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Background: Patients with compensated early-stage liver fibrosis (F1–F2) are at risk of progressing to cirrhosis, yet routine
surveillance with liver biopsy or transient elastography is limited by invasiveness, cost, or accessibility. Simple, non-invasive
tools are therefore needed for risk stratification. This study aims to develop a simple risk scoring system based on conventional
ultrasound features and evaluate its ability to predict progression to cirrhosis within 3 years in patients with compensated early-
stage liver fibrosis (F1–F2).
Methods: This retrospective study included 502 patients with biopsy-proven compensated early-stage liver fibrosis. Four ul-
trasound features—liver surface, liver parenchymal echogenicity, liver margin morphology, and splenic volume (calculated as
length × thickness × width × 0.52)—were semiquantitatively scored (0–2 points each) at baseline. The total score (0–8) was used
to classify patients into low-risk (≤4) and high-risk (>4) groups. The primary endpoint was progression to compensated cirrho-
sis within 3 years. A Cox proportional hazards model was used to assess the association between the risk score and cirrhosis
progression. Model discrimination was evaluated using the C-index and time-dependent ROC curves. Progression-free survival
curves were plotted using the Kaplan–Meier method and compared by the log-rank test.
Results: Among 502 patients, 374 (74.5%) were classified as low-risk (Risk Score ≤4) and 128 (25.5%) as high-risk (Risk Score
>4). The 3-year cumulative cirrhosis progression rates were 8.6% and 35.2%, respectively (log-rank p < 0.0001). The risk score
was an independent predictor (hazard ratio (HR) = 1.43, 95% confidence interval (CI) 1.29–1.59, p < 0.001), with a C-index of
0.716 and a 36-month time-dependent area under the receiver operating characteristic curve (AUC) of 0.734. Bootstrap internal
validation yielded an optimism-corrected C-index of 0.716. The model showed good calibration (Brier score = 0.118). Decision
curve analysis demonstrated positive net benefit of the score across threshold probabilities of 0.05–0.35. The score showed higher
C-index (0.716 vs. 0.650, 0.631, and 0.660) and 36-month AUC (0.734 vs. 0.679, 0.672, and 0.675) compared to FIB-4, APRI,
and LSM. Adding the score to liver stiffness measurement (LSM) significantly improved reclassification (net reclassification
improvement (NRI) = 0.184, p = 0.007; integrated discrimination improvement (IDI) = 0.048, p = 0.025). Albumin was also an
independent protective factor (HR = 0.93, 95% CI 0.87–0.99, p = 0.024) in the multivariable sensitivity model.
Conclusion: This simple risk score (0–8) based on conventional ultrasound features (liver surface, parenchymal echogenicity, liver
margin, and splenic volume) is an independent predictor of progression to cirrhosis within 3 years in patients with compensated
early-stage liver fibrosis. This simple scoring system may provide a convenient and cost-effective non-invasive tool for risk
stratification in clinical practice; however, these findings require validation in prospective, multicenter cohorts.
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Introduction

Chronic liver disease is a major global public health
problem with a continuously increasing burden. According
to the Global Burden of Disease Study 2021, liver cancer
remains one of the leading causes of cancer-related mortal-
ity worldwide, with substantial geographical disparities in
its prevalence and mortality [1]. Additionally, the global
prevalence of non-alcoholic fatty liver disease (NAFLD)
has reached approximately 30% and continues to rise, rep-
resenting a growing health threat across all regions [2]. Ac-

cording to the latestWorld Health Organization report, viral
hepatitis caused approximately 1.3 million deaths in 2022,
ranking as the second leading infectious cause of death
globally [3]. Liver fibrosis is the common pathological pro-
cess of chronic liver disease progression. In patients with
compensated early-stage fibrosis (F1–F2), timely interven-
tion may allow some degree of regression; however, with-
out effective management, a substantial proportion of pa-
tients progress to cirrhosis over 5 to 10 years [4]. Once cir-
rhosis enters the decompensated stage, the 5-year survival
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rate decreases significantly, and the risk of hepatocellular
carcinoma increases markedly [5,6]. Therefore, early iden-
tification of patients with compensated liver fibrosis who
are at high risk of progression is important for optimizing
follow-up strategies, enabling timely intervention, and im-
proving prognosis.

Although liver biopsy is the gold standard for assess-
ing the stage of liver fibrosis, it has limitations includ-
ing invasiveness, sampling error, poor repeatability, and
low patient acceptance, making it difficult to use for rou-
tine follow-up [7,8]. In recent years, non-invasive assess-
ment techniques for liver fibrosis have developed rapidly.
Among them, liver stiffness measurement (LSM) by tran-
sient elastography has good diagnostic accuracy and is
widely used for fibrosis staging and prognostic assess-
ment [9,10]. However, LSM equipment is expensive, re-
quires operator expertise, and is not widely available in pri-
mary healthcare institutions in China; moreover, its suc-
cess rate can be affected by obesity, narrow intercostal
spaces, and other factors [11]. Thus, exploring simple, cost-
effective, and easily disseminable non-invasive methods re-
mains clinically important.

Conventional ultrasound is a routine imaging exam-
ination for patients with liver disease, offering advan-
tages such as non-invasiveness, convenience, low cost, and
high accessibility. Previous studies have shown that ul-
trasound signs, including nodular liver surface, heteroge-
neous parenchymal echogenicity, blunt liver margin, and
splenomegaly, are closely associated with the severity of
liver fibrosis and portal hypertension [12,13]. Berzigotti
[14] demonstrated that liver surface morphology is signif-
icantly correlated with fibrosis severity, with a sensitivity
exceeding 85% for predicting cirrhosis (F4). The splenic
volume, a composite measure of spleen size, is positively
associated with the grade of esophageal varices and portal
pressure and has been validated as an effective parameter
for predicting liver disease progression [15,16,17]. Nev-
ertheless, most previous studies have focused on the diag-
nostic value of individual ultrasound signs, and few have
integrated these signs into a quantitative scoring system to
predict disease progression.

Given this background, the present study aimed to
develop a simple risk scoring system using four easily
obtainable conventional ultrasound features (liver surface,
parenchymal echogenicity, liver margin, and splenic vol-
ume) and to evaluate its value in predicting progression to
cirrhosis within 3 years, specifically in patients with biopsy-
proven compensated early-stage liver fibrosis (F1–F2). Un-
like previous cross-sectional diagnostic studies that mainly
focused on cirrhosis detection, our study provides longitu-
dinal prognostic prediction using a simplified baseline ul-
trasound score in this specific population. This approach
extends the application of conventional ultrasound from a
diagnostic to a prognostic tool, with potential advantages in
resource-limited settings.

Methods

Study Design and Population
This was a single-center retrospective cohort study.

Patients with chronic liver disease who attended the Hepa-
tology Center of The Affiliated Hospital of SouthwestMed-
ical University between February 2020 and February 2023
were enrolled. Inclusion criteria were as follows:

1. Biopsy-proven compensated early-stage liver fi-
brosis, with pathological stage F1 or F2 (according to the
METAVIR staging system);

2. Age ≥18 years;
3. Baseline liver function Child-Pugh class A, with

no decompensating events such as ascites, esophagogastric
variceal bleeding, or hepatic encephalopathy;

4. Complete baseline conventional ultrasound images
and clinical data;

5. Follow-up duration of at least 3 years, with ultra-
sound and liver function tests repeated every 6–12 months.

Exclusion criteria were as follows:
1. Concomitant liver disease with overlapping etiolo-

gies (e.g., HBV combined with autoimmune hepatitis, HCV
combined with drug-induced liver injury);

2. Concurrent hepatocellular carcinoma or other ma-
lignancies;

3. Radiological or pathological evidence of cirrhosis
at baseline;

4. Initiation of new antiviral or anti-fibrotic therapy,
or a change in the existing treatment regimen during the
follow-up period (patients on stable antiviral therapy prior
to enrollment were not excluded);

5. Incomplete clinical or imaging data.
Patients with a single etiology other than HBV, HCV,

or NAFLD (including cryptogenic liver disease, inherited
metabolic liver disease, vascular liver disease, and other
rare etiologies) were categorized as “Other” and not ex-
cluded, provided that comprehensive evaluations ruled out
the major etiologies.

The study was approved by the Ethics Committee of
The Affiliated Hospital of Southwest Medical University
(approval number: KY2026121) and complied with the eth-
ical principles of the Declaration of Helsinki. Written in-
formed consent was waived by the Ethics Committee be-
cause the study posed minimal risk, used anonymized ret-
rospective data obtained from routine clinical practice.

Baseline Conventional Ultrasound Examination and
Risk Score Construction

All patients underwent abdominal conventional ultra-
sound within one week after liver biopsy. Examinations
were performed independently by two sonographers with
more than 10 years of experience, who were blinded to the
pathological results. Ultrasound systems used were Philips
iU22 or GE Logiq E9 with convex array probes at 3.5–5.0
MHz. To assess inter-observer agreement, a randomly se-
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Table 1. Semiquantitative scoring criteria for conventional ultrasound features.
Ultrasound feature 0 points 1 point 2 points

Liver surface Smooth Irregular/serrated Nodular/undulating
Liver parenchyma Homogeneous Mildly heterogeneous/slightly enhanced Markedly heterogeneous/granular
Liver margin Sharp Slightly blunt Blunt/irregular
Splenic volume (cm3) <300 300–480 >480

lected subset of 20 patients was independently reviewed by
both sonographers. Weighted kappa statistics were calcu-
lated for the categorical ultrasound features (liver surface,
parenchymal echogenicity, liver margin), and the intraclass
correlation coefficient (ICC) was calculated for the contin-
uous variable (splenic volume). The weighted kappa values
were 0.82 (liver surface), 0.79 (parenchymal echogenicity),
and 0.84 (liver margin). The ICC for splenic volume was
0.91, indicating good to excellent agreement.

Based on previous literature and clinical practice, four
ultrasound features closely associated with liver fibrosis
and portal hypertension [18,19] were collected and semi-
quantitatively scored (0–2 points) according to severity (Ta-
ble 1).

Splenic volume was calculated using the ellipsoid for-
mula: volume (cm3) = length × thickness × width × 0.52.
Length is the maximum longitudinal diameter, thickness is
the maximum thickness perpendicular to the length at the
hilum, and width is the maximum transverse diameter on a
cross-sectional image. Watanabe et al. [20] reported that
splenic volume was significantly correlated with the sever-
ity of esophageal varices and liver functional reserve in 110
cirrhotic patients; patients with esophageal varices had sig-
nificantly larger splenic volumes than those without (p <
0.0001), and those with red signs (high-risk stigmata) had
even larger volumes (p = 0.0029). Fateh et al. [21] also
reported a mean splenic volume of 174.4 ± 52.4 mL (range
approximately 122–227 mL) in 300 healthy adults. Based
on these literature findings, we categorized splenic volume
into three grades: <300 cm3 (0 points, normal), 300–480
cm3 (1 point, moderate enlargement), and >480 cm3 (2
points, marked enlargement), where 480 cm3 was the op-
timal cutoff for predicting esophageal varices as reported
by Katwal et al. [22].

The simple risk score was the sum of the above four
items, ranging from 0 to 8 points. The optimal cut-off value
for the risk score was determined using the surv_cutpoint
function from the survminer package in R software (ver-
sion 4.5.2; R Foundation for Statistical Computing, Vienna,
Austria). This function identifies the value that maximizes
the difference in survival between the two groups based on
the log-rank test. The analysis was performed with a mini-
mum proportion of 0.1 in each group, and the resulting op-
timal cut-off was a score of 4 (low-risk: ≤4, high-risk: >4).

Data Collection
All patients were followed up every 6–12 months by

outpatient visits or telephone interviews. The follow-up
start point was the date of the baseline ultrasound, and the
endpoint was the time of first progression to compensated
cirrhosis or completion of 3 years of follow-up. Progression
to compensated cirrhosis was defined based on in-person
assessments during outpatient visits (imaging, elastogra-
phy, or biopsy). Telephone interviews were used only to
ascertain survival status or the occurrence of major decom-
pensating events (e.g., ascites, variceal bleeding). To ensure
independence between baseline scoring and endpoint adju-
dication, baseline ultrasound scoring and endpoint determi-
nation were performed by different radiologists who were
mutually blinded to each other’s assessments. At baseline,
two radiologists independently reviewed all ultrasound im-
ages to confirm the absence of definite cirrhosis signs; if
baseline imaging showed suspicious findings, the biopsy
result (F1–F2) overruled the imaging suspicion. For end-
point diagnosis, at least two imaging criteria (nodular liver
surface, widened hepatic fissures, or enlarged caudate lobe)
were required, not solely liver surface nodularity, to mini-
mize potential circularity.

Progression to compensated cirrhosis was defined as
meeting at least one of the following criteria:

1. Imaging criteria: new definite signs of cirrhosis on
follow-up abdominal ultrasound, CT, or MRI, including at
least two of the following: nodular liver surface, widened
hepatic fissures, or enlarged caudate lobe, and LSMby tran-
sient elastography ≥13.0 kPa within 3 months of the imag-
ing; confirmed by two radiologists independently;

2. Elastography criteria: LSM by transient elastog-
raphy ≥13.0 kPa and persistently elevated (two measure-
ments at least 6 months apart);

3. Pathological criteria: biopsy-proven F4 stage dur-
ing follow-up.

Patients who did not experience the endpoint event
during 3 years of follow-up were censored at their last
follow-up visit.

The following clinical data were collected from the
electronic medical record system: Demographic charac-
teristics: age, sex; Laboratory parameters: platelet count
(PLT), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), albumin, AST/ALT ratio; Fibrosis as-
sessment: baseline liver biopsy stage (F1/F2), LSM by
transient elastography; Comorbidities and lifestyle: dia-
betes mellitus, history of alcohol consumption (defined as
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average daily alcohol intake >30 g for ≥5 years); Etiol-
ogy: chronic hepatitis B, chronic hepatitis C, NAFLD, and
others. The predictive performance of the ultrasound risk
score was compared with established non-invasive tests, in-
cluding FIB-4, APRI, and LSM, using the C-index, time-
dependent area under the receiver operating characteristic
curve (AUC), net reclassification improvement (NRI), and
integrated discrimination improvement (IDI).

In this study, alcoholic liver disease (ALD) and al-
cohol consumption history were distinguished as follows:
ALD was defined as average daily alcohol intake >30
g (males) or >20 g (females) for ≥5 years, with other
etiologies excluded, combined with laboratory findings
(AST/ALT ratio >1.5, markedly elevated GGT) and imag-
ing features, confirmed by two hepatologists; patients meet-
ing these criteria were excluded. Alcohol consumption his-
tory was defined as average daily alcohol intake >30 g for
≥5 years with a clear concurrent diagnosis of HBV, HCV,
or NAFLD, where the primary cause of liver injury was
determined to be viral hepatitis or NAFLD rather than al-
cohol; these patients were included, and alcohol history
was analyzed as a covariate. All liver biopsy specimens
were obtained using 16G Menghini-type needles. Speci-
mens measuring≥15 mm or containing≥6 complete portal
tracts were considered adequate. Histological staging was
performed according to the METAVIR system by two inde-
pendent pathologists (>10 and >15 years of experience, re-
spectively) who were blinded to all clinical, laboratory, and
imaging data. In cases of discordance, a final consensus
was reached through discussion, or a third senior patholo-
gist was consulted.

Statistical Analysis
Statistical analyses were performed using R software

version 4.3.0. Normality of continuous variables was as-
sessed using the Shapiro-Wilk test. Normally distributed
variables are presented as mean ± SD and were compared
using one-way ANOVA; non-normally distributed vari-
ables are presented as median (interquartile range) and were
compared using the Kruskal-Wallis test. Categorical vari-
ables are presented as frequencies (percentages) and were
compared using the chi-square test or Fisher’s exact test. A
two-sided p < 0.05 was considered statistically significant.

The association between the risk score and cirrho-
sis progression was assessed using the Cox proportional
hazards model, with hazard ratios (HRs) and 95% con-
fidence intervals (CIs) reported. Univariate Cox regres-
sion was first performed to screen for variables associ-
ated with progression. In the primary model, only the risk
score was included. Collinearity among predictor variables
was assessed using the variance inflation factor (VIF). In
a multivariable sensitivity model, covariates with p < 0.05
in univariate analysis were entered together with the risk
score to evaluate the independent predictive value of the
score. Model discrimination was evaluated using the C-

index and the 36-month time-dependent AUC. A C-index
>0.6 indicated acceptable discriminative ability. The time-
dependent ROC curve was calculated using the Kaplan–
Meier method to assess the predictive accuracy of the risk
score at a fixed time point (36 months). Based on the
risk score, patients were divided into low- and high-risk
groups, and cumulative progression-free survival curves
were plotted using the Kaplan–Meier method and compared
by the log-rank test. Internal validation was performed us-
ing the bootstrap method with 1000 resamples to calculate
the optimism-corrected C-index. Calibration of the 3-year
predicted risk was assessed using a calibration plot and the
Brier score. Decision curve analysis (DCA) was performed
to evaluate the clinical utility of the risk score across a range
of threshold probabilities. All tests were two-sided, and p
< 0.05 was considered statistically significant.

Results

Study Population and Baseline Characteristics
A total of 502 patients with compensated early-stage

liver fibrosis were included and classified into low-risk (n
= 374) and high-risk (n = 128) groups according to the
risk score. There were significant differences in albumin,
platelet count, AST/ALT ratio, LSM, prevalence of diabetes
mellitus, history of alcohol consumption, and risk score
between the two groups (all p < 0.05). The distribution
of etiologies also differed significantly (p < 0.001), with
a higher proportion of HCV and NAFLD in the high-risk
group. Age, sex and baseline fibrosis stage did not differ
significantly between the groups. Detailed baseline charac-
teristics are shown in Table 2.

Association Between Risk Score and Disease
Progression

Univariate analysis showed that albumin, platelet
count, AST/ALT ratio, LSM, diabetes, alcohol history, and
the risk scorewere significantly associatedwith progression
(all p < 0.05, Table 3).

In the primary model that included only the risk score,
each 1-point increase in the scorewas associatedwith a 43%
increased risk of progression (HR = 1.43, 95% CI 1.29–
1.59, p < 0.001), with a C-index of 0.716. In the multi-
variable sensitivity model adjusting for other univariately
significant variables, the risk score remained independently
predictive (HR = 1.35, 95% CI 1.15–1.59, p < 0.001), and
albumin was also an independent protective factor (HR =
0.93, 95% CI 0.87–0.99, p = 0.024) (Table 4). Variance in-
flation factor (VIF) values for all variables in the multivari-
able sensitivity model were below 5, indicating the absence
of significant multicollinearity.

In the sensitivity model further adjusted for etiology,
the ultrasound risk score remained a robust independent
predictor (HR = 1.33, 95% CI 1.13–1.57, p < 0.001), com-
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Table 2. Baseline characteristics of patients in different risk groups.
Characteristic High-risk group (n = 128) Low-risk group (n = 374) Statistic p value

Age (years), mean ± SD 47.47 ± 10.13 45.51 ± 9.67 t = 1.96 0.051
Sex, n (%) χ2 = 0.50 0.481

Female 59 (46.09) 159 (42.51)
Male 69 (53.91) 215 (57.49)

Baseline fibrosis, n (%) χ2 = 3.04 0.081
F1 79 (61.72) 262 (70.05)
F2 49 (38.28) 112 (29.95)

Albumin (g/L), mean ± SD 40.54 ± 3.99 43.61 ± 3.27 t = –7.87 <0.001
Etiology, n (%) χ2 = 22.60 <0.001

HBV 53 (41.41) 213 (56.95)
HCV 31 (24.22) 35 (9.36)
NAFLD 33 (25.78) 79 (21.12)
Other 11 (8.59) 47 (12.57)

Platelet count (×109/L), mean ± SD 154.27 ± 42.99 203.43 ± 47.67 t = –10.32 <0.001
AST/ALT ratio, M (Q1, Q3) 1.12 (0.86, 1.36) 0.85 (0.69, 1.03) Z = –6.71 <0.001
LSM (kPa), M (Q1, Q3) 12.20 (9.97, 14.62) 6.90 (5.80, 8.30) Z = –13.70 <0.001
Diabetes mellitus, n (%) χ2 = 32.08 <0.001

No 87 (67.97) 334 (89.30)
Yes 41 (32.03) 40 (10.70)

Alcohol history, n (%) χ2 = 12.99 <0.001
No 86 (67.19) 308 (82.35)
Yes 42 (32.81) 66 (17.65)

Risk score, M (Q1, Q3) 6.00 (5.00, 7.00) 2.00 (1.00, 3.00) Z = –17.10 <0.001
AST, aspartate aminotransferase; ALT, alanine aminotransferase; LSM, liver stiffness measurement.

Table 3. Univariate Cox regression analysis.
Variable HR 95% CI p value

Age 1.02 0.99–1.04 0.149
Sex 0.92 0.59–1.45 0.731
Baseline fibrosis 1.10 0.68–1.76 0.700
Albumin 0.86 0.81–0.91 <0.001
Platelet count 0.99 0.99–0.99 <0.001
AST/ALT ratio 3.30 1.82–5.99 <0.001
LSM 1.15 1.09–1.22 <0.001
Diabetes 1.94 1.16–3.22 0.011
Alcohol history 1.70 1.05–2.76 0.030
Etiology (Reference: HBV)

HCV 1.61 0.87–2.98 0.129
NAFLD 1.37 0.80–2.35 0.247
Other 0.59 0.23–1.51 0.276

Risk score 1.43 1.29–1.59 <0.001

parable to the primary multivariable model (HR = 1.35).
Albumin also retained its independent protective effect (HR
= 0.93, 95% CI 0.87–0.99, p = 0.025). None of the other
covariates, including platelet count, AST/ALT ratio, LSM,
diabetes, or alcohol history, reached statistical significance
(all p > 0.05). The overall effect of etiology was not sig-
nificant (p = 0.498), with no individual etiology category
showing a significant association (HCV: HR = 1.20, p =
0.579; NAFLD: HR = 1.13, p = 0.670; Other: HR = 0.55, p

= 0.218). These findings suggest that the predictive value of
the ultrasound risk score is independent of etiological dif-
ferences.

Risk Stratification and Cumulative Progression Rates
Based on the risk score, the two groups showed a sig-

nificant difference in the 3-year cumulative cirrhosis pro-
gression rate: 8.6% in the low-risk group, and 35.2% in the
high-risk group (Table 5). TheKaplan–Meier curve showed
that progression-free survival was significantly lower in the
high-risk group than in the low-risk group (log-rank p <
0.0001, Fig. 1).

Discriminative Ability of Models
The Cox regression model containing only the risk

score had a C-index of 0.716, and the 36-month time-
dependent ROC AUC was 0.734 (Fig. 2A), indicating
good discriminative ability for predicting progression to
cirrhosis in patients with compensated early-stage liver fi-
brosis. Bootstrap internal validation yielded an optimism-
corrected C-index of 0.716. Calibration was assessed us-
ing a calibration plot (Fig. 2B), calibration slope (1.019,
optimism-corrected via bootstrap), Brier score (0.118), and
the Hosmer-Lemeshow test (p = 0.322), all indicating good
agreement between predicted and observed 36-month risks.
Decision curve analysis demonstrated positive net benefit
of the score across threshold probabilities of 0.05–0.35 (Fig.
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Table 4. Multivariable Cox regression analysis.
Model Variable HR 95% CI p value

Primary model Risk score 1.43 1.29–1.59 <0.001

Multivariable sensitivity model Risk score 1.35 1.15–1.59 <0.001
Albumin 0.93 0.87–0.99 0.024

Platelet count 1.00 0.99–1.00 0.290
AST/ALT ratio 1.24 0.66–2.35 0.507

LSM 0.94 0.86–1.03 0.195
Diabetes 1.35 0.79–2.32 0.275

Alcohol history 1.32 0.80–2.17 0.278

Sensitivity model (adjusted for etiology) Risk score 1.33 1.13–1.57 <0.001
Albumin 0.93 0.87–0.99 0.025

Platelet count 1.00 0.99–1.00 0.345
AST/ALT ratio 1.35 0.70–2.57 0.369

LSM 0.95 0.86–1.04 0.234
Diabetes 1.38 0.80–2.38 0.246

Alcohol history 1.29 0.78–2.14 0.321
Etiology (overall) 0.498
HCV (vs. HBV) 1.20 0.63–2.27 0.579

NAFLD (vs. HBV) 1.13 0.65–1.94 0.670
Other (vs. HBV) 0.55 0.22–1.42 0.218

Table 5. 3-year cumulative cirrhosis progression rates by risk group.
Risk group Number of patients Number of events 3-year progression rate (%)

Low-risk 374 32 8.6
High-risk 128 45 35.2

2C). The ultrasound risk score showed numerically higher
C-index (0.716 vs. 0.650, 0.631, and 0.660, respectively)
and 36-month AUC values (0.734 vs. 0.679, 0.672, and
0.675) compared to FIB-4, APRI, and LSM in this cohort
(Fig. 2D). Adding the score to LSM significantly improved
risk reclassification (NRI = 0.184, p = 0.007; IDI = 0.048,
p = 0.025).

Discussion

Based on a retrospective cohort of 502 patients with
compensated early-stage liver fibrosis, we developed and
validated a simple risk scoring system (0–8 points) that
includes four conventional ultrasound features: liver sur-
face, parenchymal echogenicity, liver margin, and splenic
volume. The main findings are as follows: (1) The risk
score was an independent predictor of progression to cir-
rhosis within 3 years (HR = 1.43, 95% CI 1.29–1.59, p <
0.001), with good model discrimination (C-index = 0.716,
36-month AUC = 0.734). (2) The score effectively strat-
ified patients into low- and high-risk groups, with 3-year
cumulative progression rates of 8.6% and 35.2%, respec-
tively (log-rank p < 0.001). (3) In the sensitivity analysis,
albumin also showed an independent protective effect (HR
= 0.93, p = 0.024), suggesting that liver synthetic function is
independently associated with progression risk. Compared
to FIB-4, APRI, and LSM, our simple ultrasound score

demonstrated numerically higher discriminative ability in
this cohort, although these differences require confirmation
in larger external validation studies. Its main advantages lie
in its reliance on widely available conventional ultrasound,
its low cost, and the immediate availability of results, mak-
ing it particularly suitable for primary care and resource-
limited settings where LSM or complex blood test-derived
indices are not feasible.

Most previous studies have focused on the cross-
sectional diagnostic value of single ultrasound signs for
staging liver fibrosis, with relatively few longitudinal stud-
ies predicting disease progression. Colli et al. [23] reported
that the sensitivity of liver surface nodularity for predicting
cirrhosis was approximately 88%, but they did not provide
long-term follow-up data. The present study is the first to
integrate four conventional ultrasound features into a semi-
quantitative score and validate its ability to predict progres-
sion to cirrhosis over 3 years, filling a gap in translating
imaging findings into prognostic assessment.

The splenic volume, as a composite measure of spleen
size, has been shown to be positively correlated with
the hepatic venous pressure gradient and the severity of
esophageal varices [16]. By incorporating splenic volume
into the scoring system, our model can sensitively cap-
ture early changes in portal hypertension. Notably, platelet
count, LSM, and other indicators were significantly associ-
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Fig. 1. Progression-free survival curves for patients in different risk groups.

ated with progression in univariate analysis but lost signif-
icance in the multivariate multivariable sensitivity model.
This finding suggests that the information on fibrosis/portal
hypertension reflected by thrombocytopenia and elevated
LSM is largely encompassed by the ultrasound risk score,
further supporting the intrinsic value of the ultrasound score
as a comprehensive non-invasive indicator.

Albumin retained independent predictive value in the
multivariable sensitivitymodel (HR= 0.93, p = 0.024), con-
sistent with previous studies. Albumin is synthesized by
hepatocytes, and a decline in its level directly reflects im-
paired liver functional reserve; it has been established as
an independent predictor of cirrhosis progression and mor-
tality [24]. However, albumin measurement requires blood
sampling, whereas the ultrasound score is completely non-
invasive and available in real time. Combining the two may
further improve predictive performance, a hypothesis wor-
thy of future investigation.

Etiological heterogeneity was observed in our cohort,
with significant differences in the distribution of etiologies
between the low- and high-risk groups. Given that fibro-
sis progression rates may vary by etiology, we performed

a sensitivity analysis adjusting for etiology to exclude po-
tential confounding. Notably, after adjusting for etiology,
the ultrasound risk score maintained its independent predic-
tive value (HR = 1.334, 95% CI 1.134–1.570, p < 0.001),
while the overall effect of etiology itself was not signif-
icant (p = 0.498). This suggests that the prognostic in-
formation captured by the ultrasound score—reflecting fi-
brotic changes and portal hypertension—is largely consis-
tent across etiologies. Nevertheless, due to the relatively
limited sample sizes within each etiological subgroup (par-
ticularly for HCV andNAFLD in the high-risk group), these
findings should be interpreted as hypothesis-generating.
Future prospective studies with larger, homogeneous etio-
logical cohorts (e.g., HBV-only or NAFLD-only) are war-
ranted to validate the score’s generalizability and to deter-
mine whether etiology-specific cutoff values are needed.

The risk scoring system has several clinical advan-
tages, particularly for resource-limited settings where blood
tests or transient elastography are not readily available: (1)
Ultrasound-only, no blood draw: Unlike FIB-4, APRI, or
serum albumin, which require venipuncture and laboratory
infrastructure, our score uses only ultrasound features. This
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Fig. 2. 36-month predictive performance of the ultrasound risk score model. (A) 36-month time-dependent ROC curve. (B) Boot-
strap calibration curve. (C) Decision curve analysis. (D) Performance comparison with FIB-4, APRI and LSM.

makes it suitable for primary care clinics or field settings
where phlebotomy or lab equipment is unavailable. (2)
Low cost and wide availability: Conventional ultrasound
is substantially less expensive than transient elastography
(approximately one-third to one-fifth the cost) and is avail-
able in most primary healthcare institutions across China,
even in rural areas. (3) Immediate result at point of care:
The total score (0–8) can be calculated within minutes dur-
ing the ultrasound examination, without waiting for blood
test results or specialized software. (4) Clear stratification:
The progression rates show a distinct gradient, which helps
to formulate individualized follow-up plans. For example,
low-risk patients may extend follow-up intervals to 2 years,
whereas high-risk patients should undergo ultrasound and
liver function tests every 6 months.

We emphasize that this tool is not intended to re-
place LSM or FIB-4 in well-equipped centers, but rather
to fill a gap in settings where those modalities are not fea-
sible. The present results should be interpreted as strictly
hypothesis-generating given the single-center, retrospective
design, and the absence of external validation. At this
stage, the scoring system should not be used to guide clin-
ical decision-making. External validation in independent,
preferably prospective, cohorts is mandatory before this
scoring system can be considered for routine clinical util-
ity. We acknowledge that the equal-weight assignment and
the variable selection based on clinical knowledge rather
than data-driven methods (e.g., LASSO) deviate from stan-
dard prediction model development. This approach was an
intentional choice to prioritize clinical practicality and gen-
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eralizability, making the tool suitable for resource-limited
settings. Therefore, this study should be considered an ex-
ploratory validation of a clinically pre-defined tool, not a de
novo model development.

This study has several limitations. First, the single-
center retrospective design may introduce selection bias,
and the requirement for complete 3-year follow-up may
have systematically excluded patients with more rapid dis-
ease progression or those lost to follow-up, potentially bi-
asing the cohort toward more stable cases. Additionally,
the optimal cut-off value (score >4) was determined and
the resulting group comparison was performed within the
same dataset, which may introduce optimism bias due to
data-adaptive selection; therefore, these cut-off-defined re-
sults should be considered exploratory and require indepen-
dent external validation. Second, despite the use of semi-
quantitative criteria, ultrasound scoring remains subject to
inter-observer variability, particularly in grading liver sur-
face and parenchymal echogenicity; standardized training
and pictorial guidelines could mitigate this in future stud-
ies. Third, there is a potential risk of incorporation bias, as
both the baseline ultrasound score and components of the
composite endpoint (imaging criteria) rely on ultrasound
findings, which may lead to some degree of overestima-
tion of the score’s predictive performance. Consequently,
our model predicts progression as defined by the compos-
ite clinical endpoint (imaging-elastography-pathology), not
solely histological progression to F4. Fourth, although the
cohort included three main etiologies (HBV, HCV, and
NAFLD), other etiologies were underrepresented, and the
sample size within each etiological subgroup was limited.
Nevertheless, a sensitivity analysis adjusting for etiology
confirmed the score’s robustness (HR = 1.334, p < 0.001);
however, validation in larger homogeneous etiological co-
horts remains warranted. Fifth, the inclusion of patients on
stable pre-existing therapy alongside untreated patients cre-
ates a mixed cohort that may introduce treatment-related
confounding, and the score’s performance in patients ini-
tiating new therapy requires separate validation. Sixth,
the composite endpoint (imaging, elastography, or histol-
ogy) may introduce heterogeneity despite stringent crite-
ria for each modality, and the 3-year fixed follow-up limits
assessment of longer-term predictive value. Seventh, the
splenic volume thresholds were derived from cirrhotic pop-
ulations and require validation specifically in F1–F2 pa-
tients. Eighth, the relatively high baseline LSM values in
the high-risk group (median 12.20 kPa), despite biopsy-
proven F1–F2, highlight the potential discordance between
histology and elastography; factors such as sampling er-
ror, active inflammation, or steatosis may contribute to
this discrepancy. This suggests that some patients may
have already had subclinical structural changes at baseline,
making them more likely to reach the composite endpoint,
which could partly amplify the observed predictive per-
formance. Finally, although our ultrasound features (e.g.,

nodular surface, splenomegaly) are more typical of ad-
vanced fibrosis, all patients had biopsy-proven F1–F2; this
apparent discordance underscores that ultrasound signs re-
flect macroscale structural and hemodynamic changes that
may not fully align with histological staging, and further
studies are needed to clarify this relationship.

Conclusion

In conclusion, this retrospective single-center study
demonstrates that a simple ultrasound-based risk score is
associated with 3-year cirrhosis progression in patients with
compensated early-stage fibrosis. However, due to the ex-
ploratory nature of the analysis and the lack of external val-
idation, these findings are hypothesis-generating only. The
score’s potential as a screening tool requires confirmation
in prospective, multicenter studies before any clinical ap-
plication can be recommended.
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