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ABSTRACT

Background. Childhood obesity is one of the pressing problems in modern healthcare, since it is associated with a
high risk of non-communicable diseases, such as bronchial asthma (BA).

The aim. To determine the features of cytokine profiles in children with and without BA, depending on body
weight and visceral fat area.

Materials and methods. At the first stage, 506 Tomsk schoolchildren underwent anthropometry with the calculation
of the body mass index (BMI) and measurement of the visceral fat area (VFA) using the InBody 770 analyzer. Fifty-
one (51) children from the first stage were included in the second clinical and diagnostic stage. The children were
divided into four clinical groups: “Obesity” (n = 17), “Visceral Obesity” (n = 7), “Asthma” (n = 15), and “Healthy
Children” (n = 12). In all study participants, the levels of interleukin (IL)-6, IL-8, IL-4, IL-10, and immunoglobulin
(Ig) E in the blood serum were determined by the multiplex assay (MagPix and Luminex 200 c analyzers). Statistical
data analysis was carried out using the Statistica 10.0 software package and the 4.2.2 version of R.

Results. The levels of IL-10 in the “Asthma” (p < 0.006) and “Obesity” (p < 0.008) groups were significantly
higher than in the “Visceral Obesity” group. Significantly higher levels of IL-8 were found in patients with asthma
(» <0.003) and obesity (p < 0.003) compared to the “Visceral Obesity” group. Higher concentrations of IL-6 were
found in the “Asthma” (p < 0.001) and “Obesity” (p < 0.028) groups compared to the “Visceral Obesity” group.

Conclusion. Similar upward changes in IL-6, IL-8, and IL-10 in children with asthma and obesity without a history
of asthma may explain the contribution of obesity to a risk of asthma in children, possibly through excessive
production of these proinflammatory cytokines that contribute to the implementation of Th2-mediated allergic
inflammation.
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LinToknHoBbIN Npodusib NPy OXKNPEeHUN N 6pOHXNanbHON acTme y aeten

Tapa6puHa A.A.', Oropogosa JI.M.', Camomnosa l0.I'.", ®egocenko C.B.", Degoposa 0.C.',
MNertpoB B.A.", MogunHeHoBa [1.B.", boiiko A.C.?

"' Cubupcruii 2ocydapcmeennoiii meouyunckuil ynugepcumem (Cu6I MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccaedosamenvckuii uncmumym (HUHW) ncuxuuecko2o 300poews, ToMCKUll HAYUOHANbHBIL UCCAEO08AMENb-
cxuii meouyunckutl yewmp (HUML]) Poccuiickoii akademuu HayK
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

PE3IOME

BBenenne. JIetckoe OXXUpPEHHE SBISETCS OJHON U3 aKTyaJbHBIX MPOOJIEM COBPEMEHHOI'O 31paBOOXPAaHEHHMs, MO~
CKOJIBKY CBSI3aHO C BBICOKUM PHCKOM BO3HHKHOBEHHUS XPOHHYECKHUX HEHMH(EKIMOHHBIX 3a00JIeBaHUi, TAKUX KaK
OponxuanpHas actMa (BA).

Hesb uccnexoBanus — onpeaeieHue 0COOEHHOCTH IIMTOKMHOBBIX Npoduiielt y AeTel ¢ AuarHocTHpoBaHHON BA
u 6e3 Hee B 3aBUCUMOCTH OT MAacChl TeNa U IUIONA 1 BUCIEPATBHOTO KUPA.

Marepuasnl u Metoabl. Ha nepBom stane 506 mkonpHuKaM I. TOMCKa BBIOJHEHA aHTPOIIOMETPHS C PACUETOM
HHJIEKCa MacChl Tella, I3MEPEHHE MJIOIIAAN BUCIICPaIbHO KUPOBOil TKaHU Ha ammnapare Inbody 770. Bo BTopoit
KJIMHUKO-ZIMarHOCTUUECKUI 3Tan BKII0YeH 51 pebeHok n3 nepsoro srana. CHOpMUPOBaHEI YEThIPEe KIMHHIESCKHE
TPYHIBL: «oXupeHue» (n = 17), «BucepaibHOe OKHpeHue» (n = 7), «OpoHxuanpHas actMa» (n = 15) u 3m0poBbie
nety (n = 12). Bcem yuacTHHKaM ompesienieH ypoBeHb nHTepieiikuna (IL) 6, 8, 4, 10 u ummyHornoOyimHa (Ig) E B
CBIBOPOTKE KPOBH ITyTEeM MYJIBTHIUIEKCHOTO aHanu3a (aHaimu3zaTopsl MagPix u Luminex 200 c¢). CratucTudecKuii
aHaJIM3 TAHHBIX MTPOBEEH C MOMOIIBIO TTakeTa mporpamMmsl Statistica for Windows 10.0, a Takxke ¢ HCIIOIb30BaHU-
eM s3bika R (Bepcus 4.2.2).

Pe3yasTatsl. Yposens IL-10 B rpynmax «OponxuansHas actMay (p < 0,006) u «oxupenne» (p <0,008) 6sur mo-
CTOBEPHO OoJiee BEICOKHM 10 CPAaBHEHUIO ¢ TPYIIION «BUCHepalibHOE oxkxupeHuey. [Ipu onenke 1L-8 ycranosnen
JIOCTOBEpHO OoJiee BEICOKUI ypoBeHb Y 60mbHEIX BA (p < 0,003) n oxupennem (p < 0,003) uem mpu BHCIIEpah-
HOM oxupeHur. bonee Beicokue konmenTpanyn IL-6 BeIsiBIEHE! B Tpynmax «OporxuanbHas actMa» (p < 0,001) u
«oxupenue» (p < 0,028) mo cpaBHEHHUIO ¢ TPYNIOH «BUCLIEPATTBHOE 0XKUPCHUEY.

3aximouyenune. Cxoxne m3meHenus [L-6, IL-8, IL-10 B cTOpoHy UX MOBBIICHHUS Y AETEH, CTpaJaroliX OpOHXH-
QILHOM aCTMOM M OKMpeHHeM 6e3 aHaMHe3a aCTMbI, MOTYT OOBSCHATH BKJIaJ OXKUPEHHS Kak (pakTopa pucKa HpH
acTMe y JieTeil, BO3MOXKHO, Yepe3 H30bITOUHYO MPOIYKLHIO yKa3aHHbIX IPOBOCIIAIUTEIbHBIX LINTOKWHOB, CIIOCO0-
CTBYIOIMX peanu3alyy ajuiepradeckoro Th2-omocpeioBaHHOrO BOCHIaICHHUSL.

KuroueBble ciioBa: 6p0HXI/IaJ'ILHaH acTMa, OKUPEHUE, BUCHEPATIbHOE OKUPEHUEC, BOCITAJICHUE, TUTOKHWHLI

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IPH NMPOBEICHHU HUCCIIEHO0-
BaHMUS.

CooTBeTCTBHE MPUHLIUNAM ITHUKH. J[0 TPOBEICHHS MPEIYCMOTPEHHBIX MPOLEAYP 3aKOHHBIM IPEACTaBUTEIEM
pebenka mojmicano HHpopMUpoBaHHOE cornacue. HccnenoBanne 0J006peHO JTOKATbHBIM ATHYECKHM KOMHTETOM
CubI'MY (mporoxon Ne 8459/2 ot 28.10.2020).

Jns uutupoBanus: Tapabpuna A.A., Oropomosa JI.M., Camoiinosa F0.I'., denocenko C.B., denoposa O.C.,
[TerpoB B.A., [Tomunnenosa /1.B., boiiko A.C. LuTOKHHOBBII NPOMUIb IPU OKUPESHUHN U OPOHXHATILHON acTMe Y
nereit. broanemens cubupckou meouyunst. 2023;22(2):97-103. https://doi.org/10.20538/1682-0363-2023-2-97-103.

INTRODUCTION eases, such as asthma, arterial hypertension, and type
2 diabetes mellitus at an older age [1-4]. According

Obesity in childhood and adolescence is one of the to the World Health Organization (WHO), in 2020,
pressing issues of modern healthcare, as it is associat- obesity was registered in 4.4 million (7.9%) children
ed with a high risk of chronic non-communicable dis- under the age of 5 years in the European region [5].
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Furthermore, this report states that every eighth child
(11.6%) aged 5-9 years is obese, and every third child
(29.5%) is overweight [5]. A study conducted in eight
(8) federal districts of Russia in 2017 that included
2,000 children showed that the incidence of obesity in
boys aged 11 and 15 years was 18.6 and 10%, respec-
tively. In girls aged 11 and 15 years, it was 9.2 and
3.6%, respectively [6].

Currently, special attention is paid to patients with
excess visceral adipose tissue (VAT) who have a nor-
mal body mass index (BMI) [7]. [u.G. Samoilova et
al. in their work found that the prevalence of visceral
obesity in children under the age of 10 years (n = 625)
was 2% in girls and 1.6% in boys, and in the group
older than 10 years (n = 1,314) — 6.7% in girls and
8.5% in boys [8].

Numerous studies have shown that obesity or over-
weight is associated with the development of asthma in
children [9-11]. At the same time, patients with asthma
and obesity had a worse response to the use of budesonide
in relation to lung function and also more often required
hospitalization for asthma [12, 13]. Additionally, the re-
sults of some works indicate a possible role of excess
VAT in the development of systemic inflammation and
an increase in the subsequent risk of chronic non-com-
municable diseases, such as asthma [2, 14, 15]. In
particular, the mechanism of participation of M1 mac-
rophages, which promote the secretion of non-T2 cyto-
kines (TNFa, IL-17A, IL-21, IFNy, TGF-B1, IL-6) by
activated Th1 and / or Th17 lymphocytes in the adipose
tissue, with subsequent accumulation of neutrophils in
the target tissues is discussed [15—17].

The work by H.A. Periyalil et al. showed that in
adult patients with obesity and asthma, the number
of M1 macrophages in the VAT correlates with BMI
[18]. On the other hand, studies demonstrate the de-
velopment of chronic inflammation involving VAT
and subcutaneous adipose tissue (SAT) [19].

In general, current research results are miscella-
neous and do not provide an insight into the contribu-
tion of inflammation initiated by visceral or subcutane-
ous obesity to the risk of developing asthma in children.

The aim of the study was to determine the features
of the cytokine profile in children with diagnosed asth-
ma and those without it, depending on body weight
and visceral fat area.

MATERIALS AND METHODS

The present study was carried out in two stages.
The first epidemiological stage was a part of a mul-
ticenter, prospective epidemiological study “Preven-

tion of Obesity in Children and Adolescents (Clinical,
Metabolic, Diagnostic, and Rehabilitation Aspects)”
carried out from October 2020 to June 2021 in four
schools in Tomsk (approved by the Ethics Commit-
tee at Siberian State Medical University, Protocol
No. 8459/2 of 28.10.2020). As part of this stage, 506
schoolchildren aged 7-12 years were continuously
included in the study, with the exception of children
with monogenic obesity, type 1 and 2 diabetes mel-
litus, and severe or unstable somatic symptom disor-
der. Before carrying out the prescribed procedures, the
legal representative of the child signed an informed
consent.

In this group, a set of studies was performed, in-
cluding measurement of anthropometric parameters
(height, weight) in light clothes and without shoes,
using scales installed in the InBody 770 analyzer (ac-
curacy 0.1 kg) and the MSK-233 medical stadiome-
ter (accuracy up to 0.1 cm). The Standard Deviation
Score for BMI was calculated using the WHO Anthro
Plus; a bioimpedance analysis with determination of
the visceral fate area was performed using the InBody
770 analyzer.

At the second clinical diagnostic stage, a case-con-
trol study was conducted, and all participants from
the first phase were offered the opportunity to contin-
ue participating in the study. After the first stage, the
children were divided into four clinical groups: group
1 consisted of patients with obesity (n = 17); group 2
consisted of patients with normal SDS BMI and vis-
ceral obesity according to the bioimpedance analysis
(n="17); group 3 included patients with asthma without
excess VAT and obesity (n = 15); and group 4 encom-
passed healthy children (n = 12). Patients with asthma
were recruited from the clinical database of the Chil-
dren’s Clinic of Siberian State Medical University.
The children were examined for the serum levels of
cytokines (IL-6, IL-8, IL-4, IL-10) on the Magpix and
Luminex 200 multiplex analyzers (Luminex Corp.,
USA) at the “Medical Genomics” Center for Collec-
tive Use (Tomsk NRMC).

Statistical data processing was carried out using
the Statistica for Windows 10.0 software package. De-
scriptive statistics were used to process the results of
the study. Normality of data distribution was checked
using the Shapiro — Wilk test. Normally distributed
quantitative data were presented as the arithmetic
mean and standard deviation M + SD. For non-normal
distributions, the median and the interquartile range
Me (Q,; Q,) were calculated. The differences in para-
clinical parameters between the groups were assessed
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using the Mann — Whitney — Wilcoxon test (for quan-
titative variables). The differences were considered
statistically significant at p < 0.05.

The statistical analysis was also carried out using
the R language (version 4.2.2). Prior to the analysis,
cytokine values were normalized using the rank nor-
malization method and converted to units of standard
deviation. Then, the sample was analyzed for multi-
variate outliers. To assess the contribution of the pa-
tients’ condition and their anthropometric parameters
to the variability of cytokine concentration, we used
the multivariate analysis of variance for distance ma-
trices with permutations (the adonis2 function in the
R vegan package). To do this, we calculated the dis-
tance matrix between the cytokine concentrations in
patients in Euclidean space (the vegdist function in the
R vegan package) and then applied adonis2 with 9999
permutations and calculated the marginal effects for
all variables. The model included age, BMI, gender,
grouping by clinical parameters, and VAT / VFA. The
pairwise.adonis function was used to search for pair-

wise differences between the groups of patients. For
multiple comparisons, the false discovery rate (FDR)
was used for p values.

RESULTS

The article shows the results of the second clinical
diagnostic stage. Fifty-one (51) children were includ-
ed in the clinical diagnostic phase of the study, 31 of
whom (58%) were boys and 20 (36%) were girls. The
mean age was 9.3 (9; 10) years. The main anthropo-
metric, gender, and age characteristics, as well as the
results of the bioimpedance analysis of kinetic groups
are shown in Table 1.

The allergic nature of the diseases was confirmed
in all patients of the “Asthma” group by the results of
the study of IgE and IL-4, which amounted to 450 IU
/ ml (151.6; 500) and 76.1 pg / ml (2.61; 428.7), re-
spectively.

The results of assessing the levels of proinflam-
matory cytokines IL-6, IL-8, and IL-10 are presented
in Table 2.

Table 1
Anthropometric, gender, and age characteristics and results of the bicimpedance analysis of the clinical groups
. VFA, cm? Gender Age, years
Height M=+ SD BMI, M +SD ’ , ? 2
Group eight, cm, S. s S. M<SD boys girls Me (0 0)
Group 1,n=17 1423+ 6,3 243 +£4.11 99.1 £48.3 10 7 9(9; 10)
Group 2, n =7 144.5+4.5 17.2+1.13 46.9+5.7 2 5 10 (9;10)
Group 3, n =15 139.1+6.3 15.4+1.03 24+7.6 11 4 9 (8;10)
Group 4, n =12 138.0+5.9 16.4+0.6 24.7+£9.2 8 4 9(9;10)
Table 2
Variability of IL-6, IL-8, and IL-10 levels in the clinical groups, pg/ ml Me (0, 0,)
Parameter Group 1,n =17 Group 2, n=7 Group 3,n=15 Group 4, n =12
IL-10 1.83 (1.10; 3.72)* 0.92 (0.43; 1.14)"-2 2.1(1.15;3.79)! 1.26 (1.09; 2.05)
IL-8 8.9 (5.48; 14.25)" 4.36 (2.23;4.76)"-%3 9.6 (6.43;29.3)! 8.9 (7.5; 11.01)°
IL-6 1.3 (0.46; 5.39) 0.46 (0.25; 0.46)"-23 5.3 (1.02;20.6)"* 0.48 (0.46; 1.49)**

9 24

Note: significant differences (p < 0.05) between the groups: ! “Asthma” and “Visceral obesity”, 2 “Obesity” and “Visceral obesity”, * “Visceral
obesity” and “Healthy Children”, *“Asthma” and “Healthy Children” (Mann — Whitney U-test).

The IL-10 level in the “Asthma” (p < 0.006) and
“Obesity” (p < 0.008) groups was significantly high-
er than in the “Visceral Obesity” group (Table 2).
When evaluating proinflammatory IL-8, significant-
ly higher levels were found in patients with asthma
(p < 0.003) and obesity (p < 0.003) than in patients
with visceral obesity. The study of proinflammatory
IL-6 demonstrated its higher content in the “Asthma”

(p < 0.001) and “Obesity” (p < 0.028) groups com-
pared to the “Visceral Obesity” group (Table 2).

At the next stage, the overall cytokine profile
was assessed using a multivariate analysis of vari-
ance, which included such characteristics as age, BMI,
gender, clinical group, and VFA. Table 3 shows the
correlation between these characteristics and the over-
all cytokine profile.
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Table 3

Correlation between patients’ characteristics and the overall
cytokine profile (IL-6, IL-8, IL-4, IL-10)

Parameter R? p
Age 0.015 0.353
Gender 0.033 0.059
BMI 0.045 0.018
VFA 0.045 0.019
Clinical groups 0.110 0.028

Note: R?— coefficient of determination (here and in Table 4).

The results of the nonparametric analysis
of variance showed that the “Clinical groups” param-
eter explained 11% variability in the cytokine levels
(R*=0.110, p = 0.028), 4% variability in the BMI (R*
=0.045, p = 0.018), and 4% variability in VFA (R*=
0.045, p=0.019).

After that, the intergroup differences in the over-
all cytokine profile were analyzed using the pairwise.
adonis function (Table 4).

Table 4

Correlation between the cytokine profile and the clinical groups

Clinical groups R? P p-adjusted
Asthma vs Visceral Obesity 0.247 (0.0021| 0.0105
Asthma vs Obesity 0.049 | 0.169 0.241
Asthma vs Healthy Children 0.100 | 0.031 0.078
Visceral Obesity vs Obesity 0.140 | 0.007 0.023
Visceral Obesity vs Healthy Children | 0.177 | 0.001 0.005
Obesity vs Healthy Children 0.029 | 0.545 0.681

Note: achieved significance level with the FDR — p-adjusted.

During the pairwise comparisons of the clinical
groups in the overall cytokine concentration, sig-
nificant differences were found between the follow-
ing groups: “Asthma” and “Visceral Obesity” (R*>=
0.247, p = 0.002); “Visceral Obesity” and “Obesity”
(R*=0.140, p = 0.007); and “Visceral Obesity” and
“Healthy Children” (R*= 0.177, p = 0.001). Howev-
er, no significant differences were found between the
“Asthma” and “Obesity” groups (Table 4).

DISCUSSION

Obesity and asthma are included in the group of
chronic non-communicable diseases in children and
adolescents [20]. Researchers are actively discussing
the role of obesity and visceral obesity as possible risk
factors for the development of asthma, as well as con-
comitant diseases that aggravate the course of asthma
[4, 20-22]. The results of this study indicate similar
upward changes in some non-T2 cytokines (IL-6, IL-
8, IL-10) in asthmatic children and obese children

without asthma. It is the unidirectionality of proin-
flammatory changes that can be the fundamental basis
for the realization of the risk of developing asthma in
obese children. These changes were not confirmed in
the group of patients with visceral obesity without an
increase in BMI, which may indicate lower proinflam-
matory activity of VAT in these patients in relation
to the production of the studied cytokines and / or the
significance of high BMI in the pathogenesis of these
abnormalities.

In terms of heterogeneity of clinical manifestations
and differences in the immune response, two main
endotypes of asthma are distinguished [20]. The T2
endotype (T2-high), which is mediated predomi-
nantly through the activity of Th2 lymphocytes, is
the main mechanism of childhood allergic asthma,
characterized by eosinophilic inflammation and se-
cretion of T2 cytokines (IL-4, -5, -9, and -13) [23,
24]. Indeed, patients with asthma had high levels of
IgE and IL-4, reflecting the activity of Th2 inflam-
mation. Along with the basic allergic mechanism,
high levels of non-Th2 cytokines (IL-6, IL-8, and IL-
10) were also registered in the patients with asthma
during the study. The overall cytokine profile in asth-
ma during the multivariate analysis of variance did
not show significant differences with the “Obesity”
group, but significantly differed from the “Visceral
Obesity” group due to lower levels of the studied
cytokines.

It is well-known that IL-6 is involved in the de-
velopment of neutrophilic inflammation [25]. Studies
also indicate that the involvement of this cytokine in
the development of inflammation in allergic asthma is
associated with the ability to regulate differentiation
of naive CD4 T lymphocytes to Th2 cells through syn-
thesis of IL-4 [26, 27].

IL-8 shows high levels in children with asthma.
This cytokine has chemoattractant activity, mainly
in relation to neutrophil chemotaxis in the focus of
inflammation [14, 28]. Meanwhile, M. Hodeib et al.
(2021) found a correlation between the IL-8 concen-
tration and the IgE level (» = 0.789, p < 0.001) in the
blood serum [29].

On the one hand, published data confirm the role
of IL-10 in the regulation of allergic inflammation and
IgE synthesis [30, 31]. On the other hand, IL-10 pro-
motes the activation of M2 macrophages in the adi-
pose tissue and exerts a direct effect on adipocytes,
reducing their proinflammatory activity, which may
explain high levels of this cytokine in obese patients
[32].
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CONCLUSION

Therefore, the non-Th2 cytokines studied in this
work (IL-6, IL-8, IL-10), which are well-known par-
ticipants of systemic inflammation in obesity, are also
involved in the development of inflammation in aller-
gic asthma. Altogether, this similarity of mechanisms
may underlie the contribution of obesity as a risk fac-
tor for asthma in children, possibly through overpro-
duction of these proinflammatory cytokines that pro-
mote allergic Th2-mediated inflammation.

As for visceral obesity, the results of this study do
not allow to confirm the independent role of VAT in
the implementation of systemic inflammation in the
context of the studied proinflammatory cytokines.
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