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Aim: Carotid-femoral pulse wave velocity is a well-known predictor of all-cause and cardiovascular 
mortality. Few studies have evaluated the relationship between brachial-ankle pulse wave velocity (ba-
PWV) and coronary artery disease. We conducted this study to elucidate the relationship between 
arterial stiffness measured by ba-PWV and coronary atherosclerosis.
Methods: An automatic waveform analyzer was used to measure the ba-PWV. Multidetector com-
puted tomography coronary angiography was used to assess the coronary artery calcium (CAC) score 
and to detect coronary stenosis. A total of 654 patients, including 358 women and 296 men (mean 
age, 54.5±9.4 years), were recruited during the period March 2005 to June 2008.
Results: One hundred and twenty-seven patients (19.4%) had at least one stenotic coronary vessel. 
Mean ba-PWV and mean CAC scores were significantly higher in the stenotic group than in the nor-
mal control (15.94±3.07 m/s vs. 14.39±0.98 m/s; 293.1±435.9 vs. 29.8±110.8, respectively; both 
p＜0.001). The adjusted OR for coronary stenosis increased as ba-PWV increased (p for trend=  
0.0001). Using ba-PWV ＜14.0 m/s as the reference group, we found that ba-PWV between 14.0- 
18.0 m/s and ba-PWV ＞18.0 m/s were significantly associated with coronary stenosis (OR, 2.48; 
CI, 1.56-3.93 and OR, 3.16; CI, 1.68-5.95, respectively). The cutoff point at 15.64 m/s using the 
ROC curve showed a sensitivity of 64.5%, specificity of 65.6%, and an AUC of 0.662 in predicting 
coronary artery stenosis. Ba-PWV had an additional power for correlating coronary artery disease 
with the Framingham risk score.
Conclusions: Ba-PWV correlated well with coronary atherosclerosis. Lifestyle modification is an effi-
cacious therapeutic intervention for preventing the progression of arterial stiffness. This non-invasive 
technique can assist in the early detection of cardiovascular disease and should be included in com-
munity screening programs.
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Introduction

Although the prevalence of coronary artery dis-
ease (CAD) has declined in the United States and in 
most European countries1), CAD is still the leading 
cause of death in Taiwan2). Arterial stiffness has been 
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shown to be associated with an increased risk of car-
diovascular events3, 4). Evaluation of arterial stiffness 
may assist in the early detection of atherosclerosis5). 
Pulse wave velocity (PWV) is an indicator of arterial 
stiffness and a marker of vascular damage6-8); however, 
in most of these studies, central PWV rather than 
peripheral PWV is normally used as an indicator of 
arterial stiffness9).

Multidetector row computed tomography 
(MDCT) is available in many general hospitals and 
enables accurate noninvasive assessment of coronary 
artery calcification (CAC) and stenosis10, 11). Few stud-
ies have evaluated the relationship between peripheral 
arterial stiffness and CAD. We conducted this study 
to elucidate the relationship between brachial-ankle 
pulse wave velocity (ba-PWV) and coronary athero-
sclerosis using 64-slice MDCT in an asymptomatic 
general population.

Methods

Study Subjects
All of the 763 individuals that underwent a rou-

tine health examination for cardiovascular disease at 
the China Medical University Hospital during the 
period March 2005 to June 2008 were invited to par-
ticipate in this study. Brachial-ankle PWV and coro-
nary MDCT were included in the examination. Each 
participant was asked to complete a structured ques-
tionnaire designed to collect basic demographic data, 
medical history, and lifestyle characteristics.

Participants with a history of myocardial infarc-
tion, significant angina pectoris, significant cerebral 
vascular disease, or documented peripheral arterial dis-
ease were excluded from the study. They were all 
asymptomatic but with one or more risk factors of 
coronary heart disease. Of the 763 subjects who were 
invited, 21 patients did not complete the MDCT 
examination because of arrhythmia such as atrial 
fibrillation or other causes, 56 had cardiovascular dis-
eases, and 32 did not sign the consent form; therefore, 
the final study population was composed of 654 indi-
viduals (296 men and 358 women; mean age, 54.5±
9.4 years).

Measurement of Brachial-Ankle PWV Ankle-Brachial 
Pressure Index (ABI)

Brachial-ankle PWV (baPWV) was measured 
using a volume-plethymographic apparatus (PWV/
ABI; Colin Co., Ltd., Komaki, Japan) in accordance 
with previously described methodology12, 13). This 
instrument records PWV, blood pressure in the four 
limbs, electrocardiogram, and heart sounds simultane-

ously. In all patients, baPWV was obtained after at 
least a 5-min rest in a supine position. The interob-
server and intraobserver coefficients of variation for 
the measurement have been reported to be 8.4% and 
10.0%, respectively14).

Protocol of 64-Slice MDCT
For assessments of calcium scoring, unenhanced 

cardiac CT was performed with a 64-detector row CT 
scanner (LightSpeed VCT; GE Medical System, Mil-
waukee, Wis) using prospective electrocardiography 
(ECG)triggering. The scanning range covered the 
entire heart from the level of the tracheal bifurcation 
to the diaphragm. The presence of calcification was 
determined according to the Agatston method15) for 
multi-detector row CT with a 130-HU threshold 
using a computer workstation (Card IQ, Advantage 
Workstation 4.3; GE Medical System). The vessel and 
CAC scores were independently determined by two 
radiologists and were averaged. The intra-assay coeffi-
cient of variation for the scoring was ＜5%.

Contrast-enhanced CT coronary angiography 
was performed with the same 64-detector row CT 
scanner using retrospective ECG-gating in a single 
breath hold. A 70-mL bolus of Iohexol (Omnipaque 
350, 350 mg I/mL; GE Healthcare Ireland, Cork, Ire-
land) or Ioversol (Optiray 350, 350 mg I/mL; Tyco 
Healthcare, Montreal, Quebec, Canada) followed by 
40 mL saline solution was continuously injected into 
an antecubital vein through an 18-gauge catheter at an 
injection rate of 5 mL/s. Transverse images were trans-
ferred to a computer workstation (Card IQ, Advan-
tage Workstation 4.3; GE Medical System) for image 
post-processing. Two experienced observers ranked the 
image quality using a three-point ranking scale and 
analyzed all CT scans for signs of stenosis. In cases of 
disagreement between the two observers, a final deci-
sion was reached by consensus. Significant coronary 
stenosis was defined as a lumen diameter reduction of 
greater than 50% in any segment.

Clinical and Laboratory Examinations
The clinical examination included measurement 

of sitting blood pressure (with a random -zero sphyg-
momanometer), height, and weight. On the morning 
of the health examination, an overnight fasting blood 
sample was collected prior to the electron beam CT 
and brachial-ankle pulse wave velocity measurement. 
The blood samples were analyzed for the following 
parameters using standard techniques with commer-
cial kits: total cholesterol, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, tri-
glyceride, glucose, uric acid, and high-sensitivity 
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C-reactive protein (hs-CRP). The prediction of coro-
nary heart disease was calculated using the Framing-
ham risk score (FRS)16).

Statistical Analysis
All data are expressed as the mean±SD. Pearson 

correlation coefficients were used to assess the linear 
relationship between ba-PWV and the coronary artery 
calcium score. Differences in each variable between 
any two groups were evaluated using the t -test for 
continuous variables and the chi-square test for cate-
gorical variables. Because the distribution of the CAC 
scores was highly skewed, the common log-trans-
formed CAC score [log (CAC score ＋1)] was used for 
further analysis. Comparisons of continuous data 
among three groups were based on analysis of variance 
(ANOVA). Multivariate logistic regression analysis 
was used to test the explanatory effect of each inde-
pendent variable. The significant effect of each vari-

able was determined by Wald statistics. Receiver oper-
ating characteristic (ROC) curves for coronary stenosis 
and ba-PWV, CAC score, and FRS were constructed 
and the area under the curve (AUC) was calculated. 
All of the analyses were conducted using the SAS soft-
ware package for Windows, version 9.13. (SAS insti-
tute Inc., Cary, NC). P values of ＜0.05 were consid-
ered significant.

We confirm that all applicable institutional and 
governmental regulations concerning the ethical use of 
human volunteers were followed during this research. 
Ethics approval for patient recruitment and analysis of 
data was obtained from the Institutional Review 
Board of the China Medical University Hospital in 
Taiwan.

Results

The 10-year risk of coronary artery disease calcu-

Table 1. Basic characteristics of subjects with and without coronary artery disease

Parameter
Normal control

(n=527)
Coronary artery disease

(n=127)
p-value

Age (yrs)
Gender

Female
Male

Waist circumference (m)
Female
Male

Body mass index (kg/m2)
Mean blood pressure (mmHg)
Cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Triglyceride (mmol/L)
Glucose (mmol/L)
hs-CRP (mg/L)
ba-PWV (m/s)
CAC score
ABI
Hypertensiona

Diabetes mellitusb

Hypercholesterolemiac

Smoking current
ex-smoker

53.5±9.9

332 (63.0)
195 (37.0)

0.75±0.07
0.85±0.07
24.8±3.4

107.9±13.0
5.27±0.98
3.48±0.91
1.11±0.33
1.42±1.00
5.57±1.34
0.21±0.36

14.39±0.98
29.8±110.8
1.21±0.29
220 (41.7)

72 (13.7)
204 (38.7)
105 (19.9)

68 (12.9)

58.8±9.1

26 (20.5)
101 (79.5)

0.84±0.07
0.92±0.08
26.1±3.8

115.8±16.1
5.26±1.08
3.66±0.97
1.00±0.23
1.60±1.42
5.94±1.73
0.42±1.56

15.94±3.07
293.1±435.9

1.18±0.25
94 (74.0)
27 (21.2)
50 (39.4)
34 (26.8)
20 (15.7)

＜0.001

＜0.001

＜0.05
＜0.05
＜0.05
＜0.001

NS
0.06

＜0.001
NS

＜0.05
0.02

＜0.001
＜0.001

NS
＜0.001
＜0.001

NS
NS

Continuous variables are expressed as the mean±SD. Categorical variables are expressed as N (%). Abbreviations: LDL: 
low-density lipoprotein; HDL: high-density lipoprotein; hs-CRP: highly sensitive C-reactive protein; ba-PWV: brachial-
ankle pulse wave velocity; CAC: coronary artery calcification; ABI: ankle-brachial pressure index
aAntihypertensive medication and/or high blood pressure (≧140 mmHg systolic or ≧90 mmHg diastolic); bAntidiabetic 
medication and/or fasting glucose ≧7.0 mmol/L; cLipid-lowering medication and/or total cholesterol ≧5.18 mmol/L.
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lation using the Framingham risk score showed that 
70% of the subjects were in the low-risk group, 20% 
in the moderate-risk group, and only 10% of the sub-
jects were in the high-risk group. Of the 654 study 
subjects, 127 (19.4%) were diagnosed as having at 
least one significant coronary stenotic lesion. Table 1 
shows the basic characteristics of the normal controls 
and the subjects with coronary artery stenosis. The 
stenotic group had a higher mean age, body mass 
index, waist circumference, blood pressure, glucose 
level, and a higher proportion of men than the control 
group. There were no differences in total cholesterol, 
triglyceride levels or ankle-brachial pressure index 
(ABI) between the 2 groups; however, HDL-choles-
terol was significantly lower in the stenotic group than 
in the control group. In addition, mean ba-PWV and 
the CAC score were significantly higher in the stenotic 
group than in the normal control group (15.94±3.07 
m/s vs. 14.39±0.98 m/s; 293.1±435.9 vs. 29.8±
110.8, respectively; both p＜0.001).

The age- and sex-adjusted OR for coronary 
artery stenosis was significantly higher in subjects with 
BMI ≧27 kg/m2 (OR, 2.77; 95% CI, 1.63-4.69) and 
central obesity (OR, 1.73; 95% CI, 1.17-2.56) (Table 2). 
As expected, hypertension and diabetes mellitus were 
significantly associated with coronary stenosis (OR, 
3.98; 95% CI, 2.58-6.13 and OR, 1.71; 95% CI, 

1.04-2.80, respectively). The adjusted OR for coro-
nary stenosis increased as ba-PWV increased (p for 
trend=0.0001). Using ba-PWV ＜14.0 m/s as the ref-
erence group, we found that ba-PWV between 
14.0-18.0 m/s and ba-PWV ＞18.0 m/s were signifi-
cantly associated with coronary stenosis (OR, 2.48; 
95% CI, 1.56-3.93 and OR, 3.16; 95% CI, 1.68-5.95, 
respectively) (Table 3).

Pearson correlation analysis revealed that 
ba-PWV was significantly correlated with CAC score 
(r =0.4, p＜0.001), which increased as the ba-PWV 
increased. The mean CAC score was 35.7±173.6 for 
ba-PWV ＜14.0 m/s, 100.2±249.7 for ba-PWV 
between 14.0-18.0 m/s, and 227.6±412.5 for 
ba-PWV ＞18.0 m/s (p＜0.001, ANOVA).

Using the ROC curve, we determined the opti-
mal cutoff value of ba-PWV and CAC score that 
could predict the presence of coronary stenosis (Fig.1). 
The cutoff value of ba-PWV at 15.64 m/s had a sensi-
tivity of 64.5%, specificity of 65.6%, and an AUC of 
0.662 in predicting coronary artery stenosis. The cut-
off value of the CAC score of 9.6 had a sensitivity of 
80.0%, specificity of 79.9%, and an AUC of 0.853 in 
predicting coronary stenosis. We further analyzed the 
10-year risk of coronary heart disease calculated by the 
Framingham risk score (FRS). The cutoff point of 
FRS at 11.8% curve showed a sensitivity of 67.0%, 

Table 2. Age- and sex-adjusted odds ratios (OR) for coronary artery disease

Parameter
Normal Control

(n=527)
N (%)

Coronary artery disease
(n=127)
N (%)

adjusted OR
(95% CI)

Body mass index
＜24 (kg/m2)
24-27 (kg/m2)
＞27 (kg/m2)

Waist circumference
Normal
Large＊

ba-PWV
＜14.0 (m/s)
14.0-18.0 (m/s)
＞18.0 (m/s)

Hypertension
No
Yes

Diabetes Mellitus
No
Yes

219 (85.6)
231 (81.6)

77 (68.2)

320 (83.6)
188 (74.6)

225 (86.9)
171 (72.8)

44 (67.7)

307 (90.3)
220 (70.1)

455 (82.0)
72 (72.7)

37 (14.4)
52 (18.4)
36 (31.8)

63 (16.4)
64 (25.4)

34 (13.1)
64 (27.2)
21 (32.3)

33 (9.7)
94 (29.9)

100 (18.0)
27 (27.3)

Reference
1.33 (0.84-2.11)
2.77 (1.63-4.69)

Reference
1.73 (1.17-2.56)

Reference
2.48 (1.56-3.93)
3.16 (1.68-5.95)

Reference
3.98 (2.58-6.13)

Reference
1.71 (1.04-2.80)

＊Large waist circumference was defined as ≧0.9 m (male) or ≧0.8 m (female)
Abbreviations: CI: confidence interval; ba-PWV: brachial-ankle pulse wave velocity
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specificity of 71.1%, and an AUC of 0.676. After 
combining FRS and ba-PWV, the AUC of the ROC 
curve increased to 0.728. Ba-PWV had an additional 
power for correlating CAD to the Framingham risk 
score.

Discussion

Pulse wave velocity is an established index be 
arterial stiffness17). In the present study, we demon-
strated that ba-PWV correlated well with coronary 
atherosclerosis and stenosis in asymptomatic patients.

A few studies have addressed the relationship 
between ba-PWV and CAD in patients with suspected 
CAD or CAD equivalent. Tsuchiya M et al. found 
that stiffness in lower-leg arteries is associated with the 
severity of coronary calcification among asymptomatic 
type 2 diabetic patients. A cutoff point of ba-PWV at 

18.0 m/s is a diagnostic value for identifying patients 
with the highest CAC score18). Kim et al. revealed that 
ba-PWV at 16.35 m/s had a sensitivity of 73% and 
specificity of 75% in detecting multiple coronary 
artery disease in Korean patients with diabetes19). 
Imanishi R et al. revealed that a high ba-PWV level 
(mean: 18.9 m/s vs. 15.2 m/s) is an independent pre-
dictor of the presence of CAD in men with suspected 
heart disease20). Xu et al. showed that in suspected 
CAD patients, a ba-PWV ＞18.0 m/s often follows a 
severe coronary event21). Our study revealed that in 
asymptomatic patients, ba-PWV at 15.64 m/s had a 
sensitivity of 64.5%, specificity of 65.6%, and an 
AUC of 0.662 in predicting coronary artery stenosis. 
A similar result was found by Koji Y et al. in an 
asymptomatic Japanese population22). These results 
indicate that the cutoff point of ba-PWV for detecting 
CAD may be lower in asymptomatic persons that in 

Table 3. Trend for coronary calcification and significant coronary stenosis according to the severity of arterial stiff-
ness measured as pulse wave velocity

Brachial-ankle pulse wave velocity
p-value

＜14.0 m/s 14.0-18.0 m/s ＞18.0 m/s

Coronary artery Calcification scorea

Coronary stenosisb

No
Yes

35.7±173.6

225 (86.8)
34 (13.2)

100.2±249.7

171 (72.8)
64 (27.2)

227.6±412.5

44 (67.7)
21 (32.3)

＜0.001

＜0.001

aData expressed as the mean±SD and analyzed by analysis of variance (ANOVA) test
bData expressed as N (%) and analyzed by Chi-square test.

Fig.1. Receiver operating characteristic (ROC) curve to determine the cutoff value and area under curve (AUC) for 
coronary artery stenosis by different indicators. (A). Cutoff point of brachial-ankle pulse wave velocity (ba-
PWV) at 15.64 m/s curve showed a sensitivity of 64.5%, a specificity of 65.6%, and an AUC of 0.662. (B). 
Cutoff point of coronary calcification (CAC) score at 9.6 curve showed a sensitivity of 80.0%, a specificity of 
79.9%, and an AUC of 0.853. (C). Cutoff point of Framingham risk score (FRS) at 11.8 curve showed a 
sensitivity of 67.0%, a specificity of 71.1%, and an AUC of 0.676 in predicting coronary stenosis.

(A) ba-PVW (B) CAC score (C) FRS
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patients with suspected CAD or CAD equivalent.
The area under the ROC curve in this cross-sec-

tional study indicates that the CAC score was better 
than ba-PWV in predicting the presence of CAD in 
asymptomatic patients. The values depicting the area 
under the ROC curve for ba-PWV were somewhat 
moderate in significance. A similar finding was 
reported by Tanaka et al.23). The reason may be related 
to a lower cardiovascular risk in the Asian population. 
Further prospective longitudinal studies are warranted 
to properly address this issue.

Assessment of central arterial stiffness rather than 
peripheral arterial stiffness is more relevant to CAD 
risk stratification6, 24). Carotid-femoral PWV is the 
gold standard for assessing central arterial stiffness25): 
however, a high level of skill and exposure of the 
inguinal region are required for the measurement and 
its applicability is limited. The method we used is 
simple enough to use in clinical practice and commu-
nity screening. A limitation of measuring the ba-PWV 
is that this parameter reflects not only elastic arterial 
stiffness but also muscular arterial stiffness14). None-
theless, ba-PWV and carotid-femoral PWV have both 
been shown to be associated with cardiovascular dis-
ease risk factors and clinical events23). Recently, Tsu-
chikara S et al. also reported that ba-PWV is an index 
of central arterial stiffness showing similar characteris-
tics to those of central aortic PWV26). Yu et al. 
reported that ba-PWV correlates better with LV mass 
and diastolic function and other indices of arterial 
function than carotid-femoral PWV, probably because 
ba-PWV encompasses a greater territory of the arterial 
tree than carotid-femoral PWV27).

Multislice computed tomography angiography is 
a non-invasive technique that can reliably detect coro-
nary stenosis and quantify the degree of calcified 
plaque burden28). Diffuse noncalcified plaques, which 
may result in blurred contours of the contrast-
enhanced lumen, and small noncalcified plaques were 
not included in this analysis; therefore, the presence of 
nonclacified plaques will be underestimated compared 
with histologic postmortem studies.

In our study, a similar distribution of demo-
graphic characteristics between participants and non-
participants was found, indicating a random-type 
selection error. Thus, the biased results of the effect 
may be toward the null, indicating a lower threat to 
validity.

In conclusion, the present study revealed that 
arterial stiffness measured by ba-PWV correlated well 
with coronary atherosclerosis in a general population 
in Taiwan. Lifestyle modification, such as aerobic exer-
cise and sodium restriction, is reported to be an effica-

cious therapeutic intervention for preventing the pro-
gression of arterial stiffness29). This non-invasive tech-
nique can assist in the early detection of cardiovascular 
disease and should be included in community screen-
ing programs.
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