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Table 1. Variables and Abbreviation used in the Study

dl =~ # &/HDLW|, ¥
a9 gen 2o

Variables Abbreviation
D\?greiz%(f:t Right brachial-ankle Pulse Wave Velocity(cm/sec) gﬁg(gé?ZQL%lfankle
Cardiovascular risk factors CVD risk factors
Body mass index(kg/m?>) BMI(kg/m>)
Systolic blood pressure(mmHg) SBP(mmHg)
Diastolic blood pressure(mmHg) DBP(mmHg)
Mean arterial pressure(mmHg) MAP(mmHg)
Independent Heart rate(beat/min) HR(beat/min)
variables Total cholesterol(mg/dL) TC(mg/dL)
HDL-cholesterol(mg/dL) HDL(mg/dL)
Total cholesterol/HDL ratio TC/HDL
Triglyceride(mg/dL) TG(mg/dL)
Fasting blood glucose(mg/dL) FBG(mg/dL)

Cigarettes smoked/day

Dol k7] B ke (M t/3)
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Table 2. Characteristics of Participants

AR FEA T AgA BT 1524 o] Sl th(Table 2).

Total(n=369) Male(n=225) Female(n=144)
Age(year), meant SD 152 £0.5 15.2 0.5 15.2 £0.5
14 years No.(%) 12 ( 3.3) 9 ( 4.0) 3(21)
15 years 264 (71.4) 158 (70.2) 106 (73.6)
16 years 93 (25.2) 58 (25.8) 35 (24.3)
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4.2 AT HEBNPLA B

ddzte]  AdaAdPade HAds A¥RY F57] g G4
121.2mmHg, 1A 111.0mmHg® FA T4 o= F9g zto]7b AU L (p<o.
oje}7] U¢x FAlo] 65.1mmHg, &84 615mmHg= Y& Ao ¢ =9kt
(p<0.001). = HTIYE FTAL 86.6mmHg, A2 784mmHg=E &5} AY o]
=% (p<0.001), Autgv @FeAle] 7293, oA o] 76332 ofTgAo] =3kt
(p=0.002). F=Zd ==L &Aoo 1588mg/dL, o TAL 174dmg/dLE o gAY o]
o =33 (p=0.002), LEEAGH-FY2HEE FTA 543mg/dlL, oJTTA

60.7mg/dL& o8t o] o = %th(p<0.001). T4 A %2 F3Ao] 96.9mg/dL, oI 3

¢

B gl e e

flo

AL 923mg/dLZE Pt o] 1 =i (p=0.05), 3% T
Aol Z+zh 1.570H], of st o] 0.97§4] o] I tH(Table 3).

e ZF AR d Y IS4 ES Grundy(2004)8] American Association

o

of Clinical Endocrinologists(AACE)®} The Nation Cholesterol Education
Program(NCEP), Chobanian(2003)2] Joint National Committee 7th(JNC 7) 7]
o o EFF F AdaAAPad HA¥sE wHES ddedd. 1 A
BMI7} 250172l vk &2 @3tA 16.4%, o 3HA 13.9%0°] k. INC 7 7]&
of & F£=7]dto] 120mmHg o] A9l v &2 H3A 52%, ostA 20.1%, ol &
7] @ %ol 80mmHg ©o]/4Ql Hl&2 ofdtAel A= fla F el vt 3.6%, B
J9tol 93mmHgol 4 v & FA 21.4%, oA 85%c| At Hgk AukgTt

90beat/min ©]7¢l vl &2 FEHA 11.1%, oA 6.3%°] AT}

)

Zd 2dH Eo] 200mg/dLo] 32l B &L F3A 8.0%, 1A 14.6%, LU =X
W-Zy 2HEo] FeA 40mg/dL, o8t 50mg/dL vIwel A= @A 9.3%,
ol 34 16%, T = # =l Z/HDLH]7F FeA 4.00]%, o3tA 3.8¢
SHA 14.2%, oA 9.0%, TA AWl 150mg/dLol#d 4%+ @A 9.3
AL o34 35501tk FEE o] 110mg/dL o] &l Feh 2 1.3%0] o, o=}

= 9 e &
ju H}\gj\q--v‘— =

A= FE A 20.9%, oA 13.2% 0] LT

rO
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Table 3. Distribution of Cardiovascular Risk Factors

o)
=
[e3]

2% o]g)

Hd ol Y (Table 3).

CVD risk factors Criteria Male(n=225 ) Female(n=144 ) p-value

Mean + SD
BMI (ke/m’) 27+ 42 214+ 36 0.49
SBP(mmHg) 1212 + 114 111.0 £ 103 <0.001
DBP(mmHg) 651+ 76 615+ 68 <0.001
MAP(mmHg) 8.6 £ 87 784 £+ 83 <0.001
Heart rate(beat/min) 729 £ 119 763 £ 86 0.002
TC(mg/dL) 1588 + 287 1741 + 276 <0.001
HDL(mg/dL) 54.3 + 114 60.7 + 124 <0.001
TC/HDL ratio 304 + 208 295 £ 061 0.252
Triglyceride(mg/dL) 96.9 + 432 923 £ 29.1 0.227
FBG(mg/dL) 2.8 + 137 94 = 64 0.001
Cigarettes smoked/day 15+ 40 09+ 30 0.111

No(%) of subjects at risk
BMI(kg/m’) =25 37 (164) 20 (13.9) 0509
SBP(mmHg) >120 117 (52.0) 29 (20.1) <0.001
DBP(mmHg) >80 8 (36) 0 (00 0.004
MAP(mmHg) >93 48 (21.4) 12 ( 85) <0.001
Heart rate(beat/min) =90 25 (11.1) 9(63) 0.097
TC(mg/dL) >200 18 ( 80) 21 (146) 0.059
HDL(mg/dL) M:<40, F:<50 21 (93 23 (16.0) 0.068
TC/HDL ratio M:>40, F:>38 32 (14.2) 13 (9.0 0.121
Triglyceride(mg/dL) ~ >150 21 (9.3 5(35) 0.018
FBG(mg/dL) >110 3(13) 0 (00 0.083
Smoker Yes 47 (20.9) 19 (132) 0.060

Abbreviation of variables in Table 1.

Criteria of BMI, HDL, TG, FBG by AACE(American Association of Clinical Endocrinologists)
Criteria of TC and HDL by NCEP(The Nation Cholesterol Education Program)
Criteria of SBP and DBP by JNC 7(Joint National Commitee 7th)

MAP=DBP+(SBP-DBP)/3

_16_



4.3 AFANRAY FS-BE WREE] P¥
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Fo A 54

rot

k-t wiat& e o] it WAl 1027.8cm/sec, o THA

ru
B\

(e}
951.7cm/secE FAol ¢ ¥ Fo3 AolE R IHp<0.001). I FHFE
A2 1011cm/secq] WA, of A2 949.5cm/sec©] YL th.(Table 4).

Aol wpe Fg-dE WS Frd FAZQ Aol 7h gl tH(Table 5).

Table 4. Distribution of Right brachial-ankle Pulse Wave Velocity(cm/sec) by Gender

Category Male (n=225) Female(n=144) p-value
Mean=SD 1027.8 £130.3 951.7 +106.4 0.001
Median 1011.0 949.5

Table 5. Means of Right brachial-ankle Pulse Wave Velocity(cm/sec) by Age

Male(n=225) Female(n=142)
Age(years)
n Mean+SD p-value n Mean+SD p-value
14 9 10542 + 1316 3 8973 + 748
15 158 10184 + 1189 0.25 104 950.3 £ 110.0 0.60
16 58 10494 £ 1565 35 960.6 £ 98.2
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Table 6. Pearson Correlation between Right brachial-ankle PWV(cm/sec) and
Cardiovascular Risk Factors

Male (n=225) Female (n=144)
CVD Risk Factors
Coefficient p value Coefficient p value
BMI(kg/m”) 0.13 0.057 -0.2 0.843
SBP(mmHg) 0.40 <0.001 0.45 <0.001
DBP(mmHg) 0.50 <0.001 0.39 <0.001
MAP(mmHg) 0.46 <0.001 0.48 <0.001
Heart rate(beat/min) 0.20 0.003 0.25 0.002
TC(mg/dL) 0.12 0.083 0.05 0.555
HDL(mg/dL) -0.14 0.037 -0.01 0.872
TC/HDL ratio 0.20 0.003 0.06 0.471
Triglyceride(mg/dL) 0.05 0.498 0.12 0.171
FBG(mg/dL) -0.00 0.951 0.19 0.024
Cigarettes smoked/day 0.00 0.995 0.15 0.077

Abbreviation of variables in Table 1.
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Table 7. Means of Right brachial-ankle PWV(cm/sec)

Range of Cardiovascular Risk Factors

according to Quartile

CVD Risk 4 Male(n=225) Female(n=144)
Factors Quartile Range Means + SE p value Range Means + SE p value
I < 188 9860 = 171 < 191 %71 £ 179
9 II 188~ < 209 10505 + 172 191 ~ < 207 48 + 181
BMi(kg/m’) I 209~ < 237 1037 + 174 0.040 207 ~ < 231 M72 + 181 0.789
I\Y% 237~ < 381 10398 + 17.1 231 ~ < 32 HU75 £ 179
I < 114 9363+ 169 <104.0 8865 £ 167
II 114~ < 120 10192 + 152 1040 ~ <1105 9372 + 1568
SBP( 2 I 120~ < 127 10321 £ 160 <0001 1105 ~ <1170 9525 + 16.7 <0001
I\Y% 127~ < 168 11021 + 148 1170 ~ < 148 10201 + 15.3
I < 600 9315+ 165 < 57 8&B8=* 171
II 60.0 ~ < 645 10084 + 145 57~ < 61 939.2 £ 174
DBP 2 I 645~ < 700 10524 + 157 <0001 61 ~ < 66 9629 + 159 <0001
v 700~ < 8.0 11047 £ 151 66 ~ < 79 10076 = 164
I < 810 9490 + 175 < 73 890.1 £ 174
II 810~ < &0 9972 + 148 3~ < 7 904.8 + 152
( o) 11 8.0~ < 915 10484 + 155 <0001 9~ < & 9831+ 159 <0001
I\Y% 915~ <1150 11034 + 158 &%~ < 9 10148 + 154
I < 65 9934 + 176 < 71 9246 + 178
Heart rate I 5~ < 71 10295 + 177 0002 mn1~ < 7 9215+ 178 0015
(beat/min) 11 M~ < 78 10021+ 168 %~ < 83 9673 + 173 ”
I\Y% 8~ < 110 10765 = 157 8~ < 9B 94+ 168
I < 136 10081 = 181 <1555 9402 + 179
II 136~ < 158 10171 £ 170 1555 ~ <1710 988 + 19.0
TClmg/dL) 11 158~ < 176 10389 + 17.3 0.381 1710 ~ <1890 9%64.1 £ 176 0816
I\Y% 176~ < 252 10457 = 17.3 189.0 ~ <2770 953.0 £ 176
I < 466 10529 + 74 < 532 985 + 179
II 466 ~ < 538 10433 + 173 532 ~ < 600 9544 + 182 _
HDL(mg/dL) I 538~ < 612 10228 + 171 0.074 60.0 ~ < 682 9460 £ 182 0.965
I\Y% 612~ <1002 9934 + 171 682 ~ < 926 980 £ 179
I < 250 9MU8 + 170 < 25 964+ 178
TC/HDL II 25~ < 28 10135+ 171 25~ < 29 963.3 + 184 _
. 0.021 0.725
ratio I 28~ < 33 10368 + 171 29~ < 33 9526 + 178
I\Y% 33~ < 64 10668 = 17.1 33~ < 54 93%3=+178
I < 68 10147 + 175 < 72 9%51.0 £ 180
Triglyceride 1I 68~ < 8 10261 + 175 0817 2~ < & 950.6 + 180 0431
(mg/dL) 11 8~ < 111 10361+ 175 87~ < 112 9323+ 175 7
I\Y% 111~ < 328 10342 + 173 112 ~ < 208 9741 = 180
I < 77 10399 + 183 < 7 9445+ 181
I T~ < 8 10342+ 197 _ B~ <1 9376 + 179
FBG(mg/dL) 11 81~ < 8 10104 + 154 0.58 9~ < ¥ 9383 + 174 0.161
I\% 8~ < 230 10340 = 17.1 84~ < 103 986.2 £ 176

Abbreviation of variables in Table 1.
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Table 8. Comparison of Right brachial-ankle PWV(cm/sec) by Level of
Cardiovascular Risk Factors

CVD L Male(n=225) Female(n=144)
. Criteria
risk factors n Meant SD p-value n Meant SD p-value
. <5 18 1056 + 1413 122 9513 + 1072
BMikg/mi) o 37 10393 + 1474 059 o) gsad £ 1046 0.906
<120 108 9824 + 1138 113 9324 + 1025
SBPmmHg) 0 117 10698 + 1309 QUL g 072 + 873 <0.001
<80 216 10200 * 1258 139 9507 + 1066
DBP(mmHg) g 8 12184 + 1003 <0001 0 - -
<03 176 10071 + 1211 127 951 + 1080
MAP(mmHg) g0 A8 11005 £ 1369 QOL 49 10103 + 601 0.042
Heart rate <90 200 10213 * 131 g 18 965+ 1088 .
(beat/min) =90 % 1080 + 1139 ' 9 10284 + 1215 '
<200 N7 10285 £ 132 121 901 + 1065
TCmg/dl) o 18 10199 + 1122 0789 o) o2+ 1139 0.659
M4, F>H 204 10265 + 1288 19 950 + 1072
HDLg/dL) o' Reg) 21 10403 + 1465 0646 “on g1+ 1042 0651
M40, F<38 193 10371 + 1426 129 9463+ 106
TCHDL ratio 110 Ro3s 32 11988 + 1745 0Ol 4 40057 + 1101 0.055
Triglyceride <150 04 10284 + 132 g 187 9895+ 1066 .
(mg/dL) >150 21 10221 + 1151 ' 5 10138 + 895 '
<110 920 10277 £ 1309 142 917 + 1064
FBGmg/dL) 3 1037 + 813 0.903 0 - - )
. No 178 10299 + 1324 123 951 + 1063
Smoking Yes 471020 + 1230 0647 19 45+ 905 0.059

Abbreviation of variables in Table 1.

Criteria of BMI, HDL, TG, FBG by AACE(American Association of Clinical Endocrinlogists)
Criteria of TC and HDL by NCEP(The Nation Cholesterol Education Prgram)

Criteria of SBP and DBP by JNC 7(Joint National Commitee 7th)

MAP=DBP+(SBP-DBP)/3
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Table 9. Multiple Regression Results of

CVD Risk Factors on Right brachial-ankle

PWYV (cm/sec)
Cardiovascular . Unadjusted Adjusted Model 1 Adjusted Model 2
S £ Quartile
sk factors B SE p-value B SE p-value B SE p-value
Male(n=225 )
I <188+
BMI(ka/rd) I 188 ~ <209 42 243 0.865 311 215 0150 303 211 0.153
ST o209 ~ <237 107 242 0659 -110 226 0626 48 221 0830
IV 237 ~ <381 -H38 241 0027 -481 257 0063 -395 252 0.119
SBP(mmHg) 56 0.7 <0.001 6.2 08 <0.001 38 12 0.002
DBP(mmHg) 87 10 <0.001 54 1.7 0.002
MAP(mmHg) 70 09 <0001
HR(beat/min) 21 07 0.003 -02 07 0.783 -1.0 07 0.199
TC(mg/dL) 05 03 0.083
HDL(mg/dL) -16 08 0.040
TC/HDL ratio 315 104 0.003 142 109 019% 125 107 0.244
TGlmg/dL) 01 02 0498
FBG(mg/dL) -00 06 0951
Cigarettes smoked/day -00 22 0.99% 21 19 0.232 18 19 0.351
Female(n=144 )
I <19.1%
5 I 191 ~ <207 -036 254 089 -349 216 0109 -332 217 0.128
BMI(kg/m")
m 207 ~ <231 -276 254 0914 278 225 0248 -226 224 0.314
IV 231 ~ <382 196 253 0439 622 245 0012 -B87 246 0.019
SBP(mmHg) 46 08  <0.001 53 08 <0.001 53 1.3  <0.001
DBP(mmHg) 62 12 <0.001 04 19 0.821
MAP(mmHg) 6.2 10  <0.001
HR(beat/min) 31 10 0.002 20 09 0.028 21 09 0.026
TC(mg/dL) 02 03 0.555
HDL(mg/dL) -01 07 0.872
TC/HDL ratio 106 147 0471 175 133 0.192 197 137 0.152
TG(mg/dL) 04 03 0.171
FBG(mg/dL) 32 14 0.024
Cigarettes smoked/day 53 30 0.079 51 26 0050 55 25 0.033

x Reference, Abbreviation of variables in Table 1.
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ABSTRACT

Association of Brachial-Ankle Pulse Wave Velocity with

Cardiovascular Risk Factors in Adolescents in Seoul

Lee, Hee Woo M.D.
Dept. of Public Health
The Graduate School

Yonsei University

The purpose of this paper was to investigate the association of Right brachial-ankle
Pulse Wave Velocity(RbaPWV, cm/sec), which is a predictor of arterial stiffness, with
cardiovascualr(CVD) risk factors in adolescents in Seoul.

The data were collected from total 369(male 225, female 144) students, the first
year of 3 high schools, who received physical examination according to School Health
Law in 2005 by Seoul School Health Promotion Center. They checked oscillometric
blood pressure of right brachium, and RbaPWV by using V-1000 Colin Ltd.

The measured variables were RbaPWV(cm/sec), and traditional CVD risk factors
including body masss index(BMI, kg/mz), systolic, diastolic, and mean arterial blood
pressure(SBP, DBP, MAP mmHg), heart rate(beat/min), total cholesterol(TC, mg/dL),
high density lipoprotein-cholesterol(HDL, mg/dL), TC/HDL ratio, triglyceride(TG,
mg/dL), fasting blood glucose(FBG, mg/dL), and cigarettes smoked/day.

Analytic method was first to describe means and prevalence of CVD risk factors,
secondly to investigate the association of the RbaPWV  with CVD risk factors by
using anova and simple regression, and finally by multiple regression after adjusting

for selective CVD risk factors.
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The results were as follows;

First, the mean age of subject was 152 year. Means of SBP in male was
121.2mmHg and higher than 111.0mmHg of female(p<0.001), and those of DBP and
MAP were also higher in male(p<0.001). However, in female, mean of heart
rate(p=0.002), TC, and HDL(p<0.001) were higher than male. The prevalence of
obesity(BMI>25) were 164% vs 13.9%, SBP(>120mmHg) 52% vs 20.1%, TC(>200
mg/dL) 89% vs 14.6%, and smoker 20.9% vs 13.2% in male vs female, respectively.

Secondly, mean of RbaPWV in male was 1027.8cm/sec, and higher than
951.7cm/sec of female(p<0.001).

Thirdly, in high risk group(SBP>120mmHg, DBP>80mmHg, MAP>93mmHg, heart
rate>90beat/min, and TC/HDL>4.0 or 3.8) in both of male and female students,
RbaPWV(cm/sec) were higher than those of normal group respectively.

Fourthly, in simple regression to assess association of RbaPWV with the CVD risk
factors, statistically significant parameters in male were SBP 5.6(p<0.001), DBP
8.7(p<0.001), MAP 7.0(p<0.001), heart rate 2.14(p=0.03), HDL -159(p=0.04), and TC/HDL
ratio 31.5(p=0.003), and in female, SBP 4.6(p<0.001) DBP 6.2(p<0.001), MAP 6.2(p<0.001)
and heart rate 3.1(p=0.002), and fasting blood sugar 3.2(p=0.02).

Fifthly, in multiple regression, the impact of CVD risk factors on RbaPWV(cm/sec)
were SBP(p=0.002) DBP(p<0.001) in male, but in female, only SBP(p<0.001), and heart
rate(p=0.026) and cigarettes smoked per day(p=0.033) were also significant,

In conclusion, impact of CVD risk factors on RbaPWV was SBP and DBP in male
gender, but SBP, heart rate per min, and cigarettes smoked per day in female, were
significant. RbaPWV can be indicator of arterial stiffness even in adolescents, especially
to early detect arterial stiffness in asymptomatic ones. Therefore, to prevent CVD and
early detect CVD risk factors, school health promotion strategy is necessary since

adolescents.

Key words: Adolescents, brachial-ankle Pulse Wave Velocity, RbaPWV, CVD Risk Factors
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Table S-1. Study subjects and The others n(%)
Category Sample The others Total
Students among 3 High Schools 369 (36.2) 650 (63.8) 1,019 (100)
Male 225 (35.0) 417 (65.0) 642 (100)
Female 144 (38.2) 233 (61.8) 377 (100)
Table S-2. Description of CVD Risk Factors Between Study Sample
and The others among 3 High Schools
CVD risk factors Mean+SD p-value
Male Sample (n=225 ) The others (n=417 )
BMI (kg/m’) 27+ 42 221+ 41 0.297
TC(mg/dL) 1588 =+ 287 156.4 + 252 0.300
HDL(mg/dL) M3+ 114 535+ 104 0.352
TC/HDL ratio 30+ 08 3.0+ 0.7 0.717
Triglyceride(mg/dL) 9%.9 + 432 1005 + 453  0.320
FBG(mg/dL) 28 + 137 80.7 £ 11.6  0.047
Female Sample(n=144 ) The others (n=233)
BMI (kg/mz) 214+ 36 213+ 31 0631
TC(mg/dL) 1741 £ 276 1719 + 26.0  0.445
HDL(mg/dL) 607 + 124 622+ 13.0 0.277
TC/HDL ratio 30+ 06 31+ 14 0854
Triglyceride(mg/dL) 923+ 291 1009 £ 372 0.012
FBG(mg/dL) 794 + 64 813+ 6.0 0.003

Abbreviation of variables in Table 1.
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Table S-3. Distribution of Right brachial-ankle PWV(cm/sec) by Gender

Category Male (n=225) Female(n=144) p-value
Mean+SD 1027.8 £130.3 951.7 +106.4 0.001
0 percentile 719.0 674.0
1 percentile 766.0 724.0
5 percentile 844.0 773.0
10 percentile 869.0 816.0
25 percentile 942.0 883.0
50 percentile 1011.0 949.5
75 percentile 1114.0 1023.0
90 percentile 1216.0 1090.0
95 percentile 1259.0 1127.0
9 percentile 1326.0 1181.0
100 percentile 1524.0 1259.0

Table S-4. Comparison of RbaPWV(cm/sec) between High CVD Risk and Normal
group according to 95 percentile of Each Factor

VD Male(n=225) Female(n=144)
risk factors Criteria n Means £ SD p-value Criteria n Means £ SD  p-value
9 <30.6 213 10266 + 1287 <2716 136 952.0 + 106.1
BMIeg/m) >30.6 12 10494 + 160.4 0.556 >276 8 HU79 £ 120.1 0.916
<143 213 10180 + 1247 <128 133 MU72 £ 1072
SBR( %) >143 12 1201.1 + 1039 <0001 >128 9 10192 + 684 0.049
<79 209 10150 + 1230 <73 128 MU75 + 1086
DBP( ) >79 15 1195.3 + 1124 <0001 >73 11 9879 + 738 0.229
<101 211 1019.2 + 1246 <% 130 M6.1 £ 107.3
( ) >101 13 1156.2 + 154.3 0.0002 >9% 9 10182 + 694 0.049
Heart Rate <9 212 10246 + 131.7 0130 <91 133 M65 + 1038 005
(beat/min) >% 13 1081.0 + 935 ' >91 9 10284 + 1215
<212 213 10266 + 1314 <230 134 %H1.8 £ 1079
TClmg/dL) >212 12 1050.3 + 1109 0541 >230 8 900 £ 826 0.962
HDL(mg/dL)" >376 213 10269 + 1299 066 >42 134 9505 + 105.0 0565
e <376 12 10447 + 1418 ' <42 8 9729 + 1344 '
TC/UDL rat <479 213 10254 + 132.1 0251 <389 134 9.1 £ 105.0 0233
T 47 12 10609+ 3 O >389 8 9955+ 187
2
T <192 213 10296 + 1305 0391 <138 134 9299 £ 1072 0105
>192 12 99%.3 £ 1286 >138 8 1011.0 + 748
<93 208 10276 + 1324 <89 132 MU71 £ 1041
2
FBG 93> 17 10305 + 1039 0.929 >89 10 10134 + 1231 0.057

Abbreviation of variables in Table 1.
‘High Risk Group 1is <5 percentile of HDL
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