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Abstract 

This study examined the association between non-invasive liver fibrosis biomarkers and non-

alcoholic fatty liver disease (NAFLD) in an ostensibly healthy population. A matched case-control 

design was used to analyze 145 pairs of participants with and without NAFLD. Six liver fibrosis 

indexes were evaluated: Aspartate Aminotransferase to Alanine Aminotransferase Ratio (AAR), 

Aspartate Aminotransferase to Platelet Ratio Index (APRI), fibrosis index based on four 

factors (FIB-4), modified FIB-4 (mFIB-4), Forns Index, and Gamma-Glutamyl Transpeptidase 

to Platelet Ratio (GPR). Adjusted logistic regression analyses showed significant associations 

between mFIB-4 and Forns Index with NAFLD, highlighting their potential as tools for early 

detection. These markers demonstrated consistency across multiple analyses, supporting their 

potential use for screening asymptomatic individuals, especially in resource-limited settings. 

However, traditional markers like APRI and GPR showed limited utility in this cohort, 

emphasizing the need for contextual biomarker selection. Future studies should validate these 

findings across diverse populations and investigate their diagnostic capabilities in prospective 

cohort studies to improve early NAFLD detection and intervention. 
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Introduction 

Liver fibrosis poses a significant global health challenge, especially within the context of 

non-alcoholic fatty liver disease (NAFLD), which affects an estimated 25% of the 

worldwide population.1 NAFLD can progress to severe complications, including liver 

fibrosis, cirrhosis, and hepatocellular carcinoma, all of which increase morbidity and 

mortality rates.1,2 The presence and extent of liver fibrosis are critical prognostic 

indicators in liver disease, as they significantly impact the risk of liver-related 

complications and mortality.3 Therefore, early detection and accurate staging of liver 

fibrosis are essential to improve long-term outcomes and prevent the progression to 

advanced liver disease and liver failure.4 

Although liver biopsy remains the gold standard for diagnosing and staging liver 

fibrosis, it is invasive, costly, and carries risks of complications, limiting its feasibility for 

routine clinical use.5 These limitations have led to increasing interest in non-invasive 

biomarkers as alternative tools for assessing liver fibrosis. Especially in resource-limited 

settings, biomarkers derived from routine laboratory tests may offer a safer, more 

accessible, and cost-effective approach compared to biopsy. Additionally, biomarkers 

that enable early detection of liver fibrosis could prove extremely beneficial for both 

diagnosis and intervention. Commonly studied such non-invasive biomarkers include 

Aspartate Aminotransferase to Alanine Aminotransferase Ratio (AAR), Aspartate 

Aminotransferase to Platelet Ratio Index (APRI), fibrosis index based on four factors 

(FIB-4), Forns Index, and Gamma-Glutamyl Transpeptidase to Platelet Ratio (GPR).6-9 

These easy-to-use biomarkers have demonstrated good diagnostic performance across 

diverse clinical settings and are considered suitable for use in both resource-rich and 

resource-limited environments.10 
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However, their clinical utility remains a subject of debate and controversy, as their 

diagnostic accuracy and effectiveness have shown inconsistent results across different 

populations and stages of liver disease.7,11 For example, while the World Health 

Organization recommends APRI and FIB-4 tests for assessing liver fibrosis in resource-

limited settings, studies have shown that their accuracy in diagnosing fibrosis or cirrhosis 

can be inconsistent.11-13 Additionally, biomarkers including Gamma-Glutamyl 

Transpeptidase (GGT), although widely used for evaluating liver fibrosis, are often 

criticized for their lack of specificity, as elevated GGT levels can result from conditions 

unrelated to liver fibrosis, including alcohol consumption and cardiovascular disease.14 

Conversely, NAFLD can sometimes be associated with normal alanine aminotransferase 

(ALT) values, further complicating the use of liver enzymes as reliable markers of 

fibrosis.15 

These limitations underscore the need for a comprehensive evaluation of established 

non-invasive biomarkers across diverse populations, particularly among individuals who 

may not show overt liver disease symptoms. Such assessments are valuable for 

determining the effectiveness of these biomarkers in early detection, ultimately 

contributing to improved clinical management of at-risk populations. Therefore, our study 

aimed to compare the levels of established liver fibrosis indexes between individuals with 

and without NAFLD identified within an apparently healthy population undergoing 

routine health check-ups. The goal was to identify which biomarkers are most strongly 

associated with NAFLD. We hypothesize that an effective biomarker will demonstrate a 

robust association with NAFLD in this cohort, potentially serving as a valuable tool for 

the early identification of liver fibrosis in broader clinical practice. 
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Materials and Methods 

Study Design and Population 

This was a retrospective, single-center study. A flowchart detailing the study population 

is shown in Figure 1. We considered data from the first visit of adult patients who attended 

the Health Checkup Center at Ube Kohsan Central Hospital, Yamaguchi Prefecture, 

Japan, between April 2014 and March 2019. A total of 5292 participants underwent 

abdominal ultrasound examinations during this period. The health checkups included 

physical examinations, laboratory tests, and a self-administered questionnaire regarding 

medical and personal history. 

To focus on a healthy population, a total of 1595 subjects without any major medical 

conditions or regular alcohol consumption, aside from fatty liver disease diagnosed via 

ultrasound, were selected. Subjects with a history of hypertension, diabetes, dyslipidemia, 

gout, cancer, liver diseases, thyroid disorders, heart disease, or those missing data 

required for calculating liver fibrosis indexes, were excluded (n=889). This resulted in a 

final sample of 706 individuals, comprising 210 participants with NAFLD and 496 

without NAFLD. Using a 1:1 matched case-control design, participants were matched 

based on age (±2 years) and Body mass index (BMI) (±1 kg/m²), resulting in 145 matched 

pairs of subjects with and without NAFLD. 

 

Data Collection 

The medical data were anonymized for analysis. The health checkups included physical 

examinations and clinical laboratory tests, and participants provided information 

regarding personal and medical history through a questionnaire. For drinking history, 

participants were classified as either ‘non-drinkers’ (those reporting no alcohol 
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consumption or only very rare and infrequent intake) or ‘drinkers’ (those reporting 

occasional alcohol consumption, defined as non-regular intake occurring on several days 

per month, without a consistent pattern or substantial quantity). 

 

Physical Examination 

Measurements of height and weight were taken to the nearest 0.1 cm and 0.1 kg, 

respectively, and waist circumference was measured to the nearest 0.1 cm. BMI was 

calculated by dividing body weight (kg) by height squared (m²). Systolic (SBP) and 

diastolic blood pressure (DBP) were measured using automated oscillometric devices in 

a quiet setting, with subjects seated and arms supported at heart level, following 

standardized guidelines. 

 

Measurement of Blood Samples 

Fasting blood samples were collected from the median cubital vein of seated participants. 

Hematological parameters, including hematocrit (Hct), hemoglobin (Hb), white blood 

cells (WBC), red blood cells (RBC), and platelets (PLT), were measured using an 

automated hematology analyzer, the Sysmex XN-2000 (Sysmex, Kobe, Japan), following 

standard operating procedures. Biochemical analyses in this study included ALT, 

aspartate aminotransferase (AST), fasting plasma glucose (FPG), GGT, high-density 

lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total 

cholesterol (TC), and triglycerides (TG). These tests were performed using the 

HITACHI-7700 biochemical analyzer (Hitachi High-Technology Co., Tokyo, Japan). 

Serum uric acid (SUA) and serum creatinine (SCr) were measured using enzymatic 

methods on the same analyzer, following the manufacturer's protocols. 
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Ultrasonographic Examination and Diagnosis of NAFLD 

Abdominal ultrasonography was performed by trained clinical laboratory technicians 

using the ProSound α5 and α7 devices (Aloka, Tokyo, Japan). Fatty liver disease was 

diagnosed based on the presence of at least one of the following ultrasonographic 

findings: bright liver, hepatorenal or hepatosplenic echo contrast, ultrasound signal 

attenuation, or vascular blurring. NAFLD was diagnosed based on established criteria: 1) 

imaging evidence of fatty liver; 2) absence of significant alcohol consumption; and 3) 

exclusion of other causes of steatosis, such as hepatitis, drug-induced liver disease, and 

alcohol-related liver disease. The diagnosis was confirmed by a consensus between two 

clinical laboratory technicians and one gastroenterologist. 

 

Liver Fibrosis Indexes 

This study evaluated six established liver fibrosis indexes to assess their association with 

NAFLD. The calculation formulas for each index are as follows:6-9,16 

(1) AAR=(AST/ALT) 

(2) APRI=((AST⁄30×100)/PLT) 

(3) FIB-4=((Age×AST)/(PLT×√ALT )) 

(4) mFIB-4=((10×Age×AST)/(PLT×ALT)) 

(5) Forns Index=(7.811-3.131.ln (PLT)+0.781.ln (GGT)+3.467.ln(Age)-0.014(TC)) 

(6) GPR=((GGT⁄50×100)/PLT) 
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Statistical Analyses 

Because the data did not follow a normal distribution, the Wilcoxon signed-rank test was 

used to analyze matched continuous variables, and the McNemar’s test was applied for 

matched categorical variables. 

To investigate the association between liver fibrosis indexes and NAFLD, logistic 

regression analyses were performed. First, crude associations between each liver fibrosis 

index and NAFLD were evaluated. For the adjusted models, demographic and clinical 

variables that showed significant differences between the NAFLD and Non-NAFLD 

groups were included, except for the variables that were already part of the index 

calculation. This method was employed to prevent over-adjustment by factors inherent to 

the index formula.17,18 Odds ratios (OR), 95% confidence intervals (CI), and p-values 

were calculated. 

Statistical analysis was performed using SPSS version 22 (SPSS Inc., Chicago, IL, 

USA). All tests were two-tailed, and a p-value of less than 0.05 was considered 

statistically significant. 

 

Ethical Approval and Informed Consent 

The present study is a secondary analysis of the data from a research protocol approved 

by the Institutional Review Board of Yamaguchi University, Japan (approval number 

2022-096) and adhered to the principles outlined in the Declaration of Helsinki. In 

accordance with Japanese law, individual written informed consent is not required for 

research involving human biological specimens without intervention. Instead, an opt-out 

procedure was followed, with relevant details made available on the official website of 

Ube Kohsan Central Hospital, Yamaguchi Prefecture, Japan. 
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RESULTS 

Table 1 provides the demographic and clinical characteristics of the Non-NAFLD (control 

group) and NAFLD groups, each comprising 145 matched subjects. Most variables 

analyzed did not exhibit significant differences between the two groups, highlighting the 

overall similarities between individuals with and without NAFLD within an apparently 

healthy population undergoing routine health check-ups. The NAFLD group had a 

significantly higher proportion of individuals reporting alcohol consumption (32%) 

compared to the Non-NAFLD group (12%) (p < 0.001). Significant differences were also 

observed in BMI, abdominal circumference, platelet count, ALT, AST, FPG, and lipid 

profile components, including HDL-C, LDL-C, and TG. Specifically, NAFLD subjects 

showed a higher median BMI, abdominal circumference, elevated ALT and AST levels, 

and increased FPG (p < 0.05 to 0.001). Additionally, HDL-C level was significantly lower, 

while TG level was higher in the NAFLD group (p < 0.001). 

Table 2 presents a comparison of six liver fibrosis indexes—AAR, APRI, FIB-4, 

mFIB-4, Forns Index, and GPR—between the NAFLD and Non-NAFLD groups. Among 

those indexes, significant differences were observed for AAR, FIB-4, and mFIB-4 (p < 

0.05 to 0.001), while the Forns Index showed a near-significant difference (p < 0.055). 

NAFLD patients exhibited lower values for each of these established biomarkers 

compared to the Non-NAFLD group. 

Table 3 displays the results of the logistic regression analysis, assessing the 

association between six liver fibrosis indexes (AAR, APRI, FIB-4, mFIB-4, Forns Index, 

and GPR) and NAFLD. In the unadjusted analysis (Model 1), significant inverse 

associations with NAFLD were observed for AAR, and mFIB-4 indicating that higher 
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values were associated with lower odds of NAFLD [ORs of 0.71–0.97, 95% CIs of 0.57–

0.95 (lower) and 0.88–0.99 (upper), p < 0.05 to 0.005]. Although Forns Index did not 

reach statistical significance in the unadjusted model, it showed a modest inverse 

association with NAFLD (OR 0.82, 95% CI 0.66–1.02, p = 0.074). After adjusting for 

covariates in Model 2, mFIB-4 maintained its significant association with NAFLD, with 

an adjusted OR of 0.97 (95% CI 0.94–0.99, p < 0.01). Notably, Forns Index demonstrated 

a stronger inverse association in the adjusted model, achieving statistical significance (OR 

0.64, 95% CI 0.49–0.83, p < 0.001). 
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Discussion 

The ability to identify early NAFLD in a population without overt symptoms is especially 

important, as the progression to more severe liver conditions, such as cirrhosis or 

hepatocellular carcinoma, often goes undetected until significant damage has occurred.1,2 

In line with this, the current study assessed the association between selected non-invasive 

liver fibrosis biomarkers and NAFLD in an apparently healthy population. While we did 

not evaluate diagnostic accuracy metrics such as sensitivity, specificity, or areas under 

the receiver operating characteristic curves, parameters essential for determining the 

clinical utility of each index, our primary objective was to identify biomarkers most 

strongly associated with NAFLD in this low-risk group. This approach was intended to 

contribute to the identification of biomarkers that could enhance the early diagnosis of 

NAFLD and potentially enable timely intervention.  

In this study, key metabolic markers, including abdominal circumference, liver 

enzymes (ALT, AST, GGT), FPG, and lipid profiles, were significantly elevated in the 

NAFLD group. This pattern aligns with known metabolic dysfunctions associated with 

NAFLD, particularly central obesity, which is implicated in hepatic fat accumulation and 

insulin resistance.19,20 Our observations reflect the research findings reported by Younossi 

et al. (2016),1 who identified similar metabolic characteristics among NAFLD patients, 

suggesting a consistent metabolic profile associated with NAFLD across diverse 

populations. Observed increases in ALT and AST levels in the NAFLD group support the 

role of these enzymes in liver injury.21,22 Their elevation in our cohort reinforces the 

notion that they can be useful indicators in conjunction with other markers, particularly 

for early-stage liver disease.23,24 
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In our study, BMI and abdominal circumference significantly differed between the study 

groups. In some previous works, the researchers suggested that BMI alone may not fully 

capture the risk of NAFLD, as it does not account for the distribution of adiposity, which 

is a critical factor in NAFLD pathogenesis.20,25,26 Other researchers have reported that 

visceral fat, as indicated by abdominal circumference, is a stronger predictor of NAFLD 

than BMI, underscoring the importance of evaluating both general and central adiposity 

in clinical assessments.27 Interestingly, despite matching participants for BMI within ±1 

kg/m², a significant difference was observed between groups using the Wilcoxon signed-

rank test. This likely reflects the test’s sensitivity to consistent directional differences 

across matched pairs, as it considers both the sign and rank of the differences, rather than 

just their average. In contrast, the unpaired Mann–Whitney U test showed no significant 

difference (p = 0.463; results not shown), underscoring the importance of appropriate 

interpretation of statistical tests based on study design. Such residual differences are 

common in approximate matching and do not necessarily indicate poor matching quality. 

Our findings showed a consistent trend across statistical analyses for mFIB-4 and 

Forns Index; however, it is essential to clarify that our primary conclusions are based on 

the adjusted logistic regression model (Model 2 in Table 3), which more robustly accounts 

for potential confounding factors. While we observed notable differences in mFIB-4 and 

Forns Index between the NAFLD and Non-NAFLD groups (Table 2), and the unadjusted 

analysis (Model 1 in Table 3) indicated statistical significance for mFIB-4 and a near-

significant association for the Forns Index, it was in the adjusted Model 2 where both 

indices demonstrated statistically significant and independent associations with NAFLD. 

These results underscore the potential value of mFIB-4 and the Forns Index as non-

invasive biomarkers for detecting early NAFLD in asymptomatic individuals, providing 
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useful insights for early intervention and management. Our findings are in line with 

growing research that underscores the relevance of non-invasive biomarkers in detecting 

liver fibrosis across various liver disease etiologies.4-8,16 It should be noted here that we 

observed lower values for each of these significant biomarkers in the NAFLD group. 

Comparisons with other studies are challenging, as most research focused on diagnostic 

performance across various liver disease conditions or compared fibrosis indexes within 

different fibrosis grades rather than between NAFLD and Non-NAFLD groups. However, 

Sugiyama et al. (2022) reported significantly lower FIB-4 index values in NAFLD 

patients compared to non-drinkers without fatty liver across all age groups (p < 0.0001), 

supporting our findings.28 

mFIB-4, a modified version of the original FIB-4 index, emerged as a robust 

indicator in our study, showing a significant association with NAFLD. By integrating 

ALT, AST, and platelet counts, mFIB-4 provides a comprehensive assessment of liver 

function that appears particularly sensitive to early changes. Previous studies have 

validated mFIB-4’s utility, especially in hepatitis B and C populations, demonstrating its 

reliability in predicting fibrosis.8,29 In the study by Wang et al. (2017), compared to AAR, 

APRI, and FIB-4, mFIB-4 exhibited better diagnostic performance for liver cirrhosis in 

chronic hepatitis B and chronic hepatitis C patients.29 Studies have also shown that mFIB-

4 effectively differentiates fibrosis stages, with lower values typically associated with 

milder fibrosis in chronic liver disease.29,30 The lower mFIB-4 values observed in our 

NAFLD group probably suggest its potential for identifying early-stage NAFLD, 

supporting its role as a screening marker in asymptomatic populations. Furthermore, our 

findings underscore mFIB-4’s value for early detection in primary care settings, where its 

simplicity and diagnostic accuracy make it particularly valuable, especially in resource-
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limited areas. Its continued significance after covariate adjustment in our study highlights 

its robustness as a reliable biomarker among those without overt liver disease. Given that 

mFIB-4 incorporates age and liver enzyme levels, it may be especially useful in aging 

populations, as early liver changes related to NAFLD might otherwise go unnoticed.31 

In our study, the Forns Index showed a significant inverse association with NAFLD 

after adjusting for confounders, suggesting its potential predictive value in this cohort. 

Originally validated by Forns et al. (2002) for hepatitis C patients,6 the index has shown 

mixed utility across different liver disease contexts. For instance, Ballestri et al. (2021) 

found that the Forns Index slightly outperformed APRI and FIB-4 in predicting advanced 

fibrosis in patients with NAFLD and viral chronic liver disease,32 whereas Adler et al. 

(2008) reported it to be less accurate than FIB-4 for diagnosing cirrhosis.33 This 

variability may arise from the index's dependence on variables such as GGT and TC, 

which are highly susceptible to external factors, including medications, alcohol 

consumption, and dietary habits. Our findings indicate that while the Forns Index shows 

promise, its utility for screening asymptomatic populations for NAFLD requires further 

investigation. 

In this study, AAR revealed significant differences between the NAFLD and Non-

NAFLD groups and demonstrated a significant association with NAFLD in only the 

unadjusted logistic regression model. AAR is traditionally used to assess liver fibrosis 

and inflammation. Studies have shown that lower AAR values often correlate with milder 

fibrosis stages in chronic liver disease cohorts,7,34 while AAR values exceeding 1.0 are 

typically associated with advanced fibrosis or cirrhosis.16,34 The lower AAR values 

observed in the NAFLD group in our study suggest its potential utility in detecting early-

stage NAFLD.  
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The lack of significance for indexes like APRI, FIB-4, and GPR in our study 

contrasts with findings in populations with chronic hepatitis and cirrhosis, where these 

indexes often correlate strongly with advanced hepatic fibrosis.7,34 This suggests that 

APRI, FIB-4, and GPR may be more suited to detecting moderate-to-severe fibrosis rather 

than early-stage NAFLD, particularly in populations with low rates of advanced liver 

disease. The absence of significant associations in our study emphasizes the importance 

of considering disease etiology when selecting non-invasive biomarkers for liver fibrosis 

screening. Our findings indicate that mFIB-4, and potentially AAR and the Forns Index 

may offer more reliable results in low-risk populations. 

A key consideration in this study relates to the diagnostic terminology we used, 

specifically NAFLD. In 2023, the term metabolic dysfunction-associated steatotic liver 

disease (MASLD) replaced NAFLD.35 The revised diagnostic criteria require the 

presence of hepatic steatosis along with at least one cardiometabolic risk factor, to better 

reflect the metabolic underpinnings of fatty liver disease. However, in the present study, 

we have retained NAFLD as our diagnostic criterion for several scientifically valid 

reasons. First, our study data were collected from a period preceding the introduction of 

MAFLD, and thus, the clinical assessments and data classification were performed under 

the established NAFLD framework. The retrospective nature of our study necessitates 

consistency with historical diagnostic criteria to ensure the validity of our findings. 

Second, as highlighted in recent literature, studies comparing MAFLD and NAFLD have 

shown that while MAFLD encompasses a broader metabolic spectrum, individuals 

meeting NAFLD criteria still represent a major subset of MAFLD.36 Importantly, those 

with NAFLD exhibit similar trends in non-invasive liver fibrosis scores, liver enzyme 

abnormalities, and metabolic comorbidities-factors crucial to our study objectives. 
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Moreover, indexes validated for NAFLD (such as FIB-4 and Forns Index) have shown 

their applicability in MAFLD, given the significant overlap in patient populations and 

metabolic risk factors.37 It is noteworthy here that the term NAFLD is still commonly 

used in current scientific literature.38 Thus, while the evolving nomenclature of MAFLD 

aims to enhance disease characterization, our study findings remain highly relevant, as 

they provide valuable insights into fibrosis risk stratification among individuals with 

NAFLD, which in turn is applicable to MAFLD patients as well. Future studies may 

further investigate the applicability of our findings within the MAFLD framework, but 

given the diagnostic framework available at the time of data collection, NAFLD remains 

the most appropriate term for this study. 

This study also has a few additional limitations. Its retrospective design limits 

control over certain confounders, such as physical activity and diet, which are known to 

influence NAFLD risk.39 However, the effects of these variables on the current results 

should be very limited as in this study, we included healthy subjects with similar socio-

demographic characteristics. Another limitation is that while adjustments were made to 

account for demographic and clinical differences, these adjustments cannot fully 

eliminate the impact of potential confounders inherent to observational studies. The 

current study population, consisting exclusively of Japanese adults, may limit the 

generalizability of the findings. Also, we did not evaluate diagnostic accuracy metrics, 

such as sensitivity or specificity, which are essential for establishing the clinical utility of 

each index. Future prospective cohort studies incorporating these metrics would provide 

a clearer picture of the indexes’ effectiveness in early NAFLD detection. Lastly, the 

diagnosis of NAFLD was based on ultrasonography. While practical, ultrasonography 

may not be as precise as other modalities like MRI or transient elastography in detecting 
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early-stage liver changes.40,41 Employing these advanced imaging techniques in future 

prospective research could enhance our understanding of these biomarkers’ performance 

in early NAFLD. 

In conclusion, our study suggests that mFIB-4 and the Forns Index are associated 

with NAFLD in an apparently healthy population, showing promise as non-invasive 

biomarkers for early NAFLD detection. These markers could support timely intervention 

and potentially improve clinical outcomes. Future prospective cohort studies should 

validate these markers in diverse populations, evaluate their diagnostic accuracy, and 

confirm their suitability for integration into routine screening for subclinical liver disease. 

For this purpose, a prospective cohort study should longitudinally follow an 

asymptomatic, ethnically diverse population with baseline assessments of mFIB-4 and 

Forns Index, tracking incident NAFLD development over time using imaging and 

metabolic profiling, to validate their predictive utility and assess temporal associations 

with disease onset. 
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Figure Legends 

Fig. 1 Flowchart of current study population. 
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Fig. 1 
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Table 1 Demographic and clinical characteristics of the study subjects.  
 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abd Circ, abdominal circumference; ALT, alanine aminotransferase; AST, aspartate 

 Non-NAFLD NAFLD   
 (n=145) (n=145)  

Variables 
Median  
or n 

IQR 
or % 

Median  
or n 

IQR 
or % 

P-value§ 

Age (Years) 53.0  15.0  53.0  14.5  0.419  
Sex        

Male 95  66% 111  77% 
0.057  

Female 50  34% 34  23% 
Smoking status        

Non-smoker 126  87% 116  80% 
0.144  

Smoker 19  13% 29  20% 
Alcohol        

 Non-drinker 127  88% 99  68% 
<0.001  

Drinker 18  12% 46  32% 
BMI (kg/m2) 23.6  3.3  24.0  3.1  <0.001  
Abd Circ 84.0  11.0  86.0  10.0  <0.001  
RBC (104/μL) 453.0  74.5  461.0  72.5  0.115  
WBC (/µL) 5180.0  1825.0  5390.0  2120.0  0.113  
Platelets 
(104/μL) 

22.8  6.0  23.7  7.5  0.004  

Hb (g/dL) 14.2  2.0  14.6  2.4  0.394  
Hct (%) 42.3  5.3  43.9  6.3  0.138  
SBP (mmHg) 125.0  16.5  126.0  23.5  0.260  
DBP (mmHg) 77.0  14.0  80.0  15.5  0.097  
ALT (U/L) 20.0  13.5  24.0  14.0  0.005  
AST (U/L) 20.0  7.5  21.0  8.0  0.049  
FPG (mg/dL) 101.0  11.5  104.0  17.0  0.001  
GGT (U/L) 30.0  41.0  34.0  36.5  0.096  
HDL-C (mg/dL) 64.0  20.5  57.0  17.0  <0.001  
LDL-C (mg/dL) 129.0  38.5  135.0  33.0  0.074  
TC (mg/dL) 208.0  44.0  213.0  44.0  0.216  
TG (mg/dL) 98.0  59.0  127.0  81.5  <0.001  
SUA (mg/dL)  5.6  2.2  5.8  1.8  0.299  
SCr (mg/dL) 0.9  0.3  0.8  0.2  0.690  



 

28 
 

aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma 

glucose; GGT, gamma-glutamyl transpeptidase; Hb, hemoglobin; Hct, hematocrit; HDL-C, high-

density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RBC, red blood cell; 

SCr, serum creatinine; SUA, serum uric acid; SBP, systolic blood pressure; TC, total cholesterol; 

TG, triglyceride; WBC, white blood cell.  

Values have been expressed as median and IQR for the continuous variables, and as number (n) 

and percent (%) for the categorical variables. 

§Two-tailed p-values were obtained by the Wilcoxon signed-Rank test for matched continuous 

variables and McNemar’s test for matched categorical variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

29 
 

Table 2 Comparison of Liver Fibrosis Indexes Between NAFLD and Non-NAFLD 

Groups.  

 

 

 

 

 

 

 
 

AAR, Aspartate Aminotransferase to Alanine Aminotransferase Ratio; APRI, Aspartate 

Aminotransferase to Platelet Ratio Index; FIB-4, fibrosis index based on four factors; mFIB-4, 

modified FIB-4; GPR, Gamma-Glutamyl Transpeptidase to Platelet Ratio. 

Values are shown as median and IQR. 

§Two-tailed p-values were obtained by the Wilcoxon signed-Rank test. 

 

 

 

 

 

 

 

 

 

 

 

 

  Non-NAFLD NAFLD   
 (n=145) (n=145)  

Indexes Median IQR Median IQR P-value§ 

AAR 1.0  0.5  0.9  0.3  0.003  

APRI 3.0  1.2  3.0  1.4  0.922  

FIB-4 10.5  5.6  9.7  4.7  0.027  

mFIB-4 23.9  17.0  19.9  12.1  <0.001  

Forns Index 11.6  1.3  11.2  1.8  0.055  

GPR 2.8  3.4  2.9  3.1  0.333  
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Table 3 Logistic regression analysis for association between liver fibrosis biomarkers and 

NAFLD without and with adjustments for relevant potential confounding factors. 

 

baIndexes 
Model 1 Model 2  

OR 
95% CI P-value 

OR 
95% CI P-value 

Lower Upper   Lower Upper   
AAR 0.41 0.2 0.82 0.016 0.58 0.26 1.28 0.175 
APRI 1.07 0.91 1.24 0.431 1.01 0.77 1.31 0.961 
FIB-4 0.95 0.9 1.01 0.1 0.96 0.90 1.03 0.219 
mFIB-4 0.97 0.95 0.99 0.002 0.97 0.94 0.99 0.008 
Forns Index 0.82 0.66 1.02 0.074 0.64 0.49 0.83 0.001 
GPR 1.03 0.97 1.1 0.274 0.95 0.88 1.03 0.23 

AAR, Aspartate Aminotransferase to Alanine Aminotransferase Ratio; APRI, Aspartate 

Aminotransferase to Platelet Ratio Index; FIB-4, fibrosis index based on four factors; mFIB-4, 

modified FIB-4; GPR, Gamma-Glutamyl Transpeptidase to Platelet Ratio. 

Model 1, without adjustments. 

Model 2, with adjustments: AAR for BMI, Abd Cicum, PLT, FPG, HDL-C, and TG; APRI for 

BMI, Abd Cicum, ALT, FPG, HDL-C, and TG; FIB-4 for BMI, Abd Cicum, FPG, HDL-C, and 

TG; mFIB-4 for BMI, Abd Cicum, FPG, HDL-C, and TG; Forns Index for BMI, Abd Cicum, ALT, 

AST, FPG, HDL-C, and TG; and GPRI for BMI, Abd Cicum, ALT, AST, FPG, HDL-C, and TG. 
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