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Abstract

Hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is a severe and life-threa-
tening complication, characterised by multi-organ failure and high short-term mortality.
However, there is limited information on the impact of various comorbidities on HBV-
ACLF in a large population. This study aimed to investigate the relationship between
comorbidities, complications and mortality. In this retrospective observational study, we iden-
tified 2166 cases of HBV-ACLF hospitalised from January 2010 to March 2018. Demographic
data from the patients, medical history, treatment, laboratory indices, comorbidities and com-
plications were collected. The mortality rate in our study group was 47.37%. Type 2 diabetes
mellitus was the most common comorbidity, followed by alcoholic liver disease. Spontaneous
bacterial peritonitis, pneumonia and hepatic encephalopathy (HE) were common in these
patients. Diabetes mellitus and hyperthyroidism are risk factors for death within 90 days,
together with gastrointestinal bleeding and HE at admission, HE and hepatorenal syndrome
during hospitalisation. Knowledge of risk factors can help identify HBV-ACLF patients with a
poor prognosis for HBV-ACLF with comorbidities and complications.

Introduction

Acute-on-chronic liver failure (ACLF) is a life-threatening disease that leads to multi-organ
failure and high short-term mortality, causing a variety of symptoms including jaundice, coa-
gulopathy, ascites, haemorrhage, cholestasis, hepatic encephalopathy (HE) and hepatorenal
syndrome (HRS) [1]. The most common cause of liver failure in Asia is chronic hepatitis B
virus (HBV) infection, with a mortality rate of 63–72.3% [2, 3].

The prevalence of HBV in China is 5–6%, which means approximately 70 million HBV
carriers in China [4]. Many have comorbidities and prior studies have focused on the impact
of comorbidities on patients with HBV-related diseases, such as chronic kidney disease (CKD)
[5, 6], diabetes [7] and nonalcoholic fatty liver disease (NAFLD) [8, 9]. As for the complica-
tions that occur with HBV-ACLF, some studies suggest a relationship between them. Bacterial
infections, HE and HRS, are risk factors for mortality in patients with ACLF [10–12].

There is limited information on the impact of various comorbidities on HBV-ACLF in
large populations. The relationship between comorbidities, complications and mortality has
not been validated in clinical studies with large samples. Comorbidities are not considered
as part of the most widely used prognostic tools (the Child-Pugh and model for end-stage
liver disease (MELD) scoring systems).

Based on this background, we designed this retrospective study to analyse the clinical char-
acteristics, complications and mortality of 2166 patients with HBV-ACLF in our hospital and
to assess the relationship between them.

Materials and methods

Patients

In this study, retrospective observational research was used. All patients were hospitalised at
the Third Affiliated Hospital of Sun Yat-sen University, a large tertiary general hospital
with more than 40 000 patients discharged annually. We extracted the records of all patients
diagnosed with ACLF from 1 January 2010 to 1 March 2018, from the hospital’s electronic
database of medical records.
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The diagnosis of HBV-ACLF was made according to the 2018
Chinese guidelines for diagnosing and treating liver failure [13].
ACLF was characterised by liver injury manifested by jaundice (total
serum bilirubin⩾10mg/dl) and coagulopathy (international normal-
ised ratio ⩾1.5 or prothrombin activity <40%), complicated by ascites
and/or encephalopathy within 4 weeks, as determined by physical
examination, in previously diagnosed or undiagnosed chronic patients
with liver disease. The exclusion criteriawere incomplete information,
a hospital stay <24 h and uncertain clinical outcome.

Medical record search strategy: records were searched in the
hospital medical record information system for the following
diagnostic codes and terms: ‘hepatitis B virus (ICD-10 code:
B16.905)’, ‘liver failure (ICD-10 code: K72)’ and ‘liver cirrhosis
(ICD-10 code: K74.151)’, or other diagnostic terms for various
complications commonly seen in patients with ACLF, such as
hepatic encephalopathy (ICD-10 code: K72.903) and hepatorenal
syndrome (ICD-10 code: K76.702).

The flow chart for selecting patients with HBV-ACLF is shown
in Figure 1.

Identifying comorbidities and complications

Comorbidities included hepatic comorbidities (alcoholic liver dis-
ease, NAFLD, chronic hepatitis C virus, acute hepatitis E virus,
autoimmune hepatitis (AIH), primary biliary cirrhosis (PBC), pri-
mary sclerosis cholangitis (PSC), Wilson’s disease and cholelithia-
sis with surgery) and non-hepatic comorbidities (type 2 diabetes
mellitus (T2DM), hyperthyroidism, CKD). Complications
included spontaneous bacterial peritonitis, pneumonia and intes-
tinal fungal infections, HE, gastrointestinal bleeding and HRS.

Clinical data and information collection

Standardised case report forms were completed by trained physi-
cians in all cases. The endpoint of our study was 90-day
transplant-free mortality. The objective of our study was to find
independent risk factors for survival in HBV-ACLF.

The study protocol was approved by the Clinical Trials Ethics
Committee of the Third Affiliated Hospital of Sun Yat-sen
University, and the requirement of written informed consent
was waived. The study strictly adhered to the ethical guidelines
of the Declaration of Helsinki and was registered with
ClinicalTrials.gov (NCT03992898).

Statistical analysis

All data were analysed using SPSS version 25.0. Data for clinical
and biochemical characteristics were expressed as frequencies
and percentages for categorical variables and mean ± standard
deviation and medians (interquartile range) for continuous
variables. The prevalence of comorbidities and complications (%
and 95% confidence interval (CI)) was described. A chi-square
test was used to compare frequencies. Baseline variables considered
clinically relevant, or that showed a univariate relationship with the
outcomewere entered into amultivariate Cox proportional hazards
regression model. The variables were judged using the Kaplan–
Meiermethod, correlation tests for the Schoenfeld residuals and sur-
vival time ranks and time-dependent covariate tests to check the
proportional hazards assumption. P values <0.05 were considered
statistically significant.

Results

Demographic and clinical characteristics of ACLF patients

In this study, a total of 2166 patients with HBV-ACLF were
enrolled between 1 January 2010 and 1 March 2018 (Table 1).
As shown in the table, 1914 (88.37%) were male, and 678
(31.30%) were HBeAg positive.

Of these patients, 1308 (60.39%) were diagnosed with cirrhosis.
Six hundred and eighty-two (31.49%) patients had one or more
comorbidities. Thirteen hundred (60.02%) patients had at least
one complication at the time of admission. During hospitalisation,
the incidence of complications increased to 1701 (78.53%).

Three hundred and forty (15.70%) patients started nucleotide
analogues (NAs) for more than 6 months prior to the onset of
liver failure and experienced discontinuation or resistance to
NAs. Antiviral drugs included lamivudine, adefovir dipivoxil, tel-
bivudine, entecavir, tenofovir or a combination were used for at
least 6 months. One thousand nine hundred and eighty-four
(91.60%) patients received anti-HBV therapy after admission to
the hospital. The 90-day survival rate for these patients who
received NAs was 51.71%, compared with 30.77% for those who
refused NAs.

One-hundred and twenty-nine (5.96%) patients needed and
received liver transplantation. The 90-day transplant-free mortal-
ity rate in our study group was 47.37%.

Fig. 1. Flow diagram of the study subjects. A total of
3115 (from January 2010 to March 2018) liver failure
patients were screened. Finally, 2166 patients qualified
were follow-up for 90 days.
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Prevalence of comorbidities

The prevalence of comorbidities is depicted in Figure 2. We ana-
lysed the comorbidities of the patients and found that T2DM was
the most common comorbidity (11.6%, 95% CI 10.3–13),

followed by alcoholic liver disease (8.8%, 95% CI 7.6–10). Some
other diseases such as AIH, PBC, PSC and Wilson’s disease
were rare in patients with HBV-ACLF, with a prevalence of
<1% (Supplementary Table S1).

The incidence of complications

The incidence of complications is shown in Figure 3. We analysed
reported complications such as infections (spontaneous bacterial
peritonitis, pneumonia and intestinal fungal infections), gastro-
intestinal bleeding, HE and HRS on admission and during hospi-
talisation. On admission, the most common complication was
infection. Spontaneous bacterial peritonitis topped the list
(41.5%, 95% CI 39.4–43.5), followed by pneumonia (28.2%,
95% CI 26.3–30.1). Gastrointestinal bleeding was the least
reported complication (1.4%, 95% CI 0.9–1.9). Most reported
HE was found to be mild to moderate (grade I or II HE)
(16.4%, 95% CI 14.9–18.0). The incidence of complications
increased significantly (P < 0.001) during hospitalisation
(Supplementary Table S2).

Risk factors for the mortality of patients with HBV-ACLF

Cox regression analyses were performed to examine whether
comorbidities and complications were associated with mortality in
patientswithHBV-ACLF.A seriesofproportionalhazards regression
analyses are summarised in Table 2 and Supplementary Table S3.
After adjustment, the multivariable analysis revealed that age, white
cell counts, HBV-DNA loads, cirrhosis, liver cancer, Child-Pugh
grade, MELD scores and discontinuation of NAs were risk factors
for increased 90-day mortality, while alpha-fetoprotein (AFP) was
associated with a reduced mortality rate. T2DMwas associated with

Table 1. Demographic and clinical characteristics of 2166 enrolled patients

Characteristic Number/scores

Gender, n (%)

Male, n (%) 1914 (88.37)

Female, n (%) 252 (11.63)

Age, years 45.0 (37.0–54.0)

18–39, n (%) 718 (33.15)

40–59, n (%) 1113 (51.38)

⩾60, n (%) 335 (15.47)

WBC (/nl) 7.43 (5.68–9.84)

HGB (g/l) 121.00 (105.00–135.00)

PLT (/nl) 112.00 (76.00–152.00)

ALT (U/l) 324.00 (103.00–849.25)

ALB (g/l) 32.40 (29.50–38.00)

TBil (μmol/l) 371.90 (274.73–591.61)

Sodium (mmol/l) 137.00 (134.00–139.00)

Cr (μmol/l) 71.00 (61.00–85.00)

PT (s) 25.90 (22.10–31.90)

INR 2.36 (1.93–3.06)

HBeAg (+), n (%) 678 (31.30)

HBV-DNA loads (log IU/ml) 5.17 (3.59–6.71)

AFP (ng/ml) 50.30 (15.55–147.20)

Basics of liver disease, n (%)

Chronic hepatitis B 858 (39.61)

Cirrhosis 1308 (60.39)

Liver cancer, n (%) 70 (3.23)

Child-Pugh score 11 (10.0–12.0)

A, n (%) 0 (0)

B, n (%) 393 (18.14)

C, n (%) 1773 (81.86)

MELD score 25.61 (22.68–29.81)

Comorbidity, n (%) 682 (31.49)

Complications at admission, n (%) 1300 (60.02)

Complications during hospitalisation, n (%) 1701 (78.53)

NAs therapy before the onset, n (%) 340 (15.70)

Received anti-HBV therapy, n (%) 1984 (91.60)

Liver transplantation 129 (5.96)

Mortality 1026 (47.37)

WBC, white blood count; HGB, haemoglobin; PLT, platelet; ALT, alanine transaminase; ALB,
albumin; TBil, total bilirubin; Cr, creatine; PT, prothrombin time; INR, international
normalised ratio; AFP, α-fetoprotein; MELD score, model for end-stage liver disease.
Data were expressed as median (interquartile range, IQR), or n (%). P values were calculated
by Mann–Whitney U test, χ2 test, as appropriate.

Fig. 2. Prevalence of evaluated comorbidities in patients. ALD, alcoholic liver disease;
NFLD, nonalcoholic fatty liver disease; AIH, autoimmune hepatitis; PBC, primary bil-
iary cirrhosis; PSC, primary sclerosis cholangitis; T2DM, type 2 diabetes mellitus; CKD,
chronic kidney disease.
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increasedmortality risk (unadjusted hazard ratio (HR) 1.512, 95%CI
1.273–1.796, adjustedHR 1.266, 95%CI 1.051–1.524) and hyperthy-
roidism(adjustedHR1.893, 95%CI1.312–2.732).Regardingcompli-
cations, patients with gastrointestinal bleeding on admission
(unadjusted HR 2.560, 95% CI 1.692–3.872, adjusted HR 1.809,
95% CI 1.173–2.791), HE on admission (unadjusted HR 3.055, 95%
CI 2.673–3.492, adjusted HR 2.151, 95%CI 1.849–2.501), HE during
hospitalisation (unadjusted HR 5.089, 95% CI 4.465–5.801, adjusted
HR 3.197, 95% CI 2.761–3.703) and HRS during hospitalisation
(unadjusted HR 3.406, 95% CI 2.961–3.918, adjusted HR 1.324,
95% CI 1.121–1.564) were found to have increased risk for the
90-day mortality due to ACLF.

Discussion

In this study, we investigated the clinical outcomes of Chinese
patients with HBV-ACLF in a retrospective observational study.
We initially explored whether various comorbidities and compli-
cations affect 90-day transplant-free survival. Our study showed
that comorbidities and complications were common in these
patients. Various complications frequently occurred during hospi-
talisation. T2DM and hyperthyroidism were risk factors for
90-day mortality, together with gastrointestinal bleeding and HE
on admission and HE and HRS during hospitalisation.

In clinical practice, patients who have been diagnosed with
ACLF often have many comorbidities such as T2DM, other hepa-
titis virus infections (e.g. hepatitis C and E) and alcoholic liver
disease. In our study cohort, 31.49% of patients had one or
more comorbidities. Berzigotti et al. found that the presence of
comorbidities such as obesity, sarcopaenia and other metabolic
risk factors such as diabetes mellitus, hypertension and dyslipi-
daemia impacted the prognosis of patients with cirrhosis [14].
Similarly, Duseja et al. found significantly higher MELD scores
and increased mortality in overweight or obese patients [15]. A
study by Mahmud et al. showed that the prevalence of diabetes
mellitus, CKD and hepatocellular carcinoma in patients with
ACLF of different aetiologies were 43%, 2.4% and 10.8%,

Fig. 3. Incidence of evaluated complications in patients. SBP, spontaneous bacterial
peritonitis, HE, hepatic encephalopathy, HRS, hepatorenal syndrome. *P < 0.001.

Table 2. Multivariable analysis of risk factors for 90-day mortality

Multivariate HR (95% CI) P

Gender (male) 1.056 (0.859–1.298) 0.606

Age 1.028 (1.022–1.033) 0.000

WBC 1.033 (1.018–1.048) 0.000

HGB 1.003 (0.999–1.006) 0.142

PLT 0.999 (0.998–1.000) 0.120

ALT 1.000 (1.000–1.000) 0.422

ALB 0.998 (0.984–1.014) 0.804

Sodium 0.993 (0.984–1.001) 0.097

HBeAg (+) 0.884 (0.757–1.033) 0.120

HBV-DNA loads 1.120 (1.080–1.161) 0.000

AFP 0.999 (0.999–1.000) 0.004

Cirrhosis 1.310 (1.108–1.549) 0.002

Liver cancer 2.096 (1.565–2.808) 0.000

Child-Pugh grade (C) 1.460 (1.168–1.826) 0.000

MELD score 1.103 (1.093–1.114) 0.000

Discontinuation to NAs 1.359 (1.148–1.609) 0.000

Hyperthyroidism 1.893 (1.312–2.732) 0.001

T2DM 1.266 (1.051–1.524) 0.013

CKD 0.941 (0.656–1.350) 0.742

Alcoholic liver disease 0.942 (0.753–1.178) 0.600

Hepatitis E virus 0.819 (0.629–1.067) 0.139

NAFLD 1.156 (0.795–1.681) 0.446

Complication at admission

SBP 1.098 (0.959–1.258) 0.177

Pneumonia 1.108 (0.957–1.283) 0.169

Intestinal fungal infection 0.808 (0.543–1.203) 0.293

Gastrointestinal bleeding 1.809 (1.173–2.791) 0.007

HE 2.151 (1.849–2.501) 0.000

I–II 1.985 (1.694–2.326) 0.000

III–IV 4.333 (3.104–6.049) 0.000

HRS 0.911 (0.695–1.193) 0.499

Complication during hospitalisation

SBP 1.088 (0.941–1.257) 0.256

Pneumonia 1.007 (0.875–1.158) 0.926

Intestinal fungal infection 0.866 (0.713–1.053) 0.149

Gastrointestinal bleeding 1.207 (0.960–1.517) 0.107

HE 3.197 (2.761–3.703) 0.000

I–II 2.410 (2.046–2.840) 0.000

III–IV 5.530 (4.634–6.600) 0.000

HRS 1.324 (1.121–1.564) 0.001

WBC, white blood count; HGB, haemoglobin; PLT, platelet; ALT, alanine transaminase; ALB,
albumin; TBil, total bilirubin; Cr, creatine; PT, prothrombin time; INR, international
normalised ratio; AFP, α-fetoprotein; MELD score, model for end-stage liver disease; NAs,
nucleotide analogues; SBP, spontaneous bacterial peritonitis, HE, hepatic encephalopathy,
HRS, hepatorenal syndrome, HR, hazard ratio; CI, confidence interval.
Data were expressed as median (IQR), or n (%). P values were calculated by Mann–Whitney U
test, χ2 test, as appropriate.
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respectively, while in our cohort, the prevalence was 11.49%,
2.22% and 3.23% [16]. These studies suggest that patients with
HBV-ACLF commonly have a variety of comorbidities. These
comorbidities may interact to influence the progression and prog-
nosis of liver diseases.

Poorly controlled diabetes mellitus in people with liver disease
can impact their recovery. Many studies have shown that effective
control of hyperglycaemia can reduce complications and mortality
in patients with diabetes complicated by chronic liver disease
[17–19]. T2DM was the most common risk factor for mortality
in our study. Its HR was 1.266 (95% CI 1.051–1.524). Hepatic
insulin clearance is reduced in patients with liver failure, leading
to an increase in glycosylation end products, hypoxia and
hypoxia-induced factors, that reduce liver blood supply and inhibit
liver regeneration [20], thus affecting the prognosis of patients.

Patients diagnosed with hyperthyroidism often have abnormal
liver function tests that can lead to liver failure [21–23]. In
our study, only 2.59% of the patients had hyperthyroidism.
However, hyperthyroidism was a risk factor for mortality, with
an adjusted HR of 1.893 (95% CI 1.312–2.732). It seems that
due to the increased metabolic rate, the patient’s oxygen con-
sumption increased, which led to a relative hypoxia in the perive-
nous region, which in turn led to apoptosis and oxidative stress.

ACLF is a clinically recognised clinical syndrome characterised
by severe liver injury and extrahepatic organ failure associated
with short-term mortality. In the last few years, guideline reviews
presented by the European Association for the Study of Liver
(EASL) and the Asian Pacific Association for the Study of the
Liver (APASL) have highlighted the importance of extrahepatic
organ failure in the prevalence, characteristics, process and impact
on the prognosis of ACLF [1, 24]. In our study cohort, we focused
on some common complications in patients: abdominal, pulmon-
ary and intestinal infections, gastrointestinal bleeding, HE and
HRS. We noticed that 60.0% of the patients had at least one com-
plication on admission, while 78.3% developed complications
during their hospital stays. We also found that gastrointestinal
bleeding and HE at admission, HE and HRS during hospitalisa-
tion were risk factors for 90-day mortality.

Due to the pathophysiological changes in ACLF, portal hyper-
tension increases, contributing to the development of variceal
bleeding. In our study, 1.39% of patients suffered gastrointestinal
bleeding on admission, and 5.91% had gastrointestinal bleeding
during hospitalisation. These data show a decrease in incidence
compared to other studies, where the prevalence ranged from
15.6% to 31.2% [25–27]. The lower rates of variceal bleeding
observed in our patients may be due to the lower prevalence of
cirrhosis at the time of admission in our study population com-
pared to previous studies. Patients with gastrointestinal bleeding
on admission had increased mortality.

HE is associated with higher mortality, especially in patients with
grades III and IV encephalopathy. The North American Consortium
for the Study of End-Stage Liver Disease (NACSELD) showed that
grades III and IV HE remains a significant determinant of 30-day
mortality in patients hospitalised with cirrhosis, independent of
other organ failures [10]. In the AARC data, HE was present in
approximately 40% of patients with HBV-ACLF [28]. Several
other studies have shown that the incidence of HE was 17.2–
57.2% [10, 29]. In our study, 19.44% of patients had HE on admis-
sion, while 39.84% developed HE during hospitalisation. Among
these hospitalised patients, 41.6% were diagnosed with HE III–IV.
HE on admission and during hospitalisation was both risk factors
for mortality.

HRS is a liver-specific functional renal failure associated with a
high mortality rate. It is caused by a combination of marked activa-
tion of the sympathetic and neurohumoral systems and splanchnic
vasodilatation, systemic hypotension and intense renal vasocon-
striction [30]. Renal dysfunction has been reported in 22.8–34.0%
of patients with ACLF [11, 29]. We found that only 4.71% of the
patients had HRS on admission, while the incidence increased to
14.50% during hospitalisation. Furthermore, HRS during hospital-
isation was a risk factor for 90-day mortality in ACLF.

Our study had several strengths. First, the sample size of this
study was large, including patients between 2010 and 2018,
which reflects the changes in HBV-ACLF treatment over the
past decade. Second, we examined a range of patient-level vari-
ables that may affect mortality, including sociodemographic char-
acteristics, laboratory indices, the severity of liver disease,
comorbidities and complications. Third, we took comorbidities
and complications together to evaluate the risk factors for mortal-
ity, which may better reflect the relationship between comorbid-
ities, complications and mortality.

Our study also had several limitations. First, our patients were
from a single-centre, and the genetic background and environ-
mental variables (e.g. dietary habits) of the participants may not
represent the entire population. Furthermore, this study was
retrospective and observational, and some patients may not
have had an oral glucose tolerance test to diagnose diabetes dur-
ing hospitalisation, which may have led to a missed diagnosis of
diabetes. In addition, we did not access the Hepatitis D virus
test results and did not report alcohol consumption. As a result,
this made it impossible to evaluate the impact of HDV on
HBV-ACLF or potentially explain the high rates among males.

In conclusion, our results demonstrate that comorbidities and
complications should be used to identify the prognosis of patients
with HBV-ACLF who are at high risk of short-term mortality.
Comorbidity assessment may accurately complement objective
measures of liver disease severity and improve the care of those
patients at high risk of death due to HBV-ACLF. It may also
allow for a comprehensive health status assessment and better
risk stratification of patients with HBV-ACLF. Our study provides
the necessary data, including comorbidities and complications
associated with mortality, to be considered candidate variables
for future prognostic models.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268822001169
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