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Asthma is one of the most common chronic non-communicable diseases among adults and children. Recent studies have paid special
attention to endothelial dysfunction in the mechanism of development and progression of asthma, on the one hand, and the occurrence
of long-term consequences of endothelial damage, on the other hand. Endothelial dysfunction in the modern sense is not only a pathology
of the vascular wall but also a deep, complexly organized system of disorders and compensatory and adaptive reactions that originates at the
molecular genetic level.

Purpose — to improve the knowledge of assessing the levels of von Willebrand factor (VWF) as a marker of endothelial dysfunction in the blood
of children with partially controlled asthma.

Materials and methods. 94 children participated in the study. Patients were divided into 4 groups: the Group 1 — children with mild
persistent asthma (n=59), the Group 2 — moderately severe persistent asthma (n=10), the Group 3 — severe persistent asthma (n=12), and the
Group 4 — control group (n=13).

The study of VWF was carried out by a standard enzyme-linked immunosorbent assay (ELISA) using the Human VWF ELISA Kit. Data were
analyzed using Statsoft Statistica version 8 (Tulsa, OK) and MedCalc statistical software version 17.2.

Results. It was found that children with asthma had significantly increased levels of VWF in the blood serum compared to the control group.
The highest levels of serum VWF were found in patients with severe asthma.

Conclusions. Elevated levels of VWF indicate the presence of endothelial dysfunction. Increased levels of VWF depending on the severity
of asthma indicate more severe endothelial damage in children with severe asthma.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local
Ethics Committee of the institution mentioned in the work. Informed consent of parents or their guardians was obtained for conducting research.
No conflict of interests was declared by the authors.
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dakTop BinnedpaHpa 9Kk MapKep TAXKOCTI HaCTKOBO KOHTPOJIbOBAHOI
OpoHXianbHOI acCTMM B AiTen

H.l. MakeeBa, B.B. AHApYyLeHKO

XapKiBCbKMIA HALLIOHaNbHNIA MEANYHUI YHIBEPCIUTET, YKpaiHa

BpoxxiansHa actMa (BA) — ue oaHe 3 HaMNOWVIPEHILNX XPOHIYHVX HEIHDEKLIVHNX 3aXBOPIOBaHb Ceper, A0POCAVX Ta Airen. JocniaxeH-
HS1 OCTaHHIX POKIB MpuANgioTe 0CO6AMBY yBary eHpoTenianbHii ANCOYHKLIT B MexaHiami po3BUTKY Ta nporpecyBaHHs BA, 3 ogHoro 6oky,
Ta BUHWUKHEHHIO BIAJaIEHNX HACNIOKIB NOLWKOAXEHHA eHAoTenN o, 3 iHWOoro. ExgotenianbHa ANCHYHKLIA B Cy4aCHOMY PO3YMIHHI — Ue He
TiNbKM NATONOrA CTIHKM CyauH, ane i mubokKa, CknagHO OpraHidoBaHa CucTema MopyleHb i KOMMNEHCAaTOPHO-NPUCTOCYBANbHNX PeakLii,
1110 6epe NoyaTok Ha MONEKYASIPHO-FEHETUYHOMY PIBHI.

MeTa — nommbuT 3HaHHA 3 OLIHKI PiBHIB PakTopa Binnebparaa sk Mapkepa eHaoTenianbHoi AMCYHKU|T B KDOBI AITEN 3 HaCTKOBO KOHTPO-
NbOBaHOI0 BA.

Martepianu Ta meToamn. Y 00CNIIXEHHI B3AM yHacTb 94 anTnHK. MNauienTis NoaineHo Ha 4 rpynu: 1-wa rpyna — AiTW 3 1erkoio NepcucTyio-
4olo BA (n=59); 2-ra rpyna — i3 cepeaHbOTSKKOI0 NnepcrcTyiodoto BA (n=10); 3-T4 rpyna — i3 TsKKoto nepcucTtyiodoio bA (n=12); 4-ta rpyna —
rpyna KoHTposio (n=13).

JocninxeHHs daktopa BinnebpaHaa BMKOHAHO CTaHAAPTHUAM iMyHODEPMEHTHUM METOAOM i3 BMKOpPUCTaHHSM Habopy «Human VWF
(Von Willebrand Factor) ELISA Kit». [poeneHo aHania naHvix 3a gonomMoroto «Statsoft Statistica» Bepcii 8 («Tulsa», OK) i ctatncTdHoi npo-
rpamu «MedCalc» Bepcii 17.2.

PesynbraTtu. BCcTaHoBneHo, WO B AiTert 3 BA BiporiaHo niasuviLLeHi piBHi dakTopa BinnebpaHaa y cvpoBarLl KpOBi MOPIBHAHO 3 rPYMoi0 KOH-
Tponto. Harsuli nokasHykm haktopa BinnebpaHaa cupoBaTki KPOBi BUSBAEHO B NALEHTIB i3 TSKKOIO BA.

BucHoBkM. [iagnuieHnii piseHb GakTtopa BinnebparHaa CBiouvTb NPO HasfBHICTb eHAoTenianbHOI AMChyYHKLUI. 30inbLIEHHSA PiBHA dakTopa
BinnebpaHaa 3anexHo Bif, CTyneHs TsKOCTi BA Bkadye Ha Ginbli TAXKE NOLLKOAXEHHA eHA0TENI B AiTel 3 TAXKOI0 BA.

JOCniaXeHHa BMKOHAHO BIAMNOBIAHO A0 NPUHUMNIB FenbCiHCHKOT Aeknapadi. [poToKon A0CNIIXEHHS yxBaneHO JTIOKanbHUM eTUYHVIM KOMITE-
TOM 3a3Ha4eHoi B poOOTI yCTaHOBK. Ha MpoBeOEeHHA AOCIAXEHb OTPMMAHO IHGOPMOBAHY 3rofly AiTer, 6aTbKiB.

ABTOPU 3a8BNSHOTb NPO BIACYTHICTb KOHMAIKTY iIHTEPECIB.

KniouoBi cnoBa: OpoHxianbHa actMma, Oitv, eHgoTteniansHa AMcOyHKLIA, dakTop Binnebpanaa.

Introduction The increasing prevalence of asthma, which is
one of the most common and severe allergic diseases,
he WHO Regional Office for Europe, including among children, necessitates further re-
within the framework of the Health search into the mechanisms of pathogenesis and, on
for All strategy, has classified allergic their basis, the development of new treatment and
diseases as markers of public health. prevention programs to control the disease [8,18].
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Asthma is a chronic inflammatory airway
disease that leads to airway obstruction, which can
be partially irreversible, which defines the concept
of airway remodeling [8].

Chronic inflammation affects the vascular en-
dothelium, blood coagulation system, complement
system, and others [6].

The endothelium is more than a physical bar-
rier between air, blood and connective tissue. The
endothelium is actively involved in metabolic pro-
cesses and plays a key role in gas and nutrient me-
tabolism, haemostasis, angiogenesis, and in the pro-
cesses that control inflammation, leukocyte trans-
port, vascular tone, and endocrine signalling [2,16].

At the present stage, scientists pay special
attention not only to endothelial dysfunction in
the mechanism of development and progression
of chronic diseases, including asthma, but also to
the occurrence of long-term consequences of endo-
thelial damage.

In the event of various pathological conditions
(damage/inflammation), the endothelium reacts
quickly, promoting thrombus formation, prolifera-
tion and remodelling of the vascular wall, which
in turn has a significant impact on the progression
of cardiovascular disease.

Endothelial dysfunction has been proven in
various diseases, including atherosclerosis, arte-
rial hypertension, hypercholesterolemia, chronic
heart failure, diabetes mellitus, rheumatic diseases,
and infective endocarditis, which is one of the main
causes of cardiovascular complications.

Endothelial cells (ECs) play an important role
in the bronchopulmonary system. The pulmo-
nary vascular bed is the largest vascular bed in the
human body, and pulmonary ECs are an important com-
ponent of the gas exchange apparatus of the alveoli [ 14].

It is well known that patients with moderate
and severe asthma with uncontrolled asthma are
accompanied by chronic hypoxia, which becomes
progressive over time [4,23]. Chronic hypoxia leads
not only to airway remodeling and damage to the
lung endothelium, but also to dysfunction of other
organs and systems [19,26]. Hypoxia is not the only
mechanism of damage, of course, dysfunction of the
immune system also plays an important role, which
is the primary factor in the exacerbation of asthma,
but the dynamic progression of the deterioration of
the bronchopulmonary system can eventually lead
to pathology in other body systems.

Taking into account all of the above, it is crucial
to continue the search for indicators of endothelial
damage.
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According to the literature, pro-inflamma-
tory and anti-inflammatory cytokines can serve
as markers of endothelial dysfunction [17,22].

One such marker is von Willebrand factor
(VWF) [12,29]. The plasma glycoprotein VWF is
synthesized only in ECs or megakaryocytes, and
its main function is hemostasis. That is why any
changes in the state of the vascular endothelium
are manifested by an instantaneous change in the
concentration of VWF in the blood plasma [13].

The purpose of the study — to measure VWF to
find evidence of endothelial activation in children
with different degrees of uncontrolled asthma.

Materials and methods of the research

This was a cohort study. The study included
children aged 5 to 17 years with an already estab-
lished diagnosis of allergic asthma (IgE-dependent
or IgE-independent), persistent mild, moderate,
severe (2—4 severity), partially controlled, in the
period of exacerbation. Exacerbations were mild
to moderate in severity.

Patients were recruited at the pulmonology
department of the children’s hospital.

Out of 130 children admitted to the hospital
during this period, 81 children were selected. The
main condition for participation in this study was
compliance with the inclusion and exclusion criteria.

Inclusion criteria: children aged 5 to 17 years
with a diagnosis of persistent mild, moderate,
severe (2—4 severity) asthma, partially controlled,
in the period of exacerbation; 1-2 days of exa-
cerbation; children with signed consent from both
parents, and at the age of 14 years, from the pa-
tients themselves.

Exclusion criteria: children under 5 years of age or
over 17 years of age; children under 17 years of age
whose parents (or one of the parents) did not give
written consent to the study; patients aged 14 years
and older without written consent to the study; pa-
tients with acute bronchitis simple, acute obstructive
bronchitis, intermittent asthma, pneumonia; patients
diagnosed with asthma in remission and controlled
asthma; patients with congenital and chronic car-
diopulmonary or neurological diseases; hereditary
diseases leading to changes in the functioning of the
respiratory tract, including cystic fibrosis; proven im-
mune deficiency; patients with severe somatic condi-
tions and decompensation of vital functions; suspect-
ed or confirmed gastrointestinal diseases; patients
with neoplasms of any location.

Patient’s parents received comprehensive infor-
mation about the methods and scope of the study.
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The study was performed with minimal psycholo-
gical distress on the part of the patients.

The control group consisted of 13 healthy
children (of similar age/sex) without any signs
of chronic or acute illnesses during the previous
three months, who were referred for age-relat-
ed control or vaccination. Parents of the control
group children were informed about the objectives
of the study and signed a written informed consent
before enrolment.

All patients with asthma were diagnosed by
a pediatric respiratory specialist (pulmonologist
or allergist). The diagnoses and examinations were
by the protocols for the treatment of children with
asthma No. 868 of 08.10.2013 «On Approval and
Implementation of Medical and Technological
Documents for Standardisation of Medical Care
in Bronchial Asthma». The Global Initiative for
Asthma (GINA) 2020 recommendations were also
taken into account.

The examination was carried out in the first
days of asthma exacerbation, namely in the pre-
sence of dyspnea, cough, and wheezing and before
correction of basic therapy.

Patients received basic asthma treatment by
the accepted GINA 2020 guidelines [18].

To assess control, we used diagnostic tests, tak-
ing into account the age of the children. The test
is for children aged 4—11 years and 12 years and
adolescents [18,24,28]. According to the results
and GINA criteria, partially controlled asthma was
present (2 criteria were positive).

All patients underwent physical and laborato-
ry examinations. A thorough study of anamnestic
data was carried out, namely: age at diagnosis of
asthma, duration of asthma, and burdened family
history of allergic conditions (any and specifically
asthma).

Patients were divided into groups depending
on the degree of asthma. The Group 1 included
children with mild persistent asthma (n=59), the
Group 2 — had moderate persistent asthma (n=10),
the Group 3 — had severe persistent asthma (n=12)
and the Group 4 was the control group (n=13).

Methods for assessing the state of the endothe-
lial component. Serum samples were taken during
routine examination of children before therapy
correction. Blood samples were drawn by a trained
pediatric phlebotomist nurse. Blood was collected
in the morning, on an empty stomach, by venipunc-
ture. Blood sampling was preceded by 20 minutes
of physical and emotional rest. The material was
collected in special tubes. For serum collection,
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tubes without fillers were used. Centrifugation
to obtain serum was performed at 2000—2500 rpm
for 15—20 minutes. After centrifugation, the mate-
rials were distributed into disposable tubes using a
sterile pipette and stored at -70°C. Aliquots of sam-
ples were analyzed once without a repeated freeze-
thaw cycle.

The study of VWF was carried out by a
standard enzyme-linked immunosorbent assay
(ELISA) using the Human VWF ELISA Kit.

The assessment of the external respiratory func-
tion of children was performed using the SpiroCom
AINC.941311.005 I spirographic complex. It was
manufactured by the National Aerospace Universi-
ty «Kharkiv Aerospace Institute» («KhAlI»), Sci-
ence and Technology Centre of Electronic Medi-
cal Devices and Technologies «KhAI-Medica»,
Kharkiv, Ukraine (TU U-33.1-02076 005-2002).
The study was conducted according to the stan-
dard method of spirography. The patients and their
parents were given the most accurate instructions
on how to prepare for the study and the medica-
tion of spirography was explained. The patients did
not eat for 2 hours before the study, the intensity
of physical activity was reduced 1 hour before the
study (risk of bronchospasm), the patients’ clothes
were loose and did not restrict chest and abdomi-
nal movements, and inhaled medications were dis-
continued 12 hours before spirometry.

The planned clinical trial was conducted after
obtaining the approval of the Ethics and Bioethics
Commission of Kharkiv National Medical
University on 2 October 2019, protocol No. 6, and
was conducted by the principles of the Declaration
of Helsinki as amended in October 2013.

Methods of statistical analysis. The statisti-
cal processing of the study results was performed
using the statistical packages EXCELL FOR
WINDOWS, StatSoft STATISTICA Version 7
(Tulsa, OK) and MedCalc Statistical Software
(version 17.2). The Shapiro—Wilk test and histo-
gram and q-q plots were used to assess normality.
Since the sample distribution differed from the
normal one, the median (Me) and interquartile
range (Lq — lower quartile; Uq — upper quar-
tile) were determined. For multiple comparisons
(the study included 4 groups), the non-paramet-
ric Kruskal-Wallis test was used. Differences were
considered significant with the Bonferroni correc-
tion. The nonparametric Mann—Whitney test was
used to determine the difference between groups.
The difference between two parameters was con-
sidered statistically significant at p<0.05. The cor-

33



Yntanmrte Hac Ha canTi: http://medexpert.com.ua

OPUTTHAABHI AOCAIAKEHHSI

Table
Clinical and laboratory data
Group 2 Group 3
. Group 1 Group 4
Sign . (Moderate (Severe o}
(Mild asthma) asthma) asthma) (Control)
Number 59 10 12 13
Gender, M/F 23/36 4/6 6/6 7/6 o <055
pi—2—0.798
Age, years 1.0 (7.0;15.0) 10.0 (10.0;11.0) | 12.5(11.0:14.0) |8.0(6.0;10.0)| p1.3-0.253
l\/le(Lq, UQ) p2,370.129
: . P12 —0.213
Disease duration 2.0(1.0:6.0) 3.0(2.0:4.0) 6.5(3.5,10.0) pi-3 = 0.002
Me (La; Uq) D23 0075
. : pi1-2—0.707
Allergic diseases in the 52.5% (31/59) 60% (6/10) 66.7% (8/12) p1-g—0.442
/ P23 - 0.791
p1-2— 0.651
Asthma in the family 39.0% (23/59) 30.0% (3/10) 58.3 (7/12) p13-0.293
p2-3 —0.262
. »—0.034
Ig E increase, 1U/ml P1-2
(more than 50 IU/m) 74.5% (44/59) 100.0% (10/10) 91.6% (11/12) 8;:2:%%%?
Di—2— 0.246
CRP, mg/I 16.9% (10/59) 40.0% (4/10) 66.7% (8/12) pi1-3—0.007
p2-3 —0.291
P1-2<0.001
FEVA 105.0 (102.0; 126.0) | 99.0(90.0; 103.0) | 77.5(74.0; 79.0) p1-3<0.001
p2,3<0.001
P1-2<0.001
FEV1/FVC 107.0 (105.0; 108.0) | 101.0(95.0; 103.0) | 94.0 (89.0; 97.0) p1-3<0.001
p2-3—0.010
p1-2=0.036
PEF 107.0 (105.0; 120.0) | 101.5(89.0; 108.0) | 63.5(58.5; 68.0) p1-3<0.001
p2,3<0.001

relation between the parameters was determined
by Spearman’s rank correlation analysis (r); p<0.05
was considered a statistically significant difference.

The rank biserial correlation coefficient (r rb)
has been used for dichotomous nominal data ver-
sus rankings (ordinal). The pointwise biserial cor-
relation coeflicient measures the strength of the
relationship between two variables in the range
from -1 to +1, where -1 indicates a perfect nega-
tive relationship and +1 indicates a perfect posi-
tive relationship. Receiver operating characteristic
(ROC) curves were constructed for the variables
to determine the optimal cut-off values for pre-
dicting the endpoint. The endpoint of this study
is the formation of endothelial dysfunction in chil-
dren with partially controlled asthma. The cut-oft
point of each variable and the sensitivity, specifi-
city, positive likelihood ratio (+LR), and negative
likelihood ratio (LR) of this cut-off point were
obtained using the Juden index. To determine the
most reliable screening tool among these four vari-
ables, a pairwise comparison of these variables was
performed by determining the difference between
the areas under the curve using the Hanley and
McNeil method.
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Results of the research and discussion

The study involved 81 children with asthma.
No significant statistical difference was found
between the groups when taking a medical his-
tory. This concerned the age of the children and
the presence of atopy in close relatives (first-de-
gree relatives) (atopic dermatitis, allergic rhinitis,
allergic diseases in the family, asthma in the family).
Differences were found in two anamnestic
indicators: boys statistically predominated in
mild asthma, other groups had no significant
differences, and the duration of the disease in
patients with severe asthma was statistically
significant. In the laboratory examination, sta-
tistically significant increases in IgE and C-reac-
tive protein (CRP) levels were found in patients
with severe asthma compared with mild asthma.
Results, lung function tests: FEV1 (Forced Expira-
tory Volume in one second), Tiffno test — FEV1/
FVC (Forced Vital Capacity), PEF (Peak Expi-
ratory Flow), were processed using the Kruskal—
Wallis test. This criterion was significantly high:
H FEV1 = 39.087; p<0.001, H FEV1/FVC =
41.766; p<0.001,
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H PEF = 33.420; p<0.001. There was also a sta-
tistically significant decrease in lung function in
patients with severe asthma compared with mild
asthma (Table).

The level of VWF in the blood serum of
children with asthma

Statistical processing using the Kruskal-Wallis
test revealed the presence of a highly significant
H-criterion, which allowed us to conclude that the
levels of VWF have a significant difference in the
groups, and given that the distribution into groups
was carried out depending on the severity of asth-
ma, it can be assumed that the levels of VWF de-
pend on the severity. When calculating the diffe-
rences between groups using the Mann—Whitney
test, increased levels of VWTF were found in chil-
dren with asthma in all groups, with the highest
levels in children with severe asthma (Figure 1).

A negative correlation was found between
the level of VWF in children’s serum and
FEV1 r=-0.603, p<0.05; FEV1/FVC r=-0.582,
p<0.05; PEF r=-0.537, p<0.05.

The biserial correlation was used to assess
the relationship between the level of VWF and
the presence of allergic diseases in the family histo-
ry. The existence of a strong relationship was deter-
mined: r rb=0.79, p<0.05, T=4.16.

The biserial correlation was also used to as-
sess the relationship between VWF levels and
CRP elevation in the blood. The existence of a
strong relationship was determined: r rb=0.81,
p<0.01, T=4.16.

The vascular endothelium at rest plays
an important protective role in the body, but in the
event of damage or inflammation, the endothelium
reacts quickly, releasing a variety of biologically
active substances [13,25]. The occurrence of endo-
thelial dysfunction is a reaction to its damage.

Scientists are constantly searching for mar-
kers of endothelial dysfunction, and one of the al-
ready identified ones is VWF, which is stored in the
Weibel-Palade bodies of the pulmonary vascular
endothelium and released from ECs in response to
damage [1,22,27].

In our study, we found elevated levels of VWF
in all children with different degrees of partially
controlled asthma at the height of clinical manifes-
tations. These data indicate the presence of endo-
thelial dysfunction.

Similar data were reflected in scientific papers
where the object of study was childhood asthma in
exacerbation and remission. Both conditions were
accompanied by an increase in VWF levels, but
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Fig. 1. Statistical indices of the Von Willebrand Factor, (Me (Lq; Uq))

the highest levels were observed in patients with
extensive clinical manifestations [11]. Increased
levels of VWF have also been reported by resear-
chers studying asthma in adults in remission [15].

It is not known for certain whether the pre-
sence of an increased amount of VWF indicates
the cause or consequences of endothelial dys-
function, but changes in its levels are directly
or indirectly related to the onset of the pathologi-
cal process [1].

Statistical processing of VWF levels using the
Kruskal-Wallis test revealed a significant dif-
ference in the groups, and given that the groups
were divided according to the severity of asthma,
it can be assumed that VWF levels depend on the
severity of asthma. The highest values of VWF
in our study correspond to severe asthma.

Scientists studying the risk of venous throm-
boembolism in adult patients with stable asth-
ma (mild, severe and prednisone) found that
VWEF levels increase with increasing asthma seve-
rity [20].

Our study revealed a negative correlation
between VWF and indicators of external respira-
tory function. The highest levels of VWF were as-
sociated with reduced lung function.

This fact is confirmed in scientific practice,
giventhatoneofthefactorsofdamageinuncontrolled

or poorly controlled asthma is chronic hypoxia.
Taking into account that lung ECs are an impor-
tant component of the alveolar gas exchange ap-
paratus, their damage occurs with a constant lack
of oxygen [4,23].

A group of researchers who studied asthma in
adults aged 18—70 years with stable asthma found
a negative correlation between endothelial damage
and external breathing function, which is consis-
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Fig. 2. ROC curves for von Willebrand factor as a biomarker of the severity
asthma in children

tent with our data, but they used brachial artery
dilatation and common carotid intima-media
thickness as markers of endothelial damage [9].
They claim that this negative correlation between
external breathing functioned indicators of exter-
nal respiratory function was found by them for the
first time [15].

Scientists conducting research in children
with periodic and recurrent wheezing found that
in the latter, lung function decreases over time
(5—7 years), indicating not only the negative im-
pact of the number of obstructions, but also the
chronic nature of the process [21].

The presence of an inflammatory process in our
study is supported by the data on elevated CRP
levels in children with severe asthma. A positive
relationship between VWF and CRP in patients
with severe asthma was observed in the biserial
correlation calculation.

Scientists call CRP one of the markers of sys-
temic inflammation [15]. Scientists study the
informativeness of CRP as an indicator of inflam-
mation in various diseases, including pathologies
of the bronchopulmonary system [7]. The data in-
dicate that it is more informative at the peak of the
inflammatory process, but may also have elevated
levels when clinical manifestations subside.

In favor of the chronic nature of inflammation,
our study obtained the following data: a link was
found between the duration of the disease and the
severity of asthma, and a positive correlation was
found between the level of VWF and the duration
of the disease.

Modern studies show a link between elevated
levels of VWF and the formation of chronic in-
flammation in children with diagnosed asthma and
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at the stage of its formation [10]. These stud-
ies have made it possible to see dynamic changes
in VWF levels at the height of clinical manifesta-
tions of asthma and multiple bronchial obstruction
in children, and in the period outside of exacerba-
tions.

The non-hemostatic role of VWF is still not
fully understood, but the occurrence of disorders
in the coagulation and anticoagulation system,
where the role of VWTF is well known, in various
inflammatory processes of the respiratory tract
has been proven by modern scientists. Such data
were obtained in studies of children and adults
with acute respiratory distress syndrome, chronic
obstructive pulmonary disease, pulmonary fibrosis,
and pneumonia [3,5,25].

This suggests that both acute and chronic
pathological conditions can lead to endothelial
dysfunction.

The ROC analysis made it possible to deter-
mine the cut-off values of VWF in the
blood serum that were prognostically signi-
ficant in terms of asthma severity. It was found
that VWF>24.007 ng/ml had prognostic signi-
ficance for severity among children with asthma
(Figure 2).

The limitation of this study is the presence
of concomitant allergic pathology in patients:
atopic dermatitis (45%), allergic rhinitis (72%) or
their combination (29%). These comorbidities can
also affect serum VWF levels [11].

Conclusions

In all patients with asthma during the period
of clinical manifestations, the levels of VWF are
elevated, indicating endothelial dysfunction.

The highest levels of VWF in the blood serum
are associated with severe asthma, indicating an in-
crease in the intensity of endothelial damage.

The presence of a significant negative correla-
tion between the VWF and indicators of exter-
nal respiratory function confirms its dependence
on the severity of the disease.

The positive correlation between the VWF
and the duration of asthma and the presence of
increased CRP levels confirms the thesis that the
VWF is involved in chronic inflammation.

The concentration of VWF in the blood serum of
children with asthma above VWF>24.007 ng/ml can
be considered as an additional marker of its severity.

The results of our study will probably be able
to influence the further tactics of examination and
treatment of patients with asthma.
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