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Abstract
Background/Aim  To investigate the prognostic value of circulating apolipoprotein AI (apoAI) levels and develop a 
new prognostic model in individuals with acute-on-chronic liver failure (ACLF) and acute decompensation (AD) of 
liver cirrhosis caused by hepatitis B virus (HBV) infection.

Methods  Baseline levels of serum lipids were measured, and data concerning the presence of complications were 
collected from 561 HBV-ACLF and AD patients. Survival analysis was conducted by log-rank test. Proportional hazards 
model was used to perform multivariate analysis. The dynamics of serum apoAI levels were also explored in 37 HBV-
ACLF patients.

Results  In the cohort, the negatively correlation was found between the Model for End-Stage Liver Disease (MELD) 
score and serum apoAI levels (r = -0.7946, P < 0.001). Circulating apoAI concentration was an independent risk 
factor for 90-day survival according to Cox multivariate analysis. A new prognostic score-integrated serum lipid 
profile for ACLF patients (Lip-ACLF score = 0.86×International Normalized Ratio (INR) + 0.0034×total bilirubin (TBIL) 
(µmol/L) + 0.99× hepatorenal syndrome (HRS) (HRS: no/1; with/2) + 0.50×hepatic encephalopathy (HE) (grade/ponint: 
no/1; 1–2/2; 3–4/3) − 2.97×apoAI (g/L) + 5.2) was subsequently designed for the derivation cohort. Compared to 
MELD score, Child-Turcotte-Pugh (CTP) score or apoAI, Lip-ACLFs was superior for the prediction of 90-day outcomes 
(receiver operating characteristic curve (ROC): 0.930 vs. 0.885, 0.833 or 0.856, all P < 0.01), as was the validation cohort 
(ROC 0.906 vs. 0.839, 0.857 or 0.837, all P < 0.05). In Kaplan‒Meier survival analysis, low apoAI levels (< 0.42 g/L) at 
baseline indicated poor prognosis in ACLF and AD patients. Among the 37 patients, the deceased individuals were 
characterised with significantly decreased serum apoAI levels during the follow-up test compared with those at 
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Introduction
Acute-on-chronic liver failure, facilitating by acute 
events, usually happens in the basis of chronic liver 
disease and has multiple organ dysfunction with poor 
short-term survival [1]. Acute decompensation (AD) in 
cirrhosis patients is triggered by infection, acute bleed-
ing of esophageal and gastric varices, ascites, hepatitis B 
virus (HBV) flare-up, jaundice and hepatic encephalopa-
thy [2]. Most of the biochemical processes of lipids take 
place in the liver, such as the synthesis, metabolism and 
secretion of lipoproteins [3, 4]. Serum lipid and lipopro-
tein levels are clearly decreased during liver cirrhosis or 
liver failure [5]. Plasma concentration of high-density 
lipoprotein cholesterol (HDL-C) could serve as a biologi-
cal indicator for system damage and predict poor prog-
nosis in suspected sepsis individuals [6].

In liver cirrhosis, the levels of lipids, including HDL-C, 
are significantly decreased [7]. Poor prognosis was more 
often found in severe sepsis cirrhotic individuals with low 
circulating apolipoprotein AI levels (apoAI) [8]. ApoAI 
have a hepato-protective effect in liver ischaemia‒reper-
fusion injury through regulating pyroptosis of macro-
phage [9]. Patients with serum levels of apoAI < 50 mg/dl 
had poor 90-day prognosis in chronic liver failure [5]. In 
a recent study, apolipoprotein AI was stratified according 
to two optimized cut-offs: 0.380 g/L and 0.826 g/L [10]. 
The cut-off values were not consistent with those used in 
previous prognostic analyses. Moreover, there have been 
no studies on the prognostic value of apoAI or a prognos-
tic model integrating apoAI in HBV-related ACLF and 
AD patients.

Although prognostic role of apoAI have been inves-
tigated, some issues warrant further investigation, as 
follows: (i) in HBV-ACLF and AD patients, there is 
no appropriate cut-off value for serum apoAI levels to 
predict short-term prognosis; and (ii) the relationship 
between dynamic changes in apoAI concentrations and 
the survival probability of patients has not been revealed. 
In this study, the hypothesis was that serum apoAI levels 
are significantly associated with disease severity grade, 
infection incidence and prognosis in HBV-related ACLF 
and AD patients. The prognostic value of the serum 
apoAI was investigated, and a new prognostic model 
integrating the apoAI was developed for individuals with 
HBV-ACLF and AD. Moreover, the dynamic changes in 

serum apo AI levels in patients with different prognoses 
were further investigated.

Methods
Study population
From March 2012 to November 2022, data from 561 
HBV-ACLF and AD patients were retrospectively col-
lected at Ruijin Hospital. During 90 days after admis-
sion, patients who died or received liver transplantation 
(LT) were considered to have a poor prognosis. Liver 
decompensation was diagnosed according the incidence 
of complications [2, 11, 12]. ACLF patients were diag-
nosed according to previous consensus recommenda-
tions for ACLF [1]. Furthermore, serum levels of apoAI 
were detected dynamically for 37 HBV-AD and ACLF 
patients in the cohort. Chronic liver disease induced by 
autoimmune hepatitis, viral infections other than HBV, 
drug-induced liver injury or had received steroids within 
6 months were excluded. Within 3 days after admission, 
antiviral therapy (e.g., tenofovir, entecavir, or tenofovir 
alafenamide) was given to patients who had not received 
anti-HBV therapy. The presence of the following comor-
bidities was recorded: nonhepatic comorbidities (type 2 
diabetes mellitus [T2DM], obesity and hypertension) and 
hepatic comorbidities (nonalcoholic fatty liver disease 
[NAFLD]). More detailed definitions of the comorbidities 
are provided in the Supplementary Information. Patients 
with T2DM or hypertension received dietary therapy or 
specialist treatment, and appropriate adjustments were 
made according to specialist recommendations after 
admission.

Lipid assays and laboratory parameters
Baseline serum lipid profile including apoAI were 
detected via a standardized process at Ruijin Hospital. 
Serum samples for measuring lipid profiles, including 
apoAI, were collected in the early morning on an empty 
stomach. Thus, the influence of diet and activity on the 
measurement of serum apoAI levels is largely reduced. 
The serum lipid analyses were performed on a Beckman 
Coulter AU5800 analyser (California). Serum ApoA-I 
levels were determined by immunoturbidimetry. Serum 
total cholesterol (TC) and triglyceride (TG) levels were 
detected with cholesterol oxidase method and glycerol-
3-phosphate-peroxidase chromogenic (GPO-POD) 

baseline (P < 0.05), whereas in patients with a good prognosis, the serum apoAI levels remained stable during the 
follow-up.

Conclusion  In HBV-ACLF and AD patients, lower serum apoAI levels suggest greater disease severity and 90-day 
mortality risk. For predicting the short-term prognosis of these patients, the new Lip-ACLF score might serve as a 
potential model.
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methods, respectively [13]. The serum low-density lipo-
protein cholesterol (LDL) and HDL-C concentration 
was determined with the protective reagent and the 
immunoseparation method respectively [14]. According 
to previous studies, the assessment of ACLF patients at 
Days 3–7 can aid in making clinical decisions [15]. The 
dynamic changes in the MELD score at 14 days were 
notably different between groups divided by 3-month 
outcomes in liver failure [16]. Lipid profile levels were 
dynamically measured on Days 3–7 and Days 10–14 after 
baseline in the 37 patients. During 24 h after enrolment, 
clinical parameters and laboratory tests were performed.

Development and validation of Lip-ACLFs for HBV-ACLF 
and AD
Two cohorts were separated by admission time. The deri-
vation cohort (n = 289) was enrolled between 2012/03 
and 2017/12. Univariate analysis was conducted to select 
risk prognostic factor(s) in the derivation cohort. Then 
multivariate Cox regression analysis was performed to 
calculate estimated coefficients and develop a new prog-
nostic model. The new model, called Lip-ACLFs, was 
compared with other prognostic models for evaluating 
90-day mortality risk. In the validation cohort (n = 272) 
admitted between 2018/01 and 2022/11, Lip-ACLFs were 
tested using the parameters of the derivation cohort.

Statistical analysis
The data were analysed using GraphPad Prism (version 
8.0), SPSS v26 (Chicago, Illinois, USA), R 4.2.3 (Vienna, 
Austria) for Windows. Continuous variables were 
shown by the median (Q1-Q3), categorical variables are 
described by frequency (percentage). Student’s t test was 
conducted when data satisfying normal distribution, oth-
erwise Mann‒Whitney test was performed. A log-rank 
test was performed to compare the survival rate. Cox 
regression was used to examine the impact of one or sev-
eral different independent variables on survival (a given 
endpoint) analysis [17]. In previous studies, prognostic 
models were also derived from Cox regression analysis 
[18, 19]. The areas under of ROC cures (AUROCs) of dif-
ferent prognostic models were assessed using DeLong’s 
test (MedCalc software version 20.104).

Results
Analysis of 561 ACLF and AD patients stratified by 90-day 
outcomes
There were 262 ACLF patients and 299 AD patients 
included in the study. The clinical parameters (survi-
vors, n = 443; nonsurvivors, n = 118) are shown in Table 1. 
Compared with survivors, nonsurvivors had the higher 
levels of international normalized ratio (INR), total 
bilirubin (TBIL), leukocyte count and higher disease 
grade (MELD score) (all P < 0.001). The percentage of 

nucleoside analogue (NUC) cessation induced liver fail-
ure was higher in nonsurvival group compared to survival 
group (P = 0.01). Compared with survivors, nonsurvivors 
had lower serum sodium concentrations (P < 0.0001).

Compared with those of survivors, the incidences of 
complications such as hepatorenal syndrome (HRS) 
(39.0% vs. 3.6%), hepatic encephalopathy (HE) (III-IV) 
(20.3% vs. 1.6%) and infection (72% vs. 37.9%) were signif-
icantly greater in nonsurvivors (all P < 0.0001) (Table 1). 
The nonsurviving group had obviously lower concen-
trations of apoAI and HDL-C, but not TG, than did the 
surviving group (all P < 0.05). The proportions of comor-
bidities (obesity, type 2 DM, hypertension or NAFLD) 
were comparable between the two groups (Table 1).

Lower ApoAI levels were associated with a greater severity 
of ACLF and AD
As shown in Fig. 1A and B, when patients were stratified 
by grades of Child-Turcotte-Pugh (CTP) (A/B/C grade) 
or MELD, patients with C grade or MELD score > 26 
had the lowest serum apoAI levels among the three sub-
groups (both P < 0.0001).

Negative correlations of ApoAI levels with the number of 
complications and the infection incidence rate
When these patients were divided by the number of com-
plications, serum apoAI levels of individuals with 2 or 
more complications were obviously lower compared to 
those with 1 or no complications (Fig. 1C). Patients with 
infection had obviously lower serum apoAI levels than 
those without infection did (Fig. 1D). Moreover, the opti-
mized apoAI cut-off value of < 0.42 g/L for prognosis pre-
dicting was determined via Youden’s index. The MELD 
score, incidence rate of infection and mortality rate at 
90 days in individuals with serum apoAI levels ≥ 0.42 g/L 
were lower than those in patients with apoAI lev-
els < 0.42 g/L (P < 0.0001) (Fig. 2A, B and C).

Prognostic value of apoAI and multivariate analysis
The MELD scores of ACLF and AD patients were nega-
tively correlated with circulating apoAI concentration; in 
contrast, positively correlation was found between circu-
lating albumin levels with apoAI concentrations (Fig. 3A, 
B).

The clinical parameters of the derivation cohort were 
compared to validation cohort (Table S1). Significant dif-
ferences were demonstrated in the clinical parameters 
(ALT, AST, Na), 90-day mortality rate and severity of dis-
ease (incidence rate of HRS, MELD score) between the 
two cohorts (P < 0.05). Univariate analysis was first per-
formed in the derivation cohort to identify significant 
baseline factors for prognosis (sex, the INR, TBIL, Cr, 
Na, HDL, LDL, TC, apoAI, albumin, leukocytes, HRS, 
infection, ascites and HE, P < 0.05) (Table 2). Multivariate 
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Cox analysis including the aforementioned clinical fac-
tors was performed, and apoAI, TBIL, INR, HE and HRS 
were identified as independent factors for 90-day out-
come (Table 2).

Development and validation of Lip-ACLFs
According to the abovementioned multivariate Cox 
analysis, a new prognostic model was developed and 
shown below: Lip-ACLFs = 0.86×INR + 0.0034×TBIL 
(µmol/L) + 0.99×HRS (no/1; with/2) + 0.50×HE (grade/
point, no/1; 1–2/2; 3–4/3) − 2.97×apoAI (g/L) + 5.2. The 
new Lip-ACLF score was developed using the regression 

Table 1  Clinical characteristics of ACLF and DLC patients according to the clinical outcome (90-d survival)
Characteristics Total (n = 561) Survivors (n = 443) Nonsurvivors (n = 118) P Value
Age, (y) 51 (42–61) 51 (43–61) 51 (41–60) 0.86
Sex (male), n (%) 449 (80.0%) 348 (78.6%) 101 (85.6%) 0.089
HBV markers
HBeAg (+), n (%) 221 (39.4%) 184 (41.5%) 37 (31.4%) 0.044
HBV reactivation
Spontaneous reactivation, n (%) 382 (68.1%) 299 (67.5%) 83 (70.3%) 0.01
NUC cessation, n (%) 69 (12.3%) 47 (10.6%) 22 (18.7%)
NUC resistance, n (%) 15 (2.7%) 12 (2.7%) 3 (2.5%)
Without reactivation, admission for complication, n (%) 95 (16.9%) 85 (19.2%) 10 (8.5%)
Haematology
Hb (g/L) 120 (104–132) 120.0 (103.0-132.3) 119.0 (105.8–132.0) 0.99
Leukocytes (×109/L) 4.7 (3.0-6.6) 4.2 (2.9–6.1) 6.3 (4.5–9.2) 0.0001
Thrombocytes (×109/L) 75 (52–112) 73.0 (49.0-112.0) 80.0 (60.8–110.0) 0.14
INR 1.5 (1.3–1.8) 1.4 (1.2–1.7) 2.0 (1.7–2.5) 0.0001
Biochemistry
ALT (U/L) 77 (33–271) 63.0 (30.0-223.0) 117.0 (65.8-464.3) 0.0002
AST (U/L) 105 (48–230) 81.0 (43.0-185.0) 181.5 (110.5-445.8) 0.0001
TBIL (µmol/L) 136.6 (37.8-341.3) 86.5 (31.2-254.4) 424.0 (305.5-496.7) 0.0001
Albumin (g/L) 29 (25–33) 29 (26–33) 27 (24–31) 0.0001
Na (mmol/L) 138 (135–140) 139 (136–141) 135.0 (131.0-138.0) 0.0001
Cr (µmol/L) 69 (59–82) 69.0 (59.0–81.0) 72.0 (62.0-91.3) 0.068
Serum lipid profiles
HDL-C 0.50 (0.28–1.01) 0.66 (0.33–1.09) 0.27 (0.22–0.39) 0.018
LDL-C 1.50 (0.81–2.17) 1.63 (1.04–2.24) 0.74 (0.32–1.60) 0.0001
TG 1.00 (0.76–1.47) 1.00 (0.75–1.47) 1.02 (0.80–1.58) 0.99
TC 2.74 (1.91–3.57) 2.97 (2.19–3.80) 1.83 (1.18–2.45) 0.0001
ApoAI 0.54 (0.28–0.96) 0.67 (0.36–1.03) 0.21 (0.15–0.34) 0.0001
Comorbidities
Obesity 215 (38.3%) 162 (36.6%) 53 (44.9%) 0.098
NAFLD 32 (5.7%) 23 (5.2%) 9 (7.6%) 0.37
T2DM and IGT 113 (20.1%) 90 (20.3%) 23 (19.5%) 0.898
Hypertension 80 (14.3%) 65 (14.7%) 15 (12.7%) 0.766
Liver-related complications
Ascites, n (%) 432 (77.0%) 332 (74.9%) 100 (84.7%) 0.025
HRS, n (%) 62 (11.1%) 16 (3.6%) 46 (39.0%) 0.0001
Bacterial infection 253 (45.1%) 168 (37.9%) 85 (72.0%) 0.0001
HE(III-IV), n (%) 31 (5.5%) 7 (1.6%) 24 (20.3%) 0.0001
GEVB, n (%) 44 (7.8%) 32 (7.2%) 12 (10.2%) 0.29
Prognosis
MELD score 18.3 (12.6–23.8) 16.3 (11.9–21.1) 26.6 (23.4–29.6) 0.0001
Notes. The values are presented as numbers (%) or medians (quartile range). Boldface P values indicate statistical significance

Abbreviations: ACLF, acute-on-chronic liver failure; AD, acute decompensation; HBV, hepatitis B virus; NUC, nucleoside analogues; Hb, haemoglobin; INR, international 
normalized ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; Cr, creatinine; TG, triglyceride; TC, total cholesterol, LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; apo AI, apolipoprotein AI; NAFLD, nonalcoholic fatty liver disease; T2DM, type 
2 diabetes mellitus; IGT, impaired glucose tolerance; HRS, hepatorenal syndrome; HE, hepatic encephalopathy; GEVB, gastroesophageal variceal bleeding; MELD, 
model for end-stage liver disease
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coefficient of each risk factor (Table  2), and a constant 
was added to avoid negative values. In the ROC analy-
sis (Fig.  3C), in the derivation cohort, the AUROCs of 
MELD scores, CTP scores or apoAI levels were lower 
than those of Lip-ACLFs in predicting 90-day mortality 
(0.885, 0.833 or 0.856 vs. 0.930, P < 0.01). The Lip-ACLFs 
was subsequently tested in the validation cohort, which 
revealed that the Lip-ACLFs had higher AUROCs than 
did the MELD scores, CTP scores or apoAI (0.906 vs. 
0.839, 0.857 or 0.837, all P < 0.05) (Fig. 3D).

Serum apoAI levels and 90-day survival of ACLF and AD 
patients
The whole cohort was stratified into groups according 
to the abovementioned apoAI cut-off value (≥ 0.42  g/L 
or not) or apoAI quartiles (q1: < 0.28, q2: 0.28–0.54, 
q3: 0.54–0.96, q4: >0.96). The group with lower serum 
apoAI levels (< 0.42  g/L) had a significantly greater 
mortality probability than the other group (≥ 0.42  g/L) 
did (P < 0.0001) (Fig.  4A). The q1 and q2 patients had a 
greater 90-day mortality probability (q1: 48.7%, q2 20.0%) 
than the patients with higher serum apoAI levels did (q3: 
7.7%, q4: 0.8%) (P < 0.0001) (Fig. 4B).

Fig. 1  Comparison of serum apoAI levels according to CTP scores (A), MELD scores (B), number of complications (C) and infection status (D) in the whole 
cohort. No., number, **** P < 0.0001, * P < 0.05.
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Continuous measurement in serum apoAI
Further study was performed to investigate whether there 
were significant differences in apoAI dynamic changes 
during the disease course between patients with different 
disease prognoses. The detailed characteristics of the 37 
patients whose apoAI levels were dynamically monitored 
are shown in Table S2. The circulating apoAI levels of 37 
patients were dynamically measured (baseline, 2nd time 
point: 3–7 days; 3rd time point: 10–14 days). Among the 
37 patients, in the survival individuals, the serum levels of 
apoAI were not reduced significantly (P > 0.05) (Fig. 5A). 
In the deceased group, apoAI levels decreased progres-
sively at the 2nd and 3rd time points (P < 0.05) (Fig. 5B).

Discussion
Serum lipid profile has prognostic value in hepatitis E 
virus-triggered ACLF [18] or reflect liver damage in hep-
atitis B infected patients [20]. ApoAI, which is the main 
structural component of HDL, has protective effects on 
endothelial cells and limits oxidative damage [21]. In this 
study, among HBV-ACLF and AD patients, serum apoAI 
levels were independently associated with 90-day sur-
vival. Compared with MELD scores or CTP scores, Lip-
ACLFs have greater prognostic value. Dynamic changes 
in serum apoAI levels could also predict the prognosis 
of ACLF and AD. It was speculated that lower levels of 
serum apoAI may reflect serious liver injury. The prog-
nostic value of base and dynamic changes of apoAI lev-
els in HBV-ACLF patients further support the findings of 
previous studies.

The expression of serum lipids not only results from 
liver injury [22] but also mediates anti-inflammatory 

effects via the transcriptional regulator ATF3 [23]. rHDL 
may alleviate the inflammatory reaction by lipopolysac-
charide [24]. COVID-19 patients’ respiratory symptoms 
and inflammatory parameters improved when they 
received an apoAI-containing HDL mimetic [25]. Lipid 
metabolism may affect the disease progression of HBV-
ACLF and AD patients. The concentrations of circulating 
lipids were decreased in individuals with liver cirrhosis 
and liver failure [26, 27]. In this study, a lower circulating 
level of apoAI indicated a greater degree of disease sever-
ity. For patients with end-stage liver diseases, MELD 
scores have been widely used for evaluating prognosis 
[28]. When ACLF patients and AD patients have com-
parable MELD scores, there is an urgent need to search 
for new biomarkers that could further improve MELD 
score’s predictive accuracy.

In the present study, individuals with MELD scores > 18 
were stratified by an optimized apoAI cut-off (< 0.42 g/L), 
and the subgroup with lower serum apoAI levels had a 
poorer prognosis than the other subgroup did (Figure 
S1). Moreover, patients with more than one complica-
tion had significantly lower serum apoAI levels. Similarly, 
lower circulating apoAI concentration was detected in 
HEV-ACLF patients who presented with more than two 
organ failures than those in other groups [18]. These 
results demonstrated that a lower level of apoAI has sig-
nificant prognostic value in identifying patients with a 
greater 90-day mortality risk. Early interventions, such as 
liver transplantation, need to be considered for patients 
with early-stage disease. There was great heterogeneity in 
the cohort with high MELD scores. Although the prog-
nostic value of apoAI was comparable to that of MELD 

Fig. 2  Comparison of the MELD score, incidence rate of infection and survival rates according to the serum apoAI strata in the whole cohort (A, B and 
C). **** P < 0.0001
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scores or CTP scores, the prognostic model integrating 
apoAI (Lip-ACLFs) performed better than MELD scores 
and CTP scores in predicting prognosis. In addition, 
serum apoAI levels can be easily detected and monitored 
dynamically in the clinic. The new prognostic model, the 
Lip-ACLF score, is based on three clinical testing param-
eters (INR, TB and apoAI) and the presence of two com-
plications (HRS and/or HE). The Lip-ACLF score has a 
simpler calculation process and is easy to implement in 
clinical practice compared to MELD score. This would 
improve the accuracy of current prognostic prediction 

models for early clinical decision-making. The valida-
tion cohort (late enrolment) had a lower disease severity 
and 90-day mortality rate than did the derivation cohort 
(early enrolment), which may be attributed to the cur-
rent update of antiviral therapy awareness according to 
the guidelines and the progress of health education for 
patients.

Although previous studies have performed prog-
nostic analysis in patients with liver failure strati-
fied by the apoAI level [5, 10], detailed information 
on the dynamic changes in apoAI levels has not been 

Fig. 3  (A) The MELD scores were negatively correlated with circulating apoAI concentration. (B) Serum apoAI levels were positively correlated with serum 
albumin levels in the whole cohort. (C) In the derivation cohort, the AUROCs of MELD scores, CTP scores, apoAI levels and Lip-ACLFs. (D) In the validation 
cohort, the AUROCs of MELD scores, CTP scores, apoAI levels and Lip-ACLFs
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specifically investigated. In this study, dynamic changes 
in apoAI were investigated in patients with different dis-
ease prognoses. Small intestine and liver are the main 
places for synthesis of apoAI, which served as the main 
protein component of HDL [29]. In Wolf et al.’s study, 
HDL and apoAI were decreased at 1–7 d post-LT and 

clearly recovered at 14 or 30 days post-LT [30]. Dynamic 
changes in certain serum lipid concentrations during LT 
are correlated with the extent of liver regeneration and 
function [30]. In this study, serum apoAI levels of indi-
viduals with a poor prognosis decreased from baseline at 
the 2nd time point and became more obvious later at the 
3rd time point. Among patients with a good prognosis, 
serum apoAI levels were comparable over the course of 
disease. It was inferred that the decrease in serum apoAI 
levels reflected impaired liver functional reserve or hepa-
tocyte regeneration in patients with a poor prognosis. Li 
et al. reported that in a mouse model, apoAI enhanced 
hepatocyte regeneration 48  h after LT through the 
AMPK-PGC-1α pathway to regulate mitochondrial bio-
genesis [31].

It has been reported that apoAI alleviates lung injury 
and protects against sepsis by binding to lipoteichoic acid 
[32]. HDL can protect against endotoxin [33] and down-
regulate proinflammatory response [34]. Furthermore, 
rHDL inhibited LPS-induced cytokine overproduction in 
cirrhosis patients ex vivo [24]. ApoAI has been found to 
have an anti-inflammatory effect on systemic inflamma-
tion [35] in sepsis and HIV [36]. In ACLF, robust systemic 
inflammation could lead to tissue injury and subsequent 
organ(s) failure [37]. In this study, lower apoAI levels 
indicated a greater number of complications (such as 
ascites and HRS). ApoAI may play an anti-inflammatory 
role by neutralizing LPS, downregulating inflammatory 
factor expression and stabilizing the function of endothe-
lial cells. It was reported that apoAI enhances the antibi-
otic efficacy of lysocin E [38]. In the cohort of this study, 
higher circulating concentration of apoAI indicated the 
lower incidence of infection. These results suggest that 
the lipid profile might have protective value against infec-
tion in HBV-ACLF and AD patients.

Strengths and limitations
The levels of serum apoAI decreased across the clinical 
grades as did the presence of complications or infection. 
Serum apoAI could act as a robust prognostic parame-
ter in decompensated liver cirrhosis and ACLF induced 
by HBV. The ApoAI level-integrated prognostic model 
(Lip-ACLFs) has good potential for use in the clinical 
prediction of 90-day outcomes. Some limitations exist 
in the study. Above all, patients’ enrolment was retro-
spectively collected, and some patients were transferred 
to the hospital of this study after receiving treatment in 
local hospitals, so selection bias might exist. Second, the 
levels of serum hormones, such as thyroid hormones, 
which may be involved in the regulation of serum lipids, 
were not investigated. Third, in this study, most cases of 
ACLF occurred after a flare of HBV or self-withdrawal of 
NUC, and serum apoAI levels were not accessible early 
in the onset of disease (pre-ACLF). In future prospective 

Table 2  Multivariate analysis of 90-day mortality in the 
derivation cohort via the Cox regression model

Univariate Analysis Multivariate 
Analysis

P 
value

HR (95% CI) P value HR 
(95% 
CI)

Regres-
sion 
coefficient

age 0.985 
(0.967–1.004)

0.114

Sex 0.429 
(0.197–0.934)

0.0033

apoAI 0.012 
(0.003–0.049)

< 0.001 0.051 
(0.004–
0.650)

-2.97 0.022

TC 0.437 
(0.324–0.589)

< 0.001

TG 1.068 
(0.745–1.531)

0.719

HDL 0.049 
(0.015–0.165)

< 0.001

LDL 0.438 
(0.295–0.651)

< 0.001

WBC 1.129 
(1.084–1.177)

< 0.001

TBIL 1.005 
(1.004–1.006)

< 0.001 1.003 
(1.001–
1.006)

0.0034 0.004

Albumin 0.911 
(0.867–0.956)

< 0.001

Cr 1.009 
(1.005–1.014)

< 0.001

Na 0.878 
(0.842–0.915)

< 0.001

INR 2.592 
(2.125–3.162)

< 0.001 2.371 
(1.533–
3.665)

0.86 < 0.001

Obesity 1.35 
(0.855–2.133)

0.198

Ascites 1.507 
(1.095–2.075)

0.012

Infection 2.870 
(1.753–4.698)

< 0.001

HE 2.614 
(1.981–3.448)

< 0.001 1.644 
(1.080–
2.502)

0.50 0.020

HRS 8.973 
(5.619–14.329)

< 0.001 2.682 
(1.226–
5.870)

0.99 0.014

Abbreviations: HR, hazard ratio; apoAI, apolipoprotein AI; TC, total cholesterol; 
TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density 
lipoprotein cholesterol; WBC, white blood cell count; TBIL, total bilirubin; Cr, 
creatinine; INR, international normalized ratio; HE: hepatic encephalopathy; 
HRS, hepatorenal syndrome
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studies, determining serum apoAI levels at disease onset 
would be helpful for understanding the hepatoprotective 
mechanisms of apoAI in ACLF. In addition, serum cyto-
kines, which may reflect the inflammatory state of HBV-
AD and ACLF patients, were not measured in the cohort. 
The correlations between the lipid profile and serum 
cytokines in the cohort warrant further investigation. 
Finally, in alcoholic or drug-induced liver failure, whether 
circulating ApoAI has the same predictive value warrants 
further study.

Conclusion
In conclusion, lower serum apoAI levels were correlated 
with more severe illness and a greater risk of infections. 
The Lip-ACLF score, which includes serum apoAI levels, 
may serve as a promising model to predict the prognosis 
of AD and ACLF patients.
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LDL-C	� Low-density lipoprotein cholesterol
ACLF	� Acute-on-chronic liver failure
ALT	� Alanine aminotransferase
TC	� Total cholesterol
AD	� Acute decompensation
apoAI	� Apolipoprotein AI
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AST	� Aspartate aminotransferase
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GEVB	� Gastroesophageal variceal bleeding
Hb	� Haemoglobin
HBV	� Hepatitis B virus
TBIL	� Total bilirubin
HRS	� Hepatorenal syndrome
HDL-C	� High-density lipoprotein cholesterol
HE	� Hepatic encephalopathy
INR	� International normalized ratio
TG	� Triglyceride
LT	� Liver transplantation
NAFLD	� Nonalcoholic fatty liver disease
MELD	� Model for End-Stage Liver Disease

Fig. 5  Longitudinal serum apoAI level analysis of 37 patients from the validation cohort according to 90-day outcome. In the survival group (A) and 
nonsurvival group (B), serum levels of apoAI were measured at baseline, at the 2nd time point (3–7 days) and at the 3rd time point (10–14 days). * P < 0.05

 

Fig. 4  The survival probability curve of the whole cohort stratified according to optimized apoAI cut-off value (≥ 0.42 g/L) (A) or apoAI quartiles (B)
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