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Abstract
Background

Detection of fibrosis in metabolic dysfunction–associated steatotic liver disease (MASLD) is crucial for
referral to hepatology care. Current guidelines recommend a two-step strategy based on FIB-4 (cut-offs
1.3 or 2.0 if > 65 years) followed by liver stiffness measurement (LSM ≥ 8 kPa). We assessed the real-
world FIB-4 performance in a large Italian MASLD cohort and identified factors determining
misclassification.

Methods

We enrolled 2638 ultrasound-proven MASLD patients from 9 Italian hepatological centers at their first
evaluation. All subjects underwent simultaneous Fibroscan® and FIB-4 calculation within 6 months from
referral.

Results

LSM ≥ 8 kPa in 21.9% of patients. Among those with FIB-4 < 1.3/2.0, 13.2% were false negatives (LSM ≥ 8
kPa), 58.7% of patients with FIB-4 ≥ 1.3/2.0 were false positives (LSM<8kPa). Diabetes, hypertension,
overweight and obesity, elevated ALT, and grade 3 steatosis independently predicted false-negative
results, whereas older age, diabetes, and elevated ALT reduced the likelihood of false-positive
classification. FIB-4 showed 59% sensitivity, 77% specificity, 87% negative predictive value, and an
AUROC of 0.72 (95% CI 0.69–0.74). Diagnostic accuracy improved with age (AUROC 0.59 in patients < 45
years vs 0.77 in ≥ 65 years), declined with increasing BMI (0.82 in lean vs 0.71 in obesity), and in severe
steatosis (0.64 vs 0.76). Lower rule-out thresholds were required in younger, obese, and severe steatosis
patients.

Conclusions

FIB-4 showed only moderate performance for detecting elevated LSM in MASLD. Patients with multiple
cardiometabolic factors were frequently misclassified, supporting the need for a direct fibrosis
assessment in high-risk individuals and for individualized FIB-4 thresholds.

Introduction
Metabolic dysfunction-associated steatotic liver disease (MASLD), defined by hepatic steatosis and at
least one cardiometabolic risk factor, is the leading cause of chronic liver disease worldwide. It affects
approximately 30% of the general population and up to 60% and 90% of individuals with type 2 diabetes
(T2DM) and obesity 1. MASLD encompasses a spectrum ranging from simple steatosis to metabolic
dysfunction-associated steatohepatitis (MASH) and advanced fibrosis, the main determinant of liver-
related morbidity and mortality2.
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Although liver biopsy remains the reference standard for fibrosis staging, its invasiveness, cost and
potential complications limit widespread use. Several non-invasive tests have therefore been developed,
including serum biomarkers and imaging-based techniques such as vibration-controlled transient
elastography (VCTE; FibroScan®)3. The Fibrosis-4 (FIB-4) score4 is the most widely used serum-based
test because it is simple, inexpensive and readily available. Based on age, platelet count, AST and ALT
levels, it applies cut-offs of 1.3 (2.0 in individuals aged > 65 years) and 2.67 to rule out and rule in
advanced fibrosis, respectively, achieving AUROCs of 0.77–0.815 in large multicentre studies5,6.

Since September 2024 international guidelines 3,7 recommend the use of FIB-4 in primary care to
improve case findings of advanced liver fibrosis, especially in high-risk individuals, such as those with
T2DM, obesity of elevated liver enzymes. Briefly, current guidelines propose a two-step algorithm based
on FIB-4 followed by FibroScan®: individuals FIB-4 < 1.3 do not require hepatology referral and should
undergo periodic reassessment of the score, whereas those with FIB4 ≥ 1.3 should undergo intensified
management of comorbidities and/or second-line non-invasive testing with FibroScan®. Those with
increased liver stiffness measurement (LSM ≥ 8 kPa) or with FIB4 ≥ 2.67 are referred to a hepatology
centre8,9. However, the predictive values of FIB-4 depend on fibrosis prevalence and therefore vary
across clinical settings10. Emerging evidence suggests that standard thresholds may be suboptimal in
high-risk metabolic populations, potentially missing clinically relevant fibrosis, particularly in patients
with MASLD and T2DM11–13.

With the advent of pharmacological treatments for non-cirrhotic MASH, accurate fibrosis detection is
increasingly important. Treatment eligibility has recently been proposed for patients with LSM ≥ 10
kPa14, while optimization of obesity and T2DM remains central to MASLD management7.

This multicentre study therefore aimed to evaluate the performance of the guideline-recommended two-
step algorithm in a real-world Italian tertiary hepatology setting, identify factors associated with
misclassification, and assess FIB-4 performance across clinically relevant subgroups.

Materials and Methods

Subject selection
All consecutive patients with US-proven MASLD at their first evaluation at 9 Italian tertiary hepatology
centres were retrospectively enrolled over the last 5 years up preceding January 2025. Patients
underwent simultaneous Fibroscan® and FIB-4 calculation within 6 months from referral.

Definition of MASLD and other metabolic comorbidities
MASLD was defined by the presence of hepatic steatosis plus at least one metabolic
comorbidity3.Subjects with other causes of steatotic liver disease and with alcohol consumption > 30/20
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g/day in men/women were excluded.

Hepatic steatosis was diagnosed and graded by ultrasonography (US) using a convex 3.5 MHz probe.

Insulin resistance was diagnosed by a Homeostasis Model Assessment of Insulin Resistance (HOMA-
IR) > 2.5. Impaired renal function was defined by an estimating the glomerular filtration rate (GFR) < 60
mL/min/1.73 m² using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

Fibrosis assessment
FIB-4 was calculated using available blood tests at the time of inclusion in the study according to the
validated formula4. FibroScan® was performed by one expert physician for each centre for the
determination of the LSM using the M probe or the XL probe in case of unsuccessful measurements.
The final value was obtained using standardized procedures and LSM ≥8kpa defined the presence of
significant fibrosis3, whereas LSM≥15kPa was considered highly suggestive of compensated advanced

chronic liver disease (cACLD)15.

Statistical analysis
Continuous and categorical variables were summarized using standard descriptive statistics and
compared with appropriate parametric or non-parametric tests. Missing data were handled by complete-
case analysis. FIB-4 diagnostic performance was assessed using sensitivity, specificity, PPV, NPV and
AUROC. Misclassification was defined as false negatives (LSM ≥ 8 kPa and FIB-4 < 1.3 or 2.0 if > 65
years) and false positives (LSM < 8 kPa and FIB-4 ≥ 1.3 or 2.0 if > 65 years). Factors associated with
misclassification were investigated using centre-adjusted logistic regression.

Diagnostic performance was also evaluated across clinically relevant subgroups, with AUROCs
compared using the DeLong test according to: (1) age, sex and metabolic comorbidities; (2) severity of
liver disease; (3) enrollment from September 2024 onward and to the presence of risk factors for
advanced liver disease 3,7. A two-sided p-value < 0.05 was considered significant. Analyses were
performed using SPSS 30.0 and R.

Results

Demographic and metabolic features
A total of 2638 subjects with US-defined MASLD were enrolled from nine Italian tertiary hepatology
centres (Supplementary table 1 and 2): Milan (n = 562), Bologna (n = 140), Verona (n = 409), Rome (n = 
638), Foggia (n = 158), Humanitas (n = 186), Modena (n = 268), Palermo (n = 145) and Salerno (n = 132).
Overall, 712 (27%) patients were enrolled from September 2024 onwards.
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Mean age was 55 ± 13 years and the 61.2% were males. According to BMI (mean 30.7 ± 5.3 kg/m²)
13.3% of patients were lean, 35.5% overweight and 51.2% obese. Increased WC was present in 88.9% of
patients. Hypertension, dyslipidaemia and T2DM affected 53.7%, 65.6%, and 27.1% of the cohort.
According to current guidelines, 2007 (76.1%) patients fulfilled the criteria for strict algorithm
applicability.

Significant heterogeneity across centres was observed for most demographic and clinical
characteristics (Supplementary Table 2), including age, metabolic comorbidities (BMI, hypertension,
dyslipidaemia, T2DM) and reduced GFR (< 60 ml/min).

Liver disease features
Liver disease characteristics of the study population are summarized in Supplementary Table 1.

Severe steatosis (grade 3) was present in 25.5% of patients and 21.9% (n = 579) showed LSM ≥ 8 kPa
(median LSM 5.5 kPa (IQR 4.4–7.5)). LSM ≥ 10 kPa and ≥ 15 kPa was in 14% and 7.3% of the cohort.
Overall, 1815 (68.8%) patients had FIB-4 < 1.3/2.0, 823 (31.2%) ≥ 1.3/2.0 and 217 (8.2%) had FIB-4 > 2.67.

Elevated AST, ALT, and GGT were observed in 25.6%, 42.9%, and 34.2% of the cohort, respectively, while
45.6% had at least one elevated aminotransferase.

Liver disease severity varied significantly across centres (Supplementary Table 2). The prevalence of FIB-
4 ≥ 1.3/2.0 ranged from 16.4% in Milan to 53.1% in Palermo (p < 0.001) and LSM ≥ 8 kPa from 7.5% to
73.8% in the same centres (both p < 0.001).

Performance of FIB4 as first line strategy to detect fibrosis
FIB-4 classified 1815 (68.8%) of patients as low risk (< 1.3/2.0) and among them, 239 (13.2%) were false
negatives (LSM≥8kPa). Conversely, FIB-4 was ≥ 1.3/2 in 823 (31.2%) patients, but 483 (58.7%) were false
positives (LSM<8kPa). Overall, FIB-4 showed good specificity (77%) and NVP (87%), but suboptimal
sensitivity (59%), with an AUROC of 0.72 (95% CI 0.69–0.74) for the identification of LSM ≥8kPa
(Fig. 1A).

When considering LSM ≥ 10 kPa, FIB-4 presented a superimposable performance, with a good specificity
(74.8%) and NPV (93.4%), suboptimal sensitivity (67.8%), with an AUROC of 0.77 (95% CI 0.74–0.79).
(Supplementary Fig. 1A). Interestingly, in patients with FIB4 < 1.3/2.0, 119 (6.6%) had LSM≥10kPa. When
considering LSM ≥ 15 kPa, FIB-4 presented a better performance, with very good specificity (86%) and
negative predictive value (98%), but a very low sensitivity (26%), with an AUROC of 0.84 (95% CI 0.81–
0.87) (Supplementary Fig. 1B).

Factors affecting false negative referrals
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Among patients with FIB-4 < 1.3/2 (n = 1815), 239 (13.2%) showed LSM ≥ 8 kPa, representing false
negatives.

Among patients with FIB-4 < 1.3/2, no relevant difference in age distribution was observed between
those with LSM < 8 kPa and those with LSM ≥ 8 kPa (p = 0.154). Conversely, a more adverse metabolic
phenotype was observed in patients with LSM ≥ 8 kPa, including a higher prevalence of obesity,
increased WC, hypertension, T2DM and insulin resistance. No difference in the prevalence of
dyslipidemia was observed. (Table 1).
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Table 1
Baseline characteristics of patients classified as low risk by FIB-4 (< 1.3, or < 2.0 if aged > 65 years),

stratified according to LSM < 8 kPa versus LSM ≥ 8 kPa.
Variable LSM < 8 kPa (n = 1576) LSM ≥ 8 kPa

(n = 239)

p-value

Male sex, n (%) 959 (60.9) 141 (59.0) 0.585

Age, years

< 45 years, n(%)

45–55 years, n(%)

56–65 years, n(%)

> 65 years, n(%)

52.6 ± 13.3

440 (27.9)

452(28.7)

382(24.2)

302(19.2)

54.3 ± 13.5

58(24.3)

62(25.9)

59(24.7)

60(25.1)

0.073

0.154

BMI, kg/m²

< 25 kg/m², n(%)

≥ 30 kg/m², n(%)

30.1 ± 5.1

243(15.4)

750 (47.6)

33.7 ± 6.0

6(2.6)

163 (68.2)

< 0.001

< 0.001

< 0.001

Waist circumference, cm

> 80/94 cm M/F, n(%)

104.1 ± 12.1

1373 (87.1)

112.1 ± 12.8

234 (97.9)

< 0.001

< 0.001

Hypertension, n (%) 730 (46.3) 154 (64.4) < 0.001

Dyslipidemia, n (%) 1040 (66.0) 159 (66.5) 0.879

T2DM, n (%) 293 (18.6) 102 (42.7) < 0.001

HbA1c ≥ 53 mmol/mol, n (%) 107 (6.8) 67 (28.1) < 0.001

HOMA-IR > 2.5, n (%) 898 (57.0) 181 (75.6) < 0.001

Increased AST, n (%) 235 (14.9) 62 (25.9) < 0.001

Increased ALT, n (%) 625 (39.7) 127 (53.1) < 0.001

Increased GGT, n (%) 430 (27.3) 92 (38.6) < 0.001

Elevated transaminases, n (%) 630 (40.0) 128 (53.6) < 0.001

eGFR < 60 mL/min/1.73m², n (%) 52 (3.3) 10 (4.3) 0.482

Severe steatosis (grade 3), n (%) 348 (22.1) 108 (45.2) < 0.001

Abbreviations:ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4 index; GGT, gamma-glutamyl
transferase; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment of insulin
resistance; LSM, liver stiffness measurement; T2DM, type 2 diabetes mellitus; WC, waist
circumference.
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Table 2
Baseline characteristics of patients classified as at increased risk by FIB-4 (≥ 1.3, or ≥ 2.0 if aged > 65

years), stratified according to LSM < 8 kPa versus LSM ≥ 8 kPa.
Variable LSM < 8 kPa (n = 483) LSM ≥ 8 kPa

(n = 340)

p-value

Male sex, n (%) 181 (37.5) 127 (37.4) 0.972

Age, years

< 45 years, n(%)

45–55 years, n(%)

56–65 years, n(%)

> 65 years, n(%)

60.6 ± 9.3

25(5.2)

97(20.1)

247(51.1)

114(23.6)

63.1 ± 9.7

14(4.1)

58(17.1)

134(39.4)

134(39.4)

< 0.001

< 0.001

BMI, kg/m²

< 25 kg/m², n(%)

≥ 30 kg/m², n(%)

29.9 ± 4.8

71 (14.8)

221 (45.8)

32.3 ± 5.6

31 (9.2)

219 (64.3)

< 0.001

< 0.001

< 0.001

Waist circumference, cm

> 80/94 cm M/F, n(%)

103.7 ± 12.0

424 (87.8)

110.6 ± 13.4

326 (95.8)

< 0.001

0.007

Hypertension, n (%) 296 (61.3) 238 (70.0) 0.010

Dyslipidemia, n (%) 311 (64.5) 232 (68.2) 0.285

T2DM, n (%) 126 (26.0) 194 (57.1) < 0.001

HbA1c ≥ 53 mmol/mol, n (%) 24 (4.9) 78 (23.1) < 0.001

HOMA-IR > 2.5, n (%) 258 (53.5) 278 (81.8) < 0.001

Increased AST, n (%) 162 (33.5) 216 (63.5) < 0.001

Increased ALT, n (%) 179 (37.1) 200 (58.8) < 0.001

Increased GGT, n (%) 157 (32.6) 223 (65.7) < 0.001

Elevated transaminases, n (%) 209 (43.3) 235 (69.1) < 0.001

eGFR < 60 mL/min/1.73m², n (%) 24 (4.9) 34 (10.0) 0.015

Severe steatosis (grade 3), n (%) 108 (22.3) 115 (33.9) 0.002

Abbreviations:ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4 index; GGT, gamma-glutamyl
transferase; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment of insulin
resistance; LSM, liver stiffness measurement; T2DM, type 2 diabetes mellitus; WC, waist
circumference.
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Markers of liver injury were significantly more pronounced in patients with LSM ≥ 8 kPa, including higher
prevalence of elevated AST, ALT, GGT and severe steatosis.

At multivariate analysis (Fig. 2), T2DM (OR 2.75; 95% CI: 1.95–3.87), hypertension (OR 1.59; 95% CI:
1.12–2.25), overweight (OR 4.4, 95% CI 1.84–10.53), obesity (OR 6.65, 95% CI 2.83–15.62), increased
ALT (OR 1.81, 95% CI 1.30–2.51) and steatosis grade 3 (OR 1.73; 95% CI: 1.17–2.54) were independently
associated with misclassification.

Factors affecting false positive referrals
Among patients with FIB-4 ≥ 1.3/2 (n = 823), 483 (58.6%) had LSM < 8 kPa, representing false-positive
cases.

Among patients with FIB-4 ≥ 1.3/2, a significant difference in age distribution was observed between
those with LSM < 8 kPa and those with LSM ≥ 8 kPa, as well as a more favourable metabolic profile, with
lower prevalence of obesity, hypertension, T2DM, insulin resistance and impaired renal function.
(Table 1).

Similarly, markers of liver injury were significantly less pronounced in patients with LSM < 8 kPa,
including lower prevalence of elevated AST, ALT and GGT and severe steatosis.

At multivariate analysis (Fig. 3), age (OR 0.97; 95% CI: 0.95–0.99), T2DM (OR 0.27; 95% CI: 0.19–0.40)
and increased ALT (OR 0.43, 95% CI 0.29–0.64) were independently inversely associated with LSM<8kPa.

Stratified analysis of the diagnostic performance of FIB4
As shown in supplementary table 3, both the diagnostic performance of FIB-4 and the cut-offs required
to achieve 80% sensitivity and 95% specificity varied across clinically relevant subgroups.

• Age and sex
Diagnostic accuracy increased progressively with age, with AUROC values of 0.59 (95% CI 0.51–0.66) in
patients < 45 years, 0.65 (95% CI 0.59–0.72) in those aged 45–55 years, 0.72 (95% CI 0.68–0.76) in
those aged 56–65 years, and 0.77 (95% CI 0.73–0.81) in those aged ≥ 65 years (Fig. 1B). (De Long test:
patients < 45 vs 45–55 years (p = 0.002) and vs ≥ 65 years (p < 0.001); patients 45–55 years vs ≥ 65 years
(p < 0.003)) (Fig. 1B). FIB4 cut-off for sensitivity at 80% and specificity at 95% in patients aged < 45 years
were 0.47 and 1.3, 45–55 years 0.79 and 1.68, 56–65 years 1.17 and 2.29 and ≥ 65 years 1.75 and 3.34.

Conversely, performance was comparable between sexes (female: AUROC 0.72; 95% CI 0.69–0.75; male:
AUROC 0.71; 95% CI 0.67–0.76; DeLong test p = 0.829) (Fig. 1C).

• Metabolic comorbidities
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The diagnostic performance of FIB-4 progressively declined with increasing BMI, with the highest AUROC
observed in lean individuals (AUROC: 0.82 95% CI 0.74–0.91), intermediate values in overweight patients
(AUROC: 0.73 95% CI 0.68–0.78), and the lowest accuracy in obese individuals (AUROC 0.71, 95% CI
0.67–0.74) (Fig. 4A). (DeLong test lean vs overweight patients (p = 0.045) and vs obese patients (p = 
0.009)). FIB4 cut-off for sensitivity at 80% and specificity at 95% in lean were 1.38 and 2.34, overweight
1.04 and 2.34 and obese 0.94 and 2.30.

No significant differences in AUROC were observed according to increased vs non increased WC
(AUROC 0.68, 95% CI 0.64–0.72 vs 0.81; 95% CI 0.65–0.96; DeLong test p = 0.108) (Fig. 4B), presence vs
absence of T2DM (AUROC 0.71, 95% CI 0.66–0.74 vs 0.68, 95% CI 0.64–0.71; DeLong test p = 0.404)
(Fig. 4C), presence vs absence of hypertension (AUROC 0.69, CI 95% CI 0.66–0.73 vs 0.71, 95% CI 0.67–
0.76); DeLong test p = 0.496) (Fig. 4D), presence vs absence of dyslipidemia (AUROC 0.72, CI 95% CI
0.69–0.75 vs 0.72, 95% CI 0.68–0.77); DeLong test p = 0.496) (Fig. 4E) presence vs absence of or insulin-
resistance (AUROC 0.70, CI 95% CI 0.65–0.76 vs 0.66, CI 95% CI 0.56–0.77, DeLong test p = 0.459)
(Fig. 4F).

FIB-4 seemed to perform better in patients with vs without GFR < 60 ml/min (AUROC 0.83, 95% CI 0.74–
0.91 vs 0.71, 95% CI 0.67–0.73; DeLong test p = 0.010). FIB4 cut-off for sensitivity at 80% and specificity
at 95% in patients with GFR ≥ 60 ml/min were 0.93 and 2.26, whereas in those with GFR < 60 ml/min 1.56
and 2.54.

• Severity of liver disease
The diagnostic performance of FIB4 was affected by the presence of increased AST and/or ALT, showing
better AUROC in those presenting with vs without a rise in transaminases (AUROC 0.75,95% CI 0.72–
0.78 vs 0.68,95% CI 0.63–0.72; DeLong test p < 0.001) (Supplementary Fig. 2A). FIB4 cut-off for
sensitivity at 80% and specificity at 95% in patients without increased transaminases were 0.93 and 2.24,
whereas in those with increased transaminases 1.04 and 2.65. On the contrary, FIB-4 performance was
significantly reduced according to the presence vs absence of severe steatosis (AUROC 0.64, 95% CI
0.58–0.69 vs 0.76; 95% CI 0.73–0.80; DeLong test p < 0.001) (Supplementary Fig. 2B). Lower cut-offs
were required in patients with vs without severe steatosis for sensitivity at 80% (0.77 vs 1.09), with
superimposable thresholds for specificity (2.24 vs 2.34).

• Applying the EASL algorithm by September 2024 and to
selected populations
When analyzing the temporal referral, FIB-4 did not show any difference in performance in patients
referred from September 2024 onwards vs previous years (AUROC 0.74, 95% CI 0.70–0.78 vs 0.71; 95%
CI 0.67–0.74; DeLong test p = 0.207), nor between patients meeting vs not meeting EASL-recommended
high-risk criteria (T2DM, obesity with metabolic comorbidities, and/or elevated transaminases) (AUROC
0.72, 95% CI 0.69–0.75 vs 0.66, 95% CI 0.57–0.75; DeLong test p = 0.198).
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Discussion
In this large multicentre Italian cohort of 2638 patients with MASLD referred to tertiary hepatology
centres, FIB-4 showed only moderate accuracy (AUROC 0.72, 95% CI 0.69–0.74) for identifying clinically
significant fibrosis according to current guideline-recommended referral pathways. Using the
recommended rule-out threshold (1.3 or 2.0 in individuals ≥ 65 years), 13% of patients with LSM ≥ 8 kPa,
including 7% with LSM ≥ 10 kPa, a proposed threshold for disease-modifying therapies14, would not have
been referred for specialist evaluation. Conversely, nearly 60% of patients above the FIB-4 referral
threshold had LSM < 8 kPa, suggesting a substantial burden of unnecessary hepatology referrals and
healthcare costs.

Notably, the demographic and metabolic profile of our cohort closely reflected the contemporary
epidemiology of MASLD1. Despite a relatively young mean age (55 years), more than half of patients
were obese, nearly 90% had increased WC, over one quarter had T2DM, and a subset had chronic kidney
disease, further supporting the concept of MASLD as a key component of the cardio-renal-metabolic
syndrome 16. Importantly, the prevalence of hepatic fibrosis (by LSM) was relatively high (21.9%)

compared with estimates from population-based studies (around 5–8%)1,3. However, this finding likely
reflects the tertiary-care setting of our cohort, which is enriched for patients with more advanced liver
disease. Consistently, a recent multinational study including more than 18750 biopsy-proven MASLD
patients managed in tertiary hepatology centres reported a fibrosis prevalence of 36%10,13. As expected
in a real-world multicentre setting, relevant heterogeneity was observed across centres in terms of age
distribution, metabolic comorbidities and severity of liver disease. This likely reflects different regional
referral patterns and the heterogeneous epidemiology of metabolic disease across Italy, an issue
currently being investigated by the nationwide ITA-MASLD study17; however, adjusting all analyses for
the recruiting centers enhanced the robustness of the results.

A major finding of this study is that FIB-4 misclassification was not random but clustered in patients with
an adverse cardiometabolic phenotype. False-negative patients were more likely to have obesity, T2DM,
elevated liver enzymes, and severe steatosis, all established drivers of MASLD progression3.
Consequently, the patients most likely to be missed by FIB-4 are paradoxically those at greatest risk of
clinically significant liver disease and those most likely to benefit from a direct fibrosis assessment.
Conversely, among patients with a positive FIB-4, the absence of T2DM and normal aminotransferases
identified individuals with a lower likelihood of significant fibrosis. Consistent with this observation, the
moderate performance of FIB-4 in identifying clinically significant fibrosis among individuals with T2DM
in our cohort mirrors findings from previous studies using the same sequential screening strategy11,12.

In addition, FIB-4 accuracy increased progressively with age, from an AUROC of 0.59 (95% CI 0.51–0.66)
in patients < 45 years to 0.77 (95% CI 0.73–0.81) in those ≥ 65 years, whereas no sex-related differences
were observed. Accordingly, the FIB-4 thresholds required to maintain fixed sensitivity and specificity
targets increased across age categories, consistent with recent multinational studies reporting age-
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dependent variability in optimal thresholds13,18. Interestingly, although overall test performance
improved with age, age was not independently associated with false-negative classification below the
referral threshold. The apparent discrepancy between these findings likely reflects the different aims of
the analyses. While increasing age improved the overall discriminatory performance of FIB-4, false-
negative classification was evaluated only among patients below the referral threshold. Within this
selected subgroup, metabolic risk factors, rather than age itself, emerged as the main determinants of
clinically relevant missed fibrosis.

Indeed, also BMI highly influenced FIB4 performance, that progressively declined from lean (AUROC:
0.82 95% CI 0.74–0.91) to overweight (AUROC: 0.73 95% CI 0.68–0.78) and obese individuals (AUROC
0.71, 95% CI 0.67–0.74), with consensual lower rule-out thresholds to maintain high sensitivity. Obesity
is associated with a more complex metabolic phenotype in which fibrosis may develop despite only
modest alterations in aminotransferases or platelet count. In addition, excess adiposity may affect the
accuracy of transient elastography, particularly in patients with increased skin-to-liver distance 19,20.
Similarly, FIB-4 performed less accurately in patients with severe steatosis, who showed significantly
lower AUROC values and a higher likelihood of false-negative classification. Severe steatosis is a marker
of metabolic dysfunction and fibrogenesis and may also influence liver stiffness independently of
fibrosis stage, contributing to discordance between FIB-4 and LSM21.

As expected, FIB-4 performed better in patients with elevated aminotransferases (AUROC 0.75 vs 0.68),
likely because AST and ALT are incorporated into the score and identify patients with more active liver
disease. By contrast, the numerically higher performance observed in patients with impaired renal
function should be interpreted cautiously given the small sample size and probably reflects a greater
burden of advanced metabolic disease rather than improved test performance 22,23.

Unexpectedly, FIB-4 performance was unaffected by referral timing or fulfilment of EASL high-risk
criteria. This probably reflects the characteristics of our tertiary-care cohort, in which most patients
already fulfilled guideline criteria and referral patterns had anticipated formal implementation of the
guidelines’ pathway.

The clinical implications of these findings are several. For sure FIB-4 remains a useful and scalable first-
line tool for MASLD risk stratification, particularly because of its high negative predictive value and low
cost. However, it should be used in the right setting, where the prevalence of advanced liver disease and
metabolic alterations are lower. In fact, as demonstrated by our results, low FIB-4 results should be
interpreted cautiously. Moreover, current algorithms may benefit from further refinement by integrating
simple anthropometric and metabolic variables, particularly BMI and diabetes status, to identify patients
who should undergo second-line assessment despite low FIB-4.

The strengths of this study include the large sample size, the multicentre design, the real-world setting
and the systematic availability of liver stiffness and FIB-4 calculation. Moreover, the study provides
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clinically relevant information on the performance of FIB-4 across subgroups commonly encountered in
specialist practice.

Several limitations should also be acknowledged. First, liver biopsy was not available and LSM ≥ 8 kPa
was used as the reference standard. Although transient elastography has known limitations, particularly
in obese individuals, examinations were performed using the most appropriate probe (M or XL) and only
reliable measurements were included. Second, the tertiary-care setting may have introduced referral
bias, limiting the generalizability of fibrosis prevalence estimates to primary-care populations. However,
this was also the target population of the study, allowing evaluation of FIB-4 under real-world specialist
practice. Although differences in referral pathways likely contributed to inter-centre heterogeneity, all
multivariable analyses were adjusted for recruiting centre. Finally, although subgroup-specific FIB-4
thresholds were explored, they were derived within the same cohort and therefore require external
validation before any clinical application.

In conclusion, in this large multicentre Italian cohort of patients with MASLD referred to tertiary
hepatology centres, FIB-4 showed only moderate performance for identifying patients with elevated liver
stiffness. While its high negative predictive value supports its role as a first-line triage tool, a substantial
proportion of patients with significant fibrosis and an adverse cardiometabolic profile were missed by
the current referral pathway. These findings challenge the use of a universal fibrosis screening strategy
and support a more individualized approach. In particular, selected high-risk individuals, as those with
T2DM or obesity, may benefit from direct liver stiffness assessment rather than a sequential approach.
In addition, future referral algorithms may benefit from incorporating metabolic risk profiling and from
evaluating tailored FIB-4 thresholds according to age and metabolic characteristics in prospective
validation studies to optimize the trade-off between missed cases and unnecessary referrals.
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Figure 1

Diagnostic performance of FIB-4 for predicting LSM >8 kPa in the overall cohort (A), by age category
(<45, 46–55, 56–65, and >65 years) (B), and by sex (C).

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; FIB-4,
Fibrosis-4 index; LSM, liver stiffness measurement

Figure 2

Multivariate analysis of factors affecting misclassification (LSM>8kPa) in patients with negative FIB-4
(<1.3/2).

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index;, T2DM: type 2 diabetes mellitus CI,
confidence interval; LSM, liver stiffness measurement; OR, odds ratio.

*adjusted for centre
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Figure 3

Multivariate analysis of factors affecting misclassification (LSM<8kPa) in patients with positive FIB-4
(>1.3/2).

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index;, T2DM: type 2 diabetes mellitus CI,
confidence interval; LSM, liver stiffness measurement; OR, odds ratio.

*adjusted for centre
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Figure 4

Diagnostic performance of FIB-4 for predicting LSM >8 kPa across metabolic comorbidity subgroups.
ROC curves are shown according to BMI category (A), waist circumference (B), type 2 diabetes (C),
hypertension (D), dyslipidemia (E), and insulin resistance (F).

Abbreviations: AUC, area under the receiver operating characteristic curve; BMI, body mass index; CI,
confidence interval; FIB-4, Fibrosis-4 index; HOMA-IR, homeostatic model assessment of insulin
resistance; LSM, liver stiffness measurement; ROC, receiver operating characteristic; T2DM, type 2
diabetes mellitus; WC, waist circumference.
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