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Changes in blood pressure and determinants of blood pressure
level and change in Korean adolescents
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Many studies have led to the notion that essential hypertension in adults is the re-
sult of a process that starts early in life: investigation of blood pressure(BP) in chil-
dren and adolescents can therefore contribute to knowledge of the etiology of the con-
dition. A unique longitudinal study on BP in Korea, known as Kangwha Children’s
Blood Pressure(KCBP) Study was initiated in 1986 to investigate changes in BP in chil-
dren. This study is a part of the KCBP study. The purposes of this study are to show
changes in BP and to determine factors affecting to BP level and change in Korean
adolescents during age period 12 to 16 years. A total of 710 students(335 males, 375
females) who were in the first grade at junior high school(12 years old) in 1992 in Kan-
gwha County, Korea have been followed to measure BP and related factors(anthropo-
metric, serologic and dietary factors) annually up to 1996. A total of 562 students(242
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males, 320 females) completed all five annual examinations. The main results are as

follows:

1. For males, mean systolic and diastolic BP at age 12 and 16 years old were 108.7
mmHg and 118.1 mmHg(systolic), and 69.5 mmHg and 73.4 mmHg(diastolic), respec-
tively. BP level was the highest when students were at 15 years old. For females,
mean systolic and diastolic BP at age 12 and 16 years were 114.4 mmHg and 113.5
mmHg(systolic) and 75.2 mmHg and 72.1 mmHg(diastolic), respectively. BP level reac-
hed the highest point when they were 13-14 years old.

2. Anthropometric variables(height, weight and body mass index, etc) increased con-
stantly during the study period for males. However, the rate of increase was de-
creased for females after age 15 years. Serum total cholesterol decreased and triglycer-
ide increased according to age for males, but they did not show any significant trend
for females. Total fat intake increased at age 16 years compared with that at age 14
years. Compositions of carbohydrate, protein and fat among total energy intake were
66.2:12.0:19.4, 64.1:12.1:21.8 at age 14 and 16 years, respectively.

3. Most of anthropometric measures, especially, height, body mass index(BMI) and
triceps skinfold thickness showed a significant correlation with BP level in both sexes.
When BMI was adjusted, serum total cholesterol showed a significant negative corre-
lation with systolic BP at age 12 years in males, but at age 14 years the direction of
correlation changed to positive. In females serum total cholesterol was negatively cor-
related with diastolic BP at age 15 and 16 years. Triglyceride and creatinine showed
positive correlation with systolic and diastolic BP in males, but they did not show any
correlation in females. There was no consistent findings between nutrient intake and
BP level. However, protein intake correlated positively with diastolic BP level in males.

4. Blood pressure change was positively associated with changes in BMI and serum

total cholesterol in both sexes. Change in creatinine was associated with BP change

positively in males and negatively in females. Students whose sodium intake was high
showed higher systolic and diastolic BP in males, and students whose total fat intake
was high maintained lower level of BP in females. The major determinants on BP change

was BMI in both sexes.
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Table 1. Numbers of participants by year unit : person
Year{age
Sex r{age) Follow-up
1992(12) 1993(13) 1994(14) 1995(15) 1996(16) (5-year)
Male 335 329 324 343 339 242
Female 375 372 373 442 430 320
Total 710 711 697 785 769 562

Table 2. Mean and standard deviation(SD) of study variables between complete follow-up
and withdrawn cases

Male Female
Variables Follow-up(n=242) Withdrawn{n=93) t  Follow-up(n=320) Withdrawn(n=55) t
Mean(SD) Mean(SD) Mean(SD) - Mean(SD)

Systolic BP mmHg  108.7( 9.7) 107.6( 9.3) 0.96 114.4(10.4) 112.0 9.4) 1.54
Diastolic BP mmHg 69.5( 7.6) 69.1( 7.6) 0.51 75.2( 8.8) 73.9( 8.6) 0.99
Arm circumference mm 23.1( 3.0) 23.2( 2.6) -0.23 23.3( 2.9) 23.1( 2.6) 0.40
Height cm 152.8( 8.4) 154.0( 7.2) -1.20 153.0( 6.0) 153.6( 6.1) -0.06
Weight kg 43.6( 9.8) 44.0( 8.3) -0.36 44.6( 8.7) 44.4( 8.1) 0.15
BMI kg/m? 18.5( 3.0) 18.4 2.6) 0.12 19.0{ 3.0) 18.9( 2.8) 0.21
skinfold thickness mm 11.4( 5.9) 10.9( 5.4) 0.68 16.5( 6.8) 14.7( 5.6) 1.85
Waist circumference cm 64.2( 8.7) 63.6( 7.7) 0.58 65.9( 6.9) 65.8( 6.0) 0.15
Hip circumrerence  cm 77.3( 7.0) 77.4( 5.8) -0.18 84.0( 6.3) 84.1( 5.9) -0.08
WHR 0.83(0.06) 0.82(0.06) 1.10 0.78(0.04) 0.78(0.04) 0.32

BP : blood pressure ; BMI : body mass index; WHR : waist hip ratio
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Table 3. Mean and standard deviations(SD) of blood pressure and anthropometric variables according

to age in males(n=242)

Variables Unit 12yrs Hyrs 1yrs 16yrs
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Systolic BP mmHg 108.7( 9.7) 112.0(11.2) 115.9(11.4) 121.1(11.8) 118.1(11.2)
Diastolic BP(IV) mmHg 69.5( 7.6) 67.0( 7.9) 72.0( 8.0) 76.0( 8.6} 73.4( 7.8)
Weight kg 43.6(10.0) 49.4(10.9) 54.6(10.6) 58.3(10.1) 61.2( 9.9)
Height cm 152.8( 8.4) 159.8( 8.4) 166.1( 7.4) 169.7( 6.5) 171.4( 6.2)
BMI kg/m? 18.5( 3.0) 19.2( 3.0) 19.7( 3.0) 20.2( 2.9) 20.8( 2.8)
Skinfold thickness mm 11.4( 5.9) 11.1( 5.7) 10.3( 5.0) 12.3( 5.0) 13.2( 5.9)
Arm circumference cm 23.1( 3.0) 24.7( 3.3) 24.8( 3.2) 26.1( 3.0) 26.4( 3.0)
Waist circumference cm 64.2( 8.7) 66.6( 8.4) 72.1( 7.5) 72.2( 7.0) 77.3( 7.0)
Hip circumference cm 77.3( 7.0) 82.6( 7.0} 88.0( 6.7) 89.9( 6.0) 91.5( 6.4)
WHR 0.83(0.06) 0.80(0.05) 0.82(0.04) 0.80(0.04) 0.78(0.05)

BP : blood pressure ; BMI : body mass index; WHR : waist hip ratio

Table 4. Mean and standard deviations(SD) of blood pressure and anthropometric variables

according to age in female(n=320)

12yrs 14yrs 15yrs 16yrs

Variables Unit

Mean({SD} Mean(SD) Mean(SD} Mean(SD) Mean(SD)
Systolic BP mmHg 114.4(10.4) 117.7(11.5) 117.6(10.9) 115.3(11.7) 113.5(10.8)
Diastolic BP(IV) mmHg 75.2( 8.8) 76.4( 7.8) 75.6( 7.8) 74.1{ 8.3) 72.1( 7.7)
Weight kg 44.6( 8.7) 48.9( 8.6) 50.8( 8.4) 52.8( 8.3) 53.2( 8.0)
Height cm 153.0{ 6.0) 155.8( 5.4) 158.1( 5.2) 158.8( 5.1) 159.0( 5.1)
BMI kg/m? 19.0( 3.0) 20.1( 3.0) 20.3( 2.9) 20.9( 2.9) 21.0( 2.9)
Skinfold thickness mm 16.5( 6.8) 16.4( 5.4) 18.5( 6.0) 21.5( 5.9) 21.7( 5.2)
Arm circumference cm 23.3( 2.9) 24.6( 2.9) 24.7( 2.7) 25.3( 2.6) 25.5( 2.5)
Waist circumference cm 65.9( 6.9) 67.1( 6.6) 68.2( 5.8) 67.2 7.2) 66.2( 6.1)
Hip circumference cm 84.0( 6.3) 87.2( 5.9) 90.2( 6.3) 91.1( 5.5) 91.9( 5.6)
WHR 0.78(0.04) 0.77(0.04) 0.74(0.05) 0.74(0.05) 0.72(0.04)

BP : blood pressure ; BMI : body mass index; WHR : waist hip ratio
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Table 5. The distribution of biochemical variables in each age unit : mg/dl
Male(N=156) Female(N=148)
Variables 12yrs l4yrs 16yrs 12yrs 14yrs 16yrs
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Total cholesterol 160.5(25.4 ) 153.4(28.7 ) 149.5(28.1 ) 168.2(29.9 ) 170.4(276 ) 162.8(27.5 )
Triglyceride 96.1(41.5 ) 104.4(43.7 ) 109.6(51.9 ) 110.2(37.3 ) 110.4(429 ) 105.2(47.3 )
HDL-cholesterol 47.6( 9.2) 43.6( 8.8 ) 44.1(10.0 ) 48.7( 9.9 ) 47.0( 9.6 ) 47.7(11.1 )
Uric acid 5.09( 1.17) ~ 6.10( 1.29) 5.71( 1.12) 4.48( 0.88) 4.44( 0.85) 3.84{( 0.73)
Creatinine 0.66( 0.09) 0.78( 0.11) 0.86( 0.10) 0.66( 0.07) 0.74( 0.11) 0.65( 0.08)

Table 6. Mean and standard deviations(SD) of nutrient intakes according to age and sex

Male{n=208) Female(n=299)
Nutrient Unit l4yrs 16yrs 14yrs 16yrs
Mean(SD) Mean(SD}) Mean(SD) Mean(SD)
Energy kcal 2086.8( 771.5 ) 2830.7(1004.8 ) 1932.7( 629.8 ) 2484.7( 840.3 )
Carbohydrates g 338.0( 103.8 ) 442.5( 139.4 ) 314.3( 83.6) 396.6( 120.8 )
Protein g 63.5( 29.8 ) 89.2( 40.6 ) 59.9( 28.0) 75.1( 31.4)
Total fat g 47.8( 27.4) 71.5( 35.2) 43.4( 220) 61.6( 29.5)
Calcium mg 466.3( 287.7 ) 623.5( 368.7 ) 470.6( 254.1 ) 606.6( 2845 )
Phosphorous mg 966.9( 465.5 ) 1277.3( 555.7 ) 926.7( 403.6 ) 1137.7( 440.3 )
Iron mg 9.66( 6.39) 13.34(  7.32) 9.12( 5.48) 11.96( 6.04)
Sodium g 4440 2.77) 6.87(  4.88) 476( 2.99} 577(  3.49)
Potassium g 1.89( 1.07) 2.79(  1.55) 1.94( 1.05) 2.82(  1.33)
Vitamin A R.E. 387.2( 330.7 ) 489.4( 3749 ) 396.9( 284.2 ) 475.5( 339.9 )
Retinol ug 82.5( 114.4 ) 105.5( 171.6 ) 78.9( 79.1) 116.5( 229.5 )
[-carotene ug 55.7( 529) 50.9( 57.0) 62.9( 62.7 ) 48.8( 30.9)
Vitamin B, mg 1.21(  0.50) 1.61( 0.64) 1.14(  0.43) 1.57( 0.67)
Vitamin B, mg 0.99( 0.58) 1.40( 0.79) 0.96( 6.21) 1.38(  0.65)
Niacin mg 1.2 6.4) 18.6{ 10.4) 10.9( 6.2) 16.4( 86)
Vitamin C 61.9( 48.7 ) 117.0{ 95.1) 69.7( 48.6 ) 147.2( 103.6 }
Carbohydrates(% of energy) 66.2(  55) 63.6( 59) 66.1( 50 64.6( 53)
Protein(% of energy) 1.9 1.7) 123( 2.0) 121 19) 19 1.7)
Total fat(% of energy) 1940 45) 21.9( 4.7) 19.40 40) 21.7( 43)
datel B 2 2HEL dHe S e} 2 3) Y4 HHY BX

Ashe S BAT SR g olEldL £}
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Table 7. . Spearman correlation coefficients between blood pressure and anthropometric variables ac-

cording to age in males(n=242)

Systolic BP

Diastolic BP

Variable

12yrs 13yrs l4yrs 15yrs 16yrs 12yrs 13yrs l4yrs 15yrs 16yrs
Weight 0.47 0.45 0.43 0.39 0.32 0.14 0.25 0.29 0.33 0.24
Height 0.40 0.32 0.35 0.28 0.11* 0.11* 0.25 0.23 0.20 0.17
BMI 0.38 0.40 0.34 0.34 0.34 0.13 0.18 0.25 0.31 0.20
Skinfold thickness 0.29 0.25 0.35 0.23 0.30 0.16 0.13 0.24 0.25 0.18
Arm circumference 0.42 0.41 0.41 0.39 0.33 0.12 0.19 0.32 0.33 0.29
Waist circumference 0.39 0.41 0.43 0.36 0.33 0.12* 0.18 0.27 0.32 0.18
Hip circumference 0.43 0.44 0.45 0.41 0.27 0.11* 0.23 0.31 0.32 0.24
WHR 0.16 0.21 0.16 0.17 0.24 0.08° 0.04* 0.06* 0.19 0.04*

BP: blood pressure ; BML: body mass index ; WHR : waist hip ratio
All correlation coefficients are statistically significant (p{0.05) except in the case of *

Table 8. Spearman correlation coefficients between blood pressure and anthropometric var-

iables according to age in females{(n=320)

Systolic BP Diastolic BP
Variable

12yrs 13yrs  l4yrs  15yrs  l6yrs 12yrs 13yrs ldyrs  15yrs 16yrs
Weight 0.32 0.21 0.18 0.26 0.23 0.34 0.28 0.23 0.24 0.21
Height 0.19 0.06* 0.01* -0.04* -0.01* 0.19 0.06* -0.02* -0.02* 0.07*
BMI 0.31 0.22 0.20 0.30 0.25 0.32 0.30 0.27 0.27 0.25
Skinfold thickness 0.26 0.15 0.18 0.25 0.23 0.33 0.27 0.24 0.20 0.20
Arm circumference 0.29 0.23 0.20 0.30 0.23 0.30 0.27 0.27 0.26 0.23
Waist circumference 0.27 0.19 0.08* 0.21 0.24 0.28 0.24 0.14 0.21 0.24
Hip circumference 0.33 0.23 0.19 0.21 0.21 0.38 0.30 0.21 0.20 0.21
WHR 0.05* 0.07* -0.11 0.13 0.14 -0.01* 0.06* -0.06* 0.14 0.16

BP: blood pressure ; BMI: body mass index ; WHR : waist hip ratio
All correlation coefficients are statistically significant (p{0. 05) except in the case of *
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Table 9, Spearman correlation coefficients between blood pressure and biochemical variables, adjus-

ted for body mass index according to age and sex

Systolic BP Diastolic BP
Sex Variables
12yrs 14yrs 16yrs 12yrs 14yrs 16yrs
Male Total cholesterol -0.16" 0.04 0.14* 0.01 0.08 0.12
(n=156)  Triglyceride 0.05 0.20% 0.04 0.11 0.18" -0.01
HDL-cholesterol -0.15* -0.09 0.10 -0.06 -0.15* -0.03
Uric acid ’ 0.04 0.12 0.06 0.11 0.13* 0.18*
Creatinine 0.09 0.20* 0.09 0.07 0.24™* 0.15*
Female Total cholesterol 0.13 0.09 0.10 0.12 0.17™ 0.19*
(n=148) Triglyceride -0.13 0.02 0.05 0.00 0.02 0.04
HDL-cholesterol 0.20* 0.03 0.06 0.03 - 0.15* 0.10
Uric acid 0.12 -0.01 0.02 0.05 -0.06 0.09
Creatinine 0.12 -0.16* -0.05 0.15* 0.01 -0.03

BP : blood pressure * 1 p€0.1, ® : p(0.05, *™* : p(0.01
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Table 10. Spearman correlation coefficients between blood pressure and nutrient intakes, adjusted for

body mass index and energy intake according to age and sex

Male(n=208) Female(n=299)

Nutrients Systolic BP Diastolic BP Systolic BP Diastolic BP

14yrs 16yrs 14yrs 16yrs l4yrs 16yrs 14yrs 16yrs
Energy¥ -0.04 -0.10 -0.00 0.10 -0.09 0.03 -0.04 0.05
Protein(% of energy) -0.00 0.07 0.14® 0.11 -0.03 -0.03 -0.02 -0.03
Carbohydrates( % of energy) -0.04 -0.10 0.06 -0.01 -0.11* -0.05 -0.10* -0.07
Total fat{% of energy) 0.03 0.06 -0.13* -0.02 0.09 0.04 0.08 0.06
Calcium -0.07 -0.00 0.07 0.05 0.04 -0.02 0.03 -0.06
Sodium -0.04 0.08 0.00 012 0.01 -0.00 -0.01 0.03
Potassium -0.07 0.11 0.07 0.15* -0.01 0.01 0.01 0.03
Sodium /Potassium -0.01 0.02 -0.01 0.09 -0.01 -0.01 -0.03 -0.01
Vitamin A -0.04 -0.09 0.13* 0.12* -0.13% 0.02 -0.08 0.03
Retinol -0.02 0.00 0.05 0.07 -0.00 -0.06 0.06 -0.04
B-carotene -0.13* 0.00 0.07 0.12* 0.03 0.09 0.02 0.05
Vitamin C 0.00 0.11 0.01 0.13* -0.01 0.02 -0.01 0.04

BP : blood pressure

F: adjusted for body mass index

*: p{0.1 *™*: p(0.05

Table 11. The estimated regression coefficients of age, body mass index, and biochemical variables on
blood pressure change in mixed model T - '
Independent Male(n=156) Female(n=148)

Unit
variables Systolic BP Diastolic BP * Systolic BP Diastolic BP
Age year 24.063"* 2.885 26.941"* 11.737%
Age? year? -0.795"* -0.072 -0.986* -0.456
BMI kg/m? 1.410"* 0.473* 1.165" 0.859™*
Total cholesterol mg/dl -0.033 0.031** 0.045* 0.032
Triglyceride | mg/d] 0.019* 0.012 -0.014 -0.002
HDL-cholesterol mg/d! 0.049 -0.034 0.053 0.040
Uric acid mg/dl -0.082 0.324 0.901 -0.007
Creatinine mg/d] 3.297 8.406* -12.147° -0.296

BP : blood pressure
¥F: unstructured covariance matrix was used.
p<0.1 = : p{0.05 ** : p(0.01
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Table 12, The estimated regression coefficients of age, body mass index and nutrient intakes on blood

pressure change in mixed model T

Independent Un Male(n=208) Female(n=299)
nit
variables Systolic BP Diastolic BP Systolic BP Diastolic BP

Age year 25.749"* 2174 21.262* 10.973*%
Age? year? -0.842™ -0.038 -0.794** -0.436™
BMI kg/m? 1.244™* 0.547" 1.170* 0.730"*
Energy intake groupt(1=low) - -1.326 -1.585 3.290% 1.040
Energy intake group (1=high) - -2.706" -2.611* 0.555 1.616*
Lipid intake group (1=low) - 0.729 0.092 0.500 -0.133
Lipid intake group (1=high) - 0.535 0.850 -3.395" -1.581*
Sodium intake group (1=low) - -0.308 1.164 -1.325 0.321
Sodium intake group (1=high) - 2.892" 2,150 -1.357 0.493
B-carotene intake group (1=low) - 4.311** 0.725 -2.913 -1.327
B-carotene intake group (1=high) - 1.097 2777 0.049 -0.858

BP : blood pressure ; BMI : body mass index
¥ : unstructured covariance matrix was used.

t: reference cartegory was middle intake group in each nutrient.

* 1 p€0.1 **: p0.05 ** : p{0.01
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