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Abstract
Aims/Background Decompensated cirrhosis is characterized by the progression of cirrhosis from an
asymptomatic state to elevated portal pressure and marked deterioration of liver function. This patho-
logical condition progresses rapidly following onset, significantly raising the risk for mortality. The aim
of this study is to explore the association between serum lactate concentrations and mortality rates in
individuals with hepatitis B-induced decompensated cirrhosis and to evaluate its potential as a clinical
prognostic indicator.
Methods This retrospective analysis involved 200 individuals (134 men and 66 women) diagnosed with
decompensated cirrhosis related to hepatitis B and hospitalized betweenMarch 2017 andMay 2023. Out
of these patients, 162 survived while 38 did not. Clinical information and laboratory results, including
theModel for End-Stage Liver Disease (MELD) score, Child-Pugh score, and serum lactate levels, were
collected. Logistic regression was applied to identify mortality risk factors from the patient sample and
groups categorized according to gender. The predictive value of serum lactate levels for mortality was
assessed using the area under the curve (AUC), i.e., receiver operating characteristic (ROC) curve.
Results The surviving patient group showed significantly lowered MELD scores, Child-Pugh scores,
and serum lactate levels compared to those who were deceased (p < 0.05). Multivariate analysis re-
vealed that the MELD score, Child-Pugh score, and serum lactate levels were independent predictors
of mortality in patients with decompensated hepatitis B cirrhosis, with odds ratios (OR) of 1.321, 1.432,
and 49.082, respectively (p = 0.012, 0.028, and <0.001, respectively). Additionally, the OR for serum
lactate levels was notably higher in female patients compared to male patients (46.824 vs. 30.451).
Thus, the MELD score, Child-Pugh score, and serum lactate levels are effective predictors for mortality
in cirrhosis patients (AUCs = 0.628, 0.675, and 0.809; p = 0.014, 0.001, and<0.001, respectively), with
serum lactate levels showing the most excellent predictive efficacy profile (sensitivity 65.8% and speci-
ficity 97.5%). Additionally, the AUC value for serum lactate levels was lower in male patients (0.785)
compared to female patients (0.875), indicating that changes in serum lactate levels were more sensitive
in female patients. In summary, serum lactate concentration is a prognostic indicator of mortality in in-
dividuals with decompensated cirrhosis due to hepatitis B, exhibiting higher predictive significance in
female patients.
Conclusion Deceased patients with decompensated cirrhosis linked to hepatitis B exhibit markedly in-
creased serum lactate levels. Thus, monitoring serum lactate levels offers an effective tool for predicting
patient prognosis, exhibiting higher sensitivity for disease detection in female patients.
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Introduction
Hepatitis B poses a major health challenge in China, affecting around 70 mil-

lion individuals (Cui et al, 2023). The chronic form of this infection is a critical
public health concern due to the prevalence of fibrosis triggered by the infection,
which deteriorates to liver fibrosis and subsequently liver cirrhosis (LC). TheWorld
Health Organization (WHO) reports that approximately 30% of the global cirrhosis
cases are attributed to hepatitis B virus (HBV) infection, with approximately 15%
of the world’s cirrhosis-related deaths reported in China alone. Ultimately, 16% of
hepatitis B-infected individuals may develop decompensated cirrhosis, with a five-
year mortality rate of 70% to 86% (Alberts et al, 2022; Shan et al, 2021). Therefore,
it is imperative to identify potent predictors for mortality in decompensated hepati-
tis B cirrhosis in order to strengthen clinical treatment and prevention strategies.

At present, the severity of cirrhosis is primarily assessed by measuring Model
for End-Stage Liver Disease (MELD) scores and Child-Pugh scores, as well as con-
ducting liver biopsies. However, these methods may introduce significant biases,
affecting diagnosis and prognosis (Bedreli et al, 2016). A variety of novel serum
markers with preliminarily verified prognostic value have been reported, but their
detection specificity and feasibility in clinical settings remain unsatisfactory (Gao
et al, 2024; Shan et al, 2021; Tong et al, 2021). Serum lactate concentration is an
indicator of metabolic alterations resulting from tissue hypoxia or stress responses
triggered by adrenaline. On the basis of cirrhosis being commonly accompanied
by metabolic dysfunction, numerous clinical investigations have further confirmed
that serum lactate levels can reliably predict the prognosis for patients with severe
cirrhosis (Haas et al, 2016; Zhang et al, 2023). Nonetheless, the predictive value of
serum lactate levels for mortality risk in cases of decompensated hepatitis B cirrho-
sis has not been documented. Additionally, as lactate production is closely related
to human metabolism, hormone levels, and body composition, there may be sig-
nificant differences in lactate production capacity and response to lactate between
males and females (Viña et al, 2018). This research seeks to investigate potential
gender-specific variations in the prognostic significance of serum lactate concen-
trations for decompensated hepatitis B cirrhosis, aiming to offer new perspectives.

Methods
Clinical Data

This study utilized a retrospective design, collecting clinical data from 200 pa-
tients with hepatitis B virus-induced decompensated cirrhosis treated at the Quzhou
Affiliated Hospital of Wenzhou Medical University between 2017 and 2023. The
cohort consisted of 134 males and 66 females, with 162 survivors and 38 deceased
cases. The follow-up end point was death by May 31, 2023. Diagnoses were made
in adherence to the “Guidelines for the Prevention and Treatment of Chronic Hep-
atitis B (2022 Edition)” (Chinese Society of Hepatology and Chinese Society of
Infectious Diseases, 2023). Subject inclusion was conducted by following the cri-
teria defined in the following: (1) patients age ≥18 years; (2) patients diagnosed
with hepatitis B-related decompensated cirrhosis; and (3) patients and family mem-
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bers who have given their informed consent to join the study. The exclusion cri-
teria applied to this study are as follows: (1) individuals with liver cancer, other
malignancies, or concurrent diseases like hepatitis C virus (HCV), non-alcoholic
fatty liver (NAFL), or human immunodeficiency virus (HIV) infection; (2) preg-
nant women, minors, or individuals with mental disorders; (3) individuals with se-
vere comorbidities in other systems; (4) individuals with incomplete clinical data,
insufficient follow-up information, or who had been followed up for less than 6
months; and (5) individuals who died from non-disease causes. This study was
approved by the Ethics Committee of the Quzhou Affiliated Hospital of Wenzhou
Medical University (2024-025) and was conducted in compliance with all relevant
human research guidelines. The research was conducted in accordance with the
Declaration of Helsinki, with the ethical principles followed throughout the study.
Informed consent was obtained from all participants or their guardians prior to their
inclusion in the study.

Data Collection
During the study period, patient clinical records were examined to collect the

following data: demographic information (age and gender), results from laboratory
tests (including white blood cell count, platelets, hemoglobin, sodium, potassium,
urea nitrogen, creatinine, bilirubin, albumin, alkaline phosphatase, aspartate amino-
transferase [AST], alanine aminotransferase [ALT], and lactate), as well as MELD
and Child-Pugh scores (when the patient was admitted), and outcomes (whether
the patient survived or died). Laboratory tests were performed using the Architect
c16000 (Abbott, Chicago, IL, USA) for biochemical analysis, the ACL Top 800
and ACL Top 500 (Werfen, Barcelona, Spain) for coagulation analysis, and the
ABL800 (Radiometer, Copenhagen, Denmark) and GEM Premier 5000 (Werfen,
Barcelona, Spain) for serum lactate measurement. The collected data were system-
atically organized into an Excel spreadsheet prior to further analysis.

Statistical Analysis
Statistical analysis was conducted using SPSS 23.0 software (SPSS Inc., Chicago,

IL, USA). For quantitative data, the t-test was employed for data that conformed
to normal distribution, verified using the Shapiro-Wilk test, and the Mann-Whitney
U test was employed for data not conforming to normal distribution. Categorical
data were assessed using the χ2 test or Fisher’s exact test. A p-value of less than
0.05 was considered statistically significant. To assess the influence of multiple
variables (both quantitative and categorical) on the binary outcome (survival or
death), a binary multivariate logistic regression model was utilized. Additionally,
receiver operating characteristic (ROC) curve analysis was performed to determine
the diagnostic accuracy of serum lactate levels.
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Table 1. Comparison of clinical indicators between the surviving and deceased patient
groups.

Indicator Survival group (n = 162) Death group (n = 38) t/χ² value p

Male 110 (67.9%) 24 (63.2%) 0.313 0.576
Age 50.3 ± 12.7 51.4 ± 15.9 0.457 0.648
ALT (U/L) 78.9 ± 16.1 80.4 ± 13.3 0.533 0.595
AST (U/L) 103.6 ± 15.8 100.0 ± 15.7 1.266 0.207
Creatinine (µmol/L) 69.8 ± 8.3 71.0 ± 9.9 0.773 0.440
Urea nitrogen (mmol/L) 7.7 ± 1.0 7.8 ± 1.4 0.514 0.610
Albumin (g/L) 25.0 ± 3.0 25.0 ± 3.6 0.093 0.926
MELD score 13.8 ± 2.3 14.8 ± 2.0 2.469 0.014
Child-Pugh score 9.0 ± 1.6 10.1 ± 1.5 3.858 <0.001
Serum lactate (mmol/L) 2.9 ± 0.3 3.8 ± 0.8 11.372 <0.001
Note: ALT, alanine aminotransferase; AST, aspartate aminotransferase; MELD score, Model for
End-Stage Liver Disease score.

Results
Analysis of Clinical Indicators between Surviving and Deceased Patient
Groups

The analysis revealed no significant differences between the surviving and de-
ceased patient groups in gender ratio, age, ALT, AST, creatinine, urea nitrogen, or
albumin levels (p > 0.05). In contrast, the deceased patient group exhibited sig-
nificantly higher MELD scores (14.8 ± 2.0) and Child-Pugh scores (10.1 ± 1.5)
compared to the surviving group (MELD score: 13.8± 2.3; Child-Pugh score: 9.0
± 1.6) (p < 0.05). Furthermore, the serum lactate levels were significantly higher
in the deceased group (3.8 ± 0.8) than in the surviving group (2.9 ± 0.3) (Table 1)
(p < 0.001). These results suggest that patients in the deceased group might had
experienced more severe metabolic disorders.

Predictive Value of Serum Lactate Levels for Mortality in Patients with
Decompensated Hepatitis B Cirrhosis

Previous part of this studie have shown that the MELD and Child-Pugh scores
are effective in predicting mortality risk in patients with decompensated hepatitis
B cirrhosis. However, the predictive potential of serum lactate levels in this re-
gard remains largely unexplored. Thus, this study was designed to determine the
predictive values of MELD score, Child-Pugh score, and serum lactate levels. Our
findings indicated that all these three variables are independent risk factors for mor-
tality in decompensated hepatitis B cirrhosis (Table 2).

Additionally, considering that serum lactate production is closely linked to hor-
monal levels, body composition, and metabolic status influenced by gender, we
posited that the relationship between serum lactate levels and mortality risk might
vary between male and female patients. Logistic regression analyses were sepa-
rately conducted for MELD score, Child-Pugh score, and serum lactate levels in
male and female groups. The findings revealed that while serum lactate levels are a
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Table 2. Logistic regression analysis of predictors of mortality in patients with
decompensated hepatitis B cirrhosis.

Indicator β Standard error Wald χ² p value OR (95% CI)

MELD score 0.279 0.111 6.318 0.012 1.321 (1.062–1.643)
Child-Pugh score 0.359 0.163 4.850 0.028 1.432 (1.039–1.972)
Serum lactate 3.893 0.722 29.048 <0.001 49.082 (11.913–202.223)
MELD score (male group) 0.265 0.124 4.567 0.033 1.303 (1.021–1.662)
Child-Pugh score (male group) 0.496 0.207 5.741 0.016 1.643 (1.095–2.464)
Serum lactate (male group) 3.416 0.867 15.539 <0.001 30.451 (5.571–166.441)
MELD score (female group) 1.246 0.505 6.104 0.031 3.478 (1.294–9.349)
Child-Pugh score (female group) 1.367 0.619 4.873 0.027 3.925 (1.166–13.217)
Serum lactate (female group) 3.846 1.425 7.289 0.007 46.824 (2.869–764.027)
Note: MELD score, Model for End-Stage Liver Disease score; OR, odds ratio.

risk factor for both genders, the odds ratio (OR) was significantly higher in females
(46.824) compared to males (30.451) (Table 2). This indicates a stronger associa-
tion between serum lactate levels and mortality risk in female patients, suggesting
that female patients with decompensated hepatitis B cirrhosis are more sensitive to
changes in serum lactate levels.

Effectiveness of Serum Lactate Levels in Predicting Mortality among
Patients with Decompensated Hepatitis B Cirrhosis

To further assess the effectiveness of serum lactate levels in predicting mor-
tality among patients with decompensated hepatitis B cirrhosis, we plotted ROC
curves for the MELD score, Child-Pugh score, and serum lactate levels, and calcu-
lated the area under the ROC curve (AUC). Analysis of the ROC curves confirmed
that these three variables boast predictive value (Fig. 1). Notably, the AUC for
serum lactate levels was 0.809, surpassing those of the MELD and Child-Pugh
scores. The sensitivity and specificity of serum lactate levels were 65.8% and
97.5%, respectively, also outperforming the scores of the other two variables (Ta-
ble 3).

When examining the male and female groups separately, the AUCs for the
MELD score, Child-Pugh score, and serum lactate levels in males were 0.687,
0.748, and 0.785, respectively, while in females, they were 0.790, 0.827, and 0.875,
respectively (Table 3 and Fig. 1). These findings suggested that serum lactate levels
are a superior predictor of mortality in decompensated hepatitis B cirrhosis com-
pared to the MELD and Child-Pugh scores, with higher sensitivity in female pa-
tients.

Discussion
Chronically affecting around 250 million individuals globally, HBV presents

a serious threat to human health. Notably, approximately 28% of these cases are
reported in China, constituting a significant public health challenge for the nation
(Alberts et al, 2022; Chinese Society of Hepatology and Chinese Society of Infec-
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Table 3. Effectiveness of serum lactate levels in predicting mortality in patients with
decompensated hepatitis B cirrhosis.

Indicator AUC (95% CI) Standard
error

p Cut-off
value

Sensitivity
(%)

Specificity
(%)

MELD score 0.628 (0.538–0.718) 0.046 0.014 12.5 89.5 67.3
Child-Pugh score 0.675 (0.581–0.770) 0.048 0.001 10.5 50.0 77.8
Serum lactate 0.809 (0.706–0.912) 0.053 <0.001 3.4 65.8 97.5
MELD score (male Group) 0.687 (0.582–0.791) 0.053 0.004 12.5 95.8 35.5
Child-Pugh score (male group) 0.748 (0.635–0.860) 0.058 <0.001 11.5 45.8 92.7
Serum lactate (male group) 0.785 (0.649–0.921) 0.069 <0.001 3.35 62.5 96.4
MELD score (female group) 0.790 (0.654–0.926) 0.069 0.001 14.5 78.6 61.5
Child-Pugh score (female group) 0.827 (0.705–0.949) 0.062 <0.001 11.5 71.4 90.4
Serum lactate (female group) 0.875 (0.781–0.969) 0.048 <0.001 3.6 78.6 78.8
Note: MELD score, Model for End-Stage Liver Disease score; AUC, area under the curve.

Fig. 1. Receiver operating characteristic (ROC) curves depicting the predictive accuracy of
the MELD score, Child-Pugh score, and serum lactate levels for the overall patient cohort, as
well as for male and female subgroups. (A) ROC curve for the overall patient cohort. (B) ROC
curve for the male subgroup. (C) ROC curve for female subgroup. Note: MELD score, Model for
End-Stage Liver Disease score.

tious Diseases, 2023). Chronic HBV infection often leads to cirrhosis, a severe
liver condition marked by extensive cell degeneration and necrosis, widespread fi-
brous tissue proliferation, and the formation of regenerative nodules (Wu and Chen,
2017). In China, chronic HBV infection accounts for over 60% of cirrhosis cases.
Pathological deterioration of the condition can bring hepatitis B cirrhosis to a de-
compensated phase, characterized by portal hypertension and compromised liver
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function. Patients in this stage frequently experiencemulti-organ failure due to com-
plications such as ascites, gastrointestinal bleeding, sepsis, hepatic encephalopathy,
hepatorenal syndrome, and cancer. While these complications add to the current
healthcare burdens, alarmingly, the prevalence of decompensated cirrhosis caused
by hepatitis B is rising annually, largely due to the aging population living with
chronic HBV infection (Chinese Society of Hepatology, 2020).

At present, the primary methods used for evaluating decompensated cirrhosis
are the MELD score, Child-Pugh score, and liver biopsy. However, the MELD and
Child-Pugh scores are measured using the International Normalized Ratio (INR),
whose computation is considerably variable across different laboratories, thus po-
tentially providing inaccurate measure of liver function. Additionally, the assess-
ment of ascites and hepatic encephalopathy in the Child-Pugh score can be affected
by subjective judgments and medication use, leading to possible biases. Finally, the
invasive nature, error margin, and high cost of liver biopsies also limit their clin-
ical application (Bedreli et al, 2016). Therefore, it is crucial to find simple and
efficient serum markers with better predictive performance to help evaluate decom-
pensated cirrhosis due to HBV. Lactate is a byproduct of anaerobic glycolysis, and
up to 70% of it is metabolized by the liver. However, severe systemic inflamma-
tion and oxidative stress can impair mitochondrial function and reduce adenosine
triphosphate (ATP) production, leading to lactate accumulation due to anaerobic
glycolysis (Drolz et al, 2019). Previous research has shown that elevated lactate
levels and reduced clearance rates are valuable indicators for predicting the prog-
nosis of critically ill patients in the intensive care unit (ICU) (Drolz et al, 2019).
Thus, it is plausible to assume that lactate levels would be markedly elevated in
individuals with advanced cirrhosis and acute-on-chronic liver disease.

This research employed a retrospective approach to gather clinical data from
200 patients diagnosed with decompensated cirrhosis caused by HBV. Analysis re-
vealed that serum lactate levels were markedly elevated in patients who did not sur-
vive. Further correlation analysis identified serum lactate levels as an independent
risk factor for mortality in HBV-related decompensated cirrhosis. These findings
align with previous studies that have associated high lactate levels with increased
short-term mortality in individuals with severe alcoholic cirrhosis, suggesting that
serum lactate level is a potential marker for prognosticating patients with cirrhosis
(Zhang and Xu, 2014). Moreover, the results from ROC curve analysis and AUC
calculations indicated that serum lactate levels are a reliable predictor of mortal-
ity in patients with HBV-related decompensated cirrhosis. Consistent with these
findings, a recent study has shown a correlation between serum lactate levels and
mortality rates in cirrhosis patients admitted to ICU (Krispin et al, 2023). Finally,
we explored whether the predictive performance of serum lactate levels varies with
gender. The results showed that serum lactate levels have better predictive perfor-
mance in female patients than in male patients, suggesting that female patients are
more sensitive to changes in lactate levels. This phenomenon may be related to
physiological characteristics of females, including lower maximal oxygen uptake
and higher fat percentage. Lower maximal oxygen uptake means that the lactate
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threshold is easier to achieved in women, while a higher proportion of fat means
higher rate of lipid metabolism, which may lead to a slower rate of lactate clearance.

This study has several limitations, including a relatively small sample size and
potential variations in serum lactate levels over the course of the disease, which
were not taken into account. The present study demonstrates that serum lactate
levels can be a fairly reliable indicator of mortality in patients with decompensated
cirrhosis caused by HBV, with higher sensitivity observed in female patients. These
findings highlight the significance of serum lactate levels as a prognostic marker,
which can help strengthen clinical decision-making and patient management by
identifying high-risk individuals who may require more intensive monitoring and
treatment. Future research should focus on larger, more diverse populations to val-
idate these findings and explore dynamic changes in lactate levels throughout the
course of disease progression. Additionally, understanding the mechanisms behind
the elevation of lactate levels could help with the discovery effort for new therapeu-
tic targets. Through this study, we learned that the clinical value of serum lactate
levels extends beyond prognostication, offering potential improvements in patient
outcomes through early identification and timely interventions. Despite its limita-
tions, this study supports the use of serum lactate levels as a meaningful prognostic
tool in decompensated hepatitis B cirrhosis, with promising implications for ad-
vancing understanding and treatment of this condition.

Conclusion
Serum lactate levels represent a potential prognostic indicator of mortality in

decompensated hepatitis B cirrhosis and features a better predictive ability in fe-
male than in male patients.

Key Points
• High serum lactate level is a risk factor for poor prognosis of HBV-related

decompensated cirrhosis.
• Compared with MELD and Child-Pugh scores, serum lactate level stands

out as a more superior predictor for mortality.
• Serum lactate levels have a better predictive performance in female pa-

tients than in male patients affected by hepatitis B-associated decompen-
sated cirrhosis.

• Serum lactate level is a reliable indicator of mortality risk in patients with
HBV-related decompensated cirrhosis.
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