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BACKGROUND: Patients with COPD face an increased risk of cardiovascular disease and in-
creased cardiac mortality. Carotid femoral pulse wave velocity (cf-PWV) is a validated measure of
arterial stiffness, a well recognized predictor of adverse cardiovascular outcomes, and offers higher
predictive value than classical cardiovascular risk factors. We investigated the association between
COPD and arterial stiffness using cf-PWV as a noninvasive technique. METHODS: This clinical
study was prospective, observational, and cross-sectional. Sixty-two subjects with stable COPD and
22 healthy controls underwent physical examination, chest x-rays, pulmonary function tests, arte-
rial blood gas analysis, and 6-min walk test, and cf-PWV was measured via a validated tonometry
system. RESULTS: The COPD subjects had greater arterial stiffness than the control subjects, and
that difference was associated with lower FEV1, PaO2

, and oxygen saturation during the 6-min walk
test. We observed higher cf-PWV in the COPD subjects with severe COPD than in the subjects with
mild to moderate COPD. Only FEV1 was an independent predictor of cf-PWV. CONCLUSIONS:
Our results suggest that arterial stiffness is increased in subjects with more severe and advanced
COPD than in those with mild to moderate COPD. Air flow limitation and hypoxemia may induce
increased arterial stiffness in COPD patients. Key words: cardiovascular disease; clinical respiratory
medicine; COPD; inflammation; respiratory function test. [Respir Care 2014;59(2):274–280. © 2014
Daedalus Enterprises]

Introduction

Patients with COPD face an increased risk of cardio-
vascular disease, as compared to the normal population;
moreover, cardiac disease is among the leading causes of
death in COPD patients.1-3 COPD is associated with sys-

temic inflammation, which can initiate comorbidities.1,4

Additionally, air-flow obstruction profoundly affects car-
diac function and gas exchange, leading to systemic con-
sequences. An increased prevalence of ischemic heart dis-
ease and hypertension is seen in COPD patients, and these
conditions are linked to poor prognoses.3

Carotid-femoral pulse wave velocity (cf-PWV) is the
gold standard measurement for arterial stiffness.5-7 Previ-
ous studies have documented the importance of arterial
stiffness as a prognostic factor and an independent predic-
tor of all-cause and cardiovascular mortality.1 Arterial stiff-
ness is a well known predictor of cardiovascular risk and
can be assessed via radial artery tonometry, aortic PWV,
or cf-PWV.8

As a response to the systemic inflammation associated
with COPD, arterial stiffness and cardiovascular risk may
also increase in this disease.9 Due to this increased sys-
temic inflammation and impaired endothelial nitric oxide
production, COPD patients also frequently exhibit endo-
thelial dysfunction.10 The aim of our study was to deter-
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mine the relationship between arterial stiffness and air-
flow limitation in patients with COPD.

Methods

This was a prospective, observational, descriptive
study approved by the ethics committee of Recep Tayyip
Erdogan University, and designed and conducted in
accordance with the Declaration of Helsinki, between Sep-
tember 1, 2012, and December 31, 2012, in our pulmonol-
ogy clinic. All subjects gave informed consent.

Subjects

We recruited 62 consecutive patients with stable
COPD and 22 healthy subjects. We excluded COPD pa-
tients with history of any cardiovascular disease, hyper-
tension, or diabetes mellitus. All subjects were examined
physically bya cardiologist. Electrocardiographic andecho-
cardiographic examinations were also performed to rule
out any cardiac disease. Physical examinations, chest x-
rays, pulmonary function tests, arterial blood gas analysis,
and 6-min walk test were performed with each subject. We
measured C-reactive protein as a marker of systemic in-
flammation. The spirometric classification of COPD was
per the Global Initiative for Chronic Obstructive Lung
Disease11 (GOLD):

Stage 1: FEV1 � 80% of predicted
Stage 2: FEV1 50–80% of predicted
Stage 3: FEV1 30–50% of predicted
Stage 4: FEV1 � 30% of predicted

Pulmonary Function Tests

Pulmonary function tests were conducted with a spi-
rometer (nSpire Health, Longmont, Colorado), with the
subject sitting, and the spirometry maneuver was repeated
at least 3 times. The best results were retained for analysis.
The percent-of-predicted values were calculated from the
European Respiratory Society’s standards data.12

COPD Exacerbations

All the COPD subjects were asked about the number of
COPD exacerbations (ie, sustained and acute symptoms
worsening from the stable state, and that required addi-
tional treatment)13 they had had in the past 1 year.

Arterial Blood Gas Analysis

From the COPD subjects, arterial blood samples were
taken from the radial artery while the subject was breath-
ing room air and had been at rest for 15 min. Blood gas
analysis (RapidLab 248/348, Siemens Healthcare, Berlin,

Germany) was performed immediately. We did not per-
form arterial blood gas analysis in the control subjects. We
measured oxygen saturation in the control subjects with
pulse oximetry (3303, BCI International/Smiths Medical,
St Paul, Minnesota). We excluded any healthy individuals
whose SpO2

was � 95%.

6-Minute Walk Test

The 6-min walk test was performed in our pulmonology
clinic, in a 30-m corridor, and per American Thoracic
Society guidelines.14 We measured pulse rate and sys-
tolic and diastolic blood pressure before and after the test.
Before, during, and after the test we measured SpO2

(MD300C12, ChoiceMMed, Beijing, China) and recorded
the lowest and the highest SpO2

. During the test, an SpO2

decrease of � 4% from the subject’s baseline SpO2
was

considered desaturation.

Pulse Wave Velocity

An experienced cardiologist, who was blinded to patient
data, performed cf-PWV assessments, in the morning after
an overnight fast (ie, � 8 h) from food and cigarettes. The
cf-PWV was measured with a validated noninvasive de-
vice (SphygmoCor, AtCor Medical, Sydney, Australia),
from the pulse transmit time between 2 measurement sites.
The distance traveled by the pulse wave over the surface
of the body was measured with a tape measure, from the
sternal notch to the right carotid artery, and from the ster-
nal notch to the right femoral artery, and was divided by
the transit time. The expert consensus document on arterial
stiffness methodological issues and clinical applications
advises on cf-PWV measurement procedures, and provides
arguments for the use of 80% of the direct carotid-femoral
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Current knowledge

Patients with COPD have an increased risk of cardio-
vascular disease and mortality. Carotid femoral pulse
wave velocity is a well recognized predictor of adverse
cardiovascular outcomes, with a higher predictive value
than classic cardiovascular risk factors.

What this paper contributes to our knowledge

Patients with severe COPD had higher pulse wave ve-
locity, which suggests increased arterial stiffness, com-
pared to patients with mild and moderate COPD. Hy-
poxemia in severe COPD may increase arterial stiffness.
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distance as the most accurate distance estimate.15 We used
the following formula for the cf-PWV measurements:

Estimated direct distance � [(0.45 � subtracted distance)

� (0.21 � height) � 0.08] � 0.8

Statistical Analysis

We used statistics software (SPSS 15, SPSS, Chicago,
Illinois) to analyze the data. Continuous variables are pre-
sented as mean � SD. Categorical variables are expressed
as number and percent. The Kolmogorov-Smirnov test was
used to analyze normally distributed data. The Mann-
Whitney U test and the Kruskal-Wallis test were used for
nonparametric data. Logistic regression was used for the
multivariate analysis of the independent variables. The
Student t test and analysis of variance were used to com-
pare the averages of the parametric variables. P � .05 was
considered statistically significant.

Results

The study group included 32 subjects with FEV1 � 50%
of predicted (GOLD stages 1 and 2) and 30 subjects
with FEV1 � 50% of predicted (GOLD stages 3 and 4)
(Table 1). Our subjects were mainly male, and the COPD
subjects were older than the controls. The COPD subjects
with FEV1 � 50% of predicted had smoking habits similar
to the controls, but the COPD subjects with FEV1 � 50%
of predicted had more intense smoking history than the
controls or the COPD subjects with FEV1 � 50% of pre-
dicted. We found higher cf-PWV in both the COPD sub-
ject groups than in the healthy controls, and the subjects
with FEV1 � 50% of predicted had higher mean cf-PWV
than the subjects with FEV1 � 50% of predicted.

Table 2 shows the results for the COPD subjects. The
mean 6-min walk distance was 360 � 69 m in the COPD

subjects and 427 � 64 m in the control group. As expected
the blood gas values, pulmonary function test results, and
6-min walk test parameters were significantly worse in the
GOLD stage 3 and 4 subjects than in the GOLD stage 1
and 2 subjects. The cf-PWV values in the COPD subjects
were independent of age and body mass index in the uni-
variate analysis of covariance, and cf-PWV increased with
COPD severity (P � .02).

The mean cf-PWV was significantly (P � .003) higher
in the COPD subjects (10.95 � 3.74 m/s, n � 62) than in
the controls (7.32 � 1.88 m/s, n � 22). Table 3 shows the
Pearson correlation coefficients between cf-PWV and the
physiologic variables. cf-PWV weakly correlated with age
(P � .049), but did not correlate with smoking history or
body mass index. We found weak correlations between
cf-PWV and PaO2

(P � .007, r � �0.341) (Fig. 1), FEV1

(P � .001, r � �0.408) (Fig. 2), and FVC (P � .008,
r � �0.333), and a moderate correlation with FEF25–75

(P � .001, r � �0.511). We did not find a correlation
between cf-PWV and serum C-reactive protein (P � .83,
r � 0.03) or smoking history (P � .43, r � 0.10).

We observed higher cf-PWV in the COPD subjects
with severe COPD than in the subjects with mild to mod-
erate COPD. The linear regression analysis found that only
FEV1 was an independent predictor of cf-PWV (P � .043).
Mean cf-PWV was nonsignificantly (P � .33) higher in
the subjects who had one or more exacerbations in the
last 1 year (12.23 � 4.09 m/s, n � 14) than in the subjects
who had not had an exacerbation in the past year
(11.01 � 3.81 m/s, n � 48).

Discussion

Arterial stiffness is mainly associated with aging and
hypertension, and it indicates structural and functional
changes within the arterial wall.16,17 cf-PWV is an inde-
pendent predictor of mortality and stroke in the general
population and in patients with end-stage renal disease,

Table 1. Subject Demographics

COPD Subjects
Healthy
Control
Subjects
(n � 22)

P

GOLD
Stage 1 or 2

(n � 32)

GOLD
Stage 3 or 4

(n � 30)

GOLD
Stage 1 or 2
vs GOLD

Stage 3 or 4

GOLD
Stage 1 or 2
vs Healthy
Controls

GOLD
Stage 3 or 4
vs Healthy
Controls

Male/female, no. 1/31 1/29 1/21
Age, y 59.2 � 10.2 65.2 � 8.6 57.4 � 7.6 .03 .74 .008
Body mass index, kg/m2 27.2 � 5.9 26.8 � 5.4 26.7 � 3.0 .93 .93 .99
Smoking history, pack-years 33.2 � 11.8 41.6 � 10.9 31.1 � 12.6 .02 .79 .006
Pulse wave velocity, m/s 9.9 � 3.3 12.7 � 3.9 7.32 � 1.88 .004 .01 � .001

� Values are mean � SD.
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hypertension, and diabetes.8,18-20 Therefore, European
guidelines on cardiovascular disease prevention consider
cf-PWV a test of target organ damage in hypertensive
patients.21,22 In a cohort consisting primarily of treated
hypertensive subjects, aortic PWV was associated with
target organ damage in coronary, cerebral, and peripheral
arterial beds.22 cf-PWV is a surrogate marker for vascular
stiffness.15 The present study was conducted to investigate
the relationship of air-flow limitation and hypoxemia to

cf-PWV in subjects with COPD; interestingly, an increased
cf-PWV was indeed observed in COPD subjects, and a
decline in pulmonary function test results and PaO2

was
associated with higher cf-PWV.

Measure of arterial stiffness has been used to predict
adverse cardiovascular events in different popula-
tions.3,5,23,24 A recent meta-analysis that included individ-
uals at high and low risk of cardiovascular events showed
that elevated aortic PWV was associated with an increased
risk of adverse cardiovascular events and cardiovascular
and all-cause mortality.24 In the offspring cohort of the
Framingham Heart Study, aortic PWV was independently
associated with cardiovascular events.5 Similarly, Terai
et al23 found that aortic PWV predicted myocardial infarc-
tion or stroke in a cohort of 676 subjects with essential
hypertension, during a mean follow-up of 57 months.

Table 2. Results for the COPD Subjects

GOLD
Stage 1 or 2

(n � 32)

GOLD
Stage 3 or 4

(n � 30)
P

pH 7.41 � 0.03 7.40 � 0.02 .55
PaO2

, mm Hg 77.1 � 7.0 67.2 � 7.5 � .001
PaCO2

, mm Hg 38.3 � 2.9 40.7 � 5.1 .03
SaO2

96.4 � 1.3 94.2 � 2.2 � .001
FEV1, % predicted 64 � 9 38 � 8 � .001
FVC, % predicted 83 � 11 55 � 11 � .001
FEV1/FVC 61 � 4 54 � 7 � .001
FEF25–75, % predicted 36 � 10 20 � 8 � .001
Peak expiratory flow, % predicted 54 � 13 38 � 12 � .001
6-min-walk distance, m 427 � 64 360 � 69 � .001
Highest SaO2

, % 97.4 � 0.9 95.2 � 2.4 � .001
Lowest SaO2

, % 94.4 � 3.3 90.3 � 5.2 .001
Decrease in SaO2

3.1 � 3.2 4.9 � 3.6 .03

Values are mean � SD.
SaO2 � oxygen saturation measured from an arterial blood sample
FEF25–75 � forced expiratory flow during the middle half of the FVC maneuver

Table 3. Pearson Correlation Analysis for Carotid-Femoral Artery
Pulse Wave Velocity and Physiologic Variables in Subjects
With COPD

Pearson Correlation
With Pulse Wave

Velocity

r P

Age 0.25 .049
Smoking history 0.10 .43
Body mass index 0.08 .54
Percent-of-predicted FEV1 �0.41 .001
Percent-of-predicted FVC �0.33 .008
Percent-of-predicted FEF25–75 �0.51 � .001
Percent-of-predicted peak expiratory flow �0.23 .08
pH �0.01 .93
PaO2

�0.34 .007
PaCO2

0.15 .25
Arterial oxygen saturation �0.28 .03
6-min-walk distance �0.36 .004
Decrease in SaO2

0.44 � .001

SaO2 � oxygen saturation measured from an arterial blood sample

Fig. 1. Carotid-femoral pulse wave velocity versus PaO2
.
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COPD and coronary artery disease are both highly prev-
alent worldwide, and they share common risk factors, in-
cluding cigarette smoking, advanced age, and sedentary
lifestyle. It is well documented that patients with severe
and very severe forms of COPD have a greater risk of
cardiovascular disease.25 Patients with severe air-flow lim-
itations have a significantly higher risk of death from cor-
onary artery disease, and this higher risk is independent of
smoking behavior, age, and sex26 In the Lung Health Trial,
approximately 6,000 patients were followed for 14 years,
and FEV1 was found to be an independent predictor of the
probability of mortality from myocardial infarction.27 Our
study reveals that arterial stiffness increases with COPD
severity, which could explain why the risk of myocardial
infarction is higher for COPD patients. Indeed, arterial
stiffness as a result of vascular disease is a good predictor
of cardiovascular events, and can be assessed noninva-
sively by measuring cf-PWV.8 Age, smoking history, body
mass index, pulmonary function test results, and arterial
blood gas values may affect cf-PWV. Our subjects in-
cluded COPD patients who smoked more heavily than our
control group, but cf-PWV did not correlate with smoking
history. There was a weak correlation between age and
cf-PWV (P � .049, r � 0.25), but no correlation between
body mass index and cf-PWV.

Another study28 also found that arterial stiffness is in-
creased in patients with COPD, as compared to normal
smokers and non-smokers; however, those authors found
that arterial stiffness was unrelated to COPD severity
measured by circulating C-reactive protein concentration,
which is not in accordance with our findings based on
spirometry results. Sabit et al29 included patients with sta-
ble COPD (GOLD stages 1 through 4), and healthy smok-
ers and ex-smokers were used as control subjects. They
observed greater mean aortic PWV in the COPD subjects
than in the control subjects. Furthermore, much like our
results, aortic PWV correlated with GOLD stage: more
severe air-flow limitation was associated with higher cf-

PWV.28-30 Ultimately, COPD and hypoxemia may in-
crease arterial stiffness, which may promote thickening of
arterial walls, atherosclerotic plaque formation, and vas-
cular remodeling. The sequences of this process may start
in the early stages of COPD and worsen with the decline
in lung function.

We thought that the systemic inflammation related to
smoking may increase arterial stiffness in COPD patients.
To determine the association between the systemic inflam-
mation and smoking, we measured serum C-reactive pro-
tein in the COPD subjects, but found no significant cor-
relation between these parameters. Confounders other than
systemic inflammation, such as impaired microcirculation
related to hypoxemia and increased local inflammatory
reactions related to smoking in target organs (lungs, heart
and arteries), may cause arterial stiffness.

The systemic inflammation in COPD has been impli-
cated in the pathogenesis of cardiovascular comorbidities
such as ischemic heart disease and atherosclerosis.31 The
number of macrophages and interferon-c secreting Th1
lymphocytes increase in atherosclerotic plaques as well
as in the peripheral lung regions in COPD patients.32,33

The increased arterial stiffness may predispose to systemic
hypertension and an increased risk of cardiovascular dis-
ease in COPD patients.31 At the same time, arterial stiff-
ness may reflect some pathological mechanisms, such as
systemic inflammation, connective tissue abnormalities,
impairment in endothelial function, and impairment of ni-
tric oxide production, that are associated with the patho-
genesis of COPD.10 These results might lead to the con-
clusion that arterial stiffness increases in the latter stages
of COPD.

Castagna et al assessed the prevalence of peripheral
arterial disease and its implications for exercise limitation
in COPD patients.34 They stated that there is a consider-
able effect of peripheral arterial disease on exercise intol-
erance, and it should be taken into account in COPD treat-
ments, including pulmonary rehabilitation programs.

Smoking-induced systemic inflammation may cause an
inflammatory response resulting in damage in several or-
gans and structures. The repair of the damage in the lungs
triggered by smoking and noxious gases results in COPD,
while the repair of the damage in systemic arteries results
in atherosclerosis and increased arterial stiffness. Severe
inflammatory reactions and pathologic structural changes
occur in the lungs and the vessels, particularly in geneti-
cally predisposed individuals. And this link may explain
why COPD and arterial stiffness did not exist in all of the
smokers. To explain how arterial stiffness occurs in other
groups of patients who do not have COPD or hypoxemia
and are non-smokers, some other factors also should be
detected. Risk factors other than smoking that play an
important role in the mechanism of arterial stiffness in-
clude obesity, diabetes mellitus, age, sex, hyperlipidemia,

Fig. 2. Carotid-femoral pulse wave velocity versus FEV1.
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lifestyle, and genetic factors. As a result, to implicate COPD
as a cause of atherosclerosis, more elaborate investigations
are required.

Our study has several limitations. First, a cascade of
events starting with hypoxemia and leading to arterial
stiffness in smoking-associated COPD concomitant with
air-flow limitation could not be clarified. Second, the as-
sociation between arterial stiffness and the other states of
chronic airway obstruction with airway limitation and hy-
poxemia, such as alpha-1 antitrypsin deficiency, bullous
emphysema, and chronic persistent asthma, could not be
investigated in the absence of cardiovascular disease. Third,
other confounders, such as impaired microcirculation and
increased local inflammation, could not be identified.
Fourth, the main limitation of this study is the small sam-
ple size. Fifth, our study is cross-sectional in nature, so our
results cannot be used to implicate causality. Despite these
limitations, we used validated end points to strengthen our
results.

Conclusions

We believe that hypoxemia affects arterial stiffness,
and vice versa, in a vicious cycle, and can lead to more
rapid clinical deterioration. Moreover, cf-PWV is increased
in COPD patients, and arterial stiffness is more prominent
in patients with severe COPD than in patients with mild to
moderate COPD.
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