
Observational Study Medicine®

OPEN
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predict metabolic syndrome in a Korean
population
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Abstract
Previous studies have reported the association between visceral fat and metabolic syndrome (MS); however, just few studies have
been conducted to evaluate the relationship between actual visceral fat volume (VFV) and MS. This study aimed to obtain 3
dimensional VFV and subcutaneous fat volume (SFV) using abdominal computed tomography (CT) and determine MS-predictive
cutoff values.
A total of 250 individuals, aged 27 to 80years, who underwent health screening with abdominal CT between November 2019 and

May 2020were included. The subcutaneous (SFA) and visceral (VFA) fat areas were quantified using axial images obtained at the level
of the lowest to the highest part of the umbilicus. The SFV and VFVwere quantified from the highest level of the liver dome to the pelvic
floor on axial CT images. The Aquarius iNtuition software program (TeraRecon, Foster City, CA) was used to calculate the SFA, VFA,
SFV, and VFV. Subcutaneous fat mass and visceral fat mass (VFM) were measured using an adipose tissue density of 0.9g/mL. We
used the modified criteria of MS proposed by the Third National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults and waist circumference of ≥90cm in men and ≥85cm in women to
define MS. Multivariate analysis of covariance was used to compare the fat areas, volumes, and mass according to the presence of
MS and sex. Additionally, a receiver operating characteristic curve analysis was performed to determine the cutoff values for VFV,
SFV, VFM, subcutaneous fat mass, VFA, and SFA associated with MS.
Of the assessed variables, VFV and VFM had the highest area under the receiver operating characteristic curve value for predicting

MS in both men and women: 0.811 (95% confidence interval, 0.743–0.868) for men and 0.826 (95% confidence interval, 0.727–
0.900) for women. The MS-predictive cutoff values were 4852cm3 and 4366.8g for men and 3101cm3 and 2790.9g for women,
respectively. Further, large, population-based studies are needed to validate these cutoff values.

Abbreviations: AUC = area under the receiver operating characteristic curve, BMI = body mass index, CI = confidence interval,
CT = computed tomography, CVD = cardiovascular disease, DBP = diastolic blood pressure, DXA = dual-energy X-ray
absorptiometry, FBG= fasting blood glucose, HDL-C= high-density lipoprotein cholesterol, HR= hazard ratio, HU=Hounsfield unit,
MRI = magnetic resonance imaging, MS = metabolic syndrome, ROC = receiver operating characteristic, SBP = systolic blood
pressure, SFA = subcutaneous fat area, SFM = subcutaneous fat mass, VFM = visceral fat mass, SFV = subcutaneous fat volume,
TG= triglyceride, VFA = visceral fat area, VFV = visceral fat volume, WC = waist circumference.
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1. Introduction

Abdominal obesity is an important component of the metabolic
syndrome (MS), independent of overall obesity.[1,2] As a result,
central fat deposits are a significant part of the pathogenesis of
metabolic disorders. Abdominal adipose tissue is divided into
visceral and subcutaneous adipose tissues, which have different
metabolic risk profiles. The correlation between visceral adipose
tissue and cardiometabolic risks is stronger than that between
subcutaneous adipose tissue and cardiometabolic risks.[3–5] In
addition, the actual visceral adipose tissue volume is a more
accurate predictor of MS than the visceral adipose area.[6] Fats
are stored in visceral adipose tissue when subcutaneous adipose
tissue is saturated.[4] Besides body fat distribution, the small
adipocyte size and secretion of inflammatory cytokines in visceral
adipose tissues are potential mechanisms of the pathogenic effects
of visceral fat on cardiometabolic risk.[7] In addition, the
transportation of free fatty acids and inflammatory mediators
from visceral adipose tissue to the liver is increased owing to the
direct communication between adipose tissues and the liver
through the portal circulation.[8] This can lead to insulin
resistance, hepatic steatosis, and dyslipidemia.[9]
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In a recent cohort study with a 9.3-year follow-up, visceral fat
increased the risk of cardiovascular disease (CVD) in individuals
in the middle and high tertiles of visceral fat. These results were
similar after adjustment for body mass index (BMI). However,
there was no significant association between subcutaneous fat
and CVD events.[10] Moreover, several epidemiological and
longitudinal studies have reported an association between
glucose intolerance and visceral fat.[11–13] Most existing studies
have shown a stronger relationship between visceral adipose
tissue andMS than between subcutaneous adipose tissue andMS;
however, few studies have yet assessed the relationship between
the actual visceral fat volume (VFV) and MS.
Computed tomography (CT) and magnetic resonance imaging

(MRI) can directly measure the areas or volumes of adipose
tissue: they are reference methods for evaluating abdominal
adiposity.[14] CT and MRI have been used to investigate the
associations between actual adipose tissue volume and other
anthropometric indices.[4,15] MRI-derived adipose tissue area is a
reported accurate predictor of MS, with a stronger association
withMS than the association of BMIwithMS.[16] However,MRI
is more expensive and time-consuming than CT.[17] In several
studies, specific single axial CT images have been used tomeasure
abdominal adiposity because of its simplicity and associated
reduced radiation exposure.[10,18–20] Because the diagnostic
criteria for abdominal obesity are based on the visceral fat area
(VFA), VFA measurements using single axial CT are required.[21]

However, single-slice imaging may not be as accurate as total
volume imaging in detecting longitudinal changes in abdominal
adiposity.[14,15] Few validation studies have shown that measur-
ing VFV using CT is feasible and highly accurate.[15,17] However,
there is a paucity of studies on the associations between the actual
fat volume and cardiometabolic diseases.
In this study, we aimed to evaluate the association of estimated

VFV and subcutaneous fat volume (SVF) quantified using
abdominal CT which is less expensive and needs less time to
get images compared toMRI along with other obesity parameters
and to investigate the appropriate cutoff values for fat volumes to
predict MS.
2. Methods

2.1. Data collection and study participants

This study was based on the data acquired during health
screening tests conducted at a university hospital located in the
Republic of Korea between November 2019 and May 2020. We
included participants who underwent abdominal CT. A total of
250 individuals aged 27 to 80years were included in the analyses.
The study protocol was approved by the Institutional Review
Board of Daegu Catholic University Medical Center (IRB
approval number, CR-20-046).
2.2. Determination of areas, volumes, and mass of
subcutaneous fat and visceral fat on CT images

The subcutaneous fat area (SFA), VFA, SFV, and VFV were
quantified using the Aquarius iNtuition software program
(TeraRecon, Foster City, CA). We used a tissue phantom to
validate the Hounsfield Unit (HU) range for identifying adipose
tissues (�150 to �50 HUs for visceral adipose tissue, �190 to
�30 HUs for subcutaneous adipose tissue).[22] SFA and VFA
were quantified using axial images obtained at the level of the
2

lowest to the highest part of the umbilicus and near the L4 to L5
vertebral interspace. SFV and VFV were quantified from the
highest level of the liver dome to the pelvic floor and the highest
level of the anal sphincter on axial CT images.[6,15,23] These
measurements were performed by the same examiner to prevent
inter-observer variability. Subcutaneous (SFM) and visceral
(VFM) fat mass were quantified using an adipose tissue density
of 0.9g/mL.
2.3. Definition of MS

We used the modified criteria of MS proposed by the Third
National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults[2] and the specific waist circumference (WC) values for
Koreans suggested by the Korean Society for the Study of Obesity
to define MS.[24] MS was diagnosed when 3 or more abnormal
findings among 5 risk factors were present.[25] The risk factors
included WC ≥90cm in men and ≥85cm in women; systolic
blood pressure (SBP) ≥30mmHg, diastolic blood pressure (DBP)
≥85mm Hg, or previous diagnosis of hypertension with
antihypertensive drug treatment; fasting blood glucose (FBG)
level ≥100mg/dL or previous diagnosis of diabetes with drug
treatment; triglyceride (TG) level ≥150mg/dL; and high-density
lipoprotein cholesterol (HDL-C) level <40mg/dL for men and
<50mg/dL for women.
2.4. Assessment of lifestyle habits and comorbidities

Lifestyle habits and comorbidities were assessed using a self-
administered questionnaire. Physical activity was categorized as
none, low-intensity, and moderate-to-vigorous intensity exercise
based on the average intensity and frequency of exercise within
the past year. The none group comprised participants who
responded “none” to the question about strenuous exercise (20
minutes a day) or walking (more than 30 minutes a day). The
moderate-to-vigorous intensity exercise group comprised partic-
ipants who reported doing strenuous exercise for 3 or more days
or moderate intensity exercise for more than 5days per week. The
low-intensity group comprised participants who were included in
neither group.
Regarding smoking, individuals who had never smoked or

smoked fewer than 100 cigarettes in their lifetime were classified
as nonsmokers. The participants who reported smoking in the
past but who had quit smoking were classified as ex-smokers, and
those whowere smoking at the time of the study were classified as
current smokers.
High-risk alcohol consumption was defined as drinking

alcohol more than twice per week, with an average of 7 or
more glasses for men and 5 or more glasses for women at any
time.
Furthermore, the presence of comorbidities such as hyperten-

sion, diabetes, dyslipidemia, angina, stroke, fatty liver, and
cancer was assessed. In women, menopausal status was assessed
based on the self-reported answer to the question about having
regular menstrual periods.
2.5. Anthropometric measurements and blood tests

Anthropometric measurements were performed during the health
checkup, and the participants had to wear the same clothing each
time. Height and weight were measured using a standard method
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to the nearest 0.1cm for height and 0.1kg for weight. WC was
measured at the midpoint between the lowest level of the ribs and
the iliac crest. BMI was calculated by dividing weight in
kilograms by height in meters squared. Blood pressure was
measured using an automatic sphygmomanometer on the right
arm with the patients in a sitting position after 5minutes of rest.
The average SBP and DBP were obtained after repeated
measurements.
Blood samples were obtained in the morning after overnight

fasting.Moreover, FBG, hemoglobin A1C level, and lipid profiles
were assessed.
2.6. Statistical analyses

All analyses were performed using IBM SPSS version 19.0 (IBM
Co., Armonk, NY). The chi-square test and one-way analysis of
variance were used to compare the baseline characteristics of the
participants. Continuous variables are expressed as means and
standard deviation (SD), and discrete variables are expressed as
numbers with proportions. A simple linear regression analysis
was performed to examine the correlation between fat volumes
and metabolic risk factors. Multivariate analysis of covariance
was used to compare the fat areas, volumes, and mass, according
to the presence of MS and sex. We adjusted for age, smoking,
alcohol consumption, physical activity, and comorbidities to
perform independent comparisons of visceral fat and subcutane-
ous fat according to the presence of MS. Adjustment for
menopausal status was made only for women. A receiver
operating characteristic (ROC) curve analysis was performed to
define the cutoff values for VFV, SFV, VFM, SFM, VFA, and SFA
associated with MS. MedCalc for Windows version 18.11.3
(MedCalc Software, Ostend, Belgium) was used for the ROC
curve analyses. P-value< .05 was considered significant.
3. Results

3.1. Characteristics of study participants

Table 1 shows the baseline characteristics of the study participants
according to sex and the presence ofMS.A total of 166men and84
women were included in the study. Women with MS were older
than those withoutMS, although there was no difference in age in
men according to the presence or absence of MS. Obesity
parameters, such as body weight, WC, and BMI, VFA, SFA, SFV,
andVFVwere higher inmenwithMS than in thosewithoutMS. In
women, a similar trend was observed, except for VFA and SFA.
SBP, FBG, and TG levels were higher in bothmen andwomenwith
MS than in those without. HDL-C levels were lower in men with
MS than in those without. There were no differences in physical
activity, smoking, and alcohol consumption according to MS in
both men and women. Regarding comorbidities, the prevalence of
hypertension, diabetes, and dyslipidemia was higher in both men
andwomenwithMS.However, therewas no significant difference
in theprevalenceofdyslipidemiaamong thewomen.Therewereno
differences in the prevalence of angina, stroke, fatty liver, and
cancers according to the presence ofMSamong themenorwomen.
3.2. Correlations of fat volume and metabolic risk factors
with other obesity parameters

Table 2 shows the correlations of SFV and VFVwith components
of MS and other obesity parameters based on simple linear
3

regression analysis. There was a positive correlation between
VFV and all components of MS (SBP, DBP, FBG, serum TG,
HDL-C levels, and WC). Among these components, SFV was
positively correlated with only SBP and WC, and BMI, SFA, and
VFA were positively correlated with both SFV and VFV.
3.3. Areas, volumes, and mass of body fat according to
MS

Table 3 shows the adjusted mean values of fat area, volume,
and mass according to the presence of MS and sex, based
on multivariate analysis of covariance. Areas, volumes, SFM,
and VFM were higher in men with MS than in those without
MS. However, there were no significant differences among
women.
3.4. Cutoff values of fat areas, volumes, and mass for MS
identification

Figure 1 shows the ROC curves of fat areas, volumes, and mass
for identifying MS in men and women. Table 4 presents the area
under the ROC curve (AUC) values. All AUC values were above
0.7, except for SFA in women. Among both men and women, the
AUCs for VFV, VFM, and VFA were higher than those for SFV,
SFM, and SFA. The optimal cutoff values for VFV, SFV, VFM,
SFM, VFA, and SFA for the identification of MS are presented in
Table 4.

4. Discussion

In this study, we demonstrated the optimal cutoff values for fat
volume, mass, and area to predict MS by three-dimensional
abdominal visceral fat quantification using abdominal CT
images. Of the assessed fat parameters, VFV and VFM showed
the highest AUC values in both men and women. Because SFM
and VFM were calculated using a fat density of 0.9g/mL, there
were no differences in the AUC values between fat mass (SFM
and VFM) and volume. The cutoff values of VFV and VFMwere
4852cm3 and 4366.8g and 3101cm3 and 2790.9g in men and
women, respectively.
The association between central obesity and diabetes has been

well known. In a 10-year longitudinal study on the development
of type 2 diabetes, an increase of 1 SD in the intraabdominal fat
area increased the likelihood of type 2 diabetes as much as 1.65
times (odds ratio, 1.65; 95% confidence interval [CI], 1.21–2.25);
however, changes in body weight were not related to type 2
diabetes risk (odds ratio, 0.95; 95% CI, 0.66–1.35).[13] In
another longitudinal cohort study, an increase of 1 SD in visceral
fat in the L2 to L3 area (measured using CT) increased the risk of
diabetes by 1.48 times (hazard ratio [HR], 1.48; 95% CI, 1.02–
2.14) and by 1.79 times in the L4 to L5 area (HR, 1.79; 95% CI,
1.21–2.67); however, these relationships were only among men,
and an increase in subcutaneous fat did not increase the risk of
diabetes in either sex.[11]

Regarding its relationship with CVD, visceral fat increased the
risk of CVD in a multiethnic cohort study with a 9.3-year follow-
up. The likelihood of coronary heart disease was significantly
higher among participants in the middle (HR, 2.43; 95% CI,
1.38–4.28) and highest (HR, 3.00; 95% CI, 1.66–5.43) tertiles
than among those in the lowest tertile of visceral fat.[10] A similar
positive association between visceral fat and CVD was observed
in a 5-year follow-up study based on the Framingham Heart
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Table 1

Baseline characteristics of study populations (N=250).

Men Women

MS present (N=47) MS absent (N=119) P-value MS present (N=11) MS absent (N=73) P-value

Age (yr) 54.3±10.2 54.5±9.8 .908 63.3±10.2 55.3±10.1 .017
Height (cm) 170.5±5.7 170.2±6.0 .756 157.2±4.3 157.1±5.4 .968
Weight (kg) 80.6±10.2 70.9±8.6 <.001 64.4±10.3 58.3±8.5 .032
Waist circumference (cm) 92.7±6.5 85.7±5.5 <.001 87.0±5.6 79.7±7.4 .002
Body mass index (kg/m2) 27.7±2.6 24.4±2.2 <.001 26.0±3.0 23.6±2.8 .010
Visceral fat area (cm2) 166.2±40.5 115.8±46.3 <.001 112.2±25.4 105.9±229.6 .928
Subcutaneous fat area (cm2) 175.8±69.8 130.8±49.4 <.001 193.4±61.9 163.6±60.0 .130
Visceral area ratio 49.8±11.7 47.2±12.0 .202 37.8±9.4 32.8±11.8 .180
Visceral fat volume (cm3) 5369.6±1100 3772.3±1400 <.001 3904.6±707.0 2695.4±1600 .014
Subcutaneous fat volume (cm3) 5032.3±2000 3501.0±1300 <.001 6716.1±2000 5050.5±1900 .009
Visceral fat volume ratio 52.7±8.3 51.7±7.7 .486 37.7±5.8 33.6±8.2 .122
Systolic blood pressure (mm Hg) 131.4±10.0 125.4±11.2 .002 142.3±14.6 123.5±13.3 <.001
Diastolic blood pressure (mm Hg) 78.9±8.1 78.1±9.6 .631 81.1±12.0 72.2±9.4 .006
Fasting glucose (mg/dL) 115.7±33.0 93.3±13.7 <.001 119.8±25.7 94.0±12.8 .008
Hemoglobin A1C (%) 6.0±1.0 5.5±0.5 .001 6.3±0.9 5.5±0.6 .009
Triglyceride (mg/dL) 186.5±75.7 109.3±61.8 <.001 105.8±45.4 81.2±30.3 .022
HDL cholesterol (mg/dL) 47.5±11.5 57.2±13.7 <.001 56.8±13.9 66.0±15.2 .064
LDL cholesterol (mg/dL) 130.3±45.4 133.1±35.0 .702 107.5±33.2 128.0±32.0 .076
Physical activity, n (%) .977 .155
None 3 (6.4) 8 (6.7) 3 (27.3) 6 (8.2)
Low-intensity exercise 29 (61.7) 75 (63.0) 6 (54.5) 48 (65.8)
Moderate-to-vigorous exercise 15 (31.9) 36 (30.3) 2 (18.2) 19 (26.0)

Smoking, n (%) .724 .429
Never smoker 9 (20.0) 23 (20.2) 9 (90.0) 65 (95.6)
Ex-smoker 21 (46.7) 60 (52.6) 0 (0) 2 (2.9)
Current smoker 15 (33.3) 31 (27.2) 1 (10.0) 1 (1.5)

High-risk alcohol intake, n (%) 21 (44.7) 35 (29.4) .061 1 (9.1) 5 (6.8) .581
Menopausal state, n (%) NA NA 9 (81.8) 2 (18.2) .500
Comorbidities, n (%)
Hypertension 20 (42.6) 19 (16.0) <.001 5 (45.5) 10 (13.7) .023
Diabetes 13 (27.7) 3 (2.5) <.001 3 (27.3) 2 (2.7) .015
Dyslipidemia 15 (31.9) 15 (12.6) .004 4 (36.4) 11 (15.1) .102
Angina 3 (6.4) 6 (5.0) .714 1 (9.1) 0 (0) .131
Stroke 2 (4.3) 2 (1.7) .318 1 (9.1) 0 (0) .131
Fatty liver 1 (2.1) 2 (1.7) .999 0 (0) 0 (0) .999
Any cancers 2 (4.3) 6 (5.0) 1.000 0 (0) 3 (4.1) 1.000

HDL=high-density lipoprotein, LDL= low-density lipoprotein, MS=metabolic syndrome.
Data are shown as mean± standard deviation or number (percentage).
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Study (HR, 1.44; 95% CI, 1.08–1.92); however, there was no
significant association between subcutaneous fat and CVD (HR,
0.99; 95% CI, 0.66–1.49).[26]
Table 2

Correlations of fat volume and metabolic risk factors with other
obesity parameters.

Subcutaneous
fat volume

Visceral
fat volume

Systolic blood pressure (mm Hg) 0.165† 0.252†

Diastolic blood pressure (mm Hg) 0.078 0.201†

Fasting blood sugar (mg/dL) 0.059 0.240†

Serum TG (mg/dL) 0.112 0.464†

Serum HDL-C (mg/dL) �0.100 �0.401†

Waist circumference (cm) 0.415† 0.740†

Body mass index (kg/m2) 0.641† 0.680†

Subcutaneous fat area (cm2) 0.881† 0.405†

Visceral fat area (cm2) 0.162
∗

0.481†

HDL-C=high-density lipoprotein cholesterol, TG= triglycerides.
Data are shown as Pearson correlation coefficient, r.
∗
P< .05.

† P< .01.
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Based on these previous studies,[7,11,26] central obesity,
especially visceral fat, is strongly associated with metabolic
and CVDs. Similar to these findings, we found that visceral
fat indices such as VFA, VFM, and VFV predicted MS better
than subcutaneous fat indices in both sexes. Considering that
visceral fat is a crucial component in the development of MS,
the cutoff values for VFA to determineMS have been proposed
in several studies.[21,27–29] In a large Korean population-based
study, the cutoff values for VFA were 134.6 cm2 for men and
91.1 cm2 for women,[21] which are relatively lower than those
reported in our study, that is, 138 cm2 and 96.1 cm2 for men
and women, respectively. While we determined the cutoff
values to predict the presence of more than 3 metabolic risk
factors, their cutoff values were used to predict 2 or more. This
might explain the different VFA cutoff values. In another
Korean study, the optimal cutoff values were 136 cm2 and 95
cm2 for men and women, respectively.[28] These cutoff values
are slightly lower than those in our study. Other authors used
the criteria proposed by the International Diabetes Federa-
tion, whereas we used the Third National Cholesterol
Education Program Expert Panel on Detection, Evaluation,



Table 3

Univariate analysis of covariance
∗
of fat area, volume, and mass according to the presence of metabolic syndrome.

Men Women

MS present (N=47) MS absent (N=119) P-value MS present (N=11) MS absent (N=73) P-value

Fat area (cm2)
Subcutaneous fat 180.8±7.7 132.3±4.8 <.001 183.4±21.5 162.1±7.3 .366
Visceral fat 166.2±6.6 118.7±4.1 <.001 95.3±12.7 80.6±4.3 .291

Fat volume (cm3)
Subcutaneous fat 5151.4±205.5 3552.7±128.4 <.001 6164.9±711.5 5035.5±242.4 .150
Visceral fat 5366.5±199.1 3851.0±124.3 <.001 3221.4±471.2 2676.7±160.5 .293

Fat mass (g)
Subcutaneous fat 4636.3±185.0 3197.4±115.6 <.001 5548.4±640.3 4532.0±218.2 .150
Visceral fat 4829.8±179.2 3465.9±111.9 <.001 2899.3±424.1 2409.0±144.5 .293

MS=metabolic syndrome.
∗
Adjusted for age, smoking, high-risk alcohol intake, physical activity, and comorbidities. Menopausal state was additionally adjusted for women. Data are shown as adjusted mean± standard deviation.
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and Treatment of High Blood Cholesterol in Adults criteria to
define MS.
Abdominal obesity can be estimated using anthropometric

measures, such as WC, waist-to-hip ratio, and waist-to-height
ratio.[14] However, these methods cannot directly measure the
areas or volumes of adipose tissue. Furthermore, they cannot
distinguish between visceral and subcutaneous fat.[17] Contrary
to anthropometric measures, CT and MRI can directly measure
the areas or volumes of adipose tissue and distinguish between
visceral and subcutaneous fat.[14] Additionally, bioelectrical
impedance analysis, ultrasonography, and dual-energy X-ray
absorptiometry (DXA) can estimate visceral adiposity. However,
there is no strong correlation between bioelectrical impedance
and visceral fat, and the measurement of visceral fat via
ultrasonography is not as accurate as that of WC.[14] DXA-
measured visceral adiposity has shown a strong correlation with
MRI- or CT-measured visceral adiposity[30]; however, there are
no longitudinal studies on whether DXA can detect visceral fat
changes over time.[14]

CT is less expensive and less time-consuming than MRI, with
fewer artifacts.[17] Owing to radiation exposure and methodo-
logic simplicity, single-slice CT is widely used to measure
abdominal adiposity. However, VFA values obtained using
Figure 1. Receiver operating characteristic curves for identifying metabolic syndr
visceral fat volume, SFA=subcutaneous fat area, SFM=subcutaneous fat mass,
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single-slice CT can vary according to the patient’s breathing rate
and the area fromwhere the image is obtained. As visceral fat can
extend outward owing to the downward movements of the
diaphragm on inspiration, it is crucial tomeasure VFA during late
expiration.[31] Therefore, single-slice CT imaging may not be as
accurate as entire fat volume imaging,[14] although it has been
reported to be correlated with total VFV.[31]

In this study, we identified the optimal cutoff values for fat
volumes to predict MS in a single ethnic group. To the best of our
knowledge, such studies had been lacking prior to the report of a
Japanese study in 2016.[6] In that Japanese study, 405
participants were included, all of whom underwent health
screening with CT. Similar to our study, VFV and SFV were
calculated from the top of the liver to the pelvic floor using an
automated software program. The VFV cutoff values were 3885
cm3 for men and 2321cm3 for women, which are relatively lower
than those reported in our study. The difference between our
study and the Japanese study is that the Japanese authors
determined the cutoff values to distinguish metabolically normal
features from the presence of any MS feature, except WC,
whereas we identified the cutoff values to predict MS by the
presence of more than 3 metabolic risk factors. Moreover, the
Japanese authors presented the cutoff values for VFV/height and
ome according to sex. VFA=visceral fat area, VFM=visceral fat mass, VFV=
SFV=subcutaneous fat volume.

http://www.md-journal.com


Table 4

Cutoff values for fat area, volume, and mass for identifying metabolic syndrome according to sex.

Men (N=166) Women (N=84)

Cutoff AUC (95% CI) Sensitivity (%) Specificity (%) Cutoff AUC (95% CI) Sensitivity (%) Specificity (%)

VFV (cm3) 4852 0.811 (0.743–0.868) 76.6 80.7 3101 0.826 (0.727–0.900) 100 72.6
SFV (cm3) 3558 0.764 (0.692–0.827) 87.2 59.7 5860 0.725 (0.616–0.817) 72.7 69.9
VFM (g) 4366.8 0.811 (0.743–0.868) 76.6 80.7 2790.9 0.826 (0.727–0.900) 100 72.6
SFM (g) 3202.2 0.764 (0.692–0.827) 87.2 59.7 5274 0.725 (0.616–0.817) 72.7 69.9
VFA (cm2) 138 0.796 (0.727–0.854) 78.7 65.5 95.1 0.768 (0.664–0.853) 90.9 75.3
SFA (cm2) 164 0.715 (0.640–0.782) 59.6 79.0 194 0.629 (0.517–0.732) 54.5 78.1

AUC= area under the receiver operating characteristic curve, CI=confidence interval, VFA= visceral fat area, VFM= visceral fat mass, VFV= visceral fat volume, SFA= subcutaneous fat area, SFM=
subcutaneous fat mass, SFV= subcutaneous fat volume.
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VFV/abdominal length ratio, which had higher AUCs than VFV
alone. Among those indices, the VFV/height ratio showed the
greatest AUC for predicting risk factors for MS. Similar to these
results, we found that the VFV/height ratio had the largest area in
the ROC curve analysis, although the difference in the AUC
between the VFV/height ratio and VFV alone was small and only
observed in men (AUC of VFV/height ratio, 0.816 for men and
0.824 for women). In addition, the AUCs of VFV and VFMwere
higher in our study than in the Japanese study (0.811 for men and
0.826 for women in this study vs 0.746 for men and 0.762 for
women in the Japanese study).
This study is the first to propose the cutoff values for VFV and

VFM to predict MS in a Korean population. However, this study
had some limitations. First, only relatively healthy people who
underwent health screening examinations were included. The
study population might not be representative of the general
Korean population. Second, the actual prevalence of underlying
diseases, such as hypertension or diabetes, was less likely to be
accurately determined owing to the nature of the self-report
questionnaire. Third, fat quantification using CT might not be
applicable to the general population in real-world clinical
settings, considering the high cost of the test and radiation
exposure.
In conclusion, we suggest the optimal cutoff values for VFV

and VFM to predict MS at 4852cm3 and 4366.8g and 3101cm3

and 2790.9g for men and women, respectively. Further large,
population-based studies are needed to validate these cutoff
values.
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