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- Abstract -

Background: A chronic inflammatory response is an important component in the
development and progression of atherosclerosis. Since the development of the
high-sensitive C-reactive protein (hs-CRP) assay, the association between subtle
increases in the hs-CRP concenfration and the development of atherosclerosis,
has recently been reported. In this study, the relationship between hs-CRP,
conventional cardiovascular risk factors and carotid intima media thickness (IMT),
were investigated, and whether hs-CRP concentrations analyzed fo see if it could
be used as an independent risk factor, of early subclinical atherosclerosis in
apparently healthy subjects.

Methods: This report was conducted as part of the Korean Metabolic Syndrome
Study. Of 1,230 individuals having undergone a routine check-up, 849 were
selected, based on their medical history of cardiovascular diseases. The hs-CRP
was measured by an ELISA method, using human anti-CRP (CRP Il Lafex X2,
Denka Seiken, Japan).

Results: The distribution of the hs-CRP concentration was positively skewed, and
the hs-CRP levels ranged from 0.10 to 43.7 mg/L (mean 2.06, median 0.77 mg/L).
There were significant positive correlations between the hs-CRP and age, BMI,
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waist, BP, insulin resistance (HOMA-IR) and the TC/HDL-C ratio. From a mulfiple
regression analysis, independent relafionships between the hs-CRP and obesity,
hypertension, age (= 60 years), current smoking, male and insulin resistance were
found. There were positive correlations between the carotid IMT and age, BMI,
waist circumference, SBP, DBP, TC, TG, LDL-C, fasting blood glucose, HOMA-IR and
hs-CRP, and a negative correlation between the carotid IMT and the HDL-C. From
the multiple regression analysis, independent relationships between the carofid IMT
and age, SBP, TC/HDLc, HOMA-IR, waist circumference, and DBP also persisted.
After adjusting for the conventional risk factors in the multiple regression, there was
no longer a significant relationship between the hs-CRP and the carotid IMT.
Conclusion: There were strong correlations between the hs-CRP and the
conventional cardiovascular risk factors, especially with that of obesity. Also, a
highly significant association was also found between the hs-CRP and the carotid
IMT. However, the hs-CRP, per se, is not a major independent risk factor of early
subclinical atherosclerosis in Koreans (J Kor Diabetes Asso 27:49~62, 2003).

Key Words: High sensitive C-reactive protein, Intima media thickness, Atheros-
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Table 1. Clinical Characteristics of 849 Subjects

Variables Men Women )

n 446 403

Age (years) 51.1£10.6 523%9.2 0.079
Body mass index (kg/m®) 244427 24.8+3.3 0.040
Waist circumference (cm) 86.0£7.3 81.94£8.3 <0.001
Waist-Hip ratio 0.88£0.04 0.84+0.05 <0.001
Systolic blood pressure (mmHg) 130.3+17.6 130.7£19.5 0.768
Diastolic blood pressure (mmHg) 80.4+11.8 799+12.7 0.554

Total cholesterol (mmol/L) 5.15+0.83 5.321+0.92 0.007

Triglycerides (mmol/L) 2.13£1.46 1.56%1.01 <0.001
HDL cholesterol (mmol/L) 1.13£0.26 1.324+0.34 <0.001
LDL cholesterol (mmol/L) 3.14%0.77 3.30+0.82 0.005

Total-C/HDL-C 4.73+1.13 4.24+1.16 <0.001
Fasting blood glucose (mmol/L) 5.69+1.46 5.33£1.35 <0.001
Fasting blood insulin (pmol/L) 65.0+37.0 66.9£+40.0 0.466

HOMA-IR 2.76+1.80 2.68+1.78 0.471

Diabetes (%)* 13.0 6.9 <0.001
Hypertension (%)* 41.0 43.7 0.445

Smoking (%)* 46.6 4.7 <0.001
Menopause (%) 63.3

hs-CRP (mg/L) " 2.2745.29 1.8243.53 0.026

median (range) 0.80(0.10-43.7) 0.70(0.10-40.0)
Mean IMT (mm) 0.69+0.16 0.68+0.16 0.380
Max IMT (mm) 0.7410.21 0.734+0.20 0.273

Data are means+SD or median (range). Student’s t test was performed. *)% test.
T Mann-Whitney U test. HDL, high density lipoprotein; LDL, low density lipoprotein;
hs-CRP, high sensitive C-reactive protein, IMT, intima-media thickness.
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Fig. 1. Distribution of high sensitive C-reactive protein
(hs-CRP) in study subjects
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Table 2. Relationship between Conventional Cardiovascular Risk Factors and High
Sensitive C-reactive Protein (hs—CRP) Levels in 446 Male Subjects

Quartile of hs-CRP (range, mg/l)

Variables p
0.10~0.40 0.50~0.80 0.90~1.80 1.90~43.7

n 127 108 98 113

Age (years) 49.9+9.5 4944104 519+11.4 5324108 0.032
BMI (kg/m’) 23.7+2.4 245422 247427 249432 0.002
Waist (cm) 84.0+7.1 86.1£6.6 86.716.3 87.7£8.4 0.001
WHR 0.87+0.05 0.88+0.04 0.89+0.03 0.8940.04 0.012
SBP (mmHg) 126.8+16.4 130.0£17.2 134.1+17.1 131.24+19.0 0.008
DBP (mmHg) 78.2x12.6 80.5+11.0 82.5+12.0 81.1%11.3 0.009
Total-C (mmol/L) 5.01+0.81 5.20+0.86 5.23+0.79 5.20+0.87 0.296
TG (mmol/L) 1.92+1.23 2.07£1.41 225+1.31 231%1.81 0.137
HDL-C (mmol/L) 1.15+0.27 1.174£0.25 1.134+0.26 1.10+0.26 0.148
LDL-C (mmol/L) 3.08+0.78 3.144+0.79 3.18+0.76 3.181+0.74 0.706
TC/HDL-C 4.53+1.00 4.63£1.15 4.83+1.07 496+1.25 0.011
FBS (mmol/L) 5.63+1.40 5.46+1.00 5.71x1.47 597+1.82 0.314
FBI (pmol/L) 58.9+34.9 62.84+32.0 63.9+33.8 74.7144.0 0.004
HOMA-IR 2.50+1.75 2.56£1.40 271%1.61 3.30+2.21 0.001
Diabetes (%)* 13.4 7.4 153 159 0.326
Hypertension (%)* 323 39.8 50.0 44.2 0.050
Smoking (%)* 449 42.6 51.0 48.7 0.612

Data are means+SD. Kruskal-Wallis test was performed. *)% test. BMI, body mass index; WHR,
waist-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; Total-C, total cholesterol;
TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; FBS, fasting blood sugar; FBI, fasting blood insulin.

FZdl2ElEHDL Fal=elE n7b @Rl vlel
=0 iRt ABEE HSirk (Table 3).
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Aoz ek} (Table 4).
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A& Al3¥slSict (Table 5).
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Table 3. Relationship between Conventional Cardiovascular Risk Factors and High
Sensitive C-reactive Protein hs—CRP) Levels in 403 Female Subjects

Quartile of hs-CRP (range, mg/L)

Variables p
0.10~0.30 0.40~0.70 0.80~1.70 1.80~40.0

n 120 89 92 102

Age (years) 49.449.0 51.7+8.6 54.7£9.0 54.0+9.4 <0.001
BMI (kg/m®) 23243.0 25.0+2.9 254427 26.2%3.6 <0.001
Waist (cm) 78.0+8.2 81.7£7.7 83.3x7.1 85.7£8.1 <0.001
WHR 0.82 +0.06 0.8440.05 0.85+0.05 0.86+0.05 <0.001
SBP (mmHg) 125.7+19.4 131.5+17.4 133.4+19.7 133.4+20.4 0.007
DBP (mmHg) 77.7x£12.4 80.5+11.8 81.0+13.0 81.1£13.5 0.158
Total-C (mmol/L) 5.124+0.85 5.321+0.94 5.45+0.95 5.43+0.90 0.015
TG (mmol/L) 1.38+0.77 1.46+0.72 1.68+1.20 1.77+1.22 0.030
HDL-C (mmol/L) 1.33+0.35 1.3440.36 1.35+0.30 1.27+£0.32 0.226
LDL-C (mmol/L) 3.16%+0.70 3.2940.84 3.38+0.84 3.39+0.91 0.179
TC/HDL-C 4.09+1.13 4.15+1.08 421+1.04 4.54+1.31 0.040
FBS (mmol/L) 5.19+1.31 5.54%2.10 5.33+0.96 5.31+0.71 0.033
FBI (pmol/L) 58.9+34.9 62.8+32.0 63.9+33.8 74.7+44.0 0.004
HOMA-IR 2.49+1.90 2.65+1.63 2.73+1.47 2.87+2.01 0.047
Diabetes (%)* 33 10.1 8.7 6.9 0.366
Hypertension (%)* 31.7 39.3 522 53.9 0.002
Smoking (%)* 5.8 4.5 1.1 6.9 0.253
Menopause (%)* 513 59.8 71.7 72.5 0.002

Data are means+SD. Kruskal-Wallis test was performed. * { test. BMI, body mass index; WHR, waist-hip

ratio, SBP, systolic blood pressure; DBP, diastolic blood pressure; Total-C, total cholesterol; TG,

triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;

FBS, fasting blood sugar; FBI, fasting blood insulin.
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Table 4. Multiple Regression Analysis for the Relationship between High Sensitive
C-reactive Protein (hs-CRP) and Cardiovascular Risk Factors

95% CI for 8
Variables B p
lower bound upper bound

Obesity (1=yes) 1.173 0.112 0.254 <0.001
Hypertension (1=yes) 1.129 0.065 0.209 <0.001
Age (1=60 years) 0.115 0.059 0.221 0.001
Smoking (1=current smoker) 0.089 0.017 0.195 0.020
Sex (1=men) 0.074 -0.002 0.156 0.055
Insulin resistance (1=yes) - - - 0.064
Dyslipidemia (1=yes) - - - 0.259
Diabetes (1=yes) - - - 0.416
Hypercholesterolemia (1=yes) - - - 0.613
R’ 0.081 - - 0.001

A stepwise multivariate regression analysis was performed. hs-CRP was logarithmic transformed.
8 standardized regression coefficients. CI; confidence interval. Obesity; body mass index =25.0
kg/m2 andfor waist circumference =90 cm in men, 80 cm in women. Hypertension; systolic
blood pressure =140 mmHg and/or diastolic blood pressure =90 mmHg. Insulin resistance;
highest quartile of HOMA-IR. Diabetes; fasting blood glucose = 126 mg/dL.
Hypercholesterolemia; total cholesterol = 240 mg/dL. Dyslipidemia; triglycerides = 150 mg/dL

and/or HDL cholesterol < 40 mg/dL.

ol w2} hs-CRPO| S/ #dsldef”. Sitzer
TE 5Y AGAR] FHls dez g dellA
hs-CRP2| Z71e} vo], o4, Fadd, A=A, o
s, FFe~EE, LDL Fa|lxuls, J3tdas, 94
fibrinogen®} oke] AT AZ} 9l o], HDL Zd|24H)|
23} S0 ARAAr} gk B wsigleh.

E QollA= AAUAXI7} hs-CRPe} AkiAPL
oI Ho| EAA ], B3] PAlolM FZulxulE,
ZA74: LDL Zdl~HlE, HDL ZHAHE Sol
hs-CRP9} AatAP) ol Aoz vehe) whi &
ZYl~d5/HDL FHlAHERE ¥ B4 hs-
CRP&} oko] AIAE Hol 71Ee] A AuAx]| Bt
ZZHldlEHDL Zulz=elEnlrl AAH 9% 9
SATWINES diEshedl Fr £ AxE A7
g ek ol A Wikl AdakA 914
QuRpele] Ao E FFalelE/HDL Falx
gl EHke] Su|QlE IARE vl AL dXple A

Fole}k. w2t o= 31 59 ATAIIE PXJslo]
ghQlof|A] AAtiAtol Y, 53] LDL Fall=elEx] 2}
A= A4 dFikeoll vIXe ko] AL o=
FEE ¢ Jor 5 v w2 A7t dasi:

2 qdollA CRPE] A3t 7P =131 st
AP} =& %7} vk g Jehdel u|Te] 33 T
ul77}eokz AL (NHANES III) Lol 738t 16,573
)

p

e oz & AFelAE ARG 25 kg/m® |
akel Foll wlsl] AAekASE 30~35 kg/m’Ql T

CRP7} 2 Aisialsst 3.10u), ARAS 40
kg/m® o]AFel 2 9.30ullelar s}, Frohlich ¢l
FollAle TS @45 CRPS} 7h 42 4
BAE B AT} AT . 2
Hlolle AR A3e] gl AR e @
Oxford and Collaborators Health Check Study™, &
A= 3121=- Ake 2 3F European Concerted Action

on Thrombosis and Disabilities Angina Pectoris
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Table 5. Multiple Linear Regression Analysis for the Relationship between Carotid Intima
Media Thickness (IMT), High Sensitive C-reactive Protein (hs—CRP) and Cardio-
vascular Risk Factors

Mean IMT Max IMT
variables univariate® multivariate | univariate® multivariate
r p B P r P B p
Age 0.477 <0.001 0.398 <0.001 0.454 <0.001 0.375 <0.001
Sex" - 0.380 - - - 0273 - -
BMI 0.174 <0.001 - - 0.162 <0.001 - -
Waist 0.268 <0.001 0.088 0.010 0.258 <0.001 0.086 0.013
SBP 0.343 <0.001 0.174 <0.001 0.331 <0.001 0.264 <0.001
DBP 0.254 <0.001 - - 0.240 <0.001  -0.110 0.049
Total-C 0.137 <0.001 - - 0.127 <0.001 - -
TG 0.077 0.015 - - 0.076 0.015 - -
HDL-C -0.051 0.075 - - -0.068 0.028 - -
LDL-C 0.130 <0.001 - - 0.127 <0.001 - -
TC/HDLc 0.140 <0.001 0.086 0.006 0.150 <0.001 0.094 0.003
FBS 0.144 <0.001 - - 0.123 <0.001 - -
FBI 0.150 <0.001 - - 0.142 <0.001 - -
HOMA-IR 0.195 <0.001 0.107 0.001 0.181 <0.001 0.093 0.004
Smoking® - 0.229 - - - 0274 - -
Log hs-CRP 0.158 <0.001 - - 0.156 <0.001 - -
R’ - - 0.305 - - - 0.285 -

* Pearson’s univariate correlation analysis. tstepwise multivariate regression analysis. ¥ Student’s t test.
Sex: men=1, women=0; smoking: current smoker=1, ex-smoker/non-smoker=0. r: Pearson’s correlation
coefficients; [3 standardized regression coefficients. BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; Total-C, total cholesterol; TG, triglycerides; HDL-C, high density
lipoprotein cholesterol, LDL-C, low density lipoprotein cholesterol; FBS, fasting blood sugar; FBI, fasting
blood insulin.
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Fig. 2. Relationship between high sensitive C-reactive protein (hs-CRP) and max Intima-media thickness (IMT) in
male(A) and female(B) subjects. r; Spearman’s univariate correlation coefficients

e Sl S0, & ol AR¥ " 2k
oA AAFAGTRE 7l FAmakt PAgle]
vleks 717 73S S8 ARt A
Su|giA S7kEle] Qeke A7Aziel Yy

B QdollA AdA] Agle] gl 4J21e] hs-CRP
o] kS 2.06, T4k 0.77 mg/Lo|irl. NHANES
I 37726014 204]] o]4F AJol2] #H hs-CRPE 4.14
mg/LE R &l951 Sitzer 52| ¢d7ol|A+= hs-CRP
o] Zekzko] 1.135 mg/Leka Harsgie}®. ui Qi
ol dpoz 3 A %A hs-CRPE] Fekztol
0.7 mg2 felvelel FARE Aohg Ko Q154 X}
o|7} 942 Aoz A7tErk Chambers 57°0] o]
Al QIEA| olAJofele] f71 wiglel] w]al IHE A3k
o2 QIgt AtEo] =2 /5 Hn|uk) QlEelA
g4l o] Ajolof] whE CRPE] Xjo| 2 Algst Hg & uf
QIFll whZ CRP2] Xo|5 AWe = 9rk

B ol z7] S8 uAsse] A% s
WFiAlE Azl APl 19AAR] Yel, a2
ek, A, Aol vkt =2 gt
PAE BYov) Figds A HolA] kgt
o, hs-CRP+= the 5IAE BAG Foll= 7%
o JFakEAle] S]13Q0 SR obde] v A

k3
J

&

ok AR A ZE HERste] 4%
WA 3] B Aol ALY Py $AS vho
2 4 ATV 4B WA A, F
e BURE Gy PAel F7hslo]
5%7]%sk, LDL Zelzsllg o 212 1274900 3
F S} DAL PG 8 Rt

b1

& 773 Fd S b e® 3 Al
A] Rk} CRP Alolel] 2 A3iAlE Kol CRP
oF g WWgkrAle] AL Fdde] e A%
olsom 5% CRP
of 7% WS RS ool =006 (v
Zh, 0.08(37h), thE AGA APIAE ZAT ¥
ol kbt gleka ek, Sitzer 509) 7
oA CRPS} ZEiguleAe] Aol 327
Q AEA A9YAL 53] ARRAITE g% ¥
FAA folgol ke Bsile). o4 3
% W] CRPS| 27} Ak 2] F45ussel 2
A4 Q191 ol s, ABA A (53] B E
o] FEWAsES el A dFel o
ofsiul, WA WdFe] AER CRP7F 27l

(epiphenomenon)& A5 & 5 girk

2
4
gt
Sk
k)
K
&
ot
3
%
k8
o
s

£

_58_



whd A A5 FAleE CRP ZAE £43F
Wasksell 71018 4= ke Hae Qlrk o2 CRP
+ S87dshitellA] W¥d LDLY} deo g kgl
w ZA3kE BAlel @A EAlels o] wheA”.
5 CRP7} Wi¥js] LDL9} 712 2jzkeol] nhgebid W
HAAE BAAIAA A5 sl 585
738kgell 7118t 7Hdelek Yamasaki 5ol <lst
W A By gAkel wlRsg] EFellA hs-CRP=
7 aAeh SHAR ARAE HY Ao
2 Ve, wleba] CRPe} S5 s ale] 3
ARs et Bdste] v B A7t Zasi

SEEWISSe AR T8l ¥, sk
Fu, DEAEEEET, vk 5ol ¢HA ek o}
ARk o3k adZ]l Ao g
Qle] Ak o] g2 AR = Y=
&¢edA Qlek 2 el hs-CRP7} H7E gl
AT GARATE Qlom, e WAL
AR AERA 3R] vo, wiE, wHsh F2
dl=elE/HDL Falz=elEH]et BAIgle] AE=IAE
A3 SRAR AIAE HRl AL A AT
F PAFI Y,

2 7o AR WA dkdte] il HE
g A FAlolek AR AR AdA
35 dET 5 Ye WS FHs] sl LB87I1%E
e A 54 AR 71T glol el kst
2 AR EAGS F5E Aew A7

R G, IAET, 8 At oA
Eg=o] 9ot hs-CRP F=ol & &
e ATEIsAIY &R, of2TF, statin AlAl,
wlepxpRbAlel 212 st o, o T et o of
5e kA X sk AR ARk AL
< Sl HAle] FRE AR & 7 fie A wliell
Alefstgont, od7723tellA hs-CRPS} A AX L
ddo] AWIAPE g ksl UebA e et
goldt AAE Hls o Sk

olde] ZAFE 3=ql AellA hs-CRP= 44
Q AERA f1HQAT v, sk del(a®), |
9, AU =2 AAE 9o am
AEEEET 9l o ALT, s ARt

=]

)
o\
ik
o
o

T

7L OBt Aoz vehdeh ma 2] SEus
sl AE A% A 24

Al 1A o, sk, gl Aot
ol Wik} e ARAE Bglor}) FIHHE
ARAAZ BolA) ohgkorm, hs-CRPE thE $1%9)
A% 1A Sl A5 UiEeHEle] S5l §)
9127} ool Brelzlck k% hs-CRPSF 75w vl
Fukep) g AR S 5 Y AR}
2 i A Q7S QA Aol

o (o]
RS =

QI FHESEE AEe) A Agke.
2 QIS FHEUISHES] WA evelopmeny)
3} K13 (progression)ol] Qo] w9~ Fesjrl HZ
CRP &kA|9} high-sensitive assay7} 7HilE|md4] hs-
CRPS} FFEu7sizste] AnaAp i <A77}
hiks] Zsi=]s Qivk B A7e AdaAEste] ¢l
= 491 dAEe.2 3l hs-CRP 55
G3A| 3R B e WEehrAeke] skl
H7hka, Sl hs-CRP 557} 27] F4HEuza)
o =219l ARAIAE PAklaA sk
CHAH 2 B 2 od7e 3=l AlellA] Al
AR SIERIARA U] o8 Tkl
AERSE shol A= 9l (Korean  Metabolic
Syndrome Study)e] ko o] Folsleh. ARARE
HE2- 30~79419] whd 1,230%F hs-CRPS} 735
NG 243 9149 AT, o] F A
IAPAREe] 719Ee] ol 6578 Alefelar ¥ 849
= ez siglck L B-mode 259175 o]
Sofo] B WERAE ZHIGAL hs-CRPE
CRP II Latex X2 (Denka Seiken, Tokyo, Japan)E- o]
23 ghals SRlfe Sgelgicl

Za}: 1. hs-CRP= 22207 skewd HIE
o|m, Hgko] 2.06 (Fzk 0.77) mg/LolaL, 95%
7} 7.6 mg/L vigo ekl

2. hs-CRPE 452slo] AlglbAl Siaialslel 4
F4E B3 AT hsCRP7} 71945 vol}

O i
kAL, HIRts, dsh &Rl Aol ¥ w2 Ao

¢

N

¢

ERERE

¢

ofN it
N

_59_



Uhebsier. 3158 Aol hs-CRP7} Z7Fekng
£Zel-0)%, SAAMo] B3 HDL Zalzw|Eol
ge gelgor} BAM folde siglen, b
2T HIZHDL ZAsEE HlE ulgs Zrhk
A wolrh whoe] $uEon} FuY, Fg
£ 7+ 7 240l Aol7} Gk AT HA2] Blg
o] hs-CRPS} AIAIE RYch. hs-CRPS} Alalzb
AR BEHTIRA Az g, el 17
(6041 o)4, FABEANFAAD, A, AEAA
o] $oz gMAe] L Aoz Ukker, oA

9%, Gy, IFAsHEEEIE Rge] e
Ao ekgk

3. 73 RSk ARab Slgeldsh gl
o JBEANAE Vo), uIRE, 5371 2 o]eb] ¥
b AAA], €4, HOMA-IR, hs-CRP So] 7%
3 WS GRRATE G Ao ekt
i FA e WFEsh JaabilE Hold) skt
ok BE1714 3} mean IMTS} JakabilE 1)
H4=1= o], 42739k, HOMA-IR, TC/HDLc, 3]
£l Selglon], max IMTS iabllE Hel w4
= o), $=7]5sl, TC/HDLc, HOMA-IR, 3]2]%E
el olk7]¥s} Solgich hsCRPE: vlg=lErlsh =
el A el sislek

A= oyl Ashw 99l AlelA hs-CRPE
SAER) AR 9, Fel uRit e g

“
L
R B A RS A58
il
)

=] o

of

T
ot

9

¢

s sU
DA% B9Ie). Ea hs-CRPYE: b A1k S19
A% BAY Folis AF WFREle] Sy 9

GaA7} obde] wrsizick

o

F

Mo
ror

1. Ross R: Atherosclerosis-an inflammatory disease.
N Engl J Med 340:115-26, 1999

2. Alexander RW: [Inflammation and coronary
artery disease. N Engl J Med 331:468-69, 1994

3. Rifai N, Ridker PM: High-sensitivity C-reactive
protein: a novel and promising marker of

coronary heart disease. Clin Chem 47:403-11,

2001

4.

10.

_60_

. Ridker

Haverkate F, Thompson SG, Pyke SDM,
Gallimore JR, Pepys MB, for the European
Concerted Action on Thrombosis and Disabilities
Angina Pectoris Study Group: Production of
C-reactive protein and risk of coronary events in
stable and unstable angina. Lancet 349:462-66,

1997

. Tracy RP, Psaty BM, Macy E, Bovill EG,

Cushman M, Cornell ES, Kuller LH: Lifetime
smoking exposure affects the association of
C-reactive protein with cardiovascular disease
risk factors and subclinical disease in healthy
elderly subjects. Arterioscler Thromb Vasc Biol
17:2167-76, 1997

. Kuller LH, Tracy RP, Shaten J, Meilahn EN:

Relation of C-reactive protein and coronary
heart disease in the MRFIT nested case-control
study. Multiple Risk Factor Intervention Trial.
Am J Epidemiol 144:537-47, 1996

. Ridker PM, Cushman M, Stampfer MJ, Tracy

RP, Hennekens CH: Inflammation, aspirin, and
the risk of cardiovascular disease in apparently
healthy men. N Engl J Med 336:973-79, 1997
PM, Glynn RJ, Hennekens CH:
C-reactive protein adds to the predictive value
of total and HDL cholesterol in determining risk
of first myocardial infarction. Circulation 97:
2007-11, 1998

. Ridker PM, Hennekens CH, Buring JE, Rifai N:

C-reactive protein and other markers of
inflammation in the prediction of cardiovascular
disease in women. N Engl J Med 342:836-43,
2000

Hashimoto H, Kitagawa K, Hougaku H, Shimizu
Y, Sakaguchi M, Nagai Y, Iyama S, Yamanishi
H, Matsumoto M, Hori M: C-reactive protein is
an independent predictor of the rate of increase
in early carotid atherosclerosis. Circulation

104:63-67, 2001



11.

12.

13.

14.

15.

16.

17.

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 74:1399-1406, 1986

Hodis HN, Mack W], LaBree L, Selzer RH, Liu
CR, Liu CH, Azen SP: The role of carotid
intima-media thickness

arterial in predicting

clinical coronary events. Ann Intern Med
128:262-69, 1998

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 Collaboration
Research Group. N Engl J Med 340:14-22, 1999
Hayaishi-Okano R, Yamasaki Y, Katakami N,
Ohtoshi K, Gorogawa S, Kuroda A, Matsuhisa
M, Kosugi K, Nishikawa N, Kajimoto Y, Hori
M: Elevated C-reactive protein associates with
early-stage carotid atherosclerosis in young
subjects with type 1 diabetes. Diabetes Care
25:1432-38, 2002

Blackburn R, Giral P, Bruckert E, André JM,
Gonbert S, Bernard M, Chapman MJ, Turpin G:
constitutes an

Elevated C-reactive protein

independent predictor of advanced carotid
plaques in dyslipidemic subjects. Arterioscler
Thromb Vasc Biol 21:1962-68, 2001
Sitzer M, Markus HS, Mendall MA, Liehr R,
Knorr U, Steinmetz H: C-reactive protein and
carotid intimal medial thickness in a community
population. J Cardiovasc Risk 9:97-103, 2002
g s A7, AR olfHl,
B P A F95 I 24,
o, s ARY Fud 3k} 9l
AdnAsio] fle Ade thdew =43 Y
ARSIy A high  sensitivity
C-reactive protein Afo|2] A nlaL cishliz}
3] A] 63:36-45, 2002

716‘:! A1,

t

- 61

18.

19.

20.

21.

22.

23.

24.

25.

26.

oAE, 724,
AR e, A, oI, b S E
2] SellZFAtz A laRIAe) K

3R] 63:54-60, 2002

Matthews DR, Hosker JP, Rudenski AS, Naylor

BA, Treacher DF, Turner RC: Homeostasis

[e) ER
0]%f9 7\:!o

model assessment: insulin resistance and
beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia
28:412-19, 1985

Friedewald WT, Levy RI, Fredrickson DS:
Estimation of the concentration of low density
lipoprotein cholesterol in plasma without use of
preparative ultracentrifuge. Clin Chem 18:499-
502, 1972

Frohlich M, Imhof A, Berg G, Hutchinson WL,
Pepys MB, Boeing H, Muche R, Brenner H,
Koenig W: Association between C-reactive
protein and features of the metabolic syndrome.
Diabetes Care 23:1835-39, 2000

Ford ES: Body mass index, diabetes, and
C-reactive protein among U.S. adults. Diabetes
Care 22:1971-77, 1999

Danesh J, Muir J, Wong Y-K, Ward M,
Gallimore JR, Pepys MB: Risk factors for
coronary heart disease and acute-phase proteins:
a population-based study. Eur Heart J 20:954-
59, 1999

Hotamisligil GS, Arner P, Caro JF, Atkinson
RL, Spiegelman BM: Increased adipose tissue
expression of tumor necrosis factor-alpha in
human obesity and insulin resistance. J Clin
Invest 95:2409-15, 1995

HF Jr, Gabrilove JL,

Oettgen HF, Brennan MF: The acute metabolic

Warren RS, Starnes

effects of tumor necrosis factor administration in
humans. Arch Surg 122:1396-1400, 1987
Hotamisligil GS, Shargill NS, Spiegelman BM:

Adipose expression of tumor necrosis factor-



27.

28.

29.

30.

alpha: direct role in obesity-linked insulin

resistance. Science 259:87-91, 1993

WA, 4], P $95 AR AN

olglA, ¥7H: 23] W 3ol H'_.r{uﬂx}
Aulate]] w2 ZARAslEe] A% ul ojye s

2H 25:20-34, 2001

Chambers JC, Eda S, Bassett P, Karim Y,
Thompson SG, Gallimore JR, Pepys MB,
Kooner JS: C-reactive protein, insulin resistance,
central obesity, and coronary heart disease risk
in Indian Asians from the United Kingdom
compared with European whites. Circulation

104:145-50, 2001

=, HHARL, AT, QPR el A,
F95, AR, AU, olF, sz A&

BESS %]—h\déoﬂ/ﬂ zaﬂ*ok‘.:_ B-mode Z53}& &
oo FHEWINE e

W 23:234-42, 1999

Hak AE, Stehouwer CDA, Bots ML, Polderman

KH, Schalkwijk CG, Westendorp ICD, Hofman

A, Witteman JCM: Associations of C-reactive

insulin

protein  with measures of obesity,

resistance, and subclinical atherosclerosis in

healthy, middle-aged women. Arterioscler

31.

32.

33.

34.

35.

_62_

Thromb Vasc Biol 19:1986-91, 1999
Folsom AR, Pankow JS, Tracy RP, Arnett DK,
Peacock JM, Hong Y, Djousse L, Eckfeldt JH:
The Investigators of the NHLBI Family Heart
Study. Association of C-reactive protein with
markers of prevalent atherosclerotic disease. Am
J Cardiol 88:112-17, 2001

Bhakdi S, Torzewski M, Klouche M, Hemmes
M: Complement and atherogenesis: binding of
CRP to degraded, nonoxidized LDL enhances
complement activation. Arterioscler Thromb Vasc
Biol 19:2348-54, 1999

AL FAT, WA, oIFE, U5, AN,
#: WPEUASE Aollale] el

ol szt
Fel¥E= uy 20:291-302, 1996
S, o1, A £, MeF 8,
olE%, oledel: W Fd Aol BFEA}

2y Qg HEske] B
t]]*}LHJ/]-ﬂ_QJX] 49:819-28, 1995

Huh KB, Lee HC, Cho SY, Lee JH, Song YD:
The role of insulin resistance in Korean patients
with coronary atherosclerosis. Diabetes 45(Suppl.
3):859-861, 1996



