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ABSTRACT

Background and Objectives : The prevalence of pediatric hypertension appears to be increasing, and secondary
hypertension is more common in children than in adults. Essential hypertension is increasing in obese adolescents.
An elevated blood pressure (BP) during childhood is associated with premature cardiovascular morbidity and mor-
tality in adulthood. Oscillometric devices are convenient and minimize observer error. The purposes of this study
were to measure the BP, using an oscillometric device, in relation to age, sex, weight, height and body mass index
(BMI), in normal school aged children, and to identify the 95 and 99 percentile values for the diagnosis of hyper-
tension by age group. Subjects and Methods : Between May and June 2005, the oscillometric blood pressure was
measured, using a Dinamap monitor (Procare-200, GE, USA), in 9,499 Seoul school children (male 4,993, female
4,506), aged 7-18 years. The BP was measured on the right arm, in the sitting position, using a BP cuff having a
width of 40-50% of the arm circumference. The mean and 5, 10, 25, 50, 75, 90, 95 and 99 percentile values and
percentile curves of the systolic and diastolic BP were obtained in relation to age, sex, height, weight and BMI.
Results : The systolic and diastolic BP levels were significantly increased in relation to age, height, weight and BML
A correlation analysis showed that the BP levels were significantly correlated with weight (r=0.553), followed by
height (r=0.491), BMI (r=0.470) and age (r=0.445) in males, and significantly correlated with weight (r=0.332),
followed by height (r=0.317), BMI (r=0.286) and age (r=0.213) in females. Conclusion : Percentile values and
percentile curves for the systolic and diastolic BP were obtained in normal children. These data will be useful in the
diagnosis and treatment of pediatric hypertension. (Korean Circulation J 2006;36:744—752)
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Table 1. Age distribution in study group (year)

Age No.

354

611

614

632

10 632

11 671

12 921

13 908

14 906

15 917

16 1,056

17 1,049

18 220

Total 9,499

Table 2. Sex distribution in study group

Sex No.
Male 4,993
Female 4,506
Total 9,499
Y
R
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Table 3. Systolic blood pressure according to age (mmHg)
Male Female
Age (year)
ean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
6 104.6 10.7 103.5 117.5 125.0 137.9 99.8 9.1 99.0 112.8 115.1 120.3
7 105.7 10.9 104.5 119.0 125.8 1374 103.5 10.6 102.5 118.1 121.4 132.0
8 108.1 11.0 108.0 122.0 127.5 138.0 105.7 10.5 105.0 119.5 1241 132.9
9 109.4 11.3 108.5 123.7 129.6 139.0 108.7 10.6 108.0 123.5 129.0 138.1
10 111.3 11.3 110.5 125.0 131.0 1453 110.5 11.9 110.0 125.5 134.0 144.6
11 113.3 11.7 113.0 129.8 134.9 142.6 112.5 10.8 111.5 127.6 133.8 139.4
12 115.9 13.2 115.5 133.9 138.5 1483 113.9 12.0 113.5 128.5 134.8 149.3
13 117.8 13.5 117.0 135.8 142.4  150.5 114.8 12.9 113.5 133.0 137.5 151.6
14 122.7 13.6 121.0 141.4 147.0  158.0 114.9 12.2 114.5 131.2 136.0 145.2
15 1202 128 1185 1360 1425 1547 1099 117 1095 1240 1285 1411
16 1224 12,6 1205 1393 1445 1565 111.7 109 1105 1265 1320  139.1
17 123.8 14.1 122.0 141.5 147.5 161.8 112.0 11.1 111.5 126.9 132.5 138.1
18 127.5 13.9 127.5 146.5 149.8  158.9 110.6 10.5 111.0 123.6 126.6 139.5
S.D.: standard deviation
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Fig. 1. Blood pressure percentile curves according to age in male (A) and female (B). SBP: systolic blood pressure, DBP: diastolic blood pressure.

Table 4. Diastolic blood pressure according to age (mmHg)
Male Female

Age (year)
Mean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
6 59.1 6.2 59.0 67.0 68.5 75.5 572 5.9 56.5 65.5 68.1 70.6
7 59.2 6.6 59.0 68.0 70.0 74.9 56.6 6.6 58.0 67.8 70.4 75.9
8 60.1 7.0 59.0 69.5 73.0 80.8 60.0 6.8 59.5 67.8 72.0 77.6
9 60.2 6.3 59.8 69.0 73.0 75.5 60.4 6.7 60.0 69.0 72.1 79.1
10 60.8 6.7 60.5 69.0 70.5 81.6 60.4 1.5 59.5 70.2 73.0 82.8
11 61.3 7.0 60.5 70.5 74.0 78.5 61.1 6.7 60.5 70.1 73.6 80.4
12 61.5 7.5 61.0 71.5 75.0 82.0 62.2 7.9 62.0 72.2 76.3 84.3
13 61.1 7.5 61.0 71.0 73.4 81.9 62.9 8.3 61.5 74.0 78.0 86.7
14 61.6 7.5 61.3 71.5 74.2 80.0 63.2 8.0 62.5 73.5 77.5 84.6
15 62.6 7.9 62.5 72.5 77.0 84.6 62.1 1.6 61.5 72.5 74.5 81.3
16 63.3 7.7 63.0 73.0 77.4 82.4 63.0 1.4 62.5 73.0 76.5 82.0
17 64.1 8.0 64.0 75.0 71.5 85.2 63.5 13 63.0 73.5 76.5 80.1
18 66.8 8.3 66.5 79.1 81.4 87.8 61.2 1.5 63.5 73.1 75.5 79.0

S.D.: standard deviation
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Table 5. Systolic blood pressure according to height (mmHg)
Male Female
Height (cm)
ean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
110 102.1 10.0 101.0 113.0 120.9 133.0 98.7 9.3 98.0 112.0 115.8 122.8
120 105.7 10.9 105.0 118.5 125.0 136.1 103.2 9.6 102.5 115.5 120.5 129.4
130 108.1 10.5 107.5 121.9 127.0 135.8 108.1 10.6 108.5 121.0 126.0 135.0
140 111.4 11.5 110.5 126.0 131.5 144.7 111.5 11.4 110.5 125.5 134.4 145.0
150 116.5 11.9 115.5 132.8 138.0 147.0 112.7 11.7 112.0 128.5 134.3 142.4
160 120.8 13.3 119.0 138.5 144.5 155.1 113.2 11.9 112.0 129.0 135.0 147.6
170 123.2 13.1 122.0 140.4 146.0 157.0 114.1 11.3 114.0 127.5 132.0 140.0
180 125.6 14.2 124.0 145.5 149.6 161.0
S.D.: standard deviation
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Fig. 2. Blood pressure percentile curves according to height in male (A) and female (B). SBP: systolic blood pressure, DBP: diastolic blood pressure.

Table 6. Diastolic blood pressure according to height (mmHg)
Male Female

Height (cm)

ean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
110 58.6 6.4 58.0 67.3 70.1 78.9 56.9 6.3 56.0 66.0 68.3 78.8
120 59.4 6.5 59.0 68.0 70.0 77.1 58.9 6.7 59.0 67.5 70.5 76.4
130 59.9 6.8 59.0 69.0 73.0 77.5 60.3 6.7 59.5 68.5 71.9 719
140 60.5 6.6 60.5 69.5 72.5 75.9 61.2 7.4 60.5 71.4 75.0 79.8
150 62.0 7.6 61.5 71.5 75.0 81.5 62.4 7.7 62.0 72.5 76.0 82.4
160 62.2 1.7 62.0 72.5 76.0 82.0 63.3 7.6 63.0 73.5 76.5 82.5
170 63.4 7.8 63.0 73.5 71.5 83.0 62.9 7.9 61.5 5.2 17.4 80.0
180 64.4 8.0 64.5 75.1 79.8 87.1
S.D.! standard deviation
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Table 7. Systolic blood pressure according to weight (mmHg)
Male Female
Weight (kg)
ean  S.D. 50th 90th 95th 99th Mean  S.D. 50th 90th 95th 99th
10 100.4 10.2 101.3 113.1 121.1 124.5 91.5 8.8 91.3 110.3 114.5 122.5
20 104.5 10.1 104.3 117.5 121.0 131.9 103.5 10.0 102.5 116.5 120.0 130.8
30 109.6 10.4 109.3 123.5 127.8 135.8 109.0 10.5 108.5 122.0 126.5 136.9
40 115.6 12.7 115.0 133.5 139.0 149.0 113.1 11.8 112.5 129.0 135.0 144.0
50 118.3 12.2 116.5 135.5 140.5 150.5 112.6 11.6 112.0 1275 133.8 143.5
60 121.5 12.2 120.5 137.5 143.2 153.5 114.1 10.6 113.0 128.0 133.3 142.1
70 125.8 12.3 126.0 142.0 147.5 155.8 119.0 13.9 116.0 137.0 139.5 171.0
80 130.5 12.8 129.5 146.2 153.0 168.8 126.4 17.0 125.0 155.2 160.4 161.0
90 135.1 15.1 132.5 156.0 162.0 171.5 123.3 18.9 112.8 154.0 154.0 154.0
100 139.5 16.4 142.5 154.5 175.0 175.0 120.3 9.5 120.3 127.0 127.0 127.0
S.D.: standard deviation
— 99th — 99th
160 — 95th 160 — 95th
~ — 90th ~ — %0th
2 40 seP — 75th 2 j40 | sep — 75th
£ —50th £ —_— — soin
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O 60— 75th 8 60 |- 75th
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40 I I I 1 1 1 I | — 25th 40 I I I I 1| — 25th
20kg 30kg 40kg 50kg 60kg 70kg 80kg — 10th 20 kg 30 kg 40 kg 50 kg 60 kg — 10th
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Fig. 3. Blood pressure percentile curves according to weight in male (A) and female (B). SBP: systolic blood pressure, DBP: diastolic blood pressure.

Table 8. Diastolic blood pressure according to weight (mmHg)
Male Female
Weight (kg)
Mean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
10 56.8 6.8 55.8 66.0 70.4 78.5 56.8 6.8 55.8 66.0 70.4 78.5
20 59.0 6.6 59.0 61.5 69.5 76.8 59.0 6.6 59.0 61.5 69.5 76.8
30 60.6 7.0 60.0 69.5 73.0 78.5 60.6 7.0 60.0 69.5 73.0 78.5
40 62.6 7.8 61.5 73.0 76.5 83.0 62.6 7.8 61.5 73.0 76.5 83.0
50 62.6 15 62.0 72.5 75.5 81.3 62.6 1.5 62.0 72.5 75.5 81.3
60 63.2 15 62.5 73.6 71.0 80.2 63.2 15 62.5 73.6 71.0 80.2
70 65.5 8.8 64.5 79.4 80.5 84.5 65.5 8.8 64.5 79.4 80.5 84.5
80 68.0 6.8 68.5 78.7 83.5 84.0 68.0 6.8 68.5 78.7 83.5 84.0
90 64.2 6.0 65.5 71.5 71.5 71.5 64.2 6.0 65.5 71.5 71.5 71.5
100 66.8 6.8 66.8 71.5 71.5 71.5 66.8 6.8 66.8 71.5 71.5 71.5
S.D.: standard deviation

cmo)| 4] 58 6+6.4 mmHg, 180 cm©]| 64,4480 mmHg9]
ATHTable 6), Y-S A1} 110 cmo]] 56,9+ 6.3 mmHg,
170 cmo]] 62.9+7.9 mmHgo]|%tKTable 6), FH X5 A%+
o] Z7FE oleh] Egfo] SUIeHIH(Fig. 2).
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mmHg& A|Fo] F7Ietel et 57| o] skl
(Table 7)(Fig. 34). oJ8HJoAl= 10~20 kgollA] 97.5+8.8

]
%7315 tHTable 7)(Fig. 3B).
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56.8+6.8 mmHgo|il 100~110 kgoll= 66.8+6.8 mmHg=
A|Zo| Z7Vghol| wie} o]9k7] Fgto] Z7}sHgtHTable 8)
(Fig. 3A), oJ8hlollA] 10~20 kgollA] 56,8+ 6.8 mmHgo]
1100~110 kgoll= 68.0+6.8 mmHgE A|F0] 2715k o}
2} ojel7| deto] F7tekithTable 8)(Fig. 3B).
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Table 9. Systolic blood pressure according to BMI (mmHg)
Male Female
BMI (kg/m?)
ean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
12-12.9 99.9 9.9 98.5 117.0 124.5 124.5 99.5 8.2 102.3 110.8 113.0 113.0
13-13.9 99.8 12.4 100.5 114.5 116.5 150.0 101.0 9.4 100.0 115.3 118.3 125.1
14-14.9 104.7 11.2 103.5 120.0 123.0 136.9 102.1 10.4 101.5 115.5 120.0 132.3
15-15.9 106.5 10.6 105.8 119.5 124.2 140.9 105.8 11.1 105.5 120.0 126.2 132.9
16-16.9 109.0 11.6 108.5 125.0 131.5 137.0 108.7 10.3 108.5 121.0 125.8 138.4
17-17.9 112.5 12.1 112.0 128.0 135.0 145.5 110.6 11.4 110.0 125.3 133.0 139.5
18-18.9 115.1 12.3 114.5 131.5 136.5 147.5 111.1 11.2 110.0 124.1 131.5 142.4
19-19.9 115.8 12.3 115.0 134.0 138.0 151.0 112.3 11.7 112.0 128.0 134.0 142.0
20-20.9 118.7 12.6 117.0 137.0 144.0 151.0 112.4 11.8 112.0 127.0 134.0 144.0
21-21.9 115.6 12.3 114.0 133.5 137.5 150.0 112.4 11.7 111.5 128.0 134.0 141.9
22-22.9 118.9 12.7 117.0 136.5 143.5 150.5 112.5 11.8 111.5 127.5 134.3 143.9
23-23.9 119.8 12.0 118.8 136.2 140.2 149.0 112.8 12.5 112.0 129.8 134.6 144.5
24-24.9 120.6 12.4 119.5 136.8 142.2 153.6 113.3 10.8 112.5 127.0 132.6 146.5
25-25.9 121.8 14.2 121.0 137.8 144.3 161.7 112.8 10.9 112.0 125.5 134.5 140.5
26-26.9 122.5 12.7 121.0 139.5 146.3 154.8 114.8 11.7 113.5 130.6 136.8 150.8
27-21.9 128.8 12.8 130.0 145.7 150.0 158.7 117.5 11.6 115.8 134.8 136.8 141.0
28-28.9 131.5 13.3 130.0 150.0 157.0 169.0 119.4 11.7 118.5 137.8 139.2 139.5
29-29.9 128.9 13.1 129.3 144.8 155.6 161.5 126.7 20.1 125.8 162.0 171.0 171.0
30-30.9 131.3 14.6 129.0 147.6 168.0 171.5 117.2 16.0 117.5 139.9 140.0 140.0
31-31.9 132.3 14.0 130.0 151.0 156.5 158.5 128.2 17.3 127.5 157.0 157.0 157.0
32-32.9 136.0 16.1 143.0 159.1 161.5 161.5 130.8 21.5 127.0 154.0 154.0 154.0
BMI: body mass index, S.D.: standard deviation
160 — 99th 160 - — 99th
5 e —95ih | || B — 95th
I 140»//__/ —oih | || £ MO?W — 90ih
Emlm—/—————————— |28 || £ 0| Y—Y—m——— =&
% 100‘{_"—_:7///\\—//” _@E % 100 | me—"_ —?éiE
£ go| DBP - g 8| -
folee——oan— |"2|||} o = o
T 532553388385 =4 533383338333 =&
N N N T T i trH h % b oo R d L &b & b 6 |[— 10t
@ S —BMIN(kg/Nm2)N -e e — oh T FBMT(kg(/\‘mZ)N R —

Fig. 4. Blood pressure percentile curves according to BMI in male (A) and female (B). BMI: body mass index, SBP:

diastolic blood pressure.
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mmHg 2 AAGFR| 47t =57 o] 7ol wah EeF
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7}8t%itHTable 10)(Fig, 4A). oJ8HYollA] 12~12.9 kg/m”o
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3199 tH(Table 10)(Fig. 4B).
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Table 10. Diastolic blood pressure according to BMI (mmHg)
Male Female

BMI (kg/m?)

Mean S.D. 50th 90th 95th 99th Mean S.D. 50th 90th 95th 99th
12-12.9 59.3 7.0 60.5 70.1 72.5 72.5 60.0 7.2 58.8 72.8 75.5 75.5
13-13.9 58.0 6.5 57.5 67.0 70.0 74.0 58.6 15 57.5 67.3 72.0 85.0
14-14.9 59.5 7.1 59.5 68.0 71.8 82.0 58.7 6.9 58.5 68.5 71.0 76.3
15-15.9 59.1 6.9 58.5 68.0 70.7 79.2 60.1 7.2 59.5 69.5 73.0 78.7
16-16.9 59.9 6.8 59.5 69.0 71.0 77.3 61.0 7.0 60.5 70.0 73.5 80.6
17-17.9 61.0 7.2 60.0 71.0 74.5 79.5 61.7 1.7 61.0 71.5 77.0 81.3
18-18.9 61.5 7.5 61.3 71.5 4.5 81.0 61.7 1.4 61.0 71.5 75.5 81.8
19-19.9 61.4 7.1 61.0 71.0 74.0 83.0 61.9 1.5 62.0 72.0 75.0 81.0
20-20.9 62.2 7.3 62.0 72.0 75.0 80.0 62.3 13 62.0 72.0 75.0 81.0
21-21.9 61.3 13 60.5 71.0 73.5 83.0 61.9 1.4 61.5 72.5 75.0 80.5
22-22.9 62.2 73 62.0 71.5 75.4 80.6 62.2 13 61.5 71.5 75.3 79.9
23-23.9 61.9 7.6 61.5 72.2 75.5 80.3 62.3 8.1 62.0 73.3 76.0 85.3
24-24.9 62.4 7.6 61.5 71.0 76.7 87.0 63.1 7.3 62.3 72.8 75.9 83.5
25-25.9 62.9 1.7 62.5 72.5 76.1 86.1 62.8 15 62.5 72.5 75.7 81.8
26-26.9 63.2 7.5 62.5 73.0 76.7 83.0 62.8 1.7 62.0 74.1 77.0 83.6
27-279 65.6 6.8 64.8 4.2 78.6 83.6 64.3 7.2 64.3 73.3 78.6 80.0
28-28.9 66.1 8.2 66.5 71.5 81.0 89.0 66.2 8.2 65.0 79.5 81.6 84.5
29-29.9 65.5 8.0 65.8 74.8 79.9 86.5 69.0 9.8 70.8 82.1 82.5 82.5
30-30.9 66.4 8.0 65.5 78.2 81.2 82.5 65.0 8.9 63.8 79.6 80.5 80.5
31-31.9 65.5 6.8 66.0 75.5 76.5 76.5 67.1 5.7 68.5 11.5 11.5 11.5
32-32.9 75.4 5.5 75.0 83.6 84.0 84.0 67.7 3.8 67.5 71.5 71.5 71.5

BMI: body mass index, S.D.: standard deviation

Table 11. Correlation between blood pressure and age, height, weight,
BMI in male

Table 12. Correlation between blood pressure and age, height, weight,
BMI in female

Age Height Weight BMI SBP Age Height  Weight BMI SBP
Height 0.927* Height 0.865*
Weight  0.807* 0.864* Weight 0.784* 0.857*
BMI 0.477* 0.509* 0.859* BMI 0.531* 0.535* 0.884*
SBP 0.445* 0.491* 0.553* 0.470* SBP 0.213* 0.317* 0.332* 0.286*
DBP 0.207* 0.211* 0.249* 0.224* 0.568* DBP 0.205* 0.226* 0.216* 0.164* 0.637*

! p<0.001. BMI: body mass index, SBP: systolic blood pressure, DBP:
diastolic blood pressure
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