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Abstract

Background: Conventional anthropometric indices such as body mass index (BMI), waist
circumference (WC), and waist-to-height ratio (WHtR) are widely used for obesity screen-
ing; however, their accuracy may be limited in young Japanese women, who often exhibit
higher percentage body fat (%BF) at lower BMI values. This pilot study examined the
relationships between DXA-derived %BF and anthropometric indices and evaluated their
ability to identify excess adiposity. Methods: A cross-sectional study was conducted
among 78 Japanese female university students aged 18-28 years. Whole-body composi-
tion was assessed using dual-energy X-ray absorptiometry (DXA), and excess adiposity
was defined as %BF > 30%. Receiver operating characteristic analyses were performed
to evaluate the discriminatory ability of anthropometric indices and identify exploratory
optimal cut-off values. Results: Participants had a median BMI of 20.3 kg/m? and a
mean %BF of 32.3 £ 5.4%. Conventional BMI, WC, and WHItR thresholds showed very
low sensitivity for detecting excess adiposity despite perfect specificity. ROC analyses
identified substantially lower optimal cut-off values, yielding sensitivities of approximately
70-80%, specificities of 58-75%, and AUC values of 0.76-0.78. Among novel anthropometric
indices, body roundness index (BRI) demonstrated the strongest discriminatory ability.
Conclusions: Conventional anthropometric thresholds may underestimate DXA-defined
excess adiposity in young Japanese female university students. This exploratory pilot study
identified lower candidate cut-off values and suggested that BRI may serve as a useful
adjunctive anthropometric index for identifying excess adiposity in this population. These
findings should be interpreted cautiously and require validation in larger and more diverse
populations before clinical application.

Keywords: obesity screening; percentage body fat; dual energy X-ray absorptiometry; body
mass index; body roundness index; normal-weight obesity; Japanese females

1. Introduction

Obesity is defined as an excess or abnormal accumulation of body fat that may impair
health [1]. Body composition is therefore considered an important component to screen
and diagnose the obesity status of individuals. Body composition can be estimated using a
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range of techniques, including densitometry, hydrometry, bioelectrical impedance analysis
(BIA), and dual energy X-ray absorptiometry (DXA). Among the available techniques, DXA
is widely regarded as a reference method for body composition assessment because of its
high accuracy, precision, and reproducibility compared with many field techniques that
require population-specific prediction equations [2]. Despite its advantages, DXA is not
practical for routine screening or large-scale epidemiological studies because of its cost,
limited accessibility, and requirement for specialized equipment. In addition, although
the radiation exposure from a single whole-body DXA scan is very low, its use should be
justified in research involving healthy participants [3].

As alternatives to body composition assessment techniques, a number of anthropo-
metric indices have been used as practical proxies for screening and diagnosis of obesity.
Anthropometric indices are simple, cost- and time-effective, and efficient tools to screen
and diagnose a large number of populations. While body mass index (BMI) has been
frequently utilized for this purpose based on the World Health Organization (WHO) recom-
mendation [1], other indices such as waist circumference (WC), waist-to-hip ratio (WHR),
and waist-to-height ratio (WHtR) have also been adopted to determine a likelihood of
an excessive fat accumulation around the trunk region as a visceral fat [4,5]. A recently
proposed new definition of obesity stated that obesity will be diagnosed using either BMI,
WC or WHtR if detailed body composition assessment techniques are not available [6-8].

Although BMI, WC, WHR, and WHIR are practical surrogate measures of adiposity
and are associated with obesity-related health outcomes at the population level, they do
not directly assess body composition (i.e., fat mass [FM] and fat-free mass [FFM]) and pro-
vide limited information regarding adipose tissue distribution, particularly subcutaneous
adipose tissue (SAT) and visceral adipose tissue (VAT) [9-12]. Therefore, these anthro-
pometric indices may misclassify obesity and fat accumulation patterns at an individual
level. In addition, it is well documented that relationships between body composition and
anthropometric indices vary between ethnic groups [13,14]. Previous studies reported that
Asian people are likely to have a greater amount of percentage body fat (%BF) at a given
BMI and WC compared to Caucasian people [7,15]. Based on these observations, several
organizations recommend ethnic-specific cut-off points for obesity screening and diagnosis
because the relationships between BMI, waist circumference, percentage body fat, and
cardiometabolic risk differ across ethnic groups [16-18].

Similar to other Asian populations, Japanese people also exhibit higher %BF at lower
BMI values. Due to this %BF-BMI relationship, a substantial proportion of young Japanese
females may have an excessive level of adiposity despite having normal or even low
BMI—conditions known as “normal weight obesity (NWtO)”. In Japan, this phenotype
is also commonly referred to as masked obesity (MO). Meanwhile, ethnic differences in
the %BF-BMI relationship have been reported among young Japanese women, who may
exhibit excess body fat despite having a normal BMI [17],. Although these individuals are
frequently overlooked during routine obesity screening, accumulating evidence suggests
that NWtO is associated with adverse metabolic profiles, including insulin resistance,
dyslipidemia, metabolic syndrome, and increased cardiovascular risk despite normal body
weight [19]. Consequently, identifying individuals with excess adiposity despite normal
BMI has become an increasingly important public health concern.

Furthermore, there is a complete scarcity of studies that explored relationships be-
tween DXA-derived body fat percentage and novel anthropometric indices that have been
emerging in recent years, including body roundness index (BRI), conicity index (CI), and
body shape index (BSI) in this population. As these indices consider body geometry and
proportionality in the assessment of adiposity [20-22], they may offer theoretical advan-
tages over BMI. However, their ability to accurately reflect adiposity and their comparative
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diagnostic performance for young Japanese females remain unknown. The present study
therefore aimed to examine the relationship between %BF derived from DXA and a range of
conventional and novel anthropometric indices in young Japanese females. The study also
sought to evaluate the diagnostic performance of these indices and to identify exploratory
cut-off values for detecting excess adiposity within this study population.

2. Materials and Methods

Study Design and Participants: A cross-sectional study was conducted between De-
cember 2024 and February 2025. Female university students were recruited through class-
room visits, flyers and posters displayed on campus notice boards, email announcements,
LINE groups, and word-of-mouth referrals. Inclusion criteria included Japanese females
aged 18-28 years who were not engaged in regular athletic training or specialized dietary
programs. Participants were excluded if they were non-Japanese and outside of the age
range, were pregnant or lactating, or diagnosed as having metabolic or chronic conditions
affecting body composition (e.g., endocrine or thyroid disorders) and were also taking
prescription medication that may alter body composition.

All participants received written and verbal explanations of the study procedures,
including the DXA examination, and provided written informed consent prior to par-
ticipation. Because DXA involves exposure to a very low dose of ionizing radiation
(approximately 4 uSv) [23,24]. The study protocol conformed to the Declaration of Helsinki
and was approved by the Human Research Ethics Committee of the affiliating institution
(Approval No. 544).

Body composition assessment: Body composition was assessed using whole-body
scanning with DXA (Horizon Wi, Hologic Inc., Marlborough, MA, USA). From the scan,
total and segmental body composition, including fat mass, lean mass, and bone mineral con-
tent, were estimated. Scans were performed after conducting a daily calibration procedure,
and all scans were made by the same trained DXA operator according to the manufac-
turer’s guidelines. All participants were instructed to void before the measurement and
remove all jewelry and metallic items when changing into a standardized examination
gown. Participants were instructed to lie on the DXA bed in supine position and remain
still during the scan. A vast majority of the participants underwent a single scan that takes
approximately 10 min to minimize radiation exposure.

Anthropometry: Stature was measured using a stadiometer (BH-100, Tanita Corp.,
Tokyo, Japan), and body mass was assessed using a multi-frequency BIA device (MC-980
Plus, Tanita Corp., Tokyo, Japan). Waist circumference (WC) was measured using a flexible
steel tape measure (W606PM, Apex Tool Group LLC, Apex, NC, USA). All measurements
were conducted according to the protocol by the International Society for the Advancement
of Kinanthropometry (ISAK) [25]. From anthropometry, BMI, WHtR, BRI, CI, and BSI
were calculated.

All measurements were performed by a single trained researcher under standardized
conditions. Measurements were obtained in duplicate, and a third measurement was
taken if discrepancies exceeded predefined limits (0.6 cm for height and WC and 0.6 kg for
body mass). The final value was calculated as the mean of the two closest measurements.
Intra-tester relative technical errors of measurement (%TEMs) were below the acceptable
threshold of 1% [26,27].

Statistical Analysis: Descriptive statistics were used to summarize participant char-
acteristics. Normality was assessed using the Shapiro—Wilk test. Data are presented as
mean = standard deviation (SD) for normally distributed variables and median (interquar-
tile range [IQR]) for non-normally distributed variables. Excess adiposity was defined as
DXA-derived %BF > 30%, consistent with previous studies involving young adult women
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and widely adopted thresholds for defining excess adiposity using DXA [28,29]. Although
Asian-specific body fat thresholds remain under investigation, a %BF cut-off point of 30%
has been utilized in the previous literature [30]. The diagnostic performance of conventional
anthropometric indices (BMI, WC, and WHtR) was evaluated using established cut-off
points, whereas the discriminatory ability of BMI, WC, WHtR, BRI, CI, and BSI to identify
excess adiposity was assessed using receiver operating characteristic (ROC) curve analysis
with DXA-derived %BF as the reference.

Discriminative ability was assessed using ROC curve analysis by calculating the area
under the curve (AUC) with corresponding 95% confidence intervals (Cls). Exploratory
optimal cut-off values were identified using both the Youden Index and the Index of Union
(IU). The Youden Index identifies the cut-off that maximizes the combined sensitivity and
specificity, whereas the IU selects the cut-off that simultaneously minimizes the difference
between sensitivity, specificity [31], and AUC, thereby providing an alternative measure of
overall diagnostic performance. Both approaches were used to evaluate the robustness of
the identified candidate thresholds. Diagnostic performance metrics, including sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV), were cal-
culated for both conventional and optimized thresholds. Net reclassification improvement
(NRI) analysis was performed to evaluate classification improvement.

All statistical analyses were conducted using IBM SPSS Statistics for Windows, version
26.0 (IBM Japan, Tokyo, Japan) with a significance level of 5%.

This study was designed as an exploratory pilot investigation to evaluate the diagnos-
tic performance of anthropometric indices against DXA-derived body fat percentage in a
specific population. Given the exploratory nature of this study, no formal a priori sample
size calculation was performed.

3. Results

A total of 78 Japanese female university students aged 18-28 years were included in
the analysis. Participant characteristics are summarized in Table 1. The median age was
20 years (IQR: 19-21). Mean stature was 159.5 £ 4.7 cm, median body mass was 51.5 kg
(IQR: 46.0-56.2 kg), and median BMI was 20.3 kg/ m?2. Median WC was 67.6 cm (IQR:
57.5-84.5 cm), mean WHtR was 0.44 4+ 0.03, and mean DXA-derived %BF was 32.3 + 5.4%.

Table 1. Descriptive characteristics of participants (n = 78).

Variables Mean + SD/Median (IQR)
Age (years) 20.0 (19-21)
Stature (cm) 159.5 £ 4.7
Body mass (kg) 51.5 (46.0-56.2)
BMI (kg/m?) 20.3 (19.0-22.4)
WC (cm) 67.6 (57.5-84.5)
WHItR 0.44 + 0.03
%BF (%) 323+54
BRI 21+06
cI 1.09 + 0.04
BSI 0.072 £ 0.003

BMI (body mass index); WC (waist circumference); WHtR (waist-to-height ratio); %BF (percentage body fat); BRI
(body roundness index); CI (conicity index); BSI (body shape index).

The diagnostic performance of internationally recommended cut-off values for BMI,
WC, and WHIR in detecting excess adiposity (%BF > 30%) is presented in Table 2. The
BMI cut-off of 25.0 kg/m? yielded a sensitivity of 7.4% and a specificity of 100.0%. The
corresponding sensitivity and specificity values for WC and WHtR are also shown in
Table 2. Youden indices ranged from 0.00 to 0.07.
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Table 2. Diagnostic accuracy of conventional cut-off values for detecting excess %BF > 30%.

Index

Conventional Cut-Off Sens (%) Spec (%) PPV (%) NPV (%)  Youden Index

BMI
WC
WHIiR

25 kg/m? 74 100.0 100.0 324 0.07
85.5cm * 0.0 100.0 100.0 30.8 0.00

0.50 3.7 100.0 100.0 31.6 0.04

* No participant exceeded the conventional Japanese waist circumference criterion used in this study. Therefore,
the highest observed waist circumference (85.5 cm) represented the maximum evaluable threshold; BMI (body
mass index); WC (waist circumference); WHtR (waist-to-height ratio); Sens (sensitivity); Spec (specificity); PPV
(positive predictive value); NPV (negative predictive value).

The %BF values corresponding to conventional anthropometric thresholds for BMI,
WC, and WHIR were estimated to facilitate comparison with the DXA-derived excess
adiposity criterion (%BF > 30%) (Table 3). The BMI cut-off of 25.0 kg/ m? corresponded
to an estimated %BF of approximately 38.0%, whereas the conventional WC and WHtR
cut-off points corresponded to %BF values of approximately 40.0% and 39.0%, respectively.
The estimated percentage body fat values corresponding to conventional BMI, WC, and
WHLUR thresholds are presented in Table 3 to facilitate comparison with the DXA-derived
criterion. The highest observed WC was 85.5 cm, which was therefore used as the maximum
evaluable threshold for analysis.

Table 3. Estimated %BF cut-offs based on conventional cut-off values of BMI, WC and WHtR.

Index

Cut-Off Point  Estimated %BF Cut-Off  Sens (%) Spec (%)  Youden Index AUC

BMI
WC
WHtR

25 kg/m? 38% 12 65 0.07 0.54
85.5 cm * 40% 5 100 0.05 0.52

0.50

39% 7 100 0.07 0.53

* No participant exceeded the conventional Japanese waist circumference criterion used in this study. Therefore,
the highest observed waist circumference (85.5 cm) represented the maximum evaluable threshold. BMI (body
mass index); WC (waist circumference); WHtR (waist-to-height ratio); Sens (sensitivity); Spec (specificity); PPV
(positive predictive value); NPV (negative predictive value); AUC (Area under the curve).

ROC curve analyses identified exploratory candidate cut-off values for BMI, WC, and
WHIR within this study population (Table 4). Candidate BMI cut-off values ranged from
19.5 to 19.6 kg/m?, yielding sensitivities of 72.2% and specificities between 70.8% and
75.0%. Candidate WC cut-off values ranged from 65.5 to 65.7 cm, while the candidate
WHIR cut-off was 0.42. The corresponding AUC values ranged from 0.76 to 0.78, indicating
acceptable discriminatory performance against DXA-derived excess adiposity. Because
conventional anthropometric thresholds demonstrated poor sensitivity for detecting DXA-
defined excess adiposity, ROC curve analyses were subsequently performed to explore
candidate thresholds with improved discriminatory performance. The candidate cut-off
values identified using the Youden Index and the IU were highly comparable, with only
minor differences in sensitivity and specificity across the evaluated anthropometric indices.

Novel anthropometric indices with no universal cut-off points were also evaluated
using ROC analysis (Table 5). The exploratory BRI cut-off that reflects an excessive level
of adiposity in this study population was 1.76, yielding a sensitivity of 79.6%, specificity
of 58.3%, and a Youden Index of 0.379. The exploratory CI cut-off was 1.06, yielding a
sensitivity of 90.7%, specificity of 45.8%, and a Youden Index of 0.365. The exploratory BSI
cut-off was 0.069, yielding a sensitivity of 87.0%, specificity of 20.8%, and a Youden Index
of 0.078. The corresponding AUC values were 0.779, 0.673, and 0.502, respectively.
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Table 4. ROC-derived exploratory candidate cut-off values for BMI, WC and WHItR from the
ROC analyses.

Index Criteria Cut-Off Cut-Off Sens (%) Spec (%) PPV (%) NPV (%) AUC
B voden  ekem 7m0 ey s 0%
we Youden  @sem 71 s sm1 s 078
WHR  youden o2 mo 7m0 w7 s 07

BMI (body mass index); WC (waist circumference); WHtR (waist-to-height ratio); Sens (sensitivity); Spec (speci-
ficity); PPV (positive predictive value); NPV (negative predictive value); IU (index of union); AUC (Area
under curve).

Table 5. Diagnostic performance of BRI, CI and BSI.

Index Cut-Off Sens (%) Spec(%)  Youden Index AUC (95% CI)
BRI 1.76 79.6 58.3 0.379 0.779 (0.666-0.891)
CI 1.06 90.7 45.8 0.365 0. 673 (0.540-0.805)
BSI 0.069 87.0 20.8 0.078 0.502 (0.360-0.644)

BRI (body roundness index); CI (conicity index); BSI (body shape index); Sens (sensitivity); Spec (specificity);
AUC (Area under the curve).

4. Discussion

The present study identified a marked discrepancy between conventional anthropo-
metric classifications and DXA-derived adiposity among young Japanese female university
students. Although participants exhibited relatively low body mass and BMI values, the
mean DXA-derived %BF exceeded 30%, suggesting a substantial prevalence of NWtO
within this study population. These findings are consistent with previous studies demon-
strating that Japanese individuals tend to possess higher body fat percentages at lower
BMI values than Western populations [32,33]. Furthermore, previous investigations in
Japanese populations have reported that conventional obesity screening criteria may in-
adequately identify individuals with elevated adiposity [33]. Collectively, these findings
support previous evidence that reliance on conventional anthropometric thresholds alone
may underestimate excess adiposity in young Japanese women.

ROC analyses identified lower candidate anthropometric thresholds for detecting
DXA-defined excess adiposity than currently recommended international thresholds.
Similar observations have been reported in previous studies involving Japanese popu-
lations [33,34], supporting the notion that conventional anthropometric cut-off values may
not adequately reflect body fatness in this population [35,36]. Although differences between
the present findings and previous reports may reflect variations in study characteristics,
body composition assessment methods, or participant demographics, the current study was
not designed to investigate temporal changes in lifestyle or body composition. Therefore,
any influence of secular changes in physical activity or dietary patterns remains speculative
and should be examined in future research.

The clinical importance of these findings lies in the identification of individuals with
NWtO, who may remain undetected when obesity screening relies solely on BMI. Despite
having a normal body weight, individuals with NWtO have been reported to exhibit
adverse metabolic characteristics, including insulin resistance, dyslipidemia, systemic
inflammation, metabolic syndrome, and increased cardiovascular risk compared with
metabolically healthy individuals of similar BMI [37-39]. Consequently, improving the
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identification of excess adiposity in this population may facilitate earlier lifestyle interven-
tions and more comprehensive cardiometabolic risk assessment.

In addition to conventional anthropometric indices, the present study explored the
performance of several novel anthropometric indices. Among the evaluated indices, BRI
warrants further investigation as a complementary anthropometric measure because it
demonstrated the highest discriminatory ability within this exploratory study. Although
both BRI and CI incorporate aspects of body shape and central adiposity, they differ
mathematically in how waist circumference and stature are integrated. BRI was developed
to approximate body roundness and body fatness and has been shown to correlate strongly
with total and visceral adiposity, whereas CI primarily reflects body shape relative to body
mass and may be less sensitive to variations in %BF among relatively lean young females.
Consequently, BRI may better capture subtle variations in adiposity within populations
characterized by a high prevalence of NWtO. In contrast, BSI demonstrated limited utility
in the present study. One possible explanation is the difference in the protocol for WC
measurement. The original BSI model was developed using WC measured according
to the protocol adopted in the source population, whereas the present study measured
WC at the narrowest point between the costal border and the iliac crest. Variations in
WC measurement sites are known to affect derived anthropometric indices [21] and may
partially explain the reduced performance of BSI observed in this study. Nevertheless, the
superior performance of BRI observed in this exploratory study should be confirmed in
larger independent cohorts before recommending its broader application.

Collectively, the present findings provide preliminary evidence that conventional an-
thropometric thresholds may underestimate DXA-defined excess adiposity among young
Japanese female university students. Within this exploratory study population, lower
candidate thresholds demonstrated improved discrimination of excess adiposity, while
BRI showed the strongest overall performance among the evaluated novel indices. How-
ever, these findings should not be interpreted as recommendations to replace existing
anthropometric criteria. Rather, they highlight the need for larger validation studies to
determine whether alternative thresholds improve obesity screening and prediction of
cardiometabolic risk in Japanese populations.

Several limitations of the present study should be acknowledged. First, this study
was designed as an exploratory pilot investigation and included a relatively small sample
of young Japanese female university students recruited from a single institution. Conse-
quently, the ROC-derived candidate cut-off values may be sample-dependent and should
not be generalized beyond the study population without external validation. Second,
although DXA is widely accepted as a reference method for body composition assessment,
the present study evaluated agreement with DXA-derived %BF rather than associations
with cardiometabolic outcomes. Therefore, the clinical utility of the candidate anthropo-
metric thresholds for predicting future disease risk remains unknown. Future studies
incorporating metabolic biomarkers and longitudinal follow-up are required to determine
whether these thresholds improve prediction of obesity-related health outcomes. Third,
although information on individual dietary intake, physical activity patterns, and metabolic
biomarkers was collected, these variables were not incorporated into the present analyses.
As these factors may influence body fat accumulation and adiposity distribution, future
analyses should examine their potential contribution to the observed discrepancy between
anthropometric indices and DXA-derived %BF. Consequently, the hypothesis that secular
lifestyle changes contributed to the observed findings could not be evaluated. Future
investigations involving larger multi-center cohorts, external validation, and longitudinal
assessment of cardiometabolic outcomes are required before these candidate thresholds
can be considered for broader clinical or public health application.
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5. Conclusions

The present study demonstrated that conventional anthropometric cut-off points sub-
stantially underestimate excess adiposity in young Japanese women when DXA-derived
%BF is used as the reference standard. ROC analyses identified lower optimal cut-off values
for BMI, WC, and WHIR than currently recommended international thresholds, resulting
in improved sensitivity and overall diagnostic performance. Among the novel anthro-
pometric indices evaluated, BRI showed the strongest discriminatory ability, whereas CI
demonstrated moderate utility and BSI provided limited diagnostic value. These findings
suggest that population-specific anthropometric thresholds, together with the incorporation
of BRI, may improve the identification of excess adiposity and normal-weight obesity in
young Japanese women. Further studies involving larger and more diverse populations
are warranted to confirm the proposed cut-off values and their applicability in clinical and
public health settings.
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Abbreviations

The following abbreviations are used in this manuscript:

%BF Percentage Body Fat

AUC Area Under the Curve

BIA Bioelectrical Impedance Analysis
BMI Body Mass Index

BRI Body Roundness Index

BSI Body Shape Index

CI Conicity Index

DXA Dual-Energy X-ray Absorptiometry
FFM Fat-Free Mass
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M Fat Mass

IOR Interquartile Range

ISAK International Society for the Advancement of Kinanthropometry
U Index of Union

MO Masked Obesity

NPV Negative Predictive Value

NRI Net Reclassification Improvement
NWtO Normal-Weight Obesity

PPV Positive Predictive Value

ROC Receiver Operating Characteristic
SAT Subcutaneous Adipose Tissue

SD Standard Deviation

VAT Visceral Adipose Tissue

WC Waist Circumference

WHR Waist-to-Hip Ratio

WHIR Waist-to-Height Ratio

WHO World Health Organization

95% CI 95% Confidence Interval

References

1.  World Health Organization. Obesity and Overweight; Springer: Berlin/Heidelberg, Germany, 2025. Available online: https://
www.who.int/news-room/fact-sheets/detail / obesity-and-overweight (accessed on 23 January 2025).

2. Pluta, W,; Lubkowska, A.; Dudziriska, W. Diagnostic and prognostic value of adipose tissue content and distribution indicators
for normal weight obesity in young women. Sci. Rep. 2025, 15, 33995. [CrossRef] [PubMed]

3. De Silva, M.H.A.D.; Hewawasam, R.P.; Lekamwasam, S. Concordance between Body Composition Indices Measured with
Dual-Energy X-Ray Absorptiometry and Bioelectrical Impedance Analysis in Obese Children in Sri Lanka. Int. J. Pediatr. 2021,
2021, 6638057. [CrossRef] [PubMed]

4. Nevill, AM.; Leahy, G.D.; Mayhew, ].; Sandercock, G.R.H.; Myers, T.; Duncan, M.]. ‘At risk” waist-to-height ratio cut-off points
recently adopted by NICE and US Department of Defense will unfairly penalize shorter adults. What is the solution? Obes. Res.
Clin. Pract. 2023, 17, 1-8. [CrossRef] [PubMed]

5. Salawu, A.; Ojedokun, S.; Akande, J. Is Waist to Height Ratio Better than Other Indices of Obesity in Determining Cardiovascular
Risk? Int. |. Biochem. Res. Rev. 2024, 33, 11-17. [CrossRef]

6. Ramesh, N.; Kumar, P; Sweta, S.; Prasad, A.; Tiwari, L.K. Correlation of anthropometric measurements with body mass index
and estimation of the proportion of metabolic syndrome among overweight and obese children: A hospital-based cross-sectional
study. BM] Paediatr. Open 2024, 8, e002354. [CrossRef] [PubMed]

7. Rubino, F; Cummings, D.E.; Eckel, R.H.; Cohen, R.V,; Wilding, ].P.H.; Brown, W.A ; Stanford, E.C.; Batterham, R.L.; Farooqji, I.S.;
Farpour-Lambert, N.J.; et al. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025, 13, 221-262.
[CrossRef] [PubMed]

8.  El Shebini, S.M.; Moaty, M.ILA.; Ahmed, N.H. Understanding Obesity: History, Epidemiology, Causes, Consequences and
Comprehensive Solutions. Liaquat Natl. ]. Prim. Care 2025, 7, 275-282. [CrossRef]

9.  Ashwell, M,; Gibson, S. Waist-to-height ratio as an indicator of early health risk: Simpler and more predictive than using a matrix
based on BMI and waist circumference. BMJ Open 2016, 6, €010159. [CrossRef] [PubMed]

10.  Zhu, Y,; Maruyama, H.; Onoda, K.; Zhou, Y,; Huang, Q.; Hu, C.; Ye, Z,; Li, B.; Wang, Z. Body mass index combined with
(waist + hip) /height accurately screened for normal-weight obesity in Chinese young adults. Nutrition 2023, 108, 111939.
[CrossRef] [PubMed]

11. Sweatt, K.; Garvey, W.T.; Martins, C. Strengths and Limitations of BMI in the Diagnosis of Obesity: What is the Path Forward?
Curr. Obes. Rep. 2024, 13, 584-595. [CrossRef] [PubMed]

12.  Girbtiz, T.; Gokmen, O. Perspective Chapter: Beyond BMI—Rethinking Obesity Assessment in Women’s Health. In Body Mass
Index in Clinical Practice; IntechOpen: London, UK, 2025.

13. Kagawa, M.; Uenishi, K.; Mori, M.; Uchida, H.; Kerr, D.A.; Binns, C.W.; Hills, A.P. Obesity screening for young Japanese males
and females using skin fold measurements: The classification revisited. Asia Pac. J. Clin. Nutr. 2010, 19, 289-293. [PubMed]

14. Park, D.; Shin, M.-J.; Magkos, F. When Being Lean Is Not Enough: The Metabolically Unhealthy Normal Weight Phenotype and

Cardiometabolic Disease. Cardiometab. Syndr. J. 2024, 4, 57-69. [CrossRef]

https:/ /doi.org/10.3390/app16157629


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1038/s41598-025-12262-6
https://www.ncbi.nlm.nih.gov/pubmed/41028841
https://doi.org/10.1155/2021/6638057
https://www.ncbi.nlm.nih.gov/pubmed/33628278
https://doi.org/10.1016/j.orcp.2023.01.002
https://www.ncbi.nlm.nih.gov/pubmed/36682982
https://doi.org/10.9734/IJBCRR/2024/v33i5872
https://doi.org/10.1136/bmjpo-2023-002354
https://www.ncbi.nlm.nih.gov/pubmed/38851220
https://doi.org/10.1016/S2213-8587(24)00316-4
https://www.ncbi.nlm.nih.gov/pubmed/39824205
https://doi.org/10.46505/ijbi.2025.7213
https://doi.org/10.1136/bmjopen-2015-010159
https://www.ncbi.nlm.nih.gov/pubmed/26975935
https://doi.org/10.1016/j.nut.2022.111939
https://www.ncbi.nlm.nih.gov/pubmed/36682267
https://doi.org/10.1007/s13679-024-00580-1
https://www.ncbi.nlm.nih.gov/pubmed/38958869
https://www.ncbi.nlm.nih.gov/pubmed/20460246
https://doi.org/10.51789/cmsj.2024.4.e13
https://doi.org/10.3390/app16157629

Appl. Sci. 2026, 16, 7629 10 0f 11

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Deurenberg, P.; Deurenberg-Yap, M. Differences in body-composition assumptions across ethnic groups: Practical consequences.
Curr. Opin. Clin. Nutr. Metab. Care 2001, 4, 377-383. [CrossRef] [PubMed]

WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention
strategies. Lancet 2004, 363, 157-163. [CrossRef] [PubMed]

Kagawa, M.; Uenishi, K.; Kuroiwa, C.; Mori, M.; Binns, C.W. Is the BMI cut-off level for Japanese females for obesity set too
high?—A consideration from a body composition perspective. Asia Pac. |. Clin. Nutr. 2006, 15, 502-507. [PubMed]

Ross, R. Statement Waist circumference as a vital sign in clinical practice: A Consensus Statement from the IAS and ICCR Working
Group on Visceral Obesity. Nat. Rev. Endocrinol. 2020, 16, 177-189. [CrossRef] [PubMed]

Cota, B.C.; Priore, S.E.; Ribeiro, S.A.V.; Juvanhol, L.L.; de Faria, E.R.; de Faria, ER.; Pereira, P.F. Cardiometabolic risk in adolescents
with normal weight obesity. Eur. J. Clin. Nutr. 2021, 76, 863-870. [CrossRef] [PubMed]

Nkwana, M.R.; Monyeki, K.D.; Lebelo, S.L. Body roundness index, a body shape index, conicity index, and their association with
nutritional status and cardiovascular risk factors in South Aafrican rural young adults. Int. J. Environ. Res. Public Health 2021,
18, 281. [CrossRef] [PubMed]

Adil, S.O.; Musa, K.I; Uddin, F; Shafique, K.; Khan, A.; Islam, M.A. Role of anthropometric indices as a screening tool for
predicting metabolic syndrome among apparently healthy individuals of Karachi, Pakistan. Front. Endocrinol. 2023, 14, 1223424.
[CrossRef] [PubMed]

Tort-Nasarre, G.; Pollina-Pocallet, M.; Ferrer Suquet, Y.; Ortega Bravo, M.; Vilafranca Cartagena, M.; Artigues-Barbera, E. Positive
body image: A qualitative study on the successful experiences of adolescents, teachers and parents. Int. . Qual. Stud. Health
Well-Being 2023, 18, 2170007. [CrossRef] [PubMed]

Blake, G.M.; Naeem, M.; Boutros, M. Comparison of effective dose to children and adults from dual X-ray absorptiometry
examinations. Bone 2005, 38, 935-942. [CrossRef] [PubMed]

Effective Doses and BERT Values for DXA Scans Performed on the Hologic Discovery A or Horizon A Models to be Used
with Protocols Using the SAMBA Lab for Scanning. 1 day ~ 8 uSieverts. Available online: https://med.stanford.edu/
content/dam/sm/samba-lab/documents/Effective-Dose-Document-for-IRB-Hologic-scanning-and-HR-pQCT-V1-070721.pdf
(accessed on 23 January 2025).

Ros, F.E.; Vaquero-Cristobal, R.; Marfell-Jones, M. International Standars for Anthropometric Assessment; International Society for
Advancement of Kinanthropometry: Glasgow, UK, 2019. Available online: https:/ /books.google.co.id /books?id=E4edzgEACAA]
(accessed on 11 August 2025).

Gore, C.; Norton, K.; Olds, T.; Whittingham, N.; Birchall, K.; Clough, M.; Dickerson, B.; Downie, L. Accreditation in Anthropome-
try: An Australian Model. In Anthropometrica; Norton, K., Ed.; University of New South Wales Press: Sydney, Australia, 1996;
ISBN 9780415380539.

Wang, J.; Hornton, J.; Kolesnik, S.; Pierson, R.N. Anthropometry in Body Composition: An Overview. Ann. N. Y. Acad. Sci. 2006,
904, 317-326.

Liu, C.Y,; Amani, R.; Sulaiman, S.; Mahmood, K.; Ariffin, F.;, Mohammadi Nafchi, A. Formulation and characterization of
physicochemical, functional, morphological, and antioxidant properties of cassava-based rice analogue. Food Sci. Nutr. 2022, 10,
1626-1637. [CrossRef] [PubMed]

Tian, Q.; Wang, H.; Kaudimba, K.X.; Guo, S.; Zhang, H.; Gao, S.; Wang, R.; Luan, X,; Lee, ] K.W,; Chen, P; et al. Characteristics of
physical fitness and cardiometabolic risk in chinese university students with normal-weight obesity: A cross-sectional study.
Diabetes Metab. Syndr. Obes. 2020, 13, 4157-4167. [CrossRef] [PubMed]

Nagamine, S. Hikashibou kara no himan no hantei. Nihon Ishikai Zasshi 1972, 68, 919-924.

Unal, L. Defining an Optimal Cut-Point Value in ROC Analysis: An Alternative Approach. Comput. Math. Methods Med. 2017,
2017,3762651. [CrossRef] [PubMed]

Deurenberg, P.; Deurenberg-Yap, M.; Guricci, S. Asians are different from Caucasians and from each other in their body mass
index/body fat per cent relationship. Obes. Rev. 2002, 3, 141-146. [CrossRef] [PubMed]

Kagawa, M.; Binns, C.W.; Hills, A.P. Body composition and anthropometry in Japanese and Australian Caucasian males and
Japanese females. Asia Pac. J. Clin. Nutr. 2007, 16, 31-36. [PubMed]

Kagawa, M,; Tahara, Y.; Byrne, N.M.; Moji, K.; Tsunawake, N.; Hills, A.P. Are Japanese criteria for obesity useful for screening at
risk Japanese? Consideration from anthropometric indices-percentage body fat relationships. Asia-Pac. ]. Public Health 2008, 20,
102-110. Available online: https://pubmed.ncbi.nlm.nih.gov/19533868/ (accessed on 23 January 2025). [PubMed]

De Carvalho, C.J.; Longo, G.Z.; Kakehasi, A.M.; Pereira, P.E; Segheto, K.J.; Juvanhol, L.L.; Ribeiro, A.Q. Skeletal mass indices are
inversely associated with metabolically unhealthy phenotype in overweight/obese and normal-weight men: A population-based
cross-sectional study. Br. J. Nutr. 2021, 126, 501-509. [CrossRef] [PubMed]

Swainson, M.G.; Batterham, A.M.; Tsakirides, C.; Rutherford, Z.H.; Hind, K. Prediction of whole-body fat percentage and visceral
adipose tissue mass from five anthropometric variables. PLoS ONE 2017, 12, e0177175. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/app16157629


https://doi.org/10.1097/00075197-200109000-00007
https://www.ncbi.nlm.nih.gov/pubmed/11568498
https://doi.org/10.1016/s0140-6736(03)15268-3
https://www.ncbi.nlm.nih.gov/pubmed/14726171
https://www.ncbi.nlm.nih.gov/pubmed/17077066
https://doi.org/10.1038/s41574-019-0310-7
https://www.ncbi.nlm.nih.gov/pubmed/32020062
https://doi.org/10.1038/s41430-021-01037-7
https://www.ncbi.nlm.nih.gov/pubmed/34711932
https://doi.org/10.3390/ijerph18010281
https://www.ncbi.nlm.nih.gov/pubmed/33401502
https://doi.org/10.3389/fendo.2023.1223424
https://www.ncbi.nlm.nih.gov/pubmed/37876536
https://doi.org/10.1080/17482631.2023.2170007
https://www.ncbi.nlm.nih.gov/pubmed/36710436
https://doi.org/10.1016/j.bone.2005.11.007
https://www.ncbi.nlm.nih.gov/pubmed/16376161
https://med.stanford.edu/content/dam/sm/samba-lab/documents/Effective-Dose-Document-for-IRB-Hologic-scanning-and-HR-pQCT-V1-070721.pdf
https://med.stanford.edu/content/dam/sm/samba-lab/documents/Effective-Dose-Document-for-IRB-Hologic-scanning-and-HR-pQCT-V1-070721.pdf
https://books.google.co.id/books?id=E4edzgEACAAJ
https://doi.org/10.1002/fsn3.2785
https://www.ncbi.nlm.nih.gov/pubmed/35592295
https://doi.org/10.2147/DMSO.S280350
https://www.ncbi.nlm.nih.gov/pubmed/33177856
https://doi.org/10.1155/2017/3762651
https://www.ncbi.nlm.nih.gov/pubmed/28642804
https://doi.org/10.1046/j.1467-789X.2002.00065.x
https://www.ncbi.nlm.nih.gov/pubmed/12164465
https://www.ncbi.nlm.nih.gov/pubmed/17392073
https://pubmed.ncbi.nlm.nih.gov/19533868/
https://www.ncbi.nlm.nih.gov/pubmed/19533868
https://doi.org/10.1017/S0007114520004262
https://www.ncbi.nlm.nih.gov/pubmed/33143771
https://doi.org/10.1371/journal.pone.0177175
https://www.ncbi.nlm.nih.gov/pubmed/28493988
https://doi.org/10.3390/app16157629

Appl. Sci. 2026, 16, 7629 110f11

37. Mongraw-Chaffin, M.; Foster, M.C.; Anderson, C.A.M.; Burke, G.L.; Haq, N.; Kalyani, R.R.; Ouyang, P; Sibley, C.T.; Tracy, R.;
Woodward, M.; et al. Metabolically Healthy Obesity, Transition to Metabolic Syndrome, and Cardiovascular Risk. J. Am. Coll.
Cardiol. 2018, 71, 1857-1865. [CrossRef] [PubMed]

38. Zhu, L.; Yang, W.J.; Spence, C.B.; Bhimla, A.; Ma, G.X. Lean yet unhealthy: Asian American adults had higher risks for metabolic
syndrome than non-hispanic white adults with the same body mass index: Evidence from NHANES 2011-2016. Healthcare 2021,
9, 1518. [CrossRef] [PubMed]

39. Wu, ], Lin, X,; Yin, X,; Xu, Z.; Wu, N.; Zhang, Z.; Zhou, ].; Li, H. Comparison of Incidence of Metabolic Syndrome and Five
Obesity- and Lipid-Linked Indicators for Predicting Metabolic Syndrome Among Normal-Weight and Overweight Adults.
Diabetes Metab. Syndr. Obes. 2024, 17, 3509-3520. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/app16157629


https://doi.org/10.1016/j.jacc.2018.02.055
https://www.ncbi.nlm.nih.gov/pubmed/29699611
https://doi.org/10.3390/healthcare9111518
https://www.ncbi.nlm.nih.gov/pubmed/34828564
https://doi.org/10.2147/dmso.s483497
https://www.ncbi.nlm.nih.gov/pubmed/39319305
https://doi.org/10.3390/app16157629

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

