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ABSTRACT ARTICLE HISTORY

Objective: Exposure to cigarette smoke complicates the treatment and management of  Received 27 April 2021

asthma through a variety of inflammatory effects. This study aimed to investigate the  Revised 12 July 2021

differences between newly diagnosed cases of asthma in smokers and nonsmokers in terms ~ Accepted 26 July 2021

of localized and systemic biomarkers following treatment with inhaled corticosteroids (ICS)

or ICS in combination with a long-acting 2 agonist (LABA).

Methods: Specimens of exhaled breath condensate (EBC) from newly diagnosed patients i S )
R P R i X . Asthma; smoking; biomarkers;

with asthma were used to quantify inflammation in the airways, while blood samples were g-isoprostane; exhaled breath

used to assess systemic inflammation. In both samples, the levels of IL-6, LTB4, LTD4, and condensate; IL-6; LTB4: LTD4

8-isoprostane were measured and these were repeated after 3months of treatment with

ICS or ICS+LABA.

Results: Of the 20 patients, 10 (50%) were nonsmokers with asthma (NSA) and 10 (50%)

smokers with asthma (SA). There was no statistically significant difference in the blood or

EBC levels of IL-6, LTB4, LTD4, or 8-isoprostane between the groups prior to treatment. Only

the decrease in 8-isoprostane level in the EBC samples was found to be significantly greater

in the NSA group after treatment (for smokers, the change was 2.91+23.22, while for

nonsmokers it was —22.72+33.12, p=0.022). Post-treatment asthma control was significantly

better in the NSA group (p=0.033).

Conclusion: Monitoring the alterations in 8-isoprostane levels in EBC in patients with asthma

who smoke may be helpful in deciding on therapeutic management and switching treatments.

Asthma control was better in nonsmokers than in smokers.

KEYWORDS

Introduction Various mediators contribute to the formation of
inflammation in asthma, including leukotrienes B4,
C4, D4, and E4, which play an important role owing
to their potent biological effects (8,9). Among leukot-

Asthma is a heterogeneous disorder encompassing
different phenotypes and endotypes, with the unifying

characteris'fics of airway .inﬂamme'ltion and a variable rienes, the synthesis of eicosanoids depends on the
degree of airway obstruction (1). Since smoking makes metabolic action of the 5-lipoxygenase enzyme. This
it difficult to differentiate between asthma and chronic group includes LTC4 and its metabolites, LTD4 and
obstructive pulmonary disease (COPD), patients with  [1g4 which are collectively referred to as the “cys-
asthma who smoke are frequently excluded from stud-  teiny] Jeukotrienes” (10,11). The most well-understood
ies. Nonetheless, in asthmatic patients, smoking is not  action of cysteinyl leukotrienes is the contraction of
at a level where it may be disregarded, because its  smooth muscles within the airways. In addition, their
frequency approaches 25% (2,3). Smoking is known  effects include producing hypersensitivity of the air-
to have negative effects on the severity of disease,  yays, increasing microvascular permeability, and pro-
disease control, treatment response, increased loss of moting mucous hypersecretion (11). The key biological

respiratory function, and worsened emergency admis- role of LTB4 is the chemotactic attraction of leuko-
sion, number of flare-ups, hospitalization, symptoms,  cytes, including neutrophils. It has been demonstrated
and quality of life in patients with asthma (4-7). that LTB4 stimulates IL-5 synthesis, which plays a
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role in eosinophilia. Furthermore, it potentiates the
effect of IL-4, by which B lymphocytes are able to
synthesize IgE (12).

Interleukin 6 (IL-6) is a pro-inflammatory cytokine
secreted by epithelial cells and macrophages and is a
key member of the IL-6 cytokine family consisting of
several different cytokines (13,14). This family of cyto-
kines has been implicated in the etiopathogenesis of
many diseases involving the hematological, rheumato-
logical, neurological, and gastrointestinal systems, par-
ticularly in the control of the autoimmune response.
Some studies also indicate elevated IL-6 levels in patients
with asthma (13,15). We believe that as smoking induces
IL-6 by neutrophilic inflammation, the results of asthma
patients who smoke or do not smoke will provide some
clues to the differences in asthma phenotypes.

The 8-isoprostane is a prostaglandin-F,a isomer
formed by the peroxidation of arachidonic acid. It is
a noninvasive marker of oxidative stress and has been
shown to be elevated in adult respiratory distress syn-
drome, smokers, idiopathic pulmonary fibrosis, cystic
fibrosis, and COPD (16-18). It is preferable to other
isoprostanes as a marker because it reflects oxidative
stress levels much better under in vivo conditions
than the other isoprostanes. It is considered an
important marker of oxidative damage in asthma
(19,20), and it is generally accepted that inflammatory
markers are especially important for monitoring the
response to ICS treatment.

A number of noninvasive methods are used to
indicate inflammation in the airways in asthma, such
as sputum samples and various markers in exhaled
breath samples (10,21,22). Exhaled breath condensate
(EBC) is one of these methods (10,19-22).

Smoking is known to have a negative effect on
asthma in multiple ways (4-7). However, in this par-
ticular group of patients, the differences in inflamma-
tory response underlying the less favorable response to
treatment and asthma control compared to nonsmok-
ers, and how these differences result in the need for
higher doses of inhaled corticosteroids, are currently
largely unknown and remain open to investigation (4).

In this study, specimens of EBC and blood from
patients who had been newly diagnosed with asthma
were used to quantify inflammation. These measure-
ments were repeated after 3 months of treatment with
ICS or ICS+LABA.

Methods

This study was planned as a prospective cross-sectional
study. The ethics committee approval for the study

was obtained from the faculty’s ethics committee
(approval reference number:11112012-35438).

Study population

All patients who attended a polyclinic within a
six-month period were evaluated. These patients had
not previously been diagnosed with asthma. They had
a history compatible with asthma and were shown to
have reversible obstruction on pulmonary function
testing or had normal pulmonary function but a pos-
itive response to the bronchial provocation test. All
patients were diagnosed with asthma (1). Besides the
fact that the patients had newly received a diagnosis
of asthma, the following inclusion and exclusion cri-
teria were used:

Inclusion criteria

The inclusion criteria were as follows: no previous
treatment with any agent, for any reason whatsoever,
that may interfere with the treatment of asthma,
namely systemic steroids, ICS, ICS plus LABA, ICS,
and long-acting muscarinic antagonist (LAMA); no
other disease; either being a nonsmoker or, in the
smoker group, having smoked every day for at least
one year; and agreement and consent to participate
in the study.

Exclusion criteria

The exclusion criteria were as follows: previous treat-
ment with any agent, for any reason that may interfere
with the treatment of asthma, namely systemic ste-
roids, ICS, ICS plus LABA, ICS, and long-acting anti-
cholinergics; being in a flare-up at the time of
diagnosis; presence of another disease or pathological
results on testing apart from those involved in spi-
rometry and allergy testing; exposure to passive smok-
ing in the immediate environment; being an ex-smoker;
and not agreeing to participate in the study.

Patient history and physical examination results
were documented on the asthma polyclinic record
cards, and routine examinations (spirometry, chest
radiography, full blood count, and allergic skin prick
tests) were performed. EBC and blood samples were
taken from each patient twice, before and three
months after the initiation of treatment, and IL-6,
LTB4, LTD4, and 8-isoprostane levels were obtained
for each sample. Treatment was initiated in newly
diagnosed asthma patients either with a low dose of
ICS used alone or in combination with an LABA, in
accordance with the treatment guidelines (1). After



three months, the checkups were performed in accor-
dance with the Asthma Control Test (ACT) and by
undertaking measurements of the study parameters.
The groups were compared statistically in terms of
intergroup differences in these parameters and in the
values obtained before and after treatment.

Respiratory function tests

Spirometry tests were performed using a spirometry
device (ZAN 100 Flow Handy II, Germany). The tests
were performed in accordance with the European
Respiratory Society and American Respiratory Society
joint criteria (23). Forced vital capacity (FVC), FVC
percentage (FVC%), forced expiratory volume in one
second (FEV,), FEV, percentage (FEV,%), forced
mid-expiratory flow (MEF,. ..), and FEV,/EVC values
were recorded.

Evaluation of asthma control ACT

This study is based on the asthma control ACT. The
ACT is a questionnaire consisting of five domains
enquiring about diurnal and nocturnal manifestations
of asthma, any use of rescue drugs, and any restric-
tion to daily living activities resulting from asthma.
A validated Turkish version was used in this study.
In interpreting ACT scores, a result between 20 and
25 was considered to indicate asthma was “con-
trolled” while a result below 20 indicated “uncon-
trolled” (1,24).

Collection and storage of EBC

Two samples of EBC were taken from newly diag-
nosed asthma patients, one prior to, and one fol-
lowing treatment. The samples were obtained
according to ATS/ERS criteria (10). To account for
the normal differences owing to circadian rhythms,
this procedure was performed on a previously agreed
day at a specific time (between 08:00 and 10:00 am).
Patients were instructed to arrive at the hospital after
overnight fasting. The procedure was performed
when the Turbo DECCS 09 device (Medivac, Italy)
reached a temperature of —5°C. The patient was
made to sit in an upright position and breathe using
their tidal volume and wearing a nose clip for
10min. Approximately 1-2ml of breath was collected
into a falcon tube, which was then spun for one min
in a centrifuge at 1000rpm. The obtained material
was transferred to an Eppendorf tube and stored
at —80°C.
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Blood collection and storage

Blood samples were obtained from the patients prior
to treatment and 3 months after treatment, once the
EBC had been obtained. The blood was centrifuged
for 5min at 3000rpm, and the serum obtained was
stored at —80°C until testing for IL-6, 8-isoprostane,
LTB4, and LTD4.

Processing of the EBC and serum samples

On the day of processing, the EBC and serum samples
were taken out of storage at —80°C. IL-6 levels were
determined using an enzyme-linked immunosorbent
assay (ELISA) kit produced by Diaclone, while LTB4,
LTD4, and 8-isoprostane levels were measured using
an ELISA kit produced by Bio-Medical Assay.

Statistical analysis

While evaluating the study data, in addition to
descriptive statistical methods (mean, standard devi-
ation, median, frequency, ratio, minimum, and max-
imum), the Mann-Whitney U test was used for the
comparison of those parameters that did not show
normal distribution in the comparison of quantitative
data. The Wilcoxon signed-rank test was used for
pre- and post-treatment comparisons of parameters
that did not show a normal distribution. Spearman’s
rank-order correlation coefficient was used to evaluate
the relationships between parameters. Significance was
tested at p values of <0.01 and <0.05. SPSS v0.21
(SPSS Inc., Chicago, IL, USA) was used for statistical
analyses.

Results

Fifty-eight patients who attended a chest disease poly-
clinic within a 6-month period were screened, and
23 patients were enrolled in the study. However, since
three patients failed to attend their second visit, the
number of individuals completing the study was 20
(Figure 1).

Demographic data and pulmonary function test
values of the patients are summarized in Table 1.

Seven (35%) of the 20 patients were on low-dose
ICS, while 13 (65%) were on low-dose ICS in com-
bination with LABA. In the smokers’ group, seven
patients (70%) were on low-dose ICS in combination
with LABA, and three patients (30%) were using
low-dose ICS as monotherapy. In the nonsmoker
group, six patients (60%) were on low-dose ICS in
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combination with LABA, while four patients (40%)
were using low-dose ICS only.

The SA and NSA groups were compared in terms
of blood levels of IL-6, LTB4, LTD4, 8-isoprostane,
and EBC levels of IL-6, LTB4, LTD4, and 8-isoprostane,
and no statistically significant difference was observed
in pretreatment. The blood results had p values of
0.414, 0.744, 0.935, and 0.121, respectively. For EBC,
the corresponding p values were 0.935, 0.935, 0.743,
and 0.220, respectively.

The smokers and nonsmokers groups were com-
pared in terms of alterations in pulmonary function
test parameters after treatment. The only parameter
that showed a change in statistical significance was
the FVC% (p=0.045) (Table 2).

Following treatment, all 10 nonsmokers (100%) had
asthma under control, while only five (50%) of thel0
smokers had asthma that was under control. This
difference between the two groups in terms of asthma
control was statistically significant (p=0.033) (Table 2).

Newly diagnosed
asthma patients (n=58)

The complete set of patients was also compared in
terms of pre-and post-treatment values. No statisti-
cally significant difference was observed in the blood
levels of IL-6, LTB4, LTD4, and 8-isoprostane
(p=0.601, p=0.573, p=0.528, and p=0.243, respec-
tively). In addition, no statistically significant differ-
ence was observed in the EBC levels of IL-6, LTB4,
LTD4, and 8-isoprostane compared in this way
(p=0.295, p=0.398, p=0.469, and p=0.131,
respectively).

No statistically significant differences were noted
in the blood levels of IL-6, LTB4, LTD4, or
8-isoprostane after treatment (p=0.369, p=0.142,
p=0.683, p=0.102, respectively). Additionally, for the
EBC values, no statistically significant differences were
noted at the alteration in IL-6, LTB4 or LTD4
(p=0.806, p=0.369, p=0.236, respectively). However,
there was a statistically significant decrease in the
EBC levels of 8-isoprostane when the SA and NSA
groups were compared (p=0.022) (Table 3).

Enrolled patients
(n=23)

ﬁixcluded (n=35)

10 individuals with co-morbidities

7 ex-smokers

6 patients who had exposure to passive smoking in the
immediate environment

4 patients using ICS for another indication

2 patients with a blood eosinophil level above 1000 mm
one individual who was currently within an asthma flare-up
5 patients who declined to participate in the study

~

/

[ Initial PFT, EBC and serum IL-6, LTB4, LTD4, 8-isoprostan levels (n: 23) J

3 months' treatment with ICS or ICS + LABA

Excluded (n=3)
e 3 patients failed to attend the second visit

\J

[ After treatment, PFT, ACT, EBC and serum levels of IL-6, LTB4, LTD4 and 8-isoprostane (n:20) J

Figure 1. Flow Chart. PFT: Pulmonary Function Test; ACT: Asthma Control Test: EBC: Exhaled Breath Condensate; IL: Interleukin;
LT: leukotriene, ICS: inhaled corticosteroid, LABA: long-acting beta agonist.



No significant association was found between blood
and EBC levels of 8-isoprostane and the ACT score
(p=0.337 and p=0.214, respectively).

Discussion
Our findings showed that asthma control was better

in nonsmokers than in smokers, that the levels of

Table 1. The demographic data and the pulmonary function
test values of the patients.

Parameter n %
Female 1 55
Male 9 45
Smokers with asthma 10 50
Nonsmokers with asthma 10 50
Minimum-
Maximum Mean SD
Age 20-70 35.55 13.54
Smoking history of 1-10 4.67 3.31
smokers with
asthma
(package-year)
FEV, (ml) 1480-4420 2776.31 983.30
FEV, % 53-103 80.42 14.60
FVC (ml) 2120-6180 4093.68 1275.89
FVC% 76-131 101.16 14.39
FEV, / FVC % 43-85 67.58 8.55
FEF,; 55 (ml) 630-4180 1865.26 1005.78
FEF,o % 15-84 43.42 17.49

Note. FEV,: forced expiratory volume in 1s, FVC: forced vital capacity, FEF:
forced expiratory flow, SD: standard deviation.
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IL-6, LCTB4, LCTD4 and 8-isoprostane were similar
in both groups, and that, following 3 months’ treat-
ment consisting of ICS alone or ICS in combination
with LABA, the nonsmokers had a greater decrease
in the level of 8-isoprostane in the EBC samples.
Furthermore, we found that no such decrease occurred
in smokers.

IL-6, a pro-inflammatory cytokine, may play a key
role in airway remodeling that occurs in asthma (13).
Yokoyama et al. established that the blood levels of
IL-6 were higher in asthmatic patients than in healthy
controls (15). Ghaffari et al. compared blood levels
in 21 cases of severe and 30 of mild asthma but found
no significant difference between the two groups (25).
Carpagnano et al. conducted a study with 28 patients
with persistent asthma, with a control group of 15
individuals. The levels of IL-6 in EBC samples were
higher in the asthmatic group. After 6 months of treat-
ment with ICS, there was no statistically significant
decrease in IL-6 levels (26). Similarly, to the
Carpagnano study, our study showed no statistically
significant difference in the IL-6 levels following 3
months’ treatment with ICS. Carpagnano et al. under-
took a study with 21 smokers and 14 nonsmoking,
healthy subjects, in which it was demonstrated that,
in the group of smokers, IL-6 levels in the EBC

Table 2. Changes in pulmonary function parameters and ACT after treatment in smokers and nonsmokers with asthma.

Smoker with asthma (SA)

(n=10) Nonsmoker with asthma (NSA) (n=10) p
AFEV; (ml) Min/Max (Median) Mean+SD —70/360 (60) 144.44+181.32 —280/2450 (585) 637.00+836.32 0.236
AFEV; (%) Min/Max (Median) Mean+SD -2/13 (2) 4.22+5.52 —8/62 (24) 21.60+23.58 0.153
AFVC (ml) Min/Max (Median) Mean +SD —80/240 (30) 44.44+110.13 —180/1330 (260) 398.00+527.46 0.141
AFVC (%) Min/Max (Median) Mean +SD —-2/8 (0.5) 1.11+£3.33 —3/44 (7.5) 12,50+ 14,86 0.045*
AFEV,/FVC (%) Min/Max (Median) Mean +SD —1/10 (2) 2.78+3.80 —11/30 (9,5) 9.30+12.25 0.130
AFEF_,5 (ml) Min/Max (Median) Mean +SD —100/960 (290) 350.00 +369.12 —590/2800 (870) 1055.00+ 1200.89 0.253
AFEF,,_,5 (%) Min/Max (Median) Mean+SD —3/18 (6) 7.56+7.70 —15/73 (25) 28.20+29.74 0.121
ACT > 20 n (%) 5 (50) 10 (100) 0.033*

Note. A: post treatment change; *: p <0.05.

ACT: Asthma Control Test, EBC: Exhaled Breath Condensate, FEV1: forced expiratory volume in 1s, FVC: forced vital capacity, FEF: forced expiratory flow,

Min: Minimum, Max: Maximum, SD: Standard deviation.

Table 3. Changes in IL-6, Leukotriene B4, Leukotriene D4 and 8-isoprostane levels in blood and EBC samples after treatment,

in smokers and nonsmokers with asthma.

Parameters (pg/ml) Smoker with asthma (SA) (n=10) Nonsmoker with asthma (NSA) (n=10) p

Blood AlL-6 Min/Max (Median) Mean +SD —2354.64/3981.71 (—39.68) —3994.94/2367.86 (—363.78) 0.369
343.58+1873.06 —727.09 +£2280.06

Blood ALTB, Min/Max (Median) Mean +SD —643.53/1570,52 (176.21) —559,26/1700,76 (—42,14) 52.69+610.23 0.142
277.50+£633.19

Blood ALTD, Min/Max (Median) Mean +SD —731.6/815.56 (9) 18.99+412.76 —200.89/506.9 (40,48) 67.18+212.4 0.683

Blood A8-isoprostan  Min/Max (Median) Mean +SD —1028.95/1714.91 (—192.24) —4782.1/5085.76 (—808.31) 0.102
125.01+£1013.66 —721.57 £2534.82

EBC AlL-6 Min/Max (Median) Mean +SD —4140,45/2566,29 (—754.02) —4987.06/5317.77 (—423.31) 0.806
—848.08+2169.34 —488,12+3163,91

EBC ALTB, Min/Max (Median) Mean+SD  —416.64/444.34 (38.31) 44.41+226.93 —865.71/130.24 (18.54) —118.84+£315.40 0.369

LTD, Min/Max (Median) Mean +SD
EBC A8-isoprostan Min/Max (Median) Mean +SD

-10,19/3,06 (—2.04) —2.83+4.93
—41.5/43.7 (-2.18) 2.91+23.22

—20.36/9.17 (1.53) —0.41+9.30 0.236
—104.86/15.29 (—14.2) —22.72+33.12 0.022*

Note. A: post treatment change; * p<0.05.
EBC: Exhaled breath condensate, LT: Leukotriene, pg: picogram.
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samples increased in proportion to the number of
cigarettes smoked daily (27). Wood et al. found a
positive correlation between smoking and blood IL-6
levels (28). In our study, in contrast with the studies
of Carpagnano and Wood, no statistically significant
difference was found between the levels of IL-6 in
blood and in the EBC samples in the smoker and
nonsmoker groups. This may be owing to the number
of cigarettes smoked by asthmatic patients in our
study was less compared to in Wood and
Carpagnano’s study.

There are different results from studies involving
blood levels of LTB4, LTC4, LTD4, and LTE4, which
are among the most studied molecules in the patho-
genesis of asthma, and cause smooth muscle contrac-
tion. While there was no significant difference in blood
LTB4 levels between the control group and patients
with asthma in a study undertaken by Seggev et al,
in a study conducted by Mansour et al., blood cyste-
inyl leukotriene and LTB4 levels were found to be
higher in asthmatic patients than in the control group
(29,30). Since there was no control group in our study,
this comparison was not possible. In studies investi-
gating leukotrienes in EBC samples, leukotriene levels
were found to be higher in asthmatic patients than in
the control group (11,31). In the studies undertaken
by Samitas et al., leukotriene levels were found to be
significantly higher in patients with moderate and
severe asthma than in patients with mild asthma or
in control groups (11). In our study, no statistically
significant decrease was found in the levels of LTB4
and LTC4 in blood or EBC samples before and after
treatment. The detection of high leukotrienes in mod-
erate and severe asthma in the Samitas study, despite
treatment with ICS, and the absence of a significant
decrease in leukotrienes following ICS treatment in
our study may be because steroid treatment failed to
change the levels of leukotrienes. From the literature,
it is clear that smoking causes neutrophilic inflamma-
tion. Neutrophils, however, do not synthesize cysteinyl
leukotrienes, the synthesis, which is increased via
unknown pathophysiological mechanisms (32). In a
study undertaken by Carpagnano et al., LTB4 levels
in EBC were found to be significantly higher in healthy
smokers than in nonsmokers (27); in a study by Celik
et al., EBC LTD4 levels were found to be higher in
asthmatic patients who smoked than in nonsmoking
patients (33). In our study, no statistically significant
difference was observed in blood or EBC levels of
LTB4 and LTD4 between smoking and nonsmoking
asthma patients. This may be owing to the low number
of cases and the fact that cigarette consumption was
not as high as it was in other studies.

8-isoprostane is considered an important marker
of oxidative damage in asthma (16). In a study con-
ducted by Wood et al., the plasma levels of
8-isoprostane were elevated in asthma (34). A study
undertaken by Mak et al. demonstrated that plasma
levels of 8-isoprostane increased during acute exac-
erbations and decreased during remission, although
the level remained higher in asthmatic patients than
in healthy controls, even during periods of remission
(35). In a study by Montuschi et al., compared with
levels in healthy controls, the 8-isoprostane level in
EBC samples was twice higher in mild-moderate
asthma and three times higher in severe asthma (31).
In a study by Samitas et al., a 3-fold increase in
mild-to-moderate asthma and a 4-fold increase in
severe asthma was demonstrated (11). The high level
of 8-isoprostane despite oral steroid and/or ICS treat-
ment can be explained by the non-responsiveness of
8-isoprostane to steroids. In a study by Piotrowski
et al., 8-isoprostane levels were compared in EBC
samples obtained from 25 nonsmokers with severe
asthma, 11 nonsmokers, healthy controls, and 16
newly diagnosed mild asthma patients. No statistically
significant differences were found between the groups
in 8-isoprostane levels. There was no significant cor-
relation between 8-isoprostane levels and ACT scores
(36). In our study, in contrast to the results obtained
by Piotrowski et al., a statistically significant decrease
in 8-isoprostane levels in EBC samples was noted in
smokers compared to nonsmokers following treatment
with ICS. This situation may indicate that the burden
of oxidative stress in the airways of nonsmoking
patients with asthma decreases rapidly and effectively
following ICS treatment, unlike in smokers. This
result may also allow us to predict that smokers with
asthma will not respond well to ICS treatment.

Considering that 8-isoprostane is a noninvasive
indicator of oxidative stress that plays an important
role in asthma, the use of antioxidants derived from
food and medicinal plants for patients with asthma
is a good hypothesis, but this issue is a complete
mystery, new studies are needed to clarify this (37).
Another mystery point is antioxidative genes, genetic
variants of antioxidative genes, especially variants of
glutathione S-transferases (GSTT1 and GSSM1), which
play a significant role in detoxification processes in
asthma (38). We believe that in the future, antioxidant
foods and antioxidative genes will be more involved
in asthma treatment.

In our study, we studied IL-6, LTB4, LTD4, and
8-isoprostane levels in blood and EBC samples and
found that many biomarkers and metabolomics can
be studied in blood and EBC samples to identify



metabolic signatures specific to asthma and sub-types
(39). Metabolomics, the study of low-molecular-weight
metabolites, is a rising star for future asthma studies,
especially to clarify potential pathogenic mechanisms.
In addition to blood and EBC samples, nasal samples
are also a guide in asthma studies and provide import-
ant clues for the pathogenesis of asthma (40).

In our study, a higher rate of asthma control was
achieved in nonsmokers with asthma, and this result
was statistically significant. However, no relationship
was established between the degree of asthma control
and IL-6, LTB4, LTD4, or 8-isoprostane levels in
blood or in EBC samples.

The limitations of our study stem from the small
number of cases, the fact that only a single center
was involved, and that ICS treatment was only of a
brief duration. Measuring the level of multiple mark-
ers and the cost of reagents to the study budget were
limited to the number of cases. Its strengths are that
it included both smokers and nonsmokers in a group
of newly diagnosed asthma patients and simultane-
ously investigated IL-6, LTB4, LTD4, and 8-isoprostane
levels in blood and EBC samples.

Conclusion

In conclusion, the similarity of IL-6, LTB4, LTD4, and
8-isoprostane levels in blood and EBC samples at the
time of asthma diagnosis in both smokers and non-
smokers suggests that the inflammatory pathways are
similar in both groups. The significantly greater
decrease in 8-isoprostane levels in EBC samples fol-
lowing 3 months of ICS treatment in the nonsmoker
group indicates the existence of phenotypic differ-
ences. Monitoring changes in 8-isoprostane levels in
SA may help to guide the development of new treat-
ments by informing them about treatment manage-
ment and asthma suppression.
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