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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is considered an inflammatory

pulmonary disorder with systemic inflammatory manifestations. The aim of this study was to

assess the systemic levels of six inflammatory mediators in a large cohort of COPD patients and

controls.

409 COPD patients and 231 healthy subjects, aged 40–75 yrs, were included from the first

phase of the Bergen COPD Cohort Study. All COPD patients were clinically diagnosed by a

physician, and had a forced expiratory volume in 1 s/forced vital capacity ratio less than 0.7 and a

smoking history of .10 pack-yrs. The plasma levels of C-reactive protein (CRP), soluble tumour

necrosis factor receptor (sTNFR)-1, osteoprotegrin, neutrophil activating peptide-2, CXCL16 and

monocyte chemoattractant protein-4 were determined by ELISA.

After adjustment for all known confounders, COPD patients had significantly lower levels of

osteoprotegrin than subjects without COPD (p,0.05), and higher levels of CRP (p,0.01). Among

COPD patients, CRP was elevated in patients with frequent exacerbations (p,0.05). sTNFR-1 and

osteoprotegrin were both related to Global Initiative for Chronic Obstructive Lung Disease stage

and frequency of exacerbations in the last 12 months (p,0.05). In addition, sTNFR-1 was

significantly associated with important comorbidities such as hypertension and depression

(p,0.05).

The present study confirms that certain circulating inflammatory mediators are an important

phenotypic feature of COPD.

KEYWORDS: Chronic obstructive pulmonary disease, C-reactive protein, inflammation,

osteoprotegrin, tumour necrosis factor receptor

C
hronic obstructive pulmonary disease
(COPD) is a common inflammatory dis-
ease of the airways and the lung par-

enchyma, and its prevalence is increasing
throughout the world. Several studies on COPD
have demonstrated an influx of immune cells, both
in the airway wall and lumen, the alveoli and
pulmonary vessels [1]. Disease severity is asso-
ciated with increased airways inflammation [2].

Several studies have shown that COPD patients
have higher levels of some inflammatory markers
in blood, notably C-reactive protein (CRP) [3–7],
fibrinogen [8], and the inflammatory cytokines
interleukin (IL)-6 [3, 6, 7, 9] and IL-8 [10, 11]. For
tumour necrosis factor (TNF)-a the results are
conflicting, as some studies [9, 12, 13] have found
higher TNF-a levels among COPD patients,
whereas more recent studies have not [3, 7, 10,
14]. It has been suggested that systemic inflam-
mation may explain part of the heterogeneity of

COPD phenotypes, such as loss of lean body
mass [15], and the higher prevalence of comorbid
disorders such as coronary heart disease (CHD),
depression and hypertension [16, 17].

However, whether differences in inflammation
are related to different phenotypes of COPD is as
yet unclear. Most previously published studies
on systemic inflammation in COPD have lacked a
sample size that would allow for multivariable
adjustment of many potential confounders. Of
the studies examining TNF-a in COPD patients,
the only study including .100 patients had 268
patients [7].

While several studies have focused on estab-
lished inflammatory markers such as CRP,
fibrinogen, TNF-a, IL-6 and IL-8, other markers
of systemic inflammation could also be of interest
due to their ability to reflect inflammatory path-
ways involved in the pathogenesis of COPD and
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associated comorbidities. While the plasma level of TNF-a is
generally ,20 pg?mL-1, soluble TNF receptors (sTNFR) circu-
late in higher levels (i.e. .500 pg?mL-1), being more stable and
reliable markers of activity in the TNF-a system than plasma
levels of TNF-a itself [18]. Moreover, chemokines are of major
importance for the attraction and activation of leukocytes into
inflamed tissue and could represent a systemic inflammatory
link between COPD and associated comorbidities. However,
while several chemokines circulate at very low levels just
above the detection limit of the assay (e.g. IL-8 generally
circulates at ,10 pg?mL-1), plasma levels of the chemokines
neutrophil activating peptide (NAP)-2, CXCL16 and monocyte
chemoattractant protein (MCP)-4 are much higher, being more
reliable systemic markers of the activity in the chemokine
network. Finally, certain members of the TNF superfamily (i.e.
the RANKL/OPG/RANK system) play a major role in matrix
degradation and inflammation. Osteoprotegrin (OPG) inhibits
osteoclastogenesis by binding the receptor activator of nuclear
factor-kB ligand (RANKL), acting as a decoy receptor to
competitively inhibit RANKL interaction with its receptor
RANK (receptor activator of nuclear factor-kB). OPG reflects
the activity in the RANKL/OPG/RANK system, and could be
an interesting systemic marker related to COPD phenotype.
Accordingly, these five markers (sTNFR-1, NAP-2, CXCL16,
MCP-4 and OPG), of which only sTNFR-1 has previously been
examined in COPD patients, were analysed in a large cohort of
COPD patients and individuals without COPD in the baseline
phase of the Bergen COPD Cohort Study. For comparison, CRP
was measured as a standard marker of upstream inflammatory
activity.

METHODS
Study population
The study sample included 409 COPD patients and 231
subjects without COPD, aged 40–76 yrs, from the first phase
of the Bergen COPD Cohort Study (fig. 1). The patients were
recruited through outpatient clinics from several hospitals in
Western Norway, and from three private specialist practices in
Bergen (Norway). Three quarters of the patients lived within
the geographical area of the Bergen hospital district, serviced
by our own outpatient clinic at the Dept of Thoracic Medicine,
Haukeland University Hospital (Bergen). The healthy subjects
were among earlier participants of a large general population
survey from the same area, the Hordaland County Cohort
Study [19].

All invited subjects that wished to participate were examined
by a study physician who performed a structured interview of
the medical history including exacerbations, comorbidities,
smoking and medication use. The following inflammatory
disorders, either self-reported or from the available hospital
journal, were cause for exclusion for both COPD patients and
subjects without COPD: rheumatoid arthritis; systemic lupus
erythematosus or other connective tissue disorders; inflamma-
tory bowel disease; and any active cancer in the last 5 yrs.
Common chronic comorbid disorders with known inflamma-
tory components, such as CHD, hypertension and diabetes,
were not cause for exclusion.

All COPD patients were examined by the study physician and
reported as having a clinical diagnosis of COPD, with the
added spirometric criteria of a forced expiratory volume in 1 s

(FEV1)/forced vital capacity ratio post-bronchodilation of ,0.7
and an FEV1 ,80% predicted based on Norwegian pre-
bronchodilation reference values [20]. A smoking history of
o10 pack-yrs was required for inclusion for the COPD
patients. Any exacerbation requiring medical treatment within
the last 4 weeks led to postponement of the visit.

All participation was voluntary. Written information was
provided and written consent was obtained prior to inclusion.
The regional ethical committee (University of Bergen)
approved the study.

Data sampling
The study physician obtained information on the exacerbation
history for the last 12 months from the patient and the local
hospital records if any were reported. All exacerbations that
required medical treatment with antibiotics or oral steroids or
hospitalisation were included. All participants were categor-
ised as current, ex-, or never-smokers; 1 pack-yr was defined
as 10 cigarettes per day per year. Arterial blood gases were
taken by the physician, and arterial oxygen and carbon dioxide
tensions and pH measured within 5 min were analysed on a
Radiometer ABL 520 blood gas analyser (Radiometer,
Copenhagen, Denmark). Hypoxaemia was defined as an
arterial partial oxygen pressure of ,8.0 kPa. Patient care was
provided as would have been provided at a regular outpatient
visit.

Respiratory symptoms were obtained through a self-com-
pleted questionnaire used in previous studies [21, 22]. Trained
study staff conducted spirometry, both pre- and post-inhala-
tion of 0.4 mg salbutamol, on a Viasys Masterscope (Viasys,
Hoechberg, Germany). Spirometer calibration was performed
with a 3-L calibration syringe twice daily. American Thoracic
Society/European Respiratory Society reproducibility criteria
for post-inhalation FEV1 [23] were met in 97% of the
measurements. After an overnight fasting, bioelectrical imped-
ance measurements were performed with a Bodystat 1500
(Bodystat Ltd, Douglas, Isle of Man, UK). The fat free mass
index (FFMI) was calculated as the fat free mass (kg) divided
by the square of height (m2), and the fat mass index (FMI) was
similarly calculated as the fat mass (kg) divided by the square
of height (m2).

Blood sampling protocol
Peripheral venous blood was drawn into pyrogen-free blood
collection tubes with ethylenediaminotetraacetic acid and
centrifuged within 30 min at 2,1506g (15 min at 4uC). All
samples were stored at -80uC and thawed less than three times.

Laboratory measurements
The inflammatory markers were analysed by enzyme immuno-
assays (EIAs) between November 2007 and April 2008. Plasma
levels of sTNFR-1, OPG, NAP-2, MCP-4 and CXCL16 were
analysed by EIAs with antibodies from R&D Systems
(Minneapolis, MN, USA) according to the manufacturer’s
instructions. CRP was measured by EIA as described previ-
ously [24]. The intra- and inter-assay coefficients of variation
were ,11% for all EIAs. The detection limits for the six
markers were: CRP 0.16 mg?mL-1, sTNFR-1 7 pg?mL-1, OPG
15 pg?mL-1, MCP-4 6 pg?mL-1, NAP-2 15 pg?mL-1, and
CXCL16 5 pg?mL-1. All individuals had plasma levels above
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the detection limits of the assays for all parameters. For six
subjects we ran out of plasma before all markers were
examined.

Statistical analyses
For all markers except NAP-2 the distribution was not normal.
Nonparametrical tests were used to examine differences in
concentration of each marker between study groups. Linear
regression models were used for the multivariable analyses.
After the fitting of each model, the distribution of the residuals
were plotted and assessed by histograms and kernel density
plots. The residuals were normally distributed for all markers
except CRP, where a normal distribution of the residuals was
evident after log transformation.

For the models predicting the level of each of the six markers in
patients and subjects without COPD, the main interest was
whether study category (subjects with or without COPD) was
associated with each outcome after adjustment for all possible
confounders. Sex, age, body composition (FMI and FFMI) and
smoking were all included in these six models as confounders.
In addition, any comorbidity was considered, including
comorbid heart disease, history of treatment for hypertension,
history of depression of a magnitude requiring treatment, or
use of platelet inhibitors. All first-order interactions between
study category and the other covariables were deemed
significant if the p-value was ,0.05.

For the linear models with COPD patients only, the main
associations of interest were whether variables indicating
disease severity, symptoms or significant comorbidities were
related to each marker. For each model all covariables as well
as sex, age, body composition, and smoking were initially
included in the model. A backward stepwise procedure was

then performed retaining all variables with a p-value .0.10.
After this procedure all excluded variables were included
again one by one into the model, and retained if the p-value
was ,0.10. Whether continuous variables such as age, FMI,
FFMI, and pack-yrs were to be treated as continuous or
categorical variables was determined by the method of
fractional polynomials for each model [25]. All analyses were
computed with Stata version 10.1 (StataCorp. LP, College
Station, TX, USA).

RESULTS
The study included 272 females and 368 males. Compared
with the subjects without COPD, among the COPD patients
there were more males, the average age was higher, and the
prevalence of comorbidities was higher (table 1). Almost half
the patients belonged to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) category II. Almost one in
six COPD patients had experienced at least two or more
exacerbations in the last year, and almost one in eight were
hypoxaemic (table 1).

Inflammatory markers in subjects with and without COPD
The concentrations for each marker among COPD patients and
subjects without COPD are shown in figure 2. Statistically
significant differences between COPD patients and subjects
without COPD were seen for CRP, sTNFR-1 and MCP-4. The
largest difference was seen for CRP, being more than twice as
high in COPD patients as subjects without COPD. For CXCL16
and NAP-2 there were no differences between COPD patients
and controls in the bivariate analyses (fig. 2).

In the multivariable analyses, sTNFR-1 was no longer different
between COPD patients and subjects without COPD after

Assessed for 
eligibility

Potential COPD patients 
(n=928)

Subjects without COPD 
(n=409)

Did not meet inclusion criteria:     
  Potential patients (n=209)
  Subjects without COPD (n=56)

Refused to participate:
  COPD patients (n=286)
  Subjects without COPD (n=120)

Included in the 
first phase of the 
Bergen COPD 
Cohort Study

433 COPD patients 233 subjects without COPD

Failed plasma sampling:
  COPD patients (n=13)
  Subject without COPD (n=1)

Used oral steroids:
  COPD patients (n=11)
  Subject without COPD (n=1)

Included in the 
current study sample 409 COPD patients 231 subjects without COPD

FIGURE 1. Flowchart of the selection of the study population. COPD: chronic obstructive pulmonary disease.
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adjustment for confounders, whereas OPG was significantly
lower among COPD patients (table 2). For MCP-4, there was an
interaction between sex and subject group, where a significant
difference in MCP-4 was found between COPD patients and
subjects without COPD only in males. Therefore, after adjust-
ment for the confounders sex, age, body composition, smoking

and possible comorbidities, a significant difference between
COPD patients and subjects without COPD was seen for CRP,
OPG and MCP-4 in males (table 2).

Inflammatory markers in relation to characteristics of the
COPD patients: bivariate analyses
The markers CRP, sTNFR-1, OPG and MCP-4 showed
differences between COPD patients and subjects without
COPD in the bivariate or multivariate analyses, and were
further examined among the 409 COPD patients (table 3).
Mean concentration of CRP increased by exacerbation history,
hypoxaemia and hypertension. Mean concentration of
sTNFR-1 varied most notably by comorbid heart disease,
hypertension and use of platelet inhibition. All three indices of
COPD severity (GOLD category, frequent exacerbations and
hypoxaemia) were associated with higher levels of OPG. In
addition, higher levels of OPG were seen in patients with
comorbid heart disease or hypertension (table 3). The only
COPD disease characteristic related to mean concentration of
MCP-4 was the use of inhaled steroids (table 3) and, therefore,
MCP-4 was not included in further multivariate analyses.

Inflammatory markers in relation to characteristics of the
COPD patients: multivariate analyses
The final multivariable regression models for CRP, sTNFR-1,
and OPG among the COPD patients are shown in table 4. The
levels of sTNFR-1 decreased significantly with lower FEV1,
whereas the levels of OPG increased, underscoring that these
markers may reflect distinct inflammatory pathways. Having
had two or more exacerbations in the previous 12 months was
associated with higher levels of CRP and OPG. Hypoxaemia
was insignificantly associated with all three markers after
adjustment for confounders.

sTNFR-1 was strongly associated with hypertension or
depression among the COPD patients, and possibly associated
with CHD (p50.06). Hypertension was no longer a predictor of
the level of CRP in the multivariable analysis; however, use of
platelet inhibitors was. Use of platelet inhibitors was strongly
related to known heart disease and could be a confounder.
However, when use of platelet inhibitors was excluded from
the model, and known heart disease or hypertension added,
neither showed a significant relationship with CRP (data not
shown).

DISCUSSION
In the present study, we have shown that COPD patients are
characterised by differences in plasma levels of several
inflammatory markers (i.e. CRP, OPG, sTNF-R1 and MCP-4)
compared to subjects without COPD. However, after adjust-
ment for sex, age, body composition, smoking, comorbidities
and use of platelet inhibitors, only CRP and MCP-4 in males
were increased, whereas OPG was decreased in COPD
patients. Among the COPD patients, lower FEV1 was
associated with higher OPG levels. A history of frequent
exacerbations was associated with increased levels of CRP,
sTNFR-1 and OPG. Finally, some of these inflammatory
markers were associated with comorbidity, most notably
sTNFR-1 where high levels were independently associated
with hypertension and depression. These findings support a
role for inflammation in COPD, potentially contributing to
progression of pulmonary disease as well as comorbidity.

TABLE 1 Baseline characteristics by subject category

COPD

subjects

Healthy

subjects

p-value#

Subjects n 409 231

Sex 0.02

Female 39.1 48.5

Male 60.9 51.5

Age yrs 63.6¡6.9 54.7¡8.5 ,0.01

Smoking habits ,0.01e

Never 0.0 19.5

Ex 56.7 10.4

Current 43.3 70.1

Comorbid heart disease" ,0.01

No 79.5 96.1

Yes 20.5 3.9

Medically treated hypertension ,0.01

No 68.0 84.9

Yes 32.0 15.2

Using regular platelet inhibitors ,0.01

No 76.0 90.0

Yes 24.0 10.0

Ever had depression requiring

medical treatment

0.02

No 75.0 83.1

Yes 25.0 16.9

GOLD category

II (FEV1 50–80) 47.4 0

III (FEV1 30–50) 41.8 0

IV (FEV1 0–30) 10.8 0

Experienced P2 exacerbations

last year+

No 83.4

Yes 16.6

Hypoxaemia (resting Pa,O2 ,8.0)‰

No 87.1

Yes 12.9

Chronic cough

No 53.6

Yes 46.4

Dyspnoea grade III

No 57.1

Yes 42.9

Data are presented as % or mean¡SD, unless otherwise stated. COPD: chronic

obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive

Lung Disease; FEV1: forced expiratory volume in 1 s; Pa,O2: alveolar oxygen

tension. #: Chi-squared for categorical variables, unpaired t-test for continuous

variables; ": either known heart failure or coronary heart disease; +:

exacerbations requiring either hospitalisation or treatment with oral antibiotics

or oral steroids; 1: missing data for 38 subjects; e: Chi-squared not including the

category with no smoking.
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High CRP levels were independently associated with COPD,
and significantly correlated with two or more exacerbations in
the previous 12 months. The finding that CRP was higher in
COPD patients than in subjects without COPD is in accordance
with other studies [3–7, 26]. Through its opsonising properties,
CRP could play a protective role in the host defence against
various microbes that are involved in exacerbations of COPD
[27]. However, the leading role of CRP as an inflammatory
biomarker in various disorders (e.g. CHD) is primarily based

on its ability to reflect upstream inflammatory activity [28],
which may also be true in COPD.

The inflammatory processes that underlie COPD are probably
mediated by a multitude of cytokines and not reflected by CRP
levels alone. In the present study we report raised levels of
several other markers of systemic inflammation that may
reflect inflammatory pathways distinct from that of CRP. Several
different cell types have the capacity to secrete TNF-a, including
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FIGURE 2. The concentration of a) C-reactive protein (CRP), b) soluble tumour necrosis factor receptor (sTNFR)-1, c) osteoprotegrin (OPG), d) monocyte

chemoattractant protein (MCP)-4, e) CXCL16 and f) neutrophil activating peptide (NAP)-2 in subjects with and without chronic obstructive pulmonary disease (COPD). Data

are presented as a–e) median (interquartile range) or f) mean¡SD. a, b, d) p,0.01, c) p50.08, e) p50.17 and f) p50.59.
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macrophages, mast cells, T-cells, epithelial cells and airway
smooth muscle cells. Increased systemic TNF-a levels have been
reported in COPD patients [9, 12, 13, 29], and increased sTNFR-1
in sputum [30]. In this study, plasma sTNFR-1 actually decreased
with lower FEV1 after extensive adjustment for confounders, and
increased with presence of comorbidity and/or frequent exacer-
bations. Patients with COPD have increased occurrence of CHD.
Although the raised sTNFR-1 levels in relation to CHD may be a
secondary phenomenon, increased TNF-a activity could also
represent a pathogenic link between these inflammatory inter-
acting disorders (i.e. CHD and COPD). Moreover, recent studies
have suggested a role for persistent inflammation in depressive
disorders, at least partly involving the TNF system [31]. One
could speculate that TNF activity in COPD is related to specific
phenotypes of patients, like patients who are prone to have
frequent exacerbations, and patients with comorbid diseases,
rather than related to the disease progression per se. To better
understand the role of the TNF system in COPD, longitudinal
studies are needed.

The OPG/RANKL/RANK axis has been shown to have
pleiotropic effects on both bone metabolism [32] and the
immune system [33], and was recently implicated in the
development of atherosclerotic disorders [34]. To our know-
ledge, the present study is the first report of dysregulated OPG
levels in COPD. Plasma OPG was significantly lower in COPD
patients after adjustment for confounders. In contrast, raised
OPG levels were most closely related to disease severity,
showing a significant association with low FEV1 and disease
exacerbations in the previous 12 months. The reason for this
apparent inconsistency is unclear, but could reflect the
involvement of the OPG/RANKL/RANK axis in more severe

disease compared with mild disease, and could also possibly
reflect the ability of OPG to induce matrix degradation on its
own at high concentrations [35].

Chemokines may play an important role in the recruitment of
inflammatory cells from the circulation to the airways in both
asthma and COPD [36]. While we found no differences in
plasma levels of NAP-2 and CXCL16 between COPD patients
and controls, male COPD patients showed enhanced MCP-4
levels even in the multivariate analyses. MCP-4 is implicated in
the recruitment of eosinophils, monocytes, and T-cells in
diseases of mucosal inflammation, including asthma. Elevated
MCP-4 levels have been found in patients with asthma, with
the highest levels recorded during acute asthma exacerbations
[37]. Although the cytokine profile may differ between asthma
and COPD, our finding suggests that MCP-4 could also be
linked to COPD, at least in males.

Several mechanisms may contribute to the enhanced systemic
inflammation in COPD, such as oxidative stress, hypoxia and
interactions between various microbes and toll-like receptors
(TLRs) within the airways and pulmonary tissue [38–40]. The
association between some of the inflammatory mediators and
disease exacerbations in the previous 12 months could support
the involvement of TLR-related mechanisms. Whatever the
mechanisms, low-grade inflammation in COPD patients could
promote further inflammatory responses within pulmonary
tissue, representing a self-perpetuating inflammatory loop
contributing to disease progression in COPD.

The strength of the current study is its large sample size that
allows for analyses on important clinical subgroups of COPD

TABLE 2 Six multiple linear regression models showing the relationship between study category, sex and age and the marker in
question, adjusted for body composition, smoking habits and pack-yrs smoked#

CRP sTNFR-1 OPG NAP-2 CXCL16 MCP-4

Subjects n 632 627 629 625 627 626"

Study category

Healthy subjects 1 0 0 0 0 0

0

COPD subjects 2.12**

(1.59–2.83)

2.26

(-44.4–48.9)

-519.4*

(-957.5– -81.3)

-4.2

(-10.7–2.4)

-17.9

(-82.1–46.4)

Females 0.8

(-8.7–10.3)

Males 15.9

(6.5–25.2)

Sex

Female 1 0 0 0 0

Male 1.54**

(1.05–2.27)

13.17

(-49.4–75.8)

90.3

(-463.4–643.9)

-2.34

(-11.1–6.4)

63.4

(-17.4–144.3)

Age yrs

Per 1-yr increase 1.01

(0.99–1.02)

6.31**

(3.7–8.9)

81.5**

(58.0–105.0)

-0.4*

(-0.8– -0.1)

0.77

(-2.7–4.2)

Total 1.02

(0.6–1.4)

Data are presented as coefficient (95% confidence interval), unless otherwise stated. Due to the skewed distribution of C-reactive protein (CRP), the outcome variable was

log transformed and the geometric mean ratios are shown. The reference values are thus 1 for each category and not 0 as for the other nontransformed markers. #: in

addition, other confounders were adjusted for if p,0.05. For CRP and monocyte chemoattractant protein (MCP)-4, adjustments were made for use of platelet inhibitors,

and for soluble tumour necrosis factor receptor (sTNFR)-1 adjustments were made for comorbid heart disease, hypertension and depression. OPG: osteoprotegrin;

NAP-2: neutrophil activating peptide-2. COPD: chronic obstructive pulmonary disease. ": 267 females, 359 males. *: p,0.05; **: p,0.01.
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patients. However, there are some methodological consider-
ations in relation to the current study. There were significant
differences between patients and subjects without COPD for
almost all variables examined. This is partly reflects that there
was no active matching between patients and subjects without
COPD during inclusion, and partly that some differences are
probably manifestations of the disease. To find perfect controls
for a patient cohort with a complex disease such as COPD is
difficult, and we preferred an unmatched group from a

previous randomly selected general population sample. With
this strategy it is imperative to fully adjust for the possible
confounding factors. In the current study, there were sig-
nificantly fewer ex-smokers among subjects without COPD
than among the COPD patients. Although, smoking was
adjusted for in the multivariable models, residual confounding
by smoking cannot be completely ruled out. Our results
underscore the need for large study populations, being able
to correct for multiple confounders, before making firm

TABLE 3 Concentration of four inflammatory markers in chronic obstructive pulmonary disease patients

CRP sTNFR-1 OPG MCP-4

mg?mL-1 p-value# pg?mL-1 p-value# pg?mL-1 p-value# pg?mL-1 p-value#

Subjects n 409 406 406 403

Disease severity

GOLD category 0.80 0.32 ,0.01 0.65

II (FEV1 50–80) 8.2¡12.7 750¡257.4 5327¡2375 87.5¡34.3

III (FEV1 30–50) 8.3¡10.8 731¡226.1 6140¡1996 91.6¡40.0

IV (FEV1 0–30) 7.9¡8.9 684¡204.1 6364¡2252 92.0¡34.9

Experienced o2 exacerbations last

year"
0.02 0.38 ,0.01 0.22

No 7.5¡10.6 730¡237.4 5621¡2225 88.7¡36.4

Yes 11.8¡15.0 761¡251.0 6557¡2219 94.8¡38.6

Hypoxaemia (resting Pa,O2 ,8.0)+ ,0.01 0.16 0.02 0.19

No 7.3¡9.9 726¡236.7 5624¡2268 88.5¡36.5

Yes 11.3¡13.3 749¡240.2 6375¡2004 94.9¡36.0

Respiratory symptoms

Chronic cough 0.09 0.29 0.51 0.59

No 7.8¡11.5 726¡240.3 5678¡2247 89.1¡38.3

Yes 8.7¡11.7 749¡240.2 5816¡2229 90.1¡34.9

Dyspnoea (grade III) 0.23 0.14 0.13 0.44

No 8.0¡12.3 716¡219.4 5564¡2290 88.9¡38.1

Yes 8.2¡10.0 763¡266.7 5898¡2170 90.0¡35.1

Comorbidities

Comorbid heart disease1 0.82 ,0.01 0.04 0.89

No 7.9¡10.5 703¡209.9 5660¡2246 89.7¡36.4

Yes 9.1¡14.9 861¡303.6 6237¡2210 89.6¡38.6

Medically treated hypertension 0.049 ,0.01 ,0.01 0.83

No 7.3¡10.2 686¡196.8 5578¡2264 89.8¡37.4

Yes 10.0¡13.7 841¡286.6 6203¡2162 89.4¡35.7

Depression needing medical treatment 0.50 0.10 0.51 0.58

Never 7.7¡10.5 717¡222.6 5734¡2268 89.7¡37.2

Currently 9.8¡15.2 782¡248.5 6139¡2440 94.8¡40.6

Previously 9.7¡13.2 794¡311.4 5661¡1928 83.7¡29.9

Medications

Inhaled steroids 0.17 0.08 0.01 0.03

No 7.5¡11.8 756¡238.7 5540¡2322 83.9¡33.3

Yes 8.5¡11.4 725¡239.9 5885¡2211 92.3¡38.1

Using regular platelet inhibitors 0.04 ,0.01 0.01 0.07

No 8.7¡11.9 703¡214.0 5625¡2216 92.1¡39.0

Yes 6.7¡9.9 835¡285.6 6259¡2292 82.0¡27.4

Data are presented as mean¡SD, unless otherwise stated. CRP: C-reactive protein; sTNFR-1: soluble tumour necrosis factor receptor-1; OPG: osteoprotegrin; MCP-4:

monocyte chemoattractant protein-4; GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV1: forced expiratory volume in 1 s; Pa,O2: alveolar oxygen tension.
#: Wilcoxon rank sum test used for all variables, except FEV1 and depression, where the Kruskal–Wallis test was used; ": exacerbations requiring treatment either with oral

antibiotics or oral steroids or hospitalisation; +: missing data for 38 subjects; 1: either known heart failure or coronary heart disease.
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conclusions. Moreover, this is a cross-sectional study, and
inference of cause and effect is not possible. Future studies
should include longitudinal follow-up data.

In conclusion, despite the limitations mentioned, the present
study reinforces the view that systemic inflammation is an
important phenotypic feature of COPD. Future prospective
studies should investigate if these markers will give important
prognostic information in relation to disease progression and
severity in COPD.
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