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Background: Visceral adiposity is an important risk factor for cardiometabolic diseases.

Objective: To determine whether the Metabolic Score for Visceral Fat (METS-VF) is more effective than other adiposity indices in
predicting visceral fat area (VFA).

Methods: In this single-center and cross-sectional study, we included patients aged 20—50 years, without diabetes and coronary artery
disease, who underwent computed tomography (CT) including the third lumbar vertebra. Age, blood pressure, waist circumference
(WC), hip circumference, fasting lipids, and glucose were assessed. VFA was measured by cross-sectional examination of CT. The
correlation of WC, body mass index (BMI), waist-hip ratio (WHR), lipid accumulation product (LAP), visceral adiposity index (VAI),
a body shape index (ABSI), body roundness index (BRI), and METS-VF with VFA was analyzed by correlation analysis. The cut-off
values and area under the curve (AUC) for identifying increased VFA (>130 cm?) were determined.

Results: We included 185 individuals with mean age 38.2 + 8 and female predominance (58.4%). There was a significant positive
correlation between all indices and VFA (p<0.001). ROC analysis revealed that METS-VF and WC demonstrated the highest
predictive value for identifying increased VFA. In both men (p=0.001) and women (p<0.001), METS-VF (AUC 0.922 and 0.939,
respectively) showed a significant superiority over ABSI (AUC 0.702 and 0.658, respectively), and VAI (AUC 0.731 and 0.725,
respectively). Additionally, in women, its superiority over WHR (AUC 0.807) was also statistically significant (p=0.003). We
identified a METS-VF cut-off point >6.4 in males >6.5 in females and WC cut-off point >88 cm in males (AUC 0.922), >90.5 cm
in females (AUC 0.938).

Conclusion: METS-VF is strongly associated with visceral adiposity and better to predict increased VFA. However, its superiority
over WC, BMI, BRI, and LAP was not significant. The results emphasize that WC is more appealing as screening indicator for visceral
adiposity considering its easy use.

Clinical Trial Registry Name: Clinicaltrials.gov (http://www.clinicaltrials.gov).

Clinical Trial Registry Url: https://clinicaltrials.gov/ct2/show/NCT056484009.

Clinical Trial Registry Number: NCT05648409.
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Introduction

Obesity is an important risk factor for cardiometabolic diseases such as type 2 diabetes, hypertension, and coronary artery
disease.' Body mass index (BMI) has long been used in the evaluation of obesity and the World Health Organization defines
a BMI above 30 kg/m? as obesity.” However, although BMI is a simple and useful method for assessing general obesity, it does
not provide sufficient insight into the separation of lean body mass and adipose tissue and the distribution of adipose tissue.
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The importance of the distribution of adipose tissue in the body was first demonstrated by Vague.> Subcutaneous
adipose tissue (SAT) is widely distributed throughout the body, whereas visceral adipose tissue (VAT) is mostly found in
the abdominal area. Compared to SAT, VAT exhibits higher cellular and vascular density, increased innervation, and
a larger presence of inflammatory and immune cells and a higher percentage of large adipocytes.* An increase in VAT is
more closely associated with adipocyte dysfunction and associated cardiometabolic risk.”® Therefore, the term visceral
adiposity has been frequently used and has been the focus of research interest.

The best methods to evaluate visceral adiposity are magnetic resonance imaging (MRI), computed tomography (CT)
and dual energy x-ray (DXA). Single slice examination of MRI and CT has been shown to successfully reflect the total
amount of VAT.”® However, the fact that both methods are expensive, difficult to access, and cannot be used routinely for
primary prevention has led to the search for simpler, cheaper and reproducible methods. While waist-hip ratio (WHR)
was initially used for evaluating obesity, its superiority over waist circumference (WC) could not be demonstrated in later
studies.’ Therefore, WC is included among the criteria for metabolic syndrome.'®

In 2000, Lemieux et al developed the concept of “hypertriglyceridemic waist circumference” which revealed the relation-
ship between triglycerides and waist circumference with visceral adiposity.'' Based on this, novel indices, including lipid
accumulation product (LAP) and visceral adiposity index (VAI), have been created to estimate visceral adiposity.'>'?
Although both techniques have been found effective in predicting the incidence of metabolic syndrome among diverse patient
populations, some studies have not demonstrated their superiority over traditional anthropometric measurements.'* !¢ In
2012, Krakauer et al developed a body shape index (ABSI) that normalizes WC for weight and height (and thus to BMI) and
showed that ABSI has a stronger association with mortality than WC and BMI alone.'” In the following year, Thomas et al
developed the body roundness index (BRI), which was found to have a strong correlation with visceral fat area (VFA) and be
superior to BMI in identifying individuals with metabolic syndrome.'*'?

The Metabolic Score for Insulin Resistance (METS-IR), developed by Bello-Chavolla et al in 2018, has been demonstrated
to have a strong correlation with VFA.?° However, due to the relatively small sample size of the group for which the formula
was developed, as well as the fact that nearly half of the participants in this group were diagnosed with type 2 diabetes, the use
of this formula for predicting VFA in healthy individuals is limited. To address this limitation, the Metabolic Score for Visceral
Fat (METS-VF) was developed, which incorporates gender, age, and waist-height ratio in addition to METS-IR and has been
shown to be effective in predicting elevated VFA, as well as the incidence of type 2 diabetes and hypertension.*!

However, the association between anthropometric measurements and cardiometabolic diseases may vary based on
patient group characteristics and ethnicity.”>® Therefore, the purpose of our study was to evaluate the effectiveness of
METS-VF compared to other commonly used anthropometric indices (BMI, WC, LAP, VAI, ABSI, and BRI) in
predicting increased VFA and to determine its optimal cut-off value in young and middle-aged Turkish patients without
diabetes and coronary artery disease.

Materials and Methods
Study Population

This single center and cross-sectional study was conducted between January 2022 and November 2022 with approval
from the Ethics Committee of Istanbul Medeniyet University Goztepe Training and Research Hospital (Number: 2021/
0464). The principles of the Declaration of Helsinki were followed throughout the study.

Patients who had undergone abdominal CT scans including the third lumbar vertebra (L3) level in the past two weeks
for any reason and were between 20-50 years old were identified from the hospital’s electronic database. Those with
known malignancies, diabetes, coronary artery disease, chronic inflammatory disease, those taking steroids or antihy-
perlipidemic drugs, and those with acute inflammation signs on CT were excluded from the study.

The remaining patients were contacted and invited to participate in the study and those who gave written consent
were questioned about gender, age, medical history, medications and smoking status. Patients who used drugs that affect
body fat distribution, such as glucocorticoids, or had weight changes in the last month were excluded.

As depicted in Figure 1, a total of 185 eligible patients were ultimately included in the study. The sample size was
considered in accordance with the minimum ratio of participants to variables required in multivariate methods, which
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Patients who underwent abdominal CT
between January and November 2022 were
screened every two weeks from the hospital
electronic database (n =744)
|
Medical histories and CT scans were
examined from the hospital electronic
database and excluded based on

general exclusion criteria (n = 481)

1. Patients had diabetes or using
oral antidiabetics (n = 164)

2. Patients had coronary artery
disease (n = 45)

3. Patients had other endocrine
diseases (n =38)

4. Patients had malignant tumor
(n=8)

5. Patients using steroids or
statins (n =32)

6. Patients with acute
appendicitis or acute
cholecystitis (n =108)

7. Patients with other acute
inflammatory conditions (n
=50)

8. Patients with recent
abdominal trauma (n =36)

Patients who met the criteria were reached out
via telephone (n =263)
Patients who refused to participate in
the study during phone call (n =33)
Invited for interview (n =230)
Excluded after interview (n =45)
1. Patients had weight
fluctuations in the last month
(n=28)
2. Patients used steroid in the
last month (n =10)
3. Patients with scoliosis or
l lordosis (n =7)
Included patients (n =185)
Figure | Flow diagram for inclusion and exclusion.
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should be at least 5.4 In this study, a total of 11 predictor variables were used in the prediction of VFA. The ratio was
found to be 185/11 = 17 and it was seen that the minimum sample size requirement was met according to the criteria.

Clinical Assessment
Each participant answered questions about their sociodemographic details, personal and family medical history (hyper-
tension, diabetes, coronary artery disease, and hyperlipidemia), and smoking, using a standardized questionnaire.

The participant’s height (in centimeters) and weight (in kilograms) were assessed with a height scale and weight
machine (SECA 799+220, seca GmbH & co, Germany). The body mass index (BMI) was computed using the formula
weight in kg divided by height in m?.

Waist circumference was measured using a non-flexible measuring tape at the narrowest point of the abdomen
between the lower part of the last rib and the top of the hip at the end of expiration, while hip circumference was
measured at the widest part of the hips.

Laboratory examinations were conducted after 8-12 h overnight fasting, including total cholesterol, triglycerides,
high density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and fasting plasma glucose
using the American AU480 automatic biochemical analyzer.

Blood pressure was measured three times in both arms of the participants using using an electronic sphygmomanometer
(HEM-7155, Omron, Japan), after they had rested for 5-10 minutes. Periods of relaxation were incorporated between each of
the different measurements, and the average value of three blood pressure measurements was taken into consideration.

Radiological Assessment

The patients were examined by 128-channel MDCT (GE Healthcare Optima CT660, USA). The slice thickness was set to be 1—
2 mm and the reconstruction interval was 1.5-2 mm. Reformatted images were obtained in the sagittal and coronal planes.
Visceral and subcutaneous fat tissue measurements were performed by two radiologists with 15 and 5 years of experience using
Horos v3.3.6 medical image software (https://horosproject.org/). After determining the level of the L3 vertebrae from sagittal

sections, measurements were made on the axial section passing through this level. First, a manual contour was placed on the
skeletal muscles of the abdominal wall using a closed polygon tool in the axial CT image, and the visceral and subcutaneous fat
tissues were separated (Figure 2). Then, the threshold image tool was used to obtain the fat density by grouping the image by
density, based on a Hounsfield value between —190 and —30.*° Subsequently, measurements were obtained by marking the
visceral and subcutaneous areas with manual annotation using the 2D growing Region of Interest (ROI) technique.

Definitions
The cut-off value for increased VFA was determined as 130 cm?, as commonly used in the literature and recommended
for Turkish people in the Turkey Adult Risk Factor Survey (TEKHARF) study.’®?” The exposure of interests included

Figure 2 Fat-measurement technique in CT. After manual contour (yellow line) was placed on the abdominal wall skeletal muscles, automatic measurements of visceral
adipose tissue (A, red area) and subcutaneous adipose tissue (B, red area) areas were performed with threshold values.
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BMI, WC, and five novel adiposity indices: LAP, VAI, ABSI, BRI, and METS-VEF. Using the following equations they
were determined:

LAP inmale =(WC(cm)—65) x TG(mmol/1)

LAP in female =(WC(cm)—58) x TG(mmol/1)."?

VAlinmale = WC(cm)/(39.68+(1.88 x BMI))x(TG(mmol/1)/1.03)x(1.31/HDL — C(mmol/1))

VAl in female = WC(cm)/(36.58+(1.89 x BMI)) x (TG(mmol/1)/0.81)x(1.52/HDL — C(mmol/1))."?

ABSI = WC(m)/(BMI** xheight'/?(cm))."”

BRI = 364.2 — 365.5 x (1—[WC/2x]/[0.5 x height?)"/*.'®

METS — IR = Ln((2xFasting Glucose(mg/dl)) + Tg(mg/dl)) x BMI)/(Ln(HDL — C(mg/dl))).*

METS — VF = 4.466 + 0.011(Ln(METSIR))*+3.239(Ln(WHitr))*40.319(Sex)* + 0.594(Ln(Age)).*!

WHitr: Waist (cm)/Height (cm)

Tg: Triglyceride,

*Binary response variable (male = 1, female = 0).

Using the criteria of the World Health Organization (WHO), participants were categorized into four groups based on their
weight, including underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and
obesity (=30 kg/m?).? Patients with and without metabolic syndrome were identified according to the National
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) criteria which is the most widely accepted
method."°

Statistical Analysis

Descriptive statistics of the characteristics measured in the study participants were tabulated as mean, standard deviation
(SD), quartiles (25th, median, 75th), number and % frequencies. The compatibility of the numerical characteristics with
the normal distribution was examined with the Kolmogorov—Smirnov test and it was determined that they fit the normal
distribution. The correlation of WC, WHR, BMI, and novel adiposity indices with VFA were analyzed by Pearson
correlation analysis. The sensitivity, specificity and area under the curve (AUC) of the indices in identifying increased
VFA was analyzed by receiver operating characteristic (ROC) curve and the optimal cut-off values were determined.
P<0.05 was accepted as the level of statistical significance. SPSS (IBM Corp. Version 23.0. Armonk, NY) and R-4.2.2
for Windows program were used for calculations.

Results

In this study, 744 patients with CT imaging including the L3 vertebra level were retrospectively screened. Among them,
481 patients were excluded based on general exclusion criteria. A total of 263 patients were reached to be invited to
participate in the study, 230 patients applied for the interview. During the interview, individuals with weight fluctuations
(n = 28), current steroid consumption (n = 10), and scoliosis/lordosis (n = 7) were excluded based on the detailed
anamnesis (Figure 1).

Finally, 185 subjects, including 77 males (41.6%) and 108 females (58.4%) with a mean age of 38.2 + § years, were
included. Of the participants, 2.2% were underweight, 43.2% were of normal weight, 28.6% were overweight, and 26%
were obese based on their BMI. According to the NCEP ATP-III criteria, metabolic syndrome was diagnosed in 12
(15.6%) men and 20 (18.5%) women.

The descriptive statistics in Table 1 demonstrate that men had higher values for WC, WHR, height, weight, systolic
blood pressure, LDL-C, triglycerides, METS-VF, and ABSI than women, while HDL-C and subcutaneous fat area were
higher in women (p < 0.05 for all).

There was a significant positive correlation between all indices and VFA (p <0.001 for all). Waist circumference
(r=0.78 p < 0.001) and METS-VF (1=0.77 p < 0.001) had the strongest correlation with VFA. When the 95% CI of the
correlation coefficients in Table 2 were analyzed, it was observed that the associations of WC and METS-VF with VFA
were significantly stronger than the associations of ABSI, VAI and LAP with VFA.
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Table | Demographic and Clinical Characteristics of Participants

Total (n=185) | Male (n=77) | Female (n=108) P value
Age 38.2+8 39.6+7.3 37.3#83 0.048
WC (cm) 89.5+14.1 93.6£10.9 86.6%15.5 0.001
Hip circumference (cm) 104£11.3 103.4+7.6 104.5+13.3 0.462
Height (m) 1.720.1 1.7+0.06 1.6+0.06 0.001
Weight (kg) 73.4%16 78.9%£13.1 69.4+£16.8 0.001
Fasting glucose (mg/dl) 89.7%11.3 88.6%10.7 90.4+11.8 0.306
SBP (mmHg) I16.1£14.5 122.3+15.5 111.6x12 0.001
DBP (mmHg) 79.949.1 80+9.4 79.919 0.953
LDL-C (mg/dl) 110.8+£32.2 116.9£32.7 106.5£31.3 0.030
HDL-C (mg/dl) 51.2+13.4 45.4+10.9 55.3+13.5 0.001
Triglyceride (mg/dI) 114.1+67.3 131.8+70.5 101.4+62.3 0.003
WHR 0.86+0.07 0.9+£0.06 0.83+0.07 0.001
BMI (kg/m?) 26.7£5.7 26.5+4.2 27+6.5 0.527
METS-VF 6.3£0.9 6.6£0.7 6.1£0.9 0.001
ABSI 0.08+0.01 0.08+0.004 0.08+0.006 0.001
LAP 41£39.3 46.2+35.7 37.3+41.5 0.128
BRI 4.3+1.8 4.3x1.3 4.3x2.1 0.809
VAI 1.8+1.4 1.9+1.4 1.7x1.4 0.286
SFA (cm?) 213.1%117.3 186.7£91.5 232%129.9 0.006
VFA (cm?) 135+88.5 180.9+£89.9 102.3£71.6 0.001

Note: Bolted results indicate that p-values are statistically significant.

Abbreviations: WC, Waist Circumference; SBP, Systemic Blood Pressure; DBP, Diastolic Blood Pressure; LDL-C, Low
Density Lipoprotein Cholesterol; HDL-C, High Density Lipoprotein Cholesterol; WHR, Waist-hip Ratio BMI, Body Mass
Index; METS-VF, Metabolic Score for Visceral Fat; ABSI, A Body Shape Index; LAP, Lipid Accumulation Product; BRI, Body
Roundness Index; VA, Visceral Adiposity Index; SFA, Subcutaneous Fat Area; VFA, Visceral Fat Area.

Table 2 Association of Adiposity Indices with Visceral Fat Area

Pearson’s r P value Lower 95% Cl | Upper 95% CI
WC (cm) 0.781 <0.001 0.717 0.831
WHR 0.696 <0.001 0.613 0.764
BMI (kg/m?) 0.678 <0.001 0.591 0.749
METS-VF 0.768 <0.001 0.702 0.821
ABSI| 0.308 <0.001 0.172 0.433
LAP 0.602 <0.001 0.501 0.687
BRI 0.662 <0.001 0.573 0.736
VAI 0.403 <0.001 0.275 0.517

Abbreviations: WC, Waist Circumference; WHR, Waist-hip Ratio; BMI, Body Mass Index; Mets-VF,
Metabolic Score for Visceral Fat; ABSI, A Body Shape Index; LAP, Lipid Accumulation Product; BRI,
Body Roundness Index; VAI, Visceral Adiposity Index.
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The cut-off values, classification success rates and AUCs of each method were calculated separately for males and
females (Table 3). The Metabolic Score for Visceral Fat and WC demonstrated the highest predictive value in identifying
increased VFA (>130 cm?) with AUCs of 0.94 for females and 0.92 for males. The AUC value of METS-VF was
significantly higher than those of ABSI and VAI in both genders and higher than the AUC value of the WHR in women.

However, the differences between METS-VF and the other indices were not significant (Table 4).

Table 3 Cut-Off Values and Classification Accuracy of Adiposity Indices
Identifying Increased Visceral Fat Area

in

Cutoff Value | Sensitivity (%) | Specificity (%) AUCLSE
Male
BMI 24.56 81.8 773 0.907+0.035
wcC 88.0 89.1 81.8 0.922+0.038
METS-VF 6.39 96.4 81.8 0.922+0.037
WHR 0.87 90.3 86.4 0.889+0.053
ABSI 0.078 782 59.1 0.702+0.062
LAP 2361 87.3 81.8 0.876+0.039
BRI 3.63 90.9 86.9 0.922+0.030
VAI 1.23 74.5 68.2 0.731+0.059
Female
BMI 27.63 87.5 789 0.936+0.023
wcC 90.5 87.5 8l1.6 0.938+0.024
METS-VF 6.54 93.8 789 0.939+0.022
WHR 0.84 75.0 71.1 0.807+0.044
ABSI 0.078 56.2 75.0 0.658+0.060
LAP 28.45 875 76.3 0.893+0.039
BRI 543 75.0 934 0.925+0.033
VAI 1.49 719 684 0.725+0.057

Abbreviations: BMI, Body Mass Index (kg/m2); WC, Waist Circumference (cm); METS-VF, Metabolic Score
for Visceral Fat; WHR, Waist-hip Ratio; ABSI, A Body Shape Index; LAP, Lipid Accumulation Product; BRI,
Body Roundness Index; VAI, Visceral Adiposity Index.

Table 4 P-values Obtained as a Result of Comparing the AUC Values of the Adiposity Indices

Gender Indices wcC METS-VF WHR ABSI LAP BRI VAI

Male BMI 0.523 0.470 0.659 0.001 0.388 0.488 0.003
wcC - 0.982 0.325 <0.001 0.124 1.000 <0.001
METS-VF - - 0316 0.001 0.175 0.968 0.001
WHR - - - 0.001 0.749 0.294 0.007
ABSI - - - - 0.009 <0.001 0.706
LAP - - - - - 0.168 <0.001
BRI - - - - - - 0.001

(Continued)
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Table 4 (Continued).

Gender Indices wcC METS-VF WHR ABSI LAP BRI VAI

Female BMI 0.930 0.889 0.016 <0.001 0.117 0.627 <0.001
wcC - 0.960 0.002 <0.001 0.142 0.360 0.050
METS-VF - - 0.003 <0.001 0.135 0.261 <0.001
WHR - - - <0.001 0.049 0.006 0.154
ABSI - - - - <0.001 <0.001 0314
LAP - - - - - 0.305 <0.001
BRI - - - - - - <0.001

Note: Bolted results indicate that p-values are statistically significant.
Abbreviations: BMI, Body Mass Index (kg/mz); WC, Waist Circumference (cm); METS-VF, Metabolic Score for Visceral Fat; WHR, Waist-hip
Ratio; ABSI, A Body Shape Index; LAP, Lipid Accumulation Product; BRI, Body Roundness Index; VAI, Visceral Adiposity Index.

Discussion

This study showed that all investigated adiposity indices were significantly correlated with VFA. Metabolic Score for
Visceral Fat and WC were the two best methods for identifying increased VFA (>130 cm?). In men, a METS-VF cut-off
point of >6.4 and a WC cut-off point of >88 cm were identified, while in women, the corresponding cut-off points were
>6.5 and >90.5 cm, respectively.

Metabolic syndrome is often linked to obesity as a significant risk factor, but it’s worth noting that even lean
individuals can exhibit insulin resistance, which is a key component of the metabolic syndrome.”® The amount and
distribution of body fat, rather than overall weight, is the crucial factor in the increased risk associated with obesity.
Specifically, visceral adiposity is strongly associated with adipocyte dysfunction and related cardiometabolic risks.?® This
study represents the first investigation into the link between METS-VF and visceral adiposity in apparently healthy
Turkish people.

In this study, a strong correlation (r=0.77) was found between METS-VF and visceral adiposity, and the formula had
a high AUC value (>0.9) in identifying increased VFA at optimal cut-off values. The first validation study of the formula
included 350 patients, 34.8% of whom had diabetes and a mean BMI of 40.1 kg/m?, from bariatric surgery clinics in India.*
It demonstrated that a METS-VF score above 7.3 predicted increased VFA with an AUC of 0.78. A recent study by Antonio-
Villa et al excluded patients with diabetes, similar to our study, and found that METS-VF strongly correlated with VFA
(r=0.75) and effectively identified subjects with increased VFA (AUC 0.84), consistent with our findings.*' These results
suggest that the higher AUC values found compared to the Indian study may be attributed to differences in patient selection,
and that METS-VF may be more suitable for identifying individuals at high cardiometabolic risk before the onset of
metabolic complications. Notably, the group in which the METS-VF was developed excluded individuals with cardiovas-
cular disease, those taking oral antidiabetic drugs other than metformin, and those with diabetic complications.

In a study with 5275 individuals (3083 Inuit, 1397 Africans and 795 Europeans), it was demonstrated that anthro-
pometric measures like BMI and WC do not reflect the same amount of VFA across ethnic groups. Therefore, it is
necessary to demonstrate the performance of the anthropometric measurements for VFA estimation in different ethnic
groups and determine the cut-off values for each ethnic group.>? Although METS-VF was originally created for the
Mexican population, our data and data from India indicate a strong correlation between METS-VF and VFA, which
suggests its potential usefulness as a reliable predictor of visceral adiposity across different populations. It’s important to
note that formulas based on anthropometric measurements may produce varying results depending on patient character-
istics, and study design. In our study, the reason for the difference in the METS-VF cut-off value from the original study
can be explained by a variation in the threshold chosen for increased VFA.

Lipid accumulation product and VAI are methods based on the concept of hypertriglyceridemic waist circumference,
which is based on the importance of body fat distribution.'*'* Although LAP and VAI have been used to estimate the risk
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associated with visceral adiposity, it is important to remember that neither method was designed to predict the amount of
VAT. In some of previous studies, both methods had a weak association with the VFA when compared with traditional
anthropometric measurements, which is consistent with the results of our study.>*-*

A body shape index and BRI are methods that use anthropometric measurements and do not require blood
sampling.'”'® In the study by Krakauer et al. ABSI was found to be successful in predicting the incidence of
mortality.'” However, subsequent studies have shown that ABSI has less ability to predict the incidence of metabolic
syndrome and diabetes compared to both traditional and novel anthropometric indices.*>*® Although clinical outcomes
were not analyzed in our study, ABSI was shown to have the weakest association with VFA. In a cross-sectional study
conducted by Liu et al in China with 233 patients the relationship between WC, ABSI and BRI with VFA was examined
and the relationship of ABSI was shown to be weaker (p<0.05) compared to the other two methods.?” These results
suggest that ABSI is not a good method to predict visceral adiposity and associated risk factors. In a study, BRI has been
shown to be better than most other anthropometric indices in predicting the incidence of cardiometabolic disease.’® The
strong association of BRI with VFA in our study is consistent with the results of previous studies comparing the
association of anthropometric indices with visceral adiposity.>’

It is an expected finding that WC and BMI are strongly associated with VFA, but it is noteworthy that their
associations with VFA are stronger than other adiposity indices except METS-VF. The results of a small number of
studies comparing the association of traditional and novel anthropometric indices with VFA also reveal a strong
association between traditional methods and VFA, similar to our study.**

In this study, WC, which has strong correlation with VFA, appears to be a convenient and easy method to assess visceral
adiposity in a healthy Turkish population. It is noteworthy that the WC value corresponding to increased VFA is found to be
higher in women than men. In the TEKHAREF study conducted in Tiirkiye, it was shown that WC values of 95 cm in males
and 83 cm in females were associated with increased metabolic risk.*>*° In another study reported from Tiirkiye, WC of
83 cm in females and 93 cm in males were determined as cut-off values for cardiometabolic risk associated with insulin
resistance.*' Lemieux et al showed that approximately 95 cm was successful in predicting increased VFA (>130 cm2) in
both sexes.*> When these studies are evaluated together, it can be understood that the WC cut-off values vary according to
the characteristics of the population and the endpoint of the studies. Our findings suggest that WC limits may be closer to
each other in males and females in our country and show the need for more comprehensive studies.

Our main limitation is that CT examinations were not performed prospectively. Although we excluded patients with
a major or critical medical condition on CT evaluation, this may have resulted in selection bias from the general population.
Another limitation is the measurement of cross-sectional VFA instead of total VAT volume from CT. Although cross-
sectional areas measured at the appropriate level from abdominal CT correlated well with total VAT, this method may have
prevented us from fully estimating the VAT burden of the participants.® Lastly, the study included patients between the ages
of 20 and 50 years, which means the results may not be applicable to elderly patients. On the other hand, our study has many
strength. First, we excluded all conditions that may affect the body fat distribution and the results of the used indices
increases the reliability of our study. Second, we provide detailed interpretation of many anthropometric indices and AUC-
ROC analysis for diagnostic accuracy. Our study also proposes optimal cut-off points for these indices.

To conclude, METS-VF is a recently developed formula for estimating visceral adiposity which is a significant risk
factor for cardiometabolic comorbidities. Our study found a strong association between METS-VF and visceral adiposity,
suggesting that it is a reliable index for predicting increased VFA in both Turkish men and women. However, due to its
ease of use, WC measurement may be more practical for screening purposes. Nonetheless, more comprehensive studies
with patients with different characteristics and ages are needed to further support these findings.
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