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Purpose: Hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is a critical condition associated with unfavorable 
survival rates. Recent studies have indicated that the platelet-to-monocyte ratio (PMR) is considered an effective prognostic marker in 
several diseases. However, there has been no study to evaluate the prognostic value of PMR in HBV-ACLF patients. Therefore, this 
study aimed to investigate the association between PMR and 28-day survival in these patients.
Methods: In this retrospective study, data, including clinical and laboratory parameters, were collected for 184 HBV-ACLF patients. 
Disease severity was assessed using the Model for End-Stage Liver Disease (MELD) score. Logistic regression analyses were 
conducted to identify predictors influencing 28-day survival. Receiver-operating characteristic curve (ROC) analyses were performed 
to assess the predictive abilities of the identified predictors.
Results: During the 28-day follow-up period, 56 (30.4%) HBV-ACLF patients died. PMR was significantly lower in non-survivors 
than in survivors (P <0.001). Logistic regression demonstrated that PMR (Odds ratio, 0.983; 95% Confidence interval, 0.976–0.990; 
P=0.001) and MELD score (Odds ratio, 1.317; 95% Confidence interval, 1.200–1.446; P <0.001) were independent risk factors for 
mortality in HBV-ACLF patients. The area under ROC curve for PMR was 0.760 (sensitivity=0.840, specificity=0.620, P=0.001) at 
a cut-off value of 140.6, and the area under ROC curve for MELD score was 0.819 (sensitivity=0.700, specificity=0.860, P=0.001) at 
a cut-off value of 23.1. PMR and MELD score exhibited similar predictive performances (Z=1.229; P=0.219). Furthermore, the 
combined use of PMR and MELD score further increased the area under the ROC curve to 0.858, which more accurate prognosis 
prediction than use of either factor alone (both P< 0.05).
Conclusion: The PMR could serve as a reliable tool for predicting mortality in HBV-ACLF patients. Additionally, combining the 
PMR with the MELD score could improve prognostic accuracy for predicting 28-day mortality in these patients. However, further and 
larger studies are needed to confirm our findings.
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Introduction
Acute-on-chronic liver failure (ACLF) is characterized by the presence of multiple organ failures, poor treatment effects, 
and poor survival.1,2 The short-term mortality of patients with ACLF can reach as high as 50–90%.3,4 In China, hepatitis 
B virus (HBV) infection accounts for approximately 80% of ACLF cases due to its high prevalence.4,5 Liver transplanta
tion remains the most effective treatment for HBV-ACLF; however, its feasibility is limited by organ shortages. To date, 
several predictive scoring systems have been developed to evaluate the prognosis of patients with ACLF, including the 
Model for End-stage Liver Disease (MELD) score, the Chronic Liver Failure Consortium Organ Failure score (CLIF-C 
OFs), the CLIF-C ACLFs, and the Chinese Group on the Study of Severe Hepatitis B score (COSSH-ACLFs). However, 
the MELD score, CLIF-C OFs, and CLIF-C ACLFs were all established in Western countries, where the main causes of 
disease are hepatitis C virus and alcohol, rather than HBV. Consequently, using these scoring systems to predict HBV- 
ACLF prognosis remains challenging.6,7 Although the COSSH-ACLFs is a predictive scoring model based on HBV 
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infection, it involves multiple parameters and requires complex organ failure assessments Therefore, there is an urgent 
need to identify an accurate and convenient marker for HBV-ACLF prognosis and disease monitoring, which are 
imperative for delivering effective treatment and reducing mortality.

Persistent inflammation and immune dysregulation have been shown to play central roles in progression of ACLF,8,9 

and can determine the severity of tissue damage and patient prognosis. Numerous studies have indicated that inflammation 
has impacts on blood cell levels and associated parameters, such as white blood cells, neutrophils, lymphocytes, platelets, 
and red cell distribution width. Consequently, a series of blood cell-based indices, including neutrophil-to-lymphocyte ratio, 
red cell distribution width-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, and platelet-to-white blood cell ratio, may 
have the potential to serve as prognostic indicators for end-stage liver disease.10,11 Monocytes play a vital role in innate 
immune responses, by serving as the initial defense against pathogens. These cells act as central mediators in immune 
responses and have an important role in ACLF pathogenesis. Studies have revealed the presence of monocyte dysfunction 
and immune abnormalities in patients with ACLF.12,13 Meanwhile, a decreased platelet count has been associated with liver 
fibrosis in patients with chronic hepatitis B,14,15 and thrombocytopenia is one of the most common complications in liver 
diseases. Its severity is often correlated with the severity of the liver condition.16 Thus, the combination of monocytes and 
platelets may serve as a prognostic indicator for HBV-ACLF patients. Recently, platelet-to-monocyte ratio (PMR) has been 
shown to be correlated with prognosis in various clinical scenarios. For example, Dahlen et al17 found that PMR was 
associated with cardiac function deterioration, as well as a poor prognosis. Similarly, Zhou et al18 identified PMR as an 
independent predictor for 30-day mortality in decompensated cirrhosis, while Nikiforuk et al19 demonstrated its utility in 
screening of patients for hepatitis C virus through diagnostic tests on complete blood samples. However, no studies have 
investigated the correlation between PMR and prognosis in HBV-ACLF. Given this context, the present study aimed to 
investigate the prognostic value of PMR in patients with HBV-ACLF.

Methods
Participants
Patients diagnosed with HBV-ACLF and admitted to the Department of Hepatology between March 2020 and April 2022 
were included in the study. The retrospective study was performed according to the Declaration of Helsinki and was 
approved by the Ethics Committee of the People’s Hospital of Xinjiang Uygur Autonomous Region (approval number: 
2023–187). The requirement for obtaining informed consent from patients was waived because of the retrospective 
nature of the study. ACLF was defined as international normalized ratio (INR) ≥1.5 and total bilirubin ≥171.0 µmol/L in 
accordance with the Asian Pacific Association for the Study of the Liver guideline.4 The inclusion criteria were: (1) age 
between 18 and 75 years; and (2) ACLF caused by HBV infection. The exclusion criteria were: (1) patients diagnosed 
with hepatocellular carcinoma; (2) patients with concurrent hepatitis C virus or human immunodeficiency virus infection; 
(3) patients currently receiving steroid therapy; (4) patients with hematological disorders; and (5) patients with under
lying liver diseases, including autoimmune, alcohol-related, or drug-related liver conditions. Ultimately, 184 patients 
were enrolled in the study (Figure 1). The outcome was the survival status at 28 days.

Demographic, Hematological, and Biochemical Parameters
The following data were obtained from the medical records of the patients on admission: demographic variables and 
laboratory test results, including white blood cells and their subpopulations (lymphocytes, neutrophils, monocytes), 
platelets, and hemoglobin. Liver function parameters (total bilirubin, alanine transaminase, aspartate transaminase, total 
protein, albumin), coagulation parameters (INR), and kidney function indicators (serum creatinine, blood urea nitrogen) 
were also recorded. Survival status was noted at 28 days after admission. Baseline PMR was calculated by dividing the 
platelet count by the monocyte count. Severity of liver failure and disease prognosis were assessed using the MELD score.20

Statistical Analysis
Data were presented as median (25–75 percentiles) or number. Differences between the two groups were assessed using 
the Mann–Whitney U-test and the chi-square test. The Spearman test was employed to explore the relationships between 
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variables. Logistic regression analyses were conducted to identify independent predictors for 28-day mortality. Receiver- 
operating characteristic (ROC) curve analyses were performed to assess the predictive accuracy for mortality. The 
discriminatory ability was estimated using the area under the ROC curve (AUROC). Survival rates were estimated by the 
Kaplan–Meier method. Values of P<0.05 were considered statistically significant. All statistical analyses were conducted 
using SPSS 22 software and MedCalc 12.7.0 software.

Results
Basic Clinical Data and Characteristics
A total of 184 patients were enrolled in the study. The patients comprised 166 (90%) men and 18 (10%) women, with 
a median age of 48.0 years (range: 37.5–57.0 years). The median PMR was 138.5 (25–75 percentiles: 102.1–202.2) on 
admission. Correlation analysis revealed a negative relationship between PMR and MELD score (r=−0.347; P=0.001).

The 184 patients were categorized into survivors and non-survivors based on their outcomes at 28 days. The baseline 
characteristics of the two groups are summarized in Table 1. Non-survivors exhibited higher levels of total bilirubin, 

Figure 1 Flow chart showing the patient selection for the present study.

Table 1 Characteristics of the Survivors and Non-Survivors Among the HBV-ACLF Patients

Variable All Patients (n=184) Survival (n=128) Non-Survival (n=56) P

Gender (female/male) 18/166 10/118 8/48 0.226

Age (years) 48.0 (37.5–57.0) 46.5 (37.0–57.0) 49.0 (38.0–56.5) 0.436

Total protein (g/L) 57.0 (52.9–61.9) 58.1 (53.7–62.0) 55.8 (51.3–60.3) 0.060
Albumin (g/L) 31.4 (29.2–34.4) 31.6 (29.5–34.5) 30.8 (28.9–33.7) 0.236

Alanine aminotransferase (U/L) 193.5 (97.5–361.0) 177.5 (100.5–335.0) 213.0 (93.5–366.0) 0.609

Aspartate aminotransferase (U/L) 126.0 (82.5–204.0) 120.5 (80.5–205.5) 142.0 (88.5–196.0) 0.434
Serum creatinine (μmol/L) 61.5 (53.0–74.0) 60.5 (53.0–72.0) 65.5 (55.0–89.0) 0.085

Total bilirubin (μmol/L) 336.9 (267.7–422.1) 320.0 (255.1–397.9) 386.7 (318.1–493.1) <0.001

Blood urea nitrogen (mmol/L) 4.1 (3.0–5.8) 4.0 (2.8–5.1) 4.9 (3.2–7.0) 0.005
INR 1.86 (1.49–2.29) 1.73 (1.39–1.97) 2.31 (1.87–2.67) <0.001

White blood cells (×109/L) 6.8 (4.8–9.3) 6.3 (4.5–8.2) 8.0 (5.9–10.7) 0.001

Neutrophils (×109/L) 4.3 (3.1–6.8) 3.9 (2.6–5.6) 5.6 (3.8–8.1) 0.001
Lymphocytes (×109/L) 1.2 (0.9–1.6) 1.2 (0.9–1.7) 1.1 (0.9–1.5) 0.092

Monocytes (×109/L) 0.7 (0.5–0.9) 0.6 (0.5–0.9) 0.8 (0.6–1.0) 0.002

Hemoglobin (g/L) 124.0 (110.0–133.0) 125.0 (111.3–133.0) 120.0 (109.0–133.0) 0.504
Platelets (×109/L) 100.51 (70.0–137.0) 107.5 (83.0–145.0) 89.5 (61.0–117.5) 0.004

PMR 138.5 (102.1–202.2) 169.3 (109.1–223.4) 112.9 (76.4–132.6) <0.001

MELD score 20.9 (17.7–24.4) 19.6 (16.6–22.1) 24.9 (21.9–29.3) <0.001

Notes: Data are expressed as number or median (25–75 percentiles). 
Abbreviations: INR, international normalized ratio; PMR, platelet-to-monocyte ratio; MELD, Model for End-Stage Liver Disease.
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blood urea nitrogen, INR, white blood cells, neutrophils, monocytes, and MELD score, but lower levels of platelets and 
PMR compared with survivors.

Predictors of Survival
The univariate and multivariate analyses identified PMR and MELD score as independent predictors of mortality in 
HBV-ACLF patients (Table 2). The predictive performances of PMR and MELD score for 28-day survival were 
evaluated by ROC curve analyses. PMR was changed to 1/PMR by inverse transformation. The AUC for 1/PMR was 
0.760, with a cut-off point of 140.6, a sensitivity of 0.840, and a specificity of 0.620. For MELD score, the AUC was 
0.819, with a cut-off point of 23.1, a sensitivity of 0.700, and a specificity of 0.860. The prognostic accuracy of PMR was 
comparable to that of MELD score (Z=1.229; P=0.219). Combination of PMR with MELD score improved the 
prognostic accuracy (AUC: 0.858), compared with the use of each factor alone (both P<0.05; Figure 2). Moreover, 
patients with PMR >140.6 had a higher 28-day survival rate than patients with PMR ≤140.6 (P<0.001; Figure 3).

Table 2 Univariate and Multivariate Analyses of Risk Factors Associated with 28-Day Mortality in the 
HBV-ACLF Patients

Univariate Multivariate

Odds ratio 95% CI P Odds ratio 95% CI P

Neutrophils (×109/L) 1.220 1.094–1.359 0.001
White blood cells (×109/L) 1.171 1.065–1.287 0.001

Platelets (×109/L) 0.989 0.982–0.996 0.002

Monocytes (×109/L) 3.382 1.422–8.045 0.006
PMR 0.983 0.976–0.990 < 0.001 0.986 0.978–0.994 0.001

Blood urea nitrogen (mmol/L) 1.181 1.055–1.323 0.004

MELD score 1.317 1.200–1.446 < 0.001 1.282 1.165–1.411 0.001

Abbreviations: PMR, platelet-to-monocyte ratio; MELD, Model for End-Stage Liver Disease.

Figure 2 Receiver operating characteristic curves of MELD score, PMR, and their combination for prediction of mortality in HBV-ACLF patients.
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Discussion
Accurate and early prediction of prognosis is crucial for the management of HBV-ACLF patients. In the present study, 
we investigated the association of PMR with 28-day outcomes in HBV-ACLF patients. We found that decreased PMR 
was associated with increased mortality, and that PMR has the potential to be a useful and relatively simple tool for risk 
stratification and management decision-making. The MELD score is considered the most useful scoring system for 
predicting the prognosis of liver disease patients, and is calculated using three key components: total bilirubin, creatinine, 
and INR. However, many studies have shown that the MELD score has limitations for accurate prediction of short-term 
mortality in ACLF patients.21–23 This may arise because the MELD score does not consider the existence of all 
extrahepatic organ failures, such as cerebral failure, coagulation failure, renal failure, and lung failure. In addition, this 
scoring system require complex calculation and are inconvenient for routine practice.20 In the present study, we found 
that non-survivors had a lower PMR than survivors. Furthermore, PMR was identified as a novel predictor of 28-day 
mortality in the multivariate regression analysis. According to the Results of the ROC curve, the AUC of PMR is 0.760 
(acceptable) at a cut-off value of 140.6. This result indicates that a PMR higher than 140.6 may be a good predictor for 
excluding mortality in HBV-ACLF patients. In comparison, the AUC of the MELD score is 0.810 (excellent) at a cut-off 
value of 23.1. We found that the predictive ability of PMR is only slightly lower than that of the MELD score. PMR, 
which requires measurement of just two routine laboratory parameters, is more easily calculated and cost-effective than 
the MELD score. Previous studies have found correlations between prognosis and several hematological indices, 
including neutrophil-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, and red cell distribution width in end-stage 
liver disease.24–26 The present findings suggest that PMR may serve as an effective predictive biomarker for identifying 
ACLF patients at high risk of mortality. Importantly, the combination of PMR and MELD score showed improved 
prognosis prediction compared with the use of each factor alone.

The mechanism underlying the association between low PMR and high mortality in HBV-ACLF remains to be 
elucidated. To date, HBV-ACLF has been recognized as a complex disease marked by excessive inflammation and 
immune dysfunction. In the present study, the decreased PMR in non-survivors was mainly attributed to lower 
platelets and higher monocytes compared with survivors. Monocytes, which play a crucial role as immune response 
initiators, have significant functions in phagocytosis, bacterial elimination, antigen presentation, cytokine production, 
immune cell recruitment to infection sites, and immune effector cell activation.27 Shi et al28 demonstrated that the 
inflammatory response can trigger the release of monocytes from the bone marrow into the peripheral blood, where 
these cells secrete pro-inflammatory molecules. The resulting pro-inflammatory molecules have the potential to 
exacerbate the inflammatory response, leading to increased tissue damage and potentially impacting the prognosis 
of HBV-ACLF patients. Previous studies have also provided evidence for monocyte dysfunction and immune 

Figure 3 Kaplan-Meier curves showing difference in survival between HBV-ACLF patients based on PMR value. Patients with PMR ≤140.6 had worse survival than patients 
with PMR >140.6.
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irregularities in ACLF patients.24,25 For example, monocytes derived from ACLF patients tended to exhibit polariza
tion toward an immunotolerant state, characterized by reduced human leucocyte antigen-DR expression, decreased 
factor-α/interleukin-6 production, elevated IL-10 production, and compromised phagocytic capacity. Moreover, 
monocyte dysfunction has been linked to increased susceptibility to secondary infections and higher mortality in 
ACLF patients.13,29 Therefore, the observed alterations in monocytes among HBV-ACLF patients likely arise as 
a combined result of the inflammatory response and immune dysfunction, and contribute to the progression of the 
disease.

Thrombocytopenia is commonly observed in patients with liver diseases, and the underlying reasons for 
thrombocytopenia include hypersplenism, increased platelet destruction, decreased platelet production, and anti
platelet antibodies.30,31 It is widely acknowledged that platelets play a significant role in the progression of liver 
diseases. Studies have shown that platelets not only contribute to liver protection but also promote angiogenesis 
and hepatic regeneration.32,33 Moreover, platelets can serve as a prognostic factor in ACLF patients.34,35 In the 
present study involving 184 HBV-ACLF patients, 92 (50%) patients had thrombocytopenia (platelet count: 
<100×109/L). Although monocytes and platelets were identified as risk factors for mortality in the univariate 
analyses, neither cell type was found to be independently predictive of mortality in the multivariate analysis. The 
present findings may be attributed to the composite nature of PMR, which reflects inflammation, immune activity, 
and liver injury. As a composite biomarker, PMR offers multiple prognostic values in HBV-ACLF patients, 
providing greater objectivity and comprehensiveness compared with individual parameters on their own. We 
further observed a significant negative correlation between PMR and MELD score, with lower PMR indicating 
poorer survival. Therefore, we propose that PMR holds promise as a useful prognostic indicator for HBV-ACLF 
patients.

Our study has some limitations. Firstly, the study design is retrospective, and complete avoidance of selection bias is 
not possible. Thus, the findings require validation through clinical studies conducted by independent research groups. 
Secondly, the PMR was recorded only once at admission, limiting the observation of dynamic changes over time. In 
future research endeavors, we intend to increase the sample size and analyze patients undergoing various treatments to 
elucidate the clinical value of PMR. Thirdly, we did not assess whether PMR correlates with other blood parameters, 
such as the lymphocyte-to-monocyte ratio, neutrophil-to-platelet ratio, and red blood cell distribution width in HBV- 
ACLF patients. Lastly, as a simple predictive indicator, PMR exhibits unsatisfactory specificity, possibly due to numerous 
interfering factors when used as a single indicator. Currently, none of the scoring systems are flawless, necessitating 
further studies to ensure the broader applicability and reliability of PMR as a prognostic indicator in HBV-ACLF 
patients.

In summary, the PMR is a readily available and accurate indicator that may be useful for predicting mortality in HBV- 
ACLF patients. It should be considered together with traditional models for evaluating prognosis in these patients and is 
conducive to clinical practice. However, a comprehensive understanding of the significance of PMR requires prospective 
multicenter studies in the future.

Abbreviations
ACLF, Acute-on-chronic liver failure; AUCs, Areas under the curve; CI, Confidence interval; HBV, Hepatitis B virus; 
MELD score, Model for End-stage liver disease score; PMR, Platelet-to-monocyte ratio; ROC, Receiver operating 
characteristic.
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