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Objective: Brachial-ankle pulse wave velocity (baPWV) is a simple and reproducible measure 

of arterial stiffness and is extensively used to assess risk of cardiovascular disease in Asia. We 

examined whether baPWV was associated with coronary atherosclerosis and presence and extent 

of coronary artery disease (CAD) in older patients with chest pain.

Methods: This cross-sectional study enrolled 370 consecutive patients .65 years old who 

underwent baPWV measurement and elective coronary angiogram for suspected CAD at a 

single cardiovascular center, between June 2013 and July 2014.

Results: In addition to diabetes mellitus and body mass index, baPWV was one of the statistically 

meaningful predictors of significant CAD (diameter of stenosis .50%) in a multivariate analysis. 

When the extent of CAD was classified as nonsignificant or significant CAD (ie, one-, two-, and 

three-vessel disease), there was a significant difference in baPWV between the significant and 

nonsignificant CAD groups, but not between the three significant CAD groups. Multivariate 

linear regression analyses showed that the number of diseased vessels and baPWV were both 

significantly associated with the SYNTAX (SYNergy between percutaneous coronary interven-

tion with TAXus and cardiac surgery) score. The cutoff value of baPWV at 1,874 cm/s had 

a sensitivity of 60.1%, specificity of 70.8%, and area under receiver operating characteristic 

curve of 0.639 in predicting CAD.

Conclusion: Arterial stiffness determined by baPWV was associated independently with CAD 

severity, as assessed by angiography and the SYNTAX score in older patients with chest pain. 

As a result, increased arterial stiffness assessed by baPWV is associated with the severity and 

presence of CAD in older patients.

Keywords: brachial-ankle pulse wave velocity, arterial stiffness, coronary artery disease, 

SYNTAX score

Introduction
Coronary artery diseases (CAD) are among the leading causes of morbidity and 

mortality worldwide. One of the current strategies for reducing CAD involves the 

implementation of prevention strategies among individuals who are at an intermediate 

risk for CAD and who would benefit most from CAD prevention therapy.1 Arterial 

stiffness has been reported to be related to atherosclerosis and CAD and has been 

considered a strong independent predictor of coronary events and cardiovascular 

mortality among several patient groups. Arterial stiffness can be evaluated by the 

measurement of brachial-ankle pulse wave velocity (baPWV) along the arterial tree. 

Unlike carotid–femoral pulse wave velocity (cfPWV), which is a measure of central 

arterial stiffness, baPWV is a combined measure of central and peripheral arterial 

stiffness2 and is an effective index of arterial stiffness of large arteries. baPWV requires 
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the application of cuffs on the four extremities, is convenient 

to measure in a clinic, requires little technical expertise, and, 

unlike cfPWV, does not require exposure to the inguinal 

region. It is therefore widely used for noninvasive assessment 

of atherosclerosis.3

The predictive value of baPWV for cardiovascular events 

has been reported in high-risk populations, including for 

patients undergoing chronic hemodialysis4,5 and patients 

with acute coronary syndrome,6 diabetes with CAD,7 and 

heart failure.8 A meta-analysis of 12 cohort studies confirmed 

that baPWV was an independent predictor for cardiovascular 

disease onset and showed that an increase of 1 m/s was 

associated with a 12% increase in the risk of cardiovascular 

events.9 baPWV is therefore considered reflective of the 

progression of individual arteriosclerosis and of overall 

cardiovascular risk.

A number of studies have suggested that there is a rela-

tionship between increased PWV and CAD.10–12 However, 

although CAD and arterial stiffness share many risk factors, 

the correlation between arterial stiffness and the complexity 

of CAD is not consistent. Arterial stiffness assessed by PWV 

was shown to be associated with severity of CAD using 

the SYNTAX (SYNergy between percutaneous coronary 

intervention with TAXus and cardiac surgery) score only in 

one study.13 The SYNTAX score is an angiographic scoring 

system developed to aid revascularization decisions and 

predicts mortality and morbidity in patients irrespective 

of disease severity. There is a progressive increase in the 

rigidity of the arterial wall and arterial stiffness as a result 

of aging.14,15 In this study, we retrospectively evaluated the 

relationship between arterial stiffness assessed by baPWV 

and the presence and extent of CAD in older patients.

Methods
study population
This study retrospectively enrolled 370 subjects $65 years 

old who were evaluated for ischemic heart disease at the 

Chiayi Chang Gung Memorial Hospital. Inclusion criteria 

were presence of ischemic heart disease–like symptoms 

associated with an abnormal stress test. Exclusion criteria 

were 1) history of percutaneous coronary intervention, 

2) history of myocardial infarction, or 3) prior coronary arte-

rial bypass surgery. Patients with a history of severe valvular 

disease, congenital heart disease, cardiomyopathy, atrial 

fibrillation, and abnormal conduction disturbances were also 

excluded. Patients with a history of peripheral artery disease 

with or without intermittent claudication or ankle brachial 

index ,0.9 were excluded from this study. All patients 

underwent angiograms and baPWV measurements were made 

from June 2013 to July 2014. The measurement of baPWV 

and cardiac echography was performed within 1 week prior 

to angiography. Routine biochemical analysis of the blood 

and urine were performed. Study patients were evaluated 

for total cholesterol, high-density lipoprotein cholesterol, 

low-density lipoprotein cholesterol, plasma triglycerides, 

fasting blood glucose, uric acid, and serum creatinine after 

fasting for ~12 hours. All study protocols were approved by 

the Chang Gung Medical Foundation Institutional Review 

Board (IRB102-2739B), and signed informed consent was 

obtained from all patients.

Definitions
Diabetes mellitus was defined as a previously diagnosed 

condition, adherence to a prescribed diet or use of antidi-

abetic medicine, or a fasting venous blood glucose level 

of $126 mg/dL on two separate occasions. Dyslipidemia 

was defined as a previously diagnosed condition, use of 

lipid-lowering agents, elevated plasma total cholesterol 

($200 mg/dL) and/or high triglycerides ($150 mg/dL), or 

a low high-density lipoprotein level (,40 mg/dL).

Assessment of aortic stiffness
The baPWV measurement protocol has been previously 

described.2 Medications in current use were allowed on the day 

of examination. Subjects were examined in the supine position 

at room temperature after 5 minutes in a sedentary position. 

baPWV was measured using a volume-plethysmographic 

apparatus (VP-1000; Colin Co. Ltd, Komaki, Japan). Four 

oscillometric cuffs were wrapped on both the brachia and 

ankle. They were simultaneously pressurized to the approxi-

mate value of the patient’s diastolic pressure so that the pulse 

volume waveforms could be recorded using semiconductor 

pressure sensors. Two electrocardiogram electrodes were 

placed on each wrist. These were simultaneously pressurized to 

the approximate value of the patient’s diastolic pressure so that 

the pulse volume waveforms could be recorded using semicon-

ductor pressure sensors. The time interval between the wave 

front of the brachial waveform and that of the ankle waveform 

was defined as the time interval between the brachium and 

ankle (DTba). The distance between sampling points of the 

baPWV was calculated automatically according to the height 

of the patient. The path length from the suprasternal notch to 

the brachium (Lb) was obtained from superficial measure-

ments and was expressed using the following equation:

 Lb = (0.2195× height of the subject [in cm] -2.0734). 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2015:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1371

Atherosclerosis and coronary artery disease

The path length from the suprasternal notch to the ankle 

(La) was obtained from superficial measurements and was 

expressed using the following equation:

 La = (0.8129× height of the subject [in cm] +12.328). 

baPWV was calculated using the formula:

 
baPWV  

La Lb

DTba
.=

−

 

In this study, the left-side baPWV was used for the 

analyses.

echocardiographic studies
Echocardiography was performed by a single sonographer 

who was blinded to the patient’s information. The two-

dimensional and M-mode images were recorded using an 

echocardiography machine (PHILIPS IE33) according to 

the guidelines of the American Society of Echocardiology.16 

Measurements were made online and records were identified 

using the participants’ initials and the study number. Left 

ventricular mass (LVM) was quantified using the Devereux 

formula,17 and the LVM index was calculated as the LVM 

divided by the body surface area.

sYnTAX score and angiographic analysis
All study patients underwent coronary angiograms via the 

left radial or brachial artery at the physician’s discretion. 

Coronary angiograms were assessed independently by two 

physicians who were blinded to the information about the 

baPWV of individual patients. Significant CAD was defined 

as .50% narrowing of the lumen by visual estimation. 

Subjects were assigned to the nonsignificant, one-, two-, or 

three-vessel disease groups based on the presence of a 50% 

or greater diameter narrowing for each of the three main 

coronary arteries (the patients with left main disease were 

included in the two-vessel disease group). The SYNTAX 

score for each patient was calculated by a team of two inter-

ventional cardiologists. Quantitative coronary angiography 

was performed in cases where there was disagreement 

regarding the significance of the lesion, and the lesion was 

included if there was $50% stenosis. On agreement between 

the two cardiologists, the data were entered into a dedicated 

software program.

statistical analysis
Qualitative variables were expressed as percentages (%), 

and quantitative variables were expressed as the mean 

value ± standard deviation. Comparison of parametric val-

ues between the two groups was carried out by means of a 

two-tailed Student’s t-test. Categorical variables were com-

pared by the likelihood-ratio test (w2) or Fisher’s exact test.  

A multivariate logistic regression analysis was carried out to 

assess the odds ratios of factors related to significant CAD. 

Multivariable linear regression analysis was performed for 

studying the independent correlates of SYNTAX score.  

A receiver operating characteristic (ROC) curve was used to 

show a positive correlation between the baPWV in patients 

with angina. The sum of sensitivity and specificity determined 

the cutoff values. All statistical analyses were performed 

using the Statistical Package for the Social Sciences 20.0 

statistical package (IBM Corporation, Armonk, NY), and a 

P-value ,0.05 was considered statistically significant.

Results
Study patients were classified into the no-CAD or CAD groups. 

Patient demographics and baseline clinical characteristics 

are summarized in Table 1. The study population comprised 

238 males and 132 females. Patients in the no-CAD group 

Table 1 Demographics and baseline patient characteristics

No CAD (n=72) CAD (n=298) P-value

Male (%) 56.9 66.4 0.085
Age (years) 71.7±4.4 72.6±5.3 0.047*
BMI (kg/m2) 26.6±3.8 25.3±3.7 0.008*
BsA (m2) 1.70±0.21 1.69±0.17 0.826
hypertension (%) 71.8 76.8 0.231
Diabetes (%) 23.2 44.1 0.001*
smoking (%) 10.0 19.7 0.036*
Dyslipidemia (%) 53.5 68.3 0.015*
CVA (%) 10.1 5.5 0.128
TC (mg/dl) 173.4±34.1 179.3±38.2 0.242
hDl-C (mg/dl) 43.7±12.5 41.4±17.1 0.305
lDl-C (mg/dl) 104.8±32.8 107.4±35.2 0.588
Triglyceride (mg/dl) 129.9±66.3 156.5±109.4 0.011*
Creatinine (mg/dl) 1.3±1.0 1.7±1.0 0.473
Uric acid (mg/dl) 7.1±1.6 6.6±1.9 0.065
sBP (mmhg) 138.3±20.8 139.6±21.9 0.635
DBP (mmhg) 75.1±12.8 76.3±12.3 0.488
hemoglobin (g/dl) 13.0±1.9 13.0±2.1 0.977
eF (%) 67.1±12.6 64.6±13.0 0.156
lVMI (g/m2) 119.4±52.7 114.1±52.8 0.449
lVh (%) 14.3 14.2 0.556
baPWV (m/s) 18.33±3.52 20.22±4.78 0.002*

Note: *Denotes significant difference.
Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; 
BsA, body surface area; CAD, coronary artery disease; CVA, cerebral vascular 
accident; DBP, diastolic blood pressure; eF, ejection fraction; lVMI, left ventricular 
mass index; lVh, left ventricular hypertrophy; hDl-C, high-density lipoprotein 
cholesterol; lDl-C, low density lipoprotein cholesterol; sBP, systolic blood pressure; 
TC, total cholesterol.
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had a lower mean age, a lower proportion of diabetes mellitus, 

smoking, dyslipidemia, and lower triglyceride levels com-

pared to patients in the CAD group. There were no significant 

differences in body surface area, hypertension, stroke, total 

cholesterol, low-density lipoprotein cholesterol, high-density 

lipoprotein cholesterol, blood pressure, serum creatinine, uric 

acid, hemoglobin, left ventricular ejection fraction or LVM 

index between the two groups; however, body mass index was 

significantly lower in the CAD group compared to the no-CAD 

group. In addition, mean (standard deviation) baPWV was sig-

nificantly higher in the CAD group compared to the no-CAD 

group (20.22 [4.78] m/s vs 18.33 [3.52] m/s, P=0.002).

All the factors of significant difference in the univariate 

analysis and the traditional risk factors of CAD were entered in 

multivariate logistic regression analysis. Multivariate logistic 

regression analysis to detect factors significantly associated 

with CAD showed a significant correlation between diabetes 

mellitus, body mass index, and baPWV and occurrence of 

CAD (Table 2). Univariate analysis showed that the SYN-

TAX score was significantly correlated with age (β=0.161, 

P=0.009), SBP (β=0.238, P,0.001), DBP (β=0.150, P=0.014), 

hemoglobin (β=-0.127, P=0.04.), number of involved vessels 

(β=0.556, P,0.001), and baPWV (β=0.637, P,0.001) in all 

the patients (Table 3). The association between SYNTAX 

score and number of involved vessels (β=0.512, P,0.001) 

and baPWV (β=0.597, P,0.001) remained significant in 

multivariate linear regression analyses (Table 3).

Figure 1 shows a significant correlation between baPWV 

and SYNTAX score (R2 =0.403, P,0.001), while Figure 2 

shows the association between baPWV and the presence of 

CAD. Based on the extent of CAD, subjects were classified 

into one of four groups: nonsignificant stenosis, one-vessel, 

two-vessel, and three-vessel disease. There was a significant 

difference in baPWV between each of these groups and the 

no-CAD group. However, there was no significant difference 

in baPWV between the different CAD groups.

We used ROC curve analysis to evaluate the association 

between baPWV and CAD and showed a trend toward a 

positive association between the extent of CAD and baPWV 

(Figure 3). Using the ROC curve, we determined the opti-

mal cutoff value of baPWV and CAD that could predict the 

presence of coronary stenosis (Figure 3). The cutoff value of 

baPWV at 1,874 cm/s had a sensitivity of 60.1%, specificity 

of 70.8%, and area under ROC curve of 0.639 in predicting 

coronary artery stenosis.

Discussion
This cross-sectional study showed that baPWV was inde-

pendently and significantly associated with CAD in older 

patients who had no previous history of ischemic heart 

disease. Although there was no clinically relevant difference 

between groups of patients classified according to the severity 

of CAD, our data showed that baPWV was correlated with a 

significant increase in the severity and complexity of CAD 

evaluated by the SYNTAX score, as detected by CAG.

The relevance of central artery stiffness in CAD risk 

stratification was recently reported.18 Although the use of 

cfPWV, a conventional method for evaluating arterial stiff-

ness, has been established for atherosclerotic diseases,19 its 

use in clinical settings is limited due to technical difficulties. 

baPWV is a simple alternative and requires short measure-

ment times. In addition, baPWV has been shown to correlate 

well with cfPWV2 and arterial stiffness in an invasive study.20 

The prognostic value of baPWV has also been well validated 

in various clinical settings.6,7,9,21 baPWV is therefore widely 

used as a screening tool for the measurement of arterial stiff-

ness in central and peripheral arteries. Because baPWV is 

a simple index of the severity of arterial stiffness or athero-

sclerosis, it is appropriate for use in routine examinations as 

well as for large clinical trials. In addition to the finding that 

baPWV was closely associated with central arterial stiffness, 

a positive correlation between baPWV and carotid artery 

atherosclerosis has also been reported.22

CAG is considered to be the gold standard for diagnosing 

CAD. The SYNTAX score is an angiographic scoring system 

that has been shown to be able to aid revascularization deci-

sions.23 This system could also predict major adverse cardiac 

event (MACE) after percutaneous revascularization in patients 

with multivessel CAD or left main lesion;24 however, because 

CAG is an invasive examination and a high level of skill is 

Table 2 Multivariate logistic regression analysis of factors 
associated with coronary artery disease

Odds ratio 95% confidence interval P-value

Male sex 1.535 0.785–3.005 0.211
Age 1.049 0.980–1.123 0.167
BMI 0.919 0.852–0.992 0.029*
hypertension 1.190 0.603–2.346 0.616
Diabetes 2.314 1.124–4.765 0.023*
smoking 1.895 0.748–4.797 0.177
Dyslipidemia 1.909 0.989–3.687 0.054
Total cholesterol 1.001 0.985–1.017 0.920
hDl 0.999 0.982–1.017 0.929
lDl 0.999 0.984–1.015 0.938
Triglyceride 1.002 0.998–1.007 0.346
baPWV 1.097 1.011–1.191 0.026*

Note: *Denotes significant difference.
Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; 
CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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required for accurate measurement, its applicability is limited. 

Arterial stiffness evaluated by baPWV may reflect vascular 

health, particularly endothelial dysfunction,25,26 which was 

shown to be an important risk factor for future cardiovascular 

events and a marker for early atherosclerosis.27

baPWV has been suggested to be a marker of cardiovascu-

lar risk stratification.21 baPWV of 1,635 cm/s had a sensitivity 

of 73% and specificity of 75% in detecting complex CAD in 

diabetic patients.28 baPWV $1,426 cm/s was associated with 

a high stenosis rate in coronary computed tomography angiog-

raphy in asymptomatic patients,10 while baPWV .1,800 cm/s 

followed a severe coronary event.29 Our study revealed that 

in suspected CAD patients, a baPWV of 1,874 cm/s had a 

sensitivity of 60.1%, specificity of 70.8%, and an AUC of 

0.639 in predicting coronary artery stenosis.

The mechanisms underlying the association between 

baPWV and CAD were investigated. First, elevated PWV 

Table 3 Univariate and multivariate analysis to evaluate the correlation of sYnTAX score with clinical parameters

Parameters Univariate Multivariate

Coefficients β Tolerance P-value Coefficients β Tolerance P-value

Age 0.161 2.642 0.009 – – –
BMI 0.001 0.008 0.993 – – –
BsA -0.083 -1.356 0.176 – – –
TC 0.067 1.064 0.288 – – –
hDl-C -0.061 -0.967 0.334 – – –
lDl-C 0.076 1.199 0.232 – – –
Triglyceride 0.099 1.575 0.116 – – –
Creatinine 0.068 1.076 0.283 – – –
Uric acid -0.081 -1.184 0.238 – – –
sBP 0.238 3.981 ,0.001 -0.013 -0.251 0.802
DBP 0.150 2.470 0.014 0.031 0.658 0.511
hemoglobin -0.127 -2.029 0.043 0.008 0.198 0.843
eF -0.084 -1.308 0.192 – – –
lVMI 0.021 0.349 0.728 – – –
Vessel no 0.556 10.865 ,0.001 0.512 13.854 ,0.001
baPWV 0.637 13.415 ,0.001 0.597 14.832 ,0.001

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; BsA, body surface area; DBP, diastolic blood pressure; eF, ejection fraction; hDl-C, 
high-density lipoprotein cholesterol; lDl-C, low density lipoprotein cholesterol; lVMI, left ventricular mass index; sBP, systolic blood pressure; sYnTAX, sYnergy between 
percutaneous coronary intervention with TAXus and cardiac surgery; TC, total cholesterol; Vessel no, number of involved vessels.

Figure 1 linear regression between baPWV and sYnTAX score.
Note: The baPWV was significantly correlated with Syntax score (R2 =0.525, 
P,0.001).
Abbreviations: baPWV, brachial-ankle pulse wave velocity; sYnTAX, sYnergy 
between percutaneous coronary intervention with TAXus and cardiac surgery.

Figure 2 Comparison of baPWV based on the extent of coronary artery disease.
Notes: There was no significant difference in baPWV values between the groups 
except for subjects without significant stenosis. However, there was a linear trend 
between the number of stenosed vessels and increased baPWV.
Abbreviations: baPWV, brachial-ankle pulse wave velocity; NS, not significant; 
Vessel no, vessel number; CI, confidence interval.
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represents increased arterial stiffness. The conventional 

atherosclerotic risk factors, which are used to determine the 

Framingham risk score, may contribute synergetically to 

arterial stiffness and have been linked to arterial stiffness. 

Second, increased arterial stiffness leads to an increase in 

cardiac ventricular load, thereby reducing cardiac systolic 

performance and increasing myocardial oxygen demand.30 

This may lead to the progression of atherosclerosis, likely 

mediated by increased cycle stress leading to arterial wall 

thickening.31

Our results were consistent with previous studies which 

reported that baPWV is higher in patients with significant 

CAD compared to normal subjects. The baPWV measurements 

used for the diagnosis and assessment of CAD severity differ 

between studies. A previous study which reported that baPWV 

was limited in identifying CAD patients used the Gensini score 

to evaluate coronary atherosclerosis and showed that baPWV 

was not associated with calcification and severity of coronary 

arteries in high-risk patients.28 Another study reported that 

although baPWV was associated with significant CAD, it was 

neither associated significantly with the extent of CAD nor 

with the risk of revascularization32 and was limited in predict-

ing the severity of CAD. In their study, the extent and severity 

of coronary atherosclerosis was evaluated by calculating the 

number of involved vessels. Xiong et al reported that baPWV 

was related to severity of CAD as assessed by angiography 

and the SYNTAX score.13 Although our results did not show 

a clinically relevant difference among the classified groups 

based on the number of involved vessels, we demonstrated 

that baPWV was well correlated with a significant increase 

in the severity and complexity of CAD as evaluated by the 

SYNTAX score. In addition, the present study was based on 

older patients with chest pain who visited the outpatient clinic, 

whose pain was documented as angina, and who underwent 

a stress test. Based on these considerations, we suggest that 

our results are clinically applicable in daily practice. The area 

under ROC curve was 0.639 in predicting coronary artery 

stenosis. The cutoff value of baPWV at 1,874 cm/s had a 

sensitivity of 60.1%, specificity of 70.8%, positive predictive 

value of 87.0%, and negative predictive value of 23.6%.

Limitations
This study had some limitations. First, subjects undergoing 

CAG who visited a single center do not represent the entire 

population. Second, due to the cross-sectional design, it 

was impossible to assess the causality between baPWV and 

CAD severity, complexity, and clinical outcome. Third, 

the echocardiography and SYNTAX score were performed 

by different cardiologists. Because this is a retrospective 

analysis, the measurement could not be really double blinded. 

Fourth, many subjects were taking various medications, 

including antihypertensive drugs and lipid-lowering drugs, 

that may exert significant influences on baPWV. It is difficult 

to evaluate how exactly those medications influenced the 

numbers for baPWV. Finally, because the study population 

consisted of older patients with coronary heart disease, the 

cutoff value of baPWV does not represent all populations.

Conclusion
In this study, we showed that arterial stiffness determined by 

baPWV was associated independently with CAD severity, 

as assessed by angiography and the SYNTAX score in older 

patients with chest pain. Our data suggested that increased 

arterial stiffness assessed by baPWV is associated with the 

severity and presence of CAD in older patients.

Disclosure
The authors report no conflicts of interest in this work.
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