.73–5.68) 4.59(3.84–5.62) 4.36(3.40–5.60) 4.92(3.56–7.26) 4.33(3.07–5.96) 4.26(3.05–5.65) 4.44 (3.32–6.16) NS

Creatinine (mg/dL) 0.78(0.62–0.94) 0.76(0.64–0.88) 0.67(0.51–0.76) 0.86(0.53–1.02) 0.84(0.70–1.02) 0.84(0.70–1.02) 0.83 (0.70–0.95) NS

INR 0.91(0.87–0.95) 1.00(0.92–1.06) 1.18(1.04–1.36) 1.45(1.35–1.53) 2.08(1.72–2.63)abcd 2.17(1.78–2.64) 2.01 (1.65–2.60) NS

MELD ND ND 5.01±3.70 10.61±5.05 24.90±6.80abcd 25.49±6.87 24.51±6.49 NS

Notes: P* values correspond to the comparison of the deriving and validation groups of HBV-ACLF patients. ND not determined, aP < 0.05 HBV-ACLF vs HCs, bP < 0.05 HBV-ACLF vs CHB, cP < 0.05 HBV-ACLF vs LC, dP < 0.05 HBV- 
ACLF vs DCC. 
Abbreviations: WBC, White blood cell count; ALT, Alanine transaminase; AST, Aspartate transaminase; BUN, blood urea nitrogen; INR, International normalized ratio; MELD, Model for end-stage liver disease.

https://doi.org/10.2147/ID
R

.S402585                                                                                                                                                                                                                                   

D
o

v
e

P
r
e

s
s
                                                                                                                                                      

Infection and D
rug Resistance 2023:16 

2614

Z
hang et al                                                                                                                                                            

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Decreased Levels of PAB Were Closely Associated with Disease Severity, and 
HBV-ACLF Patients Had the Lowest PAB Level
As we know, prealbumin can reflect liver function, but its level changes in different stages of HBV-related liver disease have not 
been thoroughly studied. In this study, we aimed to investigate the relationship between prealbumin (PAB) levels and different 
stages of HBV-related liver disease. Using cohort 1 (Table 1), we conducted a cross-sectional study and found that HBV-ACLF 
patients had significantly lower PAB levels (42.66±31.27 mg/L) on admission compared to HCs (320.40±49.81 mg/L), CHB 
(221.54±64.27 mg/L), HBV-LC (145.82±87.64 mg/L), and HBV-DCC (69.78±45.39 mg/L) patients (all P < 0.05; Figure 1). We 
also observed a decrease in serum PAB levels with the progression of HBV-related liver disease. Moreover, our findings showed 
that serum PAB levels in non-survivors (29.16±3.33, n=57) were significantly lower than in survivors (48.67±2.82, n=128) 
among patients with HBV-ACLF (P<0.001, Figure 2).

Figure 1 The comparison of PAB levels in HBV-ACLF, HBV-DCC, HBV-LC, CHB, and HCs patients. Values are presented as mean± SD. The level of PAB in patients with 
HBV-ACLF was significantly lower than that in patients with HBV-DCC, HBV-LC, CHB, and HCs.

Figure 2 The serum PAB levels in non-survivor (n = 57) and survivor (n = 128) patients with HBV-ACLF.
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Next, we investigated the relationship between serum PAB levels and various biomarkers of liver injury (Figure 3). 
Our analysis revealed that serum PAB levels were positively correlated with PLT (r = 0.396, P < 0.001) and negatively 
correlated with ALT (r = −0.267, P < 0.001), AST (r = −0.296, P < 0.001), TBIL (r = −0.504, P < 0.001), and INR (r = 
−0.455, P < 0.001). Moreover, we observed a significant inverse relationship between serum PAB levels and the Model 
for End-Stage Liver Disease (MELD) score, which is commonly used to assess the severity of the disease in HBV-ACLF 
patients (r = −0.580, P < 0.001).

PAB for Prognostic Prediction for HBV-ACLF Patients in the Deriving Cohort
Based on the aforementioned findings, we aimed to investigate whether reduced serum PAB levels could serve as a prognostic 
indicator for mortality in HBV-ACLF patients. We enrolled a derivation cohort (n = 120) in this study, and Table 2 outlines the 
cohort’s characteristics. Upon admission, non-survivors had a significantly lower PAB level than survivors (P = 0.001) 
(Figure 4a). Logistic regression analysis revealed that PAB was a significant and independent predictor of short-term mortality 
in HBV-ACLF. The PAB achieved an AUC of 0.760 (sensitivity = 72.97%, specificity = 74.39%) for 30-day mortality of HBV- 
ACLF (Figure 4b). Based on the median PAB level in ACLF patients, we classified them into high-PAB (>34mg/L) or low-PAB 
(≤34mg/L) groups. The low-PAB group had a significantly higher mortality rate than the high-PAB group (P < 0.001; Table 3).

Development and Evaluation of a PAB -Based Prognostic Model for HBV-ACLF 
Patients in the Deriving Cohort
We investigated the performance of PAB in combination with other indicators at admission to predict HBV-ACLF 
outcomes. We used univariate and multivariate logistic regression analysis on the deriving cohort (cohort 2) and found 
that PAB, PLT, INR, HE, and age were all independent prognostic predictors of short-term mortality (all P<0.05, as 

Figure 3 Correlations between serum PAB levels and liver injury parameters in patients with HBV-related liver diseases. Correlations between PAB and ALT (a), AST (b), 
TBIL (c), INR (d), PLT (e), MELD (f).
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Table 2 Baseline Characteristics of the Deriving Cohort Enrolled in This Study on Admission

Variables Total Population (n=120) Nonsurvivor (n = 38) Survivor (n =82) Univariate Logistic Regression Multivariate Logistic Regression

OR (95% CI) P 0R (95% CI) P

Clinical characteristics
Age (y) 48.68±13.61 54.34±12.78 46.05±13.25 1.049(1.017–1.082) 0.003 1.068(1.021–1.118) 0.005

Gender (female/male) 16/104 5/33 11/71 0.978(0.314–3.042) 0.969

SBP 38(31.67%) 14 (36.8%) 24 (29.3%) 1.410(0.625–3.178) 0.408
HE (mild/serve) 5/12 4/10 1/2 15.361(4.071–57.965) <0.001 12.025(1.719–84.105) 0.009

Laboratory parameters
WBC (×109/L) 7.11±4.08 7.86±4.03 6.77±4.08 1.065(0.970–1.169) 0.186 – –
Neutrophil (×109/L) 5.11±3.66 6.05±3.59 4.69±3.63 1.102(0.992–1.226) 0.071

Platelet (×109/L) 86.50(63.25–125.00) 79.00(50.75–103.00) 95.00(67.25–139.50) 0.991(0.983–0.999) 0.033 0.985(0.971–0.999) 0.039

Total protein (g/L) 57.82±8.07 55.91±7.88 58.71±8.04 0.957(0.910–1.005) 0.081 – –
Albumin (g/L) 29.62±4.77 29.40±3.99 29.72±5.11 0.986(0.909–1.069) 0.729

Globulin (g/L) 28.20±7.81 26.51±7.01 28.99±8.07 0.958(0.909–1.009) 0.108

A/G 1.04(0.84–1.40) 1.05(0.92–1.43) 1.01(0.81–1.40) 1.330(0.619–2.854) 0.465 – –
ALT (U/L) 403.50(130.25–768.25) 574.00(281.50–940.25) 349.50(99.50–654.50) 1.001(1.000–1.002) 0.027 – –

AST (U/L) 263.50(157.00–611.50) 491.50(239.00–859.50) 214.00(121.75–424.75) 1.001(1.000–1.002) 0.046 – –

Serum bilirubin (mg/dL) 19.52±8.23 20.47±6.81 19.08±8.82 1.021(0.974–1.069) 0.389
BUN (mmol/L) 4.26(3.05–5.65) 4.35(3.08–6.94) 4.19(3.02–5.33) 1.048(0.957–1.147) 0.311

Creatinine (mg/dL) 0.84(0.70–1.02) 0.86(0.71–1.15) 0.81(0.70–1.00) 2.314(0.888–6.030) 0.086 –
INR 2.17(1.78–2.64) 2.59(2.06–4.13) 2.04(1.66–2.39) 3.117(1.772–5.483) <0.001 2.197(1.005–4.805) 0.049

Lg (DNA) 4.93±1.75 5.12±1.54 4.83±1.84 1.120(0.897–1.397) 0.317 –

Prealbumin 34.00(20.00–61.00) 20.00(12.00–34.50) 36.00(26.00–67.25) 0.959(0.937–0.982) 0.001 0.963(0.934–0.994) 0.018
HIAPP score −1.63±2.74 0.97±0.41 −2.80±0.21 <0.001

MELD 25.49±6.78 29.78±7.73 23.50±5.25 <0.001

Note: Data presented as means ± SD or medians (P25-P75). 
Abbreviations: SBP, spontaneous bacterial peritonitis; HE, Hepatic encephalopathy; A/G, albumin/globulin.

Infection and D
rug R

esistance 2023:16                                                                                             
https://doi.org/10.2147/ID

R
.S402585                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

2617

D
o

v
e

p
r
e

s
s
                                                                                                                                                           

Z
hang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


summarized in Table 2). Based on these findings, we developed a prognostic model (HIAPP) using the following 
equation: HIAPP = 2.981*HE + 0.787*INR + 0.066*age - 0.038*PAB - 0.015*PLT - 4.119, where HE = 0 for patients 
without HE, and HE = 1 for patients with HE. This model combines multiple indicators to provide a more accurate 
prediction of short-term mortality in HBV-ACLF patients.

In the non-survivor group, the HIAPP score was significantly higher (0.97±0.41) compared to the survivor group 
(−2.80±0.21) (P < 0.001; Figure 5a). Additionally, there was a positive correlation observed between the HIAPP score 
and MELD score (r = 0.411, P < 0.001) (Figure 5b). The HIAPP score achieved an AUC of 0.899 (sensitivity = 83.8%, 
specificity = 85.7%, cut-off = −1.09) for 30-day mortality, which demonstrated greater predictive ability than the MELD 
(AUC = 0.795, sensitivity = 73.7%, specificity = 74.4%, p < 0.05) and CLIF-C ACLF (AUC = 0.781, sensitivity = 
59.46%, specificity = 86.59%, p < 0.05) scores. The HIAPP score showed comparable predictive ability to the COSSH- 
ACLF II score (AUC = 0.825, sensitivity = 75.68%, specificity = 76.83%, p > 0.05) (Figure 5c).

HIAPP Performance in the Validation Cohort
We conducted a retrospective validation study on a cohort of HBV-ACLF patients (n=65) to evaluate the performance of 
PAB and HIAPP in predicting mortality. In this cohort, non-survivors had significantly lower PAB levels compared to 
survivors (28.00±3.74 vs 49.74±5.07 mg/L, P=0.011; Figure 6a). The AUC of PAB levels for predicting 30-day mortality 
was 0.729, with a sensitivity of 63.2% and specificity of 76.1%. The HIAPP score of non-survivors (0.33 ± 0.47) was 
significantly higher than that of survivors (−2.60 ± 0.31) (P < 0.001; Figure 6b). The HIAPP score model showed an 

Figure 4 Using PAB on admission for predicting the prognosis of HBV-ACLF. (a) the concentrations of PAB in Non-survivor (n = 38) and Survivor (n =82) patients in the 
deriving cohort. (b) ROC analysis shows the performance of PAB in distinguishing Non-survivor patients from Survivor patients in the deriving cohort.

Table 3 Mortality According to PAB Levels

Mortality P value Odds Ratio 95% CI

Lower Upper

With low levels of PAB (n = 59) 28 (47.5%) – – – –

With high levels of PAB (n = 61) 10(16.4%) <0.001 0.217 0.093 0.507

Note: P values indicate statistical significance. 
Abbreviation: PAB, Prealbumin.
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AUROC of 0.850 for predicting 30-day mortality, which was higher than the MELD score (AUROC=0.786) and CLIF-C 
ACLF score (AUROC=0.787), and comparable to the COSSH-ACLF II score (AUROC=0.854) (Figure 6c).

Discussion
Hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF) is recognized as the primary cause of ACLF in 
China, and it has been linked to a high rate of short-term mortality, imposing a substantial burden on both patients and 
their families, as well as society as a whole.17,18 Therefore, there is a pressing need for a simple and effective prognostic 
scoring system to enable early patient classification and determine the appropriate treatment strategy. To this end, 
previous studies have utilized various clinical indicators that reflect liver function, organ failure, infection, and 
inflammation, based on the pathological course of ACLF, to develop prognostic models.19–21

As previously mentioned, our study identified INR, HE, age, and platelet count as powerful and independent 
predictors of 30-day mortality.11,22 Thrombocytopenia, a common coagulation disorder in chronic liver disease, has 

Figure 5 The correlations between HIAPP and other scores on admission in the deriving cohorts (a) HIAPP score distribution of non-survivor and survivor HBV-ACLF 
patients in the deriving cohorts (b) The correlations between HIAPP and MELD (c) ROC analysis shows the performance of the HIAPP, COSSH-ACLF II, CLIF-C ACLF, and 
MELD scores.
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been included in multiple prognostic scores due to its close relationship with disease progression.23 In our study, we 
found that platelet count decreased with the progression of HBV-related liver disease, with the lowest counts seen in 
patients with HBV-ACLF. This is likely due to reduced thrombopoietin secretion and splenic sequestration of platelets in 
the presence of liver failure.24 Our findings indicate that low platelet counts are associated with impaired liver function 
and a poor prognosis, which is consistent with the results of a retrospective observational cohort study.25

The half-life of prealbumin is relatively short, at only 1.9 days, making it a sensitive and specific indicator of recent 
nutritional status and liver function. It is also an ideal candidate indicator for predicting patient prognosis.26 A lower 
serum PAB level suggests decreased liver synthesis capacity and a poor prognosis. Studies have reported a significant 
reduction in PAB levels in patients with liver cirrhosis, which is closely related to impaired liver function.27 In patients 
with decompensated cirrhosis, serum prealbumin is significantly correlated with the Model for End-Stage Liver Disease 
(MELD) score and serves as a prognostic indicator.28 Additionally, serum prealbumin is an acute-phase protein, which is 

Figure 6 The performance of PAB, HIAPP, COSSH-ACLF II, CLIF-C ACLF and MELD for predicting the 30-day mortality in the validation cohort (a) PAB level of non- 
survivor and survivor of HBV-ACLF patients in the validation cohort. (b) HIAPP score of non-survivors and survivors in the validation cohort. (c) ROC analysis shows the 
performance of PAB, HIAPP, COSSH-ACLF II, CLIF-C ACLF, and MELD scores in the validation cohort.
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closely related to inflammation and infection. Various cytokines, such as IL-6, are synthesized in response to inflamma-
tion, resulting in decreased synthesis and low serum concentrations of these proteins, including PAB.29 Liver failure is 
known to cause severe liver function damage and a stronger inflammatory response than other liver diseases, such as 
cirrhosis. Previous studies have shown that uncontrolled inflammatory responses and immunological dysfunction play 
important roles in the pathogenesis of acute-on-chronic liver failure, which also affects patient prognosis.30 Based on the 
above, we hypothesize that PAB may be a sensitive and specific short-term prognostic factor for acute-on-chronic liver 
failure. Our data showed that serum PAB levels were significantly correlated with important laboratory parameters of 
liver injury, such as platelet count, alanine aminotransferase, aspartate aminotransferase, and international normalized 
ratio, as well as the MELD score. This suggests that serum PAB levels may reflect the severity of HBV-related acute-on- 
chronic liver failure. Furthermore, HBV-related acute-on-chronic liver failure patients had significantly lower PAB levels, 
and the receiver operating characteristic curve analysis demonstrated that the serum PAB level at admission could 
accurately predict the 30-day mortality of HBV-related acute-on-chronic liver failure. Notably, PAB showed potential as 
a predictor of HBV-related acute-on-chronic liver failure prognosis, but it has not yet been incorporated into any 
prognostic scoring system.

Several prognostic scoring systems have been developed to aid in the early detection and optimization of ACLF 
management. However, the commonly used prognostic scores for ACLF, such as CLIF-SOFA, and CLIF-C ACLF, were 
developed and validated using data from other pathological types of ACLF in the European population. Therefore, their 
ability to accurately predict short-term outcomes of patients with HBV-ACLF in China needs additional research. 
Moreover, these scores require many parameters and a complex evaluation of organ failure, making them difficult to 
apply in clinical practice. Although the MELD score, which includes creatinine, TBiL, and INR, is still widely used to 
predict the prognosis of patients with ACLF, it does not consider the impact of clinical complications and age on the 
prognosis. Thus, a simple and practical prognostic score for HBV-ACLF patients is urgently needed to facilitate the early 
classification of patients and determine the appropriate treatment strategy.

Based on the existing scores and the findings of this study, we have proposed a prognostic model for short-term 
mortality in patients with HBV-ACLF, called HIAPP, which is based on PAB, PLT, INR, HE, and age. Our study has 
shown that the HIAPP model has an excellent linear relationship with the MELD score, indicating that it has potential as 
a prognostic model for the short-term prognosis of HBV-ACLF. Furthermore, in predicting the short-term outcome of 
HBV-ACLF patients, we have demonstrated that the HIAPP score outperforms the MELD score and the CLIF-C ACLF 
score and is comparable with the recently reported COSSH-ACLF II score, which has a high predictive value for the 
mortality of HBV-ACLF patients in China. Importantly, we have also revealed that HIAPP requires only routine 
biochemical and hematological indicators, making it more feasible for clinical application, especially in primary 
hospitals, and reducing the patient’s medical burden.

Our study has several limitations that should be considered. First, the sample size was relatively small, and future 
studies with larger sample sizes are needed to confirm our findings. Second, we developed and validated the HIAPP 
model in a retrospective cohort study, and therefore, its performance should be further evaluated in prospective long-
itudinal cohorts with complete follow-up data. Additionally, the generalizability of our findings may be limited as our 
study only included patients with HBV-ACLF from a single center in China.

To conclude, our study highlights the potential of PAB as a predictive marker and the HIAPP score as an easy-to-use 
pragmatic tool for short-term prognosis in HBV-ACLF patients. The results demonstrate that the HIAPP score can aid in 
expanding the clinical applicability of early patient triage and determining appropriate management strategies, particu-
larly in primary hospitals. Despite the limitations of our study, including the small sample size and lack of a prospective 
longitudinal cohort, the findings provide valuable insights into the development of a simple and practical prognostic 
model for HBV-ACLF patients.

Abbreviations
HBV-ACLF, Hepatitis B virus-related acute-on-chronic liver failure; PAB, Prealbumin; PLT, Platelet; INR, International 
normalized ratio; HE, Hepatic encephalopathy; ACLF, Acute-on-chronic liver failure; MELD, Model for End-stage Liver 
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Disease; DCC, Decompensated cirrhosis; LC, Liver cirrhosis; CHB, Chronic hepatitis B; TBIL, Total bilirubin; ROC, 
Receiver operating characteristic.
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