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Objective. To study the characteristics of asthma with a severe course in obese patients and to evaluate the
relationship of the level of intestinal endotoxin (ET) and fecal zonulin with clinical, laboratory and instru-
mental indicators in such patients.

Materials and methods. The study included 98 patients with asthma combined with obesity (group 1 — mild
asthma (= 47), group 2 — severe asthma (7 =51)) and 45 obese patients without asthma composed the com-
parison group. A complete standard examination and tests were conducted in all the patients. Intestinal ET, fecal
zonulin, TNF-o, IFN-y, IL-4, 6, 10, 17, total IgE levels were assessed as well. The IBM SPSS Statistics 26.0 applica-
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tion software package was used for statistical calculations. The results were considered as statistically significant
at the level of p <0,05.

Results. In patients of both groups, the average age of onset was 43 years. The median duration of BA char-
acteristics was higher in patients of group 2: 14 [10; 19] years (p =0.013). In all groups, CRPhs values in-
creased significantly and the highest ones were in patients with severe asthma (p < 0.001). Significantly lower
levels of FVC, FEV1, FEV1/FVC, IL-10 (p<0.001) with uncontrolled course of asthma (p =0.008) and rare
control (p =0.009) occurred in patients of group 2. Higher levels of TNF-a, IFN-y, IL-6,17, intestinal ET, fecal
zonulin were revealed in patients of group 2 (p<0.001). The level of fecal zonulin positively correlated with
the level of intestinal ET in patients of group 2 (p<0.001, #s=0.813). In patients of group 2 direct correlations
of the fecal zonulin and intestinal ET with BMI, WC, HC, WC/HC, lack of BA control, CRPhs, TNF-a,, 1L-6,17,
IFN-y, LDL were established and inverse correlations were with IL-10, HDL, FEV1, AST; a negative correlation
of fecal zonulin levels with FVC was also revealed.

Conclusions. The obtained results allow us to speak about the existence of a clinical complex “severe
asthma - obesity — intestinal endotoxemia and increased intestinal permeability” which is characterized by
the predominance of pro-inflammatory markers, increased levels of intestinal ET and fecal zonulin, reduced
function of external breathing,

Keywords. Severe bronchial asthma, obesity, intestinal endotoxin, zonulin.

Ieab. M3ydutb 0COGEHHOCTH TEYCHHA TAKENON OPOHXMANBHON aCTMBI (BA) B COUETAHMU C OKUPEHUEM, 4
TAIOKE OLCHUTD B3AUMOCBA3b YPOBHA KUIIEYHOIO SHAOTOKCUHA (OT) M (hEKAILHOTO 30HYINHA C KIMHUKO-
J1260PaTOPHBIMU ¥ HHCTPYMEHTAIBHBIMH TTOKA3ATEAMH Y JAHHOH KOTOPTHI NTAIIUEHTOB.

MarepHaabl H METOJBL. B UCCIE0BAHUE OBUIO BKIIOYEHO 98 MAIIMEHTOB C BA B COYETAHNY C OXXUPEHUEM
(1-a rpymma — serkas bA (n=47), 2-4 rpynna — toxenad bA (n=51)) u 45 4enosex ¢ oxupenueM 6e3 bA
(Tpymma CpaBHEHus). BeeM MalMENTaM BBINOTHEHO KOMIVIEKCHOE CTaHAPTHOE OOCHIEN0BAHUE, 4 TAKKE OIl-
penencuue yposus kummedroro dT, dexanproro 3onymuia, TNF-a, IFN-y, IL-4, IL-6, IL-10, IL-17, IgE o6miero,
AJIEPrONpPOObI MO MOKA3AHUAM. 11 CTATUCTUYECKON 0OPA6OTKH JAHHBIX CIOb30BAICA MAKET IPOTPAMMBI
I[BM SPSS Statistics 26.0. Pe3yIbTaTbl OIEHUBATHCh KAK CTATHCTIHYCCKI 3HAYUMbIE TTPU ypoBHE p < 0,05.
PesyabraTel. Y nanueHTos 1-i 1 2-1 TPy MEAUAHA BO3PACTa eOI0Ta COoCTaBuIa 43 rofa. Meauana npogon-
JKUTENBHOCTY BA CTATUCTUYECKU 3HAYMMO ObUIA BBIIE Y IIALMEHTOB 2-1 IPymIbl ¥ cocraswia 14 [10; 19] ner
(p=0,013). B Tpex rpynmnax 3nauenus CPBhS CymmecTBEHHO BO3PACTAIN U ObUIN MAKCUMATBHBIMU Y [TALIIEHTOB
¢ Tpxenoit bA (p < 0,001). 3naunmo 6onee Huskue nokasareau OKEJL, ODB,, ODB, /OXKEJL, IL-10 (p < 0,001) ¢
6011€€ 4aCTBIM HEKOHTPOIUPyeMbIM TeueHueM BA (p = 0,008) u peaxum konTposeM (p = 0,009) Berpedanucs y
MAIMEHTOB 2-if Tpymiibl. CTATHCTHYECKH 3HAUNMO Gonee Bhicokue mokazaten TNF-a, IFN-y, IL-6, IL-17, ku-
meqHoro 9T, (PEKVIBHOTO 30HY/IMHA ObUIM BBIABICHEI Y MALMEHTOB 2-i1 rpymmsl (H < 0,001). Yposens (pexans-
HOI'O 30HY/IMHA IOJIOXKUTEILHO KOPPEIUPOBAT C YPOBHEM KumeuHoro 9T y mauuentos 2-# rpymmst (p < 0,001;
rs=10,813). BbUIM YCTAHOBNECHBI CTATUCTHYECKU 3HAYMMBIE IPAMBIE KOPPEIALMOHHBIE CBA3M MOKA3aTex (e-
KA/IbHOT'O 30HY/IMHA U KuteyHoro JT y maruentos 2-i1 rpymmsl ¢ UMT, OT, OB, OT/OB, otcyTcTBueM KOHTpOn
BA, CPbhs, TNF-a, IL-6, IL-17, IFN-y, JITHII u o6paTHble KOppessiuonHsie csasu ¢ 1L-10, JIIIBIL, ODB,
ACT-TecToM; TaKKe BbISBICHA OTPHUILATEIbHAS KOPPENAIA YPOBHA (PEKATBHOTO 30HyIMHA ¢ DIKEL

BoiBozpl. [10Ty4eHHbBIC PE3Y/IBTATHL TO3BOMNAIOT TOBOPHUTD O CYIECTBOBAHNN KIMHUYECKOI'O KOMIUIEKCA «Tf-
JKenasg BA — oxupenue — KUIIeuHas SHAOTOKCEMUS U MOBBIIEHHASA TIPOHUL[AEMOCTD KUIIEYHNKA», KOTOPBIH
XAPAKTEPU3YETCA IPEOOIAAHUEM TIPOBOCTIONUTENBHBIX MAPKEPOB, MOBBIIEHUEM KAMEYHOTO OT 1 (peKans-
HOTO 30HYJIMHA, CHIKEHHON (DYHKIIMEH BHENTHETO JIbIXAHYAL

Kirogessie ¢10Ba. Toxenas OpOHXUANbHAA ACTMA, OXKUPEHUE, KUIIECYHBIN SHIOTOKCUH, 30HY/IHH.

INTRODUCTION there has been a significant increase in the
syntropy of these two conditions. The identi-
Bronchial asthma (BA) and obesity are  fication of a separate phenotype of asthma

widespread diseases, and in recent years With obesity indicates a significant contribu-

36



Perm Medical Journal

2024 volume XLI no. 5

tion of obesity in the course of asthmal. Ac-
cording to research data, the “obese asthma”
phenotype is characterized by a more severe
course, low level of disease control, resis-
tance to basic therapy, and frequent hospi-
talizations during exacerbations [1].

Severe asthma in combination with obe-
sity is characterized by specific pathophysi-
ological features of the inflammatory response,
where the role of intestinal endotoxin, along
with increased intestinal permeability, is insuf-
ficiently studied. Intestinal endotoxin is known
to be associated with both neutrophilic and
eosinophilic airway inflammation, airway hy-
perreactivity, and glucocorticosteroid — resis-
tance in asthma [2]. One of the modern direc-
tions considers the role of the intestinal micro-
biome and endotoxinemia in the formation of
a more severe course of bronchial asthma in
this group of patients. Zonulin is a protein that
controls the permeability of the intestinal
epithelial barrier [3]. Activation of the zonulin
pathway provokes the development of leaky
gut syndrome [4], and in combination with
endotoxinemia, through the intestine-lung axis
[5], it aggravates the course of bronchial
asthma in obese patients.

The clinical complex “severe bronchial
asthma — obesity — intestinal endotoxemia
and increased intestinal permeability (in-
creased zonulin levels)” is currently an ob-
ject of active study in terms of revealing its
pathogenetic comorbidity, prognostic risks
of the course of diseases and determining
patient management tactics.

MATERIALS AND METHODS

A study was conducted at the State
Budgetary Healthcare Institution of the

Tyumen Region “OKB No. 17 and the Fed-
eral State Budgetary Educational Institution
of Higher Education “Tyumen State Medical
University” of the Ministry of Health of the
Russian Federation involving 143 people
(98 patients were diagnosed with bronchial
asthma combined with obesity, 42 patients
in the comparison group were diagnosed
with obesity without bronchial asthma).
Inclusion criteria for the study: age 18 years
and older; duration of asthma for at least
one year prior to inclusion in the study;
verified diagnosis of mild and severe
asthma; obesity of grades I and II (BMI from
30 to 399 kg/m®); signed voluntary in-
formed consents. Exclusion criteria for the
study: bronchial asthma complicated by se-
vere somatic diseases in the decompensa-
tion stage; BMI less than 30 kg / m* and
more than 40 kg / m* other respiratory dis-
eases; pregnancy and / or lactation; use of
genetically engineered biological drugs;
smoking of the patient at the time of inclu-
sion in the study. According to the devel-
oped criteria, two main Study groups were
formed: Group 1 — mild asthma with obe-
sity (n = 47), Group 2 — severe asthma with
obesity (n = 51). The diagnosis, severity and
level of asthma control were established in
accordance with GINA 2023 and Russian
clinical guidelines “Bronchial ~Asthma”
(2021). The ACT (Asthma Control Test)
questionnaire was used to assess the level of
asthma control. The comparison group
consisted of 45 patients with obesity of
grades I and IT (BMI from 30 to 39.9 kg / m”)
without bronchial asthma. The clinical and
instrumental examination included: anthro-
pometric examination, spirography with a
bronchodilator (Spirolan device, Laname-
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dica LLC, Russia); general clinical laboratory
examinations, lipid spectrum (total choles-
terol (TC), triglycerides (TG), low-density
lipoproteins (LDL), high-density lipopro-
teins (HDL)), and C-reactive protein (high-
sensitivity method — hs) in blood serum
were performed using a Beckman Coulter
reagent kit (USA). The level of total IgE in
blood plasma was measured using a set of
test systems from the company NPO Diag-
nostic Systems (Russia). The study of TNF-a,
IFN-a, [L-4, 6, 10 was carried out using a set
of reagents from JSC Vector-Best JSC (Rus-
sia), the determination of the cytokine IL-17
was carried out using reagents from eBio-
science (USA). The level of intestinal en-
dotoxin in the systemic circulation was
studied using the micro-LAL test (Hycult
Biotech, Netherlands), the concentration of
zonulin in feces was determined using the
Immundiagnostik AG reagent kit (Ger-
many). Skin allergy tests were performed
using the scarification method (allergen ex-
tracts from NPO Mikrogen JSC, Russia). This
study was conducted in accordance with
the protocol approved by the local ethics
committee at the Federal State Budgetary
Educational Institution of Higher Education
“Tyumen State Medical University” of the
Ministry of Health of the Russian Federation
on 09.09.2022. The IBM SPSS Statistics 26.0
software package was used for data process-
ing. For descriptive statistics, the median
(Me) and interquartile range [Q1; Q3] were
used, where Q1 is the lower quartile (25 %)
and Q3 is the upper quartile (75 %). When
comparing quantitative indicators in the
three study groups, the Kruskal-Wallis test
with Bonferroni correction for multiple
comparisons was used; in two groups, the
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Mann - Whitney U test was used. Categori-
cal indicators in groups were compared us-
ing the %’ Pearson criterion and Fisher's
exact criterion. Analysis of correlation rela-
tionships was performed with the determi-
nation of the Spearman rank correlation
coefficient (rs). The strength of correlations
was assessed using the Chaddock scale. Dif-
ferences were considered statistically sig-
nificant at p <0.05.

RESULTS AND DISCUSSION

The study groups were comparable in
terms of gender (p = 0.628), age (p = 0.337),
anthropometric ~ parameters  (height
(p = 0.854), weight (p = 0952), BMI
(p = 0.727), waist volume (WC) (p = 0.275),
hip volume (HV) (p = 0.367), WC / HV in-
dex (p = 0.171)). The patients were pre-
dominantly female (more than 90 %). The
median age of patients in the first group
was 55 [50.5; 57.5] years, in the second -
03 [54; 67] years, in the comparison group —
01 [48; 66] years. When distributing patients
by the degree of obesity and the type of fat
deposition, patients with grade I obesity
(51 % and more) and with the android type
(WC / OB more than 0.85) of fat deposition
(88 % of cases and more) predominated. In
patients of groups 1 and 2, the median age
of asthma onset was 43 years, which indi-
cates a late onset of the underlying disease
in combination with obesity and is consis-
tent with data from other studies [6]. The
median duration of asthma was statistically
significantly (p = 0.013) higher in patients
with severe asthma in combination with
obesity and was 14 [10; 19] years, while in
patients of group 1 it was 10 [7; 16] years,
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which may indicate the effect of the duration
of asthma on the severity of the disease [7].

An analysis of the incidence of con-
comitant diseases in three groups was con-
ducted (Fig. 1). No statistically significant
differences were found in the spectrum of
concomitant pathology in patients in all
three groups (p > 0.05). The most common
concomitant pathology in patients with se-
vere bronchial asthma combined with obe-
sity was cardiovascular pathology (56.86 %),
arterial hypertension (89.66 %); ENT dis-
eases were less common — 41.18 % (AR -
80.96 %, CPRS The most common concomi-
tant pathology in patients with severe
bronchial asthma combined with obesity
was cardiovascular pathology (56.86 %),
arterial hypertension (89.66 %); ENT dis-
eases were less common - 41.18 % (nasal
allergy — 80.96 %, deep-rooted rhinosinusitis
polyposa — 9.52 %, combination of nasal
allergy and deep-rooted rhinosinusitis poly-
posa; pathology of endocrine system
(2549 %), of which the most common was
diabetes mellitus types 1 and 2 (7692 %)
took third place (see Fig. 1).

60 56.86

53.19

51.0
50 47.67
41.18
40 35.71
30 27'625.49
20
10
0 ;
ENT CVS Endocrine
organs system

Comparison group

The median level of peripheral blood
eosinophils in patients in the first group
was 280 [190; 358] cells per pl, in the
second — 250 [135; 380], in the comparison
group — 140 [95; 140]. The median level of
peripheral blood neutrophils in patients in
the first group was 5.6 [3.98; 6.475] (109/1),
in the second — 4.8 [4.1; 5.65] (109/1), in the
comparison group — 3.1 [2.5; 3.56] (109/1).
Statistically significantly higher levels of pe-
ripheral blood eosinophils and neutrophils
were found in patients with asthma com-
bined with obesity compared to obese pa-
tients without asthma (p < 0.001). The statis-
tically significant differences identified high-
light the contribution of these cells to
inflammatory processes in BA.

The median CRP hs level in the first
group was 4.23 [4.04; 4.63] mg/l, in the
second — 54 [4.9; 6.1], in the comparison
group — 34 [3.1; 3.67]. In three groups, the
values of CRP hs increased significantly and
were maximum in patients with severe
bronchial asthma (p < 0.001). The level of
other laboratory parameters among the
subjects was comparable (p > 0.05).

23.81

21.28 23.81
19.61 17.02 16.67
15.69 14.89
7.84
GlI. tract Hepato- LMS
biliary tract
Group 1 M Group 2

Fig. 1. Spectrum of concomitant pathology in the study groups
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The median level of total IgE for patients
in group 1 was 140.1 [107.65; 242.25] IU/ml,
in group 2 - 135.2 [112.75; 31045], and for
the comparison group — 1825 [10.1; 32.1].
There were no statistically significant differ-
ences in total IgE levels between patients with
asthma and obesity (p = 1.0). There were no
statistically significant differences in the pres-
ence and spectrum of sensitization between
patients in groups 1 and 2 (p > 0.05).

In patients of the 1st group and the
comparison group, the results of spirometry
did not reveal any disturbances in the me-
chanical properties of the external respira-
tory apparatus. Spirometry values for all sub-
jects are shown before the bronchodilator
test (Fig. 2). In subjects with severe asthma
combined with obesity, the FVC index was
within the normal range, while the FEV1 and
FEV1/FVC levels were below normal values,
indicating more pronounced obstruction in
patients with severe asthma combined with
obesity. Analysis of the parameters of exter-

;
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Comparison group M Group 1
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nal respiration function in all study groups
showed significant differences in such pa-
rameters as FVC (p <0.001), FEV1 (p <0.001)
and FEV1 / FVC (p < 0.001), with lower
values of these indicators in patients with
severe asthma combined with obesity.

The analysis of the level of asthma
control in the groups was based on the
AST test results. The median AST test result
in patients of the 1st group was 21 [19; 24]
points and was significantly higher (p < 0.001)
than the median AST test in patients of the
2nd group — 16 [10.5; 21] points.

In severe cases of asthma combined
with obesity, patients were more likely to
have uncontrolled disease — 58.8 %, while in
mild cases of asthma combined with obe-
sity, patients had partial control - 46.8 %. In
patients with TBA combined with obesity,
an uncontrolled course of the disease was
more common (p = 0.008) and less com-
mon in control (p = 0.009), compared with
subjects with a mild course of BA combined

88, s
[83,05; 93,65]

a

84, 62
[80,94;89,57]
69, 1

% [65,95;74,01]
[71,69;83,6]

78<
FEV, /FVC, % of due

[68,05; sz 45]

'

, % of due

M Group 2

Fig. 2. Main indicators of spirometry in patients of all study groups.

Note:

* — significance of differences when comparing groups pairwise using the Kruskal — Wallis

test with Bonferroni correction for multiple comparisons
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with obesity. A moderate-strength relation-
ship was observed between the compared
features (V= 0.320).

The study analyzed the spectrum of cy-
tokines in patients of all groups (Fig. 3). The
association of asthma with obesity, regard-
less of severity, was characterized by an in-
crease in plasma levels of TNF-c, IFN-y, IL-6,
IL-17, IL-4 (p < 0.05). Statistically signifi-
cantly higher levels of cytokines TNF-a,
IFN-y, IL-6, IL-17 and the lowest level of
IL-10 were found in patients with severe
asthma combined with obesity, compared to
subjects with mild asthma combined with
obesity (p < 0.001) and only obesity without
asthma (p < 0.001). This may indicate an ad-
ditional contribution of adipose tissue to
“low-intensity inflammation” and the sever-
ity of asthma in this category of patients.

All patients underwent analysis of se-
rum intestinal endotoxin and fecal zonulin
levels. Statistically significantly higher values
of the median level of intestinal intestinal
endotoxin in blood serum — 2.1 [1.85; 2.23]

2416,25; 28)*

Printed name pg/ml
= 8 s
IFN-gamma, pg/ml

5,904,665 711

46039 491

Comparison group Group 1 Comparison group

o
248312, 281°

= A 191,75 2,1)*
;
ﬁ t

Comparison group

127[0,98; 1.96]*

Interleukin-17, pg/ml
B 2
— -
Interleukin-4, pg/ml
] 8

Group 1
12

Group 2 Comparison group

9,1(844; 10,1)°
8
742163;8,7%6]*

234[194;3245] *

EU/ml and fecal zonulin — 93 [83.45; 90]
ng/ml were obtained in patients with severe
bronchial asthma combined with obesity
(p <0.001). Kim and Baioumy also observed
increased zonulin levels in patients with
severe asthma in their studies [8; 9]

In a number of studies, the same trend
was observed with endotoxemia, which in-
creased with the severity of the course of
bronchial asthma [10; 11]. Higher concen-
trations of ET in patients with severe bron-
chial asthma may be associated with in-
creased shunt circulation due to frequent
use of SABA against the background of un-
controlled bronchial asthma [12].

In patients of the 2nd group, a correla-
tion analysis was performed of the level of
fecal zonulin and intestinal ET with the
main clinical, laboratory and instrumental
indicators, markers of systemic inflamma-
tion. The level of fecal zonulin was posi-
tively correlated with the level of intestinal
ET in patients with severe BA combined
with obesity (p < 0.001; s = 0.813).

1; 5,61

53155/
8

49 449,533

ll.l|9.;15‘12,6|' 31236, 364]*

Interleukin-10, pg/ml

Group 1 Group 2 Comparison group Group 1

8

Group 2

4291393, 333)
230 [148; 3341

2811232377

2411228247

Interleukin-6, pg/ml

Group 1 Group 2 Comparison group Group 1

e

Group 2

Fig. 3. The level of cytokines in peripheral blood in patients of all study groups (a—e).
Note: p* — significance of differences when comparing groups pairwise using the Kruskal-Wallis test with
Bonferroni correction for multiple comparisons
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The identified correlation had a high
strength of connection according to the
Chaddock scale. It is known that in patients
with obesity, the intestinal microbial com-
position changes with a shift towards gram-
negative bacteria, which can lead to an in-
crease in the level of intestinal ET [13], an
increase in proinflammatory cytokines and
ultimately contribute to increased intestinal
permeability with an increase in the level of
fecal zonulin [14]. When assessing the cor-
relation relationships between fecal zonulin
and intestinal ET with anthropometric pa-
rameters in patients of group 2, statistically
significant direct correlations were estab-
lished with BMI (zonulin - p < 0.001,
rs = 0.820; ET — p < 0.001, s = 0.888), WC
(zonulin - p < 0.001, rs = 0.508; ET -
p < 0001, rs = 0.615), HC (zonulin —
p = 0001, rs = 0446, ET - p < 0.001,
rs = 0498), WC/HC ratio (zonulin -
p = 0046, rs = 0.281; ET - p = 0.005,
rs = 0.385). In studies by Moreno-Navarrete
[15] and Markl [10], positive correlations of
zonulin levels with anthropometric parame-
ters in obese patients were also observed.
Negative statistically significant associations
were found between the levels of fecal
zonulin and intestinal endotoxin with FEV1
(zonulin — p < 0.001, rs = -0.576; ET —
P =0002, rs =-0418), AST test results (zonu-
lin - p <0.001, rs = -0.704; ET - p < 0.001,
rs =-0.551) and a positive correlation with
the lack of disease control (zonulin —
p < 0001, rs = 0550, ET - p < 0.001,
rs = 0.302), a negative correlation was also
found between the level of zonulin and FVC
(» = 0.017; rs = -0.334) in patients with
severe asthma combined with obesity. In
patients of the 2nd group with an increase
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in the level of fecal zonulin and intestinal ET,
an increase in the level of hs-CRP (zonulin —
p < 0001, rs = 0.628; ET - p < 0.001,
rs = 0.533), TNF-a (zonulin - p < 0.001,
rs=0.594; ET - p = 0,002, rs = 0.433), IL-6
(zonulin — p < 0001, 75 = 0.645; ET — p < 0.001,
rs = 0.841), IL-17 (zonulin - p < 0.001,
rs = 0.532; ET - p = 0.009, rs = 0.363), [FN-y
(zonulin — p < 0,001, s = 0.516; intestinal
ET - p =0.037, rs = 0.292) and a decrease
in the level of IL-10 (zonulin - p < 0.001,
rs = -0.556; ET — p = 0.001, 5 = —-0.439).
The correlations found ranged from weak
to strong according to the Chaddock scale.
Other studies have also found positive cor-
relations of zonulin levels with IL-6 [15; 10],
CRP [16], TNF-o. [17]. The release of proin-
flammatory cytokines by adipose tissue may
begin in response to an increase in circulat-
ing ET levels [18]. BolBneHHbIE KOppENd-
UM UMEIU OT CJIA0OM 0 BBICOKOH TeC-
HOTY CBA3U 110 mmKane Yeanoxa. B apyrux
UCCIEIOBAHUAX TAKKE OBUIA BBIABICHBI
TOJIOKUTENIBHBIE KOPPEAIIMN YPOBHS 30-
HynmuHa ¢ IL-6 [15; 16], CPB [16], TNF-a
[17]. According to previous studies, the
level of zonulin [15] and intestinal ET [19]
positively correlated with LDL (zonulin —
p < 0.001, rs = 0.674; ET - p < 0.001,
rs = 0.734) and negatively with HDL (zonu-
lin- p <0001, rs = -0537; ET - p <0001,
rs = -0.591), which was also revealed in our
study. When the level of ET increases, it is
likely that it is deposited in the “HDL+ET”
complex (LDL is represented in the blood
circulation) [12]. A study by Zhang et al. sug-
gested that zonulin increases adipose tissue
via the endocannabinoid pathway by increas-
ing intestinal wall permeability and subse-
quently developing dyslipidemia [20].
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CONCLUSIONS

Severe bronchial asthma (BA) in combi-
nation with obesity is characterized by certain
features — later onset, lack of BA control in
most patients, significantly lower FVC, FEV1,
FEV1 / FVC, standard sensitization profile,
higher levels of proinflammatory cytokines
(TNF-a, IL-6, IFN-y, IL-17), CRP, fecal zonulin,
intestinal ET, low IL-10 levels. The most
common concomitant disease in this group
of patients was arterial hypertension. In pa-
tients with severe asthma combined with
obesity, positive correlations were obtained
between the levels of fecal zonulin and intes-
tinal ET, indicating a relationship between
these two indicators.

When conducting a correlation analysis
in this group of patients with an increase in
the level of fecal zonulin and intestinal ET, an
increase in the level of CRPhs, TNF-q, IL-6,
IFN-y, IL-17, BMI, WC, HC, WC/HC, IDL, an
increase in the frequency of uncontrolled
asthma and a decrease in the level of IL-10,
FEV1, AST test, HDL were observed. The ob-
tained results allow us to speak about the ex-
istence of a clinical complex “severe bronchial
asthma — obesity — intestinal endotoxemia
and increased intestinal permeability”, which
is formed through the “intestine — lung” axis
and is characterized by the predominance of
proinflammatory markers, increased intestinal
ET and fecal zonulin levels, and reduced ex-
ternal respiratory function.
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