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Abstract
Background  Upper gastrointestinal bleeding (UGIB) is a prevalent and severe complication of cirrhosis, often 
resulting from esophagogastric variceal bleeding (EVB). This condition poses significant life-threatening risks. Once 
bleeding occurs, the risk of recurrent episodes substantially increases, further compromising liver function and 
worsening patient outcomes. This study aims to identify risk factors for UGIB in cirrhotic patients using clinical 
examination data and to develop a non-invasive predictive model to improve diagnostic precision and efficiency.

Methods  Based on the inclusion and exclusion criteria, the study included 140 cirrhotic patients hospitalized at 
the First Affiliated Hospital of Nanjing Medical University between June 2022 and May 2023, who experienced UGIB 
within six months after discharge. These patients were compared with 151 cirrhotic patients hospitalized at the 
same hospital during the same period, who were discharged within six months without experiencing UGIB. General 
characteristics of the patients during hospitalisation, laboratory parameters on admission, and liver and spleen 
stiffness were retrospectively collected, and a retrospective case-control study was conducted. All patients were 
randomly assigned to the training and validation sets in a ratio of 7:3. Independent factors associated with UGIB 
were identified by univariate analysis, multivariate logistic regression analysis, and stepwise regression analysis, on 
the basis of which a predictive model was developed. The model’s performance was assessed via receiver operating 
characteristic (ROC) curve and decision curve analysis (DCA) and was compared with established prognostic models, 
including the Child-Pugh and MELD scores.

Results  The study analyzed 291 patients with cirrhosis, of whom 208 were allocated to the training set and 83 to the 
validation set. Independent predictors were identified, and predictive models were constructed using multivariate 
logistic regression analysis, and stepwise regression analysis in the training set, followed by validation in the validation 
set. The stepwise regression analysis identified ascites, spleen stiffness, albumin, fibrinogen, total cholesterol, and 
total bilirubin as independent predictors of UGIB (P < 0.05). These variables were incorporated into the predictive 
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Introduction
Cirrhosis is a common chronic progressive disease fre-
quently encountered in clinical practice. In its advanced 
stages, it is characterized by hepatic decompensation and 
portal hypertension, making it a significant contributor to 
the morbidity and mortality associated with chronic liver 
disease [1]. According to statistics, cirrhosis was respon-
sible for 2.4% of all global deaths in 2019 [2]. Upper gas-
trointestinal bleeding (UGIB) occurs in more than 30% of 
patients with cirrhosis, while up to two-thirds of cirrhotic 
patients develop concomitant esophageal varices, both of 
which significantly reduce survival rates [3, 4]. Therefore, 
prediction of UGIB in patients with cirrhosis and accu-
rate assessment of disease severity are crucial for improv-
ing patient prognosis. Studies indicate that laboratory 
parameters (e.g., total bilirubin [TBIL], serum creatinine 
[Scr], and total cholesterol [TC]), together with clinical 
indicators (e.g., liver stiffness [LS], spleen stiffness [SS], 
and the presence of abdominal fluid), are associated with 
UGIB occurrence in cirrhotic patients [5–11]. Although 
some studies support these findings, no comprehensive 
analyses or predictive models have been established, and 
threshold values vary considerably across studies. In this 
context, this study aims to develop and validate a non-
invasive predictive model using multivariable analysis to 
assess the risk of UGIB in cirrhotic patients. Following 
the TRIPOD (Transparent Reporting of a multivariable 
prediction model for Individual Prognosis Or Diagnosis) 
guidelines [12], we designed the study and reported the 
results with strict adherence to standards. By identifying 
key independent predictive factors, we developed a pre-
dictive model and compared its performance with tra-
ditional scoring systems. This approach aims to enhance 
diagnostic accuracy and provide valuable insights to sup-
port improved patient management.

Methods
Research design
This study was approved by the Ethics Committee of 
the First Affiliated Hospital of Nanjing Medical Univer-
sity (Nanjing, Jiangsu Province, China), with approval 
number 2023-SR-395. Designed as a single-center retro-
spective case-control study, it strictly adheres to the TRI-
POD guidelines for design and reporting. The primary 

objective of this study is to develop and validate a non-
invasive predictive model for assessing the risk of UGIB 
in patients with liver cirrhosis, encompassing data collec-
tion, variable selection, model development, and perfor-
mance validation.

Patient selection
This study retrospectively enrolled 291 patients with liver 
cirrhosis, including 119 men and 172 women, who met 
the specified inclusion and exclusion criteria, between 
June 2022 and May 2023. A total of 140 patients with 
cirrhosis hospitalized at the First Affiliated Hospital of 
Nanjing Medical University during the study period, who 
experienced UGIB within six months of discharge, were 
included in the study. These patients were compared with 
151 patients with cirrhosis hospitalized during the same 
period at the same hospital, who were discharged within 
six months without developing UGIB. We retrospec-
tively collected data on general characteristics (includ-
ing age, sex, ascites status, and hepatic encephalopathy) 
as well as laboratory and instrumental findings (including 
complete blood count, liver and renal function markers, 
coagulation parameters, and liver and spleen stiffness) for 
all enrolled patients after hospital admission. A total of 
291 patients were randomly allocated to the training and 
validation sets in a 7:3 proportion. A normality test con-
firmed that all analyzed variables deviated from a normal 
distribution. The chi-square test was employed to assess 
potential risk factors for UGIB in patients with cirrhosis. 
Multivariate logistic regression and stepwise regression 
analyses were subsequently performed on the training set 
to identify independent predictors of UGIB and develop 
a predictive model, which was validated using the vali-
dation set. Finally, the predictive model was evaluated 
against established scoring systems, including the Child-
Pugh and MELD scores, through receiver operating 
characteristic (ROC) curve analysis and decision curve 
analysis (DCA).

All patients fulfilled the diagnostic criteria established 
by the guidelines for the diagnosis and management of 
cirrhosis. The inclusion criteria were as follows: (1) diag-
nosis of cirrhosis confirmed by ultrasound, CT scan, liver 
biopsy, or liver stiffness measurement; (2) UGIB cases 
met the diagnostic criteria for UGIB [13]; (3) age ≥ 18 

model. The area under the curve (AUC) for UGIB prediction was 0.956 in the training set and 0.909 in the validation set, 
demonstrating strong predictive performance. Furthermore, comparative analysis using ROC and DCA demonstrated 
that the developed model outperformed established scoring systems, such as the Child-Pugh score and the MELD 
score.

Conclusion  Ascites, spleen stiffness, albumin, fibrinogen, total cholesterol and total bilirubin as independent 
predictors of UGIB in cirrhotic patients.

Keywords  Cirrhosis, Upper gastrointestinal bleeding, Prediction model, Retrospective case-control study
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years and < 75 years; (4) adherence to prescribed medica-
tions and regular follow-ups, with complete relevant data 
available. The exclusion criteria were: (1) patients with a 
history of gastrointestinal bleeding; (2) incomplete clini-
cal data; (3) patients with consciousness, mental disor-
ders and severe metabolic abnormalities; (4) patients on 
antiplatelet, anticoagulant and lipid-lowering drugs; (5) 
history of splenectomy, TIPS surgery, or endoscopic vari-
ceal ligation/sclerotherapy; (6) patients with confirmed 
portal vein thrombosis or non-cirrhotic conditions 
affecting spleen stiffness (e.g., hematological disorders, 
splenic tumors, parasitic infections); (7) gastrointestinal 
bleeding during hospitalisation and presence of malig-
nant tumours.

All patients were fully informed about the study’s pur-
pose, provided their consent to participate, and signed an 
informed consent form.

Liver and spleen stiffness test
The detection was performed using a FibroScan PRO® 
transient elastography device (Echosens, France). A 
qualified operator conducted the procedure follow-
ing the FibroScan user manual and standard operating 
procedures. The patient was positioned supine with the 
intercostal space fully exposed. For liver stiffness mea-
surements, the detection area was located between the 
7th and 9th intercostal spaces, from the right anterior 
axillary line to the mid-axillary line. For spleen stiff-
ness measurements, the detection area was positioned 
between the 9th and 11th intercostal spaces, along the 
left posterior axillary line. During the procedure, the 
probe was held perpendicular to the patient’s skin. The 
median value of ten successful measurements was used 
to represent liver and spleen stiffness, expressed in kilo-
pascals (kPa). A valid measurement was defined as one 
with a success rate above 60% and an interquartile range-
to-median ratio (IQR/M) under 0.3.

APRI, FIB-4, ALBI calculation formulae
APRI score formulae [14] is: APRI={[AST/upper limit of 
normal (ULN)]/platelet count (10^9/L)} × 100.

FIB-4 index [15] is: FIB-4=(age×AST)/(platelet 
count×ALT^1/2), where the reference value of AST and 
ALT is 40 U/L.

ALBI Score [16] is: ALBI Score =(Log10​
TBIL×0.66)+(Albumin×-0.085).

Statistical methods
Data were analyzed using IBM SPSS Statistics version 
25.0. Skewed quantitative data were presented as the 
median (P25, P75), and the chi-square test was used for 
between-group comparisons. Statistically significant 
variables from univariate analyses in the training set were 
subjected to multiple logistic regression and stepwise 

regression analyses to identify independent predictors 
and develop UGIB prediction models, which were sub-
sequently validated in the validation set. Model perfor-
mance was assessed using ROC and DCA, and statistical 
significance was defined as α = 0.05 for a two-sided test.

Results
General characteristics
Between June 2022 and May 2023, a total of 354 patients 
with cirrhosis who met the inclusion criteria and were 
admitted to the First Affiliated Hospital of Nanjing Medi-
cal University were retrospectively reviewed. Among 
them, 99 patients had hepatitis B. Patients with hepatic 
malignancy (n = 28) were excluded, along with those 
who had undergone splenectomy or liver transplantation 
(n = 20) and those with incomplete clinical data (n = 15). 
As a result, the final study cohort comprised 291 patients, 
as illustrated in the flowchart in Fig.  1. Among these 
patients, 140 had cirrhosis complicated by UGIB, while 
151 had uncomplicated cirrhosis. Baseline characteris-
tics are presented in Table 1. The 291 patients were ran-
domized into training and validation sets in a 7:3 ratio. 
The training set included 208 patients with cirrhosis, 99 
of whom had UGIB, while the validation set consisted of 
83 patients with cirrhosis, 41 of whom had UGIB. The 
baseline characteristics of the patients in the training and 
validation sets are summarized in Table  2. No signifi-
cant differences were detected between the two groups 
(P > 0.05).

Predictors of UGIB and formulation of the model
Using UGIB as the dependent variable, multivariate 
logistic regression and stepwise regression analyses of 
statistically significant variables from univariate analyses 
in the training set identified ascites, SS, albumin (ALB), 
fibrinogen (FIB), TC, and TBIL as independent predic-
tors of UGIB in cirrhotic patients (P < 0.05). Among 
them, ALB, FIB and TC were negatively associated with 
UGIB (Table  3). These independent predictors were 
incorporated into a predictive model, which exhibited 
excellent performance across the training, validation, and 
overall datasets, with area under the curve (AUC) values 
of 0.956, 0.909, and 0.941, respectively (Table 4).

The predictive models were compared with the Child-
Pugh score, MELD score, ALBI score, and other models 
across the training set, validation set, and overall data-
set. Figure  2A illustrates the ROC curve for UGIB pre-
diction in cirrhotic patients in the training set, with an 
AUC of 0.956 [95% confidence interval (CI): 0.929–
0.984]. The ROC curve for the validation set is depicted 
in Fig. 2B, with an AUC of 0.909 [95% CI: 0.839–0.978]. 
For all patients combined, the ROC curve is presented 
in Fig. 2C, with an AUC of 0.941 [95% CI: 0.914–0.968]. 
In all three datasets, the predictive model demonstrated 
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Table 1  Characteristics of patients in the UGIB and non-UGIB 
sets at baseline
Variable UGIB 

set(n = 140)
non-UGIB 
set(n = 151)

P 
value

Age (year) 54(45,64) 51(41,61) 0.071
Male sex (%) 54(38.6%) 65(43.0%) 0.438
Ascites (%)
Hepatic Encephalopa-
thy (%)

91(65.0%)
72(51.4%)

45(29.8%)
35(23.2%)

0.000
0.000

Viral hepatitis B (%) 40(28.6%) 59(39.1%) 0.059
LS (kPa) 40.6(34.9,50.7) 25.5(17.8,29.9) 0.006
SS (kPa) 72.8(59.3,81.1) 46.0(27.9,55.2) 0.001
PLT (10^9/L) 90.8(85.7,98.1) 106.6(75.0,166.0) 0.000
ALT (U/L) 59.3(45.6,71.8) 57.3(47.3,73.4) 0.941
AST (U/L) 78.6(70.9,98.5) 51.9(40.6,63.5) 0.006
APRI 2.29(1.65,2.89) 1.08(0.75,1.87) 0.000
FIB-4 5.71(4.31,7.66) 3.06(2.20,5.34) 0.000
Hb (g/L) 69.1(58.0,78.8) 94.8(86.0,102.8) 0.227
ALB (g/L) 28.6(24.3,31.9) 36.3(34.1,40.1) 0.000
TBIL ( umol/L) 46.5(35.3,60.5) 26.1(19.8,34.8) 0.000
Scr (umol/L) 66.2(54.7,77.0) 44.7(39.3,53.1) 0.000
FIB (g/L) 1.50(1.03,1.68) 2.19(1.82,2.55) 0.000
TC (mmol/L) 3.13(2.95,3.19) 3.26(2.94,3.36) 0.000
PT (s) 16.5(15.5,17.8) 13.5(12.5,15.0) 0.000
Quantitative variables are reported as the median (IQR: 25th–75th percentile).

Categorical variables are expressed as numbers (percentages)

LS Liver stiffness; SS Spleen stiffness; PLT Platelet; ALT Alanine aminotransferase; 
AST Aspartate aminotransferase; Hb Hemoglobin; ALB Albumin; TBIL Total 
bilirubin; Scr Serum creatinine; FIB Fibrinogen; TC Total cholesterol; PT 
Prothrombin time

Table 2  Characteristics of patients in the training and validation 
sets at baseline
Variable Training 

set(n = 208)
Validation 
set(n = 83)

P 
value

Age (year) 52(44,62) 55(44,64) 0.897
Male sex (%) 84(40.4%) 35(42.2%) 0.780
Ascites (%)
Esophagogastric Varices 
(%)
Hepatic Encephalopa-
thy (%)

98(47.1%)
100(48.1%)
83(39.9%)

38(45.8%)
33(39.8%)
24(28.9%)

0.837
0.240
0.082

Viral hepatitis B (%) 75(36.1%) 24(28.9%) 0.246
LS (kPa) 30.6(20.4,41.7) 30.8(19.1,41.0) 0.821
SS (kPa) 55.2(39.0,73.0) 54.0(38.8,72.4) 0.746
PLT (10^9/L) 93.0(77.2,144.2) 95.5(79.3,140.0) 0.579
ALT (U/L) 57.6(45.9,71.2) 60.0(46.8,73.6) 0.979
AST (U/L) 64.0(44.4,83.0) 63.5(43.9,81.5) 0.834
APRI 1.80(0.90,2.48) 1.70(0.89,2.43) 0.864
FIB-4 4.65(2.73,6.43) 4.60(2.75,6.47) 0.572
Hb (g/L) 85.6(67.0,100.0) 84.3(64.9,101.0) 0.921
ALB (g/L) 33.9(27.6,38.3) 33.9(27.7,37.9) 0.794
TBIL (umol/L) 34.9(24.1,53.2) 34.8(22.8,50.1) 0.617
Scr (umol/L) 53.7(41.1,70.8) 54.4(41.1,74.4) 0.952
FIB (g/L) 1.82(1.39,2.40) 1.78(1.34,2.43) 0.614
TC (mmol/L) 3.18(2.96,3.31) 3.19(2.89,3.42) 0.515
PT (s) 15.1(12.8,16.7) 14.8(12.7,16.8) 0.642
Quantitative variables are expressed as median (25th percentile; 75th percentile)

Categorical variables are expressed as numbers (percentages)

Fig. 1  Flow diagram depicting the participant selection process
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the highest AUC when compared to the other models 
(Fig. 2).

To enhance clinical applicability, this study visual-
ized the predictive model by constructing a nomogram 
(Fig.  3A), which intuitively represents the relationships 
among the six variables included in the model. Calibra-
tion curves for the training and validation sets are shown 
in Fig.  3B and C, respectively, demonstrating that the 
predicted risk closely aligns with the observed risk. Addi-
tionally, DCA were conducted for both the training and 
validation sets to evaluate the clinical utility of the model, 
with comparisons made against the Child-Pugh score, 
MELD score, ALBI score, and others (Fig.  3D, E). The 
results indicated that the predictive model provided sub-
stantial net benefits, highlighting its high clinical value 
and suitability for guiding clinical decision-making.

Discussion
Cirrhosis is a pathological condition characterized by dif-
fuse liver fibrosis, the formation of pseudolobules, and 
the proliferation of intrahepatic and extrahepatic blood 
vessels [17]. Cirrhosis may remains asymptomatic in the 
compensated stage; however, as the disease progresses to 
the decompensated stage, complications such as gastro-
intestinal bleeding, hepatic encephalopathy, hepatorenal 
syndrome, portal vein thrombosis, and ascites commonly 
develop [18]. Among these complications, upper gas-
trointestinal hemorrhage is the second most prevalent 
condition in cirrhotic patients, following ascites, and 
continues to be a major cause of mortality [19]. There-
fore, understanding the risk factors for UGIB in cirrhotic 
patients and enhancing its prediction and diagnosis are 
crucial for effective clinical management and reducing 
patient mortality.

Upper gastrointestinal bleeding is a life-threatening 
complication with a high mortality rate among criti-
cally ill patients with liver cirrhosis. This study aimed to 
develop a diagnostic model for UGIB prediction using 
a retrospective case-control study of cirrhotic patients. 
Data on general characteristics—including gender, age, 
ascites, hepatic encephalopathy, complete blood count, 
liver and renal function markers, coagulation parameters, 
as well as liver and spleen stiffness during hospitaliza-
tion—were collected. As the disease progresses, portal 
hypertension leads to splenic congestion and enlarge-
ment, accompanied by tissue hyperplasia, which mani-
fests as increased liver and spleen stiffness values [19]. 
Semmler et al. demonstrated that monitoring liver stiff-
ness in patients with progressive chronic liver disease 

Table 3  Results of multivariable binary logistic stepwise 
regression analysis for UGIB in cirrhotic patients
Variable Regression 

Coefficient 
(B)

Stan-
dard 
Error 
(SE)

Standard-
ized Coef-
ficient (β)

t value P 
value

ALB -0.051 0.007 -0.684 -7.263 0.000
TC (mmol/L) -0.212 0.033 -0.282 -6.365 0.000
SS (kPa) 0.007 0.001 0.344 5.799 0.000
TBlL (umol/L) 0.007 0.001 0.305 5.203 0.000
FIB (g/L) -0.411 0.071 -0.610 -5.767 0.000
Ascites 0.123 0.045 0.123 2.738 0.007
ALB Albumin; TC Total cholesterol; SS Spleen stiffness; TBIL Total Bilirubin; FIB 
Fibrinogen

Table 4  The diagnostic accuracy of the model for the prediction of UGIB
AUR P Value Cutoff values 95%CI Se% Sp%

Training set 0.956 <0.001 0.404 0.929–0.984 92.9 89.9
Validation set 0.909 <0.001 0.416 0.839–0.978 87.8 85.7
All patients 0.941 <0.001 0.408 0.914–0.968 90.7 86.8
Se sensitivity, Sp specificity

Fig. 2  Comparison between the predictive model and clinical models across training, validation, and overall datasets
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Fig. 3  Nomogram, Calibration, and Decision Curve Analysis for UGIB Prediction A Nomogram for predicting the probability of UGIB based on variables 
including ascites, SS, ALB, FIB, TC, and TBIL. B, C Calibration curves for the predictive model in the training set (B) and validation set (C), demonstrating 
good agreement between predicted and observed probabilities. D, E Decision curve analysis (DCA) comparing the predictive model with a traditional 
models in the training set (D) and validation set (E) shows superior net benefits of the predictive model
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allows for real-time assessment of the risk of cirrhotic 
decompensation events [20]. A meta-analysis further 
suggested that splenic stiffness testing can help patients 
with chronic liver disease avoid unnecessary invasive 
procedures by identifying those at low risk of esophageal 
varices [21]. In this study, liver and spleen stiffness values 
were significantly higher in cirrhotic patients with UGIB 
compared to those without UGIB, and the differences 
were statistically significant.

Total bilirubin is widely used in clinical practice to 
assess liver function, as its levels reflect the liver’s syn-
thetic and excretory capacities. Prognostic models, such 
as the Child-Pugh score and MELD score, incorporate 
TBIL as a key parameter for evaluating clinical outcomes 
in patients. Additionally, Huttakan et al. highlighted the 
significant clinical value of the albumin-bilirubin (ALBI) 
score in identifying patients with decompensated cir-
rhosis [22]. Labenz et al. observed that targeting patients 
with significantly elevated AST or ALT levels during 
initial screening and follow-up examinations can sig-
nificantly enhance the detection rate of advanced liver 
fibrosis and early cirrhosis. This approach enables early 
preventive diagnosis and treatment, ultimately improving 
patient outcomes [23]. This indicates that changes in liver 
function directly affect AST levels. Moreover, during the 
decompensated phase of cirrhosis, renal vasoconstric-
tion and a reduction in glomerular filtration rate occur as 
a result of portal hypertension, significant disruptions in 
arterial circulation, and overactivation of the endogenous 
vasoactive system [24]. Both Giusepp et al. and Tomasz 
et al. demonstrated that serum creatinine levels vary sig-
nificantly in patients with advanced liver disease. These 
fluctuations are closely associated with mortality and 
serve as reliable predictors of short- and medium-term 
survival in patients with end-stage liver disease [25, 26]. 
Although these parameters have been shown to increase 
in patients with cirrhosis, their predictive value for UGIB 
has not been extensively studied in this population. To 
address this gap, we conducted a retrospective study in 
cirrhotic patients to develop a predictive model for iden-
tifying UGIB.

This study, following TRIPOD guidelines, developed 
a non-invasive prediction model for UGIB in cirrhotic 
patients, incorporating six independent factors: asci-
tes, SS, ALB, FIB, TC, and TBIL. The Baveno VI guide-
lines recommend using a combination of LS and PLT 
count to evaluate the presence of clinically significant 
portal hypertension in cirrhotic patients. Furthermore, 
the Baveno VII guidelines suggest that a spleen stiffness 
value of < 40  kPa can reliably exclude high-risk varices 
based on the Baveno VI criteria, with a missed diagno-
sis rate of less than 5% in patients with esophageal vari-
ces [27]. Liver stiffness is the most effective non-invasive 
method for quantifying portal hypertension in patients 

with compensated progressive chronic liver disease [28]. 
Spleen stiffness provides additional insights into the 
severity of portal hypertension, the presence of esopha-
geal varices, and the associated risk of hemorrhage [29]. 
Yang LB et al. developed a non-invasive predictive model 
incorporating SS and LS metrics to evaluate the severity 
of esophageal and gastric varices and the risk of UGIB. 
The model demonstrated excellent performance and 
strong diagnostic efficacy.

Similar to the prediction model developed by Yang LB 
et al., the prediction model established in this study dem-
onstrates a higher AUC value (0.956 vs. 0.833) [10]. Fur-
thermore, compared to the AST-to-Platelet Ratio Index 
(APRI) and FIB-4 scores, the new model exhibits supe-
rior diagnostic performance.

The clinical significance and predictive value of asci-
tes, SS, ALB, FIB, TC, and TBIL for predicting UGIB 
can be summarized as follows. First, portal hyperten-
sion induces splenic congestion, hematoma formation, 
and tissue proliferation, leading to increased stiffness 
in both the liver and spleen. The hyperdynamic circula-
tion in the spleen is more pronounced than in the liver, 
making spleen stiffness a particularly accurate marker for 
predicting portal hypertension [30–32]. Additionally, the 
presence of ascites often signifies advanced liver disease 
and increased portal hypertension, which elevate the risk 
of variceal rupture and worsen the prognosis [33–35]. 
In this study, we identified spleen stiffness and ascites as 
predictors of UGIB, consistent with the aforementioned 
findings.

Secondly, ALB is synthesized by hepatocytes and 
secreted into the bloodstream. In addition to maintain-
ing plasma colloid osmotic pressure, ALB plays a crucial 
role in substance binding and transport, immune regu-
lation, mitigating inflammatory damage, and protecting 
vascular endothelial cells [36]. Patients with cirrhosis 
often develop hypoalbuminemia due to severely impaired 
liver function. TBIL not only serves as a key indicator of 
liver dysfunction but is also closely associated with the 
occurrence and prognosis of UGIB. Elevated bilirubin 
levels indicate more severe disease and an increased risk 
of UGIB [37]. Combining total bilirubin with other liver 
function indicators can provide a more comprehensive 
approach to clinical assessment and intervention. In a 
study by Oikonomou et al., ALB was combined with bili-
rubin and platelet count to develop models such as the 
Albumin-Bilirubin (ALBI) score and the Platelet-ALBI 
(PALBI) score. Both models demonstrated strong pre-
dictive value for assessing the prognosis of patients with 
stable cirrhosis in the decompensated stage [38]. In this 
study, low albumin and high bilirubin levels were identi-
fied as independent risk factors for UGIB. Low albumin 
levels may increase the risk of infection and systemic 
inflammation, potentially leading to organ dysfunction 
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in patients with decompensated cirrhosis. Additionally, 
hypoalbuminemia can impair vascular endothelial cell 
function and increase capillary permeability, further con-
tributing to the risk of UGIB [39]. Additionally, elevated 
total bilirubin (TBIL) exacerbates hepatic dysfunction, 
aggravates portal hypertension, and impairs coagulation, 
all of which contribute to UGIB and increase the risk of 
variceal rupture and mucosal injury [40].

Thirdly, fibrinogen is a glycoprotein synthesized and 
secreted by hepatocytes, playing a pivotal role in coagu-
lation and hemostasis processes. Desborough et al. were 
the first to establish a direct relationship between FIB 
levels and the clinical prognosis of patients with cirrho-
sis, showing that for every 1 g/L decrease in FIB, the mor-
tality rate increased by 29%. Consequently, FIB serves as 
an independent predictor of mortality outcomes in these 
patients [41]. In this study, we compared the fibrinogen 
levels of cirrhotic patients with UGIB to those without 
UGIB and found that the former had significantly lower 
FIB levels. This finding reinforces the conclusion that low 
FIB is an independent risk factor for cirrhosis compli-
cated by upper gastrointestinal bleeding.

Finally, total cholesterol, as a sterol compound, plays a 
crucial role in the construction of cellular membranes. 
Low TC levels can increase the fragility of erythrocytes 
and vascular endothelial cells, leading to thinning of 
vessel walls and reduced elasticity. These changes make 
blood vessels more prone to rupture and bleeding due to 
vasculopathy [41]. Low TC levels have been shown to be 
closely associated with the occurrence of decompensa-
tion events and decreased survival rates in patients with 
liver cirrhosis [42]. In this study, we observed lower TC 
levels in the cirrhosis group with UGIB compared to the 
group without UGIB, low TC levels were found to inde-
pendently influence patients’ clinical outcomes. This 
finding is consistent with the conclusions of Stefanutti et 
al., who demonstrated that low lipid levels contribute to 
complications such as liver and kidney damage, as well as 
gastrointestinal bleeding [43].

This study has several limitations. First, as a single-
center case-control study, the relatively homogeneous 
patient population resulted in a limited dataset, poten-
tially introducing bias. Second, only internal valida-
tion was performed, highlighting the need for future 
prospective studies with larger sample sizes to con-
firm the model’s reliability and generalizability. Lastly, 
stratified analyses of antiviral therapy and non-selective 
beta-blockers (NSBB) were not conducted, as the study 
included only patients with hepatitis B and those regu-
larly taking NSBB. Future research incorporating these 
factors could enhance risk prediction and improve the 
model’s clinical applicability.

Conclusion
In this study, ascites, SS, ALB, FIB, TC, and TBIL were 
identified as independent predictors of upper gastroin-
testinal bleeding in patients with cirrhosis through step-
wise regression analysis. Using these clinical indicators, 
a nomogram diagnostic model was developed, offering a 
simple, efficient, and personalized approach to diagnos-
ing UGIB with promising potential for clinical applica-
tion. However, despite the innovative contributions of 
this study, further multicenter research with larger and 
more diverse sample sizes is required to validate these 
findings and improve the diagnostic accuracy and clinical 
applicability of the nomogram.
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