
Biomarkers of Systemic Inflammation in Stable and Exacerbation
Phases of COPD

Fisun Karadag Æ Aslihan B. Karul Æ
Orhan Cildag Æ Mustafa Yilmaz Æ Hatice Ozcan

Received: 30 January 2007 / Accepted: 26 March 2007 / Published online: 20 September 2008

� Springer Science+Business Media, LLC 2008

Abstract Apart from the deleterious effects on the lungs,

chronic obstructive pulmonary disease (COPD) should be

considered a complex, systemic disease involving several

organs and systems. The nature and course of systemic

inflammation in COPD is important since there is a

potential for anti-inflammatory therapy. The objective of

the current study was to assess biomarkers of systemic

inflammation in stable and exacerbation phases of COPD

patients as compared to healthy controls. We also investi-

gated the course of these biomarkers after COPD

exacerbation to evaluate their usefulness for disease mon-

itoring. Eighty-three stable patients with moderate to very

severe COPD, 20 patients in exacerbation phase, and 30

subjects with normal pulmonary function were included.

Serum tumor necrosis factor-alpha (TNF-a), interleukin-6

(IL-6), and nitric oxide (NO) levels were measured once in

stable COPD patients and controls and three times in the

COPD exacerbation group during follow-up. TNF-a and

IL-6 levels were higher than in controls in both stable and

exacerbation groups. Although NO was not higher in the

stable COPD group than in controls, it was higher in the

exacerbation group. In follow-up after the exacerbation

period, significant alteration was not detected in cytokine

or NO levels compared to admission. Raised serum levels

of TNF-a and IL-6 support their use as biomarkers of the

systemic inflammatory response in stable COPD patients.

However, the circulating biomarkers we have studied are

not found to be useful either as indicators of COPD

exacerbation or for monitoring recovery after exacerbation.
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Introduction

As stated in the definition of chronic obstructive pulmonary

disease (COPD), the association of an abnormal inflam-

matory response of the lungs to noxious particles or gases

with airflow limitation indicates the critical role of the

inflammatory process in the pathogenesis of COPD [1, 2].

The disease is associated with a switch from a self-limiting

inflammatory response, mainly initiated by smoke inhala-

tion, to a chronic persistent inflammatory response after

prolonged exposure to cigarette smoke [3].

Today, apart from the deleterious effects on the lungs,

COPD should be considered a complex, systemic disease

involving the participation of several organs and systems,

including musculoskeletal, cardiovascular, and endocrine

systems, and metabolic changes leading to weight loss

[4–12]. Recent studies have shown that COPD is associated

not only with an abnormal inflammatory response of the lung

but also with systemic inflammation, including systemic

oxidative stress, activation of circulating inflammatory cells,

and increased circulating levels of inflammatory cytokines [5,

13]. The local inflammatory process in the lungs can affect

peripheral tissues either by the direct effect of released

cytokines and chemokines or indirectly by activation of

peripheral inflammatory cells [5].

Levels of inflammatory proteins such as C-reactive

protein (CRP) and proinflammatory cytokines are increased

in the systemic circulation of COPD patients [5, 13–15].
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Interleukin-6 (IL-6) is produced by many different cells but

the main sources are monocytes, macrophages, T and B

cells, fibroblasts, epithelial cells, and smooth muscle of

airways, indicative of its role in the modulation of the

immune system. IL-6 plays a role in activation, prolifera-

tion, and differentiation of T cells [16]. Tumor necrosis

factor-a (TNF-a) is produced from several cells, including

T lymphocytes, mast cells, and cells of airway epithelium.

TNF-a controls cellular migration and permeability and

stimulates secretion of several cytokines [16]. IL-6 and

TNF-a lead to a shift toward catabolism, resulting in

muscle wasting and cachexia [3–5, 14, 15].

Reactive nitrogen species have been implicated in the

pathogenesis of COPD for they have potent proinflamma-

tory and oxidizing actions [17–19]. The formation of

oxidants by phagocytic cells is fundamental in the host’s

defense against infectious agents. However, in an inflam-

matory microenvironment, exaggerated production of nitric

oxide (NO) in the presence of ‘‘oxidative stress’’ may

produce strong oxidizing reactive nitrogen species, such as

peroxynitrite, leading to nitration of most classes of bio-

logical molecules (‘‘nitrosative stress’’), ending up with

cell damage and the expression of proinflammatory cyto-

kines [17]. Stimuli such as chemokines and cytokines,

including TNF-a and IL-6, or exogenous factors like

infection, allergens, pollutants, and hypoxia increase NO

by causing activation of inducible nitric oxide synthase

(iNOS). Because the free radical NO has a short serum

half-life, it cannot be directly measured and its presence

must be inferred by indirect methods such as nitrite, nitrate,

or nitrotyrosine [17].

The nature and course of systemic inflammation in

COPD is important since there is a potential for anti-

inflammatory therapy [16, 20]. Besides, biomarkers may be

useful for disease monitoring. The objective of the current

study was to assess systemic inflammation expressed as

circulatory levels of TNF-a, IL-6, and NO in stable and

exacerbation phases of COPD patients as compared to

healthy controls. We also investigated the course of these

biomarkers after COPD exacerbation to evaluate their

potential for disease monitoring.

Material and Methods

Subjects

One hundred three consecutive male patients who had

received a diagnosis of COPD and had received continuing

care at our chest clinic and 30 control subjects of the same

sex and age group were admitted to the study. COPD was

diagnosed and classified according to the Global Initiative

for Chronic Obstructive Lung Disease (GOLD) criteria [1].

Eighty-three of the patients had been clinically stable for at

least 3 months and 20 had clinical signs of COPD exacer-

bation (increased dyspnea, sputum production, or sputum

purulence) [21]. Stable COPD patients had been receiving

optimal medical therapy, i.e., inhaled bronchodilator therapy

in the form of long-acting b2 agonists and/or anticholinergic

agents. Severe/very severe COPD patients (54 patients in the

stable group and 18 patients in the exacerbation group) were

on inhaled corticosteroids (500–1,000 lg fluticasone/day).

Subjects with exacerbation were treated with antibiotics and

systemic steroids for 10–14 days in addition to bronchodi-

latory therapy.

Exclusion criteria for both study groups included non-

respiratory infections and significant cardiac, renal, hepatic,

endocrine, neurologic, or metabolic disturbance. The con-

trol group consisted of subjects with normal pulmonary

function tests.

The study was approved by the institutional committee

on human research and informed consent was obtained

from all subjects.

Pulmonary Function Tests

Forced vital capacity (FVC) and forced expiratory volume in

one second (FEV1) were measured with standard spirometric

techniques according to the American Thoracic Society

criteria (Minato AutoPal Spirometry, Osaka, Japan) [22].

The highest value from at least three spirometric maneuvers

was used. Patients with FEV1 \50% of predicted value

were considered to have severe/very severe COPD and

50% B FEV1 \ 80% as having moderate COPD (GOLD).

An arterial blood sample was obtained while the subjects

were breathing room air for at least 30 min, and was ana-

lyzed with a blood gas analyzer immediately (OMNIC,

Roche, Vienna, Austria).

Assessment of Cytokines and Nitric Oxide

End-products

Fasting peripheral venous blood samples were taken from

the antecubital vein into plain tubes between 8:00 and 9:00

a.m. Blood was then promptly centrifuged and aliquots of

serum were immediately stored at -70�C until they were

analyzed for serum levels of TNF-a, IL-6, and NO.

Serum TNF-a concentration (pg/ml) was measured by a

solid-phase sandwich enzyme-linked immunosorbent assay

(ELISA) using an hTNF-a kit (BioSource International

Inc., Camarillo, CA, USA) [23]. Serum IL-6 concentration

(pg/ml) was also measured with an ELISA kit (BioSource

International Inc.). NO levels (lmol/L) were determined

indirectly by quantification of their oxidized products of

degradation (nitrite and nitrate), using Griess reagent [24].

NO is an unstable molecule and is rapidly converted to
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nitrite and nitrate; therefore, serum nitrite/nitrate was used

and the measured value is equivalent to NO.

Cytokine and NO levels were measured once in stable

COPD patients and controls and three times in the COPD

exacerbation group: on the day of admission to hospital, on

the day of discharge (14th day of admission), and during

recovery (4 weeks after discharge).

Statistical Analysis

Data were presented as mean ± standard deviation of the

mean. Correlations between parameters were evaluated

using Pearson’s rank correlation analysis. Differences

between study groups were compared using Mann–

Whitney U test for non-normally distributed variables.

Normality was tested by the Shapiro–Wilk test. The

Friedman test was used to compare baseline and follow-up

cytokine and NO levels of COPD patients. Significance

was determined at the 5% level.

Results

Characteristics and pulmonary function tests of the stable

and exacerbation groups of COPD patients and the control

subjects admitted to the study are given in Table 1.

Twenty-nine (35%) of the stable COPD patients had

moderate and 54 (65%) had severe/very severe COPD.

There was a significant difference in pulmonary function

and blood gases between the stable and exacerbation

groups of COPD patients, as expected (Table 1). There was

no difference in the body mass index (BMI) of COPD

patients and controls (p [ 0.05).

Cytokine and NO Assays

The comparison of the circulating TNF-a, IL-6, and NO levels

of the stable and exacerbation-phase COPD patients and the

control subjects is given in Table 2. TNF-a and IL-6 levels

were higher in both the stable and the exacerbation group than

in the controls. When stable and exacerbation-phase COPD

patients were compared, although cytokine levels tended to be

higher in the exacerbation group than in the stable group, there

was no statistically significant difference; however, the NO

level was higher in the exacerbation group.

Admission, discharge, and recovery serum cytokine and

NO levels of the exacerbation group are given in Table 3.

Although there was a transient difference between NO

levels measured on admission and discharge (in 14 days),

there was no significant difference in measurements

between admission and recovery (in 6 weeks).

Correlations

In correlation tests of study parameters, correlation was

detected between TNF-a and IL-6 in the stable COPD

group (r = 0.356, p = 0.001). NO was positively correlated

to cigarette burden (pack-years) in stable patients

(r = 0.345, p = 0.011). There was no correlation between

NO, cytokines, and either severity of COPD (FEV1%) or

arterial blood gases (PaO2, PaCO2).

Discussion

In the present study we investigated the circulatory levels

of TNF-a, IL-6, and NO as representative markers of sys-

temic inflammation in stable and exacerbation phases of

Table 1 Characteristics and pulmonary function tests of stable and exacerbation-phase COPD patients and control subjects

Stable Exacerbation Controls p*

Subjects (n) 83 20 30 –

Age (years) 65.54 ± 7.66 68.60 ± 5.87 64.10 ± 7.68 0.064

Smoking (pack-year) 53.58 ± 25.63 61.50 ± 22.05 16.77 ± 15.78 0.134

BMI (kg/m2) 25.25 ± 4.84 24.00 ± 5.41 26.32 ± 3.07 0.154

FVC (% predicted) 75.78 ± 14.97 71.69 ± 12.25 89.40 ± 10.35 0.264

FEV1 (% predicted) 46.41 ± 14.43 36.00 ± 9.92 85.09 ± 10.24 0.003

FEV1/FVC (%) 47.99 ± 12.24 39.43 ± 9.51 76.03 ± 6.21 0.006

pH 7.41 ± 0.02 7.37 ± 0.08 7.38 ± 0.04 0.048

PaO2 (mmHg) 74.24 ± 10.39 54.21 ± 11.58 94.32 ± 4.62 0.000

PaCO2 (mmHg) 41.46 ± 6.00 51.30 ± 14.03 38.23 ± 3.46 0.002

COPD = chronic obstructive pulmonary disease; BMI = body mass index; FVC = forced vital capacity; FEV1 = forced expiratory volume in

one second; PO2 = oxygen partial pressure; PCO2 = carbon dioxide partial pressure

* p value is obtained by comparison of stable and exacerbation-phase COPD patients
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COPD patients compared with healthy controls. We dem-

onstrated that TNF-a and IL-6 levels were higher in both

stable and exacerbation groups than in controls. The

cytokine levels tended to be higher in the exacerbation

group than in the stable COPD group, but there was no

statistically significant difference. Although NO was not

higher in the stable COPD group than in controls, it was

higher in the exacerbation group. When admission and

recovery measurements were compared, significant alter-

ation was not detected in cytokine or NO levels.

We found a positive correlation between circulating NO

level and cigarette burden (pack-years) of the COPD

patients. Cigarette smoke, the major cause of COPD, has a

high concentration of NO. Endogenous NO, released in the

bronchial mucosa, plays a key role in physiologic regula-

tion of airway functions and is implicated in airway

disease. Several studies indicate that nitrosative stress may

promote the progression of airflow limitation in COPD

[17–19]. Recently, Ricciardolo et al. [25] investigated the

markers of nitrosative stress in bronchial biopsies and

bronchoalveolar lavage (BAL) of stable COPD patients.

They found higher numbers of nitrotyrosine and myelo-

peroxidase(+) cells in the bronchial submucosa of severe

COPD patients compared to mild/moderate COPD patients,

smokers with normal lung function, and nonsmokers. They

suggested that nitrosative stress may contribute to patho-

genesis of COPD.

We demonstrated that in moderate to very severe stable

COPD patients, serum TNF-a and IL-6 levels were higher

than in healthy controls. IL-6 is a potent mediator of

inflammation and is able to initiate catabolism by activat-

ing proteolysis [26]. IL-6 has been studied in induced

sputum and exhaled breath for its role in the local

inflammatory process in airways, but there are fewer

studies investigating the circulatory levels. Serum IL-6 and

TNF-a levels were demonstrated to be increased in both

mild/moderate and severe COPD patients compared to

healthy controls [27]. Schols et al. [14] searched for the

role of inflammatory mediators (TNF-a and its soluble

receptors IL-6 and IL-8) in metabolic derangement of

COPD patients. They found increased levels of inflamma-

tory cytokines in the serum of COPD patients with

increased resting energy expenditure and decreased fat-free

mass.

Inflammatory markers that increase in COPD play an

important part in muscle dysfunction and exercise intoler-

ance. The association between inflammatory markers and

ventilatory limitation, muscle strength, and exercise

capacity was demonstrated [28]. Recently, Yende et al [28]

investigated the association of inflammatory markers

C-reactive protein (CRP), TNF-a, and IL-6 with ventilatory

limitation and muscle dysfunction. They reported that

subjects with COPD had higher systemic levels of IL-6 and

CRP compared to elderly subjects without COPD. IL-6 was

Table 2 Serum IL-6, TNF-a, and NO levels of stable and exacerbation-phase COPD patients and control subjects

Stable Exacerbation Controls p* p** p***

IL-6 68.86 ± 50.42 71.40 ± 130.16 24.77 ± 47.23 0.012 0.019 0.802

TNF-a 11.43 ± 11.91 14.87 ± 36.03 5.99 ± 5.29 0.033 0.034 0.064

NO 11.86 ± 5.54 15.10 ± 7.08 10.36 ± 3.02 0.715 0.004 0.036

COPD = chronic obstructive pulmonary disease; IL-6 = interleukin-6 (pg/ml); TNF-a = tumor necrosis factor-a (pg/ml); NO = nitric oxide

(lmol/L)

* p value obtained by comparison of stable COPD patients and control subjects

** p value obtained by comparison of COPD exacerbation group and control subjects

*** p value obtained by comparison of stable and exacerbation groups of COPD patients

Table 3 Serum IL-6, TNF-a, and NO levels of exacerbation-phase COPD patients on the day of admission to hospital, on the day of discharge

(14th day of admission), and during recovery (4 weeks after discharge)

Admission Discharge Recovery p* p** p***

IL-6 71.40 ± 130.16 35.24 ± 40.89 49.99 ± 36.83 0.455 0.135 0.232

TNF-a 14.87 ± 36.03 5.62 ± 6.40 9.03 ± 7.79 0.104 0.751 0.173

NO 15.10 ± 3.82 11.86 ± 5.54 13.91 ± 5.03 0.006 0.042 0.126

COPD = chronic obstructive pulmonary disease; IL-6 = interleukin-6 (pg/ml); TNF-a = tumor necrosis factor-a (pg/ml); NO = nitric oxide

(lmol/L)

* p value obtained by comparison of admission and discharge measurements

** p value obtained by comparison of discharge and recovery measurements

*** p value obtained by comparison of admission and recovery measurements
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found to be associated with reduced FEV1, quadriceps

strength, and exercise capacity in both groups. In another

study, markers of systemic inflammation were significantly

elevated in all COPD patients and tended to be highest in

muscle-wasted patients [29].

TNF is implicated as a mediator of cachexia in many

clinical conditions, including COPD [30]. Serum TNF-a
and soluble TNF receptors were reported to be elevated in

stable COPD patients [31–34]. Serum TNF-a level was

found to be higher in weight-losing COPD patients,

whereas it was similar to that of healthy controls in weight-

stable patients; increased TNF-a production was consid-

ered to be a likely cause of weight loss [32]. In the present

study, serum TNF-a was found to be higher in COPD

patients, but we did not evaluate its role in weight loss

since the BMIs of our study population were within normal

limits.

An association between severity of airflow limitation

and severity of airway inflammation in smokers had been

previously detected [35]. Vernooy et al. [31] searched for a

relationship between local and systemic inflammation in

COPD and suggested that a different method of regulating

inflammation in pulmonary and systemic compartments.

They reported that sputum-soluble TNF-a receptor levels

were correlated to pulmonary functions. They also inves-

tigated whether systemic inflammation was related to the

degree of airflow limitation and found that circulating

soluble TNF-a receptors and IL-8 did not show correlation

with the degree of airflow limitation. In line with their

findings, we also found no correlation between markers of

systemic inflammation and severity of airflow obstruction.

The main cause for the presence of systemic inflamma-

tory response in COPD still remains to be elucidated.

Systemic hypoxia is suggested to be a good candidate, for

tissue hypoxia markedly induces local expression of

inflammatory cytokines, including TNF-a and IL-6 [34, 36].

Takabate et al. [34] studied the relationship between

hypoxemia and the activity of the TNF-a system. They

found an inverse correlation between PaO2 and circulating

TNF-a and soluble TNF receptor levels in weight-losing

COPD patients but not in normally nourished ones. We did

not find a correlation between hypoxemia and TNF-a or

IL-6 in stable COPD patients, but it should be noted that

most of our patients did not have severe hypoxemia.

The definition of exacerbation in COPD remains contro-

versial and the criteria remain subjective [37]. This creates

difficulty, both in clinical practice and research, in reliably

distinguishing exacerbations from day-to-day symptom

variation. Therefore, there is a need for a ‘‘biomarker’’ for

objective confirmation of exacerbation. Markers of airway

neutrophilic inflammation (myeloperoxidase, IL-8, IL-6, and

TNF-a) in induced sputum were shown to be increased at

the time of acute exacerbation and declined 1 month later

[38, 39]. Malo et al. [40] investigated whether inflammatory

markers (CRP, IL-8, IL-6, and TNF-a) increased in serum

during COPD exacerbation or were modified by intravenous

corticosteroid treatment. Their results showed that there was

evidence of systemic inflammation during COPD exacer-

bation but no change was detected during recovery (up to

2 months). Likewise, in the present study there was no sig-

nificant alteration in TNF-a and IL-6 levels on follow-up (up

to 6 weeks), and they remained higher than controls.

Increased numbers of inflammatory cells and elevated

levels of various mediators have been reported in biopsy,

BAL, and induced sputum samples of patients with COPD

exacerbation, indicating that oxidative stress is further

increased during COPD exacerbation [38, 39]. iNOS

expression is induced under inflammatory and oxidant

conditions, and nitrotyrosine formation is increased in the

presence of reactive oxygen species. Tsoumakidou et al.

[41] demonstrated that markers of airway inflammation,

including nitrotyrosine and iNOS in induced sputum of

patients with severe exacerbation of COPD, were increased

compared with the stable state. Therefore, there may be a

clinical benefit from inhibiting iNOS expression and

nitrotyrosine formation during exacerbation, suggesting a

potential role for NO modulators.

The measurements of NO reflect the degree of airway

inflammation in asthma and can be used to guide anti-

inflammatory therapy; however, changes in exhaled NO in

COPD are less impressive and more difficult to interpret.

Although exhaled NO has been shown to increase during

exacerbations and remains elevated for at least a week, the

level of exhaled NO has not been associated with the cause

of exacerbation or response to treatment [42]. There is yet

limited information on the course of serum NO levels

during exacerbation and the recovery phase. In our study

NO levels of the exacerbation group were higher than those

of the controls. However, we did not have information on

the baseline parameters of patients with exacerbation.

Their baseline pulmonary function parameters might be

lower than those of the stable group and NO might be

found to be higher since they had more advanced disease

than those in the stable group. Although there was a tran-

sient difference between NO levels measured on admission

and discharge, there was no significant difference in mea-

surements between admission and recovery. This transient

decrease might be the effect of intensive anti-inflammatory

therapy given during hospitalization, since corticosteroids

could reduce the systemic inflammatory state induced by

COPD [43]. Increased exhaled NO levels during exacer-

bation in hospitalized patients were reported to be

normalized several months after discharge [18]. Our fol-

low-up time of 6 weeks might be insufficient to evaluate

the potential of TNF-a, IL-6, and NO for monitoring

recovery from exacerbation.
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Recently, Pinto-Plata et al. [44] investigated the

relationship of systemic inflammatory markers to symp-

toms and physiologic changes during exacerbation. They

demonstrated that hospitalized patients with COPD exac-

erbation experienced significant changes in systemic

cytokine levels that correlated with symptoms and lung

function; and they concluded that a COPD exacerbation

represented not only a worsening of airflow obstruction but

also increased systemic demand in a host with limited

ventilatory reserve.

In summary, raised serum levels of TNF-a and IL-6

support their use as biomarkers of the systemic inflam-

matory response in stable COPD patients. However, the

circulating biomarkers we have studied are not found to be

useful either as indicators of COPD exacerbation or for

monitoring recovery after exacerbation. Further studies

with longer follow-up times are needed since knowledge of

the course of the biomarkers of systemic inflammation

during stable and exacerbation phases of COPD will form

the basis for designing clinical trials on anti-inflammatory

therapies to decrease morbidity in COPD.
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