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Arterial stiffness can occur early in mild-to-
moderate chronic obstructive pulmonary
disease
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a well-known respiratory system disorder impacting
patient’s morbidity and mortality. Many COPD patients die from cardiovascular diseases. Criteria of arterial stiffness
might be the early clue for cardiovascular affection in COPD patients. This study aimed to evaluate the occurrence
of arterial stiffness as an early subclinical change in stable mild to moderate COPD patients.

Results: This cross-sectional study included 80 mild-to-moderate COPD patients and another 80 healthy controls. The
carotid-femoral pulse wave velocity (cf-PWV) and the heart rate adjusted augmentation index (AIx75) were statistically
significantly higher (13.8 ± 2.6 and 23.9 ± 10.8, respectively) among studied mild-to-moderate COPD patients when
compared to healthy controls (10.7 ± 1.1 and 18.1 ± 8.9, respectively) (p < 0.001). FEV1 (forced expiratory volume in 1 s)
% of predicted correlated negatively with both AIx75 (r = − 0.84, p < 0.001) and cf-PWV (r = − 0.85, p < 0.001), while
BODE (body mass index, airflow obstruction, dyspnea, and exercise capacity) index correlated positively with both
AIx75 (r = 0.58, p < 0.001) and cf-PWV (r = 0.52, p < 0.001) in patients with mild-to-moderate COPD.

Conclusions: Pulse wave velocity and augmentation index correlated with FEV1% of predicted and BODE index in
patients with mild-to-moderate COPD.
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Background
Although chronic obstructive pulmonary disease
(COPD) is a lung disorder, it is now well known to have
systemic effects that significantly affect other systems
and are poorly investigated regarding their impact on
the ability to prognosticate morbidity and mortality [1].
Hypoxemia and systemic inflammation may be the
cause and are independent of smoking [2, 3]. Mul-
tiple systems are implicated; however, the cardiovas-
cular system is particularly affected independently of
smoking history [4].
Many indices were used to predict the risk of death in

COPD, e.g., BODE index, but neglected that many

COPD patients died from cardiovascular causes rather
than of respiratory causes, and arterial stiffness could in-
dependently predict that risk [5] and might start early in
COPD [2].
Comorbidity can affect COPD patients, however, is

poorly investigated although it is significant impact on
the prognosis of those patients. Cardiovascular changes
are the most common and important; however early
changes cannot be routinely assessed and searched for
to be controlled with subsequent improvement of mor-
bidity, mortality, and accordingly the prognosis of COPD
[3, 4]. So, the aim of this study was to evaluate the
occurrence of arterial stiffness as an important subclin-
ical cardiovascular change that might start early in stable
mild-to-moderate COPD patients using a simple non-
invasive tool.
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Methods
Study design and setting
This cross-sectional study was carried out at Chest and
Cardiology Departments and Outpatient Clinics, Zagazig
University Hospitals during the period from August
2017 through March 2019.

Subjects
The current study included eighty healthy control sub-
jects, plus eighty stable mild-to-moderate (GOLD 1 or 2)
COPD patients diagnosed and classified in accordance
with the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines evidenced by spirometric air-
flow limitation (forced expiratory volume in 1 s [FEV1]/
forced vital capacity [FVC] < 0.70) during clinical stabil-
ity; plus post bronchodilator FEV1 ≥ 50% predicted
(mild = GOLD1; FEV1 ≥ 80%, moderate = GOLD2; 50%
≤ FEV1 < 80 [6]. Patients with a recent exacerbation
(within 6 weeks), hyperlipidemia, hypertension, diabetes
mellitus, ischemic heart disease, cerebrovascular acci-
dents, collagen vascular disorders, hepatic diseases, and
renal impairment were excluded.
The Ethics Committee of Zagazig Faculty of Medicine

approved the current study. An informed written con-
sent was collected from each participant.

Methods
The followings were done for all participants:

1- Full medical history taking and clinical examination
with baseline data collection, e.g., age, sex, and body
mass index (kg/m2).

2- Chest radiology (plain chest x-ray and chest CT
when needed) to exclude other diseases and
complications.

3- Routine laboratory investigations including
measurement of total lipid profile: serum total
cholesterol (mg/dL), LDL cholesterol (mg/dLl), and
HDL cholesterol (mg/dL).

4- ECG and Echocardiography.
5- Spirometry (Spirotube PC Spirometer, Thor

Laboratories, Budapest, Hungary): FEV1, FVC, and
FEV1/FVC were measured.

6- Assessment of dyspnea using the modified Medical
Research Council (mMRC) dyspnea scale with a
score ranging from zero to four (zero: if dyspnea
only with strenuous exercise, one: if dyspnea when
hurrying or walking up a slight hill, two: if walks
slower than people of the same age because of
dyspnea or has to stop for breath when walking at
own pace, three: if stops for breath after walking
100 yards (91 m) or after a few minutes, four: if
too dyspneic to leave house or breathless when
dressing [7].

7- Assessment of 6 min walk distance in meters
(6MWD) [8].

8- Measurement of arterial blood gases (ABGs).
9- Assessment of BODE (body mass index, airflow

obstruction, dyspnea and exercise capacity) index
with a range from zero to ten [9].

10-Measurement of pulse wave velocity: the carotid-
femoral pulse wave velocity (cf-PWV), central blood
pressure, and augmentation index were measured
after 30 min of complete physical and mental rest in
supine position using a mobil-o-graph PWV moni-
tor (IEM, Stolberg, Germany) using single oscillo-
metric measurement of the brachial BP by
simultaneously obtaining the pulse wave contour.
The diastolic blood pressure level was maintained
for 10 s in order to assess the pulse wave form [10].
The aortic pressure waveform was generated from
the obtained brachial artery pulse waveform. Aug-
mentation index was corrected for a heart rate of
75 beats/min (AIx75) which was automatically cal-
culated by the PWV software [11]. Additional files
1, 2, 3 and 4

Statistical analysis
Statistical analysis was performed with Epi InfoTM ver-
sion 7 and the SPSS version 19 statistical software pack-
age (SPSS Inc., Chicago, IL, USA). Continuous variables
are expressed as mean and SD. Student’s t test was used
to compare between normally distributed variables. Cat-
egorical variables are expressed as frequencies and per-
cent. Differences in proportions were compared using
the chi-squared or Fisher exact test. Non-normally dis-
tributed variable is expressed as median and range, and
differences between groups were assessed using Krus-
kal–Wallis and/or Mann–Whitney tests. The correlation
between parameters was calculated using Spearman’s
correlation. p value < 0.05 was considered significant.

Results
The current study included 80 patients with mild-to-
moderate stable COPD (GOLD 1 or 2) with a mean age
of 59.1 ± 6.9 years old. They were 73 (91.25%) males and
7 (8.75%) females. Another 80 healthy subjects were in-
cluded as a control group with a mean age of 61.7 ± 6.3
years old. They were 71 (88.75%) males and 9 (11.25%)
females. Different spirometric parameters including
FVC% of predicted (p = 0.04), FEV1% of predicted (p <
0.001), and FEV1/FVC (p < 0.001) were significantly
lower among studied COPD patients when compared to
healthy controls. Also, there was a highly significant stat-
istical difference between both studied groups as regard
to the mMRC dyspnea scale, 6MWD, and BODE index
(p < 0.001). Characteristics of all studied population are
shown in Table 1.
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Table 2 shows hemodynamic parameters of all studied
participants. COPD patients experienced higher systolic
(either peripheral, 134 ± 24mmHg or central, 126 ± 14
mmHg) and diastolic (either peripheral, 84 ± 7.9 mmHg
or central, 85 ± 2.1 mmHg) blood pressures when com-
pared to healthy controls (systolic peripheral, 119 ± 17
mmHg or central, 108 ± 7mmHg and diastolic periph-
eral, 72 ± 6.7 mmHg or central, 74 ± 1.2 mmHg, respect-
ively) (p < 0.001). Also, cf-PWV and AIx75 were
statistically significantly higher (13.8 ± 2.6 and 23.9 ±
10.8, respectively) among studied mild-to-moderate
COPD patients when compared to healthy controls (10.7
± 1.1 and 18.1 ± 8.9, respectively) (p < 0.001).
Table 3 shows that FEV1% of predicted correlated

negatively with both AIx75 (r = − 0.84, p < 0.001) and
cf-PWV (r = − 0.85, p < 0.001) in patients with mild-to-
moderate COPD (GOLD 1 or 2)
Table 4 illustrates that BODE index correlated posi-

tively with both AIx75 (r = 0.58, p < 0.001) and cf-PWV
(r = 0.52, p < 0.001) in patients with mild-to-moderate
COPD (GOLD 1 or 2)

Discussion
Cardiovascular events were found to be the second most
common etiology of mortality following bronchogenic
carcinoma in COPD patients [12]. The early affection of
the cardiovascular system is important to solve the

mystery of such a disease, which is now documented to
have a wide range of systemic impact on the whole body.
The arterial stiffness is especially important as it affects
all parts of the body not only the cardiovascular one;
however, the exact mechanism of its occurrence in
COPD patients is still not exactly known and may be at-
tributed to hypoxemia and connective tissue degradation
resulting in arterial wall thickening, vascular remodeling,
and formation of atherosclerotic plaque, which may start
early in COPD [2, 4].
The population of the current study (GOLD 1 or 2

COPD and healthy controls) were matched regarding
the parameters included in Table 1. Age is an important
factor that can affect arterial stiffness; so in our study,
we chose matched age population; however, AIx was not
related to age [13].The smoking history of the studied
population either current or ex-smokers showed no
significant statistical difference which is in accordance
with Mills et al. [4] and Zureik et al. [14]. On the other
hand, Mahmud et al. [15] and Rehill et al. [16] docu-
mented the difference between smokers and non-
smokers regarding PWV, as well as chronic effects of
smoking on AIx.
Regarding the BMI in our study, there was non-

significant difference between both studied groups,
which is in contrary to the study carried out by Mills
et al. [4] who found a lower BMI in COPD patients than

Table 1 Characteristics of all studied participants

Variables COPD (GOLD 1 or 2) (n = 80) Healthy controls (n = 80) P value

Age, years 59.1 ± 6.9 61.7 ± 6.3 0.18

Sex 0.79

Male 73 (91.25%) 71 (88.75%)

Female 7 (8.75%) 9 (11.25%)

Smoking 1.00

Current 6 (7.5%) 5 (6.25%)

Ex-smoker 74 (92.5%) 75 (93.75%)

Body mass index, kg/m2 23.7 ± 3.6 24.6 ± 4.2 0.15

Serum total cholesterol, mg/dL 187.4 ± 36.5 179.2 ± 31.9 0.13

LDL cholesterol, mg/dL 121.9 ± 36.8 112.5 ± 29.9 0.08

HDL cholesterol, mg/dL 49.9 ± 13.1 48.0 ± 12.2 0.34

Triglycerides, mg/dL 129.4 ± 27.1 127.8 ± 37.6 0.76

FVC % of predicted 83.3 ± 12.4 86.9 ± 9.6 0.04*

FEV1 % of predicted 69.6 ± 15.8 84.5 ± 9.9 < 0.001**

FEV1/FVC 65.7 ± 3.12 78.6 ± 6.76 < 0.001**

mMRC dyspnea scale 1 (1–3) 0 (0–1) < 0.001**

6 min walk distance, m 425 ± 60 530 ± 80 < 0.001**

BODE index 2 (0–5) 0 (0–1) < 0.001**

Values are presented as mean ± SD, median (range), or number (%) unless otherwise specified. COPD chronic obstructive pulmonary disease, GOLD 1 or 2 mild or
moderate COPD, HDL high-density lipoprotein, LDL low-density lipoprotein, BODE; body mass index, airflow obstruction, dyspnea, and exercise capacity, FEV1
forced expiratory volume in 1 s, FVC forced vital capacity, mMRC Modified Medical Research Council
*Significant, **highly significant
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healthy controls. This could attribute to the difference in
patient selection between our study and that of Mills
et al. [4] as they included patients with more severe dis-
ease, while this work included only mild-to-moderate
COPD patients.
COPD is associated with cardiovascular changes,

which have an impact on prognosis [17], and we tried to
prove it in the early stages of COPD disease (GOLD 1 or
2), where we found a significant difference regarding sys-
tolic blood pressure, diastolic blood pressure, pulse wave
velocity, and AIx75 values between mil-to-moderate
COPD patients and healthy controls coping with other
studies like that of Mills et al. [4], McAllister et al. [5],
Sabit et al. [13], and Maclay et al. [18] who found that
PWV was higher in severe and very severe patients with
COPD than in those with mild-to-moderate disease.
Zieman et al. [19] explained these changes by a “re-

modeling process” with collagen and elastin replacement
in the extracellular matrix, which is induced by the sys-
temic inflammation as well as “vascular calcification”. In
the study of Schulz et al. [20], the role of “neutrophil
elastase activity” is also participating in the pathogenesis
of such a change by consuming the elastic fibers in the
media of the large arteries. According to Mills et al. [4],
these mechanisms are attributed to the COPD per se
and not due to the presence of comorbidity.
The current study found that FEV1% of predicted cor-

related negatively with both AIx75 and cf-PWV in

patients with mild to moderate which was proven in
other studies like that of Sabit et al. [13] and Zureik
et al. [14]. In contrary, it was weaker in the study of
McAllister et al. [5].
The prognosis of patients with COPD is not all attrib-

uted to the respiratory system alone and should be
extended to include other systems notably the cardiovas-
cular one, and this was declared frankly by Divo et al.
[17]. They have a direct impact on the prognosis par-
ticularly through the excess cardiovascular morbidity
and mortality because of increased arterial stiffness in
those COPD patients [3].
The prognostic indices of COPD, e.g., BODE index,

which ignored the importance of these changes in car-
diovascular indices, should be extended [21]. We
thought that arterial stiffness indices are of great import-
ance and neglected by the pulmonologists. Hence, in the
current study, we tried to throw some light on the sig-
nificant positive correlation between the BODE index in
mild-to-moderate COPD patients and both AIx75 and
PWV. Sabit et al. [13] declared that arterial stiffness is a
marker as well as a cause of cardiovascular diseases
through affecting pulse pressure leading to increase after
load of left ventricular and oxygen demand of myocar-
dium with subsequent reduction of coronary perfusion
leading to ischemia and subendocardial plaque forma-
tion, promoting vascular remodeling and arterial wall
thickness [22, 23].

Table 2 Hemodynamic parameters of all studied participants

Variables COPD (GOLD1 or 2) (n = 80) Healthy controls (n = 80) P value

Heart rate (beats per min) 69 ± 8.9 67 ± 7.1 0.12

Peripheral systolic blood pressure (mmHg) 134 ± 24 119 ± 17 < 0.001**

Peripheral diastolic blood pressure (mmHg) 84 ± 7.9 72 ± 6.7 < 0.001**

Central systolic blood pressure (mmHg) 126 ± 14 108 ± 7 < 0.001**

Central diastolic blood pressure (mmHg) 85 ± 2.1 74 ± 1.2 < 0.001**

cf-PWV (m/s) 13.8 ± 2.6 10.7 ± 1.1 < 0.001**

AIx75 23.9 ± 10.8 18.1 ± 8.9 < 0.001**

Values are presented as mean ± SD unless otherwise specified. COPD chronic obstructive pulmonary disease, GOLD1 or 2 mild or moderate COPD, cf-PWV carotid-
femoral pulse wave velocity, AIx75 augmentation index normalized to a standard heart rate of 75 beats per min
**Highly significant

Table 3 Correlation between FEV1 % of predicted, AIx75, and
cf-PWV in studied COPD patients

FEV1 % of predicted

r P value

AIx75 − 0.84 < 0.001**

cf-PWV (m/s) − 0.85 < 0.001**

COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in
1 s, cf-PWV carotid-femoral pulse wave velocity, AIx75 augmentation index
normalized to a standard heart rate of 75 beats per min, r Pearson’s
correlation coefficient test
**Highly significant

Table 4 Correlation between BODE index, AIx75 and cf-PWV in
studied COPD patients

BODE Index

r P value

AIx75 0.58 < 0.001**

cf-PWV (m/s) 0.52 < 0.001**

COPD chronic obstructive pulmonary disease, BODE body mass index, airflow
obstruction, dyspnea, and exercise capacity, cf-PWV carotid-femoral pulse
wave velocity, AIx75 augmentation index normalized to a standard heart rate
of 75 beats per min, r Pearson’s correlation coefficient test
**Highly significant
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Furthermore, a recent prospective study was per-
formed on 76 patients with COPD. The researchers
assessed the arterial stiffness of the included patients by
annual measurement of the AIx over a period of 7 years
and concluded a significant increase in arterial stiffness
in their patients’ overtime. Moreover, the amount of
annual increase in AIx was correlated to the severity of
emphysema [12]. On the other hand, pulmonary re-
habilitation was found to have a possible role in modifi-
cation of elevated aortic stiffness in a subgroup of
COPD patients [24].
This work has some limitations. First, the sample size

is considered low, second, other arterial stiffness con-
founders, e.g., accelerated local inflammation and im-
paired microcirculation, could not be addressed, and
third, the cross-sectional design of the study. However,
we tried to increase its power by adding a control group.
Finally, we recommend that cardiovascular changes

should be targeted early in COPD patients in order to
reduce its morbidity and improve prognosis of those
patients.

Conclusions
Pulse wave velocity and augmentation index correlated
with FEV1% of predicted and BODE index in patients
with mild-to-moderate COPD.
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