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Objectives : This study was performed to assess the
association between physical activity and the clustering of
metabolic abnormalities among Korean children. The effect
of substituting moderate to vigorous physical activity for the
time spent in inactivity was examined as well. 

Methods : The study subjects were comprised of 692
(354 boys, 338 girls) 4th grade elementary school students.
We used a modi f ied form of  the physical  act iv i ty
questionnaire that was developed in the Five-City Project.
The subjects with clustering of metabolic abnormalities
were defined as having two or more of the following five
characteristics: waist circumference 90 %, systolic or
diastolic blood pressure 90 %, fasting glucose 110
mg/dl, triglycerides 110 mg/dl and HDL cholesterol 40
mg/dl. We calculated the odds ratios to assess the effect of
substituting moderate to vigorous physical activity for time
spent in inactivity.

Results : The risk of clustered metabolic abnormalities
was inversely correlated with the increased time spent on
moderate to vigorous physical activity, but the correlation
was not signi f icant.  The odds rat io for c luster ing of
metabolic abnormalities that represented the effect of
substituting moderate to vigorous physical activity for
30minutes of sedentary activity was 0.87 (95% CI=0.76-
1.01). 

Conclusions : These findings suggest that substituting
moderate to vigorous physical activity for sedentary activity
could decrease the risk of clustered metabolic abnormalities.
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Table 1. General characteristics, average time of activities and average value of metabolic syndrome
components of subjects by gender

Boys (N=354) Girls (N=338) Total (N=692)

General characteristics
Region

Town
Others

Parental* hypertension
Yes
No

Parental* diabetes
Yes
No

BMI (kg/m2)
Total energy intake (kcal/day)
Total sodium intake (mg/day)

Average time of activity
Sleeping time (hours)
Sedentary activity (hours)
Total physical activity (minute)
Moderate to vigorous (minute)

Light (minute)
Moderate (minute)
Vigorous (minute)

Average value of metabolic syndrome components
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting glucose (mg/dl)
Triglyceride (mg/dl)
HDL cholesterol (mg/dl)
Waist circumference (cm)

Values are N(%) or mean SD
* mother or father
Sum of light, moderate and vigorous physical activity, Sum of moderate and vigorous physical activity
p<0.05 by independent samples t-test between boys and girls, p<0.01 by independent samples t-test between boys and girls.

154 (43.5)
200 (56.5)

020 (05.7)
334 (94.4)

013 (03.7)
341 (96.3)

018.4 3.4
1,826 673
3,824 1,847

008.4 1.0 
014.2 2.0 
085.4 106.3 
045.1 64.7 
040.4 63.6 
017.5 35.9 
027.6 36.2 

105.5 22.3 
064.3 10.3 
084.5 6.7 
082.3 39.5 
050.9 10.6 
061.5 9.0 

147 (43.5)
191 (56.5)

018 (05.3)
320 (94.7)

009 (02.7)
329 (97.3)

017.7 2.8
1,687 693
3,624 1,517

008.4 1.1
014.4 1.8
070.2 87.2
038.2 54.3
032.0 46.2
016.9 30.5 
021.4 35.2

103.4 10.9 
063.5 11.0 
081.9 5.7
084.5 36.1 
049.5 9.9 
058.8 7.3

301 (43.5)
391 (56.5)

038 (05.5)
654 (94.5)

022 (03.2)
670 (96.8)

018.1 3.1
1,758 686
3,726 1,696

008.4 1.1 
014.3 1.9 
078.0 97.7 
041.7 59.9 
036.3 55.9 
017.2 33.3 
024.5 35.8 

104.5 17.7 
063.9 10.6 
083.2 6.4 
083.4 37.9 
050.2 10.3 
060.2 8.3 
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Table 3. Differences of general characteristics, average time of activity and average value of metabolic
syndrome components between clustering of metabolic abnormalities group and normal group

Normal group
(N=559)

Clustering of
metabolic

abnormality group
(N=133)

p value

General characteristics
Gender

Boys
Girls

Region
Town
Others

Parental hypertension
Yes
No

Parental diabetes
Yes
No

BMI (kg/m2)
Total energy intake (kcal/day)
Total sodium intake (mg/day)

Average time of activity
Sleeping time( hours)
Sedentary activity (hours)
Total physical activity (minute)
Moderate to vigorous (minute)

Light (minute)
Moderate (minute)
Vigorous (minute)

Average value of metabolic syndrome components
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting glucose (mg/dl)
Triglyceride (mg/dl)
HDL cholesterol (mg/dl)
Waist circumference (cm)

Values are N(%) or mean SD
by chi-square test or independent samples t-tes
Sum of light, moderate and vigorous physical activity, Sum of moderate and vigorous physical activity

288 (81.4)
271 (80.2)

256 (85.1)
303 (77.5)

030 (78.6)
529 (80.9)

017 (77.3)
542 (80.9)

017.4 2.4
1,775 699
3,724 1,703

008.4 1.1 
014.2 2.0
080.1 102.0 
043.5 63.3 
036.6 56.2 
018.3 35.9 
025.2 36.7 

103.1 18.9 
062.0 9.9 
083.2 6.2 
073.2 28.1 
052.3 9.9 
058.4 6.6 

066 (18.6)
067 (19.8)

045 (15.0)
088 (22.5)

008 (21.1)
125 (19.1)

005 (22.7)
128 (19.1)

021.1 3.8
1,688 620
3,737 1,671

008.4 1.0 
014.5 1.5
069.1 76.4 
034.1 42.2 
035.0 54.8 
012.4 18.4 
021.7 31.8 

110.2 9.6 
071.8 10.2 
083.2 7.0 
126.4 43.2 
041.5 6.9 
067.9 10.1 

0.69

0.01

0.76

0.67

<0.01
0.19
0.93

0.70
0.14
0.16
0.04
0.77
0.01
0.31

<0.01
0.65
0.09

<0.01
<0.01
<0.01

Table 2. Prevalence of metabolic abnormalities by gender

Number of metabolic abnormality Boys (N=354) Girls (N=338) Total (N=692)

0
1
2
3
4
5

2 (Clustering of metabolic abnormality)
3 (Metabolic syndrome)

Values are N(%)

168 (47.5) 
120 (33.9) 
44 (12.4) 
17 (04.8) 
5 (01.4) 
0 (00.0) 

66 (18.6) 
22 (06.2) 

151 (44.7) 
120 (35.5) 
51 (15.1) 
12 (03.6) 
4 (01.2) 
0 (00.0) 

67 (19.8) 
16 (04.7) 

319 (46.1) 
240 (34.7) 
95 (13.7) 
29 (04.2) 
9 (01.3) 
0 (00.0) 

133 (19.2) 
38 (05.5) 
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Figure 1. Estimated percent changes in the risk of clustering of metabolic abnormalities by substituting
one activity for another.

The bars represent 95% confidence intervals.
* The multivariate logistic model included sex, BMI, sedentary activity time, time of physical activity( =total; =light,
moderate to vigorous; =light, moderate, vigorous).
The multivariate logistic model included sex, BMI, sleeping time, time of physical activity( =total; **=light, moderate to

vigorous ; =light, moderate, vigorous).
The multivariate logistic model included sex, BMI sleeping time, sedentary activity time, time of physical
activity( =moderate to vigorous; =moderate, vigorous).
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