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Objective: To assess the clinical utility of aspartate transaminase-to-platelet ratio index (APRI) and fibrosis-4 index (FIB-4) in 
predicting both the risk and 30-day prognosis of esophagogastric variceal bleeding (EGVB) in patients with liver cirrhosis.
Methods: In this retrospective cohort study, 231 cirrhotic patients (92 with EGVB and 139 controls) were randomly allocated to 
derivation (n=162) and validation (n=69) cohorts (7:3 ratio). Independent predictors of EGVB were identified through multivariate 
regression analysis, and a nomogram model was developed. Model performance was evaluated through internal validation assessing 
discrimination (ROC analysis), calibration (calibration curves), and clinical utility (decision curve analysis). The bleeding cohort was 
stratified into non-survivors (n=31) and survivors (n=61), with multivariate COX regression and Kaplan-Meier analyses examining 
associations between APRI/FIB-4 and 30-day mortality.
Results: APRI, FIB-4, and WBC emerged as independent EGVB risk factors (P<0.05). The nomogram model demonstrated excellent 
predictive performance (AUC=0.794), good calibration, and clinical applicability. Combined assessment of all three indicators yielded superior 
predictive value (AUC=0.750; 95% CI:0.672–0.829) compared to individual markers. Multivariate COX analysis revealed progressively 
stronger associations between elevated APRI (HR=12.09) and FIB-4 (HR=12.53) with mortality risk (P<0.001). Kaplan-Meier analysis 
confirmed significantly reduced survival in patients exceeding high-risk thresholds (APRI≥10.27, FIB-4≥19.03; log-rank P<0.001).
Conclusion: APRI, FIB-4, and WBC serve as independent EGVB predictors. The developed nomogram provides an effective 
screening tool, while the identified high-risk thresholds (APRI≥10.27, FIB-4≥19.03) offer valuable clinical warning indicators, 
enabling improved early diagnosis and intervention strategies for EGVB.
Keywords: liver cirrhosis, esophageal and gastric varices, gastrointestinal hemorrhage, APRI, FIB-4, nomogram

Introduction
Liver cirrhosis represents a progressive, systemic disorder arising from chronic liver injury, marked by diffuse hepatic 
fibrosis, pseudolobule formation, and aberrant vascular proliferation.1 Approximately 85% of individuals with decom
pensated cirrhosis develop portal hypertension–related varices, of whom 30% experience life-threatening hemorrhage 
upon rupture.2 Esophagogastric variceal bleeding (EGVB) represents the most life-threatening complication of liver 
cirrhosis and accounts for its predominant mortality,3 with 50% cumulative incidence and acute mortality reaching 35%.4 

This gastrointestinal emergency represents a critical endpoint in portal hypertension pathophysiology. Despite substantial 
therapeutic advances in managing portal hypertension and esophagogastric variceal hemorrhage, the annual incidence of 
first bleeding remains at 12%, with rebleeding rates exceeding 20% within six weeks.5

Although gastroscopy remains the gold standard for diagnosing acute gastrointestinal hemorrhage,6 its invasive nature 
—coupled with procedural risks, patient apprehension, and potential anesthetic complications—limits widespread 
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adoption in screening settings. The hepatic venous pressure gradient (HVPG) provides precise prognostic stratification in 
cirrhosis, yet its clinical adoption remains limited by the complexity and invasiveness of measurement protocols.7 

Consequently, identifying reliable non-invasive prognostic biomarkers for cirrhotic patients with esophagogastric var
iceal hemorrhage remains a critical unmet need.

Serum hepatic enzymes offer a promising non-invasive approach for risk stratification in EGVB. Among these, the 
aspartate aminotransferase-to-platelet ratio index (APRI) and fibrosis-4 (FIB-4) index - derived from routine parameters 
including AST, ALT, platelet count, and age - have emerged as clinically validated tools for hepatic fibrosis assessment, 
with potential utility in predicting EGVB outcomes. Multiple clinical studies have established the APRI as a robust non- 
invasive marker for both staging hepatic fibrosis and differentiating hepatitis C-induced cirrhosis from earlier fibrotic 
stages.8,9 In addition, APRI is significantly associated with the risk of HBV-related liver cancer and esophagogastric 
varices,10,11 and is an independent predictor of in-hospital mortality in hepatitis B decompensated cirrhosis.12 In addition, 
a study involving 12055 patients undergoing hepatectomy confirmed that APRI could be used as a marker of liver 
dysfunction and predict 30-day mortality after surgery.13

FIB-4 is a noninvasive scoring system developed based on the data of patients with viral hepatitis C,14 and its 
application has been extended to predict the progression of a variety of liver diseases. In non-alcoholic fatty liver disease 
(NAFLD), it provides dual predictive capacity, stratifying risks for both hepatic decompensation and major adverse 
cardiovascular events.5 Notably, FIB-4 shows particular clinical value in portal hypertension management, significantly 
predicting high-grade esophageal varices (≥Grade 2; P=0.029) and associated hemorrhage risk.15

Emerging evidence has established the clinical utility of APRI and FIB-4 indices beyond liver fibrosis evaluation, 
demonstrating robust predictive value for disease progression across various hepatic pathologies. However, their 
prognostic potential for EGVB and mortality risk in cirrhosis remains poorly characterized. This study investigates the 
combined predictive capacity of APRI and FIB-4 for disease severity and 30-day outcomes in cirrhotic EGVB, with the 
ultimate goal of informing risk stratification protocols, guiding personalized therapeutic strategies, and optimizing acute 
management algorithms-critical factors influencing both short-term survival and long-term clinical trajectories.

Materials and Methods
Study Population
We conducted a retrospective cohort study of 331 consecutive patients with cirrhosis admitted to Jiangjin Hospital, Chongqing 
University of Chinese Medicine between January 2020 and October 2024. The diagnostic criteria for liver cirrhosis:1 (1) 
Histopathological confirmation of cirrhosis by liver biopsy; or (2) Meeting at least two of the following criteria, with exclusion 
of non-cirrhotic portal hypertension: a) Imaging evidence of liver nodularity, splenomegaly, collateral circulation, or other 
features suggestive of cirrhosis and/or portal hypertension; b) Endoscopic identification of esophageal or gastric varices; c) 
Liver stiffness measurement (LSM) values indicative of cirrhosis: LSM ≥12.0 kPa when ALT <1×ULN, or LSM ≥17.0 kPa 
when ALT is between 1–5×ULN; d) Biochemical evidence of impaired synthetic function: serum albumin <35 g/L and/or 
prolonged prothrombin time (PT >3 seconds above control); e) Platelet count <100×109/L without other explanatory causes. 
The diagnostic criteria for cirrhosis with acute EGVB:16 Patients must exhibit signs of acute gastrointestinal bleeding (eg, 
hematemesis, melena, or positive fecal occult blood) within 5 days prior to admission, along with endoscopic confirmation 
meeting at least one of the following: a) Active bleeding from varices; b) Presence of a “white nipple sign” over varices; c) 
Varices with adherent clots in the absence of other potential bleeding sources.

Inclusion criteria: All enrolled patients were required to have complete clinical datasets and to fulfil the above diagnostic 
criteria for both liver cirrhosis and acute EGVB. Exclusion criteria included: (1) Combined with malignant tumors such as liver 
cancer; (2) Combined with other chronic liver diseases (such as cholangitis, drug-induced liver injury, etc).; (3) Severe 
cardiopulmonary and renal dysfunction; (4) Use of drugs affecting the coagulation system within the past 6 months; (5) 
Gastrointestinal bleeding patients with non-cirrhotic esophagogastric variceal bleeding caused by gastrointestinal ulcer, gastro
intestinal mucosal tear or acute erosive gastritis. All patients completed blood routine, liver function, blood coagulation, renal 
function, electrolytes, abdominal CT or abdominal color ultrasound examination during hospitalization, and upper gastrointest
inal endoscopy during hospitalization. The study was approved by the ethics committee at the authors’ hospitals (20230920).

https://doi.org/10.2147/IJGM.S545850                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 6154

Tian et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Methods
Clinical Data Collection
The following demographic and laboratory data were collected from the electronic medical record system within 
24 hours of admission. General information: Age, gender. Blood routine: C-reactive protein (CRP), white blood cell 
count (WBC), platelet (PLT), hemoglobin (HGB). Biochemical indicators: direct bilirubin (DBIL), alanine aminotrans
ferase (ALT), albumin (ALB). Coagulation function: prothrombin time (PT), activated partial thromboplastin time 
(APTT), thrombin time (TT), prothrombin time activity (PTA), international normalized ratio (INR), D-dimer (D-D). 
According to the results of imaging and B-ultrasound examination, small amount of ascites: ascites depth <3cm or no 
ascites; Moderate ascites: the depth of ascites was 3–10cm; Severe ascites: ascites depth >10cm. Hepatic encephalopathy 
(HE) was defined according to the clinical symptoms and signs of the patient. Albumin-bilirubin index (ALBI), fibrosis-4 
(FIB-4) index and aspartate aminotransferase-to-platelet ratio (APRI) index were calculated according to the results of 
the first laboratory examination on admission: ALBI = −0.085 × albumin (g/L) + 0.66 × log total bilirubin (μmol/L); 
APRI = AST/ULN/platelet count × 100 (ULN was the upper limit of normal AST); FIB-4 = (age × AST (U/L))/(PLT 
(109/L) ×√ALT). All data were collected and reviewed independently by two or more authors. Missing items were 
supplemented after review of clinical records. Data that could not be completed were removed, and the complete case 
data set was analyzed.

Grouping Criteria
In this study, the dataset was divided into derivation and validation cohorts at a ratio of 7:3 using random sampling. The 
patients were divided into acute EGVB group (bleeding group) and non-bleeding group according to the clinical 
manifestations (abdominal pain, hematemesis, melena, etc.) and endoscopic diagnosis results during hospitalization. 
The inclusion criteria for the bleeding group were as follows: (1) Positive occult blood test in gastric juice, vomit or 
stool; (2) Acute decrease in hemoglobin level; (3) The location of bleeding was determined by endoscopic diagnosis. 
Patients who did not meet the above criteria were classified into the non-bleeding group. The bleeding group was further 
divided into survival group and death group according to 30-day prognosis.

Statistical Analysis
All statistical analyses were conducted using R software (version 4.2.2) and SPSS software (version 27.0). For 
quantitative data that conformed to a normal distribution, independent sample t-tests were used for inter-group 
comparisons. Data that did not conform to a normal distribution were expressed as median (Q1, Q3), and inter-group 
comparisons were performed using the Mann–Whitney U-test. Qualitative data were expressed as the number of cases 
(%), and inter-group comparisons were conducted using the χ²-test or Fisher’s exact probability method. Multivariate 
logistic regression analysis was used to screen for independent influencing factors of EGVB in patients with liver 
cirrhosis. Continuous variables, including WBC, APRI, and FIB-4, were dichotomized based on optimal cut-off values 
determined by receiver operating characteristic (ROC) curve analysis to facilitate risk stratification and diagnostic 
classification. This approach maximizes classification accuracy by balancing specificity and sensitivity. A nomogram 
was developed using the rms package in R software (v.4.2.2) to provide a visual representation of the contribution of each 
predictor variable to clinical outcomes. Each variable was assigned a score proportional to its regression coefficient, and 
the total score corresponds to an individual’s predicted probability of a specific event or survival rate. Model performance 
was evaluated through multiple approaches. First, discrimination was assessed using ROC analysis, with the area under 
the curve (AUC) quantifying the model’s ability to differentiate between outcomes. Calibration was evaluated via 
calibration curves, generated using Bootstrap resampling to enhance reliability. A curve closely aligned with the 45° 
diagonal indicates good agreement between predicted and observed probabilities; significant deviation suggests over- or 
underestimation of risk. Decision curve analysis (DCA) was employed to evaluate clinical utility across a range of 
threshold probabilities by quantifying net benefit, comparing model-guided decisions against strategies of intervening for 
all or no patients. To examine the association between APRI, FIB-4, and 30-day mortality, optimal cut-off values were 
again derived from ROC curves and variables were dichotomized. Cox proportional hazards models were constructed 
under three adjustment tiers: Model 1—unadjusted; Model 2—adjusted for age and sex; Model 3—additionally adjusted 
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for laboratory parameters (WBC, HGB, PLT, CRP, PT, INR, PTA, APTT, TT, D-Dimer, ALT, ALB, DBIL) and ascites. 
Survival distributions were visualized using Kaplan–Meier curves and compared with Log rank tests. All analyses were 
two-sided, and P-values <0.05 were considered statistically significant.

Results
Baseline Characteristics
This study strictly followed the inclusion and exclusion criteria, and 231 cirrhotic patients were finally screened 
(Figure 1), including 92 patients in the bleeding group and 139 patients in the non-bleeding group. The analysis of 
baseline data (Table 1) showed that the levels of WBC, ALT, ALBL, APRI, and FIB-4 on admission in the bleeding 
group were significantly higher than those in the non- bleeding group, while the levels of PLT, HGB, APTT, ALB, and 
DBIL were significantly lower, and the incidence of HE and 30-day mortality in the bleeding group were higher 
(P<0.05). The subjects were divided into derivation (n=162) and validation (n=69) cohorts with a ratio of 7:3 by random 
sampling method. Based on clinical rationality, HGB and HE, two secondary indicators after hemorrhage, were excluded 
from the model construction in this study. As shown in Table 2, the age, WBC, ALT, ALBL, APRI and FIB-4 levels of 
patients in the bleeding group in the derivation cohort were significantly higher than those in the non-bleeding group, and 
the PLT, ALB and DBIL levels were significantly lower (P<0.05). The levels of ALT, ALBL, APRI and FIB-4 in the 
validation group were significantly increased, and the levels of PLT and ALB were significantly decreased (P<0.05).

Independent Risk Factors for EGVB Patients with Liver Cirrhosis
Univariate Logistic regression of the derivation cohort (Table 3) indicated that age (OR=1.03, 95% CI: 1.01–1.06, 
P=0.018), WBC (OR=1.14, 95% CI: 1.05–1.23, P<0.001), ALBL (OR=1.52, 95% CI: 1.05–2.21, P=0.026), APRI 

Figure 1 Flowchart of patient enrollment and study design.
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Table 1 Comparison of Baseline Data Between Cirrhotic Patients with Esophageal and Gastric 
Variceal Bleeding and Those Without Bleeding

Characteristic Overall n = 231 Bleeding n = 92 No-Bleeding n = 139 P-value

Demographics
Age (year) 59 (52, 70) 60 (54, 73) 59 (51, 68) 0.079

Sex, n (%) 0.086
Female 70 (30.3%) 22 (23.9%) 48 (34.5%)

Male 161 (69.7%) 70 (76.1%) 91 (65.5%)

Laboratory indices
WBC (×109/L) 4.9 (3.5, 8.3) 6.3 (4.3, 10.2) 4.3 (3.4, 6.8) <0.001

HGB (g/L) 96 (75, 122) 77 (61, 95) 111 (89, 127) <0.001
PLT (×109/L) 83 (63, 127) 79 (63, 108) 94 (64, 141) 0.011

CRP (mg/L) 5 (3, 13) 5 (3, 23) 5 (3, 10) 0.138

PT (Sec) 14.9(13.3,16.85) 15.35(13.65,16.93) 14.7(13.2,16.6) 0.357
APTT (Sec) 34 (29, 40) 33 (28, 38) 35 (29, 42) 0.049

TT (Sec) 19.2 (17.2, 21.5) 19.1 (17.4, 21.0) 19.2(17.2,22.3) 0.393

INR 1.28 (1.15, 1.45) 1.30 (1.16, 1.45) 1.27(1.15,1.44) 0.432
PTA (%) 59 (46, 78) 58 (45, 75) 61 (46, 78) 0.368

D-D (μg/mL) 1.1 (0.5, 3.8) 1.1 (0.6, 2.7) 1.2 (0.4, 4.5) 0.789

ALT (U/L) 77 (30, 135) 125 (86, 220) 43 (23, 88) 0.001
ALB (g/L) 31 (26, 37) 29 (25, 33) 33 (26, 41) <0.001

DBIL (μmol/L) 10 (5, 25) 7 (5, 17) 13 (6, 32) 0.006

ALBL −1.7 (−2.2, −1.1) −1.5 (−2.0, −1.1) −1.8 (−2.6, −1.1) <0.003
APRI 3 (1, 9) 6 (2, 15) 2 (1, 5) <0.001

FIB-4 9 (5, 15) 11 (7, 25) 8 (4, 12) <0.001

Complications
Ascites, n (%) 0.831

None/Small 120 (51.9%) 47 (51.1%) 73 (52.5%)

Medium/Large 111 (48.1%) 45 (48.9%) 66 (47.5%)
HE, n (%) <0.001

No 138 (59.7%) 38 (41.3%) 100 (71.9%)

Yes 93 (40.3%) 54 (58.7%) 39 (28.1%)
Outcome <0.001

Death 38 (16.5%) 31 (33.7%) 7 (5.0%)

Survival 193 (83.5%) 61 (66.3%) 132 (95.0%)

Abbreviations: WBC, white blood cell count; HGB, hemoglobin; PLT, platelet; CRP, C-reactive protein; PT, prothrombin time; 
APTT, activated partial thromboplastin time; TT, thrombin time; PTA, prothrombin time activity; INR, international normalized 
ratio; D-D, D-dimer; DBIL, direct bilirubin; ALT, alanine aminotransferase; ALB, albumin; ALBI, the albumin-bilirubin index; FIB-4, 
fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index, HE, hepatic encephalopathy.

Table 2 Characteristics of Patients with Esophageal and Gastric Varices Due to Liver Cirrhosis in Derivation and Validation 
Cohorts

Characteristic Derivation Cohort, n= 162 Validation Cohort, n= 69

Bleeding (n = 61) No-Bleeding (n = 101) P Bleeding (n = 31) No-Bleeding (n = 38) P

Age (year) 60 (54, 73) 59 (50, 67) 0.032 56 (53, 69) 59 (52, 69) 0.961
WBC (×109/L) 7.2 (4.3, 10.3) 4.1 (3.4, 6.4) <0.001 5.7 (4.0, 8.6) 5.1 (3.5, 7.2) 0.264

PLT (×109/L) 79 (63, 93) 92 (66, 135) 0.009 80 (62, 118) 98 (50, 163) 0.037

CRP (mg/L) 4 (3, 21) 5 (3, 10) 0.603 7 (3, 23) 4 (2, 6) 0.101
PT (Sec) 15.9 (14.0, 17.3) 14.9 (13.1, 17.0) 0.097 14.20 (12.70, 15.80) 14.47 (13.53, 16.00) 0.440

APTT (Sec) 34 (29, 40) 35 (29, 41) 0.348 31 (27, 36) 35 (29, 42) 0.063

(Continued)
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Table 2 (Continued). 

Characteristic Derivation Cohort, n= 162 Validation Cohort, n= 69

Bleeding (n = 61) No-Bleeding (n = 101) P Bleeding (n = 31) No-Bleeding (n = 38) P

TT (Sec) 19.3 (17.5, 21.2) 19.4 (17.4, 22.4) 0.403 18.81 (16.19, 20.53) 18.34 (16.51, 20.85) 0.819

INR 1.38 (1.21, 1.49) 1.28 (1.16, 1.45) 0.102 1.22 (1.12, 1.33) 1.23 (1.14, 1.38) 0.412
PTA (%) 52 (43, 69) 60 (43, 77) 0.094 68 (54, 82) 65 (53, 78) 0.454

D-D (μg/mL) 1.2 (0.5, 3.1) 1.0 (0.5, 3.9) 0.718 0.8 (0.6, 1.8) 1.3 (0.3, 5.4) 0.311

ALT (U/L) 124 (82, 219) 50 (23, 89) <0.001 130 (97, 222) 31 (19, 85) <0.001
ALB (g/L) 28 (25, 33) 33 (26, 39) <0.001 30 (26, 32) 35 (30, 49) 0.003

DBIL (μmol/L) 7 (5, 17) 13 (6, 27) 0.026 8 (4, 18) 12 (6, 42) 0.125

ALBL −1.49 (−1.95, −1.06) −1.77 (−2.49, −1.04) 0.021 −1.6 (−2.0, −1.1) −2.0 (−3.0, −1.3) 0.027
APRI 5 (2, 16) 3 (1, 5) 0.002 6.9 (2.3, 13.1) 2.1 (1.0, 3.6) <0.001

FIB-4 11 (7, 25) 8 (4, 12) <0.001 12 (6, 33) 7 (5, 13) 0.047

Ascites, n (%) 0.998 0.510
None/Small 29 (47.5%) 48 (47.5%) 18 (58.1%) 25 (65.8%)

Medium/Large 32 (52.5%) 53 (52.5%) 13 (41.9%) 13 (34.2%)

Abbreviations: WBC, white blood cell count; PLT, platelet; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin 
time; PTA, prothrombin time activity; INR, international normalized ratio; D-D, D-dimer; DBIL, direct bilirubin; ALT, alanine aminotransferase; ALB, albumin; ALBI, the 
albumin-bilirubin index; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index, HE, hepatic encephalopathy.

Table 3 Risk Factor Analysis for Liver Cirrhosis Complicated by Esophageal Variceal Bleeding

Characteristic Univariate Logistic Regression Analysis Multivariable Logistic Regression Analysis

OR 95% CI P-value OR 95% CI P-value

Age 1.03 1.01, 1.06 0.018 1.04 1.00, 1.08 0.081
Sex

Female — —

Male 1.11 0.55, 2.21 0.772
WBC (×109/L) 1.14 1.05, 1.23 <0.001 1.18 1.06, 1.31 0.003

PLT (×109/L) 1.00 1.00, 1.01 0.172

CRP (mg/L) 1.01 1.00, 1.02 0.293
PT (Sec) 1.03 0.95, 1.11 0.481

INR 1.42 0.55, 3.66 0.472

PTA (Sec) 0.99 0.97, 1.00 0.088 0.98 0.95, 1.01 0.129
APTT (Sec) 0.98 0.94, 1.01 0.158

TT (Sec) 0.94 0.87, 1.02 0.155

D-D (μg/mL) 0.98 0.91, 1.06 0.691
ALT (U/L) 1.00 1.00, 1.00 0.129

ALB (g/L) 0.95 0.92, 0.99 0.013 0.85 0.63, 1.15 0.290

DBIL (μmol/L) 0.99 0.98, 1.00 0.071 0.98 0.97, 1.00 0.114
ALBL 1.52 1.05, 2.21 0.026 0.30 0.01, 12.52 0.527

APRI 1.10 1.04, 1.15 <0.001 1.09 1.01, 1.17 0.032

FIB-4 1.07 1.03, 1.10 <0.001 1.08 1.02, 1.15 0.013
Ascites, n (%)

None/Small — —

Medium/Large 1.00 0.53, 1.89 0.998

Abbreviations: OR, odds ratio; CI, confidence interval; WBC, white blood cell count; PLT, platelet; CRP, C-reactive protein; PT, 
prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; PTA, prothrombin time activity; INR, international 
normalized ratio; D-D, D-dimer; DBIL, direct bilirubin; ALT, alanine aminotransferase; ALB, albumin; ALBI, the albumin-bilirubin index; 
FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index.
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(OR=1.10, 95% CI: 1.04–1.15, P<0.001), and FIB-4 (OR=1.07, 95% CI: 1.03–1.10, P<0.001) were risk factors for 
EGVB in liver cirrhosis, while ALB had a protective effect (OR=0.95, 95% CI: 0.92–0.99, P=0.013). After multivariate 
adjustment, only WBC (OR=1.18, 95% CI: 1.06–1.31, P=0.003), APRI (OR=1.09, 95% CI: 1.01–1.17, P=0.032), and 
FIB-4 (OR=1.08, 95% CI: 1.02–1.15, P=0.032) remained significant.

Model Construction and Performance Analysis
Based on the aforementioned analytical results, the optimal predictive cut-off values for WBC, APRI, and FIB-4 were 
determined using the Youden index derived from the ROC curve (Table 4). Subsequently, a nomogram-based prediction 
model was constructed utilizing these cut-off values (Figure 2). The model incorporated the following parameters: WBC 
(cut-off value of 3.81×10^9/L), APRI (cut-off value of 9.31), and FIB-4 (cut-off value of 19.75).

The AUC of the derivation cohort model was 0.794 (95% CI: 0.727–0.861; Figure 3A), and the AUC of the validation 
cohort model was 0.829 (95% CI: 0.731–0.928; Figure 4A). The calibration of the model was assessed using calibration 
curves. The Bias-corrected line closely aligned with the Apparent line and approximated the Ideal line, indicating good 
agreement between predicted probabilities and observed outcomes (Figures 3B and 4B). Decision curve analysis (DCA) 
was employed to evaluate the clinical utility of the model. The results demonstrated that, compared with strategies of 
either intervening in all patients or none, applying the nomogram-based predictive intervention for patients with EGVB 
in liver cirrhosis yielded a higher net benefit (Figures 3C and 4C).

Further analysis revealed that in the derivation cohort, the combined detection of WBC, APRI, and FIB-4 yielded 
superior predictive efficacy (AUC = 0.750, 95% CI: 0.672–0.829) compared to single-index detection methods, including 
APRI alone (AUC = 0.643, 95% CI: 0.552–0.734), FIB-4 alone (AUC = 0.687, 95% CI: 0.601–0.772), and the 
combination of APRI and FIB-4 (AUC = 0.718, 95% CI: 0.635–0.801) (Figure 5A). Similarly, the same result is 
obtained in the validation cohort (Figure 5B). These findings substantiate that the integration of all three indices 
significantly enhances the predictive accuracy for EGVB in patients with cirrhosis.

Table 4 Exploration of the Optimal Cut-off Point for a Single Evaluation Index in Patients with EGVB Due to 
Liver Cirrhosis

Characteristic Cut point Youden Sensitivity Specificity PPV NPV Accuracy Precision

WBC (×109/L) 3.81 0.27 84.8% 43.9% 50.0% 81.3% 60.2% 50.0%

APRI 9.31 0.34 45.7% 88.5% 72.4% 71.1% 71.4% 72.4%

FIB-4 19.75 0.30 35.9% 94.2% 80.5% 68.9% 71.0% 80.5%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; WBC, white blood cell count; FIB-4, fibrosis-4 index; APRI, 
aspartate aminotransferase-to-platelet ratio index.

Figure 2 Nomogram model was constructed based on the risk factors screened by multivariate logistic regression analysis.

International Journal of General Medicine 2025:18                                                                             https://doi.org/10.2147/IJGM.S545850                                                                                                                                                                                                                                                                                                                                                                                                   6159

Tian et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Baseline Characteristics of Deceased and Survived Patients with EGVB in Liver 
Cirrhosis
According to the 30-day prognosis, patients with bleeding were categorized into the death group (n=31) and the survival 
group (n=61). Anemia was stratified into four levels based on HGB concentration: mild (HGB > 90 g/L), moderate (HGB 
60–90 g/L), severe (HGB 30–60 g/L), and extremely severe (HGB < 30 g/L). Compared with the survival group, the 
death group exhibited significantly higher levels of WBC, ALT, APRI, and FIB-4 (P < 0.05). Additionally, the death 
group demonstrated a marked reduction in HGB levels, predominantly characterized by severe and extremely severe 
anemia (P < 0.05) (Table 5).

Figure 3 Assess the diagnostic performance of the nomogram model derived from the derivation cohort. (A) ROC curve for evaluating the nomogram; (B) Calibration 
curve for the nomogram model; (C) DCA curve for the nomogram model.
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Correlation of APRI and FIB-4 with 30-Day Prognosis in Cirrhotic Patients with EGVB
The optimal predictive thresholds for APRI and FIB-4 were determined using the Youden index derived from the ROC 
curve (Table 6). Multivariate COX regression analysis (Table 7) revealed that when APRI ≥ 10.27, the unadjusted model 
(Model 1) demonstrated a 6.70-fold increased risk of death compared to the APRI < 10.27 group (HR = 6.70, 95% CI: 
2.87–15.64, P < 0.001). After adjusting for gender and age (Model 2), the HR increased to 7.03 (95% CI: 2.92–16.94, 
P < 0.001). Further adjustment for WBC, HGB, PLT, CRP, PT, INR, PTA, APTT, TT, D-D, ALT, ALB, DBIL, and 
ascites (Model 3), resulted in an even higher HR of 12.09 (95% CI: 3.26–44.74, P < 0.001). Similarly, for FIB-4 ≥ 19.03, 
the unadjusted model showed a 5.83-fold increased risk of death compared to the control group. Stepwise adjustments led 
to HR values of 6.57 (Model 2) and 12.53 (Model 3). Notably, as covariates were progressively adjusted, the positive 
correlation between APRI, FIB-4 and mortality risk continued to strengthen (P < 0.001), indicating that both indices are 
independent prognostic factors. This conclusion remained consistent when APRI and FIB-4 were analyzed as continuous 

Figure 4 Assess the diagnostic performance of the nomogram model derived from the validation cohort. (A) ROC curve for evaluating the nomogram; (B) Calibration 
curve for the nomogram model; (C) DCA curve for the nomogram model.
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variables. Kaplan-Meier survival analysis further confirmed significantly worse outcomes in patients with APRI ≥ 10.27 
(Figure 6A) and FIB-4 ≥ 19.03 (Figure 6B) (Log-rank P < 0.001).

Discussion
Using a retrospective cohort analysis, this study confirmed the value of APRI and FIB-4 as noninvasive serological markers 
for assessment of both EGVB risk and short-term prognosis in patients with liver cirrhosis. The key findings are summarized 

Figure 5 ROC curve of APRI, FIB-4, APRI + FIB-4 and APRI + FIB-4 + WBC for predicting EGVB in liver cirrhosis. (A) Derivation cohort; (B) Validation cohort.

Table 5 Comparison of Baseline Data Between Deceased and Surviving Patients with Esophageal 
and Gastric Variceal Bleeding Due to Liver Cirrhosis

Characteristic Overall, N = 92 Death, N = 31 Survival, N = 61 P-value

Demographics
Age (year) 60 (54, 73) 60 (54, 73) 60 (54, 72) 0.924
Sex, n (%) 0.212

Female 22 (23.91%) 5 (16.13%) 17 (27.87%)

Male 70 (76.09%) 26 (83.87%) 44 (72.13%)
Laboratory indices
WBC (×109/L) 6.3 (4.3, 10.2) 7.9 (5.0, 12.5) 5.3 (4.1, 9.2) 0.022

PLT (×109/L) 79 (63, 108) 79 (64, 89) 79 (61, 111) 0.766
CRP (mg/L) 5 (3, 23) 10 (4, 30) 4 (3, 20) 0.064

PT (Sec) 15.35 (13.65, 16.93) 15.70(13.70,17.00) 15.03(13.42,16.90) 0.281

INR 1.30 (1.16, 1.45) 1.35 (1.21, 1.45) 1.29 (1.15, 1.45) 0.353
PTA (%) 58 (45, 75) 53 (44, 71) 59 (46, 80) 0.212

APTT (Sec) 33 (28, 38) 31 (27, 38) 33 (28, 39) 0.188

TT (Sec) 19.1 (17.4, 21.0) 19.3 (16.5, 21.3) 19.0 (17.5, 20.9) 0.853
D-D (μg/mL) 1.09 (0.55, 2.72) 1.22 (0.68, 3.24) 0.96 (0.54, 2.61) 0.288

ALT (U/L) 125 (89, 221) 221 (120, 337) 119 (78, 146) <0.001

ALB (g/L) 28.8 (25.2, 32.7) 27.5 (25.8, 31.9) 29.5 (24.7, 33.1) 0.760
DBIL (μmol/L) 7 (5, 17) 10 (5, 17) 7 (5, 16) 0.674

HGB (g/L) 77 (61, 95) 60 (46, 75) 86 (73, 101) <0.001

ALBL −1.51 (−1.96, −1.06) −1.49 (−1.88, −1.14) −1.65 (−1.97, −1.01) 0.977
APRI 8 (2, 16) 16 (11, 34) 3 (1, 10) <0.001

FIB-4 12 (7, 28) 38 (18, 56) 9 (7, 16) <0.001

(Continued)
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as follows: (1) Patients in the bleeding group exhibited significantly elevated WBC, ALT, ALBL, APRI, and FIB-4 levels, as 
well as reduced PLT, HGB, APTT, ALB, and Dbil. This group also showed a significantly higher incidence of both hepatic 
encephalopathy and 30-day mortality (P < 0.05). (2) Multivariate regression analysis identified APRI, FIB-4, and WBC as 

Table 5 (Continued). 

Characteristic Overall, N = 92 Death, N = 31 Survival, N = 61 P-value

Severity of anemia <0.001

Very Severe 5 (5.43%) 5 (16.13%) 0 (0.00%)
Severe 17 (18.48%) 10 (32.26%) 7 (11.48%)

Moderate 39 (42.39%) 12 (38.71%) 27 (44.26%)

Mild 31 (33.70%) 4 (12.90%) 27 (44.26%)
Complications
Ascites, n (%) 0.090

None/Small 47 (51.09%) 12 (38.71%) 35 (57.38%)
Medium/Large 45 (48.91%) 19 (61.29%) 26 (42.62%)

HE, n (%) 0.325

No 38 (41.30%) 15 (48.39%) 23 (37.70%)
Yes 54 (58.70%) 16 (51.61%) 38 (62.30%)

Abbreviations: WBC, white blood cell count; PLT, platelet; CRP, C-reactive protein; HGB, hemoglobin; PT, prothrombin 
time; APTT, activated partial thromboplastin time; TT, thrombin time; PTA, prothrombin time activity; INR, international 
normalized ratio; D-D, D-dimer; DBIL, direct bilirubin; ALT, alanine aminotransferase; ALB, albumin; ALBI, the albumin- 
bilirubin index; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index, HE, hepatic encephalopathy.

Table 6 Exploration of the Optimal Cut-off Point for a Single Evaluation Index for Death Caused by EGVB in 
Patients with Liver Cirrhosis

Characteristic Cut point Youden Sensitivity Specificity PPV NPV Accuracy Precision

APRI 10.27 0.53 77.4% 75.4% 61.5% 86.8% 76.1% 61.5%
FIB-4 19.03 0.51 71.0% 80.3% 64.7% 84.5% 77.2% 64.7%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; WBC, white blood cell count; FIB-4, fibrosis-4 index; APRI, 
aspartate aminotransferase-to-platelet ratio index.

Table 7 Relationship Between APRI and FIB-4 with 30-Day Mortality in Cirrhotic Patients with EGVB

Characteristic Model 1 Model 2 Model 3

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

APRI (continuous) 1.08 (1.04,1.12) <0.001 1.08 (1.04,1.12) <0.001 1.07 (1.00,1.15) 0.039

APRI <10.27 Reference Reference Reference

APRI ≥10.27 6.70(2.87,15.64) <0.001 7.03(2.92,16.94) <0.001 12.09(3.26,44.74) <0.001

FIB-4 (continuous) 1.05 (1.02,1.07) <0.001 1.05 (1.02, 1.08) <0.001 1.05 (1.00–1.09) 0.033

FIB-4 <19.03 Reference Reference Reference

FIB-4 ≥19.03 5.83(2.74,12.44) <0.001 6.57(2.80,15,41) <0.001 12.53(3.56,43.96) <0.001

Notes: Model 1: no covariates were adjusted. Model 2: adjusted for Sex and Age. Model 3: adjusted for Sex, Age, WBC, HGB, PLT, 
CRP, PT, INR, PTA, APTT, TT, D-D, ALT, ALB, DBIL, and Ascites. 
Abbreviations: WBC, white blood cell count; HGB, hemoglobin; PLT, platelet; CRP, C-reactive protein; PT, prothrombin time; APTT, 
activated partial thromboplastin time; TT, thrombin time; PTA, prothrombin time activity; INR, international normalized ratio; D-D, 
D-dimer; ALT, alanine aminotransferase; ALB, albumin; DBIL, direct bilirubin; FIB-4:, fibrosis-4 index; APRI, aspartate aminotransferase- 
to-platelet ratio index.
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independent risk factors for EGVB (P < 0.05). (3) A nomogram model based on these indicators demonstrated strong 
discriminative ability, calibration, and clinical utility. (4) Cox regression analysis revealed significant associations between 
both APRI and FIB-4 and an increased risk of death (P < 0.001). Consistent with this, Kaplan-Meier survival curves indicated 
markedly reduced survival rates in patients with APRI ≥ 10.27 and FIB-4 ≥ 19.03 (log-rank P < 0.001).

The study found that the clinicopathological features of EGVB were more severe on admission. These included more 
pronounced liver injury, coagulopathy, anemia, and worse clinical outcomes (Table 1). These manifestations resemble the 
core pathophysiological changes observed in advanced liver cirrhosis.17 Although current guidelines strongly recommend 
endoscopy within 12 hours for suspected EGVB,18 the invasive nature, substantial cost, and limited availability of this 
procedure in underserved regions often impede timely diagnosis and follow-up. Therefore, the development of a simple, 
non-invasive model for diagnosing EGVB is of significant clinical importance.

APRI and FIB-4, both of which are well-established non-invasive indicators of liver fibrosis,19,20 are closely associated 
with the development and progression of EGVB.21 Consistent with previous reports, the present study demonstrated 
significantly elevated APRI and FIB-4 levels in patients with EGVB compared to non-bleeding controls, as well as in non- 
survivors relative to survivors, underscoring the association of these indicators with the severity and prognosis of EGVB. 
These observations are supported by the central pathophysiological role of progressive liver fibrosis in the promotion of 
intrahepatic vascular resistance, vasodilatory dysfunction, and increased portal blood flow, culminating in clinically significant 
portal hypertension (CSPH) and the formation of collateral circulation, key drivers of EGVB development.22 APRI and FIB-4 
are computed from routinely measured parameters, including PLT, AST, and ALT, and reflect multiple dimensions of liver 
pathology. Notably, a PLT count ≥150×109/L, particularly when combined with transient elastography (TE), has been 
proposed for the reliable exclusion of CSPH in patients with advanced liver disease, potentially obviating the need for 
endoscopic surveillance.23 In addition, ALT and AST represent sensitive markers of hepatocyte damage and mitochondrial 
dysfunction, respectively.24 The combination of these parameters can thus enhance the prediction of both the severity of liver 
fibrosis and the risk of EGVB associated with cirrhosis-related disease.

Furthermore, this study identified elevated WBC as an independent risk factor for EGVB in patients with cirrhosis. 
WBC levels were significantly higher in the non-surviving EGVB group compared to survivors. This finding appears to 
contrast with the well-documented phenomenon of leukopenia, a frequent complication in cirrhosis typically attributed to 
hypersplenism, bone marrow suppression, and recurrent viral infections.25 Leukopenia is known to increase susceptibility 
to infections and bleeding events, potentially leading to sepsis or fatal hemorrhage.26,27 The observed elevated WBC 
levels in severe EGVB cases may also indicate inflammatory or stress responses associated with acute bleeding 
complications, suggestive of a distinct pathophysiology in this context.

Figure 6 Correlation of APRI and FIB-4 with 30-day prognosis in cirrhotic patients with EGVB. (A) for APRI; (B) for FIB-4.
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There is as yet no consensus on the accurate assessment of EGVB-related risk factors in patients with liver cirrhosis. 
Various approaches to the evaluation of EVGB risk have been used, including radiomics, liver stiffness measurement 
(LSM), and the Glasgow-Blatchford score (GBS).28–30 However, these methods may have limitations in terms of 
accuracy, applicability, and cost in clinical practice.31 The development of novel, effective, and convenient predictive 
models that enable early, individualized, and precise interventions is thus needed. These tools have potential for lowering 
the rates of rebleeding and mortality, reducing the length of hospitalization, and decreasing healthcare costs. This study 
describes the construction of a nomogram based on APRI, FIB-4, and WBC levels. The nomogram showed excellent 
predictive performance and calibration, as well as significant clinical utility. The model is non-invasive, convenient, cost- 
effective, and well-suited for widespread clinical adoption.

Survival analyses indicated that both APRI and FIB-4 were reliable prognostic biomarkers in cirrhotic patients with 
EGVB. The optimal cut-off values of APRI ≥ 10.27 and FIB-4 ≥ 19.03 were effective for assessing increased risk of 
mortality, consistent with earlier findings.32 The application of these biomarkers may enhance early detection of high-risk 
patients and improve resource allocation. Enhanced monitoring and the implementation of proactive preventive strategies 
in these patients would improve clinical outcomes.

Limitations
This study has several limitations that warrant consideration. First, key confounding factors such as esophageal varices 
grading, portal vein diameter, and antiviral treatment were not incorporated into the analysis, which may introduce 
potential biases. Second, the study sample was restricted to patients with EGVB, thereby limiting the generalizability of 
the findings. Third, this retrospective study could not dynamically monitor biomarker changes, leaving their temporal 
variations and clinical relevance for EGVB risk prediction unassessed. Consequently, the current results should be further 
validated through multi-center, large-scale, and prospective studies.

Conclusion
This study identified APRI, FIB-4, and WBC as being strongly associated with EGVB and developed a nomogram model 
based on these variables. This model enables individualized prediction of bleeding risk, and its dynamic risk assessment 
function assists clinicians in identifying high-risk patients at an early stage and implementing preventive measures 
promptly, thereby reducing the incidence of bleeding events. The high-risk threshold (APRI ≥ 10.27, FIB-4 ≥ 19.03) can 
serve as a clinical warning indicator, offering new evidence-based support for the development of early intervention 
strategies for EGVB. By integrating routine laboratory parameters, this study achieves non-invasive and cost-effective 
risk assessment, demonstrating excellent clinical applicability and potential for widespread adoption.
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