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Tracking of blood pressure during childhood
Soon Young Lee, Il Seo, Jeung Mo Nam

Department of Preventive Medicine and Public Health
Yonsei University College of Medicine

The purpose of this study is to find the tracking of blood pressure in primary school-age children,
A follow-up study was conducted from 1986 to 1990 on 330 first grade children attending primary
schools in Kangwha County, Kyungki-Do.

Basically we employed a linear regression model with random coefficients to figure out the relation
between blood pressure changes and initial blood pressure,

We obtained the following results :

1. The mean blood pressures were increased grade went up in both sexs and were generally higher
in female than malé except for the systolic blood pressure at first grade. The size of difference
was about 0.8 mmHg in mean systolic blood pressure and 1.5 mmHg in mean diastolic blood pressure.

2. The average annual increasing rates of systolic blood pressure were 2.5 mmHg in male and
3.1 mmHg in female respectively. For the diastolic blood pressure IV the average annual increasing
rates were observed to be 3.0 mmHg in male and 2.9 mmHg in female respectively. Increasing rate
of systolic blood pressure was significantly higher in female than male,

3. The adjusted regression coefficient of systolic blood pressure change on initial value was -0,
11 in male and -0.13 in female and that coefficient of diastolic blood pressure change on initial value
was -0.01 in male and -0.11 in female, This result shows that children with higher initial blood pressure
do not pick up their blood pressure faster than others with lower initial blood pressure, There is
no evidence of tracking of blood pressure in children.

It is essential to find the earliest age having the tracking of blood pressure and we leave it for
the further study.
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AHe7) & 2 0] d Y o] YL o}F o A (growth)
2 AZ(maturation) st APF AL AH(Voors %,
1977 ; Katz 5, 1980). w2}y 383 474 ojxel &gt
o2 1 o}Fe] HUEYE d&de AL LoJIdA ¥
g 2y AEEA dgo] Fa3 2Eor §7449 A
19603 Fwo| R E QAEEE B dAgd ¢
£8 N8R o Aol wds=7] oA Y
S (natural history) 2 ¥t 2 AUES FuAP
=Fog AUEY ¥ ople} ojs¥Yd i A7t
KD Ao e l= 8
Zo g tid A7 1960 tiel AlFE o 7]
Lote] YRS} Y AR 2AF FHIE
FEo] F2 Ao} 197080 Futd] Eojx&
Az $9 AAQ A7 A A2 of
S 988959 A£&A(tracking phenomenon)ol] ik
Mdo] ZojlodA HAZ olddd AYPAANES 24T
Aotgo] AF Aol so] YAEAHS BHeA E A
A7b7k Ao AL HAUoh Aolel AL ke
AAds A7 mo] daE Ze oo Jle Aot
kel AdA e 43 71AFAE ASHE 4FE
BetE Bzt fle W (Oberman &, 1967 : Zinner
= 1975 ; Buck 5, 1973 ; Webber &, 1983) dWtxo
2 27 38l 8¢4F-S 891 (lability) 332 (Fronhlich
%, 1970 : Genest, 1974) Zo}7]l B3] AlEr|dle 3¢
9 R&A o] glvke R1x lof(Bringgold 5, 1976 ; Katz
5, 1980) ol gte] &4 AR ods] o $ @4
o] Qe AFHAolr). B3] FuHor FY WHENF
o AFHE Lot gl &AL mAH <o
o] m¥gos @ AFo| vhEol Ytn & F gle
U AAz Agr) A3 A3 s F oksY Y
g A4 H3E A0 olgEY A Axe

n e R

A @F 7] ¥k Fig. 1).

ekl AAIR Mol dete A&PE i 97
&8 A9 d79 tEo] dAIIT FUY Y W
s} %7) 71EA M9 d<t(initial value)ihe] BAE AF
3k ﬁ(Blomqvist,- 1977 . Mérgaret %, 1980 : Kurt %,
1980 : Wu 5, 1980 ; Svardsuud &, 1980)¢} Sit}. =7)
A1EA A dto]l U} olFo] ¥ehdslz A
o] Aol dghasan A BAHAE ¢ ddo A
o](Sparrow &, 1982) A3 A9 n8Yez @ gl
2 ez pudg whdd a9E Wz AldA B
Z= 9ol ‘horse racing effect’ = & A|HA 8gfo] &
& Aol 1 o)F Wgte FhEx Ade Aol oFF
qAE ALEHA gede 1T UrHWoynaroska %,
1985 ; Hofman %, 1983 : Peto, 1981 ; Scardsudd, 1980
:Wu g, 1980).

Sehtatol A o] R0l AojEte] tjE Ay AF
£ F2 UuA AFed 2 GYEE(RE, 1963
DHAY, 1968 HE T, 1989)ek 1 dHA QL i

2N BAE APRE ohEEYS AAY WU g
2 A 51989 94F oz FNew 18hd oL
443 FHVRS 49 WB9So APEE polel
g9to] AL AP ed 49 209EASFY ¥

& 7 obgd AZHE KUY DYYE oFF

(Shear %, 1987 ; Londe, 1971 ; Buck, 1973)0] &3l&
A9 109959 olge AEALE FofshA ittt
. weky WEYSFE NFORG 71E9 B oA
§ dolzt zZ+ obEe] dehdste 27 VIEELIY B
AE EAgozd 2448 o £H8A Hele a7t
g gsjr}

of A7 & ALY 47 Fwistwe A4S of
Aoz 1986 1813 A FolUW oty 9 &
g3 29 wd" HLEE 19909 5EddAA wd
ZAZAS 24E AARE 728 2V 71EEY

determinants 0-3 4-7 8-11 12-16 adolescence adults with
predisposing - clinical Sx
high
> |~ — ) severe
% l 4 pubetty
> — s > pild
> low

Fig. 1. A schematic presentation of the change of nsk factor variables

over time (Berenson, 1980)
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# 1 olF ZFE ¥ty wsiele] #AAE EAslq
oo &Y AR g B izt sl

TR AFEARLE g g

AA, FNHR otFY Y FehAsey 2IE
otatal, 4, obs ¥t 443 of 3-(tracking pheno-
menon) & %3,

HT nEAY A3 TS c8r|Ago] Atuelel
of A1 SelvetelA olnl vlx FAA HAgsn
e dol A Zd dig FHAHA Y A 4
8Pl d&He ok U AFaY B ¢ n&
55 X n¥Y AdA g da o2 HAY
g A71E AAshs 712AE7 HE 7o,

I. A+ dhy

bl Yass 27 AFUYSe wAE 248
7l slstd ZAARE 4R oksel 15N 5%
Wz Wee wd 2qse] eegvzdes 7
obgel Whaate S TETh o7l TE Wehwags
2 o}ge) 27 AFUYRY BT venARY
Faed AAAFE P RS wPB.
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1986 79 A Fri= AT A3gd aAstn
AE 4o gt n (s, g, 3§ 2 dEgIuga)
o 18hd A&tE 4304 71EolEos MA s 1990
d 58l dAAA 7 obge] S whd FAH=AL
stk 1986 o) 18do] A3 Fold o} 2114,
oo} 2199 F 59E¢ FARAD) 7MEdAd ol
Wid Azt oley 24 Bd AMA 1039 A9
330902 Qe FF FAF olF9 HE& Table 1
% gon 5{dFe AP} H5Eed ol g ZIEER
At ‘

3. ZAlH2

slzelEel 427189 (Korotkoff Phase 1)zt o)$h
7184 (Korotkoff Phase W & V), #@¥, A# A3
Fsd 2 ARFARFEE)E Al A

Table 1. Frequency of follow-up children by sex

Grade(Year) Male(%) Female(%) Total(%)
1(°86) 211(100.0)  219(100.0)  430(100.0)
5(°90) 166( 78.7) 164( 749)  330( 76.7)
4. TAKY

7h RAM A Fady

e 451 S F o) Aol Felstu s
4 10~129¢ Wid 2APoE HAsAh 2AMLZ
9 2848 Foln WY 2AAY ML o7

gshel MY EAANA N 2e A ¢ Pgoz

GFYT FAsA ZALENA A7 AA9 24

of W wgetn, B, W, A%, AF 2 DR
24¢ W gARYG.

g¢}24 - The Task Force On Blood Pressure Control
(1977, 1987)90A dFste WL 7IE2E AXFHY Y,
ZALA 7Y 20 AE Fol7] 9A3td @A cuffo] 3
el AR7](three way)g dd3td 238 F Zxzl9
FAXNE vudls FHE 8o Texasthdn BAY 3}
9 98t 7 AlE o] 9923 4 2 (Program on epidemiology
on blood pressure in childhood, youth and early adulthood )
2 345 Yrstdo. ,

HE5AE 2% ZFAE MRS triceps skinfold
& upper arm muscle size norms for assessment of nutritional
status(1974) AyolAl ARs= FHYHoE vk F
datyrt

. ZAby

ZAVEE 2EE HAAY 24 eA¢ gl AE
g vtdstarh. A A7) Aol olgEdlA 23
st s FEFH exE AAE Adstd 2 o&
4lE B3 243 HolA FAME 2EE FAAAL,
Ao =2t Fuje ZAo] oF 1080]4 gko} ¢
& FeHA A thge eAld wel FAREIY .

AH, LEZ AP FUXHAAN 2 BEYE
3% ¥ BE Ad2PA PRE Feod FrFH2
AR AT R AEEAE 239

=4, Ao gl & Y AuoA 2FHdA 30
23 AEks ZAST Gl dNF F2FIYA
E 4ele] Aolf cuff(9x22cm)E 42719 ol

—163 —



g HASAHBEANTF 226cm o]l ofe S 4
A4 cuffE AHEFH.
AR, 334 AFE YT
vlA, 58 A4FF FHx wuy g4 g2 Py
o2 &Rt
mRigte 2 AA7FAEE s

5 BAuy

7 BAUA 2 WMy

71EokE 4309 % 53hduitA Ald FFRAL v
P go} 166, ool 164Fe AFAIA F BHEM
(outlier) & #j9jgt ol 1623, o} 1605 & ¥4 W4
o2 39} o¢ty} YL Korotkoff phase N & A}&-
&3 20 (Berenson %, 1980) 2 shdel #gte A
2 3" 843 7oA 338 dYe] g g ol &3
piie

o shdE Y olsEY BX ‘

71EokEd) 180, 28hd, 3809, 43hd 9 53hd o]
BadYgs 2+ obFol 5z dshuste] Has xEd
A& iz #z Faich

o 8¢ waga 22 JEdY

A48 AN 23 dYg9 Azt wg Wag
& ol 39 B39 7147l bt €@dh Feinleibe
(1969) @stol Alztoll wizl X542 (linear trend) W3}
L 4 Y g AN TH 71 (¥Y
Hahg) g E(R7) J1E)E oy AFERE dr)
2 73

&, A Abge] AAdAM e "eke YR gy

Yy=m+bttey (=1, 2, -, k:i=1, 2, -, n)
......................................................... (4 1)
&, Yy #5¥e

m;F 27) 71EEY~N(y, on’)

b 3 7)€Y

(m,, b,) ; independent bivariate normal distribution

mean(g, £)
covariance matrix 2=[am’ amj
’ 2
Omy Op

&~N(0, 72).

e 2 BAG B2 AF 22 o9 UoiM:

Aol we} Wako 2 (intra-individual variation) %3 €
18dae] dy4e 7] 738G st EAsld H
87} A7ickFeinleib %, 1969). w2bd 4 19 2383
7§ 5‘4@"“"1 Al oA el djtez UFdE & e my
z7] 71@¥gez S|k 22 7 obgel ¥sh
‘Hﬂ%(bn)# 271 NER(my) & &I AN E ol 48
of FaA.

g dehisgw 27| 728U (initial value) 2o #
A 3ty

¢ dstgs 27 JEYSe #AE Bl Y8
of gtllA] 2R3 Wt WSS WMEEFE, FS %
7] 7128 4PAEFE o dEIARMS & A
AlAYE BAd A B & A+ ‘regression toward the mean’
BEFHE 23t ol Holg A Ay st FHG
(the method of Feinleid, Halperin and Garrison) 2 A
¢ (ML ; Maximum Likelihood Method)o] A5
Aed 493l &(Wu 7, 1980) Adszgoz 2
29 ¢& AL

Feinleib $3 #& 714 stolA Blomquists 3%
Z27] 718yl ¥ d88(b)e AN o9 &
A FRAAA g8 A

e

b|=a+0’m|+ai(i=1, 2' e n) ............... (/_\_] 2)
&om s 27 188G ~N(g, on?)
b & 71&7

(my, by) ; independent bivariate normal distribution

mean(g, A) covariance matrix

Z=0n" o'mb]
2
9mp 9p

a ; constant
6,~N(0, as)
A 194 7]*@‘3(%)4 ks (b ’54 1904
o 7187)& 338 F 4 204 IAAAFA 7& 7o

o ol 4 3°ﬂ w2t & SAASE -ﬁ‘.’}E}(Blomq‘ﬂSt,
1977). 97} %9} & AR o 2717188l =& o
Fol "F FUhgol Aax, AF Y A%Ae] Unn
¥ 5 U

F =(@ad) [ (1=ad) oo (4 3)
a, _‘t/su t= Z(tl t)z
ap _z t/ (KSy),
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A =”C2/Sm2,

sc2=mean of the individual residual mean squares

as an estimate of the error variance

Sm?=sample variance of the estimated intercepts

1. 8iE

ATEOLFS

o 557 ¥
-1,

W ghdvtt oope]

of Hate] 4

1w @ w%d gl
o %7}

st ch(Tabl 2

Table 2—2). 18hdue] %7 d¢4& Adstie
&7 4¢3
27 49 FF 0.8mmHg, ©)¢7]

wo

g

o|gk7] deto]

& #@# 15mmHgrt & ASE B2 (Fig. 2).

2. MY eisl 9 Welgn =7| J|1FE
FE7] g2 595t Holol A HF
ol7} 132mmHg Z7}38lg 1
¥4 11.6mmHg, lo}7} 11.5mmHg
3 AANAM 13 7 olF £

, °1$7]

ot
=

113

7+ 103 mmHg, o
e ot A

A9, B

Z7] o] Walge A

A dopol A 25 mmHg, H<}7t 3.1 mmHgo] R @y

9] e EAGdHez fostgt adgn

ojgtr} dgt

Table 2-1. Mean systohc blood pressure by sex

unit : mmHg
Grade(year) Male Female
1('86) 97.6(£ 95) 9.5(£ 99)
1('87) 99.5(% 7.6) 996(£ 93)
3('88) 102.6(+ 85) 103.1(£104)
4(‘89) 103.7(+ 9.0) 1046(+ 9.1)
5('90) 107.9(£105) 109.7(£106)

Table 2-2. Mean diastolic blood pressure by sex

unit : mmHg
Grade(year) Male Female
1('86) 60.1(£7.5) 61.7(1+80)
2('87) 63.3(16.8) 651(£7.2)
3(°88) 64.6(£9.8) 66.8(+£9.0)
4('89) 705(£8.5) 71.1(£82)
5(*90) 717(£80) 732(+84)

muHg Systolic BP Female
110
Male
100 7_4:___-—“—’-/__/
90
80 Diastolic BP Female
. / fale
€0
0
1 2 3 4 5 Grade

Fig. 2. Distribution of mean blood pressure by sex.

dolol A 3.0 mmHg, ¢o}7} 2.9 mmHg
AR s fol3tA ekatri(Table
3). B £E7) 8 olgy] sk wEhgd YVEIY
A4S BAi(Fig. 3—1, Fig. 3—2).

2o AN 3 F£EH7)9 2N
o}7} 988 mmHg, jo}7t 93.3 mmHge]® o|$719) X7]
712d4e golrl 56.9mmbg, oo} 588 mmHgs
(Table 4) Ztzt YxE¥ ol 7A3E RQHFig 4-1,
Fig. 4-2).

NEdge 9

Table 3. 5-year change and change rate of blood pressure
of children by sex

Change for bHyears Change rate

Variables (mmHg) (mmHg/yr)
I\Iale Female t-value I\LEFemale t-value
Systolic BP 103 132 241" 25 31 245°
Diastolic BP 116 115 -14 30 29 -55
* 1 p0.05 . o
20/8 Male Fernale

o U
; i

- ' L i L1

T T

T T
~“-3-2-1012345678%

-32A012"4..67B°

Fig. 3-1. Distribution of change rates for systolic blood
pressure
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—3-3-2-!0A23436 89 —5—3-2—'3;.313513“

Fig. 3-2. Distribution of change rates for diastolic blood
pressure

Table 4. Initial values of blood pressure using

linear regression unit : mmHg
Variables Male Female
Systolic BP 94.8(49.38) 933(£11.1)
Diastolic BP 56.9(1:7.94) 58.8(1841)
o,
2/§ Female

[5)]

N

70 75 30 45 90 95 1C01C5110115120 70 75 80 85 90 95.100105110115120
Fig. 4-1. Distribution of initial values for systolic blood

pressure
Z/g Male Female
20
15 A
10 !
5
e B R ==

3035404;:033506:707350 3035404530:5006510:3&0

Fig. 4-2. Distribution of initial values for diastolic blood
pressure

3. st HsIBD 27| JIEgUTel 2
FEUY A%

A ol %(tracking phenomenon)& <

71 st} @Ed A e Fko 7Y 7 ohEel kW
kg3 27) /1SR #AE AU B
A gy g & £F719 ojgy) e v 7E
ok dohwiske 2 $9 #AR FAHHeE £

S o|RAE BAASF AE o] £¥ Y $Eyoez
BAS FoE 27 /E8Y &9 #AAE Bdc(Table
5. & ¥ Fix 71&719 oz gihsgey

o) oz VA e Qe 27 71EULel
£& o}5o] 7] VIEYYl Re ofEA Mste] A
Z7bgol aXE Yo Ao, & Yol %4l ¢
%8 AAHTH(Fig. 51, Fig. 5-2).

N1 #

SRejAd aEstel Aopvldl ofnf Eaistyl AREE
H 3 (Voors 5, 1977 : Londe %, 1971)7} A& & A9
A9 udbY Ayvt AolrldztA rdE et obF Y
gte] A& dgte] r1sk#(natural history)E Q2 M,

DY FYHPS Walw, olEHY AW 2
wagoad 4ol slof 4d naYez WA

& e 228 vF A5%n 238 F Acke B

Table 5. Regression coefficients of estimated blood pressure
changes on initial value using ML methods

Systohc BP Diastolic BP
Method used @ = —me— e
Male Female Male Female
Regression o
R? Al 51 A48 55
Linear regression -16* -17t 180 -20°
coefficient(g")
Variance of initial 8791 12296 6310 70.79
value(Sm?)
MSE" 2568 3352 3696 3558
Maximum likelihood
Adjustment 29 27 59 50
coefficient (1)
Adjusted regression -1 -13 -0 -1
coefficient(§)

1) MSE : Average mean square error from linear regression
of blood pressure on age (mmHg?)
* - p<0.05
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BP change BP change
rate(mmHg / yr) rate (mmHg /yr)
Male Female
g 8’
Initial Value Initial Value
Fig. 5-1. Change rate for systolic blood pressure on initial
value
BP change BP change
rate(mmHg / yr) rate (mmHg /yr)
Male Female

,

S

@) ©>

N

@) @)

Initial Value

Initial Value

Fig. 5-2. Change rate for diastolic blood pressure on initial

value

H g dug puc 53 @ ABAN 23 YY)
$& ol5o] AYZIEE AW oFe Ygow 1
obgol 4olo] 51U Wel YYS AxF & Yn 2
ob7le] WAEH, el 2 wse Aol my oy
Aoz neld 4 Uk

ol @y Yol @ MM olEES AAAA A
ol QAW AR/ NS 1SdVE A7)
A EE AE71el SadHAA Md BYe H¥dos
W, 7 obEd WAZASS AAY BAL B at
% Al

Agrrre A2AA A, F9, N, LEFY A
AABIZY, 078 Agkapol, Aelsh A4, shil, 7%,
zggasl #7 Sl WY & AcAFISLAYS,
1989). olR1HE melstel Shainith BUAY ZPAED
A BAF Faol AAHAN B 6U~8Y Abolo)
AWHES QT TP WAe P8I ool 4wl
S B3 [0Rold Stopd AHHEE S A=A
H7re] 2POAE Folm MY 2 HaAE ol
A gel M 2 WMo wasT W TS

LS 2L A et 2Y14S 2eskn
9 =9)(National heart, lung, and blood institute, 1987)

# Fdvh 226cm7t W obEE A& cuffg o1 o
e Aokg cuff& o] &3t

Aol srldel e Aol FvistuHA 57
2 oolgty] dRjtel Frbsty, 53] 30d ofddle W
g9} At e Aew gy dvKWoynarowska §,
1985). o] AN F3F7] dhe W wF A
ghglo} ol Ax AR FYoz Fristeen, 13hd
o] £E7IEAE AYstity: ol ulsle] ofolgl
FE&7) Hebuh olhvl Yol nF FUrh viziotE el
B#yelta vlws] ¥ of(National Heart, Lung, Blood
Institute, 1987) Hui-&3l & ole] wliur ofFel b
sto] F&7189H2 1.8~54 mmHg, olgh7138 e 33~9,
2mmHg A& B 53] usiopge 445 ool
Hlsle] yrolo] Heto] v o o o Ay AH

© Aol

o] AjellA F3F7) Egle] WES woprt AW
25mmHg, olo}yl 3.1 mmHga el vt Y Astae
2 folaida ojgbridcte] wWaE e dolrl AR
30mmHg, oot} 29mmHgz 2149 271 gdut

Woynarowsk 5(1985)0) <3l 7} olFe] ME 34

He $a 7@ £37] AL Firdsge dobt o
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A 24mmHg, oyt AYF 13mmHgz Fie] #
o7} BAHH R Folsiga, ojgrdte W ws
go] p8mmHg= el =7 gdglch oA tlHo]
Z(1976) % Berenson(1978)¢} B.io] &g #3
719} olgt71Eetel A% F7H&? 1.5mmHg, 1.0 mmHg
ob vlws) ¥ oo U ol ¥k TohEOl %

& BAFE, oyd AREL gy A B9
243 gio] gghistel] BAE Q98 FMEY
& A Algtd

ggtel A&HA oRE olEFH ZHE o
g Eadqae FnEe A7 okd & fith
A&Aolt AFo| FlslwA et HdF
$A5 & ZA(Webber 5, 1980) & SAIEA
gglo] &L obFo] o]F FUYFsIEo & e
a9, o Yobrt zvle] XN F59 F£ES
& £ oe oz T g A&
AFE AA 7HA Bz P gt
z7) NEELrEY Y ALFY "53?};}94
AATe} desAATE FazEA A2

RE= Zolr} w3Fe Bogalusa Heart Studyel 1~1

g obEs 2/1¥skt 59F Bkshel gEAS
7]“"‘%}01 059, °lgtr1dqte] 0.290]1, Kotchen &
(1989 & FH718%0] 048, ol%ﬂé?}t’. 0298 w5
EARHow ouigle Aoz pusiyr) watA o)
& Ao M Lolrlel ZlEgtel 3} F AU
gelat ouigle #ADT Y Aoz Agsigith

EA, 2olo SdojAM 1
gk HAAz A4Edol Sil/‘l‘)r Pdwe ea Wast
Avkes A7 ob¥e #EAx g7 diolt. 1F
o IREY AFMe] Aol u¥Y AF= HEAE
NEer 9ok F £ dYY o5 S FYRE
F 90 Ex 9 HEAF olde 1YY rigez Ast
2 9739 =d(Londe, 1971 : Buck, 1973), Z718%%&
7NEe2 90 Ee BHAedA &&= olE S FHH
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=
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&
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it H
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FE7AYE 3%, ol¢78Ye 0%2 EAY
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5(1979)c] A9 A wWEHFE AAE B
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AR, & 27] 71284 FE4 o5 st WS
o] {AE EAst "t A&AE ’51’0]14 g R
ojt}, Ae o r ?} Framingham ¢4l %
7] 7188 ¥t dEs e #AE & Wu F(1980)
7} Svardsuud(1980) 9] d-oll A H¢2H
Likelthood) nA¥h4 o2 ‘Regression toward the mean’
o s £AT Foll= FH7GH A Woshs
%9 &71]7} AL #Hh aYy cotE digow o
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AA frelafo] dojliel o] chuiz Aol Wkl
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ZIEgded BAAR Ao FAAS

g Hdsryoz
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