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Abstract

Aim: This study aimed to explore the relationship between visceral fat and obesity-related metabolic diseases,
validate the obesity criteria from the European Association for the Study of Obesity (EASO) in the Chinese
population, and propose new standards for identifying visceral fat using simple anthropometric indicators.

Methods: This cross-sectional study involved 3,371 participants aged 26-76 years in Pinggu District, Beijing.
Anthropometric measurements and metabolic indicators were assessed, and visceral fat area (VFA) was
calculated from non-contrast abdominal computed tomography scans. The McNemar test was used to compare
the diagnostic accuracy of the EASO criteria and body mass index (BMI) for identifying visceral obesity. The
correlation between anthropometric indicators and VFA was analysed using Spearman’s correlation coefficient.
Receiver operating characteristic curves were used to compare the diagnostic efficacy and thresholds of
anthropometric indicators with the EASO criteria.

Results: Among 3,371 participants, 61.2% were diagnosed with visceral obesity. Metabolic disease prevalence was
higher in individuals with visceral obesity, suggesting that visceral fat accumulation is a sensitive marker for
identifying metabolic diseases. The EASO criteria showed higher sensitivity and lower specificity than BMI alone
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for diagnosing visceral obesity. Waist circumference (WC) and waist-to-height ratio correlated strongly with VFA.
BMI combined with WC was the most effective tool for diagnosing visceral obesity in the Chinese population.

Conclusion: Visceral fat accumulation is associated with metabolic diseases, and the EASO criteria are superior to
BMI in identifying visceral obesity. BMI combined with WC is effective for diagnosing visceral obesity in the
Chinese population.

Keywords: European association for the study of obesity, obesity, clinical obesity, visceral obesity, body mass index

INTRODUCTION

Obesity, a chronic complex disease, is characterised by the abnormal and/or excessive accumulation of body
fat. Traditionally, the diagnosis of obesity mainly relies on the body mass index (BMI). However, BMI, as a
single indicator, has notable limitations: it cannot reliably distinguish between muscle and fat tissue, nor
does it consider the specific fat distribution within the body, and thus provides inadequate information
about health risks for the individual"’. The distribution of body fat plays a crucial role in health outcomes,
with fat accumulation being a more significant risk factor for metabolic disorders than obesity itself"”.
Compared to subcutaneous fat, visceral fat exhibits higher metabolic activity, which can trigger lipolysis and
release substantial amounts of free fatty acids (FFAs) into the portal vein. This process leads to increased
production of very-low-density lipoprotein and triglycerides (TGs) in the liver, disrupts lipid metabolism,
and contributes to the development of insulin resistance”. The accumulation of abdominal visceral fat is
associated with an elevated risk of obesity-related metabolic diseases, including type 2 diabetes mellitus
(T2DM), hypertension (HTN), and coronary heart disease (CHD)*. Additionally, visceral fat releases
proinflammatory cytokines, such as tumour necrosis factor-a and interleukin-6, which contribute to a
chronic inflammatory state closely linked to atherosclerosis, cardiovascular diseases, tumour progression,

and immune dysfunction, significantly affecting patient prognosis'.

The quantification of abdominal fat, especially visceral fat, is essential for the diagnosis and management of
obesity. Several techniques are available for evaluating visceral fat content, including bioelectrical
impedance analysis, dual-energy X-ray absorptiometry (DEXA), computed tomography (CT), and magnetic
resonance imaging (MRI)"*. Among these, CT and MRI are considered the “gold standard” for quantifying
abdominal visceral fat. However, the high costs and potential risks associated with radiation exposure limit
their widespread use in clinical settings. Recently, the European Association for the Study of Obesity
(EASO) introduced a novel framework for diagnosing obesity. According to this framework, European
adults with a BMI of 2 25 kg/m’, a waist-to-height ratio (WHtR) of 2 0.5, and the presence of any medical,
functional, or psychological impairments or complications or those with a BMI of 2 30 kg/m* may be
diagnosed with obesity"”. The new standard incorporates WHtR as a predictive measure of abdominal fat
accumulation and the risk of cardiometabolic diseases'*'"), placing greater emphasis on fat distribution. The
Lancet Diabetes & Endocrinology has proposed a new definition for obesity, emphasising not only
anthropometric or direct body fat measurement but also associated functional impairments at the tissue or
organ level. Their framework classifies obesity into clinical and preclinical forms and endorses the use of
indicators such as WC, waist-hip ratio (WHR), and WHItR in assessing obesity risk beyond BMI alone'?..

Currently, limited data exist regarding the application and validation of these new obesity criteria in the
Chinese population. Further evaluation is needed regarding the use of simple anthropometric measures as
alternatives to visceral fat measurement. Given this background, our study aimed to explore the relationship
between visceral obesity and obesity-related metabolic diseases, assess the applicability of the new obesity
diagnostic criteria proposed by the EASO in the Chinese population, and develop a new standard for
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identifying visceral fat accumulation in the Chinese population based on simple anthropometric
measurements.

METHODS

Study design and patient population

This cross-sectional study was conducted in the Pinggu District, Beijing, China. We employed a two-stage
cluster sampling method to recruit participants aged 25 to 74 years from 25 villages across five towns and
seven residents’ committees within one street of Pinggu District, Beijing, between March 2012 and May
2013. A total of 5,004 residents were invited, and 3,350 individuals participated in the initial survey. In the
second round, conducted between September 2013 and July 2014, all 5,004 originally selected residents were
reinvited, and an additional 1,579 residents were newly invited, resulting in a total of 6,583 invited
participants. Ultimately, 4,002 individuals aged 25 to 74 years were enrolled and included in the present
analysis. Detailed information about study enrolment and procedures for the Pinggu Metabolic Disease
Study can be found elsewhere"”. A total of 4,002 individuals aged 26-76 years participated in the study.
Participants without anthropometric or metabolic data (n = 631) were excluded. Ultimately, 3,371
participants were included in the final analysis. The details of the study design are shown in Figure 1. This
study protocol was reviewed and approved by the Ethics Committee of the Peking University Health
Science Center, approval number 2025PHB226-001.

Procedures

Measurement of anthropometric indicators

A trained staff member measured height (cm) and weight (kg) while the participant wore light clothing and
no shoes. BMI was calculated as weight (kg) divided by height squared (m?*). Hip circumference (HC; cm)
was measured at the maximum circumference of the buttocks, while waist circumference (WC; cm) was
measured at the horizontal level of the midpoint between the lower edge of the ribs and the iliac crest. The
WHR was defined as the ratio of WC to HC. The WHIR was defined as the ratio of WC to height.

Measurement of metabolism-related indicators

Blood samples were collected after a 10-12 h overnight fast. Participants without a previous diagnosis of
T2DM underwent a 75 g, 2 h oral glucose tolerance test, whereas those with a prior diagnosis of T2DM had
their fasting blood glucose levels measured. Plasma glucose, total cholesterol (TC), TG, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase,
and aspartate aminotransferase levels were measured using an automated clinical chemistry analyser
(Unicel DxC 800; Beckman Coulter, Miami, FL, USA). Glycated haemoglobin level was measured using
high-performance liquid chromatography (Adams A1c HA-8160; Arkray, Kyoto, Japan) in accordance with
the Diabetes Control and Complications Trial standards. Serum leptin levels were measured using an
enzyme-linked immunosorbent assay kit (EMD Millipore, Billerica, MA, USA).

Measurement of fat area

All participants underwent non-contrast abdominal CT using a 64-slice multidetector scanner (LightSpeed
VCT; General Electric Healthcare, Milwaukee, WI, USA). CT was performed with the participant in the
supine position, and 5 mm thick slices were obtained from the lung base to the pubic symphysis (120 kV,
120-150 mA). A single CT image was obtained at the level of the L4-L5 intervertebral disc space and at the
midpoint between the inguinal fold and patella for subsequent analysis. The visceral fat area (VFA) and
subcutaneous fat area (SFA) were determined by analysing the CT images using Image]J version 1.34e (NIH,
Bethesda, MD, USA). The cross-sectional area of the adipose tissue (cm?) was calculated using standard
Hounsfield unit (HU) ranges (-190 to -30 for fat tissue). Total fat area (TFA) was measured by outlining the
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Figure 1. Study design and participant enrollment. VFA: Visceral fat area; ROC: receiver operating characteristic.

entire fat area, and VFA was determined by tracing the muscle wall surrounding the abdominal cavity. SFA
was calculated as the difference between TFA and VFA"*. A schematic diagram illustrating the CT image
analysis process has been included in Supplementary Material 1.

Diagnostic criteria for obesity and metabolic disorders

New EASO criteria: For adults of European descent, obesity is defined as a BMI 2 25 kg/m* with a WHItR 2
0.5 and the presence of any medical, functional, or psychological impairments or complications; or a BMI 2
30 kg/m?® regardless of the presence or absence of any medical, functional, or psychological impairments or

9]

complications!

Visceral obesity criteria in our study: Following the Japanese Obesity Standards Review Committee, visceral
obesity was defined as a VFA 2 100 cm*. This threshold has also been applied in studies of Chinese adults
and has been shown to be useful for identifying individuals at increased metabolic and cardiovascular
risk"*'7.
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Metabolic syndrome (MS): According to the National Cholesterol Education Program ATP III - 2005 ATP
I1I Standard, MS is diagnosed when at least three of the following characteristics are present"*:

(1) Abdominal obesity: WC of 2 102 cm (40 inches) in men or 2 88 cm (35 inches) in women;

(2) Elevated TG: Serum TG level 2 150 mg/dL (1.7 mmol/L) or use of TG-lowering medication;

(3) Low HDL-C: Serum HDL-C level < 40 mg/dL (1 mmol/L) in men or < 50 mg/dL (1.3 mmol/L) in
women, or use of medication to raise HDL-C;

(4) HTN: Blood pressure = 130/85 mmHg or use of antihypertensive medication;

(5) Elevated fasting plasma glucose (FPG): FPG 2 100 mg/dL (5.6 mmol/L) or use of glucose-lowering
medication.

T2DM diagnostic criteria: Previously diagnosed T2DM was defined as a history of physician-diagnosed
T2DM and/or current treatment with glucose-lowering medications. Newly diagnosed T2DM was defined
as a FPG level 2 7.0 mmol/L and/or a 2-h plasma glucose (2-hPG) level = 11.1 mmol/L.

Pre-T2DM diagnostic criteria: Impaired glucose tolerance (IGT) was defined as FPG < 7.0 mmol/L and 2-
hPG between 7.8 and 11.1 mmol/L. Impaired fasting glucose (IFG) was defined as FPG between 6.1 and 7.0
mmol/L with 2-hPG < 7.8 mmol/L. Pre-T2DM was defined as the presence of IGT and/or IFG.

Dyslipidaemia diagnostic criteria: Dyslipidaemia was defined by the presence of one or more of the
following lipid abnormalities"”:

(1) Hypertriglyceridaemia: TG 2 2.26 mmol/L;

(2) Hyper-LDL cholesterolaemia: LDL-C 2 4.14 mmol/L;
(3) Hypercholesterolemia: TC 2 6.22 mmol/L;

(4) Low HDL cholesterolaemia: HDL-C < 1.04 mmol/L.

HTN and CHD diagnostic criteria: Diagnoses of HTN and CHD were based on patient-reported medical
histories collected through structured questionnaires administered by trained staff. No verification using
medical records was performed, which may introduce recall or reporting bias.

Non-alcoholic fatty liver disease (NAFLD): NAFLD was diagnosed using non-contrast abdominal CT, as
previously described"****.. HUs were measured in three liver regions and two spleen regions. The liver-to-
spleen (L/S) ratio was calculated by averaging the liver and spleen measurements. NAFLD was defined as an
L/S ratio of < 1.1”, in the absence of significant alcohol consumption or other secondary causes of hepatic
steatosis. A representative CT image and corresponding measurement results are provided in
Supplementary Material 2 for reference.

Statistics

Data were analysed using SPSS version 26 (IBM Corp., Armonk, NY, USA) and R version 4.4.1 (The R
Foundation for Statistical Computing, Vienna, Austria). Quantitative data following a normal or
approximately normal distribution are presented as mean + standard deviation. An independent samples t-
test was used for comparisons between two groups, and one-way analysis of variance was used for
comparisons among multiple groups. Continuous variables that did not follow a normal distribution,
specifically TG and leptin, are presented as the median and interquartile range (IQR), and the Kruskal-
Wallis test was used for multiple group comparisons. Count data are expressed as rates, and comparisons
between groups were performed using the chi-square test. A paired chi-square test (McNemar’s test) was
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Table 1. Baseline characteristics of the study population and VFA subgroups

Variables Total 2’; ': 1<' ;83;"12 2’; I: i:)%g; m’ P

Age 49.28 +11.81 46.98 £11.72 50.73+£11.63 <0.001
Men 1,604 (47.6%) 492 (37.6%) 1,112 (53.9%) <0.001
MS 1,223 (36.3%) 153 (11.7%) 1,073 (51.9%) <0.001
Pre-T2DM 998 (19.6%) 266 (20.3%) 732 (35.5%) <0.001
T2DM 332 (9.8%) 46 (3.5%) 286 (13.9%) <0.001
HTN 885 (26.3%) 175 (13.4%) 710 (34.4%) <0.001
CHD 219 (6.5%) 93 (7.1%) 126 (6.1%) 0.281
NAFLD 71.6 (21.1%) 157 (12%) 559 (27.1%) <0.001
Hyperlipidaemia 1,618 (48%) 384 (29.4%) 1,234 (59.8%) <0.001
BMI 25.97 +3.80 23.34+2.81 27.63+3.38 <0.001
WC 88.20+10.30 80.11+7.39 93.32+8.43 <0.001
WHR 0.90+0.07 0.85+0.06 0.92+0.06 <0.001
WHtR 0.54 +0.06 0.50 +0.05 0.57+0.05 <0.001
SBP 129.3.9+£17.87 123.95+17.85 132.85+17.00 <0.001
DBP 78.55+11.32 74.80+10.48 80.93+11.20 <0.001
FPG 571+ 0.81 547+0.72 5.86+0.83 <0.001
2-hPG 7.41+£2.60 6.58+2.13 7.93+274 <0.001
HbATc 5.63+0.55 5.47 +0.38 573+0.62 <0.001
TC 491+ 0.96 4.73+0.87 5.03+£0.99 <0.001
TG 118 (0.76,1.81) 0.82 (0.56,1.22) 145 (1.02, 2.16) <0.001
LDL 2.88+0.79 2.73+0.73 2.98 +£0.81 <0.001
HDL 117 +0.31 1.29+0.32 110+0.28 <0.001
Leptin 12.87 (6.14, 32.20) 9.64 (2.92,18.54) 14.83 (7.83,26.58) <0.001

Data are shown as mean (SD), median (IQR), n (%), or %. Data were available for all participants. VFA: Visceral fat area; SD: standard deviation;
MS: metabolic syndrome; DM: diabetes mellitus; HBP: hypertension; CHD: coronary heart disease; NAFLD: non-alcoholic fatty liver disease; BMI:
body mass index; WC: waist circumference; WHR: waist-hip ratio; WHtR: waist-to-height ratio; SBP: systolic blood pressure; DBP: diastolic blood
pressure; FPG: fasting plasma glucose; 2-hPG: 2-h plasma glucose; HbATc: glycated haemoglobin; TC: total cholesterol; TG: triglyceride; LDL: low-
density lipoprotein; HDL: high-density lipoprotein; IQR: interquartile range.

used to compare the accuracy of the new EASO criteria with that of BMI in diagnosing visceral obesity.
Correlations between anthropometric indicators and VFA were first assessed using Spearman’s rank
correlation analysis. To control for potential confounding by age and sex, partial correlation analyses were
additionally conducted, adjusting for these covariates. Receiver operating characteristic (ROC) curves were
plotted to compare the diagnostic values and cut-off points of the anthropometric indicators and the new
EASQ criteria for visceral obesity. The analysis was conducted using the full dataset without splitting it into
separate training and testing subsets. In addition to unadjusted analyses, logistic regression models were
constructed with each anthropometric indicator as the independent variable and visceral obesity as the
dependent variable, adjusting for age and sex. Predicted probabilities from these models were then used to
generate covariate-adjusted ROC curves. A two-sided P-value < 0.05 was considered statistically significant.

RESULTS

A total of 3,371 participants were included in this study, with a mean age of 49.28 + 11.81 years, and 1,604
(47.6%) were male. Among these, 2,063 (61.2%) were classified as having visceral obesity. The basic
characteristics of the study participants for both the total population and those stratified by VFA groups are
shown in Table 1. Compared with individuals with normal VFA, those with visceral obesity were more
likely to be male and had a higher prevalence of MS, pre-T2DM, T2DM, HTN, NAFLD, and dyslipidaemia.
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Figure 2. Relationship between fat area and the number of obesity-related metabolic diseases. Obesity-related metabolic diseases
include diabetes mellitus, type 2 diabetes mellitus, dyslipidaemia, hypertension, coronary atherosclerotic heart disease, and non-
alcoholic fatty liver disease. Bars indicate standard deviations. VFA: Visceral fat area; SFA: subcutaneous fat area; TFA: total fat area.

Additionally, metabolism-related indicators, including blood pressure and blood glucose and lipid levels,
were elevated in the visceral obesity group. Individuals with visceral obesity exhibited higher BMI, WC,
WHR, and WHtR.

As the number of obesity-related metabolic diseases (MS, pre-T2DM, T2DM, HTN, CHD, hyperlipidaemia,
and NAFLD) increased, the prevalence of visceral obesity also increased, accompanied by an increasing
trend in VFA, SFA, and TFA [Figure 2]. Compared with individuals with normal VFA, those with visceral
obesity had a higher number of obesity-related metabolic diseases. The proportion of individuals with more
than two types of metabolic diseases was significantly higher in the visceral obesity group than in the
normal VFA group [Figure 3]. Among individuals with a normal VFA, the proportion of individuals
without metabolic disease or with only one disease was significantly higher than that in the visceral obesity
group [Figure 3].

Using VFA 2 100 cm’ as the diagnostic criterion for visceral obesity, the new EASO criteria (BMI 2
25 kg/m*, WHtR 2 0.5, and the presence of complications, including pre-T2DM, T2DM, HTN, CHD,
hyperlipidaemia, and NAFLD) demonstrated a sensitivity of 71.7% and specificity of 84.6% [Table 2]. Using
BMI 2 25 kg/m® alone to diagnose visceral obesity yielded a sensitivity of 21.5% and specificity of 98.5%
[Table 2]. A paired chi-square test comparing the sensitivity and specificity of the two diagnostic standards
showed that the EASO criteria exhibited better sensitivity than that of BMI but lower specificity (P < 0.001).
According to the World Health Organisation (WHO) obesity diagnostic standard and the EASO criteria,
1,188 individuals (79.7%) in the overweight population were diagnosed with visceral obesity using the WHO
standard, whereas 151 individuals (56.1%) were diagnosed using the EASO criteria [Figure 4].



Page 8 of 15 Yang et al. Metab Target Organ Damage. 2025;5:40 | https://dx.doi.org/10.20517/mtod.2025.70

Table 2. Contingency table for diagnosing visceral obesity using different obesity diagnostic criteria

VFA <100 cm® VFA 2100 cm® Total Sensitivity Specificity
(N =1,308) (N =2,063) (N =3,371)
EASO 0.717 0.846
Non-obesity 1,107 (84.6%) 583 (28.3%) 1,690 (50.1%)
Obesity 201 (15.4%) 1,480 (71.7%) 1,681 (49.9%)
BMIY 0.215° 0.985"
Non-obesity 1,288 (98.5%) 1,620 (78.5%) 2,098 (50.6%)
Obesity 20 (1.5%) 443 (21.5%) 463 (49.5%)
1,308 (38.8%) 2,063 (61.2%) 3,371(100%)

"The new EASO criteria: adults with a BMI 2 25 kg/mz,WHtR 2 0.5, and the presence of any obesity-related metabolic diseases (diabetes, pre-
diabetes, dyslipidaemia, hypertension, coronary atherosclerotic heart disease, and non-alcoholic fatty liver disease); or BMI = 30 kg/m2 and the
absence or presence of any medical, functional, or psychological impairments or complications; “The WHO BMI criteria: adults with BMI = 30
kg/mz,' §Compared with the EASO criteria (P < 0.001). VFA: Visceral fat area; BMI: body mass index; WHtR: waist-to-height ratio; EASO:
European Association for the Study of Obesity; WHO: World Health Organisation.

Numberofobesity-related
metabolicdiseases

[} or more
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Figure 3. Proportion of obesity-related metabolic diseases across VFA groups. Obesity-related metabolic diseases include diabetes
mellitus, type 2 diabetes mellitus, dyslipidaemia, hypertension, coronary atherosclerotic heart disease, and non-alcoholic fatty liver
disease. VFA: Visceral fat area.

Spearman’s correlation analysis indicated that VFA was significantly correlated with BMI, HC, WC, WHR,
and WHIR in the total population (all P < 0.05, Figure 5A), as well as in both men [Figure 5B] and women
[Figure 5C]. To account for potential confounding by age and sex, we conducted partial correlation analyses
adjusting for these covariates. The results showed that the associations between VFA and each
anthropometric indicator remained statistically significant after adjustment [Figure 5D], confirming the
robustness of these relationships.
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Figure 4. Classification of visceral obesity based on BMI (A) and the EASO obesity criteria (B). (A) Normal weight, BMI < 25 kg/m?
overweight, 25 kg/m2 <BMI <30 kg/mz; and obesity, BMI = 30 kg/mz; (B) Normal weight, BMI < 25 kg/mz; overweight, 25 kg/mz <
BMI < 30 kg/m” and WHtR < 0.5 or 25 kg/m” < BMI < 30 kg/m” and WHtR = 0.5 with absence of any obesity-related metabolic
diseases (diabetes mellitus, type 2 diabetes mellitus, dyslipidaemia, hypertension, coronary atherosclerotic heart disease, and non-
alcoholic fatty liver Disease); obesity, BMI = 25 kg/m’ and WHtR = 0.5 and the presence of any obesity-related metabolic diseases or
BMI = 30 kg/m” and the absence or presence of any obesity-related metabolic diseases. BMI: Body mass index; EASO: European
Association for the Study of Obesity; WHtR: waist-to-height ratio; VFA: visceral fat area.

In the ROC curve analysis, the combination of BMI and WC showed the highest diagnostic performance for
identifying visceral obesity in the total population, outperforming other anthropometric indicators and the
EASO criteria (AUC = 0.891, Figure 6A). This improvement was mainly due to an increase in specificity,
indicating a better ability to rule out individuals without visceral obesity, while sensitivity remained
comparable to individual measures. In sex-stratified analyses, the combination of BMI and WC yielded
similar diagnostic accuracy to WC alone among men (AUC = 0.907; P = 0.386, Figure 6B), with optimal cut-
off points of BMI 2 24.82 kg/m* and WC 2 87.65 cm [Table 3]. Notably, in men, WHtR alone demonstrated
a slightly higher AUC than the combination of BMI and WHtR, which may be partially attributed to the
absence of age adjustment in the stratified analysis, given WHtR’s relative independence from age. Among
women, the combination of BMI and WC exhibited the highest diagnostic value (AUC = 0.873, Figure 6C),
with cut-off points of BMI 2 25.26 kg/m* and WC 2 84.75 cm [Table 3]. To further account for the influence
of age and sex on diagnostic performance, we constructed logistic regression models including age and sex
as covariates. The predicted probabilities derived from these models were used to generate adjusted ROC
curves. The results demonstrated that the diagnostic performance of BMI combined with WC remained
superior after adjustment, and combining BMI with WH{tR outperformed WHIR alone [Figure 6D].

DISCUSSION

We conducted a comprehensive analysis of the basic characteristics and abdominal CT scan results of 3,371
individuals from Pinggu District, Beijing, China. Our findings showed that compared to individuals with
normal VFA, those with visceral obesity had a higher prevalence of obesity-related metabolic diseases,
including pre-T2DM, T2DM, HTN, dyslipidaemia, and NAFLD. As the number of obesity-related
metabolic diseases increased, VFA showed a significant upward trend, whereas the increase in SFA was
more gradual, and the increase in TFA was mainly attributed to VFA. These findings are consistent with
those of previous studies™>'**. Our study further confirmed that visceral fat accumulation is a major risk
factor for obesity-related metabolic disorders”. Visceral fat not only reflects the overall risk of obesity but
also provides in-depth insights into the functional impairments of specific organs (such as the liver, heart,
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Table 3. Sensitivity, specificity, and cut-off values for diagnosing visceral obesity using anthropometric indicators and the EASO
criteria in males and females

Sex AUC (95%CI) Sensitivity Specificity Cut-off
BMI 0.846 (0.833-0.859) 0.768 0.783 BMI = 25.25 kg/m2
WC 0.889 (0.878-0.900) 0.843 0.773 WC = 85.05cm
WHR 0.818 (0.803-0.832) 0.760 0.738 WHR = 0.89
WHtR 0.847 (0.833-0.860) 0.795 0.744 WHtR = 0.53
BMI + WC 0.890 (0.879-0.901) 0.774 0.845 BMI = 25.25 kg/mz, WC = 85.05cm
BMI + WHR 0.874 (0.862-0.886) 0.766 0.830 BMI = 25.25 kg/mz, WHR 2 0.89
BMI + WHtR 0.859 (0.846-0.871) 0.774 0.781 BMI = 25.25kg/m2, WHtR = 0.53
EASO 0.817 (0.802-0.831) 0.717 0.846

Male BMI 0.868 (0.849-0.887) 0.789 0.805 BMI =24.82 kg/m2
WC 0.907 (0.891-0.923) 0.794 0.878 WC =87.65cm
WHR 0.854 (0.834-0.874) 0.852 0.707 WHR = 0.89
WHtR 0.896 (0.879-0.912) 0.805 0.831 WHtR = 0.52
BMI + WC 0.907 (0.890-0.923) 0.789 0.882 BMI =24.82 kg/mz, WC=87.65cm
BMI + WHR 0.891(0.874-0.908) 0.772 0.854 BMI = 24.82 kg/mz, WHR = 0.89
BMI + WHtR 0.891(0.873-0.908) 0.806 0.829 BMI =24.82 kg/mz, WHtR = 0.52
EASO 0.790 (0.767-0.814) 0.699 0.882

Female  BMI 0.843 (0.825-0.861) 0.803 0.748 BMI = 25.26 kg/m2
WC 0.868 (0.851-0.884) 0.837 0.743 WC =84.75cm
WHR 0.774 (0.752-0.795) 0.687 0.729 WHR =0.88
WHtR 0.860 (0.843-0.877) 0.811 0.744 WHUtR = 0.54
BMI+ WC 0.873 (0.856-0.889) 0.832 0.755 BMI = 25.26 kg/mz, WC 2=84.75cm
BMI + WHR 0.861(0.844-0.878) 0.754 0.822 BMI = 25.26 kg/mz, WHR = 0.88
BMI + WHtR 0.867 (0.850-0.883) 0.809 0.770 BMI = 25.26 kg/mz, WHtR = 0.54
EASO 0.782 (0.760-0.804) 0.739 0.825

BMI: Body mass index; WC: waist circumference; WHR: waist-hip ratio; WHtR: waist-to-height ratio; EASO: European Association for the Study of
Obesity; AUC: area under the curve; Cl: confidence interval.

and pancreas) caused by obesity. During the progression to clinical obesity, the accumulation of visceral fat
often indicates the impairment of organ function. Therefore, the measurement of visceral fat can assist in a
more accurate evaluation of the impact of obesity on organ function and is an important indicator for the
diagnosis and management of clinical obesity.

This study linked obesity-related metabolic diseases with visceral fat and aimed to identify metabolically
unhealthy individuals with excess visceral fat using simple anthropometric indicators. The goal was to
provide early tailored care for patients with obesity based on their specific health conditions. The EASO
incorporated the WHIR into the obesity diagnostic criteria, shifting the focus to fat distribution. Although
discrepancies exist between the emerging diagnostic frameworks proposed by the EASO and the Lancet
Commission, these criteria demonstrate complementary rather than contradictory approaches. Both reflect
the scientific community’s critical reappraisal of the limitations of BMI, seeking to establish a
multidimensional characterisation of obesity through composite evaluation metrics. This paradigm shift
underscores that obesity should be conceptualised not as a singular issue of weight management but rather
as a complex syndrome requiring holistic assessment of metabolic health and systemic physiological
functions.
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Figure 5. Correlation heatmap of anthropometric indicators with visceral fat area. Total population (A), males (B), and females (C). The
numbers refer to the pairwise Spearman’s correlation coefficients. Partial correlation heatmap adjusted for age and sex in the total
population (D).

To the best of our knowledge, this study is the first to compare the applicability of the new EASO criteria
with a single anthropometric measurement in identifying visceral obesity in the Chinese population. The
EASO criteria demonstrated a significantly higher diagnostic sensitivity (71.7%) than that of the BMI
measurement alone (21.5%). However, its specificity was slightly lower than that of BMI (84.6% vs. 98.5%),
suggesting that it may have overestimated the diagnostic rate of visceral obesity. This phenomenon may be
due to differences in body fat distribution characteristics between the Chinese and European populations.
Even at lower BMI levels, individuals in the Chinese population may accumulate abdominal fat"*”.
Additionally, within the “overweight” range, a significant proportion of individuals classified as having
visceral obesity under the BMI-based criteria suggests that BMI may underestimate the obesity risk in
individuals with excessive visceral fat, potentially hindering the early detection and intervention of obesity-
related metabolic diseases. The application of the new EASO criteria is more effective in identifying obesity
associated with health impairments, rather than obesity without such consequences.

Directly using the new EASO criteria or BMI alone may not be sufficient for identifying visceral obesity.
Although BMI can serve as a reasonable screening tool to identify potential patients with obesity, other
measures beyond BMI are needed for clinical evaluation to reduce the risk of misclassification. However,
the diagnostic thresholds of the new EASO criteria may not apply to the Chinese population. To address



Page 12 of 15

—BMI
—WC

Yang et al. Metab Target Organ Damage. 2025;5:40 | https://dx.doi.org/10.20517/mtod.2025.70

—BMI

—WHR —we
. —WHR
WHIR
— WHR
BMI+WC
o BMI+WC
BMI+WHR .
BMI+WHR
BMI+WHR
W BMI+WHR
—EASO
=
2
2z =
2z =
= 12
2] 5
5 15}
w
0.0
00, o2 o4 06 o8 o 0.0 02 04 06 08 1.0
1-Specificity 1-Specificity
Female Total
—BMI 10 — Adj. BMI
—we — Adj. WC
— WHR — Adj. WHR
— WHR T Adj. WHRR
BMI+WC 08 __ Adj. BMI+WC
—— BMI+WHR Adj. BMI+WHR
BMI+WHIR — Adj. BMI+WHIR
——EASO —  Adj. EASO
2\' N 06
= £
2 z
= =
17} ‘A
g ﬂg) 04
W 72}
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 6. ROC curves for anthropometric measurements and the EASO obesity criteria against visceral fat area. Total population (A),
males (B), and females (C). Adjusted ROC curves generated using the predicted probabilities derived from logistic regression models
including age and sex as covariates (D). EASO: European Association for the Study of Obesity; ROC: receiver operating characteristic.

this, we explored other anthropometric indices, and their new cut-off values were tailored to the Chinese
population. Individuals with visceral obesity had higher BMI, WC, WHtR, and WHR than did those with
normal VFA, suggesting that these anthropometric indicators may help identify visceral obesity. Existing
studies have also shown that WC, WHtR, and WHR can identify a high body fat percentage and predict
increased VFA® !, Our findings showed that, regardless of the total population or sex stratification, VFA
showed the strongest correlation with WC. The ROC curve analysis showed that, regardless of the total
population or sex stratification, VFA showed the strongest correlation with WC. Across both men and
women, the combination of BMI and WC consistently showed the highest diagnostic performance for
visceral obesity. This finding underscores the complementary value of combining general and central
obesity measures. Notably, the incremental benefit of adding WC to BMI was mainly reflected in improved
specificity - that is, a better ability to correctly identify individuals without visceral obesity. While sensitivity
remained similar across BMI, WC, and their combination, the true negative rate improved and the false
positive rate declined when both indices were used together, enhancing clinical accuracy and minimizing
unnecessary follow-up. Interestingly, among men, WHtR alone demonstrated a slightly higher AUC than
the combination of BMI and WHtR, possibly because WHtR already captures key aspects of central
adiposity and was not adjusted for age in the sex-stratified analysis. However, in the total population with
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age and sex adjustment, BMI + WHIR outperformed WHtR alone, underscoring the importance of
considering demographic covariates when evaluating diagnostic accuracy. Our findings further reveal
potential variations in optimal indicator combinations and diagnostic thresholds across sexes and
ethnicities. Combining obesity indicators that reflect visceral fat, including WC, WHR, and WHtR, with
BMI for obesity diagnosis can not only mitigate misclassification risks but also enhance the precision of
preliminary screening. This combined approach demonstrates efficacy for the early detection of high-risk
populations, enabling timely clinical interventions.

Limitations

This study had some limitations. First, it was conducted at a single centre, with participants predominantly
recruited from Pinggu District, Beijing. This geographical restriction may limit the generalisability of our
findings to broader Chinese populations or other ethnic groups. Future research should employ multicentre
study designs that encompass diverse regions, ethnicities, and populations to enhance representativeness
and external validity. Second, anthropometric indicators were conducted by trained staff teams, but only a
single measurement was recorded per participant, and formal inter- or intra-rater reliability assessments
were not performed. This may introduce some measurement variability. Similarly, abdominal fat area
quantification by CT imaging was performed by a single trained assessor using standardized protocols.
Although validated image analysis techniques and HU thresholds were applied, the absence of repeated
measurements or multiple assessors precluded formal reliability evaluation. Future studies should
incorporate repeated and blinded measurements to improve measurement consistency and reliability.
Third, SFA was not measured directly but calculated by subtracting VFA from TFA. This indirect method
may underestimate SFA due to individual variability, and direct segmentation was limited by software
constraints. More advanced imaging techniques are warranted for precise fat distribution assessment.
Finally, diagnoses of HTN and CHD were based on self-reported medical history, which may lead to recall
bias and disease misclassification. Objective clinical verification should be considered in future studies.
Despite these limitations, our study provides important evidence on visceral fat accumulation and metabolic
disease risk in a large Chinese population. Beyond validating the applicability of the EASO criteria, we
further propose a set of anthropometric indicators - such as the combination of BMI and WC - that are
better suited for identifying visceral obesity in Chinese adults. These simple and cost-effective tools
demonstrated strong correlations with VFA and related metabolic abnormalities, highlighting their
potential for widespread use in clinical and public health settings. Our findings support the development of
population-specific diagnostic strategies for obesity-related health risks in East Asian populations.

In conclusion, this study demonstrated that increased VFA is associated with obesity-related metabolic
diseases. Compared to traditional obesity diagnostic criteria (BMI), the new EASO criteria more effectively
identify visceral fat deposition in the Han Chinese population. Moreover, WC exhibits the strongest
correlation with VFA, and the combination of BMI and WC provides a simple and effective tool for
diagnosing visceral obesity in the Chinese population.
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