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BACKGROUND: COPD is characterized by chronic air-flow limitation. Smoking is the most
important factor in the pathogenesis of COPD. Smoking is associated with increased oxidative stress
in the lungs. In this study our aim was to evaluate the differences in the burden of oxidative stress
in patients with COPD, smokers, and non-smokers by measuring hydrogen peroxide (H2O2), mal-
ondialdehyde (MDA), and 8-isoprostane levels in the exhaled breath condensate (EBC) samples.
METHODS: Eighty subjects were included in the study. Group I (no. � 25) had COPD, Group II
(no. � 26) was smokers, and Group III (no. � 29) was nonsmokers. The severity of the COPD and
dyspnea was assessed according to the results of pulmonary function tests (PFTs) and Medical
Research Council (MRC) scale. RESULTS: The mean age of the subjects was 58 � 8.9 years. While
8-isoprostane and H2O2 levels were significantly higher in subjects with COPD (44.8 � 40.2 pg/mL
and 1.9 � 0.8 �mol/L) and smokers (41.3 � 26 pg/mL and 1.7 � 0.7 �mol/L) than non-smokers
(15.8 � 6.9 pg/mL and 0.8 � 0.4 �mol/L), levels were similar between smokers and COPD subjects.
MDA levels were similar between the 3 groups (P � .31). There was no correlation between
8-isoprostane and H2O2 levels and PFT parameters. There was a significant positive correlation
between dyspnea grade on the MRC scale and 8-isoprostane levels (r � 0.805, P < .001). CON-
CLUSIONS: Even if respiratory function tests are within normal limits, oxidant burden in lungs of
smokers is equivalent to that in COPD patients. 8-isoprostane could be useful in assessing symptom
severity and health status of COPD patients. Key words: oxidative stress; smoking; hydrogen peroxide;
malondialdehyde; 8-isoprostane. [Respir Care 2012;57(3):413–419. © 2012 Daedalus Enterprises]

Introduction

Chronic obstructive pulmonary disease (COPD) is char-
acterized by chronic air-flow limitation associated with the
inflammatory process of the lung.1 Smoking is the most
important factor in the pathogenesis of COPD.2 Smoking

is associated with increased oxidative stress in the lungs.3

Smoking has been estimated to contain between 1016–1017

oxidant molecules per puff.4 Increased oxidative stress is
an important pathway in COPD. The sources of oxidative
stress in COPD are inhaled oxidants and increased amounts
of reactive oxygen species (ROS) generated by inflamma-
tory cells involved in the pathophysiology of the disease.5

ROS may alter remodeling of extracellular matrix and blood
vessels, stimulate mucus secretion, inactivate antiproteases,
cause apoptosis, and regulate cell proliferation.6

Collection of exhaled breath condensate (EBC) has been
suggested as a simple, noninvasive, and easily repeatable
procedure, and samples from the lower respiratory tract for
monitoring airway inflammation and oxidative stress can
be obtained with this technique.7 Several oxidative stress
markers are measurable in EBC.8 The tar phase of smoke
contains the hydroxyl radical (OH) and hydrogen peroxide
(H2O2).9 H2O2 is a direct marker of air-space oxidative
burden and measurable in EBC.5 Isoprostanes are pro-
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duced by ROS mediated peroxidation of arachidonic acid.
The levels of 8-isoprostane in EBC have been shown to be
elevated in healthy smokers.10 Malondialdehyde (MDA) is
a toxic product associated with lipid peroxidation.11 The
measurement of MDA in biological fluids is a widely used
test for determination of oxidative stress.12

In this study our aim was to evaluate the differences in
the burden of oxidative stress in patients with COPD, smok-
ers, and non-smokers by measuring H2O2, MDA, and 8-iso-
prostane levels in the EBC samples. Our second aim was
to evaluate whether there is an association between the
levels of these markers and the severity and duration of the
COPD.

Methods

Subjects

We included totally 80 male subjects as 3 groups in the
study. Women were not included in the study because
oxidative stress levels differ significantly by sex. The sub-
jects in Group I (no. � 25) had COPD (all ex-smokers),
Group II (no. � 26) were smokers, and Group III (no.
� 29) were nonsmokers. Group II and Group III were
constituted of healthy subjects. The classification of the
COPD subjects was performed according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guideline.1 Patients with COPD were evaluated during a
stable period. Disease severity was assessed according to
the results of pulmonary function tests (PFTs), and sever-
ity of dyspnea according to the Medical Research Council
(MRC) scale.13 (in a scale of 0 to 4 as follows):

0. Not troubled by breathlessness except on strenuous
exercise

1. Shortness of breath when hurrying on the level or
walking up a slight hill

2. Walks slower than people of the same age on the
level because of breathlessness, or has to stop for breath
when walking at own pace

3. Stops for breath after about 100 m or after a few
minutes on the level

4. Too breathless to leave the house, or breathless when
dressing or undressing

Duration of the disease and medical treatments were
recorded. COPD subjects were treated with inhaled corti-
costeroids (budesonide 200–400 �g/d, fluticasone 500–
1,000 �g/d), inhaled �-adrenergic agonists, and theophyl-
line. Patients with a history of atopy or positive skin prick
testing for common inhaled allergens; history of asthma or
other respiratory diseases; and systemic diseases such as
diabetes mellitus, collagen vascular diseases, inflamma-
tory bowel diseases, coronary artery diseases, and chronic
renal failure; take oral or inhaled N-acetylcysteine or vi-
tamin C and/or E; or showed bronchial hyper-reactivity or

an acute response in FEV1 to inhaled bronchodilator of
more than 15% of predicted values were excluded from
the study. Chest radiography was carried out to exclude
other respiratory diseases. Subjects with COPD were clin-
ically stable, with no worsening of symptoms, need of
increase of medication, emergency care, or hospitalization
within the previous 4 weeks. Healthy smoker subjects were
asked to refrain from smoking for at least 6 hours before
starting the study. The ethics committee of Gaziosmanpasa
University Hospital, Tokat, Turkey, approved the study
protocol, and all subjects gave written informed consent
before participating.

Pulmonary Function Tests

PFTs were performed to diagnose COPD and to deter-
mine any differences between the groups. Spirometry was
performed after the administration of an inhaled broncho-
dilator (400 �g salbutamol). FVC, FEV1, FEV1/FVC, and
maximum mean expiratory flow were expressed in milli-
liters and percentage of the predicted value, using a dry
spirometer (MasterScreen Pneumo, Erich Jaeger, Würz-
burg, Germany), and the best value of 3 maneuvers was
expressed as a percentage of the predicted value.14 The
results of a reversibility test were used. All the subjects
with COPD had airways obstruction with FEV1 � 80%
predicted and FEV1/FVC � 70%, and a history of chronic
progressive symptoms such as dyspnea, cough, and spu-
tum production.

Collection of Exhaled Breath Condensate

EBCs were collected using a condenser (EcoScreen,
Erich Jaeger, Würzburg, Germany). Subjects breathed
through a mouthpiece and a 2-way non-rebreathing valve,
which also served as a saliva trap. Analysis of salivary
amylase concentrations in EBC is a frequently used method
to reflect saliva contamination in EBC. According to the
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Current knowledge

Cigarette smoking is associated with increased oxida-
tive stress in the lungs. This can be measured as hy-
drogen peroxide and 8-isoprostane in exhaled breath
condensate.

What this paper contributes to our knowledge

The oxidative stress associated with cigarette smoking
is similar in the lungs of patients with and without
COPD. Oxidative stress markers may be helpful in mon-
itoring symptoms and lung health in patients with COPD.
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American Thoracic Society/European Respiratory Society
task force, there is no need to determine amylase levels in
EBC samples, but efforts should be made to prevent sal-
ivary contamination.15 Before the measurement the pa-
tients rinsed their mouths with water. The subjects were
asked to breathe at a normal frequency and tidal volume,
wearing a nose clip, for a period of 15 min. The collected
condensate from each patient was at least 2 mL, which was
immediately stored at �70°C. Samples were stored for
6 months. All EBC samples were collected at same time of
day, between 2 PM to 4 PM.

Quantitative Analyses of Oxidants in Exhaled Breath
Condensate

8-Isoprostane. 8-Isoprostane samples were prepared us-
ing an 8-isoprostane EIA (enzyme immunoassay) com-
mercial kit (catalog no. 516351, Cayman Chemical, Ann
Arbor, Michigan) and measured by EIA method.

Hydrogen Peroxide. Hydrogen peroxide samples were
prepared using a hydrogen peroxide assay commercial kit
(catalog no. 706011, Cayman Chemical, Ann Arbor, Mich-
igan), and measured at 595 nm by colorimetric assay (de-
tection range 11–66 �M).

Malondialdehyde. MDA samples were prepared with
commercial kit (Recipe ClinRep Complete, IRIS Technol-
ogies International, Cursdorf, Germany), and measured in
a fluorescent detector by high performance liquid chroma-
tography (RF-10AXL, Shimadzu, Kyoto, Japan) method
(detection limit 0.02 �mol/L, detection range 0.04 –
20 �mol/L).

Statistical Analysis

Statistical power of the sample was calculated as 91%,
assuming the effect size of 8-isoprostane and H2O2 mea-
surements as 0.55. Chi-square tests were used to compare
the categorical variables between groups. The Kolmogorov-
Smirnov test was used to evaluate whether the distribution
of variables was normal. One-way analysis of variance
was used to compare the continuous variables among 3
groups. For multiple comparisons of analysis of variance,
the Tukey honest significant difference test was used. The
Pearson correlation coefficient was used to determine the
correlations between continuous variables. Continuous
variables were presented as arithmetical mean and stan-
dard deviation. A 2-tailed P value of � .05 was considered
statistically significant. Analyses were performed using
commercially available software (PASW 18, SPSS. Chi-
cago, Illinois).

Results

A total of 80 male subjects in 3 groups, with a mean age
of 58 � 8.9 years, were included in the study. Group
I included 25 COPD patients (all ex-smokers) (mean pack-
years 34 � 2). Mean COPD disease duration was
25 � 4 years. Group II included 26 healthy subjects who
were current smokers (mean pack-years 32 � 3). Subjects
with COPD and healthy smokers were matched for smok-
ing habits (P � .05). Subjects with COPD had stopped
smoking for at least 12 months. Twenty-nine individuals
(never-smokers) were included into the study as Group III.
Study groups were matched for age (63.3 � 7 y in COPD,
61.2 � 6 y in smokers, 60 � 8 y in non-smokers, P � .13).
The PFTs of the study groups are seen in Table 1.

While 8-isoprostane and H2O2 levels were significantly
higher in subjects with COPD and smokers than in non-
smokers, levels were similar between smokers and sub-
jects with COPD. There was no difference between the
groups according to the levels of MDA (Tables 2 and 3,
Figs. 1, 2, and 3).

There was no correlation between 8-isoprostane and
H2O2 levels and PFT parameters (P � .05). There was a
significant positive correlation between dyspnea grade on
the MRC scale and 8-isoprostane levels (r � 0.805,

Table 1. PFTs of the Study Groups (n � 80)

Group I
(COPD)

(no. � 25)

Group II
(Smokers)
(no. � 26)

Group III
(Non-Smokers)

(no. � 29)
P

FEV1 (L) 1.7 � 0.5 2.9 � 0.7 3.4 � 0.5 � .001*
FVC (L) 2.9 � 0.7 3.5 � 0.9 4.2 � 0.7 � .001*
FEV1/FVC (%) 57.8 � 7.3 83 � 8.5 80.2 � 5.9 � .001†
MMEF (L) 0.7 � 0.3 3 � 1.3 3.2 � 1.2 � .001†

Values are mean � SD.
* There was statistically significant differences between all pair-wise comparisons.
† There was statistically significant differences between group I and other groups, but no
statistically significant differences between group II and groups III.
PFT � pulmonary function test
MMEF � maximum mean expiratory flow

Table 2. Levels of Oxidants in Groups

Group I
(COPD)

(no. � 25)

Group II
(Smokers)
(no. � 26)

Group III
(Non-Smokers)

(no. � 29)
P

Malondialdehyde
(�mol/L)

0.08 � 0.01 0.08 � 0.02 0.08 � 0.02 .31

8-isoprostane
(pg/mL)

44.8 � 40.2 41.3 � 26 15.8 � 6.9 � .001

H2O2 (�mol/L) 1.9 � 0.8 1.7 � 0.7 0.8 � 0.4 .003

Values are mean � SD.
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P � .001) (Fig. 4). There was a significant positive cor-
relation between duration of COPD and levels of MDA
(r � 0.518, P � .008) (Fig. 5). The levels of MDA, H2O2,
8-isoprostane were similar in COPD subjects treated with
(no. � 6) or without (no. � 19) inhaled corticosteroids
(ICSs) (P � .05).

Discussion

In this study, where pulmonary oxidative loads in smok-
ers, non-smokers, and in subjects with COPD were com-

pared, levels of 8-isoprostane and H2O2 in EBC of smok-
ers were found to be higher than those detected in non-
smokers, but similar to the levels in cases with COPD.
This outcome might indicate that in smokers without any
evidence of COPD, intensive pulmonary oxidative stress
can develop similar to that seen in cases with COPD.
Oxidant-mediated lung injury is important in the patho-
genesis of smoking-induced lung disease. Smoke contains
high concentrations of ROS.6 Increased levels of ROS in
the airways and lungs following inhalation of smoke are
associated directly with oxidants in the smoke, and also
indirectly from the release of ROS by macrophages and
neutrophils infiltrating the lungs. ROS can also stimulate
inflammatory cells. Products of activated lung macrophages
and neutrophils promptly propagate to lung epithelial and
endothelial cells, leading to tissue damage.5 This excess

Table 3. Multiple Comparisons for Analysis of Variance

Comparison Results (P values)

Group
I and III

Group
I and II

Group
II and III

8-isoprostane (pg/mL) .005 .978 � .001
H2O2 (�mol/L) � .001 .743 � .001

Fig. 1. 8-isoprostane levels in the study groups.

Fig. 2. H2O2 levels in the study groups.

Fig. 3. Malondialdehyde levels in the study groups.

Fig. 4. The correlation of 8-isoprostane levels and Medical Re-
search Council (MRC) scale.
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ROS disturbs the balance between oxidants and antioxi-
dants, resulting in oxidative stress.16

Induced sputum, bronchoalveolar lavage fluid, or bron-
chial biopsy are among the invasive methods used for
direct assessment of airway inflammation. EBC obtained
by cooling exhaled air during spontaneous breathing is a
simple, safe, and noninvasive method. This technique pro-
vides samples from the lower respiratory tract to assess
airway inflammation and oxidative stress.15 Several oxi-
dative stress markers are measurable in EBC.8 In this study
we aimed to detect the differences in the burden of oxi-
dative stress in subjects with COPD, smokers, and non-
smokers via measurement of the levels of MDA, H2O2,
and 8-isoprostane in EBC.

Isoprostanes are produced by ROS mediated peroxida-
tion of arachidonic acid. The increased levels of 8-isopros-
tane observed in smokers in this study are similar to
previously reported findings.6,17 Various levels of 8-iso-
prostane in EBC of smokers have been mentioned in the
literature. EBC 8-isoprostane levels in healthy smokers
were reported to be 24 pg/mL, and 49.9 pg/mL by Mon-
tuschi et al10 and Borrill et al,17 respectively. In our study,
the mean concentration of 8-isoprostane in EBC of smok-
ers was 41.3 pg/mL. These variable results of measure-
ments of 8-isoprostane in EBC probably reflect differ-
ences between acute and chronic effects of smoking.

In one study, the levels of 8-isoprostane in stable COPD
subjects were higher than healthy controls and lower than
cases with exacerbation of COPD.18 In our study, 8-iso-
prostane levels were higher in subjects with COPD than
non-smokers, but levels were similar between subjects with
COPD and smokers. This outcome might indicate that in
smokers without any evidence of COPD, intensive pulmo-
nary oxidative stress can develop similar to that seen in
cases with COPD, suggestive of the presence of a dam-

aged pulmonary parenchyma. In a study conducted by
Makris et al, a correlation between levels of 8-isoprostane,
parenchymal alterations in high-resolution computed to-
mography, and the prevalence of emphysema had been
demonstrated.19

We assessed the clinical severity of COPD using respi-
ratory symptoms and PFT parameters. The severity of re-
spiratory symptoms was assessed by MRC scale as an
objective measurement method. We found that 8-isopros-
tane levels were significantly associated with MRC scale.
This result suggests that EBC 8-isoprostane could be a
useful marker in assessing symptomatic severity and health
status of COPD patients.

In this study we did not detect any correlation between
8-isoprostane and H2O2 levels and FEV1, in accordance
with previous studies.19,20 An explanation to that could be
that FEV1 and 8-isoprostane are different markers in the
pathophysiology of COPD. Whereas FEV1 reflects broadly
airway caliber, 8-isoprostane reflects oxidative stress. In-
deed, in our study, comparatively higher levels of 8-iso-
prostane were detected in smokers, despite absence of se-
rious airway obstruction.

H2O2 is a direct measurement of air-space oxidative
burden.5 The source of increased H2O2 is unknown, but
may be in part derived from increased release of O2

– from
alveolar macrophages of smokers.6 In this study, higher
levels of H2O2 were observed in smokers than non-
smokers, but levels were similar between smokers and
COPD subjects. This result showed that oxidant burden in
lungs of healthy smokers is equivalent to COPD subjects.
Many different outcomes have been reported on the effects
of ICS treatment on the levels of exhaled H2O2. One study
showed no effect of treatment with beclomethasone on
H2O2 concentrations in EBC.21 In contrast, another study
reported that ICSs reduced exhaled H2O2 in subjects with
stable COPD.22 In our study, COPD subjects receiving
ICS therapy had similar H2O2 values, compared with
steroid-naive subjects. According to this result, one might
conceive that ICSs suppress inflammatory processes con-
tributing to alleviation of oxidative stress. On the other
hand, the lack of difference between the groups might be
a result of sample size.

Steroids inhibit the synthesis of pro-inflammatory cyto-
kines in inflammatory cells, may reduce the number of
activated cells that release pro-inflammatory cytokines,
and thus reduce the production of H2O2.22 ICS or oral
steroids significantly reduce the chemotactic activity of
neutrophils and increase the neutrophil elastase inhibitory
capacity in induced sputum.23,24 In addition, evidence from
in vitro studies suggests that among the anti-inflammatory
actions of steroids there is a reduction in the generation of
ROS by neutrophils.25

Acute smoke exposure increases the products of lipid
peroxidation.26 MDA is a toxic product associated with

Fig. 5. The correlation of Medical Research Council (MRC) scale
and duration of disease.
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lipid peroxidation.11 A widely used test for oxidative stress
is the measurement of MDA in biological fluids.12 MDA
can be measured as a thiobarbituric acid-reactive substance
in EBC.27 Increased MDA levels has been reported in
smokers.16,28 Corradi et al reported that MDA levels were
increased in subjects with COPD in comparison to both
non-smoking and smoking control subjects.29 We did not
detect any difference between the levels of MDA between
groups. There was a significantly positive correlation be-
tween COPD disease duration and MDA levels.

The limitations of this study were: some markers ana-
lyzed in EBC show diurnal variations. Repeated measure-
ments at different hours in a day could improve the reli-
ability of the results. Repeated measurements were not
used in our study, but all EBC samples were taken at the
same time of day to avoid possible differences due to
diurnal changes.

Comparing COPD subjects with both healthy smokers
and healthy non-smokers is a strength of this study. Most
of the studies in the literature evaluated oxidative stress
levels in COPD subjects compared with healthy smokers
or compared with healthy non-smokers. Another important
point is that women were not included in the study, to
exclude changes caused by sex differences, so the study
group was more homogeneous.

Conclusions

In conclusion, smoking affects the levels of many oxi-
dant markers in the lungs. H2O2 and 8-isoprostane may be
useful markers of oxidative stress in the lung inflammation
induced by exposure to smoking. In addition, 8-isopros-
tane could be useful in assessing symptom severity and
health status of COPD patients. Even if respiratory func-
tion tests are within normal limits, oxidant burden in lungs
of smokers is equivalent to COPD patients.
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