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Pulse Wave Velocity as a Marker of
Severity of Coronary Artery Disease
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To determine whether pulse wave velocity (PWV)
as a measure of arterial stiffness is a marker of
coronary artery diseases (CAD), the authors did a
cross-sectional study in 92 patients undergoing
coronary angiography for suspected CAD.
Arterial stiffness was assessed through recording
PWV from the left carotid–right femoral arteries
using an automated machine. The mean PWV
was higher in patients with CAD than in those
without CAD (11.13�0.91 vs 8.14�1.25 m ⁄ sec;
P<.001). When the severity of CAD was
expressed as 1-, 2-, and multiple-vessel disease,
there was a significant association between the
severity of CAD and PWV. PWV differed signifi-
cantly with different categorical severity of CAD
even when age and total cholesterol were con-
trolled for. In a univariable analysis, PWV was
higher with higher systolic blood pressure
(P<.004). The authors conclude that arterial
stiffness measured through PWV is an indepen-
dent and complementary cardiovascular risk
marker. J Clin Hypertens (Greenwich).
2009;11:17–21 ª 2009 Wiley Periodicals, Inc.

Coronary artery disease (CAD) is one of the
most common diseases in the world, causing

6.9 million deaths worldwide each year; it is the
leading cause of premature death in developed
countries.1,2 There are many factors associated
with increased risk of CAD, such as smoking,
age, diabetes mellitus, hypercholesterolemia, and
hypertension.3 Arterial stiffness is a part of endo-
thelial dysfunction and correlates with hyperten-
sion and atherosclerosis. It is a valuable predictor
of cardiovascular disease.4 Early diagnosis and
prevention of CAD have stimulated a search for
reliable noninvasive methods of detection. One of
the noninvasive tests to diagnose CAD is the
detection of arterial stiffness by measuring pulse
wave velocity (PWV). This technique has been
widely applied. This study was designed to deter-
mine the role of PWV as a marker of the severity
of CAD.

MATERIALS AND METHODS
Study Design
This was a cross-sectional study enrolling 92 patients
with suspected CAD undergoing coronary angiogra-
phy at the Interventional Cardiology Lab at Hospital
Universiti Sains Malaysia. Arterial stiffness was
assessed through left carotid–right femoral PWV
using an automated SphygmoCor machine (Actor
Medical, West Ryde NSW, Sydney, Australia).

Inclusion and Exclusion Criteria
Inclusion criteria were male sex, age between 30
and 70 years, history of CAD and ⁄or undergoing
coronary angiography for suspected CAD and ⁄or
stroke, transient ischemic attack, and ⁄or type 2

From the Cardiology Division, Department of
Medicine;1 and the Department of Community
Medicine, School of Medical Sciences, Universiti Sains
Malaysia, Kubang Kerian, Kelantan, Malaysia2

Address for correspondence: Ahmed Yahya Alarhabi,
MD, Cardiology Division, Department of Medicine,
Universiti Sains Malaysia, 16150, Kubang-Kerian,
Kelantan, Malaysia
E-mail: ahmadalarhabi@yahoo.com
Manuscript received June 29, 2008;
revised October 30, 2008; accepted November 7, 2008

doi: 10.1111/j.1751-7176.2008.00061.x

VOL. 11 NO. 1 JANUARY 2009 THE JOURNAL OF CLINICAL HYPERTENSION 17



diabetes. Exclusion criteria included moderate to
severe valvular heart disease, prior percutaneous
coronary angioplasty or coronary artery bypass
grafting, congestive heart failure, recent history of
myocardial infarction (within 4 weeks before
study), overt nephropathy, uncontrolled hyperten-
sion (blood pressure >160 ⁄100 mm Hg), and
severe peripheral vascular disease.

Study protocol included measurements obtained
using the SphygmoCor system and analyzed with
the SphygmoCor software. Care was taken to place
the transducers over the same point of the arteries
and the same distance from the left carotid to the
right femoral artery. A minimum of 3 readings
using the same device was obtained by the same
operator. PWV was calculated with the following
formula: PWV (m ⁄ sec) = D ⁄ TD (D = distance
between left carotid and right femoral arteries; TD
= time delay).

Statistical Analysis
Data entry and analysis were carried out using SPSS
version 12.0.1 (SPSS Inc, Chicago, IL). Numeric
values were expressed as mean � SD; 95%

confidence intervals were taken and categorical vari-
ables were expressed as frequency and percentage.

Independent t-test and one-way analysis of
variance (ANOVA) were used to compare the mean
of PWV between the groups. P values <.05 were
considered significant. Analysis of covariance
(ANCOVA) was used to compare PWV while
controlling other confounding variables. Age and
cholesterol level were found to be significantly
associated with PWV at the univariable level;
thus, they were adjusted as covariates during
ANCOVA analysis.

Ethical Approval
The study was approved by the Universiti Sains
Malaysia ethics committee, and informed consent
was obtained from all patients before the exa-
minations, which were done during their stay in
the hospital.

RESULTS
Clinical Characteristics of Patients
The baseline clinical characteristics of patients are
summarized in Table I. The mean age of patients
was 54.1 years, mean body mass index was
25.2 kg ⁄m2, mean cholesterol level was 5.3 mmol ⁄L,
and mean systolic blood pressure value was
126.3 mm Hg. The number of patients with blood
pressure levels >140 ⁄90 mm Hg was 10 (10.9%),
and 32 (34%) of the patients had blood pressure
levels>130 ⁄80 mm Hg.

PWV and Severity of CAD
PWV was higher in patients with CAD than in
those without CAD. Mean PWV in the group with
normal angiographic results was 8.14�1.25 m ⁄ sec,
and in patients with single-vessel disease it was
11.13�0.91 m ⁄ sec. In those with 2-vessel dis-
ease mean PWV was 15.22�1.11 m ⁄ sec, and in
the multiple-vessel disease group it was
19.30�2.05 m ⁄ sec (Table II). Comparison among
the diseased coronary artery groups (those with sin-
gle-vessel disease, 2-vessel disease, and multiple-ves-
sel disease) showed that there was a significant
difference between the severity of CAD and the
mean value of PWV (P<.001) (Table III).

When the severity of CAD was expressed as
single-, 2-, or multiple-vessel disease, there was a
linear proportional association between the severity
of CAD and increased PWV (Figure).

PWV and Risk Factors of CAD
In a univariable analysis, but not in a multivariable
analysis, PWV correlates with systolic blood

Table I. Clinical Characteristics (N=92)

Variables Mean (SD) or No. (%)

Age (years) 54.1 (9.10)

Height (cm) 164.70 (7.17)
Weight (kg) 68.40 (11.89)
BMI (kg ⁄ m2) 25.2 (3.99)

Cholesterol (mmol ⁄ L) 5.33 (1.31)
SBP (mm Hg) 126.3 (17.98)
DBP (mm Hg) 76.62 (11.90)
BP >140 ⁄ 90 mm Hg 10 (10.9)

BP >130 ⁄ 80 mm Hg 32 (34.8)
HR (beats ⁄ min) 77.48 (8.11)
Smokers 38 (41.3)

Nonsmokers 54 (58.7)
Diabetes mellitus 23 (25.0)
No diabetes mellitus 69 (75.0)

Abbreviations: BMI, body mass index; BP, blood
pressure; DBP, diastolic blood pressure; HR, heart rate;
SBP, systolic blood pressure.

Table II. Measurement of Pulse Wave Velocity and

Coronary Artery Disease

Angiographic Findings No. Mean (SD)

Normal 12 8.14 (1.252)
Single-vessel disease 27 11.13 (0.916)
2-Vessel disease 27 15.22 (1.115)

Multiple-vessel disease 26 19.30 (2.056)
Total 92 14.25 (4.162)
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pressure (P<.001) (Table IV). With blood pressure
ranges between 140 ⁄90 and 160 ⁄100 mm Hg,
PWV was higher (mean, 14.50 m ⁄ sec) compared
with blood pressure levels <140 ⁄90 mm Hg (mean
PWV, 14.22 m ⁄ sec), but this difference was not
significant (P>.841).

After controlling for age and cholesterol level,
ANCOVA analysis showed that the PWV still dif-
fered significantly with different categorical severity
of CAD (P<.001) (Table V).

DISCUSSION
Several noninvasive parameters have been developed
that allow assessment of arterial stiffness, including
PWV measurement. PWV increases as arterial stiff-
ness rises. An increase in carotid-femoral PWV
reflects arterial stiffening as a result of structural and
functional changes of the vascular tree in patients
with vascular disease. Aortic stiffness is an important
reflection of atherosclerotic vessel function, and
PWV evaluates aortic stiffness noninvasively. Hence,
clinical studies have demonstrated that PWV can be
used to predict cardiovascular risk.5,6 Another
noninvasive parameter for measurement of arterial
stiffness is the augmentation index (AI). Yasmin and
Brown7 showed that AI or PWV correlated signi-
ficantly when used to measure arterial stiffness.
However, in this study AI was not measured. This
study showed a significant association between the
severity of CAD and PWV. It is in concordance with
a previous study that showed that when the severity
of CAD was expressed as 1-, 2-, or 3-vessel disease,
PWV was significantly associated with the severity of
CAD.8 However, Ouchi and colleagues9 showed that
no significant difference was observed between PWV
values in a group of patients with normal angio-
graphic findings in comparison with patients who
have CAD. In this study, the authors measured PWV
from the left carotid and left femoral arteries; this
was in contrast to the method used in the present
study. This different technique may affect the
measurement of the distance (D) that is used in the
calculation of PWV.

There are several independent risk factors associ-
ated with aortic stiffness; these include sex, hyper-
tension, diabetes mellitus, hypercholesterolemia,
age, atherosclerosis, renal failure, and cerebrovascu-
lar disease.10,11 Zhe and coworkers12 reported that
the metabolic syndrome was closely associated with

Table III. Comparison Between Pulse Wave Velocity and Severity of Coronary Artery Disease (N¼92)

Mean Difference (95% Confidence Interval) P Value

Normal Single-vessel disease )2.988 ()4.32 to 1.66) <.001

2-Vessel disease )7.077 ()8.41 to 5.75) <.001
Multiple-vessel disease )11.160 ()12.50 to 9.82) <.001

Single-vessel disease 2-Vessel disease )4.089 ()5.13 to 3.05) <.001

Multiple-vessel disease )8.172 ()9.22 to 7.12) <.001
2-Vessel disease Multiple-vessel disease )4.083 ()5.14 to 3.03) <.001

Values were determined by one-way analysis of variance (ANOVA).

Figure. Comparison of adjusted means between pulse
wave velocity (PWV) and severity of coronary artery
disease.

Table IV. Correlation Between PWV and SBP and

Between PWV and DBP

Groups Pearson P Value

PWV–SBP 0.295 .004
PWV–DBP 0.124 .238

Abbreviations: DBP, diastolic blood pressure; PWV, pulse

wave velocity; SBP, systolic blood pressure.
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an increased PWV, and Hansen and associates13

noted that a higher insulin level was related to a
higher PWV. In our study, we did not analyze the
results with respect to the metabolic syndrome, and
insulin levels were not measured. In a multivariable
analysis, this study showed that there is a signifi-
cant association between the severity of CAD and
age and cholesterol, whereas systolic blood pres-
sure, diastolic blood pressure, heart rate, body mass
index, and random blood sugar were not signifi-
cantly related to the severity of CAD. However, in
a univariable analysis, PWV was correlated with
systolic blood pressure. These findings concur with
previous studies that reported a positive correlation
between increased age, systolic blood pressure, and
increased PWV.14 Studies done by Boutouyrie and
colleagues15 and Asmar and colleagues16 noted that
an increasing low-density lipoprotein cholesterol
level was associated with increased aortic PWV;
they also reported that the 2 major determinants of
PWV were age and systolic blood pressure.16 These
findings are similar to our results, which showed an
association between systolic blood pressure and
PWV (in a univariable analysis). Although in a
multivariable analysis there was no significant asso-
ciation between PWV and systolic blood pressure,
this difference could be explained by the fact that
patients recruited in the present study had a systolic
blood pressure range between 90 and 160 mm Hg,
whereas in the Asmar and colleagues16 study, the
systolic blood pressure was 98 to 222 mm Hg.
Patients with blood pressure ranges between
140 ⁄90 and 160 ⁄100 mm Hg (n=10) showed a
higher PWV when compared to patients with blood
pressure levels <140 ⁄90 mm Hg, but the difference
was not significant; this could be due to the small
number of patients.

Our results suggest that arterial stiffness mea-
sured by PWV may be an independent marker of
CAD beyond the indication provided by other
well-known cardiovascular risk factors. PWV also
differed significantly with different categorical

severity of CAD, even when age and total choles-
terol were controlled for. Measuring aortic stiffness
by means of PWV could serve as marker of end
organ damage in the arterial system and help to
identify patients at high risk for CAD.

CONCLUSION
This study showed that arterial stiffness measured
through noninvasive PWV appears to be an inde-
pendent and complementary cardiovascular risk
factor.
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