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ABSTRACT

Background. Small airway involvement is important in determining the phenotypes 
of bronchial asthma. Establishing the mechanisms of dysfunction of small airways 
will make it possible to predict the course and control bronchial asthma.
The aim. To study the association between the modification of the composi-
tion of  fatty acids, lipid inflammatory mediators (eicosanoids, plasmalogens) 
and the functional state of small airways and to identify lipid biomarkers for the de-
velopment of small airway dysfunction in bronchial asthma associated with obesity.
Materials and methods. The study included 85  patients with mild, partially 
controlled asthma. Of  these, 39  patients with normal body weight (Group  1) 
and  46  patients with grade  I–II obesity (Group  2). The control group consisted 
of 30 healthy volunteers. The function of the small airways was assessed accord-
ing to  spirometry and  body plethysmography. The composition of fatty acids 
and  plasmalogens in  blood plasma was assessed by gas chromatography-mass 
spectrometry. In the blood serum, the content of thromboxane B2 and leukotriene 
B4was  determined. Statistical processing was performed using the Statistica  6.1 
program (StatSoft Inc., USA). Interrelations between pairs of traits were examined 
using the Spearman correlation test (r). Differences were considered statistically 
significant at p < 0.05.
Results. In the combined course of asthma and obesity, dysfunction of the small 
airways develops against the background of generalized bronchial obstruction. 
A modification of lipid metabolism was revealed, manifested by an increase in the lev-
els of saturated, monoenoic, n-6 polyunsaturated fatty acids against the background 
of a deficiency of n-3 polyunsaturated fatty acids and phospholipids with an alkenyl 
bond – plasmalogens. It has been shown that bronchial asthma, aggravated by obe-
sity, occurs against the background of increased synthesis of inflammatory lipid 
mediators – eicosanoids (thromboxane B2 and leukotriene B4). Evaluation of the cor-
relations between the studied lipids and the function of small airways revealed a high 
degree of relationship between their elements.
Conclusion. An important pathogenetic link in the formation of small airway 
dysfunction in bronchial asthma aggravated by obesity is a violation of fatty acid 
metabolism and plasmalogen synthesis, an increase in the formation of inflamma-
tory lipid mediators.
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РЕЗЮМЕ

Обоснование. Поражение малых дыхательных путей (МДП) имеет большое 
значение в определении фенотипов бронхиальной астмы (БА). Установление 
механизмов дисфункции МДП позволит прогнозировать течение и контро-
лировать БА.
Цель исследования. Изучить взаимосвязь модификации состава жирных 
кислот, липидных воспалительных медиаторов (эйкозаноиды, плазмалоге-
ны) с функциональным состоянием малых дыхательных путей и выделить 
липидные биомаркеры развития дисфункции МДП при БА, ассоциированной 
с ожирением.
Материалы и методы. В исследование включено 85 пациентов с лёгкой 
частично контролируемой БА. Из них 39 пациентов с нормальной массой 
тела (1-я группа) и 46 пациентов с ожирением 1–2-й степени (2-я группа). 
Группу контроля составили 30 здоровых добровольцев. Функцию МДП оце-
нивали по данным спирометрии, бодиплетизмографии. Состав жирных 
кислот (ЖК) и плазмалогенов в плазме крови оценивали методами газовой 
хромато-масс-спектрометрии. В сыворотке крови определяли содержание 
тромбоксана В2 (ТХВ2) и лейкотриена В4 (ЛТВ4). Статистическую обработку 
осуществляли с использованием программы Statistica 6.1 (StatSoft Inc., США). 
Взаимосвязи между парами признаков исследовали с использованием крите-
рия корреляции Спирмена (r). Различия считали статистически значимыми 
при р < 0,05.
Результаты. При сочетанном течении БА и ожирения развивается дис-
функция МДП на фоне генерализованной бронхиальной обструкции. Выявлено 
нарушение метаболизма липидов, проявляющееся повышением уровней 
насыщенных, моноеновых, n-6 полиненасыщенных ЖК на фоне дефицита 
n-3 полиненасыщенных ЖК и фосфолипидов с алкенильной связью – плазма-
логенов. Показано, что БА, отягощённая ожирением, протекает на фоне 
повышенного синтеза воспалительных липидных медиаторов – эйкоза-
ноидов (ТХВ2, ЛТВ4). Оценка корреляционных взаимосвязей изучаемых липи-
дов и  функции МДП выявила высокую степень взаимоотношений между 
их участниками.
Заключение. Важным патогенетическим звеном формирования дисфункции 
МДП при БА, отягощённой ожирением, является нарушение метаболизма 
жирных кислот и синтеза плазмалогенов, увеличение образования воспали-
тельных липидных медиаторов.

Ключевые слова: бронхиальная астма, малые дыхательные пути, жирные 
кислоты, плазмалогены
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OBJECTIVES

Bronchial asthma (BA) is still one of the topical prob-
lems in medicine. Chronic inflammation of the airways 
leads to  the development of reversible bronchial ob-
struction. Mechanisms study leading to functional dis-
orders of the respiratory system and the development 
of various phenotypes of bronchial asthma, including 
BA complicated with obesity abdominal obesity (AO), 
remains relevant. A significant role in the develop-
ment of  this phenotype of bronchial asthma is attrib-
uted not only to immune, but also to hormonal disor-
ders specific to obesity [1, 2]. In recent years, the role 
of small airways in the pathogenesis of BA has paid much 
attention [3, 4]. Small airway dysfunction has an unfa-
vorable effect on the clinical manifestations of the dis-
ease, predetermining uncontrolled course, and statis-
tically significantly increases the risks of BA acute con-
ditions [5]. In the vast majority of cases, small airway 
dysfunction is present in any degree of asthma severity; 
at the same time, the changes are diagnosed not only 
against the  background of  mild generalized bronchi-
al obstruction, but  also  with normal pulmonary func-
tion [6]. The  pathophysiologic mechanisms of small 
airway dysfunction development in BA are under ac-
tive research, the results of which are contradictory 
due to the heterogeneity of pathogenesis and clinical 
manifestations of asthma [7].

Fatty acids (FAs) with their important structural, ener-
getic and signaling functions play a key role in the patho-
genesis of bronchopulmonary diseases, as well as in the 
development of abdominal obesity. Lipids are extremely 
diverse in terms of their chemical structure and the func-
tions they perform. For example, phospholipids (PLs) 
and their constituent polyunsaturated fatty acids (PUFAs) 
are the main components of pulmonary surfactant. Modifi-
cation of PUFA composition and alteration of surfactant PL 
molecular species may influence the development of bron-
chial asthma [8]. Lipid metabolism disorder in AO plays 
no less significant role [9].

PLs are subdivided into several subclasses of ether li-
pids – diacyl, alkyl (alkenyl)-acyl, or plasmalogens. The link 
of disorders in plasmalogens biosynthesis with  the  de-
velopment of respiratory diseases and abdominal obe-
sity has been established. This has prompted interest 
in  them  as  promising therapeutic targets. The presence 
of plasmalogens in cell membranes affects the properties 
and functions of membranes and their receptors. Plasmalo-
gens of surfactant play a protective role due to antioxidant 
activity [10]. The peculiarity of phospholipids and, above 
all, plasmalogens of cell membranes is that they are carri-
ers of precursors of the most important secondary messen-
gers, such as leukotrienes, prostaglandins, platelet-activat-
ing factor (PAF) and some others [11]. Since plasmalogens 
constitute a large fraction of total lipids in humans, changes 
in their levels have been shown to affect membrane prop-
erties and therefore signaling pathways involved in the in-
flammatory cascade [12]. The available sporadic data on im-
paired synthesis of plasmalogens in obstructive lung dis-

eases give grounds to consider these compounds as es-
sential participants in the pathogenesis of bronchopulmo-
nary diseases [13].

Lipid mediators, including derivatives of ω-3 and ω-6 
PUFAs – eicosanoids (leukotrienes, thromboxanes), doc-
osanoids, and pro-resolving lipid mediators – play an ac-
tive role in the development of chronic airway inflamma-
tion [14]. Initiation of inflammation in BA is mainly due 
to the participation of oxidized derivatives of arachidon-
ic acid (ARA); at the same time, oxidized derivatives of do-
cosahexaenoic acid (DHA), dominant in the 2nd position 
of  plasmalogous forms of  phospholipids, are assigned 
the role of a proinflammatory mediator [15]. Fatty acid me-
tabolism and plasmalogens synthesis disorder, increased 
formation of proinflammatory derivatives is one of the rea-
sons for the aggravation of the course of BA, an  impor-
tant factor in the formation of chronic inflammation in BA 
and AO [16].

Thus, polyunsaturated fatty acid, plasmalogens 
are important structural and signaling molecules involved 
in both the regulation of chronic inflammation and bron-
choconstriction. Lipids polyfunctionality, the  presence 
of common etiologic and pathogenetic mechanisms 
of bronchial asthma and obesity formation determine the 
special significance of studying the participation of  in-
dividual lipid classes in the development of systemic in-
flammation and small airway dysfunction in BA associat-
ed with obesity. Determining the role of lipid mediators 
of inflammation in the formation of disorders of exter-
nal respiratory function in patients with bronchial asth-
ma will allow to identify therapeutic targets for improv-
ing disease control.

THE AIM OF THE STUDY

To study the interrelation of modification of fatty 
acid composition, lipid inflammatory mediators (eicosa-
noids, plasmalogens) with the functional state of small air-
ways and to identify lipid biomarkers of the development 
of small airway dysfunction in bronchial asthma associat-
ed with obesity.

MATERIALS AND METHODS

The study was conducted in accordance with the re-
quirements of the WMA Declaration of Helsinki (revision 
2013), with the approval of the local ethical committee 
of the Vladivostok branch of the Far Eastern Scientific Cent-
er of Physiology and Pathology of Respiration – Research 
Institute of Medical Climatology and Rehabilitation Treat-
ment (minutes No. 8 of 28.06.2022) and under the condi-
tions of voluntary informed consent of all included patients 
and volunteers.

Study design. The study was performed as a prospec-
tive single-center randomized study.

It included patients who were on examination 
and treatment in the clinical department of the Vladi vostok 
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branch of the Far Eastern Scientific Center of Physiology 
and Pathology of Respiration – Research Institute of Med-
ical Climatology and Rehabilitation Treatment from 2019 
to 2021.

Inclusion criteria: patients with mild, partially controlled 
bronchial asthma, with normal body weight (NBW) and ab-
dominal obesity of grade I–II, aged from 20 to 65 years.

Exclusion criteria: patients with moderate and severe 
bronchial asthma of uncontrolled course, with chronic ob-
structive pulmonary disease, occupational diseases of bron-
chopulmonary system, abdominal obesity of grade III and IV, 
endocrine diseases and other diseases of internal organs 
in decompensation stage.

Eighty-five patients with mild, partially controlled 
bronchial asthma, including 31 men and 64 women, aged  
20–65  years (mean age 50.72  ±  15.24  years) were inves-
tigated. Patients were divided into two groups based 
on  the Body Mass Index (BMI, Quetelet’s index). Group 1 
included 39  patients with BA and normal body weight 
(BMI = 23.32 ± 2.47 kg/ m2), and Group 2 included 46 patients 
with BA and AO of grade I and II (BMI = 34.06 ± 3.48 kg/ m2). 
The control group consisted of 30  conditionally healthy 
volunteers. The groups were comparable in terms of sex 
and age.

Clinical, laboratory and functional examination of pa-
tients was carried out in accordance with the standards 
of examination of patients with BA and obesity. BA diag-
nosis was made according to the international consensus 
criteria for the diagnosis and treatment of bronchial asth-
ma (GINA, 2021). BA history duration was up to 5  years 
in 49 % of cases and more than 5 years in 51 % of cases. 
All patients with bronchial asthma received baseline ther-
apy with a fixed combination of a low-dose inhaled gluco-
corticosteroid (budesonide – 200–400 μg/day) and a long-
acting β2-agonist (formoterol) (GINA, 2021; national asth-
ma guidelines). The ACQ-5 (Asthma Control Questionnaire) 
test was used to assess the level of disease control. ACQ-5 
test scores between 0.75 and 1.5 indicated partial control 
of the disease [17]. To diagnose alimentary-constitutional 
obesity, the World Health Organization recommendations 
were followed [18].

Pulmonary function tests (PFTs) were performed us-
ing Master Screen Body apparatus (Germany). According 
to spirometry data, the vital capacity (VC%), expiratory re-
serve volume (ERV), forced vital capacity (FVC%), forced ex-
piratory volume in 1 second (FEV1%), the ratio of FEV1 to VC 
(FEV1/VC%), the ratio of FEV1 to FVC (FEV1/ FVC%), peak ex-
piratory flow rate after exhalation of 25 % FVC (PEFR75 %), 
maximal expiratory flow at 25 % of FVC (MEF75), maximal 
expiratory flow at 50 % of FVC (MEF50), maximal expirato-
ry flow at 75 % of FVC (MEF25), and maximal mid-expiratory 
flow (MМEF25–75) were estimated in % of the target param-
eters. To investigate bronchodilator reversibility, a sample 
with salbutamol (400 μg) was used [19].

Static lung volumes and capacities were assessed 
by body plethysmography in % of target values: function-
al residual capacity (FRCplet); residual volume (RV); total 
lung capacity (TLC); percentage ratio of RV/TLC; airway 
resistance on inhalation (inhalation resistance) and  ex-

halation (exhalation resistance); total airway (bronchial) 
resistance (Rtot).

Blood plasma lipids were extracted according 
to the method of Bligh and Dyer (Bligh and Dyer, 1959). 
The  levels of fatty acids (FAs) and plasmalogens were 
estimated by the content of FA methyl esters (FAME) 
and  plasmalogen derivatives, dimethyl acetals (DMA), 
which were  determined by gas chromatography-
mass spectrometry. The ratio of the plasmalogen lev-
el to the corresponding fatty acid methyl ester in terms 
of the number of carbon atoms was calculated. Fatty acid 
methyl esters and dimethylacetals were prepared accord-
ing to the method of Carreau and Duback (1978). FAME 
peaks identification was done by retention times of in-
dividual fatty acid esters and by equivalent chain length 
values (Christie, 1988). DMAs were identified by com-
paring their retention times with those of the 16:0DMA 
and 18:0DMA standards.

The content of  eicosanoids was determined 
by  the  amount of their stable metabolites in serum – 
thromboxane B2 and leukotriene B4. Minicolumns (Mini-
columns for Sample Preparation, USA) were used for sam-
ple preparation. Quantitative level of thromboxane B2 
and leukotriene B4 was determined by immunoenzyme 
technique using ELISA kits of Enzo Life Sciences (USA). 
Measurement was performed in flat-bottom 96-well plates 
on a spectrophotometer (Biotek Power Wave, USA).

Statistical processing of data was performed us-
ing the  standard statistical software package Statis-
tica  6.1 for  Windows (StatSoft  Inc., USA). Hypothesis 
tests for  the  normal distribution of  quantitative signs 
in groups were performed using Kolmogorov – Smirnov, 
Shapiro – Wilk and Pearson’s chi-squared tests (χ2). De-
scriptive statistics are presented in the text as M  ±  SD 
(in  case of  normal distribution of the trait), where M is 
the mean, SD is the standard deviation, and Me (Lq; Uq) 
(in case of non-normal distribution of the trait), where Me 
is the median, Lq is the lower quartile, and Uq is the up-
per quartile. Statistically significant difference between 
alternative quantitative parameters with a distribution 
corresponding to the normal distribution law was as-
sessed using Student’s t-test, otherwise using two-sam-
ples Wilcoxon test, Mann – Whitney U test, and Kolmogo-
rov – Smirnov test. The interrelation between pairs of traits 
was investigated using the Spearman’s rank correlation 
coefficient (r). Differences were considered statistically 
significant at p < 0.05.

STUDY RESULTS

Clinical and functional characteristics of the examined 
patients are presented in Table 1. Pulmonary function in-
dicators according to spirometry in patients with mild BA 
and NBW (Group 1) were reduced than in control group: ex-
piratory reserve volume % – by 30 % (p = 0.035); FEV1/VC% – 
by 7 % (p = 0.008); FEV1/FVC% – by 7% (p = 0.015); MEF75% – 
by 26 % (p = 0.003); MEF50% – by 29 % (p = 0.003); MEF25% – 
by 27  % (p  =  0.003); MМEF25–75% – by  28  % (p  =  0.009). 
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T A B L E  1
CLINICAL AND FUNCTIONAL CHARACTERISTICS OF THE EXAMINED PATIENTS

Indicators Control group  
(n = 30)

Group 1: BA + IBW 
(n = 39)

Group 2: 
BA + AO (n = 46)

Statistical 
significance level 

(p)

Age 35.88 ± 8.23 45.86 ± 16.95 59.83 ± 11.6 –

Body mass index, kg/m2 23.51 ± 2.91 24.55 ± 3.27 34.06 ± 3.48 рc–2 < 0.001;
р1–2 < 0.001

ACQ test, scores – 0.9 (0.6; 1.2) 1 (0.5; 1.6) –

VC, % 105.65 (98.28; 121.7) 107.15 (103.18; 119.1) 107.4 (96; 126.45) –

IC, % 108.75 (86.18; 115.48) 112.4 (103.7; 127.2) 127.05 (101.8; 146.98) –

ERV, % 124.64 (108.38; 139.35) 87.21 (76.91; 101.22) 58.71 (50.23; 93.23)
рc–1 = 0.035
рc–2 < 0.001
р1–2 = 0.013

FVC, % 105.51 (99.73; 123) 107.25 (103.91; 114.38) 107 (85.00; 114.51) –

FEV1, % of target 104.42 (95.68; 112.01) 94.85 (90.88; 105.55) 85.11 (76.65; 105.81) рc–2 = 0.004;

FEV1/VC, % 74.82 (71.25; 82.85) 69.78 (64.79; 73.83) 64.91 (58.44; 70.99) рc–2 < 0.001
рc–1 = 0.008

FEV1/FVC, % 78.72 (73.89; 84.38) 73.45 (70.26; 77.06) 70.27 (62.21; 76.25) рc–1 = 0.015
рc–2 = 0.002;

MEF75, % 100.45 (84.08; 117.71) 74.51 (60.03; 84.89) 63.41 (37.55; 87.91) рc–1 < 0.001
рc–2 = 0.003

MEF50, % 82.85 (64.83; 110.43) 59.20 (3.31; 70.05) 42.6 (8.55; 58.05)
рc–1 = 0.003
рc–2 < 0.001
р1–2 = 0.039

MEF25, % 49.15 (41.18; 90.13) 35.65 (26.28; 48.45) 26.5 (23.9; 36.1) рc–1 = 0.009
рc–2 < 0.001

MMEFR25-75, % 73.75 (57.55; 97.05) 53.35 (37.18; 59.45) 33 (21.75; 50.4)
рc–1 =  0.001
р1–3 < 0.001
р2–3 = 0.042

Rin, kPa × s/l 0.17 (0.14; 0.2) 0.26 (0.2; 0.33) 0.32 (0.26; 0.38) 23%? рc–1 = 0.041
рc–2 = 0.007

Rex, kPa × s/l 0.22 (0.15; 0.3) 0.38 (0.28; 0.41) 0.4 (0.34; 0.66)
р1–2 = 0.041
рc–2 = 0.003
рc–1 = 0.017

Rtot, kPa × s/l 0.19 (0.14 0.25) 0.31 (0.2; 0.35) 0.36 (0.28; 0.51)
рc–1 = 0.017
рc–2 < 0.001
р1–2 = 0.025

FRCplet, % 100.4 (92.23; 115.2) 106 (96.15; 122.03) 113.5 (103.03; 125.4) –

RV, % 107.85 (92.68; 118.53) 109.9 (93.15; 143.25) 114.05 (105.1; 139.3) рc–2 = 0.037

TLC, % 96.5 (92.6; 115.73) 106,45 (104,63; 111,65) 107.6 (96.75; 115.55) –

RV/TLC, % 98.15 (91.13; 100.5) 105.4 (94.75; 122.05) 102.6 (93.42; 127.32) –

Note. Descriptive statistics are presented as M ± SD, where M – mean, SD – standard deviation (in case of normal distribution of the trait); in case of distribution not corresponding to normal distribution – as Me (Lq; Uq), 
where Me – median, Lq – lower quartile, Uq – upper quartile; IC – inspiratory capacity; ERV – expiratory reserve volume; рc–1 – statistical significance of differences between the control group and group 1; рc–2 – statistical 
significance of differences between the control group and group 2; р1–2 – statistical significance of differences between Groups 1 and 2. Values are given for p < 0.05 only.
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The body plethysmography data revealed an increase in  in-
halation resistance by 53 % (p = 0.041) and exhalation re-
sistance by 71 % (p = 0.017), total inhalation and exhalation 
resistance by 63 % (p = 0.017), which is specific for bronchi-
al obstruction.

Patients with bronchial asthma and abdominal obesi-
ty (group 2) had more pronounced changes in PFT param-
eters than in the control group. A 53 % decrease in expira-
tory reserve volume % (p < 0.001), 18 % decrease in FEV1 % 
(p = 0.004), 13 % decrease in FEV1/VC% % (p < 0.001), 11 % 
decrease in FEV1/FVC% (p = 0.002), 37 % decrease in MEF75% 
(p < 0.001), 48 % decrease in MEF50 % (p < 0.001), 46 % de-
crease in MEF25% (p < 0.001), 55 % decrease in MMEF25–75 % 
(p < 0.001) were noted. Body plethysmography revealed 
an increase in inhalation resistance by  88  % (p  =  0.007) 
and exhalation resistance by 82 % (p = 0.003), total inhala-
tion and exhalation resistance by 89 % (p < 0.001), and RV 
by 6 % (p = 0.037).

Comparative analysis of PFT parameters in patients 
of Groups 1 and 2 revealed statistically significant differ-
ences. For example, patients with bronchial asthma com-
bined with obesity compared to patients with IBW showed 
a 32 % decrease in expiratory reserve volume (p = 0.013), 
a  28  % decrease in MEF50 (p  =  0.039), a 38  % decrease 
in MМEF25–75 (p = 0.041), and a 16 % increase in total in-
halation and exhalation resistance (p = 0.025).

The data obtained indicate the progression of gener-
alized bronchial obstruction, including at the level of small 
bronchi in obesity-associated BA.

The result of composition of individual fatty acids and 
plasmalogens are summarized in Table 2. Comparative anal-
ysis of FA plasma composition between patients with BA 
and NBW (Group 1) and the control group showed a sta-
tistically significant increase in the proportion of myristic 
acid (14:0) by 33 % (p = 0.044) and a decrease in digomo-γ-
linolenic acid (20:3ω-6) by 27 % (p = 0.036).

A statistically significant increase in the proportion 
of myristic acid (14:0) more than 2-fold (p < 0.001) was ob-
served in patient Group 2 with BA in combination with AO 
compared to controls. Along with the increase in satu-
rated fatty acids (SFAs), the content of some monoeno-
ic acids (MFAs) increased, in particular palmitoleic acid 
(16:1ω-7) by 28 % (p < 0.001), hexadecenoic acid (16:1ω-9) 
by 21 % (p < 0.001) and heptadecenoic acid (17:1) by 40 % 
(p < 0.001).

Modification of PUFA of blood plasma in patient Group 2 
was characterized by statistically significant decrease of: ei-
cosapentaenoic acid (20:5ω-3) – by 38 % (p = 0.012), and do-
cosahexaenoic acid (22:6ω-3) – by 34 % (p = 0.012) in com-
parison with the control group. There was a trend of 16 % 
decrease in  docosapentaenoic (22:5ω-3) acid. Against 
this background, an increase in the proportion of α-linolenic 
(18:3ω-3) acid by 37  % (p  <  0.001) versus to the control 
was observed.

Modification of ω-6 PUFA composition was  ob-
served: an increase in the levels of γ-linolenic (18:3ω-6) 
acid by 33 % (p = 0.015) and digomo-γ-linolenic (20:3ω-6) 
by 7 %, and a decrease in adrenic acid (22:4ω-6) by 29 % 
(p < 0.001).

When comparing the parameters of FA composition 
between the Groups 1 and 2 in BA patients with obesi-
ty, an increase in the proportion of saturated fatty ac-
ids was found: myristic acid (14:0) – by 62 % (p = 0.035), 
stearic acid (18:0) – by 10 %. The content of MFAs, pal-
mitoleic acid (16:1ω-7) and hexadecenoic acid (16:1ω-9), 
also increased by 23 % (p = 0.004) and 34 % (p = 0.005), 
respectively.

In the comparative analysis between Groups   1 
and  2, statistically significant differences in  the  compo-
sition of  PUFAs of the ω-3 family were determined. So, 
in patients of Group 2 the level of eicosapentaenoic FA  
(20:5ω-3) was  lower by 34  % (p  =  0.017), docosahexae-
noic FA (22:6ω-3) – by 35 % (p = 0.035) relative to the in-
dicators in Group  1. In addition, the level of α-linolenic  
(18:3ω-3) acid in Group  2 patients was 36  % higher 
(p = 0.038) than in Group 1.

A modification in the composition of PUFAs of the ω-6 
family was identified, which was manifested by an increase 
in the proportion of γ-linolenic acid (18:3n6) and digomo-
γ-linolenic acid (20:3ω-6) by 43  % (p  =  0.015) and 46  % 
(p = 0.042), respectively, and a decrease the level of adren-
ic acid (22:4ω-6) by 33 % (p < 0.001). The content of ara-
chidonic acid (20:4ω-6) in patients in both groups has no 
statistically significantly differences. However, the de-
crease in the proportion of 20:5ω-3 PUFA in Group 2 re-
sulted in an increase in the 20:4ω-6/20:5ω-3 ratio, the 
value of  which  was  30  % higher compared to Group  1 
(p = 0.017) and 15 % higher versus to controls (p = 0.042). 
A  disbalance of  ω-3 and  ω-6 PUFAs with accumulation  
of ω-6 PUFAs leads to preferential synthesis of their pro-in-
flammatory metabolites.

In Group  1 (BA and NBW) no statistically significant 
changes in plasma plasmalogens content were found 
(Table 2). Group 2 (BA with obesity) showed a decrease 
in plasmalogens DMA16:0 and DMA18:0. Indeed, DMA16:0 
and DMA18:0 levels decreased by 31 % (p = 0.002) and 32 % 
(p  =  0.028) than in controls and by 41  % (p  <  0.001) 
and  34  % (p  =  0.036) than in Group  1, respectively. 
The ratio of all DMA16:0 to total palmitic acid in blood 
(DMA16:0/ FAME16:0) decreased by 30.9 % (p = 0.002) ver-
sus to control and by 85 % (p < 0.001) compared to Group 1. 
The index level of the relative content of all DMA18:0 to to-
tal blood stearic acid (DMA18:0/ FAME18:0) decreased 
by 31.8 % (p = 0.002) and 25 % (p < 0.001) versus to the con-
trol group and Group 1 respectively. There were no statis-
tically significant differences in DMA18:1 and DMA20:0 lev-
els between the healthy and BA patient groups.

Thus, the results of this study showed decreased levels 
of alkenyl-linked phospholipids during the development 
of AO-associated BA.

The content of pro-inflammatory eicosanoids – throm-
boxane B2 and leukotriene B4 – in BA patients was inves-
tigated (Table 3). Regardless of body weight, a statistical-
ly significant increase in blood levels of leukotriene B4 
and thromboxane B2 was observed in BA patients compared 
to the control group. In addition, comparison of indicators 
between groups of BA patients showed a 43 % (p = 0.001) 
increase in leukotriene B4 and a 15 % (p = 0.001) increase 
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T A B L E  2
THE COMPOSITION OF FATTY ACIDS AND PLASMALOGENS IN BLOOD PLASMA OF THE EXAMINED PATIENTS

Indicators Control group  
(n = 30)

Group 1: BA + IBW  
(n = 39)

Group 2: BA + AO  
(n = 46)

Statistical 
significance level 

(p)

14:0 0.48 (0.45; 0.57) 0.64 (0.5; 0.93) 1.04 (0.97; 1.23)
рc–2 < 0.001
р1–2 = 0.035
рc–1 = 0.044

15:0 0.17 (0.15; 0.2) 0.18 (0.16; 0.2) 0.18 (0.17; 0.22) –

16:0 20.3 (19.38; 21.52) 20.16 (19.41; 21.84) 21.21 (19.77; 22.49) –

17:0 0.23 (0.2; 0.24) 0.25 (0.22 ; 0.26) 0.22 (0.21; 0.24) –

16:1ω-9 0.39 (0.37; 0.42) 0.35 (0.34; 0.35) 0.47 (0.44; 0.51) рc–2 < 0.001
р1–2 = 0.005

16:1ω-7 1.52 (1.21; 1.75) 1.58 (1.49; 2.36) 1.95 (1.7; 2.43) рc–2 < 0.001
р1–2 = 0.004

17:1 0.15 (0.12; 0.23) 0.17 (0.15; 0.21) 0.21 (0.16; 0.27) р1–2<0.001
рc–2<0.001

18:0 6.39 (5.93; 6.8) 6.59 (6.38; 7.13) 7.03 (6.63; 7.45) –

18:1ω-9 16.89 (15.02; 17.79) 15.76 (15.01; 16.42) 16.57 (15.79; 17.1) –

18:1ω-7 1.53 (1.36; 1.61) 1.56 (1.39; 1.67) 1.58 (1.48; 1.62) –

18:2ω-6 36.44 (35.23; 37.64) 38.09 (37.5; 38.95) 35.58 (34.57; 38.21) –

18:3ω-6 0.3 (0.23; 0.38) 0.28 (0.17; 0.31) 0.4 (0.32; 0.43) рc–2 = 0.015
р1–2 = 0.015

18:3ω-3 0.37 (0.32; 0.41) 0.36 (0.32; 0.47) 0.49 (0.4; 0.54) рc–2 < 0.001
р1–2 = 0.038

20:1ω-7 0.13 (0.11 ; 0.14) 0.22 (0.19; 0.24) 0.21 (0.15; 0.21) –

20:1ω-9 0.18 (0.15; 0.21) 0.14 (0.12; 0.18) 0.19 (0.15; 0.21) –

20:2ω-6 0.23 (0.2; 0.29) 0.22 (0.1; 0.2) 0.22 (0.19; 0.25) –

20:3ω-6 1.12 (0.98; 1.37) 0.81 (0.74; 1.12) 1.19 (1.12; 1.29) рc–1 = 0.036
р1–2 = 0.015

20:4ω-6 5.93 (5.08; 6.54) 5.44 (4.84; 6.81) 5.35 (4.94; 5.96) –

20:5ω-3 0.88 (0.63; 1.07) 0.83 (0.36; 2.65) 0.54 (0.4; 0.71) р1–2 = 0.017
рc–2 = 0.012

20:4ω-6/20:5ω-3 6.88 (5.35; 9.2) 6.05 (2.57; 9.42) 7.88 (3.91; 13.36) р1–2 = 0.037
рc–2 = 0.042

22:4ω-6 0.17 (0.15; 0.2) 0.18 (0.15; 0.22) 0.12 (0.1; 0.14) рc–2 < 0.001
р1–2 < 0.001
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in thromboxane B2 if obesity was present. The findings sug-
gest a pronounced inflammatory response in BA associat-
ed with obesity.

The presence of the disbalance in the FA composi-
tion, formation disorder of their oxidized metabolites and 
plasmalogen synthesis disorder can provoke the devel-
opment of chronic inflammation, oxidative stress, which 
can lead to increased respiratory dysfunction.

In order to establish the role of individual lipids 
in the development of small airway dysfunction in mild BA 
with NBW and associated with alimentary-constitutional 
obesity, a correlation analysis was performed (Tables 4, 
5). Correlations were evaluated with regard to  PFT pa-
rameters reflecting the functional state of small airways.

According to body plethysmography, the criteria 
for small airway dysfunction are considered to be an in-
crease in RV more than 140 % and RV/TLC more than 125 % 
of the target values as signs of “air traps”, and an increase 
in FRC more than 130 % of the target value – as an indi-
cator of  hyperinflation [19]. Indirect signs of small air-
way dysfunction in BA also include changes in  spirom-
etry. Decreased FVC level is suggested by some authors 
to be considered as an indicator of «air traps» presence, 
and MМEF25–75 is suggested to be used as a marker of ear-
ly small airway dysfunction [20].

In the 1st group of patients with BA and NBW, associa-
tions were established between the levels of SFA and FWD 
indicators reflecting the state of small airways (Table 4). 

T A B L E  3
THE LEVEL OF EICOSANOIDS IN BLOOD PLASMA OF THE EXAMINED PATIENTS

Indicators Control group  
(n = 30)

Group 1: BA + IBW  
(n = 39)

Group 2: BA + AO  
(n = 46)

Statistical 
significance level (p)

Lukotriene B4, pg/ml 11.28 (10.43; 12.43) 17.87 (16.4; 18.65) 25.61 (23.03; 29.9)
pc–1 < 0.001
pc–2 < 0.001
p1–2 = 0.001;

Thromboxane B2, pg/ml 62.15 (56.3; 70.85) 79.9 (78.12; 90.32) 90.24 (87.47; 98.54)
pc–1 = 0.003
pc–2 < 0.001
p1–2 = 0.001

Note. Descriptive statistics are presented as Me (Lq; Uq), where Me is median, Lq is lower quartile, Uq is upper quartile; рc–1 is statistical significance of differences between control group and Group 1; рc–2 is statistical 
significance of differences between control group and Group 2; р1–2 is statistical significance of differences between Groups 1 and 2. Values are given for p < 0.05 only.

T A B L E  2  ( c o n t i n u e d )

Indicators Control group  
(n = 30)

Group 1: BA + IBW  
(n = 39)

Group 2: BA + AO  
(n = 46)

Statistical 
significance level 

(p)

22:5ω-3 0.49 (0.4; 0.54) 0.48 (0.3; 0.6) 0.41 (0.29; 0.51) –

22:6ω-3 2.3 (1.96; 2.54) 2.35 (1.77; 3.06) 1.52 (1.32; 1.65) рc–2 = 0.012
р1–2 = 0.035

16:0DMA 0.39 (0.36; 0.5) 0.46 (0.41; 0.49) 0.27 (0.24; 0.32) рc–2 = 0.002
р1–2 < 0.001

18:0DMA 0.28 (0.23; 0.32) 0.29 (0.22; 0.3) 0.19 (0.17; 0.23) р1–2 = 0.036
рc–2 = 0.028

18:1DMA 0.14 (0.13; 0.15) 0.12 (0.1; 0.16) 0.11 (0.1; 0.12) –

20:0DMA 0.18 (0.15; 0.18) 0.13 (0.08; 0.19) 0.18 (0.17; 0.2) –

DMA16:0/FAME16:0 1.91 (1.64; 2.37) 2.21 (1.93; 2.4) 1.32 (1.09; 1.54) рc–2 = 0.002
р1–2 < 0.001

DMA18:0/FAME18:0 4.03 (3.44; 4.82) 3.68 (3.15; 5.06) 2.76 (2.45; 3.38) рc–2 < 0.001
р1–2 = 0.013

Note. Descriptive statistics are presented as Me (Lq; Uq), where Me is median, Lq is lower quartile, Uq is upper quartile; рc–1 is statistical significance of differences between control group and Group 1; рc–2is statistical 
significance of differences between control group and group 2; р1–2 is statistical significance of differences between Groups 1 and 2. Values are given for p < 0.05 only.
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T A B L E  4
CORRELATIONS BETWEEN INDICATORS OF DYSFUNCTION OF SMALL AIRWAYS AND FATTY ACIDS, PLASMALOGENS 
IN PATIENTS OF GROUP 1(SPEARMAN CORRELATION, r)

Indicators FVC% FEV1% MМEF25-75% FRCplet% RV% TLC% RV/TLC%

14:0 – – – 0.76
p = 0.011

0.59
p = 0.023 – –

15:0 – – – – 0.56
p = 0.035 – 0.58

p = 0.027

16:0 – – – – 0.57
p = 0.047 – 0.6

p = 0.021

18:0 – – – 0.53
p = 0.046 – – –

17:1 – – – – – 0.64
p = 0.013 –

16:1ω-9 – – – – 0.57
p = 0.019

0.53
p = 0.046 –

18:1ω-9 – – – –0.55
p = 0.036 – – –

18:1ω-7 – – – 0.83
p = 0.011 – – –

18:3ω-3 0.73 
p = 0.003

0.81
p < 0.001 – – – – –

18:3ω-6 0.57
p = 0.031 – – – – – –

20:1ω-9 – –0.69
p = 0.006

–0.71
p = 0.011 – – – –

20:2ω-6 – – – –0.65
p = 0.011 – – –

20:3ω-6 0.59
p = 0.025 – – – – –

20:4ω-6 – – –0.6
p = 0.013 – – –

22:4ω-6 –0.81
p = 0.042 – – –0.59

p = 0.025 – – –

22:5ω-3 – – – – –0.62
p = 0.022 – –0.58

p = 0.028

22:6ω-3 – – – – –0.65
p = 0.011 – –0.66

p = 0.009

16:0 DMA –0.55
p = 0.038

–0.79
p = 0.001 – – 0.57

p = 0.029 – –

DMA16:0/FAME16:0 –0.88
p < 0.001 – – – – –

18:0 DMA –0.66
p = 0.009

–0.61
p = 0.019 – – – – –



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

59
Biochemistry

T A B L E  5
CORRELATIONS BETWEEN INDICATORS OF DYSFUNCTION OF SMALL AIRWAYS AND FATTY ACIDS, PLASMALOGENS 
IN PATIENTS OF GROUP 2 (SPEARMAN CORRELATION, r)

Indicators FVC% FEV1% MМEF25-75% FRCplet% RV% TLC% RV/TLC%

14:0 – – – – – – –

15:0 0.49
p = 0.019

0.48
p = 0.022 – – – – –

16:0 –0.66
p < 0.001 – – – – – –

17:1 – – – –0.59
p = 0.019 – –0.54

p = 0.036 –

18:0 –0.47
p = 0.024 – – 0.32

p = 0.041 – – –

20:1ω-7 –0.51
p = 0.005

–0.43
p = 0.022

–0.45
p = 0.005 – – –0.70

p < 0.001
0.52

p = 0.009

20:4ω-6 – – – – – – 0.73
p = 0.017

20:5ω-3 – – – – 0,39 
p = 0.034

0.47
p = 0.009 –

20:4ω-6/20:5ω-3 – – – – – – 0.78
p = 0.016

22:4ω-6 – – 0.29
p = 0.044 – 0.29 

p = 0.046 – –

22:5ω-3 – – – – – – –0.58
p = 0.028

22:6ω-3 а – – – – – – –0.66
p = 0.009

DMA18:0/FAME18:0 – – – – – – –0.41
p = 0.029

20:0 DMA – – – –0.47
p = 0.024

–0.42 
p = 0.048 – –

Thromboxane B2, pg/ml –0.89
p < 0.001 – – –0.65

p = 0.011 – –0.86 
p < 0.001 –

Note. Only statistically significant correlations between indicators at p < 0.05 are shown.

T A B L E  4  ( c o n t i n u e d )

Indicators FVC% FEV1% MМEF25-75% FRCplet% RV% TLC% RV/TLC%

18:1 DMA –0.53
p = 0.038 – – – – – –

DMA18:0/FAME18:0 –0.59
p = 0.023

–0.59
p = 0.023 – – – – –

20:0 DMA 0.57
p = 0.029 – – – – – –

Note. Only statistically significant correlations between indicators at p < 0.05 are shown.
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Positive correlations of  myristic (14:0) and stearic (18:0) 
acids with FRCplet; myristic, pentadecylic (15:0), and pal-
mitic (16:0) acids with RV; and pentadecylic and palmitic 
acids with RV/TLC were found.

Positive correlations of MFAs were determined, 
specifi cally heptadecenoic (17:1) with TLC; hexade-
cenoic (16:1ω-9) with  RV and TLC; and octadecaenoic  
(18:1ω-7) with FRCplet. Negative correlations were deter-
mined between oleic acid (18:1ω-9) and FRC, eicosenoic 
acid (20:1ω-9) and FEV1, MМEF25-75.

Assotiations with PFT indicators were also revealed 
for PUFAs. For ω-3 PUFAs, positive correlations were ob-
served between α-linolenic acid (18:3ω-3), FVC and  FEV1 
and negative correlations between docosapentaenoic 
(22:5ω-3) and  docosahexaenoic (22:6ω-3) acids and  RV,  
RV/TLC. Among ω-6 PUFAs, positive correlations of γ-linolenic 
(18:3ω-6) and digomo-γ-linolenic (20:3ω-6) PUFAs with FVC 
were observed; negative correlations of  eicosadiene  
(20:2ω-6) and arachidonic (20:4ω-6) PUFAs with FRCplet, 
and adrenoic (22:4ω-6) PUFA with FVC and FRCplet.

Plasmalogens levels were also correlated with the exam-
ined PFT indicators. So, DMA16:0, DMA18:0, and DMA18:0/
FAME18:0 had negative correlations with FVC and FEV1; 
DMA18:1 with FVC; and DMA16:0/FAME16:0 with FEV1. Di-
rect correlations were established between DMA16:0 and 
RV, DMA20:0 and FVC.

In Group 2 (Table 5), assotiation between SFA and ex-
ternal respiratory function were determined. In  particu-
lar, pentadecylic acid (15:0) had a positive correlation 
with FVC and FEV1, while palmitic (16:0) and stearic (18:0) 
acids had a negative correlation with FVC and a positive 
correlation with FRCplet. Of the MFAs, heptadecenoic acid 
(17:1) had negative correlations with FRCplet and TLC, and 
eicosenoic acid (20:1ω-7) had negative correlations with 
FVC, FEV1, MМEF25–75, and TLC. A positive correlation was 
observed between 20:1ω-7 and RV/TLC. Of the ω-3 family 
PUFAs, docosapentaenoic (22:5ω-3) and docosahexaeno-
ic (22:6ω-3) acids had negative correlations with RV/TLC.

Positive correlations were established between arachi-
donic acid (20:4ω-6) and RV/TLC, adrenoic acid (22:4ω-6) 
and MМEF25–75, and RV. Negative correlations were found be-
tween DMA20:0 and FRCplet, RV levels; DMA18:0/ FAME18:0 
and  RV/TLC. We should note the negative correlations 
of  thromboxane B2 level with such an indicator of  PFT 
as FVC, and indicators reflecting the state of small airways, –  
FRCplet and TLC.

The established features of the composition of fatty 
acids, eicosanoids, plasmalogens, their link with PFT indi-
cators demonstrate their participation in the progression 
of bronchobstruction, formation of air traps and hyperin-
flation in BA.

RESULTS DISCUSSION

The changes in PFT indicators according to spirome-
try and body plethysmography revealed in the study show 
the presence of generalized bronchial obstruction in pa-
tients with different body weight and with mild partially 

controlled asthma. Furthermore, in patients with obesity-as-
sociated bronchial asthma, a decrease in the levels of FEV1, 
MМEF25–75 and an increase in RV were observed, which in-
dicate the development of small airway dysfunction in pa-
tients of this group.

When studying the lipid composition of blood plas-
ma by the level of fatty acids, eicosanoids and plasmalo-
gens, the peculiarities of the lipidome in groups of patients 
with BA were identified. Moreover, the dynamics of blood 
plasma lipid changes indicates the presence of a systemic 
chronic inflammatory process in patients with asthma, ag-
gravated by obesity. It has been previously shown that in-
flammation in BA associated with AO is mediated by hyper-
production of leptin, pro-inflammatory cytokines that lead 
to systemic chronic low intensity inflammation [21].

In patients with bronchial asthma, only an increase 
in  the proportion of saturated myristic acid was noted. 
At the same time, correlations with PFT indicators have been 
established for the majority of SFAs, indicating their involve-
ment in the development of bronchial obstruction and small 
airway dysfunction. Saturated fatty acids (myristic, stear-
ic, palmitic), on the one hand, play a structural role affect-
ing the packing density of the cell membrane; on the oth-
er hand, an increase in their level in biological substrates 
is always an unfavorable sign from the position of cell sign-
aling functions, since in this case the membrane becomes 
less susceptible to receptor expression and synthesis of im-
mune mediators. In lung surfactant, saturated fatty acids es-
terified into complex lipids form a more structured pack-
ing of phospholipids, which increases the density of sur-
factant [22]. Therefore, the chemical composition of sur-
factant, its enrichment of SFAs can influence the proper-
ties and structure of small airways.

Increased levels of monoenoic palmitoleic acid and hex-
adecenoic acid were observed in patients with bronchial 
asthma and obesity. MFAs are part of the structure of eve-
ry cell and play an essential role in the regulation of lipid 
metabolism [23]. Palmitoleic acid is known to function 
as  a  lipokine lipid with hormone-like biological activity. 
Palmitoleic acid can directly participate in the regulation 
of insulin resistance and metabolic disorders [24]. In a study 
by D. Mozaffarian et al. it was shown that increased levels 
of palmitoleic acid are associated with a better metabolic 
profile and low development of diabetes [24]. The increased 
level of palmitoleic acid in patients with bronchial asthma 
and obesity detected in our study probably indicates a com-
pensatory response of the organism aimed at maintaining 
lipid homeostasis in order to minimize metabolic disorders.

In the 1st group of patients against the background 
of normal level of MFA, as well as in the 2nd group MFA as-
sociative relations of ω-9 and ω-7 families with PFT indi-
cators characterizing the state of small airways were es-
tablished, which allows to conclude about the MFA influ-
ence of ω-9 and ω-7 families on the formation of small air-
way dysfunction.

Differences in PUFA composition in groups of BA pa-
tients with NBW (Group 1) and BA associated with obesity 
(Group 2) were identified. In group 2, a change in the PUFA 
levels of the ω-3 and ω-6 families was observed. Against 
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the  background of decreased levels of eicosapentaenoic 
(20:5ω-3), docosahexaenoic (22:6ω-3) acids, there was an in-
crease in γ-linolenic (18:3ω-6) acid, digomo-γ-linolenic 
(20:3ω-6) LC compared to control and Group 1.

Polyunsaturated fatty acids are responsible for increas-
ing the fluidity and viscosity of the cell membrane. PUFAs 
of the ω-6 family are the main substrates for the synthesis 
of  pro-inflammatory, bronchoconstrictor, vasoconstrictor 
mediators and precursors of endocannabinoids, lipoxins, 
while PUFAs of the ω-3 family are considered as precursors 
of anti-inflammatory, pro-resolving, vasodilatory media-
tors. ω-3 PUFAs are known to influence inflammatory mark-
ers, reducing their levels (C-reactive protein, IL-6, tumor ne-
crosis factor α). Eicosapentaenoic acid (20:5ω-3) is a sub-
strate for oxylipins synthesis (maresins, resolvins, protec-
tins), which are  anti-inflammatory, pro-resolving and  an-
ti-proliferative mediators providing the most important 
competing cascade in inflammation towards its resolution 
[25]. Balance shift between arachidonic (20:4ω-6) and ei-
cosopentaenoic (20:5ω-3) FAs shows disorders in  the  ei-
cosanoid cycle and, consequently, a high risk of inflamma-
tion, which is a prognostically unfavorable sign of increased 
pro-inflammatory reactions that may lead to the develop-
ment of small airway dysfunction in the combined course 
of BA [26].

Interesting correlations were established between 
the PFT indicators reflecting the state of airways and the com-
position of PUFAs of the ω-3 and ω-6 families in the groups. 
For example, for patients with BA and NBW, the great-
est number of relations with FVC and FEV1 were  noted. 
These indicators are known to reflect the presence or ab-
sence of bronchial obstruction at different levels and can 
act as indicators of airway remodeling [27].

In Group 2, in patients with BA and obesity, the high-
est number of direct relations with PUFAs of the ω-6 fam-
ily and negative relations with PUFAs of the ω-3 family 
were determined for indicators reflecting the state of small 
airways (FRCplet, RV, TLC, RV/TLC). In contrast to Group 1, 
in the combined course of BA, correlations of eicosopen-
taenoic acid levels, 20:4ω-6/20:5ω-3 ratio with RV, RV/TLC 
indicators were established.

The results demonstrate the involvement of PUFAs 
in the development and progression of small airway inflam-
mation and in the formation of air traps and hyperinflation.

Notably, thromboxane B2 and leukotriene B4 were in-
creased in the blood of BA patients regardless of body 
weight compared to the control group. Eicosanoids as de-
rivatives of arachidonic acid contribute to the develop-
ment of a marked inflammatory response [26]. In patients 
with BA and AO, the level of leukotriene B4 was higher rel-
ative to the patients of Group 1. The established inverse 
correlation between thromboxane B2 levels and FVC,  
FRCplet, and TLC in obesity-associated BA indicates the in-
volvement of thromboxane in the development of small 
airway dysfunction in this group of patients.

The level of plasmalogens in Group  1 did not differ 
from  that of controls. Despite this, negative correlations 
were found between plasmalogens 16:0DMA, 18:0DMA, 
18:1DMA, and  20:0DMA with PFT indicators (FVC, FEV1). 

Meanwhile, in  Group  2 (bronchial asthma with obesi-
ty), the  decrease in  the levels of plasmalogens contain-
ing 16:0 and 18:0 aldehydes and 18:0DMA/18:0FAME ra-
tio was combined with the presence of negative correla-
tions between the  indicators reflecting the state of small 
airways (FRCplet, RV, RV/TLC) and  the levels of 20:0DMA 
and 18:0DMA/18:0FAME. The established correlations indi-
cate the involvement of plasmalogens in the development 
and progression of small airway inflammation and in the for-
mation of air traps and hyperinflation. Plasmalogens are 
known to increase the viscosity and tension of lung sur-
factant. Since the lungs are a direct target of reactive ox-
ygen species, plasmalogens, which are part of surfactant, 
protect the lungs from their aggressive effects and other 
environmental factors [28–30]. In the studies of J.E. Sordil-
lo et al. plasmalogens are identified as possible mediators 
of changes in lung function in people with asthma, includ-
ing age-related, and can also serve as a potential pharma-
cological target to improve PFT in people with asthma [13].

Thus, the presence of a large number of positive 
and negative correlations between lipid mediators and PFT 
parameters in patients with BA and NBW can be regarded 
as a  more active systemic response to  the development 
of the  disease, aimed at preserving internal homeosta-
sis. The association of BA with obesity causes a decrease 
in the body defenses and disease progression, which is re-
flected in  clinical, laboratory and functional parameters. 
The  assotiations between the indicators of small airway 
dysfunction and blood plasma lipidome indicate the  im-
portance of fatty acids, plasmalogens and eicosanoids 
in the regulation of the functional state of small airway in BA.

CONCLUSION

Small airway dysfunction develops in patients with mild 
bronchial asthma associated with abdominal obesity against 
the background of generalized bronchial obstruction. An im-
portant pathogenetic link in the formation of small airway 
dysfunction is impaired fatty acid metabolism and plasm-
alogens synthesis, increased formation of inflammatory lipid 
mediators such as thromboxane and leukotriene. The com-
bined course of BA and alimentary-constitutional obesity 
is characterized by increased levels of SFAs, MFAs, PUFAs 
of the ω-6 family and decreased levels of PUFAs of the ω-3 
family in plasma. Disorder in the synthesis of lipid media-
tors (plasmalogens and eicosanoids) in obesity-associated 
BA determines changes in the molecular mechanisms of im-
mune signaling and antioxidant processes, which underlies 
the development of chronic systemic and local inflamma-
tion in obesity-associated BA. The presence of high correla-
tion of blood lipidome components with functional indices 
of respiratory organs indicates the pathogenetic role of fat-
ty acids and inflammatory lipid mediators in the formation 
and progression of small airway dysfunction in BA in com-
bination with obesity, and, consequently, in the aggrava-
tion of BA course. Eicosopentaenoic acid, the ratio of PUFAs 
of ω-6 and ω-3 families (20:4ω-6/20:5ω-3) and thrombox-
ane B2, which have correlations with markers of small airway 
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dysfunction characteristic for BA in combination with obe-
sity, may be biomarkers of the formation and progression 
of airway dysfunction and, consequently, of the aggrava-
tion of the course of bronchial asthma. Further studies of li-
pid triggers of small airway dysfunction will allow the de-
velopment of technologies to predict the course and con-
trol of bronchial asthma.
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