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ABSTRACT 

Background and Objectives：Arterial stiffness assessed non-invasively with the aortic pulse wave velocity (PWV) 
has been associated with atherosclerosis in the coronary arteries and also cardiovascular mortality. The aim of this 
study was to determine whether arterial stiffness may predict the severity of coronary artery disease (CAD). Subjects 
and Methods：We enrolled 106 consecutive, symptomatic patients (males: 71 (67%), mean age: 57.0±10.5 years) 
who underwent coronary angiography. The extent of the CAD was defined by single or multiple vessel disease 
according to the number of coronary vessels with a ≥50% narrowing, the lesion type according to the AHA/ 
ACC guidelines, and a modified stenosis scoring system. Arterial stiffness was characterized by measurement of the 
carotid-radial PWV. In addition, such cardiovascular risk factors as the body mass index, hypertension, smoking, 
LDL-and HDL-cholesterol, ejection fraction (EF), left ventricle mass index (LVMI), pulse pressure, plasma ho-
mocysteine and C-reactive protein (CRP) were evaluated. Results：The carotid-radial PWV in multiple vessel CAD 
was faster than in single vessel CAD and the normal arteries (10.33±1.46 vs. 8.76±1.65 m/sec, respectively, p< 
0.001). On the univariate analysis, the extent of the CAD, as expressed as a modified stenosis score, was associated 
with the total cholesterol, LDL-cholesterol, the EF and the PWV. However, on the multivariate analysis, the extent 
of CAD was associated with the carotid-radial PWV (p<0.001). Conclusion：Arterial stiffness identified by carotid-
radial PWV may predict the severity of the CAD after adjusting for other cardiovascular risk factors. (Korean 
Circulation J 2006;36:565-572) 
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Introduction 

 
The severity of atherosclerosis in the coronary arteries 

has been shown to have a positive correlation with the 
degree of atherosclerosis in the aorta or the other major 
arterial branches.1) The mechanical properties of the large 
arteries are important determinants of the circulatory 
physiology in both healthy and diseased states. Arterial 
compliance is related to left ventricular(LV) hypertrophy 
and the risk for incurring cardiovascular disease events. 
The loss of arterial compliance has been studied as both 
a cause and a consequence of vascular disease.2) A variety 

of reports have recently shown that arterial stiffness is 
associated with cardiovascular risk factors,3)4) as well as 
cardiovascular morbidity and mortality in older subjects5) 
and in patients suffering with hypertension,6) diabetes,7) 
end-stage renal disease8) and systolic dysfunction.9) 

The population-based Rotterdam study10) showed that 
arterial stiffness was strongly associated with atherosc-
lerosis at a variety of sites on the vascular tree. Arterial 
stiffness can be assessed non-invasively with measuring 
the pulse wave velocity(PWV). Some authors have re-
ported that PWV may be used as a surrogate of clinical 
atherosclerosis and as a predictor for the presence of 
coronary artery disease(CAD).11)12) 

However, there is little data on the relationship bet-
ween PWV and the extent of CAD as determined by 
angiography. In addition, the predictive value of PWV 
for CAD has not been established. Thus, the aim of this 
study is to evaluate the relationship between carotid-ra-
dial PWV and the severity of the CAD. 
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Subjects and Methods 
 
Patient population 

We prospectively enrolled 106 patients who under-
went coronary angiography between January 2004 and 
March 2005 for the assessment of suspected coronary 
artery disease. The exclusion criteria were previous myo-
cardial infarction, previous percutaneous coronary inter-
vention, valvular heart disease, cardiomyopathy, sinus 
node dysfunction, atrial fibrillation, conduction distur-
bance, known peripheral arterial disorders, diabetes 
mellitus or impaired renal and/or liver function. Echo-
cardiographic assessment was performed for all patients 
according to the standards of the American Society of 
Echocardiography, with measurements of the left ven-
tricular(LV) mass, the left atrium volume and the ejec-
tion fraction. All patients were taking antianginal or 
anti-hypertensive medication before their entry into the 
study. Vasodilator medications such as nitrate and an-
giotensin converting enzyme inhibitors, but not such 
anti-platelet agents as aspirin and clopidogrel, were 
withdrawn for at least 48 hours before the study. All the 
patients provided written informed consents before en-
tering the study. 
 
Angiographic protocol 

Selective coronary angiography was performed using 
the Judkin technique. Each coronary vessel was assessed 
and a visual estimation of the percent luminal stenosis 
for each lesion was reported. Multiple projections were 
acquired to determine the maximal amount of coronary 
artery luminal narrowing. The severity of CAD was as-
sessed according to the following three factors. The first 
was a vessel score; this was the number of vessels with 
significant stenosis(50% or greater reduction in the 
lumen diameter). The vessel scores ranged from 0 to 3, 
depending on the number of vessels involved. Left main 
coronary artery stenosis was scored as a two-vessel dis-
ease. The second factor was the lesion type; the charac-
teristics of the most severe lesions among the diseased 
coronary arteries was assessed according to the AHA/ 
ACC guidelines.13) The third factor was a modified steno-
sis score, which has been described previously.14) Briefly, 
this was a score with 0, 1, 2 or 3 points, respectively, 
representing 0% to 30%, 31% to 50%, 51% to 70%, and 
≥71% diameter stenosis in one to three segments of 
the three main coronary arteries and in the left main 
trunk(a total of 10 segments). The scores for each of 
the ten segments were added together to give a total score 
out of a theoretical maximum of 30. Therefore, this 
score places emphasis on the severity of the stenosis while 
it includes some measure of the extent of the coronary 
disease. The above three angiographic factors were eva-
luated by two experts, who were blinded to other pati-
ent data. 

Biochemical tests 
After fasting over night, the venous blood samples 

were obtained from the patients and the controls from 
an antecubital vein at the study baseline. The lipid se-
rum levels were measured by routine methods. CRP 
measurements were performed by the Nephelometer 
(Dade Behring Inc, Newark, DE, U.S.A.) method. 
Plasma homocysteine measurements were assessed by 
employing a fluorescence polarization immunoassay with 
using the IMx Analyzer(ABBOTT Laboratories, U.S.A.). 
 
Measurement of carotid-radial PWV and the calcu-
lated central blood pressure 

All the procedures were performed in a controlled 
environment. The PWV was determined using a semi-
automatic device, the Sphygmocor apparatus(ATCOR 
Medical, Sydney, Australia). In brief, the common ca-
rotid artery and radial artery pressure waveforms were 
recorded non-invasively by using a pressure-sensitive 
transducer. The two pressure waveforms were then stored 
in a memory buffer. A preprocessing system automati-
cally analyzed the gain in each waveform and adjusted 
it for equality of the two signals. When the operator 
observed a pulse waveform of sufficient quality on the 
computer screen, digitization was then suspended and 
calculation of the time delay between the 2 pressure 
upstrokes was initiated. The distance traveled by the 
pulse wave was measured manually with a tapeline as the 
distance between the two recording sites(D), while the 
pulse transit time(t), which was measured between the 
feet of the pressure waveforms that were recorded at 
these different points(the foot-to-foot method), was au-
tomatically determined. The PWV was automatically cal-
culated as the PWV=D/t. Measurements were taken 
over 20 cardiac cycles and when the difference of con-
secutive mean data during the repeated measurements 
was less than 0.5 m/sec. The mean data was then used 
for the final analysis. 

The calculated central blood pressure was obtained 
non-invasively by performing radial artery applanation 
tonometry and pulse wave analysis.15) The main princi-
ple of this method is based on deriving the a central 
aortic pressure waveform from the peripheral pressure 
waveform by using generalized transfer functions. Tono-
metry of the radial artery was obtained using a high-
fidelity strain gauge transducer that was placed on the 
tip of a pencil-type tonometer(Millar Instruments, Inc, 
Houston, TX). Analysis of the derived aortic pressure 
waveforms was done with the Sphygmocor System(AT-
COR Medical, Sydney, Australia). Calibration of the 
peripheral pressure recordings was obtained by measu-
ring the brachial systolic and diastolic blood pressure 
with a mercury sphygmanometer. Three measurements 
were performed in each case and the mean value of the 
systolic and diastolic blood pressure was then calculated.  
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Statistical analysis 
The SPSS 12.0(SPSS inc., Chicago, Illinois, U.S.A.) 

statistical software package was used for all calculations. 
Data are presented as means±standard deviations(SDs) 
for the continuous variables and as percentages for the 
categorical data. For the continuous variables, compa-
risons between the two groups were performed using the 
unpaired, two-tailed t-test. The categorical data and pro-
portions were analyzed using the Chi-square test. The 
correlations between the carotid-radial PWV, the cardio-
vascular risk factors and the severity of the CAD were 
determined by linear regression analysis; this was follo-
wed by multivariate analysis using an Enter multiple 
regression model. The receiver operating characteristic 
(ROC) curve analysis was used in order to determine 
the cut-off value of the carotid-radial PWV to distinguish 
between simple and severe coronary artery disease at the 
highest possible sensitivity and specificity levels. p<0.05 
were considered statistically significant. 
 

Results 
 
Demographic characteristics 

The demographic characteristics of the 106 patients 
are summarized in Table 1. Their mean age was 57.0±
10.5 years and 67% of the patients were male. The sys-
tolic and diastolic blood pressures were 116.3±16.2 
mmHg and 68.7±11.8 mmHg, respectively. 37.7% and 
35.8% of the patients had a history of hypertension and 
smoking, respectively. There was no difference accor-
ding to age and gender between the patients with and 
without hypertension. The prevalence of acute coronary 
syndrome was 48.7%. Abnormalities of the LV structure 
and function were absent. The mean values for the LV 

mass index and the left atrial volume index were appro-
ximately 110 g/m2 and 35 mL/m2, respectively. As an 
indicator of the LV function, the mean LV ejection frac-
tion based on the echocardiography was 57%, which was 
within normal limits. 
 
Clinical and angiographic characteristics 

The clinical and angiographic characteristics are sum-
marized in Table 2. The serum CRP and plasma ho-
mocysteine levels, which were used as biochemical mar-
kers of atherosclerosis, were slightly elevated(0.36±0.78 
mg/dL and 14.0±6.2 umol/L, respectively). The calcu-
lated systolic and diastolic blood pressures were 104.4±
16.7 mmHg and 69.1±11.8 mmHg, respectively. The 
PWV that was derived from the carotid to the radial ar-
teries was 9.3±1.7 m/sec. For the angiographic charac-
teristics, 79(74.5%) patients had significant CAD and 
39(36.8%) of these patients had multivessel disease, 
while 27(25.5%) had normal arteries with <30% lu-
minal narrowing without any angiographically demon-
strated atherosclerotic stenotic lesions. For the patients 
with significant CAD, the mean number of diseased 
vessels was 1.65±0.73 per patient. For the lesion types 
according to the AHA/ACC guidelines, 74(69.8%) pa-
tients had complex lesion that was more than B2/C. 
There was no difference in age and gender according to 
the lesion type and the number of diseased vessels. The 
modified stenosis score that was summed at each coro-
nary artery was 5.55±4.52. 
 

Table 1. Demographic characteristics 

Patients number 106 
Age (yr) 057.0±10.5 
Male (%) 71 (67.0) 
BMI (kg/m2) 024.2±2.50 
Peripheral SBP (mmHg) 116.3±16.2 
Peripheral DBP (mmHg) 068.7±11.8 
Peripheral pulse pr. (mmHg) 047.1±13.6 
Hypertension (%) 40 (37.7) 
Current smoker (%) 38 (35.8) 
LVEF (%) 056.9±11.3 
LVMI (g/m2) 111.8±30.2 
LAVI (mL/m2) 035.1±12.3 
Diagnosis  

Stable angina (%) 65 (61.3) 
Unstable angina (%) 26 (34.5) 
Myocardial infarction (%) 15 (14.2) 

Results are presented as means±SDs or as numbers (%). BMI: body
mass index, S/DBP: systolic/diastolic blood pressure, Pr: pressure,
LVEF: left ventricular ejection fraction, LVMI: left ventricular mass
index, LAVI: left atrial volume index 
 

Table 2. Atherosclerotic and angiographic parameters 

White cell count (count/mm3) 7017.4±1967.1 
Total cholesterol (mg/dL) 0191.0±39.700 
LDL-cholesterol (mg/dL) 0125.5±36.900 
HDL-cholesterol (mg/dL) 0042.0±10.000 
Serum CRP (mg/dL) 000.36±0.7800 
Plasma homocysteine (umol/L) 0014.0±6.2000 
Calculated aortic SBP (mmHg) 0104.4±16.700 
Calculated aortic DBP (mmHg) 0069.1±11.800 
Calculated aortic pulse pr. (mmHg) 0035.0±12.000 
Pulse wave velocity (m/sec) 0009.3±1.7000 
Vessel score  

Normal (%) 27 (25.5) 
One (%) 40 (37.7) 
Two (%) 27 (25.5) 
Three (%) 12 (11.3) 
Diseased vessels  1.65±0.73 per pt.

Lesion type*   
A/B1 32 (30.2) 
B2/C 74 (69.8) 

Modified stenosis score  005.55±4.5200 
Results are presented as means±SDs or as numbers (%). *: lesion type
determined by AHA/ACC guidelines, L/HDL: low/high density lipo-
protein, CRP: C-reactive protein, S/DBP: systolic/diastolic blood pres-
sure, Pr: pressure, Pt: patient 
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Traditional atherosclerotic risk factors and the caro-
tid-radial PWV 

Among the cardiovascular risk factors measured in our 
study, the age, peripheral systolic blood pressure, calcu-
lated aortic systolic pressure and LV ejection fraction 
were statistically related to the carotid-radial PWV(p< 
0.05)(Fig. 1). The carotid-radial PWV of the patients 

with hypertension was significantly increased compared 
to that of the patients without hypertension(9.94±1.59 
vs. 8.97±1.75 m/sec, respectively, p<0.05). In addition, 
the carotid-radial PWV of the males was significantly 
increased compared to that of the females(9.65±0.81 
vs. 8.69±1.43 m/sec, respectively, p<0.05)(Fig. 2). Ho-
wever, the carotid-radial PWV was not related to other 
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Fig. 1. Atherosclerotic risk factors and carotid-radial pulse wave velocity (PWV). Age (A), the peripheral (B) and the calculated (C) systolic blood
pressure (BP) had a positive correlation with PWV (D) (p<0.05). Also, the left ventricular ejection fraction (EF) had a negative correlation with the
carotid-radial PWV (p<0.05). However, there was no different between the other traditional risk factors such as the presence of smoking, pulse
pressure, LDL cholesterol, C-reactive protein and plasma homocysteine and PWV. 
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Fig. 2. Hypertension, gender and the carotid-radial pulse wave velocity (PWV). The carotid-radial PWV was significantly increased in the patients with
hypertension (A) and in the patients who were male (B) (p<0.05). 
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traditional risk factors such as the presence of smoking, 
pulse pressure, the levels of total cholesterol and LDL 
cholesterol, serum CRP or plasma homocysteine, as well 
as the presence of a clinical diagnosis such as stable angina 
and acute coronary syndrome(9.22±1.89 vs. 9.52±
1.49 m/sec, respectively, p=NS)(Table 3). 
 
Relationships among the parameters of the extent of 
the CAD 

When we compared the three parameters concerning 
the extent of the CAD, the modified stenosis score for 
the more complex lesions(B2/C) was significantly hig-
her than that for the simple lesion(A/B1) according to 
the lesion type as determined with using the AHA/ACC 
guidelines(9.55±1.59 vs. 8.97±1.75 m/sec, respecti-
vely, p<0.05)(Fig. 3). Furthermore, the higher the vessel 
score, the higher was the modified stenosis score. Thus, 
the modified stenosis score, which was very precise in 
evaluating the extent of the CAD, was strongly related 
to the other two methods. 
 
Carotid-radial PWV and extent of the CAD 

In regard to the lesion types as determined with using 

the AHA/ACC guidelines, the carotid-radial PWV was 
higher in the complex lesions(B2/C) than in the sim-
ple lesions(A/B1)(p<0.05)(Fig. 4). For the vessel score, 
for values >50% diameter stenosis, the carotid-radial 
PWV was significantly increased with a high vessel score 
(p<0.05). When the vessel scores were divided into sim-
ple(normal or single vessel disease) and severe(multiple 
vessel disease of more than two vessels) CAD, the cut-
off value for the carotid-radial PWV to differentiate 
between the groups was 9.05 m/sec; this score allowed 
a sensitivity of 85% and a specificity of 67%(Fig. 5). 
For the modified stenosis score, the carotid-radial PWV 
that was measured non-invasively had a positive corre-
lation to the modified stenosis score that was measured 
invasively by coronary angiography(p<0.001)(Fig. 6). 
 
Predictor of the extent of the CAD 

On the univariate regression analysis, the extent of the 
CAD expressed as the modified stenosis score was asso-
ciated with the total cholesterol, the LDL-cholesterol, the 
LV ejection fraction and PWV(Table 4). However, on 
the multivariate regression analysis, after adjusting for the 
total cholesterol, the LDL-cholesterol, the LV ejection 
fraction, the PWV and the other traditional cardiovas-
cular risk factors such as gender, age, presence of hyper-
tension, the HDL-cholesterol and LV mass index and the 
extent of the CAD, as expressed as a modified stenosis 
score, was associated with the carotid-radial PWV(p< 
0.001)(Table 4).  
 

Discussion 
 

In the present study, we observed a strong and inde-
pendent association between the manifestations of in-
creased arterial stiffness, as derived from the noninvasive 
carotid-radial PWV, and the extent of the CAD, as 
assessed by invasive coronary angiography. 

Increased arterial stiffness is associated with several 

Table 3. Correlation between PWV and the cardiovascular risk factors 

 p 

Age 0.007 

Peripheral SBP 0.008 

Calculated SBP 0.008 

Peripheral PP 0.236 

Calculated PP 0.088 

LVEF 0.024 

Total cholesterol 0.520 

LDL cholesterol 0.678 

CRP 0.836 

Plasma homocysteine 0.375 
PWV: pulse wave velocity, SBP: systolic blood pressure, PP: pulse pres-
sure, LVEF: left ventricular ejection fraction, LDL: low density lipopro-
tein, CRP: C-reactive protein 
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Fig. 3. The relationship among the parameters for assessing the extent of coronary artery disease. The modified stenosis score was significantly related
to the lesion type as determined by the AHA/ACC guidelines (A) and the vessel score (B) (p<0.05). 
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cardiovascular risk factors, including age, hypertension 
and diabetes mellitus. Ohmori et al.16) have also repor-
ted a positive correlation between age and the PWV 
value. Asmar et al.17) have reported that the two major 
determinates of PWV were the patient’s age and the 
systolic blood pressure, which were correlated with a 
positive PWV. This finding is consistent with the results 
of our study, which showed that the patient’s age and 
systolic blood pressure were significantly related to PWV. 
Thus, the age-related decrease in arterial distensibility 
has been described to be a consequence of an increased 
ratio of the collagen to elastin and the qualitative wall 
thickness, as well as atherosclerosis.18) The functional 
and structural changes in the arterial wall with increa-
sing age influence the reactivity of arteries and this ac-
celerate the atherogenic process.19) 

Certain biochemical markers, including the CRP and 
possibly homocysteine or LDL particles, may allow ad-
ditional discrimination of the cardiovascular risk among 
otherwise apparently healthy individuals. In our study 

population, CRP and homocysteine were distributed 
equally according to the stenosis score among the pati-
ents suffering with CAD; the total cholesterol and LDL-
cholesterol were accounted for in the univariate analy-
sis. This discrepancy might have been the result of the 
small number of study patients. 

There have been several reports on the relationship 
between the PWV and various biochemical markers. 
Kullo et al.20) reported that CRP, a marker for systemic 
inflammation, was related to the measurement of arterial 
wave reflection and stiffness in asymptomatic subjects 
from the community. Bortolotto et al.21) have suggested 
that both the PWV and the homocysteine levels were 
significantly elevated in the presence of cardiovascular 
disease in hypertensive populations. Our findings showed 
that CRP and homocysteine levels were not related to 
the carotid-radial PWV. This discrepancy of the C-reac-
tive protein and homocysteine levels might have been the 
result of the small number of study patients who were 
treated with antihypertensive medication. There conti-
nues to be conflicting reports on the association of the 
PWV and the lipid profile. Cameron et al.22) have re-
ported that increased LDL cholesterol levels are associa-
ted with the aortic PWV. Conversely, Benetos et al.23) 
have found no significant correlation between the total 
plasma cholesterol level and the aortic PWV. 

Atherosclerosis refers to the concentric hyaline thic-
kening of the arterial and arteriolar walls.24) As athero-
sclerosis progresses, the tunica media thickens and the 
tunica intima becomes rigid, and this reduces the arte-
rial elasticity.25) Reduced arterial distensibility has been 
shown to be associated with atherosclerotic events. Thus, 
an increased aortic PWV is strongly associated with the 
presence and extent of atherosclerosis and it constitutes 
a potent marker and predictor of the cardiovascular risk, 
including CAD.26) In the Rotterdam study,10) van Po-
pele et al. reported that arterial stiffness was strongly 
associated with atherosclerosis at a variety of sites on the 
vascular tree. Our findings showed similar results in that 
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the severity of the CAD was explained by the PWV after 
adjusting for several cardiovascular risk factors in the 
multivariate regression analysis. 

The PWV might provide a sensitive technique for 
assessing changes in the pulsatile arterial function that 
can serve as a marker for atherosclerotic change in the 
coronary vessels. Syeda et al.27) have reported that pa-
tients with multivessel disease had a significant reduc-
tion in small arterial elasticity. We also found that the 
PWV was higher in patients with multiple vessel CAD 

than in those patients with single vessel CAD. The re-
ceiver operating characteristic curve analysis revealed a 
cut-off value of 9.05 m/sec for multiple vessel CAD 
with a sensitivity of 85% and a specificity of 67%. 

One potential limitation of our study was that the 
study group consisted of only symptomatic patients who 
were referred for coronary angiography. Thus, our fin-
dings might not be applicable to the general popula-
tion. However, Nurnberger et al.28) have found a strong 
positive correlation between arterial stiffness and CAD 
in asymptomatic patients who were without a previous 
history of CAD or atherosclerotic disease. Another limi-
tation was that we assessed arterial stiffness using the 
PWV measured from a peripheral artery(the carotid-
radial artery). The biological and mechanical properties 
of the central(predominantly elastic) arteries and the 
peripheral(predominantly muscular) arteries are known 
to differ in the formation of atherosclerotic lesions and 
arterial distensibility. However, the functional(flow-me-
diate vasodilatation) and morphological(intima-media 
thickness) aspects of the muscular artery status are 
known to be correlated with clinical CAD.29)30)  

In conclusion, we found that arterial stiffness, as mea-
sured by the carotid-radial PWV, had a strong associa-
tion with the extent of CAD, and this went beyond the 
effects of the well-known cardiovascular risk factors. Thus, 
this non-invasive evaluation method may provide results 
that can be used as a useful marker of coronary athero-
sclerosis in patients suffering with CAD. 
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Presence of hypertension -1.691 -0.182 0.061 

Total cholesterol -0.029 -0.252 0.009 

HDL cholesterol -0.085 -0.187 0.054 

LDL cholesterol -0.026 -0.215 0.027 

Plasma homocysteine -0.015 -0.018 0.885 

C-reactive protein -0.593 -0.099 0.342 

LVEF -0.094 -0.234 0.016 

LVMI -0.024 -0.150 0.105 

PWV -1.422 -0.055 0.000 
B: unstandardized coefficient, BMI: body mass index, SBP: systolic
blood pressure, HDL: high density lipoprotein, LDL: low density li-
poprotein, LVEF: left ventricular ejection fraction, LVMI: left ventri-
cular mass index, PWV: pulse wave velocity 

 

Table 5. Multivariate regression analysis of modified stenosis score as
a dependent variable 

Independent variable 
Standardized 

coefficient 
p 95% CI 

Gender (female 0, male 1) -0.012 0.897 -1.702, 1.941 

Age -0.016 0.871 -0.075, 0.088 

Presence of hypertension -0.086 0.341 -0.859, 2.461 

Total cholesterol -0.254 0.140 -0.010, 0.068 

HDL cholesterol -0.131 0.139 -0.140, 0.020 

LDL cholesterol -0.020 0.905 -0.038, 0.043 

LVEF -0.139 0.135 -0.129, 0.018 

LVMI -0.081 0.340 -0.013, 0.038 

PWV -0.436 0.000 -0.635, 1.633 
CI: confidential interval, HDL: high density lipoprotein, LDL: low
density lipoprotein, LVEF: left ventricular ejection fraction, LVMI: left
ventricular mass index, PWV: pulse wave velocity 
 

Y=8.156+0.213X 
p<0.001, r=0.550 
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Fig. 6. The modified stenosis score and the carotid-radial pulse wave ve-
locity (PWV). The modified stenosis score that was measured invasively
by coronary angiography had a positive correlation to the carotid-radial
PWV that was measured non-invasively (p<0.001). 



 
 
572·Korean Circulation J 2006;36:565-572 

 

2) Bramwell JC, Hill AV. Velocity of transmission of the pulse-wave: 
and elasticity of arteries. Lancet 1922;199:891-2. 

3) Lehmann ED, Hopkins KD, Rawesh A, et al. Relation between 
number of cardiovascular risk factors, events and noninvasive 
Doppler ultrasound assessments of aortic compliance. Hyperten-
sion 1998;32:565-9. 

4) Hwang WM, Bae JH, Kim KY, Synn YC. Impacts of atherosclero-
tic coronary risk factors on atherosclerotic surrogates in patients 
with coronary artery disease. Korean Circ J 2005;35:131-9. 

5) Chae CU, Pfeffer MA, Glynn RJ, Mitchell GF. Taylor JO, Hen-
nekens CH. Increased pulse pressure and risk of heart failure in 
the elderly. JAMA 1999;281:634-9. 

6) Madhavan S, Ooi WL, Cohen H, Alderman MH. Relation of 
pulse pressure and blood pressure reduction to the incidence of 
myocardial infarction. Hypertension 1994;23:395-401. 

7) Lehmann ED, Riley WA, Clarkson P, Gosling RG. Non-invasive 
assessment of cardiovascular disease in diabetes mellitus. Lancet 
1997;350(Suppl I):SI14-9. 

8) Lee YS, Kim KS, Kwon SM, et al. The change of arterial stiffness 
according to dialysis in patients with end-stage renal disease. 
Korean Circ J 2004;34:865-73. 

9) Domanski MJ, Mitchell GF, Norman JE, Exner DV, Pitt B, Pfef-
fer MA. Independent prognostic information provided by sphyg-
momanometrically determined pulse pressure and mean arterial 
pressure in patients with left ventricular dysfunction. J Am Coll 
Cardiol 1999;33:951-8. 

10) van Popele NM, Grobbee DE, Bots ML, et al. Association bet-
ween arterial stiffness and atherosclerosis. Stroke 2001;32:454-60. 

11) Imanishi R, Seto S, Toda G, et al. High brachial-ankle pulse wave 
velocity is an independent predictor of the presence of coronary 
artery disease in men. Hypertens Res 2004;27:71-8. 

12) Han SH, Park CG, Park SW, et al. High aortic stiffness assessed 
by pulse wave velocity is an independent predictor of coronary 
artery calcification and stenosis in suspected coronary artery 
disease patients. Korean Circ J 2004;34:468-76. 

13) Ryan TJ, Bauman WB, Kennedy JW, et al. Guidelines for percu-
taneous transluminal coronary angioplasty: a report of the Ame-
rican Heart Association/American College of Cardiology Task 
Force on Assessment of Diagnostic and Therapeutic Cardiovas-
cular Procedures (Committee on Percutaneous Transluminal Co-
ronary Angioplasty). Circulation 1993;88:2987-3007. 

14) Sullivan DR, Marwick TH, Freedman SB. A new method of 
scoring coronary angiograms to reflect extent of coronary athe-
rosclerosis and improve correlations with major risk factors. Am 
Heart J 1990;119:1262-7. 

15) Karamanoglu M, O’Rourke MK, Avolio AP, Kelly RP. An analysis 
of the relationship between central aortic and peripheral upper 

limb pressure waves in man. Eur Heart J 1993;14:160-7. 
16) Ohmori K, Emura S, Takashima T. Risk factors of atherosclerosis 

and aortic pulse wave velocity. Angiology 2000;51:53-60. 
17) Asmar R, Benetos A, Topouchian J, et al. Assessment of arterial 

distensibility by automatic pulse wave velocity measurement: va-
lidation and clinical application studies. Hypertension 1995;26: 
485-90. 

18) Learoyd BM, Taylor MG. Alterations with age in the viscoelas-
tic properties of human arterial walls. Circ Res 1966;18:278-92. 

19) van de Werf F, Topol EJ, Lee KL, et al. Variations in patient ma-
nagement and outcomes for acute myocardial infarction in the 
United States and other countries: results from the GUSTO trial: 
global utilization of streptokinase and tissue plasminogen activa-
tor for occluded coronary arteries. JAMA 1995;273:1586-91. 

20) Kullo IJ, Seward JB, Bailey KR, et al. C-reactive protein is rela-
ted to arterial wave reflection and stiffness in asymptomatic sub-
jects from the community. Am J Hypertens 2005;18:1123-9.  

21) Bortolotto LA, Safar ME, Billaud E, et al. Plasma homocysteine, 
aortic stiffness, and renal function in hypertensive patients. Hy-
pertension 1999;34:837-42. 

22) Cameron JD, Jennings GL, Dart AM. The relationship between 
arterial compliance, age, blood pressure and serum lipid levels. J 
Hypertens 1995;13:1718-23. 

23) Benetos A, Adamopoulos C, Bureau JM, et al. Determinants of 
accelerated progression of arterial stiffness in normotensive sub-
jects and in treated hypertensive subjects over a 6-year period. 
Circulation 2002;105:1202-7. 

24) Vanhoutte PM. Endothelial control of vasomotor function: from 
health to coronary disease. Circ J 2003;67:572-5. 

25) Ross R, Glomset JA. The pathogenesis of atherosclerosis. N Engl 
J Med 1976;295:369-77. 

26) Blacher J, Asmar R, Djane S, London GM, Safar ME. Aortic 
pulse wave velocity as a marker of cardiovascular risk in hyper-
tensive patients. Hypertension 1999;33:1111-7. 

27) Syeda B, Gottsauner-Wolf M, Denk S, Pichler P, Khorsand A, 
Glogar D. Arterial compliance: a diagnostic marker for atheros-
clerotic plaque burden? Am J Hypertens 2003;16:356-62. 

28) Nurnberger J, Keflioglu-Scheiber A, Opazo Saez AM, Wenzel 
RR, Philipp T, Schafers RF. Augmentation index is associated with 
cardiovascular risk. J Hypertens 2002;20:2407-14. 

29) Kaku B, Mizuno S, Ohsato K, et al. The correlation between 
coronary stenosis index and flow-mediated dilation of the bra-
chial artery. Jpn Circ J 1998;62:425-30. 

30) Rohani M, Jogestrand T, Kallner G, Jussila R, Agewall S. Mor-
phological changes rather than flow-mediated dilatation in the 
brachial artery are better indicators of the extent and severity of 
coronary artery disease. J Hypertens 2005;23:1397-402. 

 
 
 
 



<<
  /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


