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ABSTRACT

Background and Objectives : Aortic stiffness is an independent predictor of cardiovascular mortality and of all
other causes in hypertensive patients. The object of this study was to investigate whether aortic stiffness, mea-
sured by pulse wave velocity (PWV), could be used as an independent predictor for detecting coronary artery
atherosclerosis. Subjects and Methods : PWV was measured by an invasive method. All patients (n=187, M/F=
77/110) were suspected as having the coronary artery disease (CAD) and underwent coronary angiography.
CAD was classified as that with or without calcification and stenosis and was classified by the calcification
segments and stenotic vessel numbers. Results : Coronary artery calcification was significantly associated with
diabetes mellitus (p<0.001), the waist/hip circumference ratio (p=0.012), hypertension (p=0.002), age (p<0.001)
and PWV (p<0.001). Multiple logistic regression analysis revealed that coronary artery calcification was highly
associated with age (OR=1.052, p=0.023) and PWV (OR=1.213, p<0.001). Significant coronary artery stenosis was
associated with hypertension (p=0.002), diabetes mellitus (p=0.015), age (p=0.004), waist/hip circumference ratio
(p=0.019), systolic blood pressure (p=0.007), pulse pressure (p=0.016), low density lipoprotein levels (p=0.004)
and PWV (p<0.001). Multivariate analysis showed that PWV (OR=1.370, p<0.001) and low density lipoprotein
levels (OR=1.022, p=0.006) were the best predictors of coronary artery stenosis. Patients with severe coronary
atheosclerosis exhibited a greater increased aortic PWV. Conclusion : A high aortic PWV is an independent
marker for coronary artery stenosis and calcification in suspected CAD patients. The aortic PWV could be used
as an independent predictor for ischemic heart disease in patients with suspected CAD. (Korean Circulation J
2004;34(5):468-476)
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Table 1. Baseline characteristics of study subjects

Age (years) 58.33+11.57
Sex (male : female) 77 110
BMI (kg/m2) 2453+ 3.46
W/H circumference ratio 091+ 0.07
SBP (mmHg) 141.75+24.61
DBP (mmHg) 88.03+12.95
PP (mmHg) 53.98+17.46
Heart rate (rate/min) 72.29+12.32
Total C (mg/dL) 185.09+43.94
HDL-C (mg/dL) 45.68+12.11
TG (mg/dL) 130.70+74.80
LDL-C (mg/dL) 112.50+43.87
Hypertension (%) 100 (53.4%)
Diabetes mellitus (%) 25 (13.4%)
Current smoker (%) 42 (22.5%)
PWV (m/sec) 11.23+ 5.10
Coronary artery calcification (%) 46 (24.6%)
Coronary artery stenosis (%) 78 (41.7%)

BMI: body mass index, W/H: waist/hip, SBP: systolic blood
pressure, DBP: diastolic blood pressure, PP: pulse pressure,
Total C: total cholesterol, HDL-C: high density lipoprotein
cholesterol, TG: friglyceride, LDL-C: low density lipoprotein
cholesterol, PWV: pulse wave velocity
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Fig. 1. The measurement of pulse wave velocity. Catheter was located on descending aorta just distal to left subclavian
artery (upper left panel) and surface ECG and arterial pressure wave were recorded on paper with speed 100
mm/sec and T1 transit time was measured (upper right panel) . Introducing sheath was located on right common
femoral artery (lower left panel) and T2 transit time was measured (lower right panel).
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Table 2. The risk factors for coronary artery calcification

Calcium (+) Calcium (-)

variable (n=46) (=14 P

Age (years) 65.10£10.88 56.114£10.93 <0.001

Sex

, 15: 63 30:79 NS
(male : female)
BMI (kg/m?) 2465+ 331 2447+ 352 NS
W/H circumference o5 65 090+ 007 0012
ratio
SBP (mmHg) 145.89+24.79 140.16+2437 NS
DBP (mmHg) 887141260 87.73+13.10 NS
PP (mmHg) 57.18119.47 52.78+16.64 NS
Heart rate 73.40+12.32 719641234 NS
(rate/min)

Total-C (mg/dL)
HDL-C (mg/dL)
TG (mg/dL)
LDL-C (mg/dL)

190.16+£45.60 182.41 £42.04 NS

4374+ 977 46.51+1275 NS
142.46+85.31 127.80£71.00 NS
117.41£40.65 108.12£36.60 NS

Hypertension (%) 34 (739%) 66 (46.8%)  0.002

Diabetes 14 (304%) 11 ( 7.8%) <0.001
mellitus (%)

Smoking (cument/ g 30y 33/60102 NS
ex-smoker/no)

PWV (m/sec) 15.38+ 7.53 9.92+ 3.10<0.001

BMI: body mass index, W/H: waist/hip, SBP: systolic blood
pressure, DBP: diastolic blood pressure, PP: pulse pressure,
Total-C: total cholesterol, HDL-C: high density lipoprotein
cholesterol, TG: friglyceride, LDL-C: low density lipoprotein
cholesterol, PWV: pulse wave velocity
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Table 3. Relative risk of coronary artery calcification ac-
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sion, DM: diabetes mellitus BiA=L3 %X],(p 0.002), =& 4%7] I (p=0.007),
Table 4. Relative risk of coronary artery calcification ac- Z7hd Wk (p=0.016), =& ZZHAEHZ(p=0.009),
cording to PWV and risk factors: results of the multiple o
logistic regression analysis sk 7T Aokl SHAEIE(p=0.042), =& AUE

e 95% .confidence Al S AEE(p=0.004), @i &2F(p=0.015)
Variable ratio "”’fer"Ol — p of mok)l tEw PWVi BAEw zle] waky o
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A + zlo] I}AFEZ] oko
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No calcification
(n=141)

Calcification : 1, 2 segment
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Fig. 2. Log PWV= according fo the segmental number of coronary artery calcification (+: adjusted for age, systolic blood
pressure, diastolic blood pressure) . PWV: pulse wave velocity, ANCOVA: analysis of covariance.
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A= 2%1(Table 6)& B x3slo] wdew H2t
3} b ple] gl 28l BAS 918 tEEARY
(multiple logistic regression analysis) oA #4452
Table 5. The risk factors for coronary artery stenosis
Variable Stenosis (+) Stenosis (—)

(n=78) (n=109)
Age (year) 61.14£11.77 56.25+11.03 0.004
Sex (male : female) 3643 42 66 NS
BMI (kg/m?2) 25.05+ 3.39 2414+ 3.48 NS
W/H ratio 0.92+ 0.06 0.90+ 0.08 0.019
SBP (mmHg) 147.89+24.79 140.16=24.37 0.007
DBP (mmHg) 88.71+212.60 87.73£13.10 NS
PP (mmHg) 57.18119.47 52.78+t16.64 0.016

HR 741611265 70.98+t11.96 NS
Total-C (mg/dL) 193.68+46.60177.75+39.09 0.009
HDL-C (mg/dL) 43.631+11.22 47.431+12.54 0.042
TG (mg/dL) 139.67+79.24125.61+71.29 NS
LDL-C (mg/dL) 120.81+40.64103.25+33.98 0.004

Hypertension 52 (66.7%) 47 (43.1%)  0.002
Diabetes mellitus 16 (20.5%) 9 (83% 0015
Smoking (current/ 21/4/53 20/7/82 NS

ex-smoking/no)
PWV (m/sec) 13.54+ 6.48 9.55+ 2.84<0.001
BMI: body mass index, W/H: waist/hip, SBP: systolic blood
pressure, DBP: diastolic blood pressure, PP: pulse pressure,
HR: heart rate, Total-C: total cholesterol, HDL-C: high den-
sity lipoprotein cholesterol, TG: triglyceride, LDL-C: low
density lipoprotein cholesterol, PWV: pulse wave velocity

Table 6. Relative risk of coronary artery stenosis according
to PWV and risk factors: univariate analysis

95% confidence
variable Od.ds interval 5
ratio  Lower Upper
limt limit
PWV, m/sec 1.257  1.146 1.378 <0.001
Age, year 1.040 1.012 1.069 0.005
W: 2@%’0?‘(6@”‘:6 1945 0021 176802 0.022
SBP, mmHg 1.017  1.004 1.030 0.009
PP, mmHg 1.021  1.004 1.039 0.018
Total-C, mg/dL 1.009  1.002 1.017 0.014
HDL-C, mg/dL 0.972 0.946 0.999 0.043
LDL-C, mg/dL 1.012  1.000 1.024 0.041
HTN 2.596 1.417 4,755 0.002
DM 2.885 1.201 6.933 0.018

PWV: pulse wave velocity, W/H: waist/hip, SBP: systolic
blood pressure, PP: pulse pressure, HR: heart rate, Total-
C: total cholesterol, HDL-C: high density lipoprotein cho-
lesterol, LDL-C: low density lipoprotein cholesterol, HTN:
hypertension, DM: diabetes mellitus
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Table 7. Relative risk of coronary artery stenosis according
to PWV and risk factors: results of the multiple logistic reg-
ression analysis

Odds 95% confidence interval

Variable .

ratio  Lower limit Upper limit
PWV, m/sec 1.370 1.141 1.645 0.001
LDL-C, mg/dL 1.022 1.006 1.037 0.006

PWV: pulse wave velocity, LDL-C: low denisity lipoprotein
cholesterol

Log PWV
(m/sec)

<0.005
3 p

p<0.05 ’—‘
2.63+0.37
2.45+0.43

2.22+0.28

25 L

No stenosis 1 vessel stenosis 2, 3 vessel stenosis
(n=109) (n=50) (n=28)

Fig. 3. Log PWV: according fo the vessel number of coro-
nary artery stenosis (+: adjusted for age, systolic blood
pressure, diastolic blood pressure) . PWV: pulse wave velo-
city, ANCOVA: analysis of covariance.
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