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ABSTRACT

Background and Objectives : We performed this study to evaluate the common carotid artery intima-media
thickness (CCA IMT), and its correlation with several clinical variables, including the 10 year coronary heart
disease (10 Yr CHD) risk in both healthy and hyperlipidemic hypertensive (HH) Koreans. Subjects and
Methods : This was a multi-centered prospective epidemiological study. The study population consisted of 227
healthy subjects without risk factors, with the exception of age (mean 49 years old, 114 males), and 243 HH
subjects (mean 51 years old, 120 males). The carotid IMT and presence of plaques were semi automatically
measured in both carotid arteries at a central reading facility. Results : Linear regression analysis of all the sub-
jects revealed that the independent factors of both CCA IMT were age, pulse pressure (PP) and HDL-cholesterol,
and that of the right CCA IMT were sex and 10 Yr CHD risk. In healthy subjects, the independent factor of both
CCA IMTs was age, and that of the right CCA IMT was body weight. In the HH subjects, age, sex, total cholesterol,
HDL-cholesterol and PP were independent factors of both CCA IMTs, but 10 Yr CHD risk was an independent
factor of only the right CCA IMT. Carotid plaques were seen in 17% of the healthy subjects and 35% of the HH
subjects. An ROC curve analysis showed a right CCA IMT of 0.646 mm and left CCA IMT of 0.656 mm
demonstrated 60% sensitivity and specificity in differentiating healthy from HH subjects. Conclusion : This
result reliably demonstrates the Korean CCA IMT, as well as several other significant pieces of information.
(Korean Circulation J 2005;35:513—524)
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Table 1. Clinical characteristics of the study subjects

Group Control Risk factor p
Number (n) 227 243
Age (yrs) 48.5+8.5 50.5+ 8.4 0.008
Sex (Male, %) 114 (50.2%) 120 (49.4%) 0.926
Height (cm) 1639 1639 0.484
Weight (kg) 63+ 11 68+ 11 <0.001
BMI 234%31 25.6£3.2 <0.001
SBP (mmHg) 116+ 11 154+ 12 <0.001
DBP (mmHg) 4+7 98t 9 <0.001
HR (BPM) 70%9 72£ 10 0.019
Risk factors

Hypertension 0% 100%

Hyperlipidemia 0% 100%

Diabetes mellitus 0% 24 ( 9.9%)  <0.001

Smoking 0% 43 (17.7%) <0.001
Lipid profiles

T-C (mg/dL) 171£22 236+ 29 <0.001

TG (mg/dL) 10757 184 £ 106 <0.001

HDL-C (mg/dL) 50.0+8.2 49.8+12.3 0.841

LDL-C (mg/dL) 104+ 21 154+ 30 <0.001

BMI: body mass index, S(D)BP: systolic (diastolic) blood pressure,
HR: heart rate, BPM: beats per minute, T-C: total-cholesterol, TG:
triglyceride, H(L)DL-C: high (low) density lipoprotein-cholesterol
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Fig. 1. Example of semi-automatic measuring intima-media thickness
(IMT) of common carotid artery using MATH software. Mean IMT of
this patients is 0.790 mm with high QI (0.97). QI quality index,

MATH: measurement of atherosclerosis.
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Table 2. Carotid intima-media thickness according to age and gender

Group/Age (yrs)

Right common carotid artery

Left common carotid artery

Normal Female Male Total (right) Female Male Total (left)
35-44 0.581+0.09 (44)  0.58%0.10 (39) 0.58+0.09 (83) 0.58%0.07 (44) 0.60£0.09 (38)  0.59%0.08 (82)
45-54 0.61£0.11 (35) 0.65%0.12 (38) 0.63+0.11T (73)  0.65+£0.09 (35) 0.64+0.12(38) 0.64+0.117 (73)
55-64 0.68£0.09 (34)  0.71%=0.12 (37) 0.70+0.117%(71)  0.71+0.12(34) 0.70+0.11(37)  0.70+0.117 % (71)
Total 0.62£0.10 (113) 0.65£0.12 (114)  0.63%=0.11 (227) 0.64%+0.11 (113) 0.65%0.12 (113)  0.64£0.11 (226)

Risk factor
35-44 0.61%+0.10 (31) 0.67+0.20 (42) 0.64£0.13 (73) 0.64+0.10 (31) 0.67%£0.10(42)  0.65%0.11 (73)
45-54 0.69+0.10 42)  0.72%0.10 (37) 0.71+0.127 (79)  0.71+0.10(42)  0.73+0.10(37)  0.72+0.14T (79)
55-64 0.72£0.10 (50)  0.77%0.10 (41) 0.74+0.13% (91)  0.74+0.10(50)  0.77+0.10 (41)  0.75+0.14 (91)
Total 0.68£0.11(123)  0.72£0.15*(120) 0.70+0.13" (243) 0.70+0.13(123) 0.72+0.14 (120) 0.71£0.14" (243)

Data represent mean* 1 standard deviation. Figures in parenthesis mean number of subjects. #: p<0.05 compared with the data of female in
risk factor group. T: p<0.05 and F: p<0.001 compared with the data of age group 35-44 in each group. §: p<0.005 compared with the data
of age group 45-54 in normal group. 1 p<0.001 compared with the data of normal group
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Table 3. Correlations between carotid intima-media thickness and
variables

Jang—Ho Bae, et al : Carotid IMT in Korean 517

Table 4. Linear regression analysis evaluating the independent fa-
ctors of carotid intima-media thickness

Right common Left common

o carotid artery carotid artery
Normal Corre‘la‘tion Corre'la'tion
coefficient coefficient
SBP 0.222 0.001 0.200 0.003
DBP 0.104 NS 0.037 NS
PP 0.230 0.000 0.258 0.000
T-C -0.027 NS 0.023 NS
TG 0.067 NS 0.029 NS
HDL-C -0.127 0.056 -0.093 NS
LDL-C 0.007 NS 0.046 NS
BW 0.239 0.000 0.084 NS
BMI 0.272 0.000 0.168 0.011
10-yr CHD risk 0.372 0.000 0.311 0.000
Risk factor
SBP 0.201 0.002 0.114 0.076
DBP 0.014 NS -0.008 NS
PP 0.249 0.000 0.157 0.014
T-C 0.073 NS 0.056 NS
TG 0.021 NS -0.064 NS
HDL-C -0.166 0.009 -0.074 NS
LDL-C 0.071 NS 0.042 NS
BW 0.038 NS 0.029 NS
BMI -0.011 NS 0.013 NS
10-yr CHD risk 0.401 0.000 0.185 0.004
Total
SBP 0.326 0.000 0.304 0.000
DBP 0.238 0.000 0.225 0.000
PP 0.344 0.000 0.316 0.000
T-C 0.222 0.000 0.236 0.000
TG 0.137 0.003 0.079 0.087
HDL-C -0.149 0.001 -0.079 0.086
LDL-C 0.212 0.000 0.216 0.000
BW 0.180 0.000 0.115 0.013
BMI 0.187 0.000 0.160 0.001
10-yr CHD risk 0.436 0.000 0.309 0.000

S(D)BP: systolic (diastolic) blood pressure, PP: pulse pressure, T-C:
total-cholesterol, TG: triglyceride, H(L)DL-C: high (low) density
lipoprotein-cholesterol, BW: body weight, BMI: body mass index,
10-yr CHD risk: 10-year coronary heart disease risk (%), NS not
significant
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Right common Left common

o carotid artery carotid artery
Normal Coefficients . Coefficients
(beta) (beta)
Age 0.458 0.000 0.422 0.000
Body weight 0.210 0.000
Pulse pressure 0.163 0.007
10-yr CHD risk -0.034 NS -0.140 NS
Risk factor
Age 0.319 0.000 0.452 0.000
Sex 0.205 0.001 0.198 0.009
T-C 0.237 0.041 0.362 0.003
HDL-cholesterol -0.240 0.002 -0.293 0.001
Pulse pressure 0.231 0.000 0.130 0.038
10-yr CHD risk 0.233 0.021 -0.216 NS
Total
Age 0.282 0.000 0.344 0.000
Sex 0.094 0.030
Pulse pressure 0.204 0.000 0.187 0.000
HDL-cholesterol -0.084 0.051 -0.156 0.004
T-C 0.364 0.008
Body weight 0.094 0.029
10-yr CHD risk 0.141 0.014 -0.024 NS
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index, systolic blood pressure, diastolic blood pressure (DBP), pulse
pressure, diabetes mellitus, smoking, total cholesterol, triglyceride,
HDL-cholesterol, LDL-cholesterol, and 10-yr CHD risk as inde-
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after backward stepwise elimination are shown in this table. 10-yr
CHD risk: 10-year coronary heart disease risk (%), HDL: high-
density lipoprotein, T-C: total-cholesterol, NS: not significant
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Fig. 2. ROC (receiver operating characteristic) curve analysis for right (A) and left (B) common carotid artery IMT in study subjects. Right
(left) IMTcca of 0.646 mm (0.656 mm) demonstrated 58% (58%) sensitivity and 60% (62%) specificity to differentiate right IMTcca in healthy

subjects from patients with risk factors. IMT: intima-media thickness.

9 25

3 _

3 01 p=0.033

[¢)

[

o 151

9

3 10

S 12.1% 19.7%
[ (24/199) (43/218)
Q 5

=

9]

°

o 0 :

& Control Risk factor
@ Right carotid artery

Prevalence of carotid plaques (%)

(@)

25
p=0.001
20 -
15
10 |-
8.6% 20.1%

5 A7/197) (41/204)
0

Control Risk factor

Left carotid artery

Fig. 3. Prevalence of carotid plaques in right and left carotid artery according to the each study group. Poor image was excluded in this comparison.
Poor image includes any images which could not show the whole carotid artery such as common, bulb, and internal carotid artery to verify the
presence of carotid plaques. Risk Factor represents the hyperlipidemic hypertensive patients group.



Jang—Ho Bae, et al : Carotid IMT in Korean 519

18
" — p<0.001 — — p<0.001 —
14 16.1£8.8
M n=120
82
=
& 10
[a)
6 8 - P.41+£59
= n=123
o 6
49 B72+2.4
n=114
24 DR96+22
0 n=113
Female Male Female Male
@ Control Risk factor

10 Yr CHD Risk (%)

25

—&— Low 10 Yr CHD Risk
—&— Control
—4— Risk factor

20.09

N
o
T

w
T

o
©
w

o189, 203 302 , ‘
35-39 40-44 45-49 50-54 55-59 40-64
Age (yrs)

Fig. 4. 10-year coronary heart disease (CHD) risk (%) using Framingham CHD risk prediction score sheet in each group according to the gender
(left) and age (right). Low 10 Yr CHD Risk represents the data of a man the same age, normal blood pressure, total cholesterol 160-199 mg/dL,
HDL cholesterol 45 mg/dL, non-smoker, no diabetes from Framingham Heart Study. Risk factor represents the hyperlipidemic hypertensive

patients group. HDL: high-density lipoprotein.

% aRol s 259(10,3%) S 2
e ol x= A7F1oA 308(13.2%), HF 014?01]*%
39‘%‘(16 0%)& AlJstal 42 st

= e WollA 171 A 7k
ul?:ix}v 12.1%), 98 IR H$- 43%‘(17.7%, =4 7t
T HHAS 19.7%)1 A ZsW H3pto] TEE Y 25
e WX A7 A4S 179H(7.5%, &4 73 9F
A5 8.6%), A AR A5 4178(18,9%, w4 7Hsgt
T AAE 20.1%) 014 73-sW ZJahto] J*’“EI it

735 ZeE f5-2] 2Rlof| QlojA e sl A
o] glo] AAH R Kok w, 74732l 01]*1% 22TY %
33mgo] gifo] EAof HFstA| dgton HAo] 7
1947 33 (17%)ollA ZF Z3ito] M‘zioﬂﬂ Al
ARtol A= 407 9] o] £A] kA -5 ALl 203
Hs T1%(35%) 04 745H Hsitto] WA=} Fe 7
ke W= kol 5-2gh(p<0.001) 2tol7} QLS.

v

1084 Y5y &

2 AFRRE o 5 QY a3 A9 shuhs Fra-

mingham IAFEW 23l QFE &SRS o]gsto] AJHy
Qo] W2 104 BYE A3 JPES 3t Aolrk
106 BB Wae] SEEE el 249 138

04*4%]%1 2.96%%1, 114752] YAdel A9 4
SOl Aok AL oJE LI 123%14
Oq/%]?l o—l‘ 9,41%MJ_ 120‘:519,] 161—/%]% 16.1%5 ‘él—/\(-)]o] O:]
Ao foftA S & 4 ATk
A A 5ol W 10y TaRET g 9

ALl FA o SlojA = A QIARLolA] 85~39A, 40~40
A, 45~49A), 50~54A4), 55~59A4, 60~64A4|Q1 - z+zk
8.30%, 7.93%, 8.46%, 12.69%, 16.18%, 20.09%= 717+l
ol Ko A A=l 1.89%, 2.03%, 3.02%, 4.43%,
5.85%, 6.97%° Blal oot =2 & 4= ek T,
Framingham ¢Tto]lA] 2+ dAgne] AT}, AUEX]
il ZYAHE0] 100~129 mg/dLE-L ZZY AH Eo]
160~199 mg/dL, HDL cholesterol 45(g4J), 55(14) mg/
dLo)3}, H|EAR}, Fiergo] g A0 10 TS
2Bt AFET} 2+2E 3%, 4%, 4%, 6%, T%, 9%UL ¥
= o Syt 7470“301]*1 olfgt =T} o B2
FAE HYS G &
gHH, 1094 s
dez P o 3
0.000)¢} 2= A9 Wst FAr=
FollA Fogh A WA A
(r=0.372, p=0.000)3} F= A%
p=0.000)7} W57 10¥Y] ¥sT d2h A=t fo3
A TAZE dlem, SRR E $5(r=0.401, p=
0.000)7} &= AW Y3ut T7(r=0,185, p=0.004) &
FollA olet FAHAl f-ofgt At TAIE IS 4= U
THTable 3), ZLejuf, 17, 434, ﬂl%, 7], A=A, 5=
7] o] Eof, W, I, &4, = EE, 54
A4}, 31(A]) WxE ek EE]]/\E 2 =2 233 s

42 S AU 1040 2F 98

>

EE 95 #2525 UFT T mRelA SYha
G} PR, HAEIAE SEAE

g FAARE o]} =A%l A IA7Hr=0,233, p=
0.021) && < 2= 9t agut, AA FFAAE hate
2 ohAg 242 D 1) o 23 A5 g S
Al 109U s st SR SRl A AL



520 Korean Circulation J 2005;35:513-524

WEEA] AN 5 B WS e olek =1
Qg BATE = & o AUTKTable 4).

B ege] 7P 2 ojul g
o Mg vl fFPAE o
Al et FEAE A = T

9] e o) 0

_J_lliuﬂ LH 1— ‘:
34 71meld 7l
57359 W w9

e Folnh, B =Ry BAE £4%
St ofet 75 shite] 45e} Zu £
gt S22 9 QM= G wo ALoA] HlmA|RE A}

L5 2w 9ty A3} Es} Ju|2e diE shus
2| Adult Treatment Panel 1" ] A 7FRED Q=AY
A siokeel shial 1084 g 299 PR 1
%
o

0]

A AL QAR A9 92
of mela) 4 A 922 o 4 Aol Holdh,

¥ BB AN A BT o0 L

aE 245 FRFUelAE oleleh AT BVt 245
A Sharom ofel the YA AE HEwTHe 93 37
B UFSF 9 A AE ) 497) wgrent &

gk Sl A TAE Bl stHek= ARt Al 9=
Aol o 8-S Wol HEA 1Y Axe) NEe
o UFT A S O HEe 95
ul + 7]___/&4 o] o= AT
: Z9 7l WAl
AL A AR T 1 et
SIFY R AU 2 4 7Y
2 oA 2 erejA] gloif " B

FAFUANIE 92 545 %

Ethe Ak AASkE vholth e,
I'_]-K&QE = 375 Usd FAVL S5
aj7b B Skl g 3l7|ols ofe ol AT,
7HARL A7t FastE]eal Yz,

o
>
30
2

I~
o
r
o
ol
=)
JE
;x:.’ mOI'

2,
S~
i
>
I
rL?i
_10
fHU

onmeq ot
0k
T
1o my
finj

=2,

|
=
ok
4z

rhe

OIo| FEFW BT S ZFAI9f B oiefo] Hliw
Bt 49A419] ighil=t A7l Hdt = T4 WS
}F Z7= 0.63+0.11 mmo]i &0l AL 064+
0.11 mm&lo, dgo] F7IErE FsiA 7k,
FAA A9 o FAROY ofdTke] fofgt Ajol=
2] okokth Bt 51419 @Y IAEFS FAlof 7t
A= gl EAxEe] 9= FH5H W F=
0.70+0.18 mmo]al &=l ALol= 0.71+0.14 mm=E,
Aol T7HEE Fogt S7HE Blal, 9521 A9oll=
Aol of Rt folst U BEE GO A& A
ol oIt Afol7F TAER] kot

oA Avkel At vjnE sl fJeke] E e} H]

=

st

rr

l

S A ol AT QAN AR Ae] Rry
A Az} vima) w, folx A o A Az
ArolN we? Bt 4149 A7 TIHel A HAEo R
H et A5 WS FA= 0.7340.13 mmE Hat
o] f-EuEre] =x|9} HlaA] Wgol Etstal of 0.1
mmP et B FARAL, w50l AIRE g A Ao
Ane w? W 3249 14199] A% Aol vl
1:H,17]. OF 2%%54 Hlea 0104 01,]. Jﬂ %73%““ LH%

¢

.1

re e

ol oX

u} E71=0.67+0.09 mmZ $-2jueke] £29F vlwA] o
o] g Y2 7kl A ¥ S7HE] e A
S Rk FolAt o] 57 o] Wt 434|9] A% A9

;(} J;(]___ EHAI—OE H}-;(]_E_‘E .l:l—TjL _1_7:151:1]4 LH E_!']— —',:—Wﬂ
& 43 235 BusigEd], 0.67+10.1 mm=E B 1Is}o]
o] Autel u]iLA] okzk Wokot wlwA te] A}
=2 gitos 3t 2 OEI?- AMRTIE 28 AWE R s))
L ok E, o5 95HAlE o] dish= 0.830 mmE
A7le] Ao R Busl|E ek e A5 gE
9 T A7RIAE W FA1Y] Bt vhefekA o
B S lol” wied] 2i7ele] AuAERt AR ot
Sol7]olls ofl&o] Atk & 4= it

QHH, 508789] Wt 58419 AEUI LEHAHEES
744 o] AEuw YZut L= 1.21+0.17 mm,
oL = 1.06+0.16 mm= E_L.Qoi
TG EHAHEESS 7H= 2ollA19] 0.70
m = o] AL, o] dAtefA
B9 Bukrst $5 23
| Bagos 2ysin,
oM Zh=| 2] oz Z74stel7] wiwel 31‘@
olgle Algoleh, et & o] A W)
S Tl 920] 0.67+0,13 mmo|il =
68+0.13 mm@lt], o] & ATolA 56489] 4
ol tigt Burh gl B Aol s8M| oLt
el A2 AZE ojE ARSRE Axfo]al 564759 of
A gl 53.2%004 ‘21‘2171 ool =22 A
TR 2|9 2 232 o) w@A)L B 5 9
t}. o] AollM= F785 W WS F47F 0.73+0.11 mm
2 B =823} 8jwA] oF 0.5 mmoA] 0.6 mmAE7} o F

F

e o
rr
Jo
sy

o
=y
10 oft

o,
=
ofy
5o
4
N

I+
.O
w
th o|N
_\;

oY, —
offl
=)

N o
ol
=}
U
X
0

::}«l-ﬂ
2 o
U
=
_\2

oo
N
~

:r‘.:

£

ol

o 1
ot ok
4
3

o r}u:_?:ﬁogl:&oﬁ_\gr
ol Rl o
”ﬁgo}nrlrj
NI

At BEE e s FYorz ROC curveRdS F3
Fe] FES 9fFt FEHS el AnolA
o] E|91%o] °F 0,65 mmE TEHORE S P <F 60%



Yo Agwst Solwg st TRl 8 4 ek
ZEDE wziur JE, B AT e 9 Bag
clopshE elaitid FEES W) 918 ARAS @ 2
EE ﬂiﬂ“OﬂH 35A1014] 44812) 9-(156%) 0,656
mmol| A 33%2] W79} 82%2] EolxE HPow 454
o A 544Q1 ZH-(152) 0.690 mmo A 51%2] Y17 =
o T1%9] Bolwg B, ssAlelA 644191 A(1627%)
0.588 mmollA 88%2] WAL} 13%20] Eo|x2 H Y}
242 FAFWel B9l 354004 444Ql B9155)
0.668 mmoflA] 34%9] R =L} 83%2] Eol=E B,
45A10l1 4] 544191 73-9-(152%) 0.674 mmolA] 62%2] Rzt
T9} 64%9] Eol=E HL, 55M9A 64420 79162
) 0,610 mmof|A] 86%2] M=} 22%2] Eo|=E HY
o oldl AutE ¥ u) ZEW hEe FA Hmol topy
O QI3 AR AP AR ES I3 P
& oI8shlolie we Uitid) Solwe As) Aol )

& 9ol 4l &

Norr

B AelA 7A71e) 1792t 917 QAEe) 35%lA 7
Ashito] PAEE, ol FHe] & dpoln 1
w5t W 56419 1 Al A 82 A=A AB
ZAshito] PAE ok Autel vlas) & of £ Ao)A o]
35%2] HIEol= A3l 2Jo|E HojZrh B ATlofA] A
) Aspile] Holrt eieh waA) St F71E
Bol Fl YFeh 70 50l £7HE Aol 4
A7) Tl A st fe BEPA T HE ApRe

1.0~11 mmol4o.2 Fojsirks AL o 4 ik, Leut,

FROIA AWE A7) AFAE 1.3 mmolAel AR
gonz v gz Jole A8ucky B 4 gk ol
Zapte] Tig ole] Aololm Bt B AolA 2
o el ulmA] o W SRk AL E7ke) A
oz MFE & glow], Seuelel ok ojedt wat
7 foll Wik Atk e AARI,

JEl B R g £xE golg A8sia B o
#o] 584191 56459 el tho & Aol of
AP TR 53 29014 91917] whio] B ko] 2|

SARAelel Balef Mg @ 41 sl g ol 47
oML HEH Fohie] tha How B AT} vlssie)

=8, o] Aol BE W Pk 28. 7%l A A=A
3 ETgh B QoA 39799) @4 40l 7R HE
THAE 10475(26.2%)914 AEH Astlo] AT o] &
2o] Aztel vlmA] WA BAEQOL 2, 5% =] Xfogt
Tzt E T 3 Ao B o) e A E
Yojo} e AEw Aste] izt ol HeA7E

Jang—Ho Bae, et al : Carotid IMT in Korean 521

Bat oF 604 7hFe] 561782 27 HRIALA 28.5%2 4
B 7shuto] A gk Fe) ™ o] o= of uh 4
ool LEYY] FHES Hol & A7 % ‘l Al
26.2%% A3 Hlart 7hssh, o] ERE ot w2 WEE

22 oI L2 Asteks olg] Holrk B A
o clplet 5w st thet elh charke A,
=40l g oA S ¥ 4 U Ao Bek 17
oE, GF B W T 233 5 Fshie] o

= o] Al glof

3 AA FEA B A U
A 34 FBelH P A AE Sl SR o
3 27o] A4S ATk & 4 e Aolct

W3 FHel I 2Rt
TrollAl 58T 2] 7% AdQlolA e s s 7
WS flgleu” 2 delae A7l
%l—o] Eun q}zm EW-“_,] EFE]X% 05160 9_]
Apol= 471 Aol A e Hi w7 2917
Feloh, e ekl S AEEo] e
itz AlRE Aol A7RlelA
Achil ZHAEEe] AeH W FAS 571
Hush7) = Fick w o] A= ol HS
A ddtolmg A7klolA el FeH W
AR IR WolEol7]ol= ool 3l
A7}e A=W Y=k S0 = 3k olxlo| of
A= B A7E ol FolA A Yo, e UisHy
7= mjd 0.01~0,03 mmAE Z7}8iH= ARdo] Bl
o] glof” o] olo] digt £ JaIAL D 4= 9
Th= A& o= A AME ol 5 5 & Aoz A
ZHet,

ok
re 12

5y

>
R e

2R B Ao ol

& 24 1o
oy

_QP{N
wog B

_l}l’]_,__i

E

L

i
oo ue 1o

ro m l-)~ o=
S oxfE &
fu

e

U
o

=
4
=

10 o
¥

o Lol o2 of K ¥
u)
fu
?{SL i
% =

[o

°. 0 7 3} Bogalusa Heart StudyollA] 30t
Znke] AT AW R AL 5187 A B
A% Wge A0 SRH 9 QR A, JEE
o] WelnT} FAR), 37 W (A Ww A 2
Al QEHIolRTT ISk Ea S 21l
G} WeSE BN YET S £ Zlen M
Siie” 103e] RS BAS Ao o ATolAE
QA A A AL 4B g A S
A Yok wsigon” of Aol ST WL 7
IS e A S A9 1 Ao e
WL B ATOIAE Q1% ol et B4 A
YotA] orort 2 At A= ﬁ%{ TEYLHE,
IUE Aok Y AEHER Woo] oFF mEO AW
oflA, 5 FHFHU Aol ol¢folle AW, ol &
o, 12ar 109y s g fldwr), 1 25
TAEHA A9 AU Aok FHAHEL AlFo] W

VI M= A FH Aol et

O

i



522 Korean Circulation J 2005;35:513-524

FH3U U39 T M S gE
g5 Waut F7Y AdaA ol gt ofnfeo]
o et 27kl o <177k Qe HHAe) AR
IC study” oAl 1987d5E 1989@7H4] 5A10)A 65412
15792 oAl ZE et FA S4E slelen] of i
il B 259 Ut £A7H L mmoliel 7% 1 mm
wlgkel 9ol wlalA TAE Aslo] A7 SYHES o
Aol AL 5.07x), FAICl A9 1,858 gt Bt
2 &J729] Cardiovascular Health Study” of|4= 1988
of A=, AEIA Fgho] gli= 654 o2 4,476
% EH/KO]—‘Q‘E §1)]\Ou:] ﬁEUﬂ LHZEH— EWHQ]. /KLI___L AN T O
730l gt A BAIE 2ARICE Bt 6.29s 4
25t o] dFtofld= AeH WS FAVE STFE A
< Aoy WA ffjlo] FTkeke Haskiich
554 ©]AF9] 6,389 thAto & SF Rotterdam study 23}
of oJshH HFA A AP AR} A glo] A
Z3Mo]| tiet 1ol s H3hto] Adk 79 1,834, 7
5 e 1) S 19ule] SEt Sk
AR E Buskget® w3t u) S22 wARsm Rsko) A
T Wt FAF A FEE Foltt AuaA
V4 i = SR Tk o =
ojgfgt A+t Atz HokS wf, & dAtollA 10|l it
ST AL f7lo] 95 T U FAY AR =
A3l A AL e S ks duE & 4 °‘E}
e, 2 AFolA SRS AMFE s ofn] 2dgol
FRAL, AU S QUK 04 Y5 3
AAEONA =
J s J*lﬂﬂ U= *V“
ot} ol2fgt Autg mlRo] Kol & FHEH W B
L 0= Ao 2uk S0 Ao QAN oulr} ¢

N, ©;
i

J'L

r

— T S = = =t
= 7 Slohe AS SRS Eohal & 4= Stk Rotter-
dom syl 5 AT TAG H95 BN
Z9jne} A9R W wEe) £a1E 7

=, 952 EFesE EA 2 o
—4 = 31 Q= AR & 4 Qlvka AZkkieh 10
W s A3 EEe Blo] gt Zawd 9
J4>(Framingham risk score)”} %2 AJ2lof|A] <l A

o glol ZEu UhFe A% A4 wAV ke
® A7 Auel w3 AU B 5 9lek”

S

2 22| Mo

B AFollA Bl F85Y s FA 54
o} o]9] ofu]o] s} Eustaat shglont, thr| At
o BL3lT, Uo] AW Ao £9] ofg] olxE 11
A=l KH*P HE“O] ot glaL, i 32| 2l
o stt= Ho] Qi Eﬂ o3 oA
ﬂf?_-_%” EXIQ’;‘é TR o Fsigons B ool

ox}o] thEhul=to] YIRS THT =

AEHoR st W= A7R1e] S5 Waat %Wﬂiﬂ
HHAE $204= 0.63+0.11 mm, A=
0.11 mm¢on, 18T} 1Y AHETFZS 7PX1L HF‘
oIz}e] AL ©=0] AL 0.70+£0.13 mm, FZoA= 0.71
+0,14 mm@leh, EF ol TR 9537 25 54
Zwofl A 2+t 0.646 mm, 0.656 mmol|A] 60% HE2)
1—1:1_9]. EO]EE—'_ L}E]—LHME]- o]E EHA]—:,LQ,] 2.7:]5\:14
o 0] G 1AL S A e, we, w1
A Fe|AEEo] T35, 5 %—751%‘%”
= %ﬁ‘l, 109 s A Eete 554
AL Qlof ol A4 JdAelE Fa% TS & AoR

P

=) 5:
ofN rE

J
o éT:
oy
=

)

A (E+E 514, 4 120)= o go = 6‘}3-11:}. 761%114 LH
T AR e A e S AT 71elA wt
AsE o2 SHSHES ST

3 1



M3t 0¥ BYE A% JEEs KYH 9 A
oh A7 A A oI5 FAFY FY T mE
oM HYH GF AR, S5 A9 AFE 4T B
e o 4 Udrh 9F AR A A, A,
FT2ES, TUE Aghy B AHS0} Bto] B
Solx S e AT, 9= FAEY Y 5
21 Sl 0¥ BET Aslo] 4 JHEE S
JERAt. FE Fu) Ao AIel B 17%0]
A BAET, 9% A A9 sswolH EAshck
o =

H 2.
=2 -

2 A AvERE v AR e diti=e] 37
U Yut FA0 SR olef ofulo] digt HEE Al
UL 4 9t

N2

|
& A9 AA| p.L oAl F71H) maEA AF ERYTh

B =22 SoIAAIHFH Y A7 BERE o]Fo} HE

Aopdista o|seler Agvlsheta,!

hEE st ol 3hule e dmeta
hEeveta ofshst gAY vakstaa]
YA !

Ssrsta ol shoje whsojstag g vakstaa’
FHoish o|3)el SRojsk e sk
FEE et oo AR Watstnd,
Areleta o shojst Eabel el st
EAFRYI A A e

Fuhetan olstest Feisarg e 2z e,

SA W el et

CEEEEIEEE LR EEEERDRVE SRR

REFERENCES

1) Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus
medial thickness of the arterial wall: a direct measurement with
ultrasound imaging. Circulation 1986;74:1399-406.

2) Ferrieres J, Elias A, Ruidavets JB, et al. Carotid intima-media
thickness and coronary heart disease risk factors in a low-risk
population. J Hypertens 1999;17:743-8.

3) O’Leary DH, Polak JF, Kronmal RA, et al. Thickening of the ca-
rotid wall: a marker for atherosclerosis in the elderly? Stroke
1996,27:224-31.

4) Park KR, Kim KY, Yoon SM, Bae JH, Seong IW. Correlation

between intima-media thickness in carotid artery and extent of

coronary atherosclerosis. Korean Circ J 2003:33 (5):401-8.

5) O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK Jr. Carotid-artery intima and media thickness as a
risk factor for myocardial infarction and stroke in older adults. N

Jang—Ho Bae, et al : Carotid IMT in Korean 523

Engl J Med 1999;340:14-22.

6) Smith SC Jr, Greenland P, Grundy SM. Prevention conference V:
beyond secondary prevention: identifying the high-risk patient
for primary prevention: executive summary. Circulation 2000,
101:111-6.

7) Salonen JT, Salonen R. Ultrasonographically assessed carotid
morphology and the risk of coronary heart disease. Arterioscler
Thromb 1991;11:1245-9.

8) Bonithon-Kopp C, Jouven X, Taquet A, Touboul PJ, Guize L,
Scarabin PY. Early carotid atherosclerosis in healthy middle-
aged women: a follow-up study. Stroke 1993:24:1837-43.

9) Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz
H, Kannel WB. Prediction of coronary heart disease using risk
factor categories. Circulation 1998:97:1837-47.

10) Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third
report of the National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults. JAMA 2001;285:2486-97.

11) Alaupovic P, Hodis HN, Knight-Gibson C, et al. Effects of lova-
statin on ApoA- and ApoB-containing lipoproteins: families in a
subpopulation of patients participating in the Monitored Athero-
sclerosis Regression Study (MARS). Arterioscler Thromb 1994;
14:1906-13.

12) Crouse JR 3rd, Byington RP, Bond MG, et al. Pravastatin, lipids,
and atherosclerosis in the carotid arteries (PLAC-II). Am J Car-
diol 1995,75:455-9.

13) Ylitalo K, Syvanne M, Salonen R, Nuotio I, Taskinen MR,
Salonen JT. Carotid artery intima-media thickness in Finnish
families with familial combined hyperlipidemia. Atherosclerosis
2002;162:171-8.

14) Kieltyka L, Urbina EM, Tang R, Bond MG, Srinivasan SR,
Berenson GS. Framingham risk score is related to carotid artery
intima-media thickness in both white and black young adults.
Atherosclerosis 2003, 170:125-30.

15) Lee SK, Hwang HY, Kim HS, et al. The carotid artery intima-
media thickness measured with B-mode ultrasonography in adult
volunteers. Korean Circ J 1999;29:1201-11.

16) Veller MG, Fisher CM, Nicolaides AN, et al. Measurement of
the ultrasonic intima-media complex thickness in normal sub-
Jects. J Vasc Surg 1993,17:719-25.

17) Zanchetti A, Crepaldi G, Bond MG, et al. Systolic and pulse blood
pressures (but not diastolic blood pressure and serum cholesterol)
are associated with alterations in carotid intima-media thickness
in the moderately hypercholesterolaemic hypertensive patients of
the Plaque Hypertension Lipid Lowering Italian Study. J Hyper-
tens 2001, 19:79-88.

18) Zureik M, Temmar M, Adamopoulos C, et al. Carotid plaques,
but not common carotid intima-media thickness, are independently
associated with aortic stiffness. J Hypertens 2002;20:85-93.

19) Zanchetti A, Bond MG, Hennig M, et al. Risk factors associated
with alterations in carotid intima-media thickness in hypertension:
baseline data from the European Lacidipine Study on Athero-
sclerosis. J Hypertens 1998,16:949-61.

20) Zureik M, Bureau JM, Temmar M, et al. Echogenic carotid
plaques are associated with aortic arterial stiffness in subjects
with subclinical carotid atherosclerosis. Hypertension 2003;41:
519-27.

21) Pall D, Settakis G, Katona E, et al. Increased common carotid
artery intima media thickness in adolescent hypertension. Cere-
brovasc Dis 2003;15:167-72.

22) Alagona C, Soro A, Westerbacka J, et al. Low HDL cholesterol
concentration is associated with increased intima-media thickness
independent of arterial stiffness in healthy subjects from families



524 Korean Circulation J 2005;35:513-524

with low HDL cholesterol. Eur J Clin Invest 2003;33:457-63.

23) O’Leary DH, Polak JF. Intima-media thickness: a tool for ath-
erosclerosis imaging and event prediction. Am J Cardiol 2002;
90:18L-21L.

24) Urbina EM, Srinivasan SR, Tang R, Bond MG, Kieltyka L,
Berenson GS. Impact of multiple coronary risk factors on the in-
tima-media thickness of different segments of carotid artery in
healthy young. Am J Cardiol 2002;90:953-8.

25) Mancia G, Parati G, Hennig M, et al. Relation between blood
pressure variability and carotid artery damage in hypertension. J
Hypertens 2001,19:1981-9.

26) Chambless LE, Heiss G, Folsom AR, et al. Association of coro-
nary heart disease incidence with carotid arterial wall thickness
and major risk factors: the Atherosclerosis Risk in Communities
(ARIC) Study, 1987-1993. Am J Epidemiol 1997, 146:483-94.

27) O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK Jr. Carotid-artery intima and media thickness as a
risk factor for myocardial infarction and stroke in older adults. N
Engl J Med 1999;340:14-22.

28) van der Meer IM, Bots ML, Hofman A, del Sol Al, van der Kuip
DA, Witteman JC. Predictive value of noninvasive measures of
atherosclerosis for incident myocardial infarction. Circulation
2004;109:1089-94.

29) Bae JH, Kim KY. Impact of lefi ventricular ejection fraction on
endothelial function and carotid intima-media thickness in pa-
tients with coronary artery disease. Korean Circ J 2005,35:375-81.

30) Kieltyka L, Urbina EM, Tang R, Bond MG, Srinivasan SR,
Berenson GS. Framingham risk score is related to carotid artery
intima-media thickness in both white and black young adults.
Atherosclerosis 2003, 170:125-30.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


