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Abstract

Cardiovascular disease (CVD) is the major cause of mortality in type 2 diabetes mellitus. CVD is a clinical

manifestation of atherosclerosis, a chronic and progressive inflammatory disease characterized by a long

asymptomatic phase. Progression of atherosclerosis can lead to the occurrence of acute cardiovascular events.

Atherosclerosis can be identified during the subclinical phase by several methods,

biomarkers,

including using

pulse wave velocity, augmentation index, flow-mediated dilation, carotid ultrasound, and

calcium score. The appropriate criteria for identifying asymptomatic patients with type 2 diabetes who

should undergo CVD screening and therapeutic intervention remain controversial. Non-invasive methods,

such as markers of subclinical atherosclerosis, may aid in risk stratification and the design of tailored
therapies for patients with type 2 diabetes mellitus. (Korean Diabetes J 33:267-275, 2009)
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Table 1. Various non-invasive cardiovascular risk assessments

Global CHD risk scores
Framingham risk score
UKPDS risk engine

Cardiovascular biomarker

CRP, lipoprotein (a), homocystein, microalbuminuria, B-type natriuretic peptide, IL-6, serum amyloid A, lipoprotein

associated phospholipid A,
Arterial stiffness
Pulse wave velocity, Augmentation index
Carotid sonogram
Intima-media thickness, plaque
Non invasive endothelial function test
Flow mediated dilation
Coronary calcium scores by EBCT
MSCT coronary angiography
Exercise ECG
Nuclear MPI
Stress echocardiography

CHD, coronary heart disease; CRP, C-reactive protein; EBCT, Electorn beam computed tomography; ECG, echocardiography;

MPI, myocardial perfusion imaging; MSCT, multi-slice computed tomography, UKPDS, United Kindom Prospective

Diabetes Study.
SNdd el thel] elelellA] 414 o] &8 = S
el 213t sg7bel A ot Harz) g

Global CHD Risk Scores

United Kingdom Prospective Diabetes Study (UKPDS)
9} Framingham <3ll4] Ada Zsgke] ofg] #5291 9
=S AU, o UtE I E A7 el &
7l REEolzl Aol tiglell - 101 W AExAst

& (e} 3 =
UANPES AIFS F =T sk
Framingham 1A <18, A4, <, I3k F 2+

ZHIE, aUERhlE|~EE2] YIRS Hslsled
AT E g7 FASKIALY. a8} Asia-Pacific Cohort
Studies Collaboration (APCSC) 1-0l|4] Framingham risk
scoreE OFAJofRlofAl A& uff A3k 9137] oA
7 A DA A ek Fde] 93e Hele]
a1, ozt 7hgAle] QlEH A|xAo| Hashlar sl

UKPDS risk engine-= o], A¥, gxHio] H7]7) Q%

FoIR, AANE of R, Dske S, S8k %
Zelewls BE, wdEAhUZEzeE SRS UKPDS

risk engine v2.0 (www.dtu.org.uk)oll d&Hsle] ARKE 4=
e}, UKPDS risk engine®] A2 x| A4S}
A AR}, HEF, ABEQ HEF s
et o} Ffjel] 3= AEk ol SR

268

o] glo] FFE dloJe]E 7uto =z 3t

olt}
AT SIEOIRtEAO| MAIEIR}

1. C-reactive Protein (CRP)

CRP+= HE=H](pentraxin) Al2] whfjdo]w] ti322Q1 &
A7) WkgAdehull(acute-phase reactant) % sPte]tl. CRP+=
IL-60] tgt vbgo 2 F2 ThollA] A=), S/473shE,
e FLZAE, e HeAE, AAIEeA =

;

Qe o Baww e, sz g
BHALNA CRPE] A4el AL WA CRPE

_\?_&:

for ¢

a9
F(1~3 mg/L)< Zeiskar, AE3Ast iAo 913 o
shetl] f-8skeh. CRP7F AE3bAske] f1Qle]A] opy]

ZAFke] ARERIAel teiAle =Rke] ofA7E QIAME,
monomeric CRP7} human coronary artery endothelial
cell (HCAEC)ollA FHiapdde dor|a, 43k
Wl Alzell TAT T2 S7HIA dil e 2o
713, wet WA FAsfolle 24 doslod AT
22ES oA W F9lel] ©hE complement 2
438} bzt Tiizo] CRP Shile] Zslo] Slge] ZHulol
CRP7} ©his] wHle] Al viedsls AR S Avh W
Yol Yeler wHEw Y}, High sensitivity

CRP 73Aol] thsh A% 2 & 20031d AHA/CDCOIA global

¢

BN o




CHD risk score 371Hell &J8l] 101d CHD] vH ¥
7} 10~20% %) S5 RTllA &% 371 7o A
Agt AAelbS 3 X 5o A=t el F
olckar 3191 3', SHAPE (the Screening for Heart Attack
Prevention and Education) Task Forceol|+= =4k &=
S50 9ol CRPE Z3slo] 4 mg/LE X33+ 7
Foll 9o ATk A3 AL sk
Axrsl Yr}”. Women’s Health StudyollA] 71783k o34
oA AEAZE w9 of|Zol] el thE A4 EAR
(Serum amyloid A, IL-6, Intracellular adhesion molecule
1, homocystein, lipoprotein (a))e} ®B]iL A] CRP7} 71 74+
ek ofIFRIAISL, AT F o] gk FollA] CRP
SHIL-69] s57}F B A5Eo] glol, CRPE} IL-69] 5%
7h Sl 2 Tolld A7IH e AR dare] whiE
o] =& Aoz Barslir™?

7dENe] WS AeE WSS 2 gzt
o] FAAY i ope} Ee] FH o E IFS = Q)
© A4 skl #EE dIEAE dFA ok &
3] 735 W9t FA(Carotid intima-media thickness,

. - -
52 S8y PR WS diEY 5 g Zlow

AdeA Y

2008d0l] MHER) v gstetsle
gt AL A% AL 1%
ot Aarglel] whE AP W wA] ok
RS F73E e 91l s
Z22 AAs] SRo|mA] Aefste] AA|F Q]
A, ge] A, Skt
AR vgell =& A4 EE= A
CIMTE Z27sln], 7%, i, WasH
7he M3yl HE B Aol slar, ZF FAwpe} H 4t
371 o]de] ZEollA] 3-59+59] cine-loop F3F THEABIEE
Azsla ek CIMT G4 O 43t odte] Ay}
A golA, Hold A & vigheg 7 F45™
o Wl We] PE 1 emollA] F4E AEF 3, 7Pk

o8 X1

Wk w Mol B ol g4le] HagslA] Holt Ui &
7] R dake ojof A SAnle] 2] o]

ﬂ
o2 Aoleh. Zelze] $5 ksl 9 AEue] 4
A8k 747} HhEA] Sulo] Hojo} sk, CIMTE Zek=7}

269

F9lellA] E=5 e
& Harstar e, 93 cMTek el &
WAe & 24 05 mm ol FEHoFE FHAA

, 7] CIMTET} 50% ol S7HH 92 FEsla
ZFaf-oluko 2 ] Wk} ZAAVEA Z48 el A
7} 1.5 mmE 9 2% EF2e] ohE Ve E 4k 9k
A4 CIMTA= vel, AHol we} W odeks wi=rh 4
9 AR 71 el K x| B 49
75%4 e Eshetl, oz E A A3kl
o] 27| S7kElE A& IMT Aol
279z} 1%, AW 7he] Xolrt AN QdRvh=
ol 1.0 mm ool AZ7Ad Mo} w3zl
AxsA| S7HEkaL & 4= el 2la IMTRE SollAl
HFgko] AFAdo] = ghoz o] AdA A 7}
7 7 Hkedgiclar dedA Qiek gk IMT odtollAe A3
7w HF IMTE 24 065 £ 0.12 mm, 934 0.64 +
0.11 mmeol3, vAgF} FEs= dXE £ 0.64 mm,
22 0.65 mm=Z 9]F9] Z9Hr} YA HaslgleP?. w
- adollAE Baro] gl wollA o34 0.667 + 0.147
mm, %4 0.675 + 0.156 mme]3l 3, Fire] gl ol
04 0.866 + 0.242 mm, A 0.856 + 0.593 mm= Fix
oA CIMTZF 4P, SRRt o]ejdt 221 <17 ol
ARkl g7 Aa, AR FHoFE st Agks o
o F slolA] FugEiRlollA ] B4 CIMTRX] 7]l
tigk g, A, Al uhE tisrRe] QA7) desil
Atherosclerosis Risk in Communities (ARIC) S-TllA %
| 229] CIMT7F 1 mm ool 4~71d9] 4] &
FAzle] T} dAdellA 2ul, ofellA] sulE ST}
G = 654 o] =018 uliteZ 3 Cardiovascular
Heart Studyoll#] CIMT7} 1.18 mm™ 6d7ke] Z4z2A}0l]
A FA AT HEFol E 7 e 7l
4] Ax Frkar Baste] CIMTZE AEZASE whAye] o
ZoAlE AR 9SS A, ARy G
CIMTol| tet wleRAloll 4] AR¥ Diskate] CIMTE
Aol vlsiA] 0.13 mm F7FE]o] Q19lar, ol gk Xlo=
TR At 109 A die] suEsh 21
Y|P AoE Hoixw, Ao} HEFe] 93]
40% Z71ghebar sigiek?.

7% = ol

o0 o0 1

N

LM o|&E =3

gk

-
Zt

WOAIES] Zf5 el BusEe] Fh 27l



Korean Diabetes J 33:267~275, 2009

Uehhs ddole’, ko] 249l w3y} veh)y
olu] AtE| B R o|H3t AI7|E HAs| HFE ¢ e
Ho| AElo] giek WRA|Z o 3 o] el
T A7 571 5, shear stresse] STl HE-g-slo] Ak
s =]=d] ©]E flow-mediated vasodilation (FMD)z2} &t
oF?. FMDE do7|E Fe3t ule IahiisiaEelA
E1)%l NOoltF?. o]2]ol| = prostanoidt} endothelial-derived
hyperpolarizing factor (EDHD) 5= Ztoiglciar L&A 9l
ok AR QP8 Al9] dekamie] 714 e ol &
vlg] Zol F2 AZe FHE ok dkel 4%t 50
mm Hg o[o& Fof 53 5}t 4o ERE Akt
3 Al AZE o]SKAIFIH AdsHe] A s HAs
flsle] dskee] Fipdo] Tk dl ol & WA &8
(reactive hyperemia)O]E]— gl vkeA] 8] 93} shear
stress®] S7he AskEe] g2 sl ol E HulAl
X 9| FMDERL P Agelellde] SAX= 5-10%
ofw, 7173k 212 Aol E 10% o), AdxEgto]
U= 73-Foll= 0%7HA 4 =le] FMD7}F Adaagle] &
s dIFE 5= rkar ek, GaEiaiel A el AlE
757dolle o] H x|} dE 3, Fg wislEo| I
F WEAIES] 754l U5 lEl9eS Harslela, o]
£ ABkaEdlse)l BEEcia SIIeF. 2 Multi-Ethnic
Study of Atherosclerosis (MESA) <doll4 A&aHAzlo]
N 3,026 tHFo R 517 2R Ay} el i
FMD+= 4.4% %31, FMD7} A& 3a3t whAie] of|5R1xto]
™ Framingham risk socre®} H|ZL A|, A, T, AT
o] E7E OS2 AP,

Tl dd, lERlAdA, NO 7HEA R
Qlsted WolA|E] 71577t FHkch

D 3ER}ol| 4] Epicardial coronary artery2] WIAE
71s7ol} g IFE RS oS 5 9o, FMD
7h BarskAlellA] EARkS o5 7 SRl o
st s Yl AR ofd tigt 7} A9t Hesich
FMD] A4 Al 7R 71 53l wet 2zt
off A3t d3ke v g glemw AR Ay A9
3k Fert dashe, AAXe Yl g1, 2
ZEFA AAL "d) ]3]l odgks vke- 4= Q)

s = Oy o2 e
olk

—_

il
ks
k=)

=

pe
S

f
23

AAZ ol g SRl Pt 2

gol

S0 ulEe) WHo R WIAIES s el Bk
S ol AT s 2] A u BB

RERRER

_

8ol A8l S Sk

270

S AR (Arterial Stiffness)

e 2ebe AB W T 8 Eeag A4
slo] kel T2 WIS PAel wi, Wb

3} Z71A]S(augmentation
gae] 7154 W

(pulse wave velocity, PWV)

o
index, ALY SRS Hojsio]

842 o % gick Bl AAEE Fulo] whelzho] ofdt
SR AES oulkeh g Ee] 27 Aol |
%, el oy, wAUZ, WA AR, Fdolh ule
Sol glek BuAHEe] s ofme AP Ankhs
Wpglol /it X2 v ohARE Bugste] A A
& oufela, ol Falld JuBAR] WAHES ol
=g 5 g

ZLo|tHPWV (m/sec or cm/sec) = L/AT). o] A7}
Z7ksto] AR 0] AslElw pWVE 28 28-S Eafel=
B9 SIS " pwvE ddo] SkEA Hx F
7k=]o], 20tHell = 2F 4 m/se] &[4t 80telli= 10 m/sE S7}
ek FlellA AR e e Z & pwv el A4
7S 20U=5.58 + 0.96 mysecollA] Llolol] ule} AxH oz
Z7ks}0d, 60tHE 8.5 + 2.36 mysec] LS Bk, o
2} o] A5ttt 71 HelA] o] ke skl AA]]
o] PWvzke g Agsprlells ofgith Selld s iR
el BllA AR oA, A3hE pwve] 74|
At d vt Qhrk PWV 74 A] Fejet Ao =4s)
Z710Y| whgbA] FA7ke] Kol7} gloma AHg 2710

270 &
A 28k gk, Sl A7l ol el 24 7kt

=
=

A

T

Hlsze i oldloll 2748 33w} e el 2ol
of ). 5 284 9, AN I AuleE, B
o kA, A4 A E, A, AR 5L A
of g,

Sl WislE 7] F3le] Fg £4
Z7}A)4(augmentation index, AIx)2} St
SHcentral arterial pressure) -+ 7}FA& A=
k] 249 dele el B wl] A7 #okincident
wave)7} A kg ) Zgelclr Ao EA T

J

ot

=

R

«

ofh 4
N

1=

=8l =
4 5

I=



OIX|2l o] 12l : RZ4 28 SxHEAXIIM MRS AR HIESH Lol s &It

oA 3P} ElEoke =t o] HhAlsHKreflected wave)7}
thsellA] Ax1ste} A thEsiels: o FA vt I3t
| ZA=A ArgellA] AR A7 wilet

ol 74 A A4
o Folei WAl 7k ek, WA S5
ol B Exle] FAFU F5150] k] 571
Hslo] g5k Aspdow AN F} Frkla
2449] ol97)5-g Asltela gFuel Furo] WS u
A S, olAE AR AR S bk TP

A7} Hrk. FHZARASE Al ol uigh =27]9)
w3}z whAE shle) e} elolel ojdl 2 A

Coronary Artery Calcium (CAC) Score

CACE AW % atheroma burdeng 218 = 9l
AR A4S} ge=2ed(Electron beam CT, EBCT)Y tH4
Z7] AAS}E eE=2ed(multidetector CT, MDCT)E- o|-&3}
o] PEHe] A3t AEE 4T = ek Agatstone 5
& W Asle] AEE 0, 1~10, 11~100, 101~400,
401 o9l sSHoR FHul] ERigat, T o
adtallAl 0, 10, 100, 400, 5= 1,000 5] FXE 7IEe
2 s sl ket o3t 7l tisiAle F
B2 A7t ekt Aelolvh A3lste] A= ¥, WA,
i, el SrRskvkal Harsle] gt of
ArdT-EollA FariEiAlollA] vgiglel] wlg] CAC 4
Fol| 3, 1 X7} Ashlar Basiel . Raggi 52
90399 FaHEAE E33E 10,3779 3AE o s
CAC imaging ¥ 2F 51d7F 248k 77} Jagl} vldagl
Bl 71#] CAC score7} EUE 7390l AdEo] =7}
319131, HISE3E CAC scores 7HAIHERE Bagle] AbdE
o] Z7k=le] vk Ae Earslgiel. 2elal CAC score?}
0] 735 237 ulgmlellA] ABEgo] H|szslod, CAC

thd=z

FiAcu A<

score”} el AueAge] RS F3RF 5

A 83k wiolglar AXelATF”. Bt Anand 5>
TS0l e AR FaHZAlelA w7Ike] At
oluf FoEA HATE oISl iRl e Ad
A 930A R} CAC score?} $-Datekar B usigleP?.
T2} South Bay Heart Watch Studyoﬂ/q 714 coronary
calcium H|FE0ldA= SHEE oIF8 5 o) 269
Bo] Fa3AE 6l e W el ARikle]
Sl Ao Harslol™, CAC score7} Al¥aagke] 914
L 379 odlF 7tz AREE = SRl i = it
A& A7t F.eslrt. shARF CAC scorex= shte]

L=}
-

271

Z23F 98 AL E3lal CAC score7} 255 3
&EiARe] S 7hsAol otk aEhy el Y=

FE AE PR gherka g
oA X85 o= 74
Tz Asigle] Al ol
AEE AL F gl
Qo] Al HFE el widt A=
CAC score 21 scoring systemol|4] AdA3lo]
T} 2ETo| LZAsIAlA] CAC scoreS Bl
PPy, ATt TR TSR CACS)

il

1

A AEE el SlaA Ak AAE Anela 9)
7 obep?,

Steno-2 QF7ollA Fsngaiells Wezate] ohlel,
AR YL AFHo T 2L 7ol AU
ARG WA G ek ATl o], Fgrtiny
grola] Aawagel siaesl W dlxe Saa 424
o 25 Ak G5 DGurgabge] trage) o
Ay % 918 Aok, 2hA
o] Thelstsle] 9l et BurEkdell T A
gl dlxwel i 27 As7t ok
ofek. g iR A YATES T 4 A
5ol Wbt Aesick

o

b

Ao
rar

1. Beckman JA, Creager MA, Libby P: Diabetes and
atherosclerosis: epidemiology, pathophysiology,
management. JAMA 287:2570-81, 2002

2. Creager MA, Luscher TF, Cosentino F, Beckman JA:

and

Diabetes and vascular disease: pathophysiology, clinical
consequences, and medical therapy: part 1. Circulation
108:1527-32, 2003

3. Morrish NJ, Wang SL, Stevens LK, Fuller JH, Keen
H: Mortality and causes of death in the WHO
multinational study of vascular disease in diabetes.
Diabetologia 44(Suppl 2):S514-21

4. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso
M: Mortality from coronary heart disease in subjects
with type 2 diabetes and in nondiabetic subjects with
and without prior myocardial infarction. N Engl J
Med 339:229-34, 1998

5. Lockhart CJ, Hamilton PK, McVeigh KA, McVeigh



Korean Diabetes J 33:267~275, 2009

10.

11.

12.

13.

14.

GE: A cardiologist view of vascular disease in

diabetes. Diabetes Obes Metab 10:279-92, 2008

. Wilson PW, D’Agostino RB, Levy D, Belanger AM,

Silbershatz H, Kannel WB: Prediction of coronary
heart disease using risk factor categories. Circulation

97:1837-47, 1998

. Asia Pacific Cohort Studies Collaboration, Barzi F,

Patel A, Gu D, Sritara P, Lam TH, Rodgers A,
Woodward M: Cardiovascular risk prediction tools
for populations in Asia. J Epidemiol Community

Health 61:115-21, 2007

. Stevens RJ, Kothari V, Adler Al, Stratton IM; United

Kingdom Prospective Diabetes Study (UKPDS)
Group: The UKPDS risk engine: a model for the risk
of coronary heart disease

(UKPDS 56). Clin Sci (Lond) 101:671-9, 2001

in Type II diabetes

. Calabr6 P, Willerson JT, Yeh ETH: Inflammatory

cytokines stimulated C-reactive protein production by
human coronary artery smooth muscle cells. Circulation
108:1930-2, 2003

Yasojima K, Schwab C, McGeer EG, McGeer PL:
Generation of C-reactive protein and complement
components in atherosclerotic plaques. Am J Pathol
158:1039-51, 2001

Venugopal SK, Devaraj S, Jialal: Macrophage
of

C-reactive protein in human aortic endothelial cells:

conditioned medium induces the expression
potential for paracrine/autocrine effects. Am J Pathol
166:1265-71, 2005

Calabr6 P, Chang DW, Willerson JT, Yeh ETH: Release
of C-reactive protein in response to inflammatory
cytokines by human adipocytes: linking obesity to
vascular inflammation (research correspondence). J Am
Coll Cardiol 46:1112-3, 2005

Khreiss T, Jozsef L, Potempa LA, Filep JG:
Conformational rearrangement in C-reactive protein
is required for proinflammatory actions on human
endothelial cells. Circulation 109:2016-22, 2004
Lagrand WK, Niessen HWM, Wolbink G-J, Jaspars
LH, Visser CA, Verheugt WA, Meijer CJLM, Hack
E: C-reactive protein colocalizes with complement in

human hearts during acute myocardial infarction.

272

15.

16.

17.

18.

19.

20.

Circulation 95:97-103, 1997

Pepys MB, Hirschfield GM, Tennent GA, Gallimore
JR, Kahan MC, Bellotti V, Hawkins PN, Myers RM,
Smith MD, Polara A: Targeting C-reactive protein for
the treatment of cardiovascular disease (letter). Nature
440:1217-21, 2006

Pearson TA, Mensah GA, Alexander RW, Anderson
JL, Cannon RO 3rd, Criqui M, Fadl YY, Fortmann
SP, Hong Y, Myers GL, Rifai N, Smith SC Ir,
Taubert K, Tracy RP, Vinicor F: Centers for Disease
Control and Prevention: American Heart Association.
Markers of inflammation and cardiovascular disease:
application to clinical and public health practice: A
statement for healthcare professionals from the
Centers for Disease Control and Prevention and the
American Heart Association. Circulation 107:499-511,
2003

Naghavi M, Falk E, Hecht HS, Jamieson MJ, Kaul S,
Berman D, Fayad Z, Budoff MJ, Rumberger J, Naqvi
TZ: for the SHAPE Task Force. From vulnerable
plaque to vulnerable patient-part III: executive summary
of the Screening for Heart Attack Prevention and
Education (SHAPE) Task Force report. Am J Cardiol
98:2H-15H, 2006

Blake GJ, Ridker PM: Inflammatory bio-markers and
cardiovascular risk prediction. J Intern Med 252:283
-94, 2002

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker
PM: C-reactive protein, interleukin 6, and risk of
developing type 2 diabetes mellitus. JAMA 286:327-34,
2001

Chambless LE, Folsom AR, Clegg LX, Sharrett AR,
Shahar E, Nieto FJ: Carotid wall thickness is predictive
of incident clinical stroke: the Atherosclerosis Risk in
Communities(ARIC) study. Am J Epidemiol 151:478-87,
2000

21. Touboul PJ, Elbaz A, Koller C: Common carotid artery

22.

intima-media thickness and brain infarction: the Etude
du Profil Genetique de [!’Infarctus Cerebral(GENIC)
case-control study: the GENIC Investigators. Circulation
102:313-8, 2000

Bots ML, Hoes AW, Koudstaal PJ: Common carotid



23.

24.

25.

26.

27.

olx|2l 2| 12l : FEA M2

intima-media thickness and risk of stroke and myocardial
infarction: the Rotterdam Study. Circulation 96:1432-7,
1997

Roman MIJ, Naqvi TZ, Gardin JM, Gerhard-Herman
M, Jaff M, Mohler E: Clinical application of noninvasive
vascular ultrasound in cardiovascular risk stratification:
a report from the American Society of Echocardiography
and the Society of Vascular Medicine and Biology. J
Am Soc Echocardiogr 19:943-54, 2006

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall
CB, Mohler ER, Najjar SS, Rembold CM, Post WS:
American Society of Echocardiography Carotid Intima
-Media Thickness Task Force. Use of carotid ultrasound
to identify subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus statement
from the American Society of Echocardiography Carotid
Intima-Media Thickness Task Force. Endorsed by the
Society for Vascular Medicine. Am Soc Echocardiogr
2:93-111, 2008

Touboul PJ, Hennerici MG, Meairs S, Adams H,
Amarenco P, Bornstein N: Mannheim Carotid Intima
-media Thickness Consensus(2004-2006): an update
on behalf of the advisory board of the 3rd and 4th
watching the risk symposium 13th and 15th European
stroke conferences, Mannheim, Germany, 2004, and
Brussels, Belgium, 2006. Cerebrovasc Dis 23:75-80,
2007

Bae JH, Seung KB, Jung HO, Kim KY, Yoo KD, Kim
CM, Cho Sw, Cho SK, Kim YK, Rhee MY, Cho MC,
Kim KS, Jin SW, Lee JM, Kim KS, Hyun DW, Cho
Yk, Seong IW, Jeong JO, Park SC, Jeong JY, Woo
JT, Koh GK, Lim SW: Analysis of Korean Carotid
Intima-Media Thickness in Korean Healthy Subjects
and Patients with Risk Factors: Korea Multi-Center
Epidemiological ~ Study.  Korean  Circulation J
35:513-24, 2005

Kim HJ, Won YJ, Kim DJ, Ahn CW, Cha BS, Lim
SK, Kim KR, Lee HC, Huh KB: Normative Data of
Intima-medial Thickness in Korean Adults and the
Estimation of the Relative Risk of Macrovascular
Diseases Using this Data in Type 2 Diabetic Subjects.
J Korean Diabetes Assoc 27:288-97, 2003

273

28.

29.

30.

31.

32.

33.

34.

35.

E SHERNM AEREE 2E9 HIESH g Qs "It
Chambless LE, Heiss G, Folsom AR, Rosamond W,
Szklo M, Sharrett AR, Clegg LX: Association of
coronary heart disease incidence with carotid arterial
wall thickness and major risk factors: the Atherosclerosis
Risk in Communities (ARIC) Study, 1987-1993. Am J
Epidemiol 146:483-94, 1997

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: Cardiovascular
Health Study. N Engl J Med 340:14-22, 1999
Brohall G, Odén A, Fagerberg B: Carotid artery
intima-media thickness in patients with Type 2
diabetes mellitus and impaired glucose tolerance: a
systematic review. Diabet Med 23:609-16, 2006
Glagov S, Weisenberg E, Zarins CK, Stankunavicius
R, Kolettis GJ: Compensatory enlargement of human
atherosclerotic coronary arteries. N Engl J Med
316:1371-5, 1987

Miura H, Wachtel RE, Liu Y, Loberiza FR Jr, Saito
T, Miura M, Gutterman DD: Flow-induced dilation of
human coronary arterioles: important role of Ca(2+)
-activated K(+) channels. Circulation 103:1992-8, 2001
Joannides R, Haefeli WE, Linder L, Richard V,
Bakkali EH, Thuillez C, Liischer TF: Nitric oxide is
responsible for flow-dependent dilatation of human
peripheral conduit arteries in vivo. Circulation 91:
1314-9, 1995

Corretti MC, Anderson TJ, Benjamin EJ, Celermajer
D, Charbonneau F, Creager MA, Deanfield J, Drexler
H, Gerhard-Herman M, Herrington D, Vallance P,
Vita J, Vogel R: International Brachial Artery
Reactivity Task Force. Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated
vasodilation of the brachial artery: a report of the
International Brachial Artery Reactivity Task Force. J
Am Coll Cardiol 39:257-65, 2002

Schroeder S, Enderle MD, Ossen R, Meisner C,
Baumbach A, Pfohl M, Herdeg C, Oberhoff M,
Haering HU, Karsch KR: Noninvasive determination

of endothelium-mediated vasodilation as a screening

screening test for coronary artery disease: pilot study



Korean Diabetes J 33:267~275, 2009

36.

37.

38.

39.

40.

41.

42.

43.

to assess the predictive value in comparison with

angina pectoris, exercise electrocardiography, and
myocardial perfusion imaging. Am Heart J 138:731-9,
1999

Ceriello A, Esposito K, Piconi L, Thnat M, Thorpe J,
Testa R, Bonfigli AR, Giugliano D: Glucose "peak"”
and glucose "spike": Impact on endothelial function

and oxidative stress. Diabetes Res Clin Pract
82:262-7, 2008

Yeboah J, Folsom AR, Burke GL, Johnson C, Polak
JF, Post W, Lima JA, Crouse JR, Herrington DM:
Predictive Value of Brachial Flow-Mediated Dilation
for Incident Cardiovascular Events in a Population
-Based Study. The Multi-Ethnic Study of Atherosclerosis.
Circulation 2009 Jul 27. [Epub ahead of print]
Nitenberg A, Pham I, Antony I, Valensi P, Attali JR,
Chemla D: Cardiovascular outcome of patients with
abnormal coronary vasomotion and normal coronary
arteriography is worse in type 2 diabetes mellitus
than in arterial hypertension: a 10 year follow-up
study. Atherosclerosis 183:113-20, 2005

Lakatta EG, Levy D: Arterial and cardiac aging:
major  shareholders in cardiovascular  disease
enterprises: Part I: aging arteries: a ‘set up’ for
vascular disease. Circulation 107:139-46, 2003
Simons PC, Algra A, Bots ML, Grobbee DE, van der
Graaf Y: Common carotid intima-media thickness and
arterial stiffness: indicators of cardiovascular risk in
The SMART Study (Second
Manifestations of ARTerial Circulation
100:951-7, 1999

O’Rourke MF, Staessen JA, Vlachopoulos C, Duprez

high-risk  patients.

disease).

D, Plante GE: Clinical applications of arterial
stiffness:
Hypertens 15:426-44, 2002

Park HY, Lee SY, Cho SW, Kwon SU, Namgung J,
Hyung J, Lee WR: Correlations between the left

definitions and reference values. Am J

ventricular diastolic function and aortic stiffness in
healthy aged subjects. Korean Circ J 36:393-9, 2006
Sangiorgi G, Rumberger JA, Severson A, Edwards
WD, Gregoire J, Fitzpatrick LA, Schwartz RS:

Arterial calcification and not lumen stenosis is highly

274

44.

45.

46.

47.

48.

49.

50.

51.

52.

correlated with atherosclerotic plaque burden in
humans: a histologic study of 723 coronary artery
segments using nondecalcifying metholdology. J Am
Coll Cardiol 31:126-33, 1998

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte M Jr, Detrano R: Quantification of
coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol 15:827-32, 1990
Raggi P, Shaw LJ, Berman DS, Callister TQ:
Prognostic value of coronary artery calcium screening
in subjects with and without diabetes. J Am Coll
Cardiol 43:1663-9, 2004

Khaleeli E, Peters SR, Bobrowsky K, Oudiz RJ, Ko
JY, Budoff MJ: Diabetes and the associated incidence
of subclinical atherosclerosis and coronary artery
disease: implications for management. Am Heart J
141:637-44, 2001

Hoff JA, Quinn L, Sevrukov A, Lipton RB, Daviglus
M, Garside DB, Ajmere NK, Gandhi S, Kondos GT:
The prevalence of coronary artery calcium among
diabetic individuals without known coronary artery
disease. J Am Coll Cardiol 41:1008-1, 2003
Schurgin S, Rich S, Mazzone T: Increased prevalence
of significant coronary artery calcification in patients
with diabetes. Diabetes Care 24:335-8, 2001

Reaven PD, Sacks I: Coronary artery and abdominal
aortic calcification are associated with cardiovascular
disease in type 2 diabetes. Diabetologia 48:379-85,
2005

Raggi P, Shaw LJ, Berman DS, Callister TQ:
Prognostic value of coronary artery calcium screening
in subjects with and without diabetes. J Am Coll
Cardiol 43:1663-9, 2004

Anand DV, Lim E, Hopkins D, Corder R, Shaw LJ,
Sharp P, Lipkin D, Lahiri A: Risk stratification in
uncomplicated type 2 diabetes: prospective evaluation
of the combined use of coronary artery calcium
imaging and  selective = myocardial
scintigraphy. Eur Heart J 27:713-21, 2006
Qu W, Le TT, Azen SP, Xiang M, Wong ND,
Doherty TM, Detrano RC: Value of coronary artery

perfusion

calcium scanning by computed tomography for



OIX|2l o] 12l : RZ4 28 SxHEAXIIM MRS AR HIESH Lol s &It

predicting coronary heart disease in diabetic subjects. 54. Gaede P, Vedel P, Larsen N, Jensen GV, Parving
Diabetes Care 26:905-10, 2003 HH, Pedersen O: Multifactorial intervention and

53. Dennie CJ, Jeipsic J, Brydie A: Canadian Association cardiovascular disease in patients with type 2
of Radiologists: Consensus guidelines and Standards diabetes. N Engl J Med 348:383-93, 2003

for Cardiac CT. Can Assoc Radiol J 60:19-34, 2009

275




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


