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ABSTRACT

Aims: Nonalcoholic fatty liver disease (NAFLD) is a growing global health concern associated with chronic liver damage and
metabolic comorbidities. Traditional anthropometric measures—such as body-mass index (BMI) and waist circumference
(WC), have known limitations. This study aimed to compare the diagnostic performance of novel obesity indices, including a
body shape index (ABSI) and body roundness index (BRI), with conventional parameters in predicting NAFLD.

Methods: A retrospective study was conducted with 430 Turkish adults (aged 18-74) undergoing FibroScan assessments.
Anthropometric data (body weight, height, WC) and controlled attenuation parameter (CAP) values were collected. NAFLD was
defined as CAP >257 dB/m. Predictive capabilities of BMI, WC, ABSI, BRI, waist-to-height ratio (WHtR), and body weight were
compared using receiver operating characteristic (ROC) curve analyses. Pairwise area under-the-curve (AUC) comparisons
were performed using the DeLong test, with significance set at p<0.05.

Results: Body weight displayed the highest area under the ROC curve (AUC) for NAFLD diagnosis (AUC=0.766; 95% CI: 0.716-
0.816). BMI (AUC=0.695; 95% CI: 0.637-0.753) and WC (AUC=0.693; 95% CI: 0.636-0.750) had comparable performance. BRI
and WHItR demonstrated lower AUC values (AUC=0.621), while ABSI had insufficient discriminatory ability (AUC=0.485).
NAFLD prevalence was significantly higher in males (71% vs. 50%, p<0.001), aligning with prior epidemiological reports.

Conclusion: Among Turkish patients diagnosed via FibroScan, body weight emerged as the strongest predictor of NAFLD, with
BMI and WC remaining reliable alternatives. Novel indices such as BRI and ABSI showed limited utility for clinical diagnosis.
These findings highlight the continued relevance of simple and traditional measurements for identifying NAFLD risk.
Keywords: Nonalcoholic fatty liver disease (NAFLD), anthropometric indices, a body shape index (ABSI), body roundness
index (BRI), FibroScan

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most
common chronic liver disorder worldwide, defined by the
accumulation of fat in more than 5% of hepatocytes without
secondary causes such as excessive alcohol consumption, viral
and autoimmune hepatitis, or congenital liver diseases."”
While most NAFLD patients exhibit isolated hepatic steatosis,
a subset may progress to nonalcoholic steatohepatitis (NASH),
which can lead to hepatic fibrosis and potentially cirrhosis,
hepatocellular carcinoma, and end-stage liver disease.*”

Obesity is a well-established risk factor for NAFLD.® Studies
show that 50% of individuals with NAFLD and 82% of those
with NASH are obese.” Given the growing burden of obesity-
related diseases, anthropometric measures such as body-
mass index (BMI), waist circumference (WC), and waist-to-
height ratio (WHtR) have been widely used to assess fatty
liver disease severity.®* BMI and WC are standard indices for
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evaluating overall and central obesity, known risk factors
for NAFLD.”!"" However, BMI does not differentiate between
adipose and lean mass, and WC cannot distinguish visceral
from subcutaneous fat distribution."*"*

To address these limitations, novel anthropometric indices
have been developed, including a body shape index (ABSI) and
body roundness index (BRI), which integrate BMI, WC, and
height. These indices have been explored for their predictive
value in metabolic disorders such as cardiovascular disease,
diabetes mellitus, and NAFLD."> "

FibroScan, a widely used noninvasive diagnostic tool, provides
reliable quantification of hepatic steatosis and fibrosis using
the controlled attenuation parameter (CAP). It offers a better
correlation with hepatic fat content compared to conventional
ultrasonography.'®**
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This study aims to determine the diagnostic value of
traditional anthropometric measurements—BMI, WC,
and WHtR—alongside the novel obesity indices ABSI and
BRI in identifying NAFLD cases diagnosed via FibroScan.
Additionally, we seek to establish which indices are the most
robust predictors of NAFLD.

METHODS

Ethics

University of Health Sciences, Bursa Faculty of Medicine,
Bursa City Training and Research Hospital Ethics Committee
Institutional Review Board (IRB) approved the study protocol
(Date: 22.01.2025, Decision No: 2025-2/15). All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

Study Design and Participants

This retrospective study aimed to compare the predictive
power of classic anthropometric measurements—BMI
and WC with the novel obesity indices ABSI and BRI for
diagnosing NAFLD in adult patients who received a NAFLD
diagnosis via FibroScan. Additionally, it sought to determine
which index might be more clinically relevant in routine
practice.

The study encompassed patients who presented to the
gastroenterology outpatient clinic between September 1,
2018, and December 31, 2024, for whom demographic data,
anthropometric measurements, and FibroScan-based CAP
values were available. In total, 430 patients aged between 18
and 74 years were included.

Inclusion and Exclusion Criteria

Adults aged 18-74 years with recorded height, weight, and WC
measurements, as well as adequate and valid CAP data from
FibroScan evaluations, were included in the study. Individuals
were excluded if they were younger than 18 or older than 74
years; consumed alcohol exceeding 210 g/week (men) or 140
g/week (women); were pregnant; or had a history of hepatitis
B, hepatitis C, autoimmune hepatitis, acute hepatitis, primary
or secondary cholestatic liver disease, hemochromatosis or
other metabolic liver disorders, liver cirrhosis, or malignancy.

Anthropometric and Clinical Measurements
Demographic data (age, sex) and standardized anthropometric
measurements (height, weight, WC) were obtained
retrospectively from the hospital information system and
FibroScan device registry. BMI was calculated by dividing
weight in kilograms by the square of height in meters (kg/
m?). WHtR was determined by dividing WC by height in
centimeters.

ABSI and BRI were calculated according to the following
formulas:

ABSI= WC / (BMI?? x height'”?)

waist circumference )2

m =

{
BRI = 364.2 — 365.5, /1 — ( s
\J' height

Radiological Assessments

This study retrospectively analyzed patient records from
individuals diagnosed with NAFLD via the FibroScan device.
Hepatic steatosis was evaluated using a FibroScan 502 Touch
model (Echosens, Paris, France) to obtain CAP values.
Measurements were performed with either an M or XL probe,
and the degree of liver steatosis was recorded in decibels
per meter (dB/m). Data from patients with at least 10 valid
measurements and a median measurement quality of less
than 30% variability were deemed suitable for analysis.

To define hepatic steatosis, a CAP threshold of 257 dB/m
or higher, as determined in the biopsy-controlled study by
Yilmaz et al.”*, was employed. In that investigation, this cutoff
was shown to distinguish marked hepatosteatosis with 89%
sensitivity and 83% specificity (AUROC: 0.93).

Statistical Analysis

All statistical procedures were performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA). The normality of
continuousvariableswasinitially assessed viathe Kolmogorov-
Smirnov test. Variables following a normal distribution were
presented as mean+standard deviation and compared using
the independent samples t-test. Non-normally distributed
data were expressed as median (minimum-maximum)
and analyzed using the Mann-Whitney U test. Categorical
variables were compared using the Chi-square test, and results
were reported as frequencies and percentages.

A receiver operating characteristic (ROC) curve analysis
was carried out to determine the diagnostic performance of
each anthropometric measure used to detect NAFLD. The
area under the ROC curve (AUC) was calculated for body
weight, BMI, WC, WHtR, ABSI, and BRI. Higher AUC
values indicated greater discriminatory power for diagnosing
NAFLD. DeLong’s test was used for pairwise comparisons
of AUCSs. Statistical significance was defined as a two-tailed
p-value <0.05.

Based on the findings, the measure with the highest AUC had
the strongest predictive capacity, while indices with lower
AUC values were considered to have limited clinical utility.
Subgroup analyses (e.g., sex differences) were also conducted
when applicable.

To determine whether the differences in AUC values among
the anthropometric indices were statistically significant,
pairwise AUC comparisons were performed using the DeLong
test. The DeLong test is a non-parametric method specifically
designed to compare correlated ROC curves and provides a
p-value indicating whether the difference between two AUC
values is statistically significant. The significance level was set
at p<0.05.

RESULTS

A total of 430 participants were included in this study, with
334 classified as having fatty liver and 96 as non-fatty liver.
The demographic and clinical characteristics of the two
groups are presented in Table 1.
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Table 1. Comparison of demographics between the groups

Non-fatty liver (n=96) Fatty liver (n=334)

Mean+SD Median(min-max) Mean+SD Median(min-max) P

Age, years 48.17£13.7 48(20-74) 47.49£11.99 48(18-74) 0.661*
Gender

Female, n (%) 48 (50) 97 (29) <0.001

Male, n (%) 48 (50) 237 (71)
Height, cm 167.08+11.39 168(115-189) 172.73£10.11 174(148-196) <0.001
Weight, kg 77.3£12.02 76.5(50-114) 95.33+£51.09 90(56-968) <0.001
WC, cm 100.54+11.29 103(70-123) 110.03+12.5 108(79-152) <0.001
ABSI Score 1.1+1.65 1.03(-4.13-9.7) 1.02+1.34 1.02(-6.08-8.04) 0.645
BMI, kg/m? 27.9+5.38 27.49(19.23-65.03) 32.1+20.96 30.47(18.94-402.91) <0.001
BRI 5.69+2.11 5.3(2.31-16.05) 6.43+1.87 6.04(2.37-14.73) <0.001
WHtR 0.60+0.08 0.59 (0.44-0.96 0.63+0.07 0.62 (0.44-0.92) <0.001
CAP, dB/m 223.58+35.63 234(3.4-257) 324.26+34.36 325(258-400) <0.001
LSM, kPa 8.5149.2 5.3(2.6-75) 9.3147.74 6.8(2.4-69.1) <0.001

SD: Standard deviation, WC: Waist circumference, ABSI: A body shape index, BMI: Body-mass index, BRI: Body roundness index, WHtR: Waist to height ratio, CAP: Controlled attenuated parameter, LSM: Liver

stiffness measurement, *: student t-test

Demographic and Anthropometric Comparisons

The mean age of the fatty liver group was 47.49+11.99 years,
while the non-fatty liver group had a mean age of 48.17+13.7
years (p=0.661). A significant gender difference was observed
between the groups, with a higher proportion of males in the
fatty liver group (71%) compared to the non-fatty liver group
(50%) (p<0.001).

Key anthropometric variables such as height, weight, WC,
BMI, BRI, and WHtR demonstrated significant differences
between the groups. The fatty liver group exhibited higher
mean WC (110.03£12.5 cm vs. 100.54£11.29 cm, p<0.001),
BMI (32.1+20.96 kg/m? vs. 27.9+5.38 kg/m’ p<0.001), and
WHItR (0.63£0.07 vs. 0.60+0.08, p<0.001). Similarly, weight
and BRI were significantly elevated in the fatty liver group.

ROC Curve Analysis

ROC curve analyses were performed to evaluate the predictive
power of various anthropometric measures for fatty liver
diagnosis (Figure 1). Among the examined indices, body
weight demonstrated the highest discriminatory power, with
an AUC of 0.766 (95% CI: 0.716-0.816, p<0.001), followed by
BMI (AUC=0.695, 95% CI: 0.637-0.753, p<0.001) and WC
(AUC=0.693, 95% CI: 0.636-0.750, p<0.001), both of which
showed moderate predictive accuracy. Conversely, WHtR and
BRI exhibited lower discriminative ability with identical AUC
values of 0.621 (95% CI: 0.554-0.688, p<0.001). The ABSI had
the weakest predictive performance (AUC=0.485, 95% CI:
0.414-0.555, p=0.668), indicating that it was not useful for
distinguishing NAFLD cases from controls.

The DeLong test was performed to compare the AUC values
(Table 2) statistically. The results showed that body weight
significantly outperformed all other indices (p<0.05 in all
comparisons), confirming its superior predictive ability. BMI
and WC performed similarly, as their AUC values were not
significantly different (p=0.841). WHtR and BRI performed
similarly (p=0.912), indicating neither provided superior
discriminatory power. In contrast, ABSI was significantly
inferior to all other indices (p<0.001 in all cases except
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Figure 1. ROC curve analysis

ROC: Receiver operating characteristic

height), reinforcing its limited clinical utility. These findings
suggest that body weight, BMI, and WC are the most effective
anthropometric measures for NAFLD risk assessment,
whereas ABSI lacks predictive value in this cohort.

Model Quality and Discriminative Metrics

The model quality scores, and classifier evaluation metrics are
summarized in Table 3 and Table 4. Weight demonstrated
the highest model quality (Gini index=0.532; Max
K-S$=0.435). WC (Gini index=0.387; Max K-S=0.294) and
BMI (Gini index=0.390; Max K-5=0.325) also showed strong
discriminative performance. WHtR had a moderate Gini
index of 0.242 and a Max K-S value of 0.197.

Overall Model Quality

The overall model quality, shown in Figure 2, reaffirmed
weight as the strongest predictor, with a quality score of 0.72.
BMI and WC shared a quality score of 0.64, while WH{R and
BRI had equally a lower model quality score of 0.55. ABSI had
the lowest quality score (0.41), making it the least effective
predictor among the variables analyzed.

DISCUSSION

Early and accurate detection of NAFLD is crucial for
preventing the progression of chronic liver disease and
related comorbid conditions. Hence, there is a pressing need
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Table 2. Pairwise DeLong test p-values for AUC comparisons

Variable Height Weight wC
Height — 0.002* 0.051
Weight 0.002* = 0.006*
WwC 0.051 0.006* —
BMI 0.038* 0.004* 0.841
BRI 0.017* 0.002* 0.093
WHtR 0.019* 0.002* 0.042%
ABSI 0.256 <0.001* <0.001*

BMI BRI WHtR ABSI
0.038* 0.017* 0.019* 0.256
0.004* 0.002* 0.002* <0.001*
0.841 0.093 0.042* <0.001*
= 0.049* 0.018* <0.001*
0.049* — 0.912 <0.001*
0.018* 0.912 = <0.001*
<0.001* <0.001* <0.001* —

AUC: Area under-the-curve, WC: Waist circumference, ABSI: A body shape index, BMI: Body-mass index, BRI: Body roundness index, WHtR: Waist to height ratio,*: Indicate statistically significant

differences

Table 3. Area under the ROC curve

Area Std. error®
Height, cm 0.644 0.032
Weight, kg 0.766 0.025
Waist circumference, cm 0.693 0.029
A body shape index 0.485 0.036
Body-mass index, kg/m? 0.695 0.030
Body roundness index 0.621 0.034
Waist-to-height ratio 0.621 0.034

Asymptotic 95% confidence interval

Asymptotic sig.”
Lower bound Upper bound
0.000 0.582 0.706
0.000 0.716 0.816
0.000 0.636 0.750
0.668 0.414 0.555
0.000 0.637 0.753
0.000 0.554 0.688
0.000 0.554 0.688

ROC: Receiver operating characteristic, a. Under the nonparametric assumption, b. Null hypothesis: true area=0.5

Table 4. Classifier evaluation metrics

K-S statistics

Gini index

Max K-$* Cutoff®
Height, cm 0.288 0.243 172.50
Weight, kg 0.532 0.435 85.500
‘Waist circumference, cm 0.387 0.294 109.500
A body shape index -0.031 0.082 0.2931200000
Body-mass index, kg/m? 0.390 0.325 29.7164
Body roundness index 0.242 0.197 5.5859
Waist-to-height ratio 0.242 0.197 0.6069
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for effective predictive indicators in clinical practice. In this
study, we compared the predictive value of newly developed
anthropometric indices with those of more traditional
measures for NAFLD diagnosis. Earlier investigations
suggested that age and sex might significantly influence
NAFLD prevalence.”>** However, our findings showed no
significant age difference between patients with and without
fatty liver disease, indicating that age may not be a predictive
factor in our cohort. Consistent with previous research
showing that NAFLD predominantly affects males,* we also
observed a higher prevalence among men in our study.

The observed gender disparity in NAFLD prevalence, with
a higher occurrence in men (71% vs. 50%, p<0.001), aligns
with current epidemiological findings and is influenced
by hormonal, genetic, and metabolic factors. Several
studies confirm that NAFLD is more prevalent in men
than in premenopausal women due to the protective effects
of estrogen, which helps regulate lipid metabolism and
reduce hepatic fat accumulation. However, this protection
diminishes after menopause, leading to an increased
NAFLD risk in postmenopausal women.”® A recent study
analyzing transcriptomic differences suggests that immune
responsiveness differs between men and women, with
men showing an impaired liver regenerative response and
increased inflammation.”” Additionally, a meta-analysis
revealed that while men are more likely to develop NAFLD,
women—especially  postmenopausal—experience  more
severe complications, including cardiovascular events.” These
findings suggest that sex-specific screening and management
strategies are essential for improving NAFLD outcomes in
both men and women.
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Numerous reports have highlighted a strong association
between obesity and NAFLD, noting that this relationship
persists in both early and advanced disease stages.»**
Common anthropometric indices, such as BMI and WC, have
certain limitations, particularly in differentiating lean muscle
mass from adipose tissue, thereby limiting their accuracy in
predicting total body fat percentage.’’ Furthermore, visceral
adiposity has been identified as the principal fat depot
responsible for NAFLD, demonstrating a dose-dependent
relationship with the disease.”” Although robust correlations
between conventional anthropometric measurements and
NAFLD have been consistently reported, recent research has
begun exploring new indices to evaluate their potential for
distinguishing between patients with and without fatty liver
disease.’>**

Thomas et al.” employed the BRI to estimate total and visceral
adiposity. Previous studies likewise found that BRI holds
promise as a clinical predictor for metabolic syndrome and is
strongly correlated with NAFLD.?>**In another study by Tian
et al.”, transient elastography was used to determine CAP
values, and BRI demonstrated superior diagnostic capability
compared to BMI. Supporting these results, additional
research has revealed that BRI and WHtR can exhibit high
AUC values for diagnosing NAFLD.** However, our findings
diverged from these reports by showing that BRI had a lower
diagnostic value than body weight and BMI in identifying
fatty liver.

Among the novel anthropometric indices, ABSI has been
proposedasapotential predictor for conditions such asdiabetes
mellitus, cardiovascular disease, and hyperuricemia."?*!
Nonetheless, a study investigating the relationship between
ABSI and NAFLD reported insufficient predictive power for
ABSI in diagnosing NAFLD.?” Similarly, in a comparative
analysis by Xie et al.*® examining obesity-related indices for
NAFLD detection, BMI emerged as the measure with the
highest AUC. In contrast, ABSI, with an AUC of 0.578, failed
to achieve adequate sensitivity and specificity. Another study
also reported higher AUC values for BMI compared to ABSI
and BRIL.*”

In our current study, measuring body weight yielded the most
substantial predictive value for diagnosing NAFLD, followed
closely by BMI and WC with similar predictive strengths.
Meanwhile, BRI and WHIR possessed only modest predictive
utility, and ABSI offered insufficient predictive accuracy for
clinical use. Our findings align with other work suggesting
that BRI and ABSI may lack adequate discriminatory power
in differentiating fatty from non-fatty liver.*

Strengths and Limitations of the Study

Few studies have investigated the predictive utility of these
newer anthropometric measures for diagnosing NAFLD in
Turkish patients. Thus, our findings offer preliminary insights
into whether these indices are suitable for this population. A
notable strength is the relatively large sample size compared to
prior reports. Additionally, NAFLD diagnosis was established
using FibroScan-based CAP measurements, which are
superior to conventional abdominal ultrasound.
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Several limitations should also be acknowledged. First, this
was a retrospective study. Second, comorbidities such as
diabetes mellitus, hyperlipidemia, and hyperuricemias, as
well as demographic factors like smoking history and physical
activity—were not included in the analysis. Finally, although
CAP measurements provide high sensitivity and specificity,
the gold standard for NAFLD diagnosis remains liver biopsy,
which was unavailable for our patient cohort; consequently,
no histopathological comparison could be performed.

Limitations

One of the primary limitations of this study is the absence
of data on comorbid conditions, particularly diabetes
mellitus, which is a well-established risk factor for NAFLD.
Diabetes is strongly associated with hepatic steatosis, insulin
resistance, and disease progression, and its exclusion from
the analysis may have influenced the predictive accuracy of
anthropometric indices in diagnosing NAFLD. The interplay
between metabolic disorders and NAFLD suggests that
patients with diabetes might exhibit different anthropometric
profiles, potentially altering the diagnostic performance of
the indices evaluated. Future studies should incorporate
detailed metabolic and comorbidity data to provide a more
comprehensive understanding of their impact on NAFLD
prevalence and severity.

CONCLUSION

In this cohort of Turkish patients diagnosed with NAFLD via
Fibroscan, body weight emerged as the strongest predictor for
detecting NAFLD, followed closely by BMI and WC, which
showed similar predictive performance. By contrast, BRI and
WHtR demonstrated limited utility, whereas ABSI appeared
unsuitable for clinical implementation. Furthermore, these
findings corroborate previous studies indicating a higher
prevalence of NAFLD among male patients.
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