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Abstract
BACKGROUND
Identifying hepatic fibrosis is crucial for nonalcoholic fatty liver disease (NAFLD) management. The fibrosis-8 (FIB-8) score, recently developed by incorporating four additional variables into the fibrosis-4 (FIB-4) score, showed better performance in predicting significant fibrosis in NAFLD.

AIM
To validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the diagnostic performance of the FIB-8 and FIB-4 scores and NAFLD fibrosis score (NFS) for predicting significant fibrosis.

METHODS
We collected the data of biopsy-proven NAFLD patients from three Asian centers in three countries. All the patients with available variables for the FIB-4 score (age, platelet count, and aspartate and alanine aminotransferase levels) and FIB-8 score (the FIB-4 variables plus 4 additional parameters: The body mass index (BMI), albumin to globulin ratio, gamma-glutamyl transferase level, and presence of diabetes mellitus) were included. The fibrosis stage was scored using nonalcoholic steatohepatitis CRN criteria, and significant fibrosis was defined as at least fibrosis stage 2.

RESULTS
A total of 511 patients with biopsy-proven NAFLD and complete data were included for validation. Of these 511 patients, 271 (53.0%) were female, with a median age of 51 (interquartile range: 41, 58) years. The median BMI was 29 (26.3, 32.6) kg/m2, and 268 (52.4%) had diabetes. Among the 511 NAFLD patients, 157 (30.7%) had significant fibrosis (≥ F2). The areas under the receiver operating characteristic curves of the FIB-8 and FIB-4 scores and NFS for predicting significant fibrosis were 0.774, 0.743, and 0.680, respectively. The FIB-8 score demonstrated significantly better performance for predicting significant fibrosis than the NFS (P = 0.001) and was also clinically superior to FIB-4, although statistical significance was not reached (P = 0.073). The low cutoff point of the FIB-8 score for predicting significant fibrosis of 0.88 showed 92.36% sensitivity, and the high cutoff point of the FIB-8 score for predicting significant fibrosis of 1.77 showed 67.51% specificity.

CONCLUSION
We demonstrated that the FIB-8 score had significantly better performance for predicting significant fibrosis in NAFLD patients than the NFS, as well as clinically superior performance vs the FIB-4 score in an Asian population. A novel simple fibrosis score comprising commonly accessible basic laboratories may be beneficial to use for an initial assessment in primary care units, excluding patients with significant liver fibrosis and aiding in patient selection for further hepatologist referral.
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Core Tip: Noninvasive diagnosis of hepatic fibrosis is crucial for nonalcoholic fatty liver disease (NAFLD). The fibrosis-8 (FIB-8) score was recently developed by incorporating four additional variables into the fibrosis-4 (FIB-4) score. The diagnostic performance of the FIB-8 score exhibited higher accuracy in diagnosing significant fibrosis (≥ F2) than the NAFLD fibrosis score but was not superior to the FIB-4 score in our Asian cohort population. We postulated that gamma-glutamyl transferase might be an additional variable that predicts significant fibrosis in NAFLD patients.
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a global health issue and has become the most common liver disease in Western countries, accounting for an estimated 25% of the adult population[1] and affecting an estimated 25%–30% of the adult population in the Asia Pacific region[2]. A meta-analysis in Asia during 1999 to 2019, described the overall pooled incidence rate was 50.9 per 1000 person-years[3]. According to our previous study, the prevalence of significant fibrosis (defined as ≥ F2 fibrosis) is 18.4% in asymptomatic NAFLD patients[4]. Nonalcoholic steatohepatitis (NASH) has emerged as the most common cause of cryptogenic cirrhosis and hepatocellular carcinoma worldwide. The presence of hepatic fibrosis is the major determinant of future risk of mortality and liver-related morbidity[5], and detecting significant fibrosis is crucial for NAFLD because no well-accepted and proven therapy is available for this disease to date[6]. However, patients with F2 or higher are at a higher risk of long-term liver-related death than patients with F0-1. Those with significant fibrosis should be intensively followed up or considered to participate in the therapeutic trial for NAFLD.
Liver biopsy remains the gold standard for evaluating hepatic fibrosis. However, because of several drawbacks, including invasiveness, the risk of bleeding complications, intrinsic sampling and pathologist reader variability[7], and cost, noninvasive tests are more practical. Thus, the 2018 American Association for the Study of Liver Diseases (AASLD) practice guidance recommends the use of the fibrosis-4 (FIB-4) score, the NAFLD fibrosis score (NFS), vibration-controlled transient elastography, and magnetic resonance elastography[8] to identify those at low or high risk for advanced fibrosis [bridging fibrosis (F3) or cirrhosis (F4)]. Noninvasive tests using only clinical and routine laboratory parameters are inexpensive and particularly important in primary care or resource-limited settings where the pretest probability of advanced fibrosis is low because these scores have good negative predictive values (NPVs) to exclude advanced fibrosis[9]. Therefore, using simple fibrosis scores as an initial assessment in primary care is reasonable. The FIB-4 score comprises four parameters, age, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and platelets, while the NFS score comprises six parameters in addition to those comprising the FIB-4 score, such as the body mass index (BMI), presence of diabetes, and serum albumin level[10].
According to Sripongpun et al[11], their AASLD 2019 abstract reported a new model for a fibrosis-8 score (FIB-8) score developed by incorporating the following four additional variables: BMI, albumin/globulin (A/G) ratio, gamma-glutamyl transferase (GGT) level, and diabetes. The subjects were enrolled in the PIVENS and FLINT trials, of which 522 participants all had histologically confirmed NASH[12,13]. The optimal low and high cutoffs for the FIB-8 score to exclude and include F ≥ 2 were < 0.88 and ≥ 1.77, respectively, with a sensitivity of 95.3% and a specificity of 79.2%. The areas under the receiver operating characteristic curves (AUROCs) of the FIB-8 score were 0.79 and 0.78 in the training and validation datasets, respectively. The FIB-8 score provided significantly better AUROCs than the FIB-4 score (P < 0.001) and NFS (P = 0.005) in the validation dataset for predicting significant and advanced fibrosis in NAFLD patients. Following the study, the field test and validation of the FIB-8 score in a real-world cohort of NAFLD patients revealed that the AUROCs of the FIB-8 score were 0.84 with imputed data (n = 130) and 0.91 when only patients with complete data without imputation were included (n = 31). The FIB-8 score again outperformed the FIB-4 score and NFS, with AUROCs of 0.86 vs 0.80 and 0.77, respectively, for diagnosing advanced fibrosis (F3)[14].
To our best knowledge, no validation of the FIB-8 score has been reported in a larger cohort. Therefore, this study was to validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the diagnostic performance of the FIB-8 and FIB-4 scores and NFS for predicting significant fibrosis.

MATERIALS AND METHODS
Study population and data collection
We collected the data of biopsy-proven NAFLD patients from the following three Asian centers in three countries: (1) Chulalongkorn University, Thailand; (2) The Chinese University of Hong Kong, Hong Kong; and (3) University of Malaya, Malaysia. The data from Thailand were collected from April 2008 to May 2019, those from Hong Kong were collected from July 2006 to November 2017, and those from Malaysia were collected from November 2012 to October 2015.
NAFLD was diagnosed based on ultrasonographic findings of fatty liver as well as transient elastography and the exclusion of viral hepatitis B and C infection, significant alcohol intake, and current usage of medications causing hepatic steatosis. Only patients with biopsy-proven NAFLD were included. Patients with other causes of chronic liver disease, incomplete histological data, and without significant hepatic steatosis were excluded. The laboratory data for the FIB-4 score (age, platelet count, and aspartate and ALT levels), FIB-8 score [the FIB-4 variables plus 4 additional parameters: The BMI, albumin to globulin ratio, gamma-glutamyl transferase level, and presence of diabetes mellitus (DM)], and the NFS were collected. The time interval between the enrolled laboratories and the date of liver biopsy was within 1 year. The fibrosis stage was scored using the NASH Clinical Research Network (CRN) criteria, and significant fibrosis was defined as at least fibrosis stage 2 (F ≥ 2).

Noninvasive methods
We validated the noninvasive methods from the FIB-8 score, FIB-4 score, and NFS and the test variables for predicting significant fibrosis (Table 1)[11,15,16].

Outcomes
We aimed to validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the diagnostic performance of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2) in an Asian cohort.

Ethical permission
The study was reviewed and approved by the Institutional Review Board, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand (IRB number 238/59). This is a retrospective study, and signed informed consent was waived by the Ethics Committee. The analysis used anonymous clinical data after each patient agreed to treatment by written consent.

Statistical analysis
Categorical and continuous variables were compared between patients with and without significant fibrosis using Chi-squared and Student’s t-test or the Wilcoxon rank-sum test (according to the distribution of the data), respectively. Most of the numerical values did not follow a normal distribution and were expressed as medians and interquartile ranges. The diagnostic performance of each scoring system was then evaluated using receiver operating characteristic curves, and comparisons between the correlated AUROCs were performed using DeLong’s test[17]. The sensitivities (Sens) and specificities (Spec) of each scoring system were analyzed using the given low and high cutoffs for predicting F2, as reported previously-i.e., 0.88 and 1.77 for the FIB-8 score, 0.81 and 1.81 for the FIB-4 score, and -2.45 and 0.03 for the NFS, respectively[11,18]. All statistical analyses were performed using the SPSS statistical analysis package (version 18.0.0; SPSS Inc., Chicago, Illinois, United States), Stata (version 15; StataCorp), and R program version 4.1.1. A P value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
A total of 1013 patients with biopsy-proven NAFLD were included in the database. Of those, 511 patients had complete data on variables, including the NFS and FIB-4 and FIB-8 scores, and were eligible for the current study (Figure 1). Of the 511 patients, 271 (53.0%) were female, with a median age of 51 [interquartile range (IQR): 41, 58] years. The median BMI was 29 (26.3, 32.6) kg/m2, and 268 (52.4%) had diabetes. Among the 511 NAFLD patients, 157 (30.7%), 88 (17.2%), and 16 (3.1%) patients had significant fibrosis (≥ F2), advanced fibrosis (≥ F3), and cirrhosis (F4), respectively. The baseline characteristics comparing NAFLD F0–1 and significant fibrosis (F ≥ 2) are shown in Table 2. The significant factors associated with significant fibrosis were an older age [55 (48, 61) vs 49.5 (39, 57) years; P < 0.001], the presence of diabetes (71.3% vs 44.0%; P < 0.001), higher levels of AST [53.5 (36, 75) vs 35 (26, 52) U/L; P < 0.001], ALT [75 (50, 111) vs 59.5 (40, 98) U/L; P < 0.001] and GGT [81 (48, 151) vs 56.5 (35, 92) U/L; P < 0.001], a lower platelet count [230 (189, 277) vs 266 (226.8, 302) × 109/cu.mm; P < 0.001], lower levels of total cholesterol [182 (159, 209) vs 193 (170, 220) mg/dL; P = 0.004] and LDL-cholesterol [107 (85, 132) vs 116 (96, 143) mg/dL; P = 0.003], and a higher median Controlled Attenuation Parameter (CAP) [324 (294, 347) vs 299 (211, 339) dB/m] (Table 2).

Performance of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2)
The AUROCs of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis were 0.774 (95%CI: 0.729-0.820), 0.743 (95%CI: 0.695-0.791), and 0.680 (95%CI: 0.630-0.730), respectively (Figure 2). The FIB-8 score showed a significantly better performance for predicting significant fibrosis (≥ F2) than the NFS (P = 0.001) and was numerically higher than the FIB-4 score, but the difference was not statistically significant (P = 0.073). The sensitivities and specificities of the cutoffs specified to exclude and include significant fibrosis for each score are reported in Table 3.

Diagnostic accuracy of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2) by age group
The cohort was stratified by age into three groups: Age < 35 (n = 66), 35-65 (n = 412), and > 65 years (n = 33). The AUROCs of the FIB-8 score, FIB-4 score, and NFS in patients aged 35-65 years for predicting significant fibrosis were 0.79, 0.76, and 0.68, respectively. This patient group comprised most of the cohort and had similar diagnostic performance results as the entire cohort. However, the FIB-8 score, FIB-4 score, and NFS were poor in patients aged < 35 years (AUROC: 0.55, 0.59, and 0.70, respectively) and > 65 years (AUROC: 0.66, 0.71, and 0.54, respectively). The number of patients in each age group and center is shown in Supplementary Table 1. A detailed summary of the AUROC, sensitivity, specificity, positive predictive value, and NPV for the FIB-8 score, FIB-4 score, and the NFS is shown in Supplementary Table 2.

DISCUSSION
Based on the results of the present study, we validated the diagnostic performance of the FIB-8 score, FIB-4 score, and NFS score in 511 biopsy-proven NAFLD patients for predicting significant fibrosis. The main issue affecting the diagnostic ability of new methods for detecting liver fibrosis in NAFLD patients is the prevalence of fibrosis among the particular population. Our results demonstrated that the overall prevalence rates of significant fibrosis (≥ F2), advanced fibrosis (≥ F3), and cirrhosis (F4) were 157 (30.7%), 88 (17.2%), and 16 (3.1%), respectively. The mean incidence rates of significant fibrosis from previous publications were 52.5% and 35.4% in the PIVENS plus FLINT trials and a Stanford University trial, respectively[11,14] (Table 4). The remarkable aspects were as follows: (1) Our study had a lower incidence of fibrosis than the first cohort; (2) Among the noninvasive methods, the FIB-8 score and NFS included the BMI in their models, and our cohort had a lower mean BMI than previous reports (30.4 kg/m2 vs 34.0 and 31.5 kg/m2), which might have resulted in lower percentages of sensitivity and specificity in our cohort than those previously reported; and (3) GGT is a uniquely incorporated variable in the new FIB-8 scoring system. Some reported studies have demonstrated that a higher GGT level is a risk factor for advanced fibrosis in NAFLD[19,20]. Additionally, considering NAFLD patients with type 2 DM, a serum GGT level over 82 U/L was independently associated with advanced fibrosis using noninvasive methods in multivariate analysis (P = 0.004)[21]. In our study, the baseline characteristics correlatively showed that a higher level of median GGT was a significant factor associated with significant fibrosis [81 (IQR: 48, 151) vs 56.5 (35, 92); P < 0.001]. We postulated that GGT may be an additional variable predicting significant fibrosis in NAFLD patients. The diagnostic performance of the FIB-8 score exhibited higher accuracy for diagnosing significant fibrosis (≥ F2) than the NFS but was not superior to the FIB-4 score in previous studies or our study; the AUROCs for the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis were 0.774, 0.743, and 0.680, respectively (FIB-8 vs NFS, P = 0.001; FIB-8 vs FIB-4, P = 0.073). The sensitivities of the low cutoff of FIB-8 score to exclude significant fibrosis was 92.36%. Consequently, the high sensitivity and NPV for excluded significant fibrosis may be beneficial in primary care units and to select patients for further hepatologist referral. However, the limited specificity of the high cutoff of FIB-8 score to include significant fibrosis may require further step assessment instance transient elastography.
Furthermore, our results demonstrated that the FIB-4 score offered better diagnostic performance than the NFS score (P < 0.001). According to meta-analysis results from Castera[10], the FIB-4 score and NFS showed the best diagnostic performance for detecting advanced fibrosis compared with other blood-based models. However, this meta-analysis included studies that used different cut-off thresholds. Furthermore, a recent meta-analysis from Castellana et al[22] reported a head-to-head comparison of the FIB-4 score and NFS from 18 studies that used consistent cutoffs. The FIB-4 score offered higher performance for including and NFS for excluding advanced fibrosis. However, our studies used different cutoffs and aimed to predict significant fibrosis, not advanced fibrosis. Consequently, our cohort was not suitable to compare the FIB-4 score and NFS.
Additionally, our results demonstrated the performance of the FIB-8 score, FIB-4 score, and NFS in patients aged > 65 years (AUROC: 0.66, 0.71, and 0.54, respectively). The performance was poor in patients aged < 35 years (AUROC: 0.55, 0.59, and 0.70, respectively). Thus, these scores have insufficient accuracy for use in NAFLD patients in extreme age groups. Similarly, McPherson et al[23] demonstrated age as a confounding factor for the accurate noninvasive scoring system predicting advanced fibrosis[23]. The FIB-8 score has low accuracy for predicting significant fibrosis in NAFLD patients, similar to the FIB-4 score and NFS in patients aged < 35 and > 65 years.
Our study had limitations. First, we had limited complete data for half of our database because of the lack of either globulin or GGT. In usual clinical practice, clinicians do not routinely check both laboratory parameters, and no added value exists for observing or monitoring these values in patients. The second limitation of our study was the lower incidence of fibrosis in our cohort vs other cohorts. The differences in fibrosis may have diagnostic value for novel fibrosis scores for validation. Validations in larger cohorts are needed.
To our best knowledge, our study is the first to report a new validation model of the FIB-8 score for predicting significant fibrosis among patients with NAFLD in an Asian population. The FIB-8 score yielded higher accuracy in diagnosing significant fibrosis than the NFS. Additionally, the FIB-8 score was non-inferior but insignificantly superior to the FIB-4 score. A novel simple fibrosis score comprising commonly accessible basic laboratories may be additionally used to add previous fibrosis scores for an initial assessment in primary care units and to select patients for further hepatologist referral.

CONCLUSION
The new, simple fibrosis FIB-8 score had significantly better performance for predicting significant fibrosis in NAFLD patients than the NFS and was non-inferior but insignificantly superior to the FIB-4 score in the Asian population. A simple fibrosis score comprising commonly accessible basic laboratories may be used for an initial assessment in primary care units and to select patients for further hepatologist referral.

ARTICLE HIGHLIGHTS
Research background
In the nonalcoholic fatty liver disease (NAFLD) population, noninvasive fibrosis scores, such as the fibrosis-4 (FIB-4) score and NAFLD fibrosis score (NFS), are generally applied in clinical practice guidelines. The novel fibrosis-8 (FIB-8) score yielded higher accuracy in diagnosing significant fibrosis in a previously reported cohort. A larger cohort may provide more reliability and benefit in clinical practice.

Research motivation
A noninvasive fibrosis score in NAFLD patients using only routine laboratory parameters is particularly important in initial assessment in the primary care unit or resource-limited conditions. We proposed the novel FIB-8 score, which incorporates the additional variables body mass index (BMI), the A/G ratio, gamma-glutamyl transferase (GGT), and diabetes into the FIB-4 score. The additional variables, particularly GGT, may provide better diagnostic accuracy for predicting significant fibrosis in NAFLD patients.

Research objectives
We aimed to validate the FIB-8 score among patients with a biopsy-proven NAFLD cohort and to compare the diagnostic performance of the FIB-8 and FIB-4 scores and NFS for predicting significant fibrosis.

Research methods
This was a retrospective study involving 1013 biopsy-proven NAFLD patients from 3 Asian centers in 3 countries in an Asian population. All the patients with available baseline biochemical tests for the FIB-8 score calculation and all related variables for predicting liver fibrosis were included.

Research results
A total of 1013 patients were included in the final analysis. Of those, 511 patients had complete data on the variables, including the NFS and FIB-4 and FIB-8 scores. One hundred fifty-seven (30.7%) patients had significant fibrosis (≥ F2). The areas under the receiver operating characteristic curves of the FIB-8 and FIB-4 scores and NFS for predicting significant fibrosis were 0.774, 0.743, and 0.680, respectively. The FIB-8 score had significantly better performance for predicting significant fibrosis than the NFS (P = 0.001) but was not superior to the FIB-4 score (P = 0.073). The low cutoff point of the FIB-8 score for predicting significant fibrosis of 0.88 showed 92.36% sensitivity, and the high cutoff point of the FIB-8 score for predicting significant fibrosis of 1.77 had 67.51% specificity.

Research conclusions
The FIB-8 score, which incorporates the additional variables of the BMI, A/G ratio, GGT level, and diabetes into the FIB-4 score, yielded better performance for predicting significant fibrosis in NAFLD patients than the NFS but was not superior to the FIB-4 score in the Asian population. A simple fibrosis score comprising commonly accessible basic laboratories may be used for an initial assessment in primary care units.

Research perspectives
Future prospective studies are needed to compare the diagnostic accuracy of various noninvasive scores for predicting significant fibrosis and staging fibrosis.
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Figure 1 Flow diagram of the study population. NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AASLD: American Association for the Study of Liver Diseases; GGT: Gamma-glutamyl transferase.
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Figure 2 Receiver operating characteristic curves of the fibrosis-8 score, fibrosis-4 score, and nonalcoholic fatty liver disease fibrosis score for predicting significant fibrosis (F ≥ 2) in the Asian population (n = 511). NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver operating characteristic curves.

Table 1 Details of the three noninvasive methods used in this study
	Index
	Number of parameters and variables
	Formula
	Ref.

	FIB-8 index
	8; age, AST, ALT, platelets, BMI, albumin/globulin, GGT, diabetes
	FIB4 + 0.025 × BMI (kg/m2) - 0.702 × (albumin/globulin ratio) + 0.004 × GGT (U/L) + 0.858 × diabetes (yes = 1, no = 0)1
	Sripongpun et al[11], 2019 

	FIB-4 index
	4; age, AST, ALT, platelets
	Age (years) × AST (U/L)/[platelet count (109/L) × √ALT (U/L)]
	Sterling et al[15], 2006

	NFS
	6; age, BMI, diabetes, AST/ALT, platelets, albumin
	-1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/ALT ratio - 0.013 × platelet count (× 109/L) - 0.66 × albumin (g/dL)
	Angulo et al[16], 2007


1The FIB-8 score in the abstract was calculated by 1.3 × FIB-4 + 0.03 × BMI - 0.93 × (albumin/globulin ratio) + 0.005 × GGT (U/L) + 1.1 × diabetes (yes = 1, no = 0), which is slightly different from the actual formula presented at the liver meeting congress (the score in the table). We have contacted the authors of the abstract and were informed that the actual formula to use is the one shown in the table.
NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver operating characteristic curves; GGT: Gamma-glutamyl transferase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass index.


Table 2 Characteristics of patients with F0-1 fibrosis compared to those with F ≥ 2 fibrosis stage (n = 511)
	Variables
	Total (n = 511)
	Fibrosis stage F0-1 (n = 354)
	Fibrosis stage ≥ F2 (n = 157)
	P value

	Age (yr), median (IQR)
	51 (41, 58)
	49.5 (39, 57)
	55 (48, 61)
	< 0.001

	Sex
	
	
	
	0.138

	Male, n (%)
	240 (47.0)
	174 (49.2)
	66 (42.0)
	

	Female, n (%)
	271 (53.0)
	180 (50.8)
	91 (58.0)
	

	BMI (kg/m2), median (IQR)
	29.0 (26.3, 32.6)
	28.8 (26.2, 31.9)
	29.5 (26.3, 33.8)
	0.099

	Diabetes, n (%)
	268 (52.4)
	156 (44.0)
	112 (71.3)
	< 0.001

	Albumin (g/dL), median (IQR)
	4.4 (4.1, 4.6)
	4.4 (4.2, 4.6)
	4.30 (4.0, 4.6)
	0.053

	Globulin (g/dL), median (IQR)
	3.4 (3.0, 3.8)
	3.4 (3.0, 3.8)
	3.5 (3.1, 3.8)
	0.21

	AST (U/L), median (IQR)
	39 (28, 60)
	35 (26, 52)
	53.5 (36, 75)
	<0.001

	ALT (U/L), median (IQR)
	65 (42, 101)
	59.5 (40, 98)
	75 (50, 111)
	< 0.001

	GGT (U/L), median (IQR)
	63 (37, 108)
	56.5 (35, 92)
	81 (48, 151)
	< 0.001

	Platelet (× 109/μL), median (IQR)
	254 (213, 297)
	266 (226.8, 302)
	230 (189, 277)
	< 0.001

	Hemoglobin (g/dL), median (IQR)
	14.2 (13.3, 15.2)
	14.2 (13.4, 15.2)
	14.1 (13.3, 15.2)
	0.393

	White blood cells (cells/μL), median (IQR)
	7430 (6060, 8700)
	7400 (6100, 8725)
	7500 (5950, 8695)
	0.768

	INR, median (IQR)
	1.01 (0.96, 1.06)
	1.00 (0.95, 1.07)
	1.01 (0.97, 10.6)
	0.625

	Total cholesterol (mg/dL), median (IQR)
	189.5 (166, 217)
	193 (170, 220)
	182 (159, 209)
	0.004

	LDL-cholesterol (mg/dL), median (IQR)
	115 (92, 139)
	116 (96, 143)
	107 (85, 132)
	0.003

	HDL-cholesterol (mg/dL), median (IQR)
	46 (39, 52)
	46 (39, 53)
	44 (38, 50)
	0.168

	Triglyceride (mg/dL), median (IQR)
	120 (77, 157)
	120 (77, 155)
	119 (80, 159)
	0.483

	HbA1C (%), median (IQR)
	6.1 (5.6, 7.2)
	5.9 (5.5, 6.8)
	6.8 (5.8, 7.6)
	< 0.001

	Fibrosis stage, n (%)
	
	
	
	< 0.001

	0
	151 (29.5)
	151 (42.7)
	0 (0)
	

	1
	203 (39.7)
	203 (57.3)
	0 (0)
	

	2
	69 (13.5)
	0 (0)
	69 (43.9)
	

	3
	72 (14.1)
	0 (0)
	72 (45.9)
	

	4
	16 (3.1)
	0 (0)
	16 (10.2)
	

	Median CAP (dB/m), median (IQR)
	308.5 (230, 342)
	299 (211, 339)
	324 (294, 347)
	< 0.001

	Median TE (kPa), median (IQR)
	7.6 (5.6, 10.9)
	6.6 (5.1, 8.8)
	11.1 (8.6, 15.5)
	< 0.001

	FIB-8, median (IQR)
	2.0 (1.2, 2.9)
	1.8 (1.1, 2.4)
	3.0 (2.2, 4.0)
	< 0.001

	FIB-4, median (IQR)
	1.0 (0.7, 1.5)
	0.8 (0.6, 1.2)
	1.5 (1.0, 2.1)
	< 0.001

	NFS, mean ± SD
	-1.8 ± 1.5
	-2.0 ± 1.4
	-1.2 ± 1.3
	< 0.001


NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver operating characteristic curves; GGT: Gamma-glutamyl transferase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass index; CAP: Controlled Attenuation Parameter.

Table 3 Performance of fibrosis-8, fibrosis-4, and nonalcoholic fatty liver disease fibrosis score for predicting significant fibrosis (F ≥ 2) in the Asian population (n = 511)
	
	FIB-8 score
	FIB-4 score
	NFS

	AUC for predicting ≥ F2 fibrosis
	0.77a,b
	0.74
	0.68

	95% confidence interval
	0.73-0.82
	0.70-0.79
	0.63-0.73

	Low and high cutoffs for ≥ F2 fibrosis
	0.88 and 1.77
	0.81 and 1.81 (17)
	-2.45 and 0.03 (17)

	Sensitivity (according to the low cutoff)
	92.36%
	80.25%
	80.89%

	Specificity (according to the high cutoff)
	67.51%
	93.50%
	93.20%

	Proportion of patients in low/indeterminate/high group
	18.8/35.4/45.8%
	38.2/47.1/14.7%
	31.9/58.1/10%


aP = 0.001 compared with NFS.
bP = 0.073 compared with FIB-4.
NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver operating characteristic curves.


Table 4 Comparison of study population using the fibrosis-8 score for predicting significant fibrosis (F ≥ 2)
	Variable
	Data from AASLD 2019, n = 522
	FIB-8 score validation (EASL 2020), n = 130
	FIB-8 score validation (Our cohort), n = 511

	Population
	Mean age: 49 ± 12. Female: 62.5%; BMI: 34 ± 7 kg/m2; DM: 30%; ≥ F2: 52.5%
	Mean age: 52.4; Female: 53.1%; BMI: 31.5 kg/m2; DM: 34%; ≥ F2: 35.4%
	Mean age: 49.3 ± 11.9; Female: 53.0%; BMI: 30.4 ± 7.1 kg/m2; DM: 52.4%; ≥ F2: 30.7%

	Sensitivity and specificity %
	86.7% and 82.7%, respectively, Validation set
	> 90%, 80.6%
	92.3%, 67.5%

	AUC for predicting > F2 fibrosis
	0.78, Validation set
	0.84
	0.77

	Performance superior to
	> FIB-4 score; P < 0.001; > NFS; P = 0.005
	> FIB-4 score (AUC 0.80); > NFS (AUC 0.77)
	> FIB-4 score; P = 0.073; > NFS; P = 0.001


NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AASLD: American Association for the Study of Liver Diseases; EASL: European Association for the Study of the Liver; AUROC: Areas under the receiver operating characteristic curves; BMI: Body mass index; DM: diabetes mellitus.
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