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Purpose: The aim of this study was to study the appropriate cut-off value of vis-
ceral fat area (VFA) and waist-to-height ratio (WTHR) which increase the risk of 
obesity-related disorders and to validate the diagnostic criteria of abdominal obesi-
ty and metabolic syndrome in Korean children and adolescents. Materials and 
Methods: A total 314 subjects (131 boys and 183 girls) were included in this 
study. The subjects were selected from Korean children and adolescents who visit-
ed three University hospitals in Seoul and Uijeongbu from January 1999 to De-
cember 2009. All patients underwent computed tomography to measure VFA. Re-
sults: The cut-off value of VFA associated with an increase risk of obesity-related 
disorder, according to the receiver operating characteristics curve, was 68.57 cm2 
(sensitivity 59.8%, specificity 76.6%, p=0.01) for age between 10 to 15 years, and 
71.10 cm2 (sensitivity 72.3%, specificity 76.5%, p<0.001) for age between 16 to 
18 years. By simple regression analysis, the WTHR corresponding to a VFA of 
68.57 cm2 was 0.54 for boys and 0.61 for girls, and the WTHR corresponding to a 
VFA of 71.10 cm2 was 0.51 for boys and 0.56 for girls (p=0.004 for boys, p<0.001 
for girls). Conclusion: Based on the results of this study, VFA which increases the 
risk of obesity-related disorders was 68.57 cm2 and the WTHR corresponding to 
this VFA was 0.54 for boys and 0.61 for girls age between 10-15 years, 71.70 cm2 
and the WTHR 0.51 for boys and 0.56 for girls age between 16-18 years. For ap-
propriate diagnostic criteria of abdominal obesity and obesity-related disorders in 
Korean children and adolescents, further studies are required.
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INTRODUCTION

It is well known that the obese population is increasing globally, and obesity in 
particular is increasing in children and adolescents.1 Obesity in children and ado-
lescents is known to easily progress to adult obesity, and to increase the risks of 
hypertension, type II diabetes and cardiovascular diseases.2,3 
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boys and 183 girls) were included. All the subjects complet-
ed an informed consent form before participating in the 
study, and the study was conducted after the approval of the 
Institutional Review Board of the School of Medicine of 
The Catholic University of Korea.

Measurement of body indices 
The subjects’ height and weight were measured with a body-
measuring device and an automatic balancer while the sub-
jects were wearing light clothes. As for the waist circumfer-
ence, the thinnest area between the inferior part of the lowest 
rib and the iliac crest was measured in cm. The systolic and 
diastolic blood pressures were measured twice with an au-
tomatic blood pressure monitor after a stable condition for 
at least 10 minutes, and the mean value was used. 

Measurement of abdominal visceral fat and 
subcutaneous fat
The areas of subcutaneous fat and visceral fat were calculated 
with a computer installed in a CT after the level of the fourth 
and fifth lumbar vertebra was scanned with a CT (Somatom 
Plus, Siemens, Germany). A protection device made of lead 
was used to minimize the exposure to X-ray during CT scan. 

Laboratory tests
The fasting blood sugar; the total cholesterol and triglycer-
ides; and the high-density lipoprotein cholesterol were mea-
sured after collecting blood samples in a 12-hour fasting 
condition. 

Criteria for obesity-related diseases

For 10 to 15-year-old subjects
As for the criteria for metabolic syndrome, the criteria for 
pediatric metabolic syndrome that were suggested by the 
International Diabetes Association in 2007 were used.10 As 
for the criteria for obesity-related diseases, the following cri-
teria were used, except for the waist circumference, because 
the purpose of this study was to analyze the waist circum-
ference that increases the risks of obesity-related diseases.   

1) Waist circumference of 90 percentile or higher based on 
age and gender according to the revised version of the stan-
dard growth graph in Korean children and adolescents (2007) 

2) Triglycerides of 150 mg/dL or higher 
3) High-density cholesterol of less than 40 mg/dL (for 

both male and female)
4) Systolic blood pressure of 130 mm Hg or higher, or di-

The body mass index (BMI) is commonly used to evalu-
ate obesity. It has the disadvantage, however, of being un-
able to figure out the degree of abdominal obesity, which is 
a risk factor of obesity-related diseases.4 Furthermore, as 
the growth rate of children and adolescents varies depend-
ing on their age and gender, it is difficult to suggest a stan-
dard reference. 

Various indices, including the waist circumference, the 
waist hip ratio (WHR), the abdominal sagital diameter, and 
fat measurement with ultrasonography, CT, and MRI have 
been used to measure obesity. In 1998, the World Health 
Organization (WHO) acknowledged that the waist circum-
ference is a more accurate index of abdominal obesity than 
WHR.5 In addition, the visceral fat area, measured with CT, 
is well known to most accurately reflect abdominal obesi-
ty.6,7 Accordingly, the use of the visceral fat area as refer-
ence for abdominal obesity has been proposed.8,9 Based on 
the aforementioned facts, the waist circumference has been 
used to diagnose metabolic syndrome. In 2007, the Interna-
tional Diabetes Association suggested the criteria for diag-
nosing pediatric metabolic syndrome, which were modified 
from the adult criteria based on age.10 It is quite cumber-
some, however, to follow the new criteria, as they require the 
calculation of the waist circumference percentile according 
to the standard growth graph. In addition, several recent 
studies reported that the waist-to-height ratio is more accu-
rate than the waist circumference in measuring the risks of 
obesity-related diseases.11,12 

This study was conducted to measure the cut-off value of 
the visceral fat area that increases the risk of obesity-related 
diseases in Korean children and adolescents, and to calcu-
late the cut-off value of the waist-to-height ratio that can be 
easily applied to clinical practice using the cut-off value of 
the visceral fat area.   

MATERIALS AND METHODS
　　

Subjects 
Among children and adolescents who visited obesity clinics 
of three university hospitals in Seoul and Gyeonggi prov-
ince from 1998 to 2009, 336 applicants (142 boys and 194 
girls) who underwent visceral fat measurement with CT 
were screened. Those who had obesity-causing diseases 
and severe liver and kidney diseases were excluded from the 
study. Girls who had history of using oral contraceptive 
were also excluded. Finally, a total of 314 subjects (131 
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jects based on sex were investigated using the t-test. The rel-
ative risk of metabolic syndrome was investigated based on 
the BMI and the visceral fat area. As for the visceral fat area 
that increases the risk of obesity-related diseases, after setting 
specificity on the horizontal axis and sensitivity on the verti-
cal axis, the receiver operating characteristics (ROC) curve 
was drawn, and the best cut-off point was obtained as the 
highest sum of the sensitivity and specificity values. In ad-
dition, the waist-to-height ratio that corresponded to the vis-
ceral fat area that increases the risk of obesity-related diseas-
es was calculated via simple regression analysis. A p-value 
less than 0.05 was considered to be statistically significant. 

 

RESULTS
 

Subject characteristics
The mean BMI of all the subjects was 30.82±4.1 kg/m2, 
which shows a more obese condition than that of the gener-
al group. No significant differences in the diastolic blood 
pressure, fasting blood sugar, and abdominal subcutaneous 
fat were found between boys and girls. All the other indi-
ces, however, except for HDL-cholesterol, were significant-
ly higher in boys than in girls (p<0.05) (Table 1). No signif-
icant differences in the systolic blood pressure, triglycerides, 
and HDL-cholesterol were found between the group aged 
16 years and higher and the group aged less than 16 years. 

astolic blood pressure of 85 mm Hg or higher 
5) Fasting blood sugar of 100 mg/dL or higher 

For 16-year-old or older subjects
According to the criteria for pediatric metabolic syndrome 
proposed by the International Diabetes Association in 2007, 
the criteria for people aged 16 years and older were identical 
with the adult criteria for metabolic syndrome. In this study, 
the criteria for modified Adult Treatment Panel III (ATP III) 
(2005), which added to the aforementioned criteria the diag-
nosis criteria for abdominal obesity in Asians suggested by 
the West Pacific Office of WHO (2000) based on the National 
Cholesterol Education Program ATP III (2001), were used.13 
As for the criteria for obesity-related diseases, the following 
criteria were used, except for the waist circumference, for the 
same reason as that mentioned previously.  

1) Waist circumference >90 cm (boys), >80 cm (girls) 
2) Triglycerides of 150 mg/dL or higher
3) High-density cholesterol of less than 40 mg/dL (boys), 

50 mg/dL (girls)
4) Systolic blood pressure of 130 mm Hg or higher, or di-

astolic blood pressure of 85 mm Hg or higher
5) Fasting blood sugar of 100 mg/dL or higher  

Statistical Analysis
SPSS for Windows Version 15.0 (SPSS Inc., USA) was 

used for the statistical analysis. The characteristics of the sub-

Table 1. General Characteristics of the Study Subjects by Gender
Boys (n=131) Girls (n=183)

p value
Mean±SD Mean±SD

Age (yrs) 14.6±3.1 16.5±3.0 <0.001
Height (cm) 164.2±13.4 160.5±7.6   0.005
Weight (kg)   86.9±23.6   78.0±16.7 <0.001
Body mass index (kg/m2) 31.6±4.9 30.3±5.4   0.026
Waist circumference (cm) 100.4±12.7   91.2±11.0 <0.001
Waist-to-height ratio   0.61±0.60   0.57±0.64 <0.001
Systolic Blood Pressure (mm Hg) 125.1±16.5 120.9±16.5   0.028
Diastolic Blood Pressure (mm Hg)   66.1±13.6   66.4±13.2   0.846
Fasting glucose (mg/dL)   99.4±22.4   95.7±22.4   0.151
Total cholesterol (mg/dL) 174.6±30.1 167.2±35.0   0.051
Triglyceride (mg/dL) 130.8±60.6 104.6±52.5 <0.001
HDL cholesterol (mg/dL)   44.0±11.2   48.8±10.4 <0.001
Abdominal fat area (cm2)
    Total   413.9±140.4   369.6±134.6   0.005
    Visceral   87.3±32.0   68.2±31.2 <0.001
    Subcutaneous   324.5±122.7   299.2±109.3   0.056
    VSR   0.29±0.11   0.24±0.11 <0.001

VSR, visceral fat area/subcutaneous fat area ratio; HDL, high density lipoprotein; SD, standard deviation.
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specificity 76.5%, p<0.001) in the group aged 16 years and 
higher (Fig. 1). Based on these results, the waist-to-height 
ratio that corresponded to the cut-off value of the visceral 
fat area that increases the frequency of obesity-related dis-
eases was calculated via simple regression analysis. It was 
0.54 in boys and 0.61 in girls in the group aged 10-15 years, 
whereas it was 0.51 in boys and 0.56 in girls in the group 
aged 16 years and higher (p<0.005) (Fig. 2). 

Frequency of obesity-related diseases  
Of all the subjects, 98 (31.2%) had no obesity-related dis-
eases and 102 (32.5%) had one obesity-related disease, 
whereas 114 (36.3%) had at least two obesity-related diseas-
es. When the subjects were classified into four groups based 
on a BMI of 30 and the visceral fat area (10-15 years <68.57 

The visceral fat area was higher in the group aged 16 years 
and higher, as expected. On the other hand, no significant 
differences in the waist-to-height ratio and the visceral fat 
area/subcutaneous fat area ratio were found, based on age 
(Table 2). 

Cut-off value of visceral fat area associated with 
increased prevalence of obesity-related diseases and 
corresponding waist-to-height ratio 
The ROC curve was analyzed after classifying the total 
subjects into the group aged 10-15 years and the group aged 
16 years and higher. The cut-off value of the visceral fat 
area that increases the risks of obesity-related diseases was 
68.57 cm2 (sensitivity 59.8%, specificity 76.6%, p=0.01) in 
the group aged 10-15 years, and 71.10 cm2 (sensitivity 72.3%, 

Fig. 1. Receiver-operating characteristics (ROC) curve of cut-off value of visceral fat area (VFA) to increase the obesity-related disorder. 
(A) Age 10-15. (B) Age 16-18.
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Table 2. General Characteristics of the Study Subjects by Age
10-15 (n=144) ≥16 (n=170)

p value
Mean±SD Mean±SD

Body mass index (kg/m2)   29.4±4.4 31.3±5.4 <0.001
Waist-to-height ratio     0.59±0.06   0.58±0.07   0.462
Systolic Blood Pressure (mm Hg)   121.7±16.1 123.5±17.0   0.357
Diastolic Blood Pressure (mm Hg)     64.6±13.2   67.8±13.4   0.035
Fasting glucose (mg/dL)   100.4±29.7   94.6±13.1   0.032
Total cholesterol (mg/dL)   164.2±32.0 175.4±33.4   0.003
Triglyceride (mg/dL)   119.5±60.2 112.1±54.9   0.265
HDL cholesterol (mg/dL)     46.1±11.7   47.5±10.4   0.267
Abdominal fat area (cm2)
    Total     357.0±116.5   414.5±150.1 <0.001
    Visceral     69.5±27.3   81.9±36.1   0.001
    Subcutaneous     286.1±101.9   329.7±122.7   0.001
    VSR     0.26±0.11   0.26±0.11   0.966

VSR, visceral fat area/subcutaneous fat area ratio; HDL, high density lipoprotein; SD, standard deviation.

A B
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visceral fat area: 10-15 years <68.57 cm2, 16 years or high-
er <71.10 cm2), the odds ratio of metabolic syndrome based 
on the differences in the BMI and the visceral fat area showed 
a statistically significant increase (Table 4). 

DISCUSSION

Although several studies have reported that the visceral fat 

cm2, 16 years and higher <71.10 cm2), the frequency of 
obesity-related diseases of the groups showed statistical 
significance (p<0.001) (Table 3). 

Frequency of metabolic syndrome
Of all the subjects, 105 (33.4%) had metabolic syndrome,10 
of which 54 (41.2%) were boys and 51 (27.9%) were girls. 
When the relative risk of each risk factor based on the group 
with the lower BMI and smaller visceral fat area (BMI<30, 

Fig. 2. Correlations between visceral fat area (VFA) and waist-to-height ratio. In age 10-15, the vertical and horizontal lines represent VFA 
of 68.57 cm2 and the waist-to-height ratio corresponding to a VFA of 68.57 cm2 by simple regression line. In age 16-18, the vertical and hor-
izontal lines represent VFA of 71.10 cm2 and the waist-to-height ratio corresponding to a VFA of 71.10 cm2 by simple regression line.

Table 3. Frequency of Obesity-Related Disorders in Non-Obese and Obese Subjects with Low and High VFA
BMI<30 (n=143) BMI≥30 (n=171)

Total
Low VFA (n=100) High VFA (n=43) Low VFA (n=47) High VFA (n=124)

  0 (%) 55 (55.0%)   6 (14.0%) 20 (42.6%) 17 (13.7%)   98 (31.2%)
  1 (%) 28 (28.0%) 19 (44.2%) 17 (36.2%) 38 (30.6%) 102 (32.5%)
≥2 (%) 17 (17%)   18 (41.9%)*   10 (21.3%)*   69 (55.6%)* 114 (36.3%)

BMI, body mass index; VFA, visceral fat area.
Low VFA, visceral fat area <68.57 cm2 for age 10-15, visceral fat area <71.10 cm2 for age >15; 0, No obesity-related disorder; 1, single 
disorder; ≥2, two of more disorder.
*p<0.001.
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effect of female hormones. More comprehensive studies 
are required to determine if this result was caused by fe-
male hormones19 in children and adolescents.   

In addition, there are two possibilities with respect to the 
higher cut-off value of the waist-to-height ratio as the sub-
ject was younger. First, obesity-related diseases seems to be 
hard to occur at a young age. Second, the waist-to-height ra-
tio becomes relatively lower because people become taller 
as they grow. 

Compared to the group with a lower BMI and visceral fat 
area, the relative risk of obesity-related diseases in higher 
BMI and visceral fat area group was 2.18 to 10.15, showing 
lower relative risk than that in the study on adults.9 The rela-
tive risk increased with a bigger visceral fat area, rather than 
with a higher BMI. This result suggests that obesity-related 
diseases occur less in younger age even if a similar degree 
of abdominal obesity exists, and that the visceral fat area is 
more important than the BMI in the evaluation of the risk 
of obesity-related diseases in children and adolescents. 

This study had a few limitations. The result of this study 
cannot be generalized in all children and adolescents or in 
subjects with normal weight, as this study was conducted 
on obese children and adolescents who visited university 
hospitals. Furthermore, the hormone effect was not evaluat-
ed, as the menarche was not checked in girls. Despite the 
aforementioned limitations, this study is valuable in that it 
suggested the cut-off values of the visceral fat area and the 
waist-to-height ratio that predict the risk of obesity-related 
diseases rather than the cut-off values that simply diagnose 
an overweight condition and obesity, and provided a foun-
dation for implementation in clinical practice.
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