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Abstract

Background. Chronic obstructive pulmonary disease and bronchial asthma, when combined in one patient, are
characterized by a low level of control. Excess weight aggravates the course of obstructive diseases. The study of
the features of this syntropy will improve the effectiveness of therapeutic measures.

Aim. The study of the level of cytokines and carbonylated proteins in patients with a combination of bronchial
asthma and chronic obstructive pulmonary disease with overweight and normal weight during an exacerbation.
Material and methods. The study included 136 people: the first group — a combination of bronchial asthma
and chronic obstructive pulmonary disease (n=30), the second — bronchial asthma (n=36), the third — chronic
obstructive pulmonary disease (n=29), the fourth — volunteers without respiratory diseases (n=41). Each group
was divided into two subgroups depending on the body mass index (less than 25 kg/m? or 25 kg/m? and more).
The concentrations of interleukins-6 and -8, tumor necrosis factor a in blood plasma were determined by enzyme
immunoassay. The level of carbonylated plasma proteins was assessed spectrophotometrically. Statistical processing
was performed in the Statistica 10.0 program using nonparametric criteria. The correlation of the studied parameters
was assessed using the Spearman coefficient.

Results. In patients with a combination of bronchial asthma and chronic obstructive pulmonary disease, statistically
significant positive correlations between the levels of interleukins-6 and -8, tumor necrosis factor o and carbonylated
proteins were found — 0.51, 0.59 and 0.55, respectively (p <0.05). Patients of the first group with overweight differed
by 37.5% in higher levels of interleukin-6 compared with patients with body mass index <25 kg/m?.

Conclusion. The intensity of systemic inflammation in patients with a combination of bronchial asthma and chronic
obstructive pulmonary disease during exacerbation correlates with the intensity of oxidative damage.
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Background
The term “asthma—COPD overlap” (ACO) refers
to the coexistence of bronchial asthma (BA) and
chronic obstructive pulmonary disease (COPD) in
the same patient. The pathophysiological mecha-
nisms of ACO are not yet fully understood, and
its early detection in patients has not yet been
achieved, leaving them without appropriate thera-
py for an extended period [1].

The estimation of ACO prevalence varies de-
pending on the criteria used. However, cohort stu-

dies indicate that the combination of BA and COPD
in a patient occurs in 20% to 30% of all patients
with chronic respiratory diseases accompanied by
obstructive syndrome [1, 2].

In recent years, studies have reported the modi-
fying effect of excess adipose tissue on the inten-
sity of generalized inflammation in COPD and BA
[3-5]. Obesity significantly affects the pathogene-
sis of BA, changing the type of inflammation from
Th2 to Thl and Th17, which leads to the low effica-
cy of inhaled glucocorticoids and an uncontrolled
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course of the disease [6]. Excess adipose tissue can
impair external respiratory function and decrease
lung diffusion capacity [5]. However, the paradox
of obesity in COPD patients is well known. Peltola
et al. reported that the survival rate of overweight
patients with ACO is comparable to that of over-
weight patients with COPD [7].

Currently, the most widely available biomarkers
of the inflammatory response include routine re-
search methods, such as determining the levels of
C-reactive protein, fibrinogen, and blood eosino-
phils or the ratio of cellular elements in the general
blood count. Moreover, specific indicators reflec-
ting the Th2-type immune response, such as the
content of NO(II) in exhaled air and the level of
immunoglobulin E in the blood, are considered [8].
Other potential biomarkers evaluated frequently in-
clude cytokines that specifically mediate the type
of immune response and the participation of diffe-
rent cell types in the inflammatory response, such
as interleukins (i.e., IL-6 and IL-8) and tumor ne-
crosis factor o (TNFa) [9].

Tobacco-smoke-induced oxidative stress (OS)
hinders inhaled glucocorticoid therapy [10]. Im-
paired redox regulation in immune system cells
contributes to the persistence of chronic inflam-
mation associated with OS [11]. Several studies
have shown a correlation between the intensity of
local and systemic inflammation in BA and COPD
and the level of OS markers in cells and blood
plasma [12, 13]. Currently, studies of the changes
in the level of OS markers in patients with ACO
are lacking.

Among the possible biomarkers of OS, the
most promising are carbonylated proteins found in
blood plasma. These proteins are readily available
for study in routine practice [13, 14]. Carbonylated
proteins are formed as a result of oxidative modifi-
cation and are characterized by greater stability in
biological media than lipid peroxidation products.
These proteins are direct markers of damage and
can reflect the intensity of OS associated with in-
flammation and hypoxia [14].

Thus, the widespread phenomenon of ACO, the
need to search for new biomarkers, and the lack of
data on the severity of OS in patients with ACO
indicate the expediency of investigating the rela-
tionship between OS and systemic inflammation in
this category of patients. The different nature of the
modifying effect of excess body weight on inflam-
mation in COPD and BA makes it interesting to
evaluate the effect of excess body weight on both
systemic inflammation parameters and OS mark-
ers in patients with ACO.

This study aimed to investigate the levels of
cytokines and carbonylated proteins in overweight
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and normal-weight patients with combined BA and
COPD during exacerbation.

Materials and methods

This study was approved by the local ethical com-
mittee of Pavlov Ryazan State Medical University
(Protocol No. 12, dated May 25, 2021).

This study recruited 136 participants, including
healthy volunteers and patients receiving treatment
at the Regional Clinical Hospital and City Clini-
cal Polyclinic No. 6 in Ryazan, from May 28, 2021
to August 6, 2021. This study was a pilot study.
The minimum sample size (» = 28) was calculat-
ed based on a statistical power of 80% and a signif-
icance level of 0.05, which were determined based
on the minimum clinical significance of the change
in the level of oxidatively modified proteins (OMP)
in the cell suspension of mononuclear leukocytes
in patients with COPD. This significance was es-
tablished based on the results of a previous study
[13-15].

Four groups were formed for the study: Group 1
consisted of patients with a combination of BA and
COPD (ACO; n = 30); Group 2 consisted of pa-
tients with BA (n = 36); Group 3 consisted of pa-
tients with COPD (n = 29); and Group 4 consisted
of volunteers without respiratory diseases (n=41),
serving as the control group. Each group was fur-
ther divided into subgroups based on their body
mass index (BMI), with subgroups having a BMI <
25 kg/m? and BMI > 25 kg/m?.

This study included participants who provided
signed informed consent and met specific inclusion
criteria. For COPD patients, these criteria includ-
ed being between the ages of 40 and 70 years, hav-
ing a baseline post-bronchodilation modified Tiffno
index of 0.7 or less, and experiencing an exacer-
bation period. For patients with BA and ACO, the
inclusion criteria were being between the ages of
40 and 70 years, having a confirmed diagnosis of
BA or ACO according to the Global Strategy for
the Treatment and Prevention of BA (2021), and ex-
periencing an exacerbation period. The inclusion
criteria for the group of volunteers without respira-
tory diseases were individuals between the ages of
40 and 70 years and the absence of any document-
ed chronic lung disease in their medical history.

The exclusion criteria for all groups included
age below 40 years or above 70 years, <I8 kg/m?,
BMI > 40 kg/m?, pharmacotherapy with systemic
glucocorticoids before the study, secondary obe-
sity, respiratory pathology other than COPD, BA,
and ACO, cardiovascular pathology with chronic
heart failure stage IIA or higher, diabetes mellitus,
other concomitant chronic diseases and their com-
plications, alcoholism, and drug addiction.
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Table 1. Clinical characteristics of the study groups

Index ACO, BA, COPD, Healthy volunteers,
n =30 (Group 1) n =36 (Group 2) n =29 (Group 3) n =41 (Group 4)
6‘1‘)’5 [:50732458;7645] o8 [49; 63,25] 65 [63; 65]
Age, years 1-2 ’=1 p, ;=0,13999 =’1 59 [57; 65]
g' ) p, =0,34874 Py
14
BMI <25 kg/m? 13 12 19 T
BMI >25 ke/m? 17 24 10 30
ﬁzgse Ey/r'i]zv“’ years: 59 [57; 60] 55 [44,25; 62,25] 65 [62; 65] 58 [56; 64]
e 60 [58; 65,25] 60,5 [49,0; 64,0] 65 [63,5; 65] 60,5 [59,0; 65,75]
=25 ke p=0.3025 p=0.4079 p=0,5122 p=0.2828
Obesity [ 6 3 2 11
Obesity 11 2 8 2 3
Obesity IIT 0 0 0 0
Gender:
Male 26 8 29 9
Female 4 28 0 32
Smoking:
Smokers 16 3 22 2
Ex-smokers 14 0 7 0
Nonsmokers 0 33 0 39
43 [36; 57]
; 83,5 [68: 90,5]
, p. . <0,0001 > 168; 90, 39 [32:47] ,
FEV,, % p, =02678 P23 <00;)0004061 p, , <0,0001 92 [89:96]
p, , <0,0001 Prit
0/ .
Egg’ﬁ b/fn?ML % 43 [34: 59,5] 85 [52,75: 91,25] 37 [32; 4] 95 [89; 98]
e 48 [37; 61] 82 [66; 92,25] 39,5 [36: 64,5] 92 [88; 94,25]
225 ke p=0,4253 p=0.9538 =0,2407 p=0.1242
93 [89; 94]
; 97 [97; 98]
. P <0,0001 ; 91 [84; 93] ,
SpO,. % P 7615 p, , <0,0001 o 000! 98 [97; 98]
P, >0.9999 4
P, <0,0001 24
0/
ig?ibym]fm’ % 92 [89; 94] 98 [97; 98] 91 [86; 94] 98 [97; 9]
g/m’ 93 [91; 96] 97 [97: 98] 87 [83,75; 91,5] 98 [97: 98]
>25 kg/m
z p=0,3185 p=0,1147 p=0,1444 p=0,2461

Note: ACO, asthma—COPD overlap; BA, bronchial asthma; COPD, chronic obstructive pulmonary disease; BMI, body mass
index; FEV,, forced expiratory volume in the first second; SpO,, blood oxygen saturation.

The criteria used to exclude the infectious na-
ture of exacerbation in the COPD, BA, and ACO
groups were as follows:

1. Body temperature elevation above 37°C
during the month preceding the study;

2. Presence of green or yellow-green sputum (if
applicable);

3. History of the disease (provoking factors,
such as hypothermia, stress, and contact with
people who have symptoms of acute respiratory vi-
ral infection);

4. Level of high-sensitivity C-reactive protein
(>5 mg/L);

5. Antibiotic therapy during the month prece-
ding the study.

The clinical characteristics of the patients are
listed in Table 1.

The groups under study were comparable in
terms of age, as shown in Table 1.

Males were predominant in the ACO and COPD
groups, whereas females were predominant among
the healthy respondents and in the BA group. Pa-
tients with COPD and ACO showed statistical-
ly significant differences from the control and BA
groups in forced expiratory volume in the first se-
cond and blood oxygen saturation, as indicated in
Table 1. The study subgroups, categorized by BMI,
were statistically similar in terms of age, external
respiratory function, and blood oxygen saturation
(Table 1).
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Table 2. Correlations between the concentrations of IL-6, IL-8, and TNFa and the levels of carbonylated proteins in blood

plasma in the study groups

) IL-6 and SPOM IL-8 and SPOM TNFa and SPOM
Patient groups n
rs p rs p IS p
ACO 30 0,51 0,0038 0,59 0,00061 0,55 0,002
BA 36 0,53 0,000818 0,43 0,0091 0,68 <0,001
COPD 29 0,76 0,000002 0,67 0,000071 0,30 0,108
Controls 41 0,04 0,805 —-0,02 0,909 0,13 0,435

Note: IL, interleukin; TNFa, tumor necrosis factor a; SPOM, spontaneous protein oxidative modification; ACO, asthma—
COPD overlap; BA, bronchial asthma; COPD, chronic obstructive pulmonary disease.
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Fig. 1. Indicators of systemic inflammation and oxidative stress (OS) in the study groups. The p values are given above the
figures. IL, interleukin; TNFa, tumor necrosis factor a; SPOM, spontaneous protein oxidative modification; ACO, asthma—
COPD overlap (Group 1, n = 30); COPD, chronic obstructive pulmonary disease (Group 3, n = 29); BA, bronchial asthma
(Group 2, n = 36); Group 4 (n = 41), volunteers without respiratory diseases.

At the time of inclusion in the study, the patients
received the following therapy:

1. COPD (n = 29): two doses of metered aerosol
inhaler with fenoterol + ipratropium bromide 20/50
mcg three times a day.

2. BA (n = 36): 32 patients received beclometa-
sone 250 mcg twice daily and ipratropium bro-
mide + fenoterol (Berodual H) two doses three
times daily and 4 patients received budesonide +
formoterol (Foradil Combi) 12/400 mcg twice daily.

3. ACO (n = 30): beclometasone 250 mcg twice
daily and bromide + fenoterol (Berodual H) two
doses three times daily.

All study participants underwent a general cli-
nical examination, which included history taking,
examination, and evaluation of external respirato-
ry function using a MicroLab spirometer and pulse
oximetry.

BMI was calculated using the following formula:

BMI = body weight/height? (kg/m?).

Blood samples were taken before treatment,
and the concentrations of IL-6, IL-8, and TNFa in
blood plasma were determined using the HUMAN
IL-8/NAP-1, HUMAN IL-6, HUMAN TNF alpha,
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and hsCRP Platinum ELISA kits (Affymetrix eBio-
science Inc., Vienna, Austria) and analyzed using
the Immunoenzyme Tablet Analyzer STAT FAX
2100 (Awareness Technology, Palm City, FL, USA)
at the Central Research Laboratory of the Pavlov
Ryazan State Medical University.

The level of OS was determined by measuring
the amount of carbonylated proteins in blood plas-
ma using the Levine method, which involved the
interaction of OMP with 2,4-dinitrophenylhydra-
zine. The resulting adducts were measured using
a spectrophotometer (SF-2000; OKB Spectr, St. Pe-
tersburg, Russia). Then, the area under the curve of
the absorption spectrum of spontaneous OMP was
determined [15].

Statistical processing and graphing were per-
formed using the Statistica 10 (StatSoft, Tulsa, OK,
USA) and GraphPad Prism 9.0 (GraphPad Soft-
ware, Boston, MA, USA) software. The conformity
of the samples to normal distribution was checked
using the Shapiro—Wilk criterion. Because the dis-
tribution did not meet normality assumptions, the
Kruskal-Wallis and Mann—Whitney tests with
Benjamini—Krieger—Yekutieli correction for mul-
tiple comparisons were used to identify differences
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between independent groups. The Spearman rank
correlation coefficient (rs) was used to analyze the
relationships between the indicators. Statistical
significance was determined at a probability of the
null hypothesis of no differences p < 0.05.

Results

No statistically significant correlations between
the level of markers of systemic inflammation and
OS in blood plasma (p > 0.05) were detected in the
group of volunteers without respiratory diseases.

However, in the groups of patients with BA,
COPD, and ACO, a statistically significant increase
in the level of markers of systemic inflammation
and OS in blood plasma was observed compared
with the control group. Patients with COPD and
ACO had the highest levels of proinflammatory
cytokines. Furthermore, a higher level of protein
carbonylation was detected in patients with COPD
(Fig. 1).

The results of the correlation analysis of sys-
temic inflammation and OS indices are shown in
Table 2.

This study detected statistically significant cor-
relations between the level of markers of systemic
inflammation and the level of spontaneous protein
oxidative modification (SPOM) in the ACO, BA, and
COPD groups. Direct medium-strength correlations
between IL-6 concentration and SPOM were de-
tected in the ACO and BA groups, whereas a strong
correlation was observed in the COPD group.

Direct medium-strength correlations between
IL-8 concentration and SPOM were detected in the
ACO and COPD groups, whereas a weak correla-
tion was observed in the BA group.

Moreover, direct medium-strength correlations
between TNFa concentrations and SPOM were de-
tected in the ACO and BA groups.

To evaluate the impact of adipose tissue on sys-
temic inflammation and protein oxidative damage,
we investigated these parameters in subgroups ca-
tegorized by BMI. Our findings indicate that exces-
sive body weight in healthy volunteers is associated
with increased levels of IL-6 (Table 3). The remai-
ning parameters were similar across all subgroups.
In patients with BA, a statistically significant as-
sociation between excessive body weight and
increased concentration of proinflammatory cyto-
kines and level of SPOM in plasma was observed
(refer to Table 3).

When comparing indicators in subgroups of
COPD patients, patients with excessive body
weight had statistically significant differences in
the levels of IL-6, IL-8, and SPOM. However, the
TNFa content was comparable in the study sub-
groups (Table 3).

The subgroups of patients with ACO, catego-
rized by BMI, showed a statistically significant
increase in the levels of IL-6 and TNFa (refer to
Table 3).

When comparing the contribution of differences
between the investigated parameters in ACO sub-
groups depending on smoking and excessive body
weight, smoking was associated with a higher level
of carbonylated proteins, whereas excessive body
weight was associated with a 1.33-fold higher IL-6
index (Fig. 2).

Discussion

During the exacerbation period, patients with
BA, COPD, and ACO had significantly higher le-
vels of proinflammatory cytokines in their plasma
than those in Group 4 (refer to Fig. 1). The levels of
IL-6 in the blood plasma of the group of volunteers
without respiratory diseases were 7.1-fold lower
than those of the BA group, 9-fold lower than those
of the COPD group, and 9.1-fold lower than those
of the ACO group. Meanwhile, the levels of IL-8 in
the blood plasma of the group of volunteers with-
out respiratory diseases were 3.2-fold lower than
those of the BA group, 3.3-fold lower than those of
the COPD group, and 3.21-fold lower than those of
the ACO group.

The levels of TNFa in the blood plasma of the
group of volunteers without respiratory diseases
were significantly lower than those of the BA group
(1.8-fold), COPD group (2.54-fold), and ACO group
(1.9-fold).

The evaluation of carbonylated proteins in
blood plasma showed a significant increase in pa-
tients with BA (2.9-fold), COPD (5-fold), and ACO
(2.72-fold) compared with the group of volunteers
without respiratory diseases.

The results obtained do not contradict the data
in similar studies [9, 16].

The level of carbonylated proteins increased, re-
flecting the intensity of oxidative damage to tissue
proteins during disease exacerbation [11, 15]. Pa-
tients with COPD had the highest level of carbo-
nylated proteins in blood plasma compared with
the other groups (1.72-fold more than the BA group
and 1.83-fold more than the ACO group), which can
be attributed to several factors. Smoking is one of
the most likely causes, as it can lead to local and
systemic effects associated with inflammatory re-
sponse and oxidative damage [17]. Furthermore,
respiratory insufficiency, which causes hypoxemia
and tissue hypoxia, is a significant factor that ag-
gravates systemic OS [11].

In this study, the ACO and COPD groups were
observed to have similar levels of systemic inflam-
matory response, as determined by the concentra-
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Table 3. Levels of systemic inflammation and oxidative stress in subgroups categorized by body mass index (BMI)

Group Index BMI n Median 0, 0, p
IL-6, pg/mL <25 11 0,51 0,36 0,88 0.038
IL-6, pg/mL >25 30 0,80 0,61 1,43 ’
IL-8, pg/mL <25 1 21,10 8,32 30,18 0,503
Volunteers without | 1L-8, pg/mL >25 30 18,9 12,60 34,79 '
respiratory diseases | TNFo, pg/mL <25 11 5,20 3,40 6,00 0791
TNFa, pg/mL >25 30 4,60 3,65 5,55 ’
SPOM, OD/mL <25 11 77,94 56,77 145,29 0.918
SPOM, OD/mL >25 30 79,37 53,38 125,41 ’
IL-6, pg/mL <25 12 1,4 1,08 1,69
<0,001
IL-6, pg/mL >25 24 5,84 5,32 8,11
IL-8, pg/mL <25 12 32,77 8,44 35,16
<0,001
IL-8, pg/mL >25 24 65,82 62,78 72,12
Bronchial asthma
TNFa, pg/mL <25 12 425 2,80 6,45
<0,001
TNFa, pg/mL >25 24 8,90 8,58 9,43
SPOM, OD/mL <25 12 217,44 131,81 253,37 e
SPOM, OD/mL >25 24 236,78 217,41 287,96 ’
IL-6, pg/mL <25 19 6,35 5,78 6,65
<0,001
IL-6, pg/mL >25 10 16,15 14,40 16,96
IL-8, pg/mL <25 19 64,10 63,39 64,80 0.001
IL-8, pg/mL >25 10 82,03 72,45 85,81 ’
COPD
TNFa, pg/mL <25 19 12,20 9,40 13,00 0.0
TNFa, pg/mL >25 10 12,25 9,25 13,15 ’
SPOM, OD/mL <25 19 325,20 267,20 395,59 0.00
,005
SPOM, OD/mL >25 10 548,42 439,10 602,48
IL-6, pg/mL <25 13 5,96 5,93 6,40
<0,001
IL-6, pg/mL >25 17 8,20 6,90 8,60
IL-8, pg/mL <25 13 62,6 62,20 63,40 0.051
IL-8, pg/mL >25 17 63,5 63,08 64,04 ’
ACO
TNFa, pg/mL <25 13 8,40 8,20 8,60 0.002
TNFo, pg/mL >25 17 9,60 9,10 10,40 ’
SPOM, OD/mL <25 13 210,03 161,50 287,94 0.60
SPOM, OD/mL >25 17 229,37 188,38 250,61 ’

Note: The p value reflects the level of statistical significance of the differences in subgroups categorized by BMI. IL, interleu-
kin; TNFa, tumor necrosis factor o; SPOM, spontaneous protein oxidative modification; OD, optical density; COPD, chronic
obstructive pulmonary disease; ACO, asthma—COPD overlap.

tion of IL-6 in blood plasma. However, the ACO
group exhibited a lower level of SPOM (1.83-fold
compared with that of the BA group) and a weak-
er correlation between the intensity of systemic in-
flammation and the severity of oxidative tissue
damage compared with the COPD group (Fig. 1 and
Table 2).

6 0of 9

The level of IL-8 in the ACO group was simi-
lar to that in the BA group and lower than that in
the COPD group (by 2.7%). Therefore, patients with
ACO, unlike those with COPD, exhibited a lower in-
tensity of OS, which is consistent with those repor-
ted in the literature [1]. Perhaps, this phenomenon is
associated with the regular use of inhaled glucocorti-
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Fig. 2. Assessment of systemic inflammation and OS markers in the study subgroups of patients with combined BA and COPD
based on the factors “smoking” and “excessive body weight.” The p values are presented as Me [Q; O,]. SPOM, spontaneous
protein oxidative modification; IL, interleukin; TNFa, tumor necrosis factor . Smokers (n = 16), a subgroup who were active
smokers at the time of enrollment, of whom 8 had a BMI > 25 kg/m? and 8 had a BMI < 25 kg/m?. Ex-smokers (n = 14), a sub-
group who quit smoking 5 years ago, with 9 having a BMI > 25 kg/m? and 5 having a BMI < 25 kg/m>.

coids at medium and high doses, which leads to a de-
crease in the level of proinflammatory cytokines and
the expression of cell adhesion molecules that im-
pede the migration of inflammatory cells into tissues.

Excessive body weight is currently receiving
considerable attention as a factor that can modi-
fy the inflammatory response [18]. Therefore, we
evaluated the indicators of systemic inflammation
based on BMI.

Volunteers without respiratory diseases and with
a BMI > 25 kg/m? had 1.57-fold higher levels of IL-6
in blood plasma than those with a BMI < 25 kg/m?.
This difference could reflect the adaptive processes
related to metabolism and the contribution of excess
body weight to the development of low-intensity sys-
temic inflammation [19].

Notably, in patients with BA and BMI >
25 kg/m?, the higher levels of IL-8 (twofold) and
TNFa (twofold) likely reflect the neutrophilic in-
flammation characteristic of the obese BA pheno-
type [20].

Similarly, excessive body weight in patients
with COPD was associated with higher levels of
IL-8 (1.3-fold) and carbonylated proteins (1.7-fold),
possibly indicating an increased neutrophilic in-
flammatory process [21, 22].

When cytokine concentrations were assessed in
patients with BMI < 25 kg/m? and BMI > 25 kg/m?,
the levels of IL-6 in blood plasma were determined
to be higher in the ACO (1.38-fold), BA (4.17-fold),
and COPD (2.54-fold) groups (refer to Table 3). The
TNFa content was higher in patients with ACO
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(1.14-fold) and BA (2.09-fold) with BMI > 25 kg/m?
(refer to Table 3). These results support the idea
that excessive body weight influences systemic in-
flammation parameters in patients with ACO [9].

Smoking is a well-investigated factor that can
induce OS and subsequent inflammation [10, 13].
Therefore, the higher level of carbonylated pro-
teins in blood plasma in the subgroup of smokers
with ACO, as determined in this study, is consis-
tent with those reported in the literature [10, 11, 13].
The similarity in the content of proinflammatory
cytokines between the subgroups of smokers and
ex-smokers indicates that smoking cessation alone
may not be sufficient to reduce the inflammatory
process. This finding requires further confirmation.

The 1.33-fold higher level of IL-6 in the sub-
group of smokers with BMI > 25 kg/m? (8.5 [7.98;
8.75] pg/mL) than that in the subgroup of smokers
with BMI < 25 kg/m? (6.38 [5.96; 6.80] pg/mL) in-
dicates that excess adipose tissue may contribute
to the modification of the pattern of inflammation.
This finding is consistent with those reported in the
literature [21, 22].

The limitations of this study should be acknow-
ledged, particularly the small sample size because
of its pilot nature. This limitation complicates the
detailed assessment of the relationship between ex-
cess body weight and its contribution to the po-
tentiation of systemic inflammation. However, the
data obtained in this study complement previously
identified patterns and highlight the importance of
further research into the influence of adipose tis-
sue on the course of chronic inflammatory respira-
tory diseases.

Conclusions

1. The correlation between the intensity of
systemic inflammation during an exacerbation
in patients with ACO and the intensity of oxi-
dative damage was confirmed by a direct me-
dium-strength correlation strength between the
concentration of proinflammatory cytokines and
the level of carbonylated proteins in blood plasma.
The most pronounced correlation was observed be-
tween the concentration of IL-6 and the level of
SPOM.

2. Excess body weight in patients with ACO,
BA, and COPD is associated with enhanced in-
flammatory response and OS, as manifested by
increased concentrations of proinflammatory cyto-
kines and levels of carbonylated proteins in blood
plasma.

3. Smoking cessation in patients with ACO and
BMI > 25 kg/m? should be combined with mea-
sures to correct excessive body weight to reduce
the intensity of systemic inflammation.
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