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Background: Acute chronic liver failure (ACLF) is a high-mortality disease characterized 
by rapid deterioration of liver function and multiple organ failure. The aim of this study was 
to assess the short-term and long-term predictive values of serum lactate in HBV-ACLF 
patients to facilitate early treatment and thereby improve patient survival.
Methods: We conducted a single-center, observational prospective study of 108 hospitalized 
patients. Biochemical examination and demographic data were obtained within 24 hours of 
admission. Logistics analysis was used to determine whether serum levels were indepen
dently for prognosis of HBV-ACLF patients. The area under ROC curve evaluates the 
prediction accuracy compared to the existing score.
Results: Serum lactate levels in nonsurviving patients were significantly higher than those in 
surviving patients. Logistics analysis demonstrated that serum lactate was an independent 
risk factor for 28-day, 3-month, and 6-month mortality. ROC curve evaluates the prediction 
efficiencies of serum lactate for 28-day, 3-month, and 6-month mortality. The AUROCs of 
new scores by adding lactate (Child-Pugh+ lactate score, MELD+ lactate score, MELD-Na+ 
lactate score, CLIF-C OF+ lactate score, CLIF-SOFA+ lactate score, CLIF-C ACLF+ lactate 
score) were superior to those of existing scores, particularly the MELD score and MELD-Na 
score (P<0.05) at all time points.
Conclusion: Serum lactate can be used as an effective indicator to predict the short-term 
and long-term mortality in HBV-ACLF patients, and the predictive value of the MELD score 
and MELD-Na was improved by adjusting for lactate. Lactate testing at admission can be 
beneficial in prognostic assessment and clinical decision-making.
Keywords: acute-on-chronic liver failure, HBV, prognosis, lactate, scoring model

Introduction
Acute-on-chronic liver failure (ACLF) is a high-mortality disease characterized by 
acute liver function deterioration, hepatic or extrahepatic organ failure based on 
chronic liver disease. The mortality rate after integrated medical treatment can 
reach 50–90%.1 In European and American populations, the leading etiology of 
ACLF is alcoholic cirrhosis, followed by hepatitis C virus (HCV) infection, and the 
leading inducement of ACLF is bacterial infection and sepsis, followed by alcohol 
consumption.2 In the Asia-Pacific region, the main cause of ACLF is hepatitis 
B virus (HBV) infection. Enhanced HBV replication caused by spontaneous acti
vation, virus mutation and drug resistance are the main driver of ACLF.3 Although 
liver transplantation can effectively improve liver failure, it is not widely used in 
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clinical practice because of limited liver resources and 
high costs. Patients with advanced liver failure often 
miss the opportunity for liver transplantation due to poor 
surgical tolerance. Accurate evaluation and timely inter
vention are crucial to improve the prognosis of patients 
with ACLF. At present, most of the prognostic scoring 
models used in clinical practice, including the Child- 
Turcotte-Pugh (CTP) score, the model for end-stage liver 
disease (MELD) score, the MELD combined with serum 
sodium concentration (MELD-Na) score, the chronic liver 
failure consortium organ function (CLIF-C OF), the CLIF- 
C sequential organ failure assessment (CLIF-SOFA) 
score, the CLIF-C ACLF, and the North American 
Consortium for the Study of End-Stage Liver Disease 
(NACSELD)-ACLF score were established by European 
and American countries. However, they have some 
obvious deficiencies and restrictions. Therefore, a simple 
and practicable parameter is necessary to predict prog
nosis and guide the choice of therapeutic measures.

Lactate is an intermediate product of anaerobic meta
bolism and is a marker of tissue hypoxia or metabolic 
changes due to stress reactions according to the release 
of epinephrine.4 A large number of animal experiments 
and clinical studies have shown that the lactate level has 
good performance in assessing the development of criti
cally ill patients and predicting the prognosis of patients. 
The risk of death increases with increasing lactate levels. 
Lactate is an independent risk factor for death in severe 
patients, and even the only.5 Odam SM et al found that the 
mortality rate was 5.4% when lactate was less than 2.5 
mmol/L, 6.4% when lactate was 2.5–4 mmol/L, 18.8% 
when lactate was more than 4.0 mmol/L.6 The change in 
lactate in patients with normal vital signs can also help 
determine the severity of the injury.7 Lactate levels and 
clearance were independently correlated with short-term 
mortality in critically ill patients with cirrhosis, and the 
predictive value of lactate-adjusted score was significantly 
better than the existing scoring system at predicting mor
tality8. However, the study population was mainly 
Caucasian in Western countries. The purpose of this 
study was to evaluate the prognostic value of lactate in 
HBV-ACLF patients in order to guide clinical practice.

Patients and Methods
Study Population
This was a single-center, observational prospective cohort 
study conducted at a large tertiary public hospital in China 

between November 2013 and October 2019. The study 
protocol was approved by institutional ethics committee, 
and all participants obtained informed written consent.

The inclusion criteria were as follows: ≥18 years of age 
and a diagnosis of cirrhosis and organ failure (defined by 
the CLIF-C SOFA score).2 The exclusion criteria were as 
follows: infection with human immunodeficiency virus; 
hepatocellular carcinoma that did not meet the Milan cri
teria or advanced stage cancer; other tumors except for 
hepatocellular carcinoma; previous liver transplantation; 
complications with other severe chronic extrahepatic dis
eases, such as bacterial infections, bacterial infections, 
renal failure, heart failure; taking drugs that affect the 
results of lactate levels, such as metformin, alcohol, adre
naline, catecholamine. Please check it in section of study 
population.

Study Protocols
Patients with HBV-ACLF were enrolled in the study when 
they were hospitalized. Demographic, treatment history, 
physical examination, laboratory test and radiological 
examination data were obtained from electronic medical 
records. Clinical and laboratory information, including 
age, sex, etiology of cirrhosis, comorbidities, laboratory 
parameters, events of organ failure, blood test was col
lected. Lactate was measured from the first radial or 
femoral artery within 24 hours of admission. Blood sam
ples were collected in heparinized blood gas syringes and 
measured by blood gas analyzer (ABL 800 Series; 
Radiometer, Denmark) using Enzyme electrode method 
at 37°C. The patients were followed for 6 months to obtain 
survival information.

Definitions
Patients with chronic HBV infection were confirmed by the 
detection of Hepatitis B surface antigen (HBsAg) positivity 
for more than 6 months. According to liver failure- 
sequential organ failure assessment, ACLF is defined as 
acute decompensated patients with organ failure.2 Liver 
cirrhosis was diagnosed by the presence of ascites, hepatic 
encephalopathy (HE), variceal bleeding, radiologic imaging, 
hepatorenal syndrome, or liver biopsy, if available.9 The 
degree of ascites was diagnosed using the criteria proposed 
by the International Ascites Club and American Association 
for the Study of Liver Disease.10 The CTP score was calcu
lated according to total bilirubin (TBil), albumin (ALB), 
international normalized ratio (INR), HE, ascites.11 The for
mula of MELD score: 3.78 x Ln (TBil μmol/L) + 11.2 x Ln 
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(INR) + 9.57 x Ln (creatinine μmol/L) + 6.43 × (constant for 
liver disease etiology =0 if cholestatic or alcoholic, other
wise =1).12 The MELD-Na score is calculated as follows: 
MELD-Na-[0.025×MELD×(140-Na)] +140.13 The CLIF-C 
OF score is the simplified calculations based on the CLIF- 
SOFA score.14 The CLIF-C ACLF score was calculated as 
follows: 10× [0.33×CLIF-C OF+0.04×age + 0.63×log 
(white-cell count)-2].14 The NACSELD-ACLF score was 
defined by two or more extrahepatic organ failures.15

Statistical Analysis
All statistical analyses were performed using SPSS software 
version 20.0 (SPSS Inc., Chicago, IL). Continuous variables 
and Categorical variables were compared with the Mann– 
Whitney U-test or chi-squared tests. Receiver operating 
curves (ROC) were used to measure the performance of the 
score in predicting 28-day, 3-month, and 6-month mortality 
in patients with HBV-ACLF. DeLong test was performed to 
compared the areas under ROC curve. All statistical testing 
was performed at a two-tailed α level of 0.05.

Results
Baseline Characteristics of the Included 
Patients
In total, 108 patients with HBV-ACLF were admitted to the 
hospital between November 2013 and October 2019. During 

the 28-day study period, 4 patients were excluded for loss to 
follow-up within 28 days, 6 patients were excluded for 
missing test results, and 1 patient was excluded for death 
within 24 hours. There were 97 patients included in the 
analysis of the outcomes at 28 days. Three patients were 
excluded for loss to follow-up between 28 days and 3 
months; therefore, 94 patients were included in the complete 
follow-ups at 3 months and 6 months. The flowchart is 
shown in Figure 1, and the demographic and biochemical 
characteristics of the study population are outlined in Table 
1. The mean (±standard deviation) age of the 108 patients 
was 57.1 (±11.9) years. The majority of the patients were 
male (720/108). The leading cause of decompensation 
events responsible for hospitalization was variceal bleeding 
(75/108), followed by HE (14/108), infection (11/102), 
ascites (6/102), and others (1/102). The 28-day and 
3-month analyses found that the distributions of patients 
who were included in the complete follow-ups at 28 days 
and at 3 months were similar in terms of ascites grade, 
ACLF grade, and treatment strategy. 49, 61, and 62 patients 
died within 28 days, 3 months, and 6 months, respectively. 
The leading causes of death at 6 months were hemorrhagic 
shock (22/62), followed by HE (15/62), respiratory failure 
(12/62), infectious shock (6/62), liver failure (4/62), and 
unknown (3/62). The causes of death at 28 days, 3 months, 
and 6 months are summarized in Supplementary Table 1.

Figure 1 Patient selection flowchart.
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Comparing the Laboratory 
Characteristics and Prognostic Model 
Between Nonsurviving Groups and 
Surviving Groups
The clinical and laboratory characteristics of the patients 
are listed in Supplementary Table 2. HBV-ACLF patients 
were divided into nonsurviving (n=49) and surviving 
groups (n=48) according to 28-day outcomes. The major
ity of nonsurvivors had higher grades than survivors, as 
reflected by bilirubin, INR, lactate, white blood cell count 
(WBC), alanine aminotransferase (ALT), aspartate amino
transferase (AST), prothrombin time (PT), CTP score, 
MELD score, CLIF-C OF score, CLIF-SOFA score, 

CLIF-C ACLF score, and NACSELD-ACLF score 
(P<0.05); however, albumin levels were lower in nonsur
vivors than in survivors (P<0.05). No significant differ
ences in creatinine, platelets, mean arterial pressure 
(MAP), PO2/FiO2, alkaline phosphatase (ALP), gamma- 
glutamyl transpeptidase (GGT), blood urea nitrogen 
(BUN), serum Na, or MELD-Na score were observed 
(P<0.05). HBV-ACLF patients were divided into nonsur
viving (n=61) and surviving groups (n=33) according to 
3-month outcomes. There were statistically significant dif
ferences in bilirubin, lactate, WBC, albumin, BUN, the 
CTP score, the MELD score, the MELD-Na score, the 
CLIF-C OF score, the CLIF-SOFA score, the CLIF-C 
ACLF score, and the NACSELD-ACLF score between 

Table 1 Characteristics of Patients in the ACLF Cohort

Patients with 
ACLF 
at Admission 
(n=108)

Patients in 
Complete Follow- 
Up 
Within 28 Days 
(n=97)

Patients in Complete Follow-Up Within 3 
Months or 6 Months (n=94)

Age, mean ± SD 57.1±11.9 58.1±11.7 58.0±11.9

Sex (male), n (%) 72 (66.7%) 64 (66.0%) 61 (64.9%)

Hospitalization days, median 
(IQR)

4 (1–10.5) 4.5 (1.25–11.0) 5.0 (1.0–11.0)

Primary reason for 
hospitalization, n (%)

Variceal bleeding 75 (69.4%) 70 (72.2%) 67 (71.3%)

Ascites 6 (5.6%) 5 (5.2%) 5 (5.3%)
Hepatic encephalopathy 14 (13.0%) 13 (13.4%) 13 (13.8%)

Infection 11 (10.2%) 8 (8.2%) 8 (8.5%)

Others 1 (0.9%) 1 (1.0%) 1 (1.1%)

ACLF grade, n (%)

ACLF grade 1 34 (31.5%) 31 (32.0%) 30 (31.9%)
ACLF grade 2 47 (43.5%) 41 (42.2%) 39 (41.5%)

ACLF grade 3 27 (25.0%) 25 (25.8%) 25 (26.6%)

Endoscopic hemostasis, n (%) 51 (47.2%) 48 (49.5%) 46 (48.9%)

The degree of ascites, n (%)
Mild 15 (13.9%) 13 (13.4%) 12 (12.8%)

Moderate 30 (27.8%) 29 (29.9%) 27 (28.7%)

Severe 25 (25.7%) 24 (24.5%) 24 (25.5%)

Hepatocellular carcinoma, n (%) 11 (10.2%) 10 (10.3%) 9 (9.6%)

Mechanical ventilation, n (%) 43 (39.8%) 39 (40.2%) 39 (41.5%)

Vasopressor use, n (%) 69 (63.9%) 64 (66.0%) 61 (64.9%)

Abbreviations: ACLF, acute-on-chronic liver failure; SD, standard deviation; IQR, interquartile range.
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the groups (P<0.05). HBV-ACLF patients were divided 
into nonsurviving (n=62) and surviving groups (n=32) 
according to 6-month outcomes. The differences in bilir
ubin, lactate, WBC, albumin, blood urea nitrogen (BUN), 
the CTP score, the MELD score, the MELD-Na score, the 
CLIF-C OF score, the CLIF-SOFA score, the CLIF-C 
ACLF score, and the NACSELD-ACLF score (P<0.05) 
were statistically significant.

Univariate and Multivariate Analyses for 
Mortality in HBV-ACLF Patients
The univariate Cox proportional regression analysis of 28- 
day mortality showed that the INR, lactate, albumin, ALT, 
ALP, serum Na, and PT were related risk factors (P<0.05) 
(Supplementary Table 3). Parameters whose P values were 
less than 0.1 in the univariate Cox regression were included 
in the multivariate Cox regression analysis, which showed 
that lactate, ALP, and serum Na were independent risk 
factors for 28-day mortality (HR: 1.196, 95% CI: 

1.052–1.377; HR: 1.009, 95% CI: 1.001–1.012; HR: 1.041, 
95% CI: 1.003–1.161, respectively). The univariate Cox 
regression analysis of 3-month mortality showed that lactate 
and albumin were related risk factors (P<0.05) and con
firmed that lactate was an independent risk factor (HR: 
1.166, 95% CI: 1.013–1.289) (Table 2). The univariate Cox 
regression analysis of 6-month mortality showed that bilir
ubin, lactate, and albumin were related risk factors (P<0.05) 
and confirmed that lactate was an independent risk factor 
(HR: 1.181, 95% CI: 1.022–1.371) (Supplementary Table 3).

Predictive Value for Mortality in 
HBV-ACLF Patients
ROC curve analysis was performed to evaluate the accuracy 
of the CTP score, MELD score, MELD-Na score, CLIF-C 
OF score, CLIF-SOFA score, CLIF-C ACLF score, and 
lactate in predicting 28-day, 3-month, and 6-month mortality 
(Table 2). Lactate at admission was predictive of mortality at 
28 days, 3 months, and 6 months in DeCi patients (AUROC: 

Table 2 The Efficacy of the Various Systems for Prediction 28-Day, 3-Month and 6-Month Mortality

Prognostic Score ROC Area P-value Cut-Off Point Sensitivity (%) Specificity (%)

28-day mortality

CTP score 0.710 <0.001 10.00 57.91 74.42

MELD score 0.675 <0.001 22.00 84.42 59.61
MELD-Na score 0.606 <0.001 22.00 71.21 60.57

CLIF-C OF score 0.775 <0.001 10.00 84.67 57.45

CLIF-SOFA score 0.809 <0.001 10.00 77.82 74.72
CLIF-C ACLF score 0.744 <0.001 48.20 66.67 77.52

Lactate 0.732 <0.001 2.90 61.21 76.30

3-month mortality

CTP score 0.634 <0.001 12.00 90.21 36.72

MELD score 0.721 <0.001 19.00 80.36 62.12
MELD-Na score 0.665 <0.001 20.50 74.19 62.13

CLIF-C OF score 0.712 <0.001 8.90 64.52 75.67

CLIF-SOFA score 0.749 <0.001 9.50 80.65 67.34
CLIF-C ACLF score 0.729 <0.001 48.20 74.19 75.02

Lactate 0.702 <0.001 2.80 64.54 75.10

6-month mortality

CTP score 0.647 <0.001 12.00 92.86 36.14

MELD score 0.712 <0.001 19.00 82.14 60.49
MELD-Na score 0.659 <0.001 20.52 75.00 60.67

CLIF-C OF score 0.721 <0.001 9.50 64.27 73.87

CLIF-SOFA score 0.745 <0.001 9.50 82.14 65.57
CLIF-C ACLF score 0.731 <0.001 48.20 74.88 72.23

Lactate 0.693 <0.001 2.80 67.86 73.93

Note: Bolded figures indicate statistically significant comparison (P<0.05). 
Abbreviations: CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; MELD-Na, model for end-stage liver disease-sodium; CLIF-C OF, CLIF consortium 
organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CLIF-C ACLF, CLIF consortium acute-on-chronic liver failure.
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0.732, 95% CI: 0.661–0.819; AUROC: 0.702, 95% CI: 0.
641–0.795; AUROC: 0.693, 95% CI: 0.631–0.786, respec
tively). The cutoff value of lactate at 28 days was 2.9, with 
a sensitivity of 60.00% and a specificity of 76.6%. The 
cutoff value of lactate at 3 months was 2.9, with 
a sensitivity of 64.52% and a specificity of 74.14%, and 
the cutoff value of lactate at 6 months was 2.8, with 
a sensitivity of 67.86% and a specificity of 73.77%. The 
CTP score, MELD score, MELD-Na score, CLIF-C OF 
score, CLIF-SOFA score, and CLIF-ACLF score also had 
predictive value for mortality at 28 days, 3 months, and 6 
months in HBV-ACLF patients (all P<0.001).

Predictive Value of Prognosis Models is 
Improved by Adjusting for Lactate
To improve the predictive value, new scores (CTP+ lactate 
score, MELD+ lactate score, MELD-Na+ lactate score, 
CLIF-C OF+ lactate score, CLIF-SOFA+ lactate score, 
CLIF-C ACLF+ lactate score) were calculated by adding 
lactate to the MELD score and Child-Pugh score. The 
analysis of the AUROC at 28 days, 3 months, and 6 
months showed that all the new scores had predictive 

value for mortality in HBV-ACLF patients (all P<0.001) 
(Table 3). Comparison of the predictive value between the 
prognostic scores and the new scores including lactate 
showed that the AUROCs of all the new scores were 
superior to those of the prognostic scores at 28 days, 3 
months, and 6 months. The AUROCs of the MELD+ 
lactate score and MELD-Na + lactate score were signifi
cantly superior to those of the MELD and MELD-Na 
scores at 28 days (difference between areas=0.071, 95% 
CI= 0.013–0.128, P=0.014; difference between 
areas=0.062, 95% CI= 0.012–0.112, P=0.016, respec
tively). The AUROCs of the MELD + lactate score and 
MELD-Na + lactate score were significantly superior than 
MELD score and MELD-Na score at 3 months (difference 
between areas=0.051, 95% CI= 0.001–0.103, P=0.049; 
difference between areas=0.050, 95% CI= 0.002–0.010, 
P=0.040, respectively). The AUROCs of the MELD + 
lactate score and MELD-Na+ lactate score were signifi
cantly superior than MELD score and MELD-Na score at 
6 months (difference between areas=0.052, 95% CI= 0.
001–0.105, P=0.049; difference between areas=0.052, 
95% CI= 0.002–0.102, P=0.043, respectively). The ROC 

Table 3 The Predictive Value of Six Score with Adding Lactate

Prognostic Score ROC Area P-value Cut-Off Point Sensitivity (%) Specificity (%)

28-day mortality

CTP+ Lactate 0.762 <0.001 15.02 75.62 72.42

MELD+ Lactate 0.751 <0.001 25.19 75.12 70.28
MELD-Na + Lactate 0.671 <0.001 24 58.08 77

CLIF-C OF+ Lactate 0.771 <0.001 17.1 91.41 53.59

CLIF-SOFA+ Lactate 0.817 <0.001 14.3 75.82 79.12
CLIF-C ACLF+ Lactate 0.787 <0.001 54.4 75.86 74.87

3-month mortality
CTP+ Lactate 0.710 <0.001 15 77.81 64.09

MELD+ Lactate 0.773 <0.001 21 71.27 74.26

MELD-Na + Lactate 0.719 <0.001 24 64.83 72.81
CLIF-C OF+ Lactate 0.726 <0.001 17.2 90.62 45.23

CLIF-SOFA+ Lactate 0.772 <0.001 13.2 71.27 79.32

CLIF-ACLF+ Lactate 0.761 <0.001 51.7 64.42 79.71

6-month mortality

CTP+ Lactate 0.699 <0.001 15 78.87 62.7
MELD+ Lactate 0.762 <0.001 20.1 71.56 74.72

MELD-Na + Lactate 0.711 <0.001 24 64.62 70.75

CLIF-C OF+ Lactate 0.721 <0.001 12 57.44 79.09
CLIF-SOFA+ Lactate 0.759 <0.001 13.2 71.73 77.61

CLIF-C ACLF+ Lactate 0.757 <0.001 51.8 64.82 77.45

Note: Bolded figures indicate statistically significant comparison (P<0.05). 
Abbreviations: CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; MELD-Na, model for end-stage liver disease-sodium; CLIF-C OF, CLIF consortium 
organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CLIF-C ACLF, CLIF consortium acute-on-chronic liver failure.
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curves and comparisons of prognostic scores are shown in 
Figure 2 (28 days), Figure 3 (3 months), Figure 4 (6 
months) and Table 4.

Discussion
It is important to identify predictive factors that can distinguish 
patients with a high risk of death and to provide effective 
treatment as early as possible to reduce mortality, especially 
in those with high-mortality diseases. ACLF is high short-term 
mortality disease that can lead to serious life-threatening clin
ical complications, such as HE, hepatorenal syndrome, and 
upper gastrointestinal bleeding. Research on the pathogenesis, 
treatment and prognosis of ACLF is greatly affected by great 
differences in etiology and development between Asian coun
tries and Western countries. The prognostic performance of 
specific patients is often unsatisfactory because of varying 
situations, such as disease stage, etiology, and complications. 
Seeking out a simple and useful parameter to predict the 
prognosis of HBV-ACLF patients in China is indispensable.

It should be noted that the characteristics of HBV-ACLF 
patients in the present study, particularly the etiology of ACLF 
patients, were different from those in Western countries. Most 
data from China shows that HBV is the primary etiological 

cause of cirrhosis in patients with ACLF.16 It is not surprising 
that the mortality of ACLF patients was high and was consis
tent with previous research.17–19 The short-term (28-day) mor
tality rate was 46.1%, and the long-term (6-month) mortality 
rate was 59.8%. The high-mortality rate appalls and saddens us 
and urges us to do meaningful things. Effective and inexpen
sive treatment strategies for patients with poor economic envir
onment in developing countries are limited because of high 
liver transplant and hemodialysis costs. The economic burden 
caused by ACLF is still heavy. Predicting the prognosis of 
patients with ACLF may be more important than treatment 
from the perspective of health economics and low-income 
families.

Previous studies have revealed that the effectiveness of the 
CTP score, MELD score, MELD-Na score, CLIF-C OF score, 
CLIF-SOFA score, CLIF-C ACLF score and NACSELD- 
ACLF score in prognosis prediction in ACLF patients.11– 

15,20–22 As expected, all the scores in the nonsurvival group 
were obviously higher than those in the nonsurvival group and 
had predictive value for mortality at 28 days, 3 months, and 6 
months. This result suggests that all six scores can be applied to 
Asian populations. The CTP score and MELD score are used 
in liver function assessment, and is an independent related 

Figure 2 The ROC curves and comparisons of prognostic scores for 28 days.
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factor for the prognosis of ACLF patients. Recently, the CLIF- 
C OF score, CLIF-SOFA score, CLIF-C ACLF score, and 
NACSELD-ACLF scores were used to assess prognosis in 
ACLF patients. To our knowledge, although these scores 
have value for predicting prognosis of ACLF patients, different 
conclusions have been made regarding the scores with the best 
predictive values because different studies analyzed different 
research populations and observation times.

Multiple studies provide considerable evidence for the 
prognostic value of lactate in critically ill patients.23 Some 
studies have shown that lactate levels are associated with 
mortality in ICU DeCi patients. Andreas Drolz’s study 
revealed that lactate appropriately reflected organ failure was 
independently associated with short-term mortality in DeCi 
patients after nearly one year of follow-up, and the perfor
mance of the CLIF-C ACLF score was significantly improved 
by adjusting for lactate.8 In Zhou XD’s study of 949 critically 
ill cirrhotic patients with acute respiratory failure, a new score 
(ARF-CLIF-SOFA) considered serum lactate and had better 
accuracy for predicting 30-day, 90-day and 1-year mortality 
than the MELD score and CLIF-SOFA score.24 However, their 
study did not clearly reveal that lactate levels were associated 

with prognosis in DeCi patients in China. Considering the 
natural differences in etiologies, development and mechanisms 
of ACLF between Asian countries and Western countries, to 
confirm the prognostic value of lactate levels in Asian ACLF 
patients, we established a cohort of ACLF patients based on 
cirrhosis. First, we found that lactate was significantly higher in 
nonsurviving patients than in surviving patients 
(Supplementary Table 2), and univariate and multivariate ana
lyses of mortality in DeCi patients were performed to confirm 
that lactate levels were an independent risk factor for death in 
patients with ACLF (Supplementary Table 3). Further, the 
predictive value of lactate levels at admission was determined 
(Table 2). The results showed that lactate levels at admission 
had good prediction accuracy for mortality in ACLF patients at 
28 days, 3 months, and 6 months. The new score (Child-Pugh+ 
lactate score, MELD+ lactate score, MELD-Na+ lactate score, 
CLIF-C OF+ lactate score, CLIF-SOFA+ lactate score, CLIF- 
C ACLF+ lactate score) also had improved prediction accuracy 
for mortality in ACLF patients at 28 days, 3 months, and 6 
months (Table 3). Finally, a comparison of the prediction 
accuracy between the new score and score based on the same 
data was conducted. Our study indicated that the AUROC of 

Figure 3 The ROC curves and comparisons of prognostic scores for 3 months.
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the new score was higher than that of the standard score (Table 
4), and the predictive values of the MELD score and MELD- 
Na score were significantly improved by adding lactate at all 
time points. Our findings demonstrate that lactate is also a good 
and independent predictor of long-term outcomes in Chinese 
HBV-ACLF patients whose cirrhosis is mainly caused by viral 
hepatitis.

The underlying mechanisms by which serum lactate 
can predict the prognosis of patients with ACLF are not 
well defined. Lactate is an intermediate product of anae
robic metabolism. Some glucose in body tissues and 
organs, such as skeletal muscle, red blood cells, and 
brain tissue in the resting state, can ferment to form lactate 
during metabolism.25 Lactate is cleared at a near constant 
rate by three main pathways: gluconeogenesis, tricar
boxylic acid circulation in the liver, and secretion by the 
kidney. Once there is an abnormality in either lactate 
production or elimination in the body, the rate of lactate 
production exceeds the elimination rate, leading to the 
accumulation of lactate in the body.26 The liver is respon
sible for up to 70% of whole-body lactate clearance. 
Hepatic impairment is associated with increased lactate 
levels due to impaired mitochondrial oxidation.27 

Another reason for hyperlactatemia is an imbalance in 
microcirculatory blood oxygen. Cirrhosis often leads to 
the failure of visceral microvascular function, which 
reduces the supply of oxygen or nutrients to peripheral 
tissues. Elevated lactate levels are a sign of tissue 
hypoperfusion.28 Clinical observation showed that the 
organ failure score was increased with increasing lactate 
levels.29 Jansen TC et al confirmed that serum lactate is 
closely related to the multiple organ failure score.30 The 
MELD score and MELD-Na score are prognostic models 
for patients with cirrhosis and do not take into account 
inflammatory activation and organ failure associated with 
ACLF. This may be the main reason the predictive value 
of the new score (MELD+ lactate score, MELD-Na+ lac
tate score) is higher than that of the MELD score. Hence, 
we assume that the relationship between blood lactate and 
prognosis in DeCi patients is the result of comprehensive 
effects on metabolism and microcirculation.

This study also has some limitations. First, this study 
was a single-center, observational prospective cohort study 
in China. Some patients were lost follow-up leading to 
bias in participant selection. Second, the predictive role of 
dynamic changes of lactate is missing, as the long-term 

Figure 4 The ROC curves and comparisons of prognostic scores for 6 months.
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changes in serum lactate and lactate clearance were not 
routinely measured. Finally, we failed to assess the corre
lation between lactate and organ failure because of infor
mation about lack of organ failure was missing.

Conclusion
Many scores may be useful as predictors of mortality in hospi
talized patients with HBV-ACLF, including the MELD score 
and Child-Pugh score. Our results indicate that lactate level 
independently predicts the short-term and long-term prognosis 
of HBV-ACLF patients. Serum lactate levels at admission had 
a predictive value for morbidity similar to those of the CTP 
score, MELD score, MELD-Na, CLIF-C OF score, CLIF- 
SOFA score, and CLIF-C ACLF score in the Chinese popula
tion, and the predictive accuracy of the MELD score and 
MELD-Na were improved by including lactate.

Abbreviations
HBV, hepatitis B virus; LC, liver cirrhosis; HE, hepatic ence
phalopathy; MELD, model for end-stage liver disease; 
HBsAg, hepatitis B surface antigen; HRS, hepatorenal 

syndrome; ACLF, acute-on-chronic liver failure; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; ALB, 
albumin; TBil, total bilirubin; PT, prothrombin time; INR, 
international normalized ratio; WBC, white blood cell count; 
PLT, platelet; Cr, creatinine; ALP, alkaline phosphatase; GGT, 
gamma-glutamyl transpeptidase; AUROC, the areas under the 
receiver operating characteristic curve; CLIF-C OF, CLIF 
consortium organ function; CLIF-SOFA, chronic liver failure- 
sequential organ failure assessment; CLIF-C ACLF, CLIF 
consortium acute-on-chronic liver failure.

Data Sharing Statement
The data sets generated and analyzed during this study are 
available from the corresponding author on reasonable 
request.

Ethics Approval and Consent to 
Participate
All procedures involving human participants were 
approved by the Ethics Committee of The First Affiliated 
Hospital of Nanchang University (No.2013-0103). The 

Table 4 Comparison of Prognostic Score with Prognostic Score by Adding Lactate

Prognostic Score Difference Between Areas 95% CI P-value

28-day mortality
CTP + Lactate vs CTP 0.051 −0.028–0.130 0.108

MELD + Lactate vs MELD 0.071 0.013–0.128 0.014
MELD-Na + Lactate vs MELD-Na 0.062 0.012–0.112 0.016
CLIF-SOFA + Lactate vs CLIF-SOFA 0.007 −0.055–0.070 0.813

CLIF-C ACLF + Lactate vs CLIF-C ACLF 0.044 −0.001–0.090 0.057

CLIF-C OF + Lactate vs CLIF-C OF 0.004 −0.066–0.074 0.910

3-month mortality
CTP + Lactate vs CTP 0.064 −0.015–0.143 0.110

MELD + Lactate vs MELD 0.051 0.001–0.103 0.049
MELD-Na + Lactate vs MELD-Na 0.050 0.002–0.010 0.040
CLIF-SOFA + Lactate vs CLIF-SOFA 0.016 −0.048–0.080 0.621

CLIF-C ACLF + Lactate vs CLIF-C ACLF 0.029 −0.013–0.072 0.180

CLIF-C OF + Lactate vs CLIF-C OF 0.013 −0.072–0.097 0.767

6-month mortality
CTP + Lactate vs CTP 0.054 −0.027–0.134 0.193
MELD + Lactate vs MELD 0.052 0.001–0.105 0.049
MELD-Na + Lactate vs MELD-Na 0.052 0.002–0.102 0.043
CLIF-SOFA + Lactate vs CLIF-SOFA 0.011 −0.055–0.078 0.743
CLIF-C ACLF + Lactate vs CLIF-C ACLF 0.025 −0.016–0.072 0.205

CLIF-C OF + Lactate vs CLIF-C OF 0.002 −0.088–0.091 0.970

Note: Bolded figures indicate statistically significant comparison (P<0.05). 
Abbreviations: CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; MELD-Na, model for end-stage liver disease-sodium; CLIF-C 
OF, CLIF consortium organ function; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CLIF-C ACLF, CLIF consortium acute-on 
-chronic liver failure.
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study was performed in accordance with Helsinki 
Declaration. All subjects signed informed consent and 
volunteered to participate in the study.
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