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Abstract
Introduction: Low-grade systemic inflammation plays an important role in the
pathogenesis and natural history of chronic obstructive pulmonary disease
(COPD) and peripheral arterial disease (PAD). The aim of the study was to analyze plasma concentrations of selected markers of inflammation in patients
suffering from PAD with or without coexistent COPD.
Material and methods: Thirty patients (6 women) with advanced PAD (at least
IIb stage according to Fontaine scale) hospitalized due to critical limb ischemia
were examined. In all patients spirometry was performed to confirm or exclude
COPD. Plasma concentration of IL-6, IL-8 and TNF-α was measured using ELISA
method. Statistical analysis was performed according to COPD status and according to smoking status independently.
Results: In the whole group of patients with PAD, COPD was recognized in
14 cases (for the first time in 10 cases). All patients were smokers (46.7% current, 53.3% ex-smokers). We found a significant correlation between FEV1%N
(percent of norm of first second expiratory volume) and the number of years of
smoking (r = –0.39; p < 0.05). We found similar concentrations of IL-6 (2.54 pg/ml
vs. 2.31 pg/ml), IL-8 (8.55 pg/ml vs. 8.14 pg/ml, TNF-α (0.72 pg/ml vs. 1.75 pg/ml)
in the COPD(+) group in comparison to the COPD(–) group (differences were not
significant). We observed significant positive correlations (p < 0.05) between
concentrations of measured markers and significant negative correlations
between pain free walking distance and these markers.
Conclusions: Our study confirmed coexistence of PAD with COPD. The character of inflammation is similar in these smoking-related diseases
Key words: chronic obstructive pulmonary disease, peripheral arterial disease, systemic inflammation, of interleukin-8, of interleukin-6, tumour necrosis factor-α.

Introduction
Cigarette smoking is a major risk factor of many serious and fatal diseases worldwide. Among them chronic obstructive pulmonary disease
(COPD) is nowadays one of the biggest health problems with more than
300 million people suffering from this disease [1, 2]. In COPD the inflammatory process is initiated by environmental fumes, mostly by tobacco
smoke – about 90% of patients suffering from COPD are smokers [3].
Smoking is also a major risk factor of coronary heart disease and other
manifestations of atherosclerosis. In the last few years coexistence of
COPD and cardiovascular diseases in relation to cigarette smoke has
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been discussed [4-8]. Peripheral arterial disease
(PAD) is a manifestation of atherosclerosis which,
similarly to COPD, is very strongly connected with
cigarette smoking. According to Coughlin et al.,
76% of people suffering from PAD are current or
ex-smokers [9].
Many studies show that PAD is associated with
systemic inflammation and endothelial dysfunction
[10-12]. It is also known that COPD is not only a pulmonary disease but is characterized by development of low-grade inflammation in the whole
organism [4]. Some observations indicate a possible epidemiological and pathophysiological connection between PAD and COPD. The inflammatory process seems to be similar in both diseases also
at the molecular level. Many studies show that
the same markers (chemokines, inflammatory
cytokines, acute phase proteins and activators of
coagulation) are involved in the pathogenesis of
both diseases [13]. However, there is a lack of studies describing the coexistence of PAD and COPD. In
our earlier study we showed that COPD was a frequent disease but it was underdiagnosed in smokers with PAD for many reasons [14]. We proved in
our prior article that the Medical Research Council
(MRC) dyspnea scale is useless in COPD patients
with coexistence of PAD. Moreover, heart diseases,
which are very frequent in this group, can delay the
COPD diagnosis being considered as the primary
cause of dyspnea. The question about the particular differences in the inflammatory process between
the two diseases is still open. The answer can be
useful in understanding processes which cause
development of PAD and COPD and in the future it
will allow appropriate treatment of these coexisting diseases.
The aim of the study was to assess the coexistence of PAD and COPD in the group of smokers
and to evaluate differences in systemic inflammation between patients suffering from peripheral
arterial disease and COPD compared to the group
with peripheral arterial disease only. For this purpose
concentrations of the selected markers interleukin-6 (IL-6), IL-8, tumour necrosis factor-α (TNF-α)
and fibrinogen were measured.

Material and methods
The study group consisted of 30 patients hospitalized due to critical limb ischemia in a surgery
clinic. Patients were aged from 50 to 75 years (mean
age 62 ±7 years); 24 were men and 6 women.
Advanced peripheral arterial disease was diagnosed in all investigated patients and the diagnosis of PAD was confirmed by angio-computed
tomography in all cases [15]. Clinical stage of the
disease was assessed according to the Fontaine
scale [16] – all included patients had at least stage
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IIb of PAD (pain-free walking distance less than
200 m). There were 5 patients in stage II, 15 in stage
III, and 10 in stage IV. It was the first hospitalization
due to critical limb ischemia in 11 cases (36.7%).
Surgical interventions included angioplasties
with or without stent implantation in 8 cases
(26.7%), thrombectomy in 4 cases (13.3%), and various types of arterial bypass in 18 cases (60%).
There were no amputations.
Another inclusion criterion was history of smoking cigarettes, more than 10 pack-years. In our
group 14 patients (47%) were current smokers, and
16 patients (53%) were ex-smokers.
Patients suffering from acute infections, diabetes, autoimmune diseases, with diagnosed neoplasm, treated with immunosuppression, or with
contraindications to spirometry were excluded.
The COPD was diagnosed using GOLD criteria
and recommendations of the Polish Respiratory
Society [1, 2]. We used spirometric criteria according to the last document considering that
FEV1%FVC ratio lower than the lower limit of normal (less than 5th percentile) confirmed COPD.
All patients were asked about symptoms of
COPD: chronic cough, sputum production, effort
dyspnea and, if necessary, for history of COPD.
Information about other diseases (especially cardiovascular diseases) and current treatment was
also collected. The spirometry test was performed
using a LungTest 1000 spirometer, MES Kraków.
If the pseudo-Tiffeneau ('Tiffeneau index') (FEV1/FVC)
was below the lower limit of the normal value
(5th percentile), the bronchodilatation test was performed (administration of inhaled 400 μg of salbutamol and after 15 min another spirometry test).
To exclude any influence of the surgical intervention or acute phase of the disease, spirometry was
performed 3 days after it.
All patients continued their therapy of prior diseases: coronary artery disease, heart failure, arterial hypertension, metabolic syndrome. We did not
include in our investigation patients who were
treated with corticosteroids.
Five milliliters of blood from each patient was
collected at the same time of the day. Blood samples were drawn into tubes with EDTA and were
next centrifuged. The plasma was separated in
aliquots and frozen at –70°C. The plasma concentrations of IL-6 and TNF-α were measured by the
ELISA method using a Human Immunoassay kit
(R&D Systems, USA) according to the prescription
by the producer. For measurement of IL-8 concentration the ELISA chemiluminescence method was
used (R&D Systems, USA).
The study was approved by the Ethics Committee of the Medical University of Warsaw. All the
patients gave their informed consent.
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Table I. Characteristics of study group according to
coexistence of PAD and COPD

Statistical analysis
For data comparison the Mann-Whitney U test
was used; p < 0.05 was regarded as significant. The
relationships between the data were examined by
the Spearman rank correlation coefficient. Correlations with both R ≥ 0.4 and p < 0.05 were considered relevant. The program Statistica 8.0 was used.

Results
The COPD was diagnosed in 14 patients (46.6%
of the group). In 10 patients COPD was diagnosed
for the first time during this study.
Studied patients were divided into two groups
according to COPD status: with (COPD+) and without coexistence of COPD (COPD–). Patients’ characteristics are presented in Table I. There were no
significant differences between the two groups in
the studied variables.
The mean postbronchodilator FEV1%FVC in
patients with COPD was 74.2 ±9.6% and in the
group without COPD was 81 ±6.5% (p < 0.05). The
mean FEV1%N in the COPD group was also lower
than in the group without COPD (81.9 ±28.3%
vs. 94.5±14%) (p < 0.05). COPD stage I was diagnosed in 11 patients, in 1 case stage II, in 2 stage III.
The mean serum concentration of IL-6 was
2.42 ±3.44 pg/ml, of IL-8 8.33 ±6.64 pg/ml, of
TNF-α 1.27 ±1.68 pg/ml in the whole investigated
group. The mean concentration of fibrinogen was
515 ±194 mg/dl and was elevated in 67% of
patients.
Because of the small number of patients with
advanced COPD it was impossible to evaluate statistically the level of investigated markers in each
stage of COPD separately. Only the mean values of
markers according to the stage of COPD are shown
in Table II.
We found similar concentrations of IL-6, IL-8 and
TNF-α in the group with PAD COPD(+) compared
with the group with PAD only (Figure 1) (no statistically significant differences between groups). The
concentration of fibrinogen was also similar in
patients with PAD COPD(+) compared with PAD
only: 561 ±210 mg/ml vs. 482 ±180 mg/ml (no statistically significant differences between groups).
Analysis of the concentration of inflammatory
markers according to the smoking status did not
reveal any significant differences. However, con-

Parameter

COPD(+)
(n = 14)

COPD(–) Significance
(n = 16)

Age [years]

62.4 ±8.3

61.0 ±4.9

Male/female

13/1

11/5

BMI [kg/m2]

22.8 ±3.6

24.7 ±3.6

NS

Active smoker

6 (42.9%)

8 (50%)

NS

Number of
smoking years

40.4 ±6.4

38.0 ±5.9

NS

Number of
pack-years

57.2 ±14.4

49.1 ±20.6

NS

8 (57%)

11 (68.8%)

NS

Coronary artery
disease

6 (42.9%)

7 (43.8%)

NS

Heart failure

4 (28.6%)

5 (31.3%)

NS

Metabolic
syndrome

2 (14.3%)

4 (25%)

NS

Arterial
hypertension

NS

Cholesterol
serum

165.4 ±69.6 149.9 ±47.3

NS

TG [mg/dl]

107.93 ±42.8 118.94 ±41.4

NS

HDL [mg/dl]

71.79 ±27.5

LDL [mg/dl]

121.64 ±40.2 106.44 ±25.4

Pain-free walking 60.7 ±66
distance [m]

68.76 ±31.2

NS

69.4 ±43

NS
NS

centration of IL-8 was slightly higher in the group
of smokers than in ex- smokers, whereas the concentrations of IL-6 and of TNF-α were higher in the
ex-smoker group than in current smokers (Figure 2).
The concentration of fibrinogen was similar in current smoking patients and in ex-smokers: 528 ±209
mg/ml vs. 506 ±189 mg/ml (no statistically significant differences between groups).
We found a significant negative correlation
between the number of smoking years and FEV1%N
value (r = –0.39) in the whole group of patients,
and in the subgroup of active smokers the correlation was even stronger (r = –0.69). We revealed
a positive correlation between BMI and pain-free
walking distance in the group with COPD (r = 0.71,
p < 0.05) (Figure 3).
We found statistically significant correlations
between concentration of IL-8 and concentration
of fibrinogen (r = 0.407, p < 0.05) or concentration

Table II. Concentration of inflammatory markers according to COPD severity
Stage of COPD

IL-6 [ng/ml]

IL-8 [ng/ml]

TNF-α [ng/ml]

I (n = 11)

2.38

9.32

0.52

551

II (n = 1)

0

6.51

0

678

III (n = 2)

4.72

5.35

2.21

557

Arch Med Sci 3, June / 2012

Fibrinogen [mg/ml]

479

Krzysztof Wozniak, Justyna Sleszycka, Aleksandra Safianowska, Wieslaw Wiechno, Joanna Domagala-Kulawik

18

18

16

16

14

14
12

8.55

Concentration [pg/ml]

Concentration [pg/ml]

12
10

8.14

8
6
4

2.31

2.54
2

1.75

6
4

0.72

0

–2

–2

2.82

1.96

2

–4

1.58

0.91

–4
IL-8

IL-6

COPD(+) (n = 14)

TNF-α

IL-8

COPD(–) (n = 16)

IL-6

Smoker (n = 14)

TNF-α
Ex-smoker (n = 16)

Figure 2. Comparison of concentration of interleukins
in smokers and ex-smokers

Figure 1. Comparison of concentration of interleukins
in patients with and without COPD

of IL-6 (r = 0.44, p < 0.05) in the whole group
(Figure 4). In the group with PAD only we noted
a positive correlation between concentration of
IL-8 and fibrinogen (r = 0.68, p < 0.05).
We found a significant negative correlation
between the pain-free walking distance and IL-8
concentration in the whole study group (r = –0.41,
p < 0.05). In the group with coexistence of PAD and
COPD there was a negative correlation of pain-free
walking distance with plasma concentration of
IL-6 (r = –0.58, p < 0.05) (Figure 5).
The strongest correlations were observed in the
group of current smokers: between the concentrations of IL-8 and IL-6 (r = 0.64, p < 0.05) (Figure 6),
IL-8 and TNF-α (r = 0.64, p < 0.05), IL-8 and fibrinogen (r = 0.60, p < 0.05), and of IL-6 and TNF-α
(r = 0.53, p < 0.05). In this group a negative correlation of IL-8 with pain-free walking distance was
also significant (r = –0.59, p < 0.05). These correlations were not observed in the group of patients
who gave up smoking.
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Discussion
Our study is one of the first to investigate the
problem of coexistence of two smoking related diseases, PAD and COPD. In our earlier article we
showed that this coexistence is common but still
underdiagnosed [14]. The present study seems to
be the first in which the authors attempt to evaluate differences between the inflammatory processes in PAD and COPD in the group of smokers. We
found slightly elevated concentration of IL-6, IL-8
and fibrinogen in patients with coexistence of PAD
and COPD and we confirmed a role of smoking in
the enhancement of systemic inflammation in
these patients.
The first important issue was to collect an adequate study group, in which only the main diseases,
COPD and PAD, will have an influence on the level
of analyzed markers. This is the reason why
patients with acute infections, diabetes, autoimmune diseases, with diagnosed neoplasm, or treat16
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Figure 3. Correlation between pain-free walking distance and BMI in group with COPD (r = 0.71, p < 0.05)
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Figure 4. Correlation between IL-6 and IL-8 in the
whole group (r = 0.44, p < 0.05)

Arch Med Sci 3, June / 2012

Systemic inflammation in peripheral arterial disease with or without coexistent chronic obstructive pulmonary disease:
analysis of selected markers
16

14

14

12

12

10
IL-6 [pg/ml]

IL-6 [pg/ml]

10
8
6
4

6
4
2

2

0

0
–2
–20

8

–2
0

20

40 60 80 100 120 140 160 180 200 220
Pain-free walking distance [m]

0

2

4

6

8

10 12 14 16 18 20 22 24 26 28
IL-8 [pg/ml]

Figure 5. Correlation between IL-6 and pain-free walking distance in group with COPD (r = –0.58, p < 0.05)

Figure 6. Correlation between IL-6 and IL-8 in group
of current smokers (r = 0.64, p < 0.05)

ed with immunosuppression were excluded. It is
concordant with the observations of Pinto-Plata
et al., who found that the level of IL-6 and IL-8 rise
during exacerbation of COPD (IL-6: 6.38 pg/ml during exacerbation vs. 2.80 pg/ml in the stable period of the disease, IL-8: 8.18 pg/ml vs. 3.72 pg/ml)
[17]. In the review by Wouters et al. many other
markers were shown to be also elevated during
COPD exacerbations [18]. The data from the literature show similarly significant changes of the level of markers investigated by us in neoplasm [19]
and diabetes [20]. It was also important to include
only patients with a similar stage of PAD and to
investigate them in a comparable stage of the disease. For this purpose only patients with advanced
PAD were included in the study group and blood
was collected at the same time: 3 days after
surgery or acute ischemia, to reduce the influence
of acute ischemia on studied variables.
Interleukin-6 plasma concentration found in our
study (2.31 ±3.09 pg/ml) was comparable to the
result of Tzoulaki et al. (IL-6: 3.3 pg/ml) in the group
of patients with symptomatic PAD [21]. They also
excluded patients with active inflammatory processes but did not exclude individuals with diabetes. In
that study IL-6 was the only marker which was
a predictor of ankle-brachial index (ABI) change at
5- and 12-year follow-up. These results showed that
IL-6 is a suitable marker to monitor the inflammatory process in PAD. The level of this cytokine is also
elevated in COPD and in the study of Pinto-Plata
et al. the IL-6 concentration was 2.80 pg/ml in the
stable period of the disease, which was similar to
our finding of 2.54 ±3.9 pg/ml in the group with
COPD and PAD [17]. Similar concentrations of IL-6
in patients with airflow limitation were presented
Sunyer et al. [22]. Our study confirmed that IL-6 was
a good indicator of inflammation in both COPD and
PAD, but was not specific for either of these diseases.

The studies of Pedersen et al. showed that plasma concentrations of IL-6 increased markedly in the
circulation during and just after exercise and had
an anti-inflammatory effect [23-26]. The capacity
for exercise was considerably limited in patients
with PAD and severe COPD and this was a possible
explanation why we did not observe significant
changes of the level of IL-6 in our study. Moreover,
we found a negative correlation of IL-6 concentration with pain-free walking distance. This observation was similar to Tzoulaki et al., who found
a trend in the relation between PAD severity (measured as a decrease of ABI) and IL-6 concentration
[21]. Thus our observations confirmed the role of
IL-6 as a marker of inflammation in PAD.
We observed increased concentration of fibrinogen, which in 67% of cases exceeded the reference value, especially in those with coexisting
PAD/COPD and in current smokers. The activation
of coagulation is known to play a role in the pathogenesis of atherosclerosis in PAD [27]. But also in
COPD elevated concentration of fibrinogen was
observed [28]. The correlation of fibrinogen and
IL-8 concentration in our study confirmed the relation of systemic inflammation with coagulation in
PAD and COPD [13, 18].
Surprisingly, the TNF-α level was low and did not
differ between groups in our study. This marker was
presented as crucial in the pathogenesis of systemic inflammation in many chronic diseases [7, 8,
11, 29]. The lack of significant increase of TNF-α may
have resulted from the facts that our patients were
in the stable stage of the disease and several exclusion criteria were used. The TNF-α is a central
cytokine in the loss of muscle mass in COPD. Muscle wasting and low body mass index (BMI) were
described as closely connected with systemic inflammation in COPD, and also as negative prognostic
factors [30]. We found a significant relation of the
level of IL-6 with BMI and a negative relation of the
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pain-free walking distance with concentration of
IL-6 and of IL-8. Thus, our observations added new
evidence supporting similarity of the character of
the inflammatory process in PAD and COPD.
Higashimoto et al. found that the level of IL-6,
IL-8 and fibrinogen in serum of patients with COPD
did not differ between current smokers and exsmokers [31]. Only the level of TNF-α was significantly higher in the group of smokers in his study.
We also did not reveal any significant differences
in the level of investigated markers. However, the
strong, significant correlations between these markers which were observed in the group of current
smokers by us showed that smoking had a greater
influence on systemic inflammation than the disease process per se.
Taken together, the results of our study confirmed a high prevalence of COPD among patients
with PAD with some similarities in the inflammatory process of these diseases with a fundamental
role of tobacco smoke.
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