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Abstract 

Background/Objectives: Non-invasive fibrosis scores are widely used for risk stratification in 

metabolic dysfunction–associated steatotic liver disease (MASLD); however, their performance in 

obese individuals remains controversial. The Fibrosis-4 index (FIB-4) is commonly recommended as 

a first-line tool, yet may underestimate fibrosis risk in severe obesity. The BAST score, which 

incorporates metabolic and anthropometric parameters, has been proposed as an alternative. This 

study aimed to characterize both the degree and direction of discordance between FIB-4 and BAST 

in obese patients with MASLD. Methods: This predefined secondary analysis included 2,950 adults 

with obesity (BMI ≥30 kg/m²) and MASLD from the multicenter OBREDI-TR cohort. Fibrosis risk 

categories were assigned using standard cut-offs for FIB-4 and BAST. Agreement was assessed using 

weighted Cohen’s kappa. Associations between discordance patterns, obesity class, and visceral 

adiposity index (VAI) were evaluated using chi-square tests and general linear models. Results: 

Overall agreement between FIB-4 and BAST was very poor (κ = 0.041, p < 0.001). Discordance was 

observed in 22.3% of patients and increased markedly with obesity severity. In class III obesity, 

discordance was predominantly driven by low-risk classification according to FIB-4 despite high-risk 

classification by BAST. Patients with this discordant pattern exhibited significantly higher VAI values 

compared with concordant cases (p < 0.001), independent of study center. Conclusions: In obese 

patients with MASLD, particularly those with morbid obesity, FIB-4 frequently classifies patients as 

low risk while BAST identifies elevated fibrosis risk. This systematic discordance suggests that FIB-4 

may underestimate fibrosis burden in the context of severe obesity and visceral adiposity, supporting 

the need for a phenotype-oriented, multimodal approach to fibrosis risk assessment. 

Keywords: obesity; MASLD; FIB-4 score; BAST score; liver fibrosis 

 

1. Introduction 

The Metabolic dysfunction–associated steatotic liver disease (MASLD) has emerged as a major 

public health challenge owing to its rapidly increasing global prevalence. Current epidemiological 

evidence indicates that nearly one-third of the world’s population exhibits liver alterations related to 

MASLD, closely paralleling the global epidemics of obesity and insulin resistance [1,2]. 

The 2025 Global Consensus on metabolic dysfunction–associated steatotic liver disease and 

steatohepatitis (MASLD/MASH) represented a paradigm shift in diagnostic strategy by stating that 

ultrasonography is no longer a mandatory criterion for MASLD diagnosis, and that non-invasive 

tests (NITs) should instead be prioritised to assess metabolic risk profile, biochemical abnormalities, 

and fibrosis severity [3]. These NITs include serum-based fibrosis scores such as the Fibrosis-4 index 

(FIB-4), the NAFLD Fibrosis Score (NFS), and the Enhanced Liver Fibrosis (ELF) test; elastography-

based techniques including vibration-controlled transient elastography (VCTE) and magnetic 

resonance elastography (MRE); as well as composite algorithms that integrate biochemical and 

imaging parameters, such as the FibroScan-AST (FAST) score, Agile 3+ and the combination of 

magnetic resonance elastography with FIB-4 (MEFIB) [4,5]. 
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Among these, FIB-4 is an inexpensive and widely accessible first-line tool calculated using age, 

AST, ALT, and platelet count, and it demonstrates a high negative predictive value for excluding 

advanced fibrosis (F3–F4) [6]. Large cohort studies have reported AUROC values of approximately 

0.78–0.85 for advanced fibrosis detection [7]. However, its ability to identify early fibrosis stages (F0–

F2) and fibrotic MASH remains limited, and the broad indeterminate “grey zone” frequently 

necessitates secondary testing [8]. 

Importantly, the diagnostic performance of NITs deteriorates in metabolically high-risk 

populations. Both FIB-4 and NFS exhibit substantial rates of false negativity and false positivity, with 

false-negative results occurring more frequently in individuals with metabolic risk factors [9]. In a 

large NHANES-based analysis, approximately 10% of individuals at risk for MASLD who were 

categorised as “low risk” by FIB-4 demonstrated significant liver stiffness (≥8 kPa) on VCTE. This 

misclassified low-risk group had higher BMI, waist circumference, and diabetes prevalence [10]. 

Similarly, a national multicentre MASLD study showed that the prevalence of elevated FIB-4 scores 

declined from 28.1% to 8.7% with increasing BMI, suggesting systematic underestimation of fibrosis 

risk in obese individuals [11]. In that study, higher platelet counts observed in obese and smoking 

young individuals further contributed to lower FIB-4 values. 

In morbidly obese NAFLD patients, the discriminative ability of FIB-4, NFS, and the AST-to-

platelet ratio index (APRI) using conventional cut-off values is poor (AUROC <0.62), limiting their 

utility primarily to exclusion of advanced fibrosis [12]. BMI-stratified analyses in MAFLD 

populations have similarly demonstrated that FIB-4 and NFS fail to accurately identify advanced 

fibrosis in underweight and morbidly obese individuals, showing acceptable performance only for 

exclusion in overweight or non-morbidly obese patients [14]. Notably, in severely obese bariatric 

surgery candidates, the AUROC of FIB-4 for advanced fibrosis detection using standard thresholds 

is as low as 0.57, and failure to apply revised lower cut-offs results in a substantial proportion of 

advanced fibrosis cases being missed [15]. 

The age dependency of FIB-4, its limited sensitivity in MASLD patients with normal 

transaminase levels, susceptibility to false-negative results in conditions associated with elevated 

platelet counts, and inability to capture key metabolic features such as BMI, insulin resistance, and 

hypertriglyceridaemia are recognised as its principal limitations [16–18]. 

In this context, the development of fibrosis risk scores incorporating metabolic determinants has 

gained increasing clinical relevance. The BAST score (Body mass index, Age, AST, Triglycerides) is a 

novel non-invasive index that integrates four variables closely aligned with MASLD 

pathophysiology and has been proposed as a more accurate tool for fibrosis risk assessment, 

particularly in obese individuals [19]. In the study by Helal et al., BAST demonstrated markedly 

superior discriminative performance compared with FIB-4 (AUROC 0.90 vs 0.61) and significantly 

reduced false-negative rates for advanced fibrosis detection. By directly incorporating obesity-related 

parameters, BAST offers a more reliable risk stratification in metabolically high-risk populations and 

appears less vulnerable to confounding by age and platelet count [19]. 

Accordingly, this study aims to test the hypothesis that the BAST score may serve as an 

alternative or complementary tool to FIB-4 for fibrosis risk assessment in obese individuals. 

2. Materials and Methods 

2.1. Study Design and Data Source 

The present study was conducted as a predefined secondary analysis of the Obesity-Related 

Disorders in Türkiye (OBREDI-TR) study database [20]. OBREDI-TR is a large-scale, multicenter, 

retrospective, cross-sectional study performed across multiple tertiary care centers in Türkiye, 

designed to evaluate obesity-related metabolic and organ-specific complications under real-world 

clinical conditions. 

This secondary analysis specifically focused on patients diagnosed with metabolic dysfunction–

associated steatotic liver disease (MASLD) within the OBREDI-TR cohort. The study was conducted 
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in accordance with the principles of the Declaration of Helsinki and was approved by the Ethics 

Committee of Biruni University (approval number: 2024/84; date: 19 November 2024). 

2.2. Definition of MASLD 

MASLD was diagnosed when hepatic steatosis detected by ultrasonography was accompanied 

by at least one cardiometabolic risk factor, in accordance with the 2024 EASL–EASD–EASO consensus 

criteria [21]. Metabolic dysfunction was defined by the presence of obesity-related metabolic 

abnormalities, including dysglycemia, dyslipidemia, hypertension, or insulin resistance, as 

documented in the clinical records. 

Significant alcohol consumption was defined as an average daily intake exceeding 20 g/day in 

women and 30 g/day in men. Patients exceeding these thresholds were excluded to ensure a 

metabolically driven disease phenotype. Additional exclusion criteria included chronic viral 

hepatitis, autoimmune liver disease, drug-induced liver injury, malignancy, pregnancy, and other 

secondary causes of hepatic steatosis. 

2.3. Study Population 

Adult patients aged ≥18 years with obesity, defined as a body mass index (BMI) ≥30 kg/m², who 

fulfilled the diagnostic criteria for MASLD were eligible for inclusion. Patients with missing 

laboratory data required for the calculation of non-invasive fibrosis scores were excluded. 

Further exclusion criteria comprised pregnancy, acute or chronic inflammatory diseases, active 

malignancy, history of bariatric surgery, and chronic liver disease due to secondary etiologies. After 

application of all inclusion and exclusion criteria, a total of 2,950 patients were included in the final 

analysis. 

Participants were stratified according to obesity severity based on BMI categories as follows: 

Obesity class I: BMI 30.0–34.9 kg/m² 

Obesity class II: BMI 35.0–39.9 kg/m² 

Obesity class III: BMI ≥40.0 kg/m² 

Clinical and Laboratory Parameters 

Anthropometric measurements, including BMI and waist circumference (WC), were recorded 

using standardized procedures. The presence of obesity-related comorbidities, including type 2 

diabetes mellitus (T2DM), hypertension, dyslipidemia, metabolic syndrome, and obesity, was 

documented based on clinical evaluation and medical records. 

Laboratory assessments included complete blood count parameters, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), total cholesterol, triglycerides (TG), and high-density 

lipoprotein cholesterol (HDL-C). 

2.4. Non-Invasive Fibrosis Scores 

FIB-4 index was calculated using the following formula: 

FIB-4 index = Age (years) × AST (U/L) / [Platelet count (10⁹/L) × √ALT (U/L)]. 

Based on established cut-off values, patients were categorized into three fibrosis risk groups [22]: 

Low risk: FIB-4 < 1.30 

Intermediate risk: FIB-4 1.30–2.67 

High risk: FIB-4 > 2.67 

The new BAST score was calculated using the following equation: 

BAST score = 0.086 × waist circumference (cm) + 0.08 × body mass index (kg/m²) + 0.025 × AST 

(IU/L) − 14.607. 

Patients were stratified into fibrosis risk categories according to predefined BAST cut-off values 

[19]: 

Low risk: BAST < 1.48 

Intermediate risk: BAST 1.48–2.59 
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High risk: BAST > 2.59 

Visceral Adiposity Index 

Visceral adiposity was assessed using the Visceral Adiposity Index (VAI), a sex-specific 

surrogate marker of visceral fat distribution and adipose tissue dysfunction. 

For women, VAI was calculated as: 

VAI = [WC / (36.58 + 1.89 × BMI)] × (TG / 0.81) × (1.52 / HDL-C). 

For men, VAI was calculated as: 

VAI = [WC / (39.68 + 1.88 × BMI)] × (TG / 1.03) × (1.31 / HDL-C)[23]. 

Waist circumference was expressed in centimeters, and TG and HDL-C values were expressed 

in mmol/L. Based on previous literature, a VAI value of approximately 1.0 was considered indicative 

of visceral adipose tissue dysfunction. For analytical purposes, VAI was treated as a continuous 

variable, with higher values reflecting increasing degrees of visceral adiposity and metabolic risk. 

2.5. Statistical Analysis 

Continuous variables were expressed as mean ± standard deviation, and categorical variables 

were presented as counts and percentages. The normality of continuous variables was assessed using 

the Kolmogorov–Smirnov test. Between-group comparisons were performed using independent 

samples t-tests for continuous variables and chi-square tests for categorical variables, as appropriate. 

Agreement between fibrosis risk classifications derived from the FIB-4 index and the BAST score 

was evaluated using Cohen’s weighted kappa (κ) statistics. Based on the degree of agreement, 

patients were classified as concordant when both scoring systems assigned the same fibrosis risk 

category and discordant when the classifications differed. 

Associations between discordance status and obesity severity were assessed using chi-square 

tests, with effect size quantified by Cramer’s V. Differences in VAI between concordant and 

discordant groups were initially evaluated using independent samples t-tests. 

To account for the multicenter structure of the OBREDI-TR dataset, general linear models (GLM) 

were applied with patients treated as nested within centers. In these models, VAI was included as 

the dependent variable, and fibrosis score discordance status was included as the fixed factor. Model 

estimates were reported with corresponding test statistics. 

All statistical analyses were performed using IBM SPSS Statistics version 30 (IBM Corp., 

Armonk, NY, USA). A two-sided p value <0.05 was considered statistically significant. 

3. Results 

3.1. Baseline Characteristics 

A total of 2,950 patients with obesity and MASLD were included in the final analysis, comprising 

2,108 women (71.5%) and 842 men (28.5%). The overall mean age of the study population was 45.15 

± 13.58 years. The mean body mass index (BMI) was 37.34 ± 6.12 kg/m², corresponding to class II 

obesity. Detailed demographic, anthropometric, and laboratory characteristics of the study 

population, stratified by sex, are presented in Table 1. 

3.2. Agreement Between FIB-4 and BAST Classifications 

The agreement between fibrosis risk categories derived from the FIB-4 index and the BAST score 

was assessed using Cohen’s weighted kappa (κ) statistics. The analysis demonstrated very poor 

agreement between the two scoring systems (κ = 0.041, p < 0.001), indicating substantial discordance 

in fibrosis risk classification (Table 2). 

Table 1. Baseline Clinical and Laboratory Characteristics of the Study Population. 

Variable Females (n = 2,108) Males (n = 842) Total (N = 2,950) 

Age, years 45.14 ± 13.64 45.16 ± 13.44 45.15 ± 13.58 
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Weight, kg 96.85 ± 16.62 109.68 ± 19.20 100.51 ± 18.33 

Height, cm 159.92 ± 6.62 174.09 ± 7.59 163.97 ± 9.42 

BMI, kg/m² 37.80 ± 6.20 36.19 ± 5.76 37.34 ± 6.12 

Waist circumference, cm 110.93 ± 14.07 115.07 ± 13.78 112.11 ± 14.11 

Systolic BP, mmHg 134.24 ± 15.43 136.64 ± 15.18 134.93 ± 15.39 

Diastolic BP, mmHg 80.83 ± 8.22 81.64 ± 8.48 81.06 ± 8.30 

Fasting glucose, mg/dL 118.10 ± 47.67 117.56 ± 45.85 117.95 ± 47.15 

HbA1c, % 6.44 ± 1.52 6.48 ± 1.47 6.45 ± 1.51 

Platelets, ×10⁹/L 279.14 ± 72.58 281.33 ± 76.46 279.76 ± 73.70 

ALT, U/L 29.87 ± 22.61 31.94 ± 27.26 30.47 ± 24.04 

AST, U/L 24.80 ± 18.84 24.88 ± 14.21 24.82 ± 17.64 

Triglycerides, mg/dL 173.16 ± 104.31 171.50 ± 100.61 172.69 ± 103.25 

HDL-C, mg/dL 48.33 ± 13.60 47.81 ± 12.43 48.18 ± 13.28 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BP, 

blood pressure; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol. 

Table 2. Agreement Between FIB-4 and BAST Fibrosis Risk Categories. 

FIB-4 \ BAST Low Intermediate High 

Low 

Intermediate 

High 

1,650 364 658 

118 41 79 

15 5 20 

Total 

FIB-4 \ BAST 

1,783 410 757 

Low Intermediate High 

Low 

Intermediate 

High 

Total 

1,650 364 658 

118 41 79 

15 5 20 

1,783 410 757 

FIB-4 \ BAST 

Low 

Low Intermediate High 

1,650 364 658 

Among patients classified as concordant, agreement between FIB-4 and BAST was 

predominantly observed in the low fibrosis risk category. Most concordant cases were jointly 

classified as low risk by both scoring systems, whereas concordance within the intermediate and high 

fibrosis risk categories was relatively infrequent. Accordingly, overall agreement between FIB-4 and 

BAST was largely attributable to shared low-risk classification, with higher fibrosis risk categories 

accounting for a smaller proportion of concordant cases. 

Based on these findings, a discordance variable was generated. Of the 2,950 participants, 2,292 

(77.7%) were classified as concordant, while 658 patients (22.3%) were classified as discordant with 

respect to FIB-4 and BAST fibrosis risk categories. 

3.3. Association Between Obesity Severity and Discordance 

A strong and statistically significant association was observed between fibrosis score 

discordance and obesity severity. Discordance rates increased markedly across obesity classes (χ²(2, 

N = 2,950) = 914.38, p < 0.001), with a large effect size (Cramer’s V = 0.557). As shown in Table 3, 76.7% 

of discordant cases were observed in patients with obesity class III, compared with only 16.6% among 

concordant cases. 

Table 3. Association Between Obesity Class and FIB-4–BAST Discordance. 

Obesity class Concordant, n (%) Discordant, n (%) Total 

Class I 1,227 (53.5) 41 (6.2) 1,268 
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Obesity class Concordant, n (%) Discordant, n (%) Total 

Class II 685 (29.9) 112 (17.0) 797 

Class III 380 (16.6) 505 (76.7) 885 

Total 2,292 (100) 658 (100) 2,950 

χ² test was used for comparison; effect size was assessed using Cramer’s V 

(V = 0.557, p < 0.001) 

3.4. Visceral Adiposity and Discordance 

Visceral adiposity index (VAI) values differed significantly between concordant and discordant 

groups. Patients in the discordant group exhibited substantially higher VAI levels compared with 

those in the concordant group (mean ± SD: 1639.43 ± 1250.13 vs. 1162.81 ± 1048.25, respectively). This 

difference was statistically significant (t(912.01) = 8.80, p < 0.001) and corresponded to a small-to-

moderate effect size (Cohen’s d = 0.44). 

To account for the multicenter structure of the dataset, a general linear model (GLM) was 

applied with patients nested within centers. In this model, VAI was included as the dependent 

variable and discordance status as the fixed factor. The GLM confirmed a significant association 

between discordance and higher VAI values (Wald F(1, 27) = 96.723, p < 0.001), explaining 3.2% of the 

variance in VAI. Discordant classification was associated with an estimated mean increase of 476.63 

units in VAI (B = −476.63, t(27) = −9.84, p < 0.001). These findings corroborated the results of the 

unadjusted analyses. 

4. Discussion 

In this study, we observed very poor agreement between two commonly used non-invasive 

fibrosis scores, FIB-4 and BAST, in patients with obesity and MASLD. The marked discordance 

demonstrated by Cohen’s weighted kappa analysis suggests that these two scores may prioritize 

different patient subgroups when classifying fibrosis risk. Consistent with the existing literature, our 

findings indicate that FIB-4 and BAST are not interchangeable tools in the obese MASLD population; 

rather, they appear to reflect distinct clinical and metabolic phenotypes [19]. 

Although limited agreement among non-invasive fibrosis tests has been previously reported in 

the literature, most prior studies were conducted in heterogeneous populations or were primarily 

designed to compare these tools against elastography-based methods. Data specifically addressing 

discordance between FIB-4 and newly developed fibrosis scores in large, obesity-focused cohorts—

particularly among individuals with MASLD—remain scarce [24]. In this context, findings derived 

from the OBREDI-TR cohort suggest that fibrosis risk stratification in obese patients with MASLD 

may require a more nuanced and phenotype-oriented approach. 

In our study, discordance in fibrosis risk classification was found to be particularly pronounced 

among patients with class III obesity. The observation that the majority of discordant cases occurred 

in individuals with morbid obesity suggests that the severity of obesity may substantially influence 

the results of non-invasive fibrosis scores. These findings indicate that scores such as FIB-4 and BAST 

do not exhibit homogeneous performance across the obese MASLD population and that divergence 

between scores becomes more evident at higher levels of obesity severity [12]. 

Similarly, comparative studies using elastography-based methods have demonstrated that, in 

individuals with morbid obesity, reliance on a single non-invasive test may be insufficient for 

accurate fibrosis assessment. Several studies have reported that agreement between different fibrosis 

scoring systems decreases as obesity severity increases, highlighting the complexity of fibrosis risk 

stratification in this population [14,26]. These observations underscore the need for a more cautious 

interpretation of non-invasive fibrosis scores in advanced obesity and provide a relevant framework 

for understanding the pronounced discordance observed in our cohort. 

Consistent with the existing literature, studies validated against elastography or liver biopsy 

have further shown that the performance of non-invasive fibrosis tests varies according to obesity 

stage. In patients with severe obesity, platelet-based scores such as FIB-4 tend to classify a greater 
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proportion of individuals into lower fibrosis risk categories, whereas scores incorporating 

anthropometric parameters and measures of adiposity appear to identify a different subset of patients 

with potentially higher fibrosis risk [27]. This phenomenon has been attributed, at least in part, to the 

relative preservation of platelet counts and the limited sensitivity of aminotransferase levels for 

reflecting fibrosis severity in the context of advanced obesity [28]. 

Beyond obesity severity, visceral adiposity has been increasingly recognized as a key 

determinant of hepatic inflammation and fibrogenesis. Previous studies have demonstrated a close 

association between visceral fat accumulation and liver fibrosis severity, independent of overall body 

mass index, with visceral adiposity acting as a major driver of insulin resistance, systemic 

inflammation, and profibrotic signaling within the liver [29]. In this regard, the Visceral Adiposity 

Index (VAI) has been proposed as a surrogate marker of dysfunctional visceral fat and has been 

shown to correlate with fibrosis severity in patients with MASLD and related metabolic liver diseases 

[30]. 

In the present study, patients exhibiting discordant fibrosis risk classification—characterized by 

higher BAST scores but lower FIB-4 values—also demonstrated significantly higher VAI levels, 

particularly among those with morbid obesity. Although our study does not allow conclusions 

regarding the diagnostic superiority of one fibrosis score over another, this finding is noteworthy. It 

suggests that discordance between BAST and FIB-4 may, at least in part, reflect differences in the 

extent of visceral adiposity and its metabolic consequences. In this context, elevated VAI values in 

patients with high BAST but low FIB-4 scores may indicate a subgroup of obese individuals in whom 

visceral adipose dysfunction and fibrosis-related metabolic burden are more pronounced, despite 

relatively low platelet-based fibrosis estimates. 

This study has several limitations that should be acknowledged. First, the absence of an external 

reference standard, such as vibration-controlled transient elastography or liver biopsy, precludes 

conclusions regarding the diagnostic superiority or true accuracy of FIB-4 or BAST for fibrosis 

staging. Accordingly, our findings should be interpreted as reflecting discordance in fibrosis risk 

stratification rather than definitive misclassification. Second, we applied guideline-recommended 

cut-off values for FIB-4, which are not specifically tailored to obese or morbidly obese populations. 

Future studies are warranted to explore obesity-adjusted cut-offs and to validate these thresholds 

against invasive or imaging-based fibrosis assessments. Third, both BAST and the visceral adiposity 

index (VAI) incorporate overlapping anthropometric and metabolic components, including body 

mass index and waist circumference. Therefore, it remains uncertain whether elevated BAST scores 

in morbidly obese individuals with low FIB-4 values primarily reflect increased hepatic fibrosis risk 

or instead capture heightened metabolic and visceral adiposity burden. Prospective studies 

integrating elastography or histological endpoints will be essential to disentangle these possibilities 

and to clarify the clinical implications of discordant fibrosis risk classifications in obese patients with 

MASLD. 

5. Conclusions 

In this large, multicenter cohort of obese patients with MASLD, we demonstrate substantial and 

clinically meaningful discordance between FIB-4 and BAST fibrosis risk classifications. This 

discordance is not random but is predominantly characterized by low-risk categorization according 

to FIB-4 alongside high-risk categorization by BAST, particularly in individuals with morbid obesity. 

The strong association between this discordant pattern and increased visceral adiposity underscores 

the influence of obesity-related metabolic phenotype on non-invasive fibrosis assessment. Our 

findings suggest that platelet- and age-based scores such as FIB-4 may underestimate fibrosis risk in 

the setting of severe obesity, while scores incorporating anthropometric and metabolic parameters 

identify a distinct high-risk subgroup. These results emphasize the need for a phenotype-oriented 

approach to fibrosis risk stratification in obese MASLD patients and support the integration of 

complementary non-invasive tools rather than reliance on a single score, especially in advanced 

obesity. 
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