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ABSTRACT

Background/Aims: Metabolic dysfunction—-associated steatotic liver disease (MASLD) is a leading cause of chronic liver disease, with
significant fibrosis (=F2) strongly associated with adverse outcomes. The current study evaluated the diagnostic value of serum fibro-
blast growth factor 21 (FGF-21) combined with the fibrosis-4 index (FIB-4) for the assessment of hepatic fibrosis in patients with
MASLD.

Materials and Methods: A total of 125 patients with MASLD were enrolled (91 patients with FO-F1 fibrosis and 34 patients with F2-F4
fibrosis). Independent risk factors for significant fibrosis were identified using multivariate logistic regression. A combined diagnostic
model was developed and validated using bootstrap resampling (500 iterations). Diagnostic performance was evaluated using receiver
operating characteristic curve analysis.

Results: Compared to the FO-F1 fibrosis group, patients with F2-F4 fibrosis had significantly higher waist circumference (WC), gamma-
glutamyl transferase (GGT), homeostasis model assessment of insulin resistance (HOMA-IR), total cholesterol, low-density lipoprotein
cholesterol, FIB-4 index, and FGF-21 levels and significantly lower high-density lipoprotein cholesterol (HDL-C) levels. Multivariate anal-
ysis identified FIB-4, FGF-21, WC, GGT, and HOMA-IR as independent risk factors, whereas HDL-C was identified as a protective factor.
The combined model achieved an area under the curve of 0.806 (95% CI: 0.727-0.886), outperforming FIB-4 (0.743) and FGF-21 (0.735)
alone. At the optimal cutoff determined by the Youden index, the combined model maintained comparable specificity while significantly
improving sensitivity to 94.12%. The model also demonstrated balanced performance under both specificity-driven and sensitivity-
driven strategies.

Conclusion: Combining FGF-21 with FIB-4 improved diagnostic accuracy for significant fibrosis in MASLD, providing a practical, nonin-
vasive tool for early risk assessment and patient stratification.

Keywords: Fibroblast growth factor 21, fibrosis-4 index, hepatic fibrosis, metabolic dysfunction—-associated steatotic liver disease, non-

alcoholic fatty liver disease, noninvasive diagnosis

INTRODUCTION

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD), previously known as nonalcoholic fatty
liver disease (NAFLD), has emerged as a leading cause of
chronic hepatic disorders globally. This disease is closely
associated with obesity, insulin resistance, and metabolic
syndrome, particularly among patients with type 2 diabe-
tes mellitus." Since 2020, international multidisciplinary
expert consensus has recommended replacing NAFLD
with MASLD to better reflect its metabolic basis, whereas
nonalcoholic steatohepatitis (NASH) has been renamed
metabolic  dysfunction-associated steatohepatitis
(MASH)."® MASLD is characterized by excessive hepatic
lipid accumulation in the absence of alcohol consumption
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and encompasses a disease spectrum ranging from sim-
ple steatosis, formerly termed NAFL, to MASH, which may
progress to fibrosis, cirrhosis, end-stage liver disease, or
hepatocellular carcinoma.*® MASLD has become increas-
ingly prevalent in primary care settings, and the stage of
liver fibrosis is a key determinant of long-term outcomes.
Progression to the pivotal F2 stage of fibrosis is associ-
ated with significantly increased risks of severe compli-
cations and mortality. Thus, optimizing early diagnostic
strategies for patients with MASLD and fibrosis stage
>F2 has substantial clinical value.>" However, early-stage
fibrosis associated with MASLD lacks specific clinical
manifestations, and its insidious progression poses major
challenges for timely identification of this critical phase.
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Although F2-F4 fibrosis is associated with poor progno-
sis, these stages remain partially reversible. Therefore,
establishing effective early detection strategies for the
pivotal F2 stage is essential to enable timely intervention
and improve outcomes.'>*

Liver biopsy remains the gold standard for fibrosis assess-
ment; however, its invasiveness, operator dependence,
and sampling variability limit its routine application.’s®
Technological advances have introduced noninvasive
alternatives, including vibration-controlled transient elas-
tography, point shear-wave elastography, 2-dimensional
shear-wave elastography, magnetic resonance elas-
tography (MRE), and magnetic resonance imaging, and
serum-based scoring systems, all of which demonstrate
favorable sensitivity and specificity. However, their wide-
spread adoption in primary care remains limited by cost
and technical requirements.'017-1°

The fibrosis-4 index (FIB-4), a noninvasive scoring model
based on age, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and platelet count, is widely
used for initial screening of significant fibrosis in MASLD
and has been endorsed by guidelines from the American
Association for the Study of Liver Diseases and European
Association for the Study of the Liver.2°-22 The FIB-4
index is valuable for identifying high-risk patients, partic-
ularly in community screenings or primary care settings.
Nevertheless, its applicability across different ages, body
mass indices, and metabolic statuses remains controver-
sial, and its sensitivity for monitoring disease progression
is limited.23-2¢

Fibroblast growth factor 21 (FGF-21), a liver-derived
hormone reflecting metabolic status, has gained atten-
tion in MASLD research due to its close association
with lipid dysregulation, insulin resistance, and meta-
bolic stress.?’-2° Studies report elevated serum FGF-21

Main Points

The combination of fibroblast growth factor 21 (FGF-21)
and fibrosis-4 index (FIB-4) improves diagnostic accuracy
for significant fibrosis (=F2) in metabolic dysfunction—
associated steatotic liver disease (MASLD).

The combined model achieved a superior area under the
curve of 0.806, outperforming either biomarker alone.

The FGF-21/FIB-4 model demonstrated high sensitivity
(94.12%) for detecting significant fibrosis.

This noninvasive tool offers a practical strategy for early
risk stratification in patients with MASLD.

levels in patients with MASLD and MASH, likely reflect-
ing hepatic responses to metabolic disturbances.® This
pattern has been observed across diverse metabolic con-
texts, including non-obese individuals living with human
immunodeficiency virus infection and patients with obe-
sity-associated MASH, suggesting the potential utility of
FGF-21 as a serum biomarker.?'#2

Although preliminary studies have explored the utility of
FGF-21 in liver disease risk assessment, its performance
in predicting MASLD fibrosis stages remains unclear and
requires systematic validation. Compared with conven-
tional scoring models, FGF-21, as a metabolic stress—
related indicator, may provide additional information for
fibrosis risk stratification, particularly in metabolically
complex MASLD populations.

The current study evaluated serum FGF-21 levels and
FIB-4 indices in patients with MASLD to assess their indi-
vidual and combined predictive performance in fibrosis
risk stratification. Given the lack of systematic research
on the combined evaluation of FGF-21 and FIB-4, the
current study characterized their potential utility in non-
invasive MASLD screening and provided a basis for devel-
oping more effective early diagnostic strategies.

MATERIALS AND METHODS

Study Subjects

This prospective cohort study enrolled patients with
MASLD from The Second Affiliated Hospital of Harbin
Medical University, a tertiary hospital, between January
2023 and December 2024. MASLD was diagnosed
according to the 2020 international consensus criteria,’!
requiring evidence of hepatic steatosis (imaging or bio-
chemical abnormalities) in the absence of other liver dis-
eases and the presence of at least 1 metabolic risk factor.
The study was approved by the Ethics Committee of The
Second Affiliated Hospital of Harbin Medical University
(Approval No. 202101HB-6; approval date: January 16,
2021), and all participants provided written informed
consent. No generative Al or large language model (LLM)
tools were used in the preparation.

Inclusion Criteria

Inclusion criteria were as follows: (1) patients aged 18-75
years; (2) patients meeting MASLD diagnostic criteria; (3)
patients willing to participate and provide informed con-
sent; and (4) patients with complete clinical data and eli-
gible blood samples.
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Exclusion Criteria

Exclusion criteria were as follows: (1) Patients previously
treated with FGF-21 or its analogs (e.g., agonists or antag-
onists); (2) patients with significant alcohol consumption
(>30 g/day for men, >20 g/day for women) in the past 2
years; (3) patients with concurrent liver diseases (e.g., viral
hepatitis, autoimmune liver disease, primary biliary cholan-
gitis, or Wilson's disease); (4) patients receiving long-term
hepatotoxic medications (e.g., glucocorticoids, methotrex-
ate, or amiodarone); (5) pregnant or lactating women; (6)
patients with primary or metastatic liver tumors; and (7)
patients with missing key data or noncompliant samples.

General Data and Laboratory Tests

Demographic and anthropometric data were collected,
including sex age, body mass index (BMI = weight (kg)/
height? (m?)), and waist circumference (WC).

Peripheral venous blood samples were obtained from all
participants after an overnight fast. All tests were com-
pleted within 24 hours of sample collection in accordance
with clinical laboratory quality control protocols.

Whole-blood analysis (ethylenediaminetetraacetic acid
dipotassium salt (EDTA-K,) anticoagulant, purple-top
tubes): Two 2 mL tubes were collected per participant.
One tube was used for complete blood count (including
platelet count (PLT)), measured using a Beckman Coulter
LH 780 automated hematology analyzer. The other tube
was used for glycated hemoglobin (HbA1c) analysis, per-
formed using a TOSOH G8 automated HbAT1c analyzer
with matched reagents (Tosoh Corporation, Tokyo, Japan).

Serum analysis (clot activator and gel separator tubes): A
5-mL blood sample was collected and allowed to clot at
room temperature for 30 minutes. Serum was separated
by centrifugation at 3000 rpm (~1500 x g) for 10 min-
utes and either analyzed immediately or stored at —80°C.
Biochemical parameters (ALT, AST, gamma-glutamyl
transferase (GGT), alkaline phosphatase (ALP), total bili-
rubin (Thil), albumin, fasting plasma glucose (FPG), total
cholesterol (TC), triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C), etc.) were measured using a
Beckman Coulter AU5800 automated biochemistry ana-
lyzer (Beckman Coulter, Inc., Brea, CA, USA).

Calculated Indices
HOMA-IR = [FINS (plU/mL) x FPG (mmol/L)]/22.5 and
FIB-4 = [age (years) x AST (U/L))/[PLT (x10°/L) x VvALT

(U/L)], where HOMA-IR is homeostasis model assessment
of insulin resistance and FINS is fasting insulin.

Measurement of Fibroblast Growth Factor 21 Levels
Blood samples were drawn from fasting participants via
venipuncture using serum-separating tubes containing
clot activators. Following collection, approximately 5 mL
of whole blood was left to coagulate for 30 minutes at
ambient temperature before centrifugation at 1500 x g
(3000 rpm) for 10 minutes to isolate serum. The super-
natant was aliquoted and stored at —80°C until further
analysis. FGF-21 concentrations were determined using
a standardized enzyme-linked immunosorbent assay kit
(Elabscience, Wuuhan, China; catalog no. E-EL-H0074)
following the manufacturer’s protocol. Briefly, 100 pL of
each serum sample was analyzed in duplicate by trained
technicians. Optical density was measured at 450 nm
using a BioTek Synergy H1 microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA), and sample con-
centrations were calculated using a pre-established cali-
bration curve.

Histological Fibrosis Staging Criteria

All enrolled patients underwent histological liver evalu-
ation following the NASH Clinical Research Network
scoring system, with fibrosis staged on a 0-4 scale: FO
indicated no fibrosis, F1 represented mild perisinusoidal
or portal fibrosis, F2 denoted moderate perisinusoidal
and portal fibrosis, F3 indicated bridging fibrosis, and F4
represented cirrhosis.®® Liver biopsies were reviewed by
experienced pathologists blinded to clinical and labora-
tory data to reduce assessment bias. For analysis, fibrosis
stages were grouped as early-stage fibrosis (FO-F1) and
significant fibrosis (F2-F4), which served as the primary
outcome variable for both individual biomarker analy-
sis and combined diagnostic model evaluation. The F2
threshold was chosen as the clinically relevant cutoff
point because of its established prognostic significance
in disease progression.

Statistical Analysis

All statistical analyses were performed using R software
version 4.4.3, (R Foundation for Statistical Computing;
Vienna, Austria). Data import and cleaning were con-
ducted using the tidyverse package (including dplyr and
readr), model results were processed using broom, visu-
alizations were generated with ggplot2, binary logistic
regression modeling and prediction were performed using
rms, string manipulation was handled using glue, and
receiver operating characteristic (ROC) curve analysis was
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implemented using pROC (an open-source package for R
and S+ to analyze and compare ROC curves). Continuous
variables are presented as mean * SD and compared
between groups using independent samples t-tests.
Categorical variables are expressed as counts (percent-
ages) and compared using »? tests or Fisher's exact test,
with a 2-tailed P < .05 considered statistically significant.

Univariate logistic regression analysis was performed with
significant fibrosis (F2-F4 vs. FO-F1) as the dependent
variable, and candidate clinical variables were entered
sequentially. Variables with P < .05 in univariate analy-
sis were included in the multivariate logistic regression
model. To prevent multicollinearity, component variables
of calculated indices (e.g, HOMA-IR and FIB-4) were
not included simultaneously. Continuous variables in the
multivariate analysis were standardized using z-scores
(per 1 SD unit) to allow comparison of effect sizes across
variables.

ROC curve analysis was conducted using pROC, with the
area under the curve (AUC) calculated and 95% Cls deter-
mined using the DelLong method. Optimal diagnostic
thresholds were identified by maximizing Youden's index
(Youden'’s index = sensitivity + specificity — 1). Diagnostic
performance was evaluated under 2 strategies: specific-
ity 270% and sensitivity 270%. Diagnostic performance
metrics included sensitivity, specificity, false-positive rate
(FPR =1 - specificity), false-negative rate (FNR = 1 — sen-
sitivity), Youden's index, and P values. A combined model
was developed using binary logistic regression, with fibro-
sis stage (FO-F1 vs. F2-F4) as the dependent variable and
FGF-21 and FIB-4 as independent variables. Predicted
probabilities from this model were used to generate ROC
curves and calculate the diagnostic performance metrics
as described above. Model calibration was assessed using
bootstrap validation with 500 iterations. Calibration per-
formance was evaluated using calibration plots and quan-
tified using calibration slope, calibration intercept, and
mean absolute error, with a slope near 1.0 and an inter-
cept near O indicating optimal calibration.

RESULTS

Study Population and Baseline Characteristics

A total of 125 patients with MASLD were enrolled, includ-
ing 91 (72.8%) with FO-F1 fibrosis and 34 (27.2%) with
F2-F4 fibrosis. Compared with the FO-F1 group, patients
with F2-F4 fibrosis had significantly greater WC (93.82 +
8.79 cm vs. 89.78 + 8.68 cm, P = .023), higher HOMA-IR
(410 £ 1.36vs. 2.84 £1.09, P <.001), elevated TC (2.41 *

0.50 mmol/L vs. 2.11 £ 0.47 mmol/L, P = .002), increased
LDL-C (3.42 + 0.70 mmol/L vs. 3.04 £ 0.61 mmol/L, P =
.003), higher AST (47.55 + 8.16 U/L vs. 36.88 + 8.04 U/L,
P <.001), elevated FINS (15.70 + 5.57 plU/mL vs. 12.65 *
4.65 plU/mL, P =.006), and a higher prevalence of hyper-
tension (47.1% vs. 26.4%, P = .027). Additionally, patients
with F2-F4 fibrosis had significantly lower HDL-C levels
(1.00 £ 0.22 mmol/L vs. 1.11 £ 0.18 mmol/L, P = .005).
No statistically significant differences were observed
between the 2 groups in age, sex, BMI, systolic blood
pressure, diastolic blood pressure, ALP, albumin, Tbil, FPG,
HbA1c, TG, ALT, PLT, or prevalence of diabetes (all P >
.05). Detailed data are presented in Table 1.

Elevated Fibrosis-4 Index and Fibroblast Growth Factor
21 Levels in F2-F4 Metabolic Dysfunction-Associated
Steatotic Liver Disease Patients

Compared with the FO-F1 group, patients with F2-F4
fibrosis had significantly higher serum FGF-21 levels
[176.68 (137.76-225.88) vs. 111.83 (74.84-175.38) pg/
mL, P <.001] and an elevated FIB-4 index [1.305 (1.150-
1.510) vs. 0.97 (0.75-1.26), P < .001] (Table 2, Figure 1A,
B). These findings indicate that both FGF-21 levels and
FIB-4 index were consistently higher in the F2-F4 group
compared with the FO-F1 group across different fibrosis
stages.

Univariate and Multivariate Logistic Regression
Analysis

To avoid multicollinearity, original component variables
of calculated indices (e.g., HOMA-IR, FIB-4) were not
simultaneously included in the logistic regression analy-
sis. In univariate logistic regression, factors significantly
associated with significant liver fibrosis (F2-F4) analysis
in patients with MASLD included WC [odds ratio (OR) =
1.055, 95% Cl: 1.006-1.105, P = .026], GGT (OR = 1.0383,
95% CI: 1.006-1.061, P = .016), HOMA-IR (OR = 1.989,
95% ClI: 1.331-2.972, P < .001), TC (OR = 3.863, 95%
Cl: 1.691-9.379, P = .003), HDL-C (OR = 0.055, 95%
Cl: 0.007-0.455, P = .007), LDL-C (OR = 2.512, 95% CI:
1.327-4.757, P = .005), FIB-4 index (OR = 8.383, 95% CI:
2.635-26.667, P <.001), and serum FGF-21 levels (OR =
1.013,95% CI: 1.006-1.019, P < .001). The results are pre-
sented in Table 3.

Variables with P < .05 in univariate analysis were included
in the multivariate logistic regression model, with contin-
uous variables standardized as z-scores (per 1 SD incre-
ment). Multivariate logistic regression analysis identified
FIB-4 (OR = 2.22, 95% CI: 1.21-4.08, P = .010), FGF-21
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Table 1. Baseline Characteristics of Patients with MASLD Stratified by Fibrosis Stage (FO-F1 vs. F2-F4)

Variables Total (n = 125) FO-F1 (n=91) F2-F4 (n=34) P
Age (years) 47.53 £10.32 47.24 +£10.18 48.32+£10.78 .603
Gender (male, %) 71 (56.8) 54 (59.3) 17 (50.0) .348
BMI (kg/m?) 27.04 + 3.06 26.87 £2.90 27.51+3.46 439
WC (cm) 90.88 + 8.86 89.78 + 8.68 93.82£8.79 .023
SBP (mmHg) 125.21£9.35 125.27 £+ 9.35 125.07 £ 9.48 917
DBP (mmHg) 78.13 £ 8.22 78.39 £ 8.41 77.44 £7.79 .566
GGT (U/L) 46.40 +15.73 4428 +14.27 52.06 +18.15 .013
ALP (U/L) 87.19 £ 13.53 87.18 +14.02 87.22 +12.31 .989
Albumin (g/L) 4437 +£3.05 44.43+290 4419 £ 3.47 .695
Tbil (umol/L) 13.86 + 3.67 13.77 £ 3.63 14.08 + 3.84 677
FPG (mmol/L) 5.67 +0.79 5.65+0.77 5.75+0.87 515
HbA1c (%) 6.21+£0.64 6.18 £ 0.61 6.31+£0.70 .321
FINS (ulU/mL) 13.48 £5.08 12.65 + 4.65 15.70 £ 5.57 .006
HOMA-IR 3.18 +1.29 2.84+1.09 410+ 1.36 <.001
TG (mmol/L) 4.95+0.76 4.87 £0.75 5.16 £0.75 .061
TC (mmol/L) 2.19+0.49 211+£047 2.41+0.50 .002
HDL-C (mmol/L) 1.08 £ 0.20 1.11+£0.18 1.00+0.22 .005
LDL-C (mmol/L) 3.14 £ 0.66 3.04 £ 0.61 3.42+0.70 .003
AST (U/L) 39.78 +9.35 36.88 £ 8.04 47.55 +8.16 <.001
ALT (U/L) 53.38 £ 15.45 50.83+12.29 60.20 +20.47 .016
PLT (x10°%/L) 243.96 £50.42 246.83 + 39.41 236.29 +72.35 425
Diabetes (%) 30 (24.0) 18 (19.8) 12 (35.3) 116
Hypertension (%) 40 (32.0) 24 (26.4) 16 (47.1) 027
Fibrosis stage distribution

FO (%) 52 (41.6)

F1 (%) 39 (31.2)

F2 (%) 15 (12.0)

F3 (%) 13 (10.4)

F4 (%) 6 (4.8)

Continuous variables are presented as mean + SD and categorical variables as n (%). P values were calculated using independent t-test for continuous variables
and x? test for categorical variables between FO-F1 and F2-F4 groups. P < .05 was considered statistically significant. HOMA-IR = [FINS (ulU/mL) x FPG
(mmol/L)]/22.5.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FINS, fasting
insulin; FPG, fasting plasma glucose; GGT, y-glutamyl transferase; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeosta-
sis model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; MASLD, metabolic dysfunction-associated steatotic liver disease; PLT,
platelet count; SBP, systolic blood pressure; TC, total cholesterol; Tbil, total bilirubin; TG, triglycerides; WC, waist circumference.

(OR =2.37,95% CI: 1.31-4.26, P = .004), WC (OR = 1.89, Receiver Operating Characteristic Curve Analysis and
95% ClI: 1.06-3.37, P = .030), GGT (OR = 1.91, 95% CI: Diagnostic Performance Evaluation

1.09-3.34, P = .023), and HOMA-IR (OR = 2.23, 95% Cl: ROC curve analysis (Figure 3) demonstrated that the
1.19-4.17, P = .012) as independent risk factors, whereas combined use of FIB-4 and FGF-21 yielded the high-
HDL-C (OR = 0.54, 95% CI: 0.30-0.98, P = .044) was est diagnostic performance for significant liver fibrosis
identified as a protective factor (Figure 2). (F2-F4) in MASLD (AUC = 0.806, 95% ClI: 0.727-0.886),
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Table 2. Comparison of FGF-21 and FIB-4 Between Fibrosis Stages (FO-F1 vs. F2-F4) in Patients with MASLD

Variables Total (n =125) FO-F1 (n=91) F2-F4 (n=34) P
FIB-4 index 1.10 (0.82-1.34) 0.97 (0.75-1.26) 1.31 (1.15-1.51) <.001
FGF-21 (pg/mL) 131.78 (87.06-185.56) 111.83 (74.84-175.38) 176.68 (137.76-225.88) <.001

Data are presented as median (interquartile range). P values were calculated by the Mann-Whitney U-test (2-tailed). FIB-4 formula: [Age (years) x AST (U/L)}/

[PLT (x10°/L) x VALT (U/L)].

FIB-4, fibrosis-4 index; FGF-21, fibroblast growth factor 21; MASLD, metabolic dysfunction-associated steatotic liver disease.

outperforming FGF-21 alone (AUC = 0.735, 95% CI:
0.642-0.827) and FIB-4 alone (AUC = 0.743, 95% CI:
0.654-0.832).

Three cutoff strategies were evaluated to accommodate
different clinical scenarios (Table 4). The Youden index-
based cutoff maximized overall diagnostic efficiency,
whereas alternative thresholds prioritized either high spec-
ificity (270%) for confirmatory testing or high sensitivity
(270%) for screening purposes. Selection of optimal cutoff
depends on the clinical context and resource availability.

Using the Youden index (primary strategy), the combined
model achieved a sensitivity of 94.12% and specificity
of 54.95% at a cutoff of 0.159 (Youden index = 0.491).
Under the specificity 270% strategy (alternative 1), the
model achieved a sensitivity of 82.35% and a specific-
ity of 71.43% at a cutoff of 0.190. Under the sensitivity
>70% strategy (alternative 2), the model (cutoff = 0.259)
achieved a sensitivity of 70.59% and a specificity of
73.63%. Comparative performance across all 3 biomark-
ers and strategies is presented in Table 4.
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Model Calibration Assessment

Bootstrap validation with 500 iterations was performed
to assess model calibration. The combined FIB-4/FGF-21
model demonstrated good calibration performance, with
a calibration slope of 0.880, calibration intercept of 0.051,
and a mean absolute error of 0.045. The calibration plot
(Figure 4) showed close agreement between predicted
and observed probabilities across the full range of risk, and
the bias-corrected calibration curve closely approximated
the ideal diagonal line, indicating minimal overfitting and
reliable probability estimates for clinical application.

DISCUSSION

Previous studies have demonstrated that significant
fibrosis (=F2) in patients with MASLD is strongly associ-
ated with increased mortality and risk of liver transplanta-
tion.®* Therefore, clinical management should focus not
only on identifying advanced fibrosis but also emphasize
early detection of patients at stage F2 to enable timely
intervention during the reversible phase of disease pro-
gression, thereby supporting secondary prevention.
Although currently used noninvasive scoring models
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Figure 1. Comparison of FGF-21 and FIB-4 levels between patients with MASLD with different fibrosis stages (FO-F1 vs. F2-F4). (A) Serum
FGF-21 levels were significantly higher in the F2-F4 group compared with the FO-F1 group. (B) FIB-4 index values were significantly elevated
in the F2-F4 group compared with the FO-F1 group. Notes: Asterisks indicate statistical significance (* P < .05; ** P < .01; *** P <.001). FIB-4,
fibrosis-4 index; FGF-21, fibroblast growth factor 21; MASLD, metabolic dysfunction-associated steatotic liver disease.
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Table 3. Univariate Logistic Regression for Factors Associated with
F2-F4 Fibrosis in MASLD

Univariate Analysis

Variable OR 95% ClI P

Age (years) 1.01 0.972-1.05 .600
Gender (male) 0.685 0.31-1.512 .349
BMI (kg/m?) 1.073 0.94-1.225 .295
WC (cm) 1.055 1.006-1.105 .026
SBP (mmHg) 0.998 0.956-1.041 916
DBP (mmHg) 0.986 0.939-1.035 .563
GGT (U/L) 1.033 1.006-1.061 .016
ALP (U/L) 1.000 0.971-1.030 .989
Albumin (g/L) 0.974 0.856-1.109 .693
Tbil (umol/L) 1.023 0.919-1.139 .675
HbA1c (%) 1.376 0.734-2.580 319
HOMA-IR 1.989 1.331-2.972 <.001
TG (mmol/L) 1.663 0.97-2.851 .064
TC (mmol/L) 3.863 1.5691-9.379 .003
HDL-C (mmol/L) 0.055 0.007-0.455 .007
LDL-C (mmol/L) 2512 1.327-4.757 .005
FIB-4 8.383 2.635-26.667 <.001
FGF-21 (pg/mL) 1.013 1.006-1.019 <.001

OR for continuous variables (WC, GGT, HOMA-IR, TC, HDL-C, LDL-C, FIB-4,
and FGF-21) are reported per 1 SD increase to allow comparison of effect
sizes across variables with different scales. A P < .05 was considered statisti-
cally significant. HOMA-IR = [FINS (plU/mL) x FPG (mmol/L)]/22.5; FIB-4 =
[age (years) x AST (U/L)]/ [PLT (x10°%/L) x VALT (U/L)].

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FGF-
21, fibroblast growth factor 21; FIB-4, fibrosis-4 index; FINS, fasting insulin;
GGT, y-glutamyl transferase; HbA1c, hemoglobin A1c; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MASLD,
metabolic dysfunction—-associated steatotic liver disease; OR, odds ratio; PLT,
platelet count; SBP, systolic blood pressure; TC, total cholesterol; Tbil, total
bilirubin; TG, triglycerides; WC, waist circumference.

such as FIB-4 perform well in detecting advanced fibro-
sis, their ability to distinguish significant fibrosis (F2-F4)
from early-stage fibrosis (FO-F1) remains suboptimal.3®
FGF-21, a hepatokine closely linked to metabolic stress, is
consistently elevated in patients with MASLD, suggesting
its potential to provide additional predictive value beyond
conventional models.®® Against this background, the
current study stratified patients into FO-F1 and F2-F4
groups to investigate the association between metabolic
indicators and fibrosis progression and further evaluated
the performance of combined FGF-21 and FIB-4 for risk
stratification

The results demonstrated significantly elevated FIB-4
index and FGF-21 levels in the F2-F4 group. FIB-4, a non-
invasive scoring tool incorporating age, platelet count,
ALT, and AST, correlates well with FibroScan-measured
fibrosis stages and has been validated as a surrogate
marker for significant fibrosis in MASLD.%" Similarly,
FGF-21 shows increased hepatic expression and circu-
lating levels in patients with MASLD/MASH, indicating
an association with significant and advanced fibrosis.®®
The observed progressive increase in FGF-21 with fibro-
sis stage is consistent with prior reports, supporting its
potential as a sensitive biomarker for fibrosis progression
in MASLD.

Comparative analysis showed significantly higher WC
and LDL-C levels in the F2-F4 group. Large-scale cohort
studies have confirmed that WC and related indices bet-
ter demonstrate visceral fat distribution than BMI and are
strongly associated with the development and prognosis
of MASLD.28 Dyslipidemia, particularly elevated non-HDL-
C to HDL-C ratios, has been identified as an independent
risk factor for NAFLD/MASLD progression.®® Univariate
logistic regression identified WC, GGT, HOMA-IR, HDL-C,
TC, LDL-C, FIB-4, and FGF-21 as significant predictors
of F2-F4 fibrosis. Multivariate analysis further confirmed
FIB-4, FGF-21, WC, GGT, and HOMA-IR as independent
risk factors, whereas HDL-C served as a protective fac-
tor. These findings suggest that progression to significant
fibrosis involves not only traditional components of met-
abolic syndrome and liver injury but also markers of meta-
bolic stress markers (FGF-21) and fibrosis burden (FIB-4).

The FGF-21/FIB-4 combination model is designed to
complement, rather than replace, existing risk stratifi-
cation algorithms for MASLD. Although imaging-based
modalities such as FibroScan and MRE provide superior
diagnostic performance, their high cost and limited avail-
ability restrict widespread use, particularly in resource-
limited settings. In contrast, the proposed serum-based
model utilizes routinely available laboratory parameters,
making it accessible for initial screening in primary care
and community healthcare settings. Recent evidence
indicates that FGF-21 serves as a biomarker for metabolic
dysfunction in MASLD and that incorporating metabolic
parameters with fibrosis indices may improve risk assess-
ment.*%4" This model can serve as a first-line screening
tool to identify patients requiring confirmatory imaging
or biopsy, thereby optimizing resource allocation and
improving patient triage efficiency within existing diag-
nostic pathways.
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Variables OR (95% CI) P-value
wcC 1.89 (1.06-3.37) 0.030
GGT 1.91 (1.09-3.34) 0.023

HOMA-IR 2.23 (1.19-4.17) 0.012
TC ——— 1.20 (0.69-2.10) 0.516

HDL-c r—o—‘ 0.54 (0.30-0.98) 0.044

LDL-c '-—0—' 1.62 (0.93-2.82) 0.086

FIB-4 I 2.22 (1.21-4.08) 0.010

FGF-21 2.37 (1.31-4.26) 0.004
0 1 2 3 4

Figure 2. Forest plot of multivariate logistic regression analysis for significant liver fibrosis (F2-F4) in patients with MASLD. Continuous
variables were standardized (per SD) to facilitate comparison of effect sizes. Only variables with P < .05 in univariate analysis (Table 3) were
included in the multivariate model. FGF-21, fibroblast growth factor 21; FIB-4, fibrosis-4 index; GGT, y-glutamyl transferase; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol;
MASLD, metabolic dysfunction-associated steatotic liver disease; TC, total cholesterol; WC, waist circumference.

The combined FIB-4/FGF-21 model demonstrated
good discrimination for significant fibrosis (=F2), with an
AUC of 0.806. In metabolically high-risk MASLD/NAFLD
cohorts, FIB-4 has generally demonstrated only moderate

1.00

0.75

Sensitivity
o
3

— FGF-21 AUC=0.735 (0.642-0.827)

0.25
— FIB-4 AUC=0.743 (0.654-0.832)
— FIB-4 + FGF-21 AUC=0.806 (0.727-0.886)
0.00
1.00 0.75 0.50 0.25 0.00
1 - Specificity

Figure 3. ROC curve analysis comparing FIB-4, FGF-21, and their
combined model for detecting significant liver fibrosis (F2-F4) in
patients with MASLD. AUC, area under the curve; FGF-21, fibroblast
growth factor 21; FIB-4, fibrosis-4 index; MASLD, metabolic
dysfunction-associated steatotic liver disease.

discrimination for advanced fibrosis, with AUROC values
typically ranging from 0.73 to 0.77.#2-** Consistent with
these reports, FIB-4 alone showed similar performance
in the current cohort (AUC 0.743), whereas addition of
FGF-21improved overall discrimination (AUC 0.8086). This
improvement is biologically plausible because FGF-21, a
hepatokine closely linked to metabolic stress and MASLD
progression, may capture disease-relevant information
not fully reflected by routine fibrosis indices. FGF-21 alone
achieved discrimination comparable to FIB-4 (AUC 0.735
vs. 0.748), and the combined model further improved per-
formance by integrating signals related to both hepatic
injury and metabolic dysregulation. The selection of opti-
mal cutoff values should be guided by clinical context and
intended use. The current analysis evaluated 3 distinct
strategies, each suited to different diagnostic scenarios.
The Youden index—based cutoff (0.159) maximized over-
all diagnostic efficiency, with a sensitivity of 94.12% and
a specificity 54.95%. This approach is suitable for initial
screening in primary care settings where the primary
objective is to identify all patients who may require fur-
ther evaluation for significant fibrosis in MASLD. High
sensitivity minimizes false-negative results, reducing the
likelihood of missed cases of significant fibrosis, although
this comes at the expense of lower specificity.

For settings requiring higher certainty before proceed-
ing to costly confirmatory testing (e.g., FibroScan or liver
biopsy), the specificity-oriented cutoff (71.43%) provides
a balanced approach that reduces unnecessary referrals
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Table 4. Diagnostic Performance of FIB-4, FGF-21, and Their Combination for Detecting F2-F4 Fibrosis

Threshold Type Model Cutoff Sensitivity (%) Specificity (%) FPR (%) FNR (%) Youden Index P
Youden index FIB-4 +FGF-21 0.159 94.12 54.95 45.05 5.88 0.491 <.001
FGF-21 126.505 85.29 58.24 41.76 14.71 0.435 <.001
FIB-4 1.030 88.24 56.04 43.96 11.76 0.443 <.001
Specificity 270% FIB-4 + FGF-21 0.231 76.47 71.43 28.57 23.53 0.479 <.001
FGF-21 153.630 70.59 70.33 29.67 29.41 0.409 <.001
FIB-4 1.295 58.82 79.12 20.88 41.18 0.379 <.001
Sensitivity 270% FIB-4 + FGF-21 0.259 70.59 73.63 26.37 29.41 0.442 <.001
FGF-21 153.630 70.59 70.33 29.67 29.41 0.409 <.001
FIB-4 1.165 70.59 65.93 34.07 29.41 0.365 <.001

The primary cutoff was determined by the Youden index (sensitivity + specificity — 1). Alternative thresholds were selected to meet clinical criteria (specificity
or sensitivity 270%). Predictive probabilities from the combined model were calculated using logistic regression with standardized predictors (per 1 SD
increase). P values for comparisons of AUCs were calculated using the DeLong test.

AUC, area under the ROC curve; FGF-21, fibroblast growth factor 21; FIB-4, fibrosis-4 index; FNR, false-negative rate; FPR, false-positive rate.

while maintaining acceptable sensitivity. Conversely,
the sensitivity 270% threshold (cutoff 0.259, sensitiv-
ity 70.59%, and specificity 73.63%) provides the best

Calibration Plot: Combined Model
FIB4 + FGF21 | Bootstrap validation (B = 500)

100% 1
= = =|deal , /
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Figure 4. Calibration plot for the combined FIB-4/FGF-21 model. A
calibration plot shows the agreement between predicted probabilities
and observed frequencies of significant fibrosis (F2-F4). The diagonal
dashed line represents perfect calibration, the solid line represents
the bias-corrected calibration curve (bootstrap validation with 500
iterations), and the dotted line represents the apparent calibration.
The model demonstrated good calibration with a calibration slope of
0.880, anintercept of 0.051, and a mean absolute error of 0.045. FIB-
4, fibrosis-4 index; FGF-21, fibroblast growth factor 21.

balance of both metrics and may be optimal for specialist
settings where accurate risk stratification is paramount.
The availability of these alternative cutoff strategies
enables clinicians to tailor the diagnostic decision-making
according to their specific clinical context, resource avail-
ability, and characteristics of the target population.

The current study has several limitations. First, the rela-
tively modest sample size may limit statistical preci-
sion. Second, validation was based on internal bootstrap
resampling; although calibration indicated limited opti-
mism, external validation is still needed. Third, this was
a single-center cohort from a Chinese tertiary hospi-
tal, and applicability to other settings and populations
requires confirmation. Fourth, longitudinal changes in
biomarkers and fibrosis were not assessed. Future studies
should focus on prospective external validation in diverse
cohorts, comparison with established imaging methods,
and evaluation of longitudinal predictive utility.

The current study confirms that both FGF-21 and FIB-4
serve as effective indicators for assessing liver fibrosis risk
in patients with MASLD, with their combination demon-
strating superior diagnostic performance compared with
either marker alone. The integrated model significantly
improves sensitivity while maintaining specificity, enabling
timely identification of high-risk patients who may ben-
efit from further intervention while reducing unnecessary
invasive procedures such as liver biopsy in low-risk indi-
viduals. This approach offers a simple, scalable, noninva-
sive screening tool for MASLD-related fibrosis, supporting
improved risk stratification and contributing to more pre-
cise and efficient clinical decision-making.

790



Cao et al. FGF-21 and FIB-4 for Hepatic Fibrosis in MASLD

Turk J Gastroenterol 2026; 37(7): 782-792

Data Avadilability Statement: The data that support the findings of
this study are available on request from the corresponding author.

Artificial Intelligence Usage Statement: The authors declared that
no Artificial Intelligence tool was used in the preparation of the
manuscript.

Ethics Committee Approval: Ethical committee approval was
received from the Ethics Committee of The Second Affiliated
Hospital of Harbin Medical University (Approval no: 202101HB-6,
Date: January 16, 2021).

Informed Consent: Written informed consent was obtained from
the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - Y.C., X.Z, Q.Z; Design - Y.C.,, X.Z,
Q.Z; Supervision — Y.C.,, XZ, Q.Z; Resources — Y.C, XZ, QZ,;
Materials - Y.C., X.Z,, Q.Z,; Data Collection and/or Processing — Y.C,,
X.Z., Q.Z; Analysis and/or Interpretation — Y.C., X.Z,, Q.Z,; Literature
Search-Y.C.,, X.Z, Q.Z; Writing - Y.C.,, X.Z,, Q.Z,; Critical Review-Y.C.,
XZ,Q.Z

Declaration of Interests: The authors have no conflicts of interest
to declare.

Funding: The authors declare that this study received no financial
support.

REFERENCES

1. Eslam M, Newsome PN, Sarin SK, et al. A new definition for meta-
bolic dysfunction-associated fatty liver disease: an international
expert consensus statement. J Hepatol. 2020;73(1):202-209.
[CrossRef]

2. Rinella ME, Lazarus JV, Ratziu V, et al. A multisociety Delphi con-
sensus statement on new fatty liver disease nomenclature. J Hepa-
tol. 2023;79(6):1542-1556. [CrossRef]

3. Rinella ME, Lazarus JV, Ratziu V, et al. A multisociety Delphi con-
sensus statement on new fatty liver disease nomenclature. Ann
Hepatol. 2024,29(1):101133. [CrossRef]

4. Rong L, Zou J, Ran W, et al. Advancements in the treatment of
non-alcoholic fatty liver disease (NAFLD). Front Endocrinol.
2023;13:1087260. [CrossRef]

5. Engin A. Nonalcoholic fatty liver disease and staging of hepatic
fibrosis. Adv Exp Med Biol. 2024;1460:539-574. [CrossRef]

6. Al Nadaf L, Hussein Kamareddine M, Fayad E, et al. Correlation
between Fibroscan and laboratory tests in non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis patients for assessing liver
fibrosis. World J Hepatol. 2022;14(4):744-753. [CrossRef]

7. Lee JS, Lee HW, Kim BK, et al. Comparison of FibroScan-aspartate
aminotransferase (FAST) score and other non-invasive surrogates in
predicting high-risk non-alcoholic steatohepatitis criteria. Front
Med. 2022;9:869190. [CrossRef]

8. Balkhed W, Aberg FO, Nasr P, et al. Repeated measurements of
non-invasive fibrosis tests to monitor the progression of non-alco-
holic fatty liver disease: a long-term follow-up study. Liver Int.
2022;42(7):1545-1556. [CrossRef]

9. Sripongpun P, Kim WR, Mannalithara A, et al. The steatosis-
associated fibrosis estimator (SAFE) score: a tool to detect low-risk
NAFLD inprimary care. Hepatology. 2023,77(1):256-267.[CrossRef]
10. Chen X, Goh GBB, Huang J, et al. Validation of non-invasive fibro-
sis scores for predicting advanced fibrosis in metabolic-associated
fatty liver disease. J Clin Transl Hepatol. 2022;10(4):589-594.
[CrossRef]

11. Di Mauro S, Scamporrino A, Filippello A, et al. Clinical and molecu-
lar biomarkers for diagnosis and staging of NAFLD. Int J Mol Sci.
2021;22(21):11905. [CrossRef]

12. Riazi K, Azhari H, Charette JH, et al. The prevalence and incidence
of NAFLD worldwide: a systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. 2022;7(9):851-861. [CrossRef]

13. Blomdahl J, Aberg M, Fridén M, et al. Proteomic signatures for
fibrosis in MASLD: a biopsy-proven dual-cohort study. Scand J Gas-
troenterol. 2025;60(6):597-605. [CrossRef]

14. Chang D, Truong E, Mena EA, et al. Machine learning models are
superior to noninvasive tests in identifying clinically significant
stages of NAFLD and NAFLD-related cirrhosis. Hepatology.
2023;77(2):546-557. [CrossRef]

15. Khalifa A, Rockey DC. The utility of liver biopsy in 2020. Curr Opin
Gastroenterol. 2020;36(3):184-191. [CrossRef]

16. Harrison SA, Dubourg J. Liver biopsy evaluation in MASH drug
development: think thrice, act wise. J Hepatol. 2024,81(5):886-894.
[CrossRef]

17. Shima T, Sakai K, Oya H, et al. Diagnostic accuracy of combined
biomarker measurements and vibration-controlled transient elas-
tography (VCTE) for predicting fibrosis stage of non-alcoholic fatty
liver disease. J Gastroenterol. 2020;55(1):100-112. [CrossRef]

18. Selvaraj EA, Mdzes FE, Jayaswal ANA, et al. Diagnostic accuracy
of elastography and magnetic resonance imaging in patients with
NAFLD: a systematic review and meta-analysis. J Hepatol.
2021;75(4):770-785. [CrossRef]

19. Chon YE, Jin YJ, An J, et al. Optimal cut-offs of vibration-con-
trolled transient elastography and magnetic resonance elastography
in diagnosing advanced liver fibrosis in patients with nonalcoholic
fatty liver disease: a systematic review and meta-analysis. Clin Mol
Hepatol. 2024,;30(suppl):S117-S133. [CrossRef]

20. Drolz A, Wolter S, Wehmeyer MH, et al. Performance of non-
invasive fibrosis scores in non-alcoholic fatty liver disease with and
without morbid obesity. Int J Obes. 2021,45(10):2197-2204.
[CrossRef]

21. Albert SG, Wood EM. FIB-4 as a screening and disease monitoring
method in pre-fibrotic stages of metabolic dysfunction-associated
fatty liver disease (MASLD). J Diabetes Complications.
2024,38(7):108777. [CrossRef]

22. Siddiqui MS, Yamada G, Vuppalanchi R, et al. Diagnostic accu-
racy of noninvasive fibrosis models to detect change in fibrosis
stage. Clin Gastroenterol Hepatol. 2019;17(9):1877-1885.e5.
[CrossRef]

283. Mosca A, Della Volpe L, Alisi A, et al. Non-invasive diagnostic test
for advanced fibrosis in adolescents with non-alcoholic fatty liver
disease. Front Pediatr. 2022;10:885576. [CrossRef]

24. Mikolasevic |, Domislovic V, Krznaric-Zrnic |, et al. The accuracy
of serum biomarkers in the diagnosis of steatosis, fibrosis, and
inflammation in patients with nonalcoholic fatty liver disease
in comparison to a liver biopsy. Medicina. 2022;,58(2):252.
[CrossRef]

25. Hagstrom H, Talbdck M, Andreasson A, et al. Repeated FIB-4
measurements can help identify individuals at risk of severe liver
disease. J Hepatol. 2020;73(5):1023-1029. [CrossRef]

791


https://dx.doi.org/10.1016/j.jhep.2020.03.039
https://dx.doi.org/10.1016/j.jhep.2023.06.003
https://dx.doi.org/10.1016/j.aohep.2023.101133
https://dx.doi.org/10.3389/fendo.2022.1087260
https://dx.doi.org/10.1007/978-3-031-63657-8_18
https://dx.doi.org/10.4254/wjh.v14.i4.744
https://dx.doi.org/10.3389/fmed.2022.869190
https://dx.doi.org/10.1111/liv.15255
https://dx.doi.org/10.1002/hep.32545
https://dx.doi.org/10.14218/JCTH.2021.00311
https://dx.doi.org/10.3390/ijms222111905
https://dx.doi.org/10.1016/S2468-1253(22)00165-0
https://dx.doi.org/10.1080/00365521.2025.2490996
https://dx.doi.org/10.1002/hep.32655
https://dx.doi.org/10.1097/MOG.0000000000000621
https://dx.doi.org/10.1016/j.jhep.2024.06.008
https://dx.doi.org/10.1007/s00535-019-01626-1
https://dx.doi.org/10.1016/j.jhep.2021.04.044
https://dx.doi.org/10.3350/cmh.2024.0392
https://dx.doi.org/10.1038/s41366-021-00881-8
https://dx.doi.org/10.1016/j.jdiacomp.2024.108777
https://dx.doi.org/10.1016/j.cgh.2018.12.031
https://dx.doi.org/10.3389/fped.2022.885576
https://dx.doi.org/10.3390/medicina58020252
https://dx.doi.org/10.1016/j.jhep.2020.06.007

Turk J Gastroenterol 2026; 37(7): 782-792

Cao et al. FGF-21 and FIB-4 for Hepatic Fibrosis in MASLD

26. McPherson S, Hardy T, Dufour JF, et al. Age as a confounding
factor for the accurate non-invasive diagnosis of advanced NAFLD
fibrosis. Am J Gastroenterol. 2017;112(5):740-751. [CrossRef]

27. Xiao F, Shi X, Huang P, et al. Dose-response relationship between
serum fibroblast growth factor 21 and liver fat content in non-alco-
holic fatty liver disease. Diabetes Metab. 2021;47(6):101221.
[CrossRef]

28. Fisher FM, Maratos-Flier E. Understanding the physiology of
FGF21. Annu Rev Physiol. 2016,78(1):223-241. [CrossRef]

29.Kim HY, Yoo YH. Recombinant FGF21 attenuates polychlorinated
biphenyl-induced NAFLD/NASH by modulating hepatic Lipocalin-2
expression. Int J Mol Sci. 2022;23(16):8899. [CrossRef]

30. Watanabe M, Risi R, Camajani E, et al. Baseline HOMA IR and
circulating FGF21 levels predict NAFLD improvement in patients
undergoing a low carbohydrate dietary intervention for weight loss:
a prospective observational pilot study. Nutrients. 2020;12(7):2141.
[CrossRef]

31. Praktiknjo M, Djayadi N, Mohr R, et al. Fibroblast growth factor
21 is independently associated with severe hepatic steatosis in non-
obese HIV-infected patients. Liver Int. 2019;39(8):1514-1520.
[CrossRef]

32. Barb D, Bril F, Kalavalapalli S, Cusi K. Plasma fibroblast growth
factor 21 is associated with severity of nonalcoholic steatohepatitis
in patients with obesity and type 2 diabetes. J Clin Endocrinol Metab.
2019;104(8):3327-3336. [CrossRef]

33. Stdl P. Liver fibrosis in non-alcoholic fatty liver disease - diag-
nostic challenge with prognostic significance. World J Gastroenterol.
2015;21(39):11077. [CrossRef]

34. Angulo P, Kleiner DE, Dam-Larsen S, et al. Liver fibrosis, but no
other histologic features, is associated with long-term outcomes of
patients with nonalcoholic fatty liver disease. Gastroenterology.
2015;149(2):389-397.e10. [CrossRef]

35. Vilar-Gomez E, Chalasani N. Non-invasive assessment of non-
alcoholic fatty liver disease: clinical prediction rules and blood-based
biomarkers. J Hepatol. 2018;68(2):305-315. [CrossRef]

36. Gallego-Durdn R, Ampuero J, Maya-Miles D, et al. Fibroblast
growth factor 21 is a hepatokine involved in MASLD progression. U
Eur Gastroenterol J. 2024,12(8):1056-1068. [CrossRef]

37. Amernia B, Moosavy SH, Banookh F, et al. FIB-4, Apri, and AST/
ALT ratio compared to FibroScan for the assessment of hepatic
fibrosis in patients with non-alcoholic fatty liver disease in Bandar
Abbas, Iran. BMC Gastroenterol. 2021;21(1):453. [CrossRef]

38.Yeo YH, Zhu Y, Gao J, et al. Anthropometric measures and mortal-
ity risk in individuals with metabolic dysfunction-associated stea-
totic liver disease (MASLD): a population-based cohort study.
Aliment Pharmacol Ther. 2025,62(2):168-179. [CrossRef]

39. Huang X, Li J, Zhang L, et al. The association between the non-
high-density lipoprotein cholesterol to high-density lipoprotein cho-
lesterol ratio and non-alcoholic fatty liver disease in US adults: a
cross-sectional study. Sci Rep. 2024;14(1):24847. [CrossRef]

40. Keskin M, Arsoy HA, Kara O, et al. Metabolic and hepatic profiles
of non-obese and obese metabolic dysfunction-associated steatotic
liverdiseaseinadolescents:therole of FibroScan parameters,fibroblast
growth Factor-21, and Cytokeratin-18. Turk J Gastroenterol.
2025,36(3):152-161. [CrossRef]

41. Gurbuz B, Koylu B, Keskin O. Total metabolic syndrome score in
addition to FIB-4 score may be useful in predicting advanced fibrosis
in metabolic dysfunction-associated steatotic liver disease. Turk J
Gastroenterol. 2025,36(11):796-797. [CrossRef]

42. Alam MS, Kalam ST, Khan MiI, et al. Comparison of FIB-4, Apri
and AST/ALT ratio with FibroScan in patients with NAFLD and type
2 diabetes: a single-center study from Bangladesh. Egypt Liver J.
2025;15(1):38. [CrossRef]

48. Kim J, Ito T, Arai T, et al. Modified FIB-4 index in type 2 diabetes
mellitus with steatosis: A non-linear predictive model for advanced
hepatic fibrosis. Diagnostics. 2024;14(22):2500. [CrossRef]

44. Kang YW, Baek YH, Moon SY. Sequential diagnostic approach
using FIB-4 and ELF for predicting advanced fibrosis in metabolic
dysfunction-associated steatotic liver disease. Diagnostics.
2024,14(22):2517. [CrossRef]

792


https://dx.doi.org/10.1038/ajg.2016.453
https://dx.doi.org/10.1016/j.diabet.2020.101221
https://dx.doi.org/10.1146/annurev-physiol-021115-105339
https://dx.doi.org/10.3390/ijms23168899
https://dx.doi.org/10.3390/nu12072141
https://dx.doi.org/10.1111/liv.14107
https://dx.doi.org/10.1210/jc.2018-02414
https://dx.doi.org/10.3748/wjg.v21.i39.11077
https://dx.doi.org/10.1053/j.gastro.2015.04.043
https://dx.doi.org/10.1016/j.jhep.2017.11.013
https://dx.doi.org/10.1002/ueg2.12534
https://dx.doi.org/10.1186/s12876-021-02038-3
https://dx.doi.org/10.1111/apt.70174
https://dx.doi.org/10.1038/s41598-024-76002-y
https://dx.doi.org/10.5152/tjg.2025.24760
https://dx.doi.org/10.5152/tjg.2025.25058
https://dx.doi.org/10.1186/s43066-025-00442-y
https://dx.doi.org/10.3390/diagnostics14222500
https://dx.doi.org/10.3390/diagnostics14222517

