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Pulse wave velocity and ankle brachial index in
adolescents with essential hypertension

Sun Young Joo, M.D., Ki Young Cho, M.D., Su Jin Cho, M.D. and Young Mi Hong, M.D.

Department of Pediatrics, College of Medicine, Ewha Womans University, Seoul, Korea

Purpose : Pulse wave velocity(PWV) and ankle brachial index(ABI) are not only noninvasive meth-
ods used to assess arterial stiffness in adults, but also useful, simple ways to estimate the severity
of hypertension, end stage renal disease and atherosclerosis in adults. But there are few studies on
PWYV and ABI in adolescents and children. In this study, hypertensive adolescents were compared to
normal individuals to find out the usefulness of PWV as the index of progress in the disease.
Methods : 413 teenagers were divided into three groups. The first group consisted of adolescents
that only had hypertension(Group 1:23 teenagers). The second group consisted of the adolescents
who had hypertension with obesity(Group 2:17 teenagers), and the last group was the normal sub-
jects(Group 3:328 teenagers). Weight, height and body mass index were measured. Simultaneous
measurements of systolic, diastolic and average blood pressure were obtained from the four extrem-
ities. PWV, ABI, ejection time and preejection period were also measured.

Results : Right brachial-ankle PWV was significantly higher in both group 1 and group 2 compared
with group 3, and significantly higher in group 2 compared with group 1. Likewise, left brachial—
ankle PWV also showed significantly higher values in both group 1 and group 2 compared with
group 3, and also higher values in group 2 compared with group 1. Positive correlations were found
between the systolic, diastolic, average blood pressure and PWV. There were also positive correla-
tions between the blood pressure and weight, body mass index.

Conclusion : Higher PWV was demonstrated in adolescents with essential hypertension compared to
normal subjects. Follow—up study is needed to evaluate the progress. (Korean ] Pediatr 2006;49:
769-776)
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2) A|E2FK|(body mass index, BMI)

AAFARE) Aol A% (kg)e A3 AFFHmMIOR e
gom a5 @A EAsth ADEASE 19994 o)
Faofustgol ] FAF @ xok @ Hade] A AT
wigle] 05 MRS oY g wmoz Aolsdn, ¥
269(kg/m?) 1%, 17k 26.1(kg/m’) ©ldoz ATk

3) 8ot &%

et oscillometric @YAIE AFESte] Hojm 107 o]

of ZFA 2/3 Unle] YstAR 2EE
2-3% A¥} Fof 23] ¥k

A E ddAte] dYgpte 2 HAstdoh ¥ Ao
7] 8H(systolic blood pressure, SBP)< 140 mmHg ©]4, ©]
2+7] E9H(diastolic blood pressure, DBP) 90 mmHg °©]4&<
2, 8 dAFlAe 57 oy oy s F eHARE
oo Wil 18 go]l de AR ATt

4) pulse wave velocity(PWV), ankle brachial index

(ABI), ejection time(ET), preejection period(PEP)

PWV<el ABIE VP-1000(Colin Co. Ltd, Komaki, Japan)
71AE AHEstel ZAEth PWV, ABIL A9l 8, AAE,
LS BN FA43Y AFHeR J|ZadY ATE #F FF
ol #olil, AxE F T3} Do stk AZE plethy-
mographic sensordl A ] volume pulse forme ZA 33
31, oscillometric pressure sensorZ d¢g FA3IATE PWV
(cm/s)E 7 AR Atole] Al(ecm)E Wi} A AH(s) 22
= rem Aok & AelA, PWVE ¢k & (brachial
artery) ¥ WeE(ankle) S2HE SHs9tHbaPWV). ABI= &
EoA F4E 757 d99 JaeeA A4 +57] d9
o] vjE = Aottt

BE ASAE 124 54 2lFE §< SAHEAT

A ARk A BRE e Ao taEAsE 127189
i, SAS system©Z Windows version 11.0& ©]&3}3]
Student t-test® °]&3lom ZF ®F3te] FAIGA 9
2 Pearson’s correlation coefficient +47HS ©]-&
stk Pgtel 0.057RIRl A5 frelsithal #4ssith
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1. as

dm

AL 1ol 712495 kg, 2794 90.1£10.0 kg, 3ol
A 567183 kg® 2wolA 13} 3ol HlE] frelakAl F-AS
thP<0.05). AAZHAFE 17olA 242423 kg/m®, 27914
307425 kg/m’, 3welA 205424 kg/m’® 27tel A 133} 3
ol vE FosA FAYTHP<0.05). A8 15l 4] 171.1+
74 cm, 23914 1712481 cm, 3794 166.0+74 cm=z Al
w3kl ol gk kel 7 AATHP>0.05)(Table 1).

2. ARIOIM SAl0l SE5 set

$= e £=7] d¢e 27 1415497 mmHg, 1+
139.7+11.6 mmHgS 2 3% 114.8%+10.6 mmHgol #l3 f<]3}
A =ATH(P<0.05). &5 el #57] 42 2 141.3+ 77
mmHg, 1% 139.1710.5 mmHgo 2 3% 114.1+11.2 mmHg?ll
vlal folaA =RTHP<0.05). -5 5o $57] dtd 27
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Table 1. Anthropometric Data of Study Groups

Anthropometric data Group 1 Group 2 Group 3
Number 23 17 328
Male/Female 22/1 14/3 167/161
Age 150*15 156*14 152*0.5
Height(cm) 171.1+74  171.2%+81 166.0+7.4
Weight(kg) 71.2%£95 90.1£10.0" 56.7£8.3
BMI(kg/m?) 24.2+23 307+£25" 205*24

*Abbreviation :BMI, body mass index
P<0.05 vs Group 3

Table 2. Simultaneous Measurement of Blood Pressure over
the Four Extremities

Blood pressure

(mmHg) Group 1 Group 2 Group 3
RB
Systolic BP 139.7+11.6" 1415+9.7 114.8+10.6
MAP 99.4+85" 99.8+8.1" 82783
Diastolic BP 75.6+7.9 765+6.1" 62.7£6.8
LB
Systolic BP 139.1+£10.5" 141377 114.1+11.2
MAP 99.7+74" 99.9+7.3" 82.4%89
Diastolic BP 76.6+£8.0° 76.3+6.1" 62.3£6.7
RA
Systolic BP 141.0£19.0" 1464+12.7" 1 1225+13.8
MAP 96.3+12.8" 97.9+74" 80.7£85
Diastolic BP 723+11.2" 75075 61174
LA
Systolic BP 141.7+17.9" 1470+126" 1 1209+136
MAP 95.8+11.4" 098.7+54" 1 80.7£8.7
Diastolic BP 73.7+t11.1" 75.6+5.0° 61.0£6.9

"P<0.05 vs Group 3, "P<0.05 vs Group 1

Abbreviations : BP, blood pressure; RB, right brachial; LB, left
brachial; RA, right ankle; LA, left ankle; MAP, mean arterial
pressure

146.4+12.7 mmHg, 17 141.0+19.0 mmHgo =2 37 1225+
138 mmHgol B8l F3tAl =oka, 292 1ol vl Fofs)

| = TH(P<0.05). 25 T £27] Y JA] 21 1470+
126 mmHg, 1% 141.7+179 mmHgoZ 37 1209+136
mmHgol Hl&) FelebA ko, 2w 1ol Hlal] folstA &
ATHP<0.05). AHAe] Hit 2 olghy] FYe 177} 234 3
ol B3] o8l Al = RTHP<0.05)(Table 2).

3. Me=E(HR), Ejection time(ET), Pre-ejection
perlod(PEP) Pre-ejection timel} Eejection Time
Hlo| H|T

AV HFE 22

17 87.8+1823/%, 2v 788+10.23]/%, 3
76311083/ 0 2 Al w3l Felgh xpol7b AATHP>0.05).
Wb AIZRE 19 246.9158.7 msec, 27 254.9+68.9 msec, 37
2815%17.3 msec® Al I Abelell FoJ g zol7t YATHP>
0.05). PEP+ 1+ 75.0%24.6 msec, 2v" 74.8+23.4 msec, 31"
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Table 3. Comparison of Heart Rate, Ejection Time, Pre-
Ejection Period and the Ratio of Pre-Ejection Period and
Ejection Time of Lft Ventricle

Group 1 Group 2 Group 3
HR(/min) 87.8118.2 788*10.2 76.3110.8
ET(msec) 246.9+158.7 254.9*68.9 28151173
PEP(msec) 75.0t24.6 74.8+234 81.3*1155
PEP/ET 0.30£0.08 0.29*0.06 0.29+0.06
P>0.05

Abbreviations : HR, heart rate; ET, ejection time; PEP, pree-
jection period
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Fig. 1. Comparison of the ratio of pre-ejection period and
ejection time of left ventricle(PEP/ET).

8131155 msec® 2 oA feldk AFol7h GIATHP>0.05).
PEP/ET+ 1+ 0.30£0.08, 2+ 0.29+0.06, 3« 0.29+0.062.%
Al Abelell Fe] 7k Akl ITHP>0.05)(Table 3, Fig. 1).

4. Pulse wave velocity(PWV)2t Ankle brachial

index (ABI)

5 gy BE Atele] PWV(RbaPWV)E 1+%(1,186.4+
134.9 cm/sec)® 27(1,214.4+458 cm/sec) EFolA 37(939.1
+84.3 cm/sec)ol HlEl FolehAl ERhoW(P<0.05), 2:olA 1
ol wEl oAl EATHP<0.05). #5 Agkn s Alol 9]
PWV(LbaPWV) 3k 17(1,198.4199.8 cm/sec)¥ 2+-(1,219.7
1432 cm/sec) EFolA 37(942.1£75.8 cm/sec)dll HIE] F-<]
A RO (P<0.05), 2welA 1kell vls fFoJstAl Edvt
(P<0.05)(Table 4). RbaPWV$} LbaPWVE 28 x}o]7} ¢l
Aar, 2wl A 7 Al 19, 37 oE SUtH(Fig. 2).
ABI= 1 100.0+£11.0, 2 103.7+5.9, 3¢ 1054+75%2 7 &
ol A ek xfol7t AATHP>0.05). 5 ABI G4 13 100.4
+9.7, 2% 104.2+7.9, 375 104.1+76%2 7+ oAl fo& Ao
7F AATHP>0.05)(Table 4). +3 ABI¢} #5 ABIE #93%
zkol7b GlATHFig. 3).
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Fig. 2. Comparison of brachial ankle pulse wave velocity. Ab-
breviations : RbaPWV, right brachial ankle pulse wave veloc-
ity; LbaPWYV, left brachial ankle pulse wave velocity.

Table 4. Comparison of Pulse Wave Velocities(PWV) and
Ankle-Brachial Index(ABI)

Group 1 Group 2 Group 3

RbaPWV(cm/sec) 1,186.4+134.9" 1,2144+458" T 939.1+84.3
LbaPWV(cm/sec) 1,1984+99.8" 1,219.7+432" T 942.1+758
RABI 100.0+11.0 103.7+5.9 105.4+75
LABI 100.4+9.7 104.2%+79 104.1+7.6

"P<0.05 vs Group 3, "P<0.05 vs Group 1
Abbreviations : RbaPWV, right brachial-ankle pulse wave ve-
locity; LbaPWV, left brachial-ankle pulse wave velocity;
RABI, right ankle brachial index; LABI, left ankle brachial
index

5. AIX| €2tn} AIEH A=, BMI, PWVele| Atz 2HH|

F57] g9 Ar=0.360), A5 (r=0.560),
BMI(r=0.480), RbaPWV(r=0.643), LbaPWV(r=0.612)%
frolat &ol A #AVE ARATHP<0.01)(Fig. 4, 5). AHAl <]
FE71, o7, 4942 A%, AF, BMI, RbaPWV,
LbaPWV e o8t <ke] A3 #A7F A ATHP<0.01)(Table 5).
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Fig. 3. Comparison of ankle brachial index. Abbreviations :
RABI, right ankle brachial index; LABI, left ankle brachial
index.
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Fig. 4. Linear correlation between right brachial
systolic pressure and weight, height, body mass
index.
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Fig. 5. Linear correlation between right brachial systolic pressure and right brachial pulse wave veloc-

ity, left brachial ankle pulse wave velocity.

NNAE AHEstel ZA 3
et B AlZH(transit time)
e AFNME dg-TE PWV

(baPWV)E &9 AHE3HATE PWVE
Az w8 Fado] AA hETol HEl PWVIE o
S7veka, ARAY " A%, AT
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PWVA Sl S S BEE ¢ A0, A B

rr

(Colin Co. Ltd, Komaki, Japan)
4 PWVE 7 A# *}0194 A&
o7 UFE o=

3o
73 4%

25 ByAE AZE ol&sle F4= baPWVE tE HA
T4 A 7ARG o rasieh Z1AE kdska, thdsta &
g Azl FA A7) wZel tiatE ATelA g &3S A
Aaped o H4A AREE 5 Qo
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Table 5. Comparison between Blood Pressure and Height,
Weight, Body Mass index, Pulse Wave Velocity

Blood pressure

Height Weight BMI RbaPWV LbaPWV

(mmHg)
RB
Systolic BP 0.360° 05607  0.480"  0.643" 0.612"
MAP 0.362°  0479° 0387  0.599" 0.561"
Diastolic BP  0.243°  0.429° 0.378"  0.607" 0.551"
LB
Systolic BP 0.386° 0558 0.469"  0.624" 0.593"
MAP 0.378°  0.469° 0369 0567 0518
Diastolic BP 0283 0.422° 0357 0.604" 0.538"
RA
Systolic BP 03127 04907 0423° 0515 0.472"
MAP 0214"  0462° 0431° 0.668" 0.581"
Diastolic BP  0.164°  0.373° 0356 0611 0.538"
LA
Systolic BP 0.286° 0505 0452° 0528 0.513"
MAP 0.197°  0.469° 0449  0.609" 0.554"
Diastolic BP  0.186"  0.409° 0.388"  0.611" 0.539"

*P<0.01

Abbreviations : BP, blood pressure; RB, right brachial; LB, left
brachial; RA, right ankle; LA, left ankle; RbaPWV, right
brachial ankle pulse wave velocity; LbaPWV, left brachial
ankle pulse wave velocity
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