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ABSTRACT

Prevalence of Metabolic Syndrome and Its Related

Factors in Lower Elementary School Children

Choi, So—Ra
Advisor : Prof. Lee Chul-Gab M.D.
Department of Medicine,

Graduate School of Chosun University

Background : The purpose of this study is to estimate the prevalence of
metabolic syndrome, and identify risk and related factors of lower
elementary school children. Methods : Cross—sectional data obtained from
the CHEER(Child HEalth Environmental Reserch) study of 2005 and 2006
were analysed. The subjects of this study were boys and girls aged 6 to
9 years fasting more than 8 hours. The definition of Metabolic syndrome
is based on NCEP-ATPIN guideline for children as >3 of the following :
(1) fasting triglycerides > 110mg/dL, (2) HDL < 40mg/dL, (3) fasting
glucose < 110mg/dL, (4) waist circumference > 90 percentile for age and
gender, (5) blood pressure > 90 percentile for age, gender and height of
each reference. Results @ The study was conducted on 4228 children

consisted of 2161 boys and 2067 girls. The prevalence of metabolic



syndrome was 1.9% in 6 years, 2.7% in 7 years, 43% in 8 years and
47% in 9 years—-old children. The Risk factors of metabolic syndrome is
Body Mass Index(BMI), residental area. Conclusion : To prevent
metabolic syndrome, avoiding the risk factors of metabolic syndrome and

further studying of associated factors will be necessary.

Key Words: Metabolic Syndrome, Obesity, Related Factors, Child
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Table 1. Area and age distribution of subjects N(%)
6 years 7 years 8 years 9 years
Urban
Seoul 78 (10.8) 265 ( 10.4) 64 ( 82) 2 (12
Daegu 115 ( 15.9) 349 ( 13.7) 130 ( 16.8) 0 00
Gwangju 4 ( 6.1) 152 ( 5.9) 1 C 0D 1 (C 06)
Rural
Cheonan 101 ( 13.9) 326 (12.8) 7% (9.8 1 ( 06)
Jeju 73 (10.1) 255 ( 10.0) 207 ( 26.7) 63 ( 36.6)
Jeongeup 18 ( 25) 63 ( 25) 73 (9.4) 61 ( 355)
Industrial
Incheon 130 ( 17.9) 569 ( 21.9) 112 ( 14.4) 6 ( 35
Busan 69 ( 9.5) 232 (9.1 2 (03 1 ( 06)
Yeosu 43 (. 59) 174 ( 6.8) 111 ( 14.3) 37 (215
Mokpo 54 ( 74) 180 ( 7.0) 0 ( 00) 0 ( 00
Total 725 (100.0) 2555 (100.0) 776 (100.0) 172 (100.0)

Table 2. Percentile of waist circumference by age and sex (cm)

age sex 10th 25th 50th 75th 90th
6 years boys 49.0 51.7 55.0 58.0 64.0
girls 47.0 50.0 53.2 58.0 62.0

7 years boys 50.0 52.3 56.0 60.5 66.0
girls 48.0 51.0 54.5 58.5 63.5

8 years boys 52.0 54.8 59.0 66.4 73.0
girls 51.0 54.0 57.7 63.0 69.1

9 years boys 53.5 56.0 61.0 68.5 77.3
girls 51.0 54.3 58.0 66.8 72.1

* calculated by CHEER's data



Table 3. Percentile of systolic blood pressure by age, sex and height (mmHg)

height systolic BP percentile

age, sex percentile 50th 90th 95th

6 years, boys 5th 100.0 110.2 111.0
10th 101.0 122.1 122.5

25th 104.0 117.0 1215

50th 103.5 122.0 126.4

75th 104.0 122.2 130.0

90th 109.0 121.0 125.0

95th 107.0 128.0 128.0

6 years, girls 5th 99.0 116.1 117.0
10th 975 118.0 129.4

25th 99.0 110.0 111.2

50th 104.3 121.5 127.5

75th 103.0 115.6 122.8

90th 103.0 119.2 122.7

95th 108.0 125.0 125.0

7 years, boys 5th 102.5 117.0 125.3
10th 101.0 114.0 119.5

25th 104.0 118.0 121.5

50th 107.0 120.0 125.0

75th 108.0 123.6 128.0

90th 111.0 127.8 130.8

95th 112.0 134.4 138.0

7 years, girls 5th 104.0 116.8 119.2
10th 102.5 110.9 114.1

25th 102.3 115.0 120.8

50th 103.0 116.0 122.0

75th 106.0 117.9 121.4

90th 106.0 122.7 129.0

95th 111.0 121.0 126.0

8 years, boys 5th 99.0 114.0 117.0
10th 103.0 116.0 131.2

25th 106.0 126.0 135.0

50th 108.0 121.0 126.0

75th 113.0 125.1 129.1

90th 1135 126.0 130.1

95th 112.5 132.4 137.8

8 years, girls 5th 98.0 119.0 129.0
10th 106.5 117.9 126.6

25th 106.0 121.4 128.2

50th 109.0 121.4 125.4

75th 110.0 124.0 1275

90th 109.5 125.0 125.2

95th 116.0 147.0 151.0

9 years, boys 1125 125.5 134.3
9 years, girls 113.0 125.1 130.6

*

calculated by CHEER's data



Table 4. Percentile of diastolic blood pressure by age, sex and height (mmHg)
height diastolic BP percentile
age, sex percentile 50th 90th 95th
6 years, boys 5th 59.0 67.8 73.0
10th 58.0 71.8 78.5
25th 60.0 77.0 89.3
50th 62.0 77.4 82.9
75th 63.0 78.6 86.2
90th 63.0 76.0 775
95th 62.0 89.2 94.0
6 years, girls 5th 66.0 77.0 95.0
10th 61.5 81.6 88.7
25th 61.8 74.0 79.6
50th 64.5 77.0 83.0
75th 64.0 79.6 83.3
90th 65.0 83.0 85.3
95th 62.0 82.0 101.5
7 years, boys 5th 63.0 74.3 79.3
10th 61.0 76.0 84.3
25th 63.0 76.9 83.0
50th 64.0 78.5 84.0
75th 65.0 79.0 83.0
90th 67.0 81.4 86.2
95th 65.0 78.0 87.6
7 years, girls 5th 64.0 78.8 83.5
10th 64.0 75.0 79.4
25th 64.0 79.3 84.0
50th 63.0 76.4 81.9
75th 65.0 78.4 83.0
90th 64.0 79.7 86.0
95th 67.0 82.0 88.0
8 years, boys 5th 62.0 71.0 72.0
10th 615 74.8 86.4
25th 65.0 86.0 90.0
50th 64.0 81.0 88.0
75th 67.0 81.0 83.1
90th 66.0 84.0 87.2
95th 66.5 76.6 84.6
8 years, girls 5th 60.0 75.0 78.0
10th 64.5 79.9 84.8
25th 65.5 80.1 86.2
50th 67.0 81.0 87.6
75th 68.0 80.3 87.0
90th 66.0 80.0 86.1
95th 66.0 93.0 95.0
9 years, boys 67.5 79.0 89.5
9 years, girls 69.0 81.0 83.0

*

calculated by CHEER's data
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Table 5. Percentile of Body Mass Index(BMI) by age and sex(kg/m’)

age sex 85th 95th
6 years boys 18.6 215
girls 18.2 20.0

7 years boys 194 21.9
girls 18.6 20.9

8 years boys 21.2 24.5
girls 20.1 22.7

9 years boys 21.6 27.8
girls 21.0 23.4

% calculated by CHEER's data

Table 6. The frequency of subjects by obesity degree N(%)
age sex < 85th > 85th and <95th > 95th

6 years  boys 301 (85.0) 36 (10.2) 17 (4.8
girls 316 (85.2) 37 (10.0) 18 ( 4.9)

7 years  boys 1132 (85.0) 133 (10.0) 66 (5.0
girls 1041 (85.0) 122 (10.0) 61 (5.0)

8 years  boys 334 (85.2) 39 (99) 19 ( 4.8)
girls 327 (85.2) 38 (99) 19 (4.9)

9 years  boys 72 (85.7) 8 (95) 4 (4.8)
girls 76 (86.4) 8 (9.1) 4 (45)

* calculated by CHEER's data



Table 7. Clinical Characterics of the subjects Mean + SD

6 years 7 years

boys (n=354) girls (n=371) boys (n=1331) girls (n=1224)
Height, cm 12171+ 532 11998  + 4.89 = 12433  + 524 12307 + 522 =
Weight, kg 2493 + 524 2341 + 403 = 2642 + 507 25,01 £ 470 =
BMI, kg/mr 1672 + 257 16.18 = 201 * 1699 + 239 1643 + 232 =
Waist circumference, cm 5579 = 6.46 5401 + 594 = 5696 + 654 5524 + 623 *
Systolic BP, mmHg 106.05 + 11.00 10321 = 11.09 = 108.00 + 11.75 104.78  + 10.74 =
Diastolic BP, mmHg 63.11 + 10.67 64.86  + 10.13 = 65.23 £ 10.37 6537 + 988
Fasting glucose, mg/dL 8790 =+ 827 8540 = 775 * 87838 =+ 875 8523 + 740 *
Total Cholesterol, mg/dL ~ 162.83 + 23.21 166.72 £ 23.15 = 165.65  + 24.69 169.80 + 26.06 *
Triglycerides, mg/dL 67.60 + 33.43 76.26  + 35.87 = 7292 £ 3577 80.26  + 38.66 *
LDL-cholesterol, mg/dL 85.69 + 19.08 89.79 £ 19.62 = 88.65 + 20.48 93.29 + 2051 =
HDL-cholesterol, mg/dL 5352 £ 11.57 52.07  + 10.18 53.43  + 11.28 5207 + 10.39 *
hsCRP, mg/dL 167 + 538 149 = 466 135 + 398 154 + 545
Mercury, pg/dL 248 £ 158 242 £ 156 250 £ 160 253 £+ 163

Lead, pg/dL 198 + 087 1.74 1.92

8 years 9 years

boys (n=392) girls (n=384) boys (n=84) girls (n=88)
Height, cm 129.03 + 591 12829 + 585 13365 + 6.08 13410 + 6.38
Weight, kg 2992 + 699 2872 £ 579 = 33.77 £ 9.04 3211 £ 721
BMI, kg/m 1782 = 3.09 1733  + 249 = 1870 = 3.69 1771+ 292
Waist circumference, cm 61.12 + 832 5889 + 6.82 = 6334 + 980 60.19 + 781 *
Systolic BP, mmHg 11045 = 11.84 10891 = 12.27 11270 = 11.70 111.85 =+ 10.76
Diastolic BP, mmHg 66.55 + 10.40 6732 = 10.22 6750 = 10.02 6891 + 839
Fasting glucose, mg/dL 8964 + 813 8.54 £+ 767 = 8749 + 895 8455 + 7.26 =

Total Cholesterol, mg/dL 163.30

H+

22.67 168.16 £ 24.99 = 170.45 £ 24.16 16452 £ 24.25

Triglycerides, mg/dL 82.02 £ 50.38 8547 £ 43.57 81.04  + 40.52 9357  + 46.49
LDL-cholesterol, mg/dL 87.47 £ 19.93 93.80 £ 20.67 = 91.12 £ 19.35 91.15 + 22.07
HDL-cholesterol, mg/dL 5455 + 11.85 52.79 £ 10.87 = 56.46  + 13.96 5032  + 955 x
hsCRP, mg/dL 112 + 271 129 + 293 120 + 4.07 2.03 + 8.03
Mercury, pg/dL 255 £ 1.39 273 £ 149 207 £ 122 182 + 1.10
Lead, pg/dL 211 £ 153 1.87 + 092 * 213 £ 079 190 + 095

* p < 0.05 from student t-test



Table 8. Prevalence of the Metabolic Syndorme and Each Components N(%)
Total
6 years 7 years 8 years 9 years -
boys girls
Metabolic syndrome 14 (1.9 70 (2.7) 33 (4.3) 8 (4.7)x 57 ( 2.6) 68 ( 3.3)
Components
Abdominal obesity 79 (10.9) 263 (10.3) 78 (10.1) 16 ( 9.3) 229 (10.6) 207 (10.0)
High triglyceride 85 (11.7) 371 (14.5) 141 (18.2) 42 (24.4)* 292 (13.5) 347 (16.8)x*
Low HDL cholesterol 87 (12.0) 300 (11.7) 87 (11.2) 25 (14.5) 232 (10.7) 267 (12.9)*
High fasting glucose 6 (0.8 20 ( 0.8) 7 (0.9) 0 (0.0 24 ( 1.1) 9 (0.4)*
Elevated blood pressure 95 (13.1) 378 (14.8) 133 (17.1) 25 (14.5) 321 (14.9) 310 (15.0)
No. of components
1 191 (26.3) 695 (27.2) 189 (24.4) 46 (26.7)* 581 (26.9) 540 (26.1)
2 59 (8.1) 206 ( 8.1) 73 (. 9.4) 18 (10.5) 167 ( 7.7) 189 ( 9.1)
3 13 (1.8) 55 (2.2) 22 (2.38) 6 ( 35) 45 ( 2.1) 51 (25)
4 1 (0.1 15 ( 0.6) 10 ( 1.3) 2 (1.2 12 ( 0.6) 16 (0.8
5 0 (0.0 0 (0.0 1 (0.1 0 (0.0 0 (0.0 1 (0.0
* p < 0.05 from chi-square test
Table 9. Prevalence of the Metabolic Syndorme by obesity degree N(%)
Total
6 years 7 years 8 years 9 yearsx -
boys* girls*
< 85th 3 (05 14 ( 0.6) 3 (05 0 (0.0 7 (04) 13 (0.7
> 85th and <95th 4 (55) 29 (11.4) 16 (20.8) 5 (31.3) 24 (11.1) 30 (14.6)
> 95th 7 (20.0) 27 (21.3) 14 (36.8) 3 (375) 26 (24.5) 25 (24.5)

* p < 0.05 from chi-square test
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Table 10. Comparison of clinical characterics of subjects with or

without Metabolic Syndrome Mean = SD
6 years 7 years
abscent(n=711) present(n=14) abscent(n=2485) present(n=70)
Height, cm 120.73 + 513 12588 + 5.07 = 12363 + 525 12723  + 480 *
Weight, kg 2397 + 451 3326 + 6.33 = 2554 = 477 3321 + 536 =
BMI, kg/m 1636 + 221 20.87 = 3.09 = 16.62 =+ 228 2045 £ 268 =
Waist circumference, cm 5465 + 599 66.86 * 792 * 5581 = 6.16 6769 + 592 *
Systolic BP, mmHg 10429 = 1097 12032 = 7.77 * 106.05 = 11.12 12061 + 931 =
Diastolic BP, mmHg 63.82 + 10.33 73.79 £ 11.10 = 65.03 + 10.05 7461 + 8384 =
Fasting glucose, mg/dL 86.61 + 8.09 8757 + 894 86.55 £ 8.20 8876 + 9.15 =
Total Cholesterol, mg/dL 164.86  + 23.22 162.86 = 25.20 167.69 + 2545 165.76  + 25.24
Triglycerides, mg/dL 70.78 £ 33.29 135,50 £ 55.29 * 7435 £ 34.27 150.64 + 60.18 *
LDL-cholesterol, mg/dL 87.66 £ 19.45 9436+ 19.13 90.75 £ 21.10 9529 £ 21.12
HDL-cholesterol, mg/dL 53.08 £ 10.76 3743 £ 6.15 = 53.14 £ 10.75 3994 £ 711 =
hsCRP, mg/dL 154 = 501 363 = 549 143 = 475 188 + 419
Mercury, ug/dL 245 £ 157 275+ 1.39 252 £ 162 244 + 137
Lead, pg/dL 186 + 0.86 1.96 + 093 1.85  + 0.90 1.78  + 098
8 years 9 years
abscent(n=743) present(n=33) abscent(n=164) present(n=8)
Height, cm 12844 + 583 13381 + 4.87 * 13348 + 593 142,11  + 6.72 =
Weight, kg 2881 = 592 41.03 + 6.71 * 3199 £ 6.90 5194 £ 943 =
BMI, kg/m 1734 += 259 2281 £ 278 = 1783 =+ 292 25659 £ 3.06 =
Waist circumference, cm 5938 + 712 7438 + 585 * 60.79 = 7.89 81.00 + 795 x
Systolic BP, mmHg 109.14 = 11.79 122.03  + 11.90 = 11149 + 10.61 12825 + 11.83 *
Diastolic BP, mmHg 66.65 + 10.19 7336  + 1097 * 6736 + 829 85.88 + 10.13 =
Fasting glucose, mg/dL 8738 + 811 9291 + 775 % 8.75 £ 825 90.75 + 6.86
Total Cholesterol, mg/dL 16543 = 23.19 171.88 + 37.26 16747 + 24.33 166.38 = 25.77
Triglycerides, mg/dL 7949 £ 41.12 179.18  + 69.17 = 8455 £ 42.23 146.88  + 39.35 *
LDL-cholesterol, mg/dL 90.15 £ 19.90 100.88 = 30.24 90.75 £ 20.67 99.00 £ 21.62
HDL-cholesterol, mg/dL 5428 £ 11.14 40.15 £ 859 =* 5390 £ 12.26 4150 £ 359 =
hsCRP, mg/dL 118 =+ 284 1.78 + 210 166 + 6.56 090 £+ 0.53
Mercury, pg/dL 263 £ 144 278 = 147 1.90 + 1.16 273 + 101 =
Lead, pg/dL 200 + 129 1.80 =+ 0.76 203 + 088 163 + 0.80

* p < 0.05 from student t-test



Table 11. Comparison of potential related factors of subjects with or

without Metabolic Syndrome

Mean + SD, N(%)

boys girls
abscent(n=2104) present(n=57) p-value abscent(n=1999) present(n=68) p-value

Birth Weight (kg) 329 £ 047 3.30 £ 047 0.811 3.23 £ 0.92 3.26 + 0.44 0.784

< 3.0 400 ( 97.6) 10 ( 24) 0.836 471 ( 975) 12 ( 25) 0.497

3.0 - 35 1028 ( 97.4) 27 ( 26) 997 ( 96.4) 37 ( 3.6)

> 35 483 (1 97.0) 15 ( 30 342 (1 96.3) 13 (37
Premature

no 1883  ( 97.2) 54 ( 2.8) 0.516 1812 (1 96.7) 62 ( 3.3) 1.000

yes 95  ( 99.0) 1 (10 7 (974) 2 ( 26)
Breast feeding

no 777 (97.1) 23 (29 0.931 704 ( 96.2) 28 ( 3.8) 0.355

yes 1186  ( 97.3) 33 (27 1186  ( 97.1) 36 (29
Adaptation of school

good 739 (1 98.8) 9 (12 0.051 810 ( 97.8) 18 ( 22) 0.277

fair 441 ( 96.7) 15 ( 33) 349 (97.8) 8 (22

poor 18 (100.0) 0  0.0) 9 (90.0) 1 (10.0)
Fosterer

mother 861 ( 985) 13 ( 15 0.160 846  ( 97.4) 23 ( 26) 0.235

others 334 (97.1) 10 ( 29 312 (987) 4 (1.3
Marriage status

married 1471 ( 97.4) 40 ( 2.6) 0.924 1413 ( 97.0) 44 (3.0 0.318

others 481 (. 97.6) 12 ( 24) 443 ( 95.9) 19 ( 4.1)
Household income
(ten thousand won/month)

< 100 150 ( 94.9) 8 (51 0.150 161 ( 97.6) 4 (24 0.669

100 - 200 495 (1 97.4) 13 ( 2.6) 502 ( 96.9) 16 ( 3.1

200 - 300 713 (. 97.3) 20 (27 645  ( 96.3) 25 (37

300 - 400 463 ( 98.5) 7 ( 15) 436 ( 96.5) 16 ( 35)

> 500 167 ( 96.5) 6 ( 35 145  ( 98.6) 2 (14
Residental area

industrial 847  ( 97.9) 18 ( 2.1) 0.237 831  ( 98.3) 14 (1.7 0.002%

urban 607  ( 96.5) 22 ( 35) 547  ( 95.6) 25 ( 4.4)

rural 650 ( 97.5) 17 ( 25) 621  ( 955) 29 ( 45)

* p < 0.05 from

student t-test or chi-square test



Table 11. Comparison of potential related factors of subjects with or

without Metabolic Syndrome (continued) Mean = SD, N(%)
boys girls
abscent(n=2104) present(n=57) p-value  abscent(n=1999) present(n=68) p-value
Father
Height 1724+ 5.00 1722+ 544 0.874 1724  + 513 1730 + 454 0.444
Weight 713 +17.28 722+ 9.08 0.737 70.6  + 9.40 738  +11.04 0.010
BMI 240 £ 552 243 £ 272 0.690 237 =275 246 + 326 0.012
normal 880 ( 97.7) 21 ( 23) 0.483 878 (1 97.2) 25 (28 0.201
overweight 438  ( 98.4) 7 (16 390  ( 97.0) 12 ( 3.0
obesity 580 ( 97.3) 16 (27 513 ( 955) 24 (45

Education status

< high school 99 ( 98.0) 2 (20 031 110 ( 965) 4 (35 0368
high school 881 ( 96.9) 28 (31 823 (96.8) 27 (32
stop college 256 ( 97.0) 8 (30 236 ( 97.1) 7 (29
> college 772 ( 97.6) 19 (24 743 (96.4) 28 ( 36)
Mother
Height 160.2 + 4.84 160.3 = 4.21 0.817 160.3 + 4.78 160.7 + 4.78 0.467
Weight 555 + 7.26 59.2 £ 9.85 0.012 555 £ 7.32 578 £ 801 0.017
BMI 216 + 265 230 £ 334 0.001 216 + 263 224  + 286 0.028
normal 1499  ( 97.7) 3% 23) 0.199 1454 ( 97.3) 40 ( 27) 0.045
overweight 197 ( 98.0) 4 (20 193 ( 95.1) 10 ( 4.9
obesity 195 ( 95.6) 9 (44 175 ( 94.6) 10 ( 54
Education status
< high school 94 (94.0) 6 ( 60 0.059 113 ( 96.6) 4 (34 0.425
high school 1151 ( 97.0) 35 (30 1075 ( 97.1) 32 (29
stop college 221 (974) 6 ( 26) 209 (972) 6 (28
> college 522 ( 985) 8 ( 15) 496 ( 95.6) 23 (44
Smoking Hx.
no 1930  ( 97.3) 53 ( 27) 0.415 1842 ( 96.8) 61  ( 3.2) 0.146
yes 66  (100.0) 0o ( 00 58 ( 935) 4 ( 65)
Second-hand
smoke exposure
no 1091 ( 97.4) 29 ( 26) 1.000 1085 ( 97.0) 33 ( 3.0 0.775
yes 888 (1 97.4) 24 ( 26) 795 (96.7) 27 ( 33)

* p < 0.05 from student t-test or chi-square test



Table 12. Crude and adjusted odds ratios of potential related factors for

metabolic syndrome in boys

crude Adjusted*
Risk factors category
odds ratio 95% Cl= odds ratio 95% Cl

BMI < 85th 1.0 1.0

> 85th and <95th 32.71 1391 - 76.92 21.16 854 - 5241

> 95th 85.06 35.85  -201.83 59.13 23.16  -150.93
Father BMI 1.01 097 - 1.04 0.94 0.83 - 1.06
Mother BMI 1.17 1.07 - 1.28 1.11 099 - 123
Residental area industrial 1.0 1.0

urban 1.71 091 - 321 2.24 1.01 - 497

rural 1.23 063 - 241 1.49 062 - 359

#* CI : confidence interval, % Adjusted with other variables in the table

Table 13. Crude and adjusted odds ratios of potential related factors for

metabolic syndrome in girls

crude Adjusted*
Risk factors category
odds ratio 95% Cl=* odds ratio 95% Cl

BMI < 85th 1.0 1.0

> 85th and <95th 23.04 11.80 - 44.98 20.73 10.30 - 41.73

> 95th 43.63 2149 - 8857 31.74 14.48 - 69.60
Father BMI 1.12 1.03 - 121 1.01 091 - 111
Mother BMI 1.11 1.01 - 1.21 1.00 090 - 1.11
Residental area industrial 1.0 1.0

urban 2.7 140 - 527 241 1.11 - 525

rural 2,17 145 - 529 3.34 159 - 7.02

«* CI : confidence interval, ¥ Adjusted with other variables in the table
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