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Abstract: Objective: We aimed to investigate the predictive value of liver fibrosis (LF) markers and the Model for 
End-Stage Liver Disease (MELD) score in assessing the severity of esophageal and gastric varices (EGV) in patients 
with liver cirrhosis (LC). Methods: This retrospective study included 136 LC patients categorized by EGV severity 
into no EGV, mild EGV, moderate EGV, and severe EGV groups. Ordered multinomial logistic regression was used to 
identify independent risk factors, and multinomial ROC curves assessed the diagnostic performance of individual 
markers and combined models. Results: Hyaluronic acid (HA, r=0.867), laminin (LN, r=0.892), type IV collagen (CIV, 
r=0.885), type III procollagen N-terminal peptide (PIIINP, r=0.879), liver fibrosis 4 factor index (FIB-4, r=0.793), 
and MELD score (r=0.825) showed strong positive correlations with EGV severity (all P<0.01). After adjusting for 
confounding factors, including cirrhosis etiology, ascites, and hepatic encephalopathy, all these markers remained 
independent predictors of EGV severity. The combined model (HA+LN+CIV+PIIINP+FIB-4+MELD) demonstrated op-
timal diagnostic performance with an AUC of 0.89 (95% CI: 0.84-0.94), sensitivity of 83.6%, specificity of 81.2%, 
positive predictive value of 79.5%, and negative predictive value of 85.1%. Conclusion: The combined use of liver 
fibrosis markers and MELD score enables precise assessment of EGV severity in LC patients, providing a reliable 
non-invasive evaluation tool for clinical practice.
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Introduction

Liver cirrhosis (LC) is a serious liver disease 
(LD) caused by the gradual replacement of nor-
mal liver tissue by fibrous tissue, resulting in 
persistent damage to liver structure and func-
tion. Surveys show that in 2019, death due to 
LC ranked 16th among all diseases, and most 
patients were middle-aged and elderly [1]. 
Additionally, the risk of LC is 18% higher for 
people with a Western diet than for those with 
a healthy diet [2]. Due to the progress of soci-
ety, people’s diet changes have increased the 
risk of LC. Elevated blood pressure in the portal 
vein system is a major complication of LC, 
which is caused by the increase of intrahepatic 
vascular resistance and the obstruction of 
blood reflux due to the damage of liver tissue 
[3]. The symptoms of patients with decompen-
sated LC are mild, and some patients have no 

obvious symptoms. However, in the late stage 
of LC, the liver does not have compensatory 
function, and the patient’s liver function de- 
creases and the portal vein pressure increases. 
When portal hypertension occurs, blood has 
difficulty passing through the liver successfully. 
In people with LC, due to the influence of portal 
hypertension, blood will seek other pathways to 
return to the heart, one of which is through the 
esophageal, gastric fundus, and other venous 
system. These veins are not normally subjected 
to high pressure, but because of portal hyper-
tension, the blood pressure in these veins 
increases, leading to venous dilatation, conges-
tion, and eventually the formation of varicose 
veins [4, 5]. When varicose veins are enlarged, 
esophageal and gastric varices (EGV) are prone 
to rupture and bleeding, and the amount  
of bleeding can be life-threatening. Therefore, 
early detection and effective control of portal 
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hypertension are essential for people with LC  
to reduce the occurrence of EGV and the risk of 
bleeding. 

Studies have found that esophageal variceal 
bleeding has a mortality rate as high as 20% 
within 6 weeks after the onset of bleeding [6]. 
However, EGD is usually performed annually in 
patients with mild EGV and every 2 years in 
patients without EGV. The widespread use  
of noninvasive diagnostic methods in clinical 
practice has allowed LC to be diagnosed earlier 
in the effective compensatory stage than in 
previous decades, leading to a lower detection 
rate of EGV during initial EGD screening. The 
degree of LF is one of the main indicators to 
evaluate LC [7]. In the study by Plevris et al. 
(2018) [8], hyaluronic acid (HA) measurements 
had accurate and independent prediction in 
patients with LD. Some studies have used  
the model for end-stage liver disease (MELD) 
score to assess the prognosis and mortality of 
people with decompensated LC. ROC suggest-
ed that MELD score was a good predictor of 
one-month mortality in people with decompen-
sated LC, and the sensitivity of death was 
72.2% [9]. In the study of Huo et al. (2024)  
[10], AAR (Aspartate Aminotransferase (AST)/
Alanine Aminotransferase (ALT) Ratio) was us- 
ed to evaluate the prognosis of people with 
hepatocellular carcinoma after hepatectomy, 
and it was found that AAR≥1.4 was associated 
with shorter overall survival and recurrence-
based survival in people with hepatocellular 
carcinoma after hepatectomy, indicating that 
AAR may be closely correlated with the devel-
opment of liver function in people with hepatitis 
(cancer). In the study of Niu and Qi (2022) [11], 
the values of serum type IV collagen (IVC) and 
AAR were related to the development of liver 
fibrosis (LF), and serum IVC and AAR were 
markedly raised in people with LF, suggesting 
that serum IVC plus AAR had high diagnostic 
accuracy (Acc). 

At present, there are no accurate indicators  
for the diagnosis of the degree of EGV in LC. 
This article was based on the non-invasive use 
of LF indicators, AAR, and MELD score to pre-
dict the degree of EGV in people with LC, in 
order to provide more accurate and early inter-
vention methods to improve the prognosis of 
patients. 

Materials and methods

Study subjects

This study was a retrospective study from 
December 2022 to December 2023, where 
136 people with LC in Beijing Ditan Hospital 
Captital Medical University were selected, in- 
cluding 86 men and 50 women, with an aver-
age age of (53.12 ± 14.63) years, including 
102 subjects with chronic LC after hepatitis B. 
There were 13 subjects with chronic LC after 
hepatitis C, 4 subjects with biliary LC, 9 sub-
jects with fatty LC, 2 subjects with cholestatic 
LC, and 6 subjects with LC of unknown reason. 
The subjects were divided into four groups: 
Non-EGV, Mil-EGV, Mod-EGV, and Sev-EGV gr- 
oups. Inclusion criteria: All patients were diag-
nosed according to the gold standard of the 
2020 edition of the Guidelines for the Diagnosis 
and Treatment of LC; All patients underwent 
routine blood work, biochemical tests, and gas-
troscopy; The patients were not treated with 
endoscopic ligation, transvenous portosystem-
ic shunt, etc.; The spleen was intact. Exclusion 
criteria: people with primary liver cancer or 
other malignant tumors; People with ascites or 
other factors affecting imaging examination; 
People with family history of thrombocytopenia; 
Patients taking drugs to lower portal pressure; 
People with severe organ dysfunction; Patients 
who underwent endoscopic variceal ligation 
and transvenous portosystemic shunt. This 
study was approved by the Ethics Committee  
of Beijing Ditan Hospital Captital Medical Uni- 
versity.

Based on gastroscopy findings, the EGV grading 
criteria are as follows: (1) No EGV (Non-EGV):  
No dilated or tortuous veins observed in the 
esophagus or gastric fundus during gastrosco-
py; (2) Mild EGV: Veins appear linear or mildly 
tortuous, diameter <3 mm, without the red 
sign; (3) Moderate EGV: Veins show marked tor-
tuosity with a beaded appearance, diameter 
3-6 mm, may be accompanied by mild red- 
ness; (4) Severe EGV: Veins exhibit nodular, 
tumor-like dilation, diameter >6 mm, accompa-
nied by marked redness or signs of rupture and 
bleeding.

Sample size calculation process: Sample size 
estimation was performed using PASS 15.0 
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software based on preliminary study results 
and relevant literature reports: Hyaluronic acid 
(HA) was designated as the primary predictor, 
with a correlation coefficient of r=0.743 aga- 
inst EGV severity. Setting α=0.05 (two-tailed), 
test power 1-β=0.90, and acceptable error 
δ=0.10, the formula yielded a minimum sample 
size of 112 cases. Accounting for a 20% drop-
out rate, the internal cohort sample size was 
finalized at 136 cases. The external validation 
cohort was set at 65 cases (50% of the internal 
cohort size) to ensure validation reliability. 
Subgroup sample distributions were as follows: 
Internal Cohort (n=136): Non-EGV (esophageal-
gastric varices absent): 37 cases (27.2%); Mild 
EGV: 32 cases (23.5%); Moderate EGV: 35 
cases (25.7%); Severe EGV: 32 cases (23.5%); 
External Validation Cohort (n=65): No eso- 
phageal-gastric varices (Non-EGV) 18 cases 
(27.7%), Mild EGV 16 cases (24.6%), Moderate 
EGV: 15 cases (23.1%); Severe EGV: 16 cases 
(24.6%).

AST/ALT, AAR detection

The samples collected were used to detect the 
levels of ALT and AST in the serum of patients 
using TBA-120FR automatic biochemical ana-
lyzer (Beijing Canon Medical Systems (China) 
Co., Ltd., China). The calculation method for  
the aminotransferase ratio (AAR) was: AAR = 
Serum aspartate aminotransferase (AST) test 
value/Serum alanine aminotransferase (ALT) 
test value (both units in U/L).

Platelet count (PLT) detection

PLT values in the serum of patients were detect-
ed using BC-5000 automatic blood cell analyz-
er (Shenzhen Mindray Bio-Medical Electronics 
Co., Ltd., China). 

Indicators of LF

(1) Serum LF indicators of subjects

Five mL of fasting venous blood was obtain- 
ed in the morning, and the serum was pre-
served after centrifugation. Serum HA, LN,  
type IV collagen (CIV), and PIIINP were detect- 
ed by SUPERFLEX® automatic chemilumines-
cence immunoassay analyzer (PerkinElmer 
Inc., Jiangsu, China). Chemiluminescence and 
magnetic microparticle separation technology 
was adopted (normal range: HA<120 ng/mL, 

LN<130 ng/mL, CIV<95 ng/mL, PIIINP<15 ng/
mL). 

(2) Indicators of LF model of subjects

FIB 4 Age PLT
AST ALT2

1
- = # #                            (1)

Note: The units of AST and ALT are U/L; PLT is 
measured in 109/L. 

MELD score calculation

The PUZS-600A/B automatic biochemical ana-
lyzer (Beijing Perlong New Technology Co., LTD., 
Beijing, China) was used to detect the serum 
creatinine (Cr), total bilirubin (TBIL), and pro-
thrombin time (PT) of subjects. The internation-
al normalized ratio (INR) and MELD score were 
calculated according to the following equation. 

MELD score ≤15 was defined as low-risk sub-
jects; >15, ≤24 were moderate-risk subjects; 
>24 subjects were defined as high risk. 

INR = PTISI                                                         (2)

Note: ISI is the sensitivity index marked by 
thromboplastin reagent. 

MELD 3.78 InTBIL ( dl
mg
) 11.2 InINR 9.5

InCr ( dl
mg
) 6.4 Etiologycorrectionfactor

= + +

+

# # #

#
   (3)

Note: (0, 1): biliary or alcoholic LC is 0, and 
other LC is 1. 

External validation cohort

To verify the stability of the aforementioned  
LF indicators (HA, LN, CIV, PIIINP, FIB-4) and  
the MELD score in jointly assessing the degree 
of EGV in patients with LC, 65 LC patients  
from another tertiary hospital between January 
2023 and January 2024 were selected as the 
external validation cohort. The inclusion and 
exclusion criteria were the same as in Section 
2.1, and the patients were divided into Non-
EGV, Mil-EGV, Mod-EGV, and Sev-EGV groups 
based on endoscopic results. The data for each 
indicator were obtained using the same de- 
tection methods consistent with the internal 
cohort, the combined indicator (HA+LN+CIV+ 
PIIINP+FIB-4+MELD) was calculated, and its 
diagnostic efficacy was analyzed.
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Data analysis

SPSS 27.0 software was employed. First, the 
normality of the quantitative data was verified 
using the Shapiro-Wilk test: Measurement  
data were presented as mean ± sd (

_
x±s), and  

t test was adopted. The count data were pre-
sented as the number of cases (%), and the chi-
square test was adopted. Spearman correla-
tion analysis (SCA) was adopted to detect the 
correlation of indicators and EGV degree, |r| 
closer to 1, the stronger the correlation. Or- 
dered multinomial logistic regression analysis 
was employed to identify independent factors 
influencing EGV severity, with the dependent 
variable being EGV grading (0 = no EGV,  
1 = mild EGV, 2 = moderate EGV, 3 = severe 
EGV). Independent variables included liver 
fibrosis markers (HA, LN, CIV, PIIINP, FIB-4), 
MELD score, and confounding factors (gender, 
age, cirrhosis etiology). Based on the indepen-
dent risk factors (HA, LN, CIV, PIIINP, FIB-4, 
MELD score) identified through ordered multi-
categorical logistic regression analysis, a com-
bined prediction model for EGV severity was 
constructed. This model was designed as a 
weighted scoring model, with weights deter-
mined based on the standardized regression 
coefficients of each variable. The specific cal-
culation logic was as follows: Total model score 
= 0.22 × HA + 0.28 × LN + 0.25 × CIV + 0.08 × 
PIIINP + 0.10 × FIB-4 + 0.07 × MELD. In the 
above formula, the standardized regression 
coefficients (β values) for each indicator were 
derived from the results of the ordinal multino-

mial logistic regression analysis. These coeffi-
cients had eliminated differences in indicator 
units, allowing indicators with varying units to 
be directly weighted and summed. By assigning 
corresponding weights to each indicator th- 
rough standardized regression coefficients, it 
was ensured that indicators with different un- 
its of measurement could be directly summed. 
The total score was used to quantify the risk of 
EGV severity. Model applicability was validated 
using the proportional odds hypothesis test, 
and model goodness-of-fit was assessed via 
the Hosmer-Lemeshow test. Diagnostic ac- 
curacy (Acc) for EGV severity was evaluated  
for individual markers and combined marker 
panels using receiver operating characteristic 
(ROC) curve analysis. P<0.05 was considered 
statistically meaningful. 

Results

Analysis of subjects’ general data

Among 136 patients with cirrhosis, 99 were 
diagnosed with esophagogastric varices, while 
the remaining 37 had no varices (Table 1). 
Further subgroup analysis was performed ba- 
sed on variceal severity, dividing the subjects 
into a no-varices group, a mild-varices group, a 
moderate-varices group, and a severe-varices 
group. Age analysis revealed no significant dif-
ference between the no-varices group and the 
varices group (P>0.05), although age tended  
to increase with worsening variceal severity. 
Comparison of liver fibrosis indicators showed 

Table 1. Comparison of baseline data for esophageal and gastric varices (EGV) in patients with liver 
cirrhosis

Variable No EGV 
Group (n=37)

Mild EGV 
Group (n=32)

Moderate EGV 
Group (n=35)

Severe EGV 
Group (n=32) Statistic P Value

Gender (Male/Female) 22/15 12/20 21/14 9/23 χ2=1.876 0.597

Age (years) 47.13±12.64 52.36±13.05 55.78±12.81 56.94±13.52 F=4.283 0.006

Hyaluronic Acid (HA, ng/mL) 113.62±21.52 198.45±32.17 276.38±40.59 312.67±45.82 F=189.652 <0.001

Laminin (LN, ng/mL) 87.53±14.26 105.72±20.34 128.96±24.18 143.25±26.73 F=42.895 <0.001

Type IV Collagen (CIV, ng/mL) 59.52±10.51 112.36±18.75 165.89±22.41 196.42±25.38 F=216.378 <0.001

Type III Procollagen N-Terminal Peptide (PIIINP, ng/mL) 8.96±1.14 11.78±2.35 14.92±3.16 16.85±4.02 F=68.743 <0.001

Fibrosis-4 (FIB-4) Index 1.89±0.37 3.62±0.85 6.05±1.57 7.98±2.13 F=127.546 <0.001

Alanine Aminotransferase (ALT, U/L) 24.68±8.53 25.94±9.01 28.17±9.32 29.65±8.97 F=1.562 0.202

Aspartate Aminotransferase (AST, U/L) 28.15±8.12 28.76±8.35 29.89±8.51 30.62±8.73 F=0.387 0.763

Platelet Count (PLT, 109/L) 203.12±26.63 145.78±25.36 108.45±22.67 89.62±18.95 F=156.284 <0.001

AST/ALT Ratio (AAR) 1.36±0.23 1.32±0.21 1.27±0.24 1.25±0.22 F=1.035 0.377

Model for End-Stage Liver Disease (MELD) Score 13.11±2.41 16.85±2.97 21.36±3.52 24.78±4.13 F=78.965 <0.001
Note: EGV: esophageal and gastric varices; LC: liver cirrhosis; HA: hyaluronic acid; LN: laminin; CIV: type IV collagen; PIIINP: type III procollagen N-terminal peptide; FIB-4: 
liver fibrosis 4 factor index; ALT: alanine aminotransferase; AST: aspartate aminotransferase; AAR: AST/ALT ratio; MELD: model for end-stage liver disease; PLT: platelet 
count.
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that levels of hyaluronic acid, laminin, type IV 
collagen, N-terminal propeptide of type III pro-
collagen, and the FIB-4 index were all signifi-
cantly higher in the varices group than in the 
no-varices group (P<0.05). Analysis based on 
the AST/ALT ratio indicated no significant di- 
fference in AST and ALT values between the 
varices group and the no-varices group (P> 
0.05), and there was also no significant differ-
ence across subgroups of different variceal 
severities. MELD score analysis showed that 
the MELD score was significantly higher in the 
varices group than in the no-varices group 
(P<0.05), and the MELD score progressively 
increased with worsening variceal severity, 
reflecting a close association between liver 
reserve function and the severity of varices.

Additionally, platelet count was significantly 
lower in the varices group than in the no-vari-
ces group (P<0.05) and gradually decreased 
with increasing variceal severity, which was 
consistent with the clinical manifestation of 
portal hypertension affecting hematopoietic 
function. No significant difference in gender 
distribution was observed between the varices 
group and the no-varices group, or among sub-
groups of different variceal severities (P>0.05).

Contrast of indexes among subjects with dif-
ferent EGV degrees

The distinctions of LF indexes, AAR, and MELD 
score in subjects with different EGV degrees 

were analyzed (Figure 1). As against Non-EGV 
subjects, the HA, LN, CIV, PIIINP, FIB-4, and 
MELD score of subjects with Mil-EGV, Mod-EGV, 
and Sev-EGV were markedly raised. However, 
there was no visible distinction in AAR value 
among subjects. 

SCA to analyze the correlation between fibrosis 
index, MELD score and EGV degree

Spearman correlation analysis (SCA) was em- 
ployed to investigate the correlation between 
liver fibrosis markers, Model for End-Stage 
Liver Disease (MELD) scores, and the seve- 
rity of EGV. Results (Table 2; Figure 2) showed 
that as EGV severity progressively increased 
from non-EGV, mild EGV, moderate EGV, to 
severe EGV, levels of hyaluronic acid (HA), lam-
inin (LN), CIV, procollagen type III N-terminal 
peptide (PIIINP), FIB-4 index, and MELD score 
all showed a significant upward trend. All mea-
sured indicators exhibited strong positive cor-
relations (|r|>0.7) with EGV severity, with statis-
tically significant differences (all P<0.01).

Multivariate logistic regression analysis (LRA) 
to analyze the relationship between fibrosis 
indicators, and MELD score and the degree of 
EGV

Using ordered multinomial logistic regression 
analysis, we investigated the independent 
associations between liver fibrosis markers 
and MELD scores with EGV severity, while ad- 
justing for gender, age, and cirrhosis etiology 
(HBV/other) as confounding factors to con- 
trol for potential bias. The proportional odds 
hypothesis test yielded P=0.132, and the 
Hosmer-Lemeshow test showed χ2=7.015, P= 

Table 2. SCA of correlation of fibrosis indica-
tors, MELD score and EGV degree
Variables Correlation coefficient r P-value
HA (ng/mL) 0.867 0.001
LN (ng/mL) 0.892 0.001
CIV (ng/mL) 0.885 0.001
PIIINP (ng/mL) 0.879 0.001
FIB-4 0.793 0.003
MELD 0.825 0.002
Note: SCA: Spearman correlation analysis; EGV: 
Esophageal and Gastric Varices; HA: Hyaluronic Acid; LN: 
Laminin; CIV: type IV collagen; PIIINP: type III procollagen 
N-terminal peptide; FIB-4: liver fibrosis 4 factor index; 
MELD: model for end-stage liver disease.

Figure 1. Contrast of various indicators among 
subjects with different degrees of EGV. Note: EGV: 
esophageal and gastric varices; LF: liver fibrosis; HA: 
hyaluronic acid; LN: laminin; CIV: type IV collagen; 
PIIINP: type III procollagen N-terminal peptide; FIB-
4: liver fibrosis 4 factor index; AAR: AST/ALT ratio; 
MELD: model for end-stage liver disease. Compared 
with the Non EGV group, P<0.05.
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Figure 2. Correlation between fibrosis markers, MELD Score, and EGV severity (A-F: HA, LN, CIV, PIIINP, FIB-4, MELD). 
Note: EGV: esophageal and gastric varices; HA: hyaluronic acid; LN: laminin; CIV: type IV collagen; PIIINP: type III 
procollagen N-terminal peptide; FIB-4: liver fibrosis 4 factor index; MELD: model for end-stage liver disease. 

0.535, indicating good model fit and compli-
ance with ordered regression assumptions.

Before adjusting for confounders (Table 3), HA, 
LN, CIV, PIIINP, FIB-4, and MELD score were  
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all risk factors for EGV severity (all P<0.05). 
Ordered multicategorical logistic regression 
analysis showed that for every 50 ng/mL in- 
crease in HA, the risk of progression in EGV 
severity was increased by 62.3% (OR=1.623, 
95% CI: 1.15-2.28, P=0.008). For every 50  
ng/mL increase in LN, the risk was increas- 
ed by 84.5% (OR=1.845, 95% CI: 1.32-2.57, 
P=0.001). For every 50 ng/mL increase in CIV, 
the risk was increased by 70.2% (OR=1.702, 
95% CI: 1.24-2.33, P=0.002). For every 50 ng/
mL increase in PIIINP, the risk was increased  
by 65.1% (OR=1.651, 95% CI: 1.17-2.33, P= 
0.006). For every 1-unit increase in FIB-4, the 
risk was increased by 79.6% (OR=1.796, 95% 
CI: 1.26-2.55, P=0.004). For every 5-point 
increase in MELD score, the risk was increas- 
ed by 78.9% (OR=1.789, 95% CI: 1.13-2.82, 
P=0.022). After adjusting for sex, age, and  

cirrhosis etiology (Table 4), these indicators 
remained independent risk factors for EGV se- 
verity (all P<0.05), with no significant fluctua-
tion in OR values, indicating good result stabili-
ty. However, gender (OR=1.103, P=0.672), age 
(OR=1.018, P=0.053), and cause of cirrhosis 
(OR=1.087, P=0.731) had no significant im- 
pact on EGV severity.

Building predictive models and drawing regres-
sion lines

Based on independent risk factors identified 
through ordered multinomial logistic regres-
sion, a severity prediction model for EGV incor-
porating HA, LN, CIV, PIIINP, FIB-4, and MELD 
scores was constructed, with a nomogram gen-
erated (Figure 3). By quantifying individual 
scores and the total score, this model intuitive-

Table 3. Multivariate LRA of the relationship between fibrosis indicators, AAR, MELD score and the 
degree of EGV

OR χ2
95% CI

P-value
Lower limit Upper limit

HA (ng/mL) 1.623 7.15 1.15 2.28 0.008
LN (ng/mL) 1.845 12.69 1.32 2.57 0.001
CIV (ng/mL) 1.702 9.34 1.24 2.33 0.002
PIIINP (ng/mL) 1.651 7.58 1.17 2.33 0.006
FIB-4 1.796 8.12 1.26 2.55 0.004
MELD 1.789 5.26 1.13 2.82 0.022
Note: LRA: Logistic regression analysis; EGV: esophageal and gastric varices; HA: hyaluronic acid; LN: laminin; CIV: type IV col-
lagen; PIIINP: type III procollagen N-terminal peptide; FIB-4: liver fibrosis 4 factor index; AAR: AST/ALT ratio; MELD: model for 
end-stage liver disease; OR: odds ratio; CI: confidence interval. The OR values of continuous variables are calculated based on 
specified unit increments to avoid exaggerating the effect size and clarify clinical significance.

Table 4. Results of ordered multiclass logistic regression analysis for liver fibrosis markers, MELD 
Score, and EGV Severity (adjusted for baseline characteristics)

OR χ2
95% CI

P-value
Lower limit Upper limit

HA (ng/mL) 1.597 6.83 1.12 2.26 0.01
LN (ng/mL) 1.812 11.95 1.29 2.53 0.001
CIV (ng/mL) 1.675 8.92 1.21 2.31 0.003
PIIINP (ng/mL) 1.628 7.21 1.14 2.31 0.007
FIB-4 1.763 7.75 1.23 2.52 0.005
MELD 1.756 4.98 1.10 2.79 0.026
Gender (Male vs Female) 1.103 0.18 0.67 1.82 0.672
Age (years) 1.018 3.76 1.00 1.04 0.053
Cause of liver cirrhosis (hepatitis B vs other) 1.087 0.12 0.65 1.81 0.731
Note: EGV: esophageal and gastric varices; HA: hyaluronic acid; LN: laminin; CIV: type IV collagen; PIIINP: type III procollagen 
N-terminal peptide; FIB-4: liver fibrosis 4 factor index; MELD: model for end-stage liver disease; OR: odds ratio; CI: confidence 
interval. The OR values of continuous variables are calculated based on specified unit increments to avoid exaggerating the 
effect size and clarify clinical significance.
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ly predicts the probability of patients develop-
ing EGV at different severity levels. Its simpli- 
city and high visual ability provide a practical 
tool for individualized clinical assessment.

The clinical utility of the predictive model was 
evaluated via decision curve analysis (DCA, 
Figure 4): When the high-risk threshold was set 
between 0 and 0.8, the model developed in this 
study (blue curve) demonstrated significantly 
greater net benefit compared to both the “all 
intervention” (red curve) and “no intervention” 
(green curve) strategies. This indicates that the 
model effectively identifies high-risk patients 
who genuinely require intervention, demon-
strating strong clinical utility.

The regression coefficients and standardized 
weights for each variable in the combined pre-
diction model are presented in the table below 
(Table 5). Following ordered multicategorical 
logistic regression analysis, all indicators yield-
ed regression coefficients with significant sta-
tistical significance (P<0.05). The standardized 
weights reflect the strength of their influence 
on EGV severity: LN had the highest weight 
(0.28), followed by CIV (0.25) and HA (0.22), 
while FIB-4 (0.10), PIIINP (0.08), and the MELD 
score (0.07) had relatively lower weights.

ROC curve analysis results

A one-versus-one (One-vs-One) strategy was 
adopted for multiclass ROC curve analysis. 
ROC models were constructed for all category 
pairs (non-EGV vs mild EGV, non-EGV vs moder-
ate EGV, non-EGV vs severe EGV, mild EGV vs 
moderate EGV, mild EGV vs severe EGV, moder-
ate EGV vs severe EGV). The weighted average 
AUC was then calculated using the proportion 
of sample sizes for each pair as the weight. As 
a result, a comprehensive AUC value of 0.89 
(95% CI: 0.84-0.94) was obtained for the com-
bined prediction model. This approach compre-
hensively reflects the model’s ability to differ-
entiate between varying levels of EGV severity. 
Multiple-class ROC curve analysis was em- 
ployed to evaluate the predictive performan- 
ce of individual liver fibrosis markers, MELD 
score, and the combined predictive model 
(HA+LN+CIV+PIIINP+FIB-4+MELD) for EGV se- 
verity (Figure 5). Optimal cutoff values for each 
marker and the model were determined using 
the maximum Youden index method, with sen-
sitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV). 
Results showed that the AUC of the combined 
predictive model was 0.89 (95% CI: 0.84- 
0.94), significantly higher than all individual 
markers (AUC range: 0.67-0.78). With combin- 
ed sensitivity, specificity, PPV, and NPV reach-
ing 83.6%, 81.2%, 79.5%, and 85.1%, respec-
tively. This demonstrated optimal overall diag-
nostic performance, effectively distinguishing 
patients with different EGV severity levels. Spe- 
cific diagnostic parameters for each indicator 
and model are presented in Table 6.

Figure 3. Prediction model scatter plot. Note: EGV: 
esophageal and gastric varices; HA: hyaluronic acid; 
LN: laminin; CIV: type IV collagen; PIIINP: type III 
procollagen N-terminal peptide; FIB-4: liver fibrosis 
4 factor index; MELD: model for end-stage liver dis-
ease. The scores corresponding to each indicator in 
the column chart are calculated based on the stan-
dardized weights in Table 6, with a total score range 
of 0-300 points. The higher the score, the higher the 
severity of EGV. After accumulating the scores of all 
indicators, the predicted probabilities of different 
EGV severity levels can be read through the probabil-
ity axis on the right.

Figure 4. Model DCA curve. Note: DCA: decision 
curve analysis; EGV: esophageal and gastric varices. 
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Table 5. Diagnostic performance metrics for predicting EGV severity using individual indicators and 
combined models

Variable Regression 
coefficient (B)

Standard Error 
(SE) χ2 Value P Value Standardized regression 

coefficient (β)
Model 

weights
HA (ng/mL) 0.012 0.003 16.28 0.001 0.22 0.22
LN (ng/mL) 0.018 0.004 20.15 0.001 0.28 0.28
CIV (ng/mL) 0.015 0.003 18.76 0.001 0.25 0.25
PIIINP (ng/mL) 0.009 0.003 9.32 0.002 0.08 0.08
FIB-4 0.011 0.004 8.57 0.003 0.1 0.1
MELD Rating 0.008 0.003 7.24 0.007 0.07 0.07
Note: HA: hyaluronic Acid; LN: laminin; CIV: type IV collagen; PIIINP: type III procollagen N-terminal peptide; FIB-4: liver fibrosis 4 
factor index; MELD: model for end-stage liver disease; SE: standard error. The model weight is calculated based on normalized 
regression coefficients (weight of a certain indicator = β value of that indicator/sum of β values of all indicators), ensuring that 
the total weight is 100%.

SHapley Additive exPlanations (SHAP) analysis 
further elucidated the contribution and direc-
tional influence of each indicator within the 
model (Figures 6 and 7). SHAP dependency 
plots revealed strong correlations between 
SHAP values and core indicators such as  
FIB-4, CIV, and HA showed strong correlations 
between feature values and SHAP values. 
Among these, FIB-4 (feature value 1.18) had 
the strongest negative contribution to model 
predictions (SHAP value -162), while CIV (fea-
ture value 60.5) exhibited the most significant 
positive contribution (SHAP value +105). The 
SHAP summary plot visually demonstrates that 
lower feature values for indicators like FIB-4 
and MELD score exert stronger negative sup-
pression on “high EGV risk”, while higher fea-
ture values for indicators such as HA, CIV, and 
LN show more pronounced positive promotion 

of “high EGV risk”. This clarifies the weighting 
and mechanism of action for each indicator 
within the model, enhancing its clinical inter- 
pretability.

External validation of the combined prediction 
model

To validate the stability and generalizability of 
the combined prediction model (HA+LN+CIV+ 
PIIINP+FIB-4+MELD), 65 patients with cirrhosis 
were included as an external validation cohort 
(Table 7). The inclusion and exclusion criteria 
were consistent with those of the internal 
cohort. Based on gastroscopy findings, pa- 
tients were categorized into non-severe EGV 
(18 cases, 27.7%), mild EGV (16 cases, 24.6%), 
moderate EGV (15 cases, 23.1%), and severe 
EGV (16 cases, 24.6%). All indicators were mea-
sured using the same methods as in the inter-
nal cohort, and the diagnostic performance of 
the combined model was evaluated. The results 
demonstrated that the combined model main-
tained excellent performance in the external 
cohort: AUC=0.86 (95% CI: 0.78-0.93), sensitiv-
ity = 80.3%, specificity = 78.5%, positive pre-
dictive value = 76.2%, negative predictive value 
= 82.1%. These findings confirm the reliable 
stability and clinical applicability of the model 
across different patient populations.

Discussion

EGV represent a significant complication of por-
tal hypertension in liver cirrhosis, with high 
mortality rates associated with their rupture 
and bleeding. Therefore, early and accurate 
assessment of EGV severity is crucial for clini-
cal intervention decisions. Although gastrosco-

Figure 5. Model ROC curve. Note: ROC: Receiver Op-
erating Characteristic; AUC: area under the curve; 
CI: confidence interval; EGV: esophageal and gastric 
varices. 
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py is the gold standard for diagnosis, it has  
limitations such as invasiveness, high examina-
tion costs, and poor patient tolerance. It is par-
ticularly difficult to use as a routine screening 
tool in primary care hospitals or for patients 
with severe underlying diseases [12-15]. Duan 
et al. [16] also noted in their study on endo-
scopic treatment for EGV rupture bleeding 
(EGVB) in cirrhosis that complications associ-
ated with EGV (such as portal vein thrombosis 
and cholelithiasis) significantly impact patient 
prognosis. Early and accurate assessment of 
EGV severity is a key prerequisite for optimizing 
intervention strategies and reducing complica-
tions, aligning with the core objective of this 
study. Based on this, developing efficient, con-
venient, and non-invasive predictive tools has 
become a key focus in clinical research. Th- 

rough systematic analysis of liver fibrosis mark-
ers and MELD scores in cirrhotic patients, this 
study identified significant positive correlations 
between HA, LN, CIV, PIIINP, FIB-4, and MELD 
scores with EGV severity. Ordered multinomial 
logistic regression validation confirmed these 
markers as independent risk factors for EGV 
severity. This finding aligns closely with clinical-
pathological mechanisms: liver fibrosis is the 
core pathological process in cirrhosis progres-
sion. As fibrosis worsens, hepatic vascular re- 
sistance increases and portal vein pressure 
rises, leading to compensatory dilation and tor-
tuosity of EGV, ultimately forming varices [17, 
18]. HA, as a sensitive indicator of liver fibros- 
is activity, directly reflects the progression of 
hepatic fibrosis when elevated. LN and CIV pri-
marily participate in the formation of the sinu-

Figure 6. Model single-sample waterfall plot. Note: 
HA: hyaluronic acid; LN: laminin; CIV: type IV colla-
gen; PIIINP: type III procollagen N-terminal peptide; 
FIB-4: liver fibrosis 4 factor index; MELD: model for 
end-stage liver disease; SHAP: SHapley Additive ex-
Planations. 

Figure 7. Model feature cluster plot. Note: HA: hyal-
uronic acid; LN: laminin; CIV: type IV collagen; PIIINP: 
type III procollagen N-terminal peptide; FIB-4: liver 
fibrosis 4 factor index; MELD: model for end-stage 
liver disease; SHAP: SHapley Additive exPlanations. 

Table 6. Diagnostic performance metrics for predicting EGV severity using individual indicators and 
combined models

Variables AUC 95% CI Optimal  
cutoff value

Sensitivity  
(%)

Specificity  
(%)

Positive predictive  
value (%)

Negative predictive  
value (%)

HA (ng/mL) 0.76 0.70-0.82 189.5 75.3 72.1 70.4 77
LN (ng/mL) 0.78 0.72-0.84 106.8 76.5 73.4 71.8 78
CIV (ng/mL) 0.77 0.71-0.83 108.2 77.2 74.6 72.9 78.7
PIIINP (ng/mL) 0.72 0.65-0.78 11.7 71.4 68.9 67.3 72.9
FIB-4 0.75 0.69-0.81 4.26 73.8 70.5 68.8 75.4
MELD 0.67 0.60-0.74 16.8 69.3 65.7 64.1 70.8
Joint prediction model 0.89 0.84-0.94 156.3 83.6 81.2 79.5 85.1
Note: EGV: esophageal and gastric varices; HA: hyaluronic acid; LN: laminin; CIV: type IV collagen; PIIINP: type III procollagen 
N-terminal peptide; FIB-4: liver fibrosis 4 factor index; MELD: model for end-stage liver disease; AUC: area under the curve; CI: 
confidence interval; PPV: positive predictive value; NPV: negative predictive value.
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soidal endothelial cell basement membrane; 
their abnormal deposition exacerbates sinus- 
oidal capillaryization, further elevating portal 
vein pressure. The FIB-4 index integrates age, 
liver function indicators, and platelet count, 
reflecting both the severity of fibrosis and the 
indirect impact of portal hypertension on hema-
topoietic function. For patients with cirrhosis 
but without esophagogastric varices (Non-
EGV), the mean FIB-4 index was 1.89 ± 0.37, 
which was below the threshold of 2.67 for 
advanced liver fibrosis (F3-F4). This was attrib-
uted to the absence of varices, indicating rela-
tively mild portal hypertension and that the pro-
gression of fibrosis-related indicators had not 
been further exacerbated by severe hemody-
namic disturbances. This observation aligns 
with the clinical correlation between the FIB-4 
index and the severity of portal hypertension. 
Meanwhile, the MELD score - a classic indicator 
of liver reserve capacity - signals severe hepat-
ic impairment when elevated, closely correlat-
ing with portal hypertension severity and jointly 
contributing to EGV progression [19-22]. HA,  
as a sensitive indicator of liver fibrotic activity, 
was shown to significantly increase the risk of 
EGV severity progression by 62.3% (OR=1.623, 
P=0.008) for every 50 ng/mL increase. This 
aligns with the pathological mechanism where-
by HA reflects hepatic sinusoidal endothelial 
injury and exacerbates portal hypertension. For 
every 50 ng/mL increase in LN and CIV, the risk 
of EGV severity progression was increased by 
84.5% and 70.2%, respectively (both P<0.01). 
Their abnormal deposition can aggravate sinu-
soidal capillarization, further elevating portal 
pressure. For every 1-unit increase in FIB-4 and 

every 5-point increase in MELD score, the risk 
was increased by 79.6% and 78.9%, respec-
tively (both P<0.05), reflecting the synergistic 
impact of the comprehensive degree of fib- 
rosis and hepatic reserve function on EGV 
progression.

The combined prediction model developed 
based on the aforementioned independent risk 
factors achieved an AUC of 0.89 in predicting 
the severity of EGV, which was significantly 
higher than that of any single indicator [23]. 
Notably, the diagnostic performance of the 
integrated model in this study (internal cohort 
AUC=0.89, external validation AUC=0.86) was 
consistent with and complementary to findings 
from recent related research. Zhang et al. [24] 
constructed a nomogram model based on 
platelet count (PLT), D-dimer (D-D), and spleen 
diameter (SD), achieving an AUC of 0.961. Its 
key advantage lay in the inclusion of hemato-
logic and imaging indicators related to portal 
hypertension, aligning with the modeling app- 
roach of this study to integrate multi-dimen-
sional indicators for enhanced predictive effi-
cacy. Compared to single indicators, the com-
bined model incorporated multi-dimensional 
information such as liver fibrosis stage and 
hepatic reserve function, more comprehensive-
ly reflecting the pathophysiological basis of  
EGV development and effectively compensat-
ing for the limitations of single-indicator as- 
sessment [25-27]. This study visualized the 
complex regression model through a nomo-
gram, enabling clinicians to quickly obtain pre-
dicted probabilities for different EGV severity 
levels via simple score accumulation. This 

Table 7. Diagnostic performance metrics of individual indicators and combined model in external 
validation cohort

Variables AUC 95% CI Optimal cutoff 
value

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

HA (ng/mL) 0.73 0.65-0.81 192.7 72.4 69.8 67.5 74.6
LN (ng/mL) 0.75 0.67-0.83 108.3 73.8 71.2 69.1 75.7
CIV (ng/mL) 0.74 0.66-0.82 110.5 74.1 70.5 68.3 75.9
PIIINP (ng/mL) 0.69 0.61-0.77 12.1 68.9 66.3 64.2 70.8
FIB-4 0.71 0.63-0.79 4.38 70.2 67.9 65.8 72.1
MELD 0.65 0.57-0.73 17.2 66.5 63.4 61.3 68.4
Joint Prediction Model 0.86 0.78-0.93 154.8 80.3 78.5 76.2 82.1
Note: EGV: esophageal and gastric varices; HA: hyaluronic acid; LN: laminin; CIV: type IV collagen; PIIINP: type III procollagen 
N-terminal peptide; FIB-4: liver fibrosis 4 factor index; MELD: model for end-stage liver disease; AUC: area under the curve; CI: 
confidence interval; PPV: positive predictive value; NPV: negative predictive value.
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method was operationally convenient, intuitive, 
and significantly enhanced the model’s clinical 
utility. Decision curve analysis further con-
firmed that, across a wide range of risk thre- 
sholds, the model offered superior clinical net 
benefit compared to traditional intervention 
strategies. It effectively identified high-risk 
patients requiring intervention while avoiding 
overtreatment or missed diagnoses [28]. The 
application of SHAP analysis endowed the mo- 
del with good interpretability, clarifying the pre-
dictive weight and direction of each indicator: 
FIB-4 exhibited the strongest negative contri-
bution to “high EGV risk”, where lower levels 
indicated higher EGV risk, consistent with th- 
rombocytopenia being a key manifestation of 
portal hypertension; CIV showed the most sig-
nificant positive contribution, with its elevation 
directly reflecting sinusoidal structural damage 
and exacerbating venous outflow obstruction. 
This quantitative feature interpretation not only 
helped clinicians understand the model’s pre-
diction logic but also provided data support for 
research into EGV pathogenesis, making the 
model valuable for both clinical application and 
scientific research. External validation further 
confirmed the clinical value of this combined 
model: compared to the internal cohort AUC of 
0.89, the external cohort AUC slightly decreas- 
ed to 0.86 but maintained high diagnostic 
accuracy, suggesting the model was not overfit-
ted to the internal data and possessed good 
cross-population adaptability. This stability was 
attributed to consistent inclusion/exclusion cri-
teria and uniform testing methods across both 
cohorts, reducing interference from technical 
and population selection biases [29].

Through multi-dimensional screening and in- 
cremental value verification, this study ulti-
mately identified “HA+LN+CIV+PIIINP+FIB-4+ 
MELD” as the combined predictive indicators. 
Stepwise integration and analysis of different 
indicator combinations revealed that the AUCs 
of single liver fibrosis serum markers (HA, LN, 
CIV, PIIINP) ranged only between 0.72 and 0.78, 
indicating limited diagnostic efficacy. After add-
ing FIB-4, the baseline model AUC increased 
from 0.768 to 0.794, benefiting from FIB-4’s 
integration of age, liver function, and platelet 
count information, which supplemented sys-
temic metabolic and hematopoietic involve-
ment related to liver fibrosis, aligning more 
closely with the pathophysiological mechanism 

of EGV development. Further inclusion of the 
MELD score significantly increased the AUC to 
0.89, as it directly reflected hepatic reserve 
function. The degree of liver function impair-
ment is closely related to portal hypertension 
progression, and together, these comprehen-
sively covered key factors influencing EGV se- 
verity [30]. Although AAR was initially consid-
ered a candidate predictor, data analysis sh- 
owed no statistical difference across EGV se- 
verity groups and no clear association with EGV 
severity; thus, it was excluded from the final 
model to avoid irrelevant indicators affecting 
the reliability of the conclusions. This screening 
process demonstrated that the final combin- 
ed model possessed both pathophysiological 
rationality and statistical validation support. 
Incremental value analysis also confirmed the 
necessity of each included indicator, excluding 
irrelevant confounding factors.

This study had certain limitations: its single-
center retrospective design and limited sam- 
ple size may have introduced selection bias; 
the exclusion of imaging indicators such as liver 
stiffness and spleen diameter may leave room 
for further improvement in model performance; 
and the lack of long-term follow-up data pre-
vented validation of the model’s predictive 
value for EGV rupture and bleeding. Future 
research could involve multi-center, large-sam-
ple prospective studies, integrate multi-dimen-
sional indicators to optimize the model, and 
validate its application in bleeding risk predic-
tion through long-term follow-up, thereby pro-
viding more reliable evidence-based medical 
support for the precise management of cirrhot-
ic EGV.

Conclusion

The study found that the combined predic- 
tive model comprising HA+LN+CIV+PIIINP+ 
FIB-4+MELD achieved the highest accuracy in 
assessing the severity of esophageal and gas-
tric varices (EGV) in patients with liver cirrhosis. 
The internal cohort validation yielded an area 
under the curve (AUC) of 0.89 (95% confidence 
interval: 0.84-0.94), with a sensitivity of 83.6% 
and a specificity of 81.2%. The external cohort 
validation demonstrated an AUC of 0.86 (95% 
confidence interval: 0.78-0.93), significantly 
surpassing the diagnostic performance of any 
single indicator. This combined model provided 
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a reliable non-invasive assessment tool for clin-
ical practice. However, as this study was a sin-
gle-center retrospective analysis with a limited 
sample size, potential influences from the du- 
ration of hepatitis infection and comorbid con-
ditions could not be fully excluded. Future 
research involving larger sample sizes and 
multi-center prospective studies could further 
enhance the accuracy and generalizability of 
the findings. 
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