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ABSTRACT. Introduction. Most modern publications report the formation of an obstructive pattern of external
respiration in children with a combination of bronchial asthma (BA) and obesity, including due to the formation
of dysanapsis in them. However, data on the effect of overweight and obesity on the reversibility of bronchial
obstruction in patients with BA and obesity are rare and contradictory. The aim of the study was to study the effect
of overweight and obesity on the reversibility of bronchial obstruction in children and adolescents with asthma.
Materials and methods. A single-center observational cross-sectional pilot study was conducted. 161 patients
with asthma aged from 8 to 17 years were examined. Anthropometric and spirometric parameters were measured,
z body mass index (BMI), WC (waist circumference)/height, bronchodilation coefficient (BDC) were calculated.
The study participants were divided into two groups: group 1 — with normal body weight (BW), group 2 — with
overweight, obesity. Results. BDC was statistically significantly lower in the group with overweight, obesity,
amounting to 5.57 [1.07; 9.16]% versus 10.20 [3.67; 17.94]%, p <0.001. BDC was statistically significantly lower
in the group with abdominal type of obesity, amounting to 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%, p=0.034.
Negative correlations were found between BDC and z BMI, WC/height, R=-0.29, p=0.0002, R=-0.31, p=0.004,
respectively. Conclusions. In patients with BA and overweight, obesity, the reversibility of bronchial obstruction
in tests with bronchodilators is lower than in patients with normal BW. This may reflect the formation of a fixed
obstruction component in overweight and obese patients.
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BAUAHUE U3BbITOYHOU MACCbHI TENA U O)KUPEHUSA
HA OBPATUMOCTb BPOHXUAANbHOU OBCTPYKLIUU Y AETEU
C BPOHXUAABHON ACTMOM
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PE3IOME. BegeHne. B 60nblLIMHCTBE COBPEMEHHbIX Ny6nnKaLunii cooblaeTcs 0 GopMUpoBaHuM 06CTPYKTUB-
HOro MaTTepHa BHELLHEro AblXaHWs y AeTeii C coyeTaHMeM 6poHXMUanbHoit acTMbl (BA) M 0XUpPEHUs, B TOM Yucne
BCcreAcTBMe GopMnUpOBaHUA Y HUX fucaHancuca. OfHaKo faHHble 0 BAUSHUM N36bITOYHO MacChl TeNa, OXupe-
HUS Ha 06PaTUMOCTb GPOHXMANbHOI 06CTPYKL MM Y NALUEHTOB € BA 1 0XXMpeHMeM e ANHUYHbI U MPOTUBOPEYMBDI.
Ljenp uccnegoBanus — n3yunTb BNUSHUE N3ObITOYHON MaAcChl TeNa, OXMUPEHNS HAa 06PAaTUMOCTb GPOHXMANBbHON
06CTpYKLMM y AeTelt u noapocTKoB ¢ bA. Matepuanbi u MeTogbl. bbino npoBeeHO OLHOLEHTPOBOE HaboAa-
TeNbHOE NnonepeyHoe NMNOTHoe uccnepoBaHue. 06cneaoBaH 161 naumeHT ¢ bA B BospacTe oT 8 ao 17 net. Mpo-
BEJEHO U3MepPEeHMe aHTPONOMETPUYECKNX U CMIMPOMETPUYECKMX NOKa3aTeNei, paccymTaHbl Z MHAeKca Macchbl
Tena (MMT), OX (okpyxHOCTb XuBoTa)/pocT, koadduuneHT 6ponxogunatauum (bIK). YuacTHukmM uccnegoBanus
pasfeneHbl Ha ABe rpynnbl: 1-a rpynna — ¢ HopManbHoit Maccoii Tena (MT), 2- rpynna — ¢ U36bIToYHON MT
oXupeHueM. Pesynbtatel. BIK 6bin CTaTUCTUYECKM 3HAYMMO HUXKE B rpynne ¢ U36bITOYHON MT, oxxupeHuem,
cocTtasus 5,57 [1,07; 9,16]% npoTus 10,20 [3,67; 17,94]%, p <0,001. BAK 6bIn CTaTUCTUYECKM 3HAYUMO HUXKE B
rpynne ¢ abAoMUHaNbHbIM TUMIOM OXUpeHusi, cocTaBms 5,83 [1,07; 9,16]% npoTus 7,67 [3,67; 13,76]%, p=0,034.
BblsiBNieHbl OTpULaTENIbHbIE KOPPENALUOHHbIe B3aumocsasn Mexgay bAK nz UMT, 0X/pocT, R=-0,29, p=0,0002,
R=-0,31, p=0,004, cooTBeTCTBEHHO. BbIBOABI. Y NaLneHToB ¢ bA 1 n36bITOUHOI MT, OXXMpeHnem 06paTUMOCTb
OpOHXMaNbHO 06CTPYKLMM B TECTaX C GPOHXONMTUKAMM HUXE, YEM Y NALMEHTOB C HOpManbHoi MT. 3T0 Mo-
XeT oTpaxaTb GopMupoBaHue GUKCUPOBAHHOTO KOMMOHEHTA 06CTPYKLMK Y MALUEHTOB C U36bITOYHOW MT 1
OXWUPEHMNEM.

KNIOYEBDBIE CNIOBA: 6poHxunanbHas acTMa, 0XXUPEHNE, N36bITOYHAs Macca Tesia, CiupoMeTpus, JeTn
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INTRODUCTION

Overweight and obesity contribute to negative mo-
difications in bronchial asthma (BA) and exacerbate its
course. BA phenotype in combination with obesity is
complex. It is not fully understood in children and ado-
lescents [1-3]. Most modern publications report the for-
mation of obstructive pattern of external respiration in
children and adolescents with a combination of BA and
obesity, including the formation of dysanapsis [4-9].

At the same time, there are few and contradic-
tory data on reversibility of bronchial obstruction in
overweight and obese patients with BA. J.A. Cas-
tro-Rodriguez et al. demonstrated that girls who be-
came overweight or obese between the ages of 6 and
11 years were more likely to demonstrate reversibility
of bronchial obstruction than girls who were not over-
weight or obese [10]. At the same time, K.G. Tansitira
et al. reported that sensitivity to BD decreased with in-
creasing body mass index (BMI) in obese children [11].
A.E. Dixon et al. performed a research in adults and
found no association between obesity and reversibility
of airway obstruction [12].

Thus, at present, the influence of obesity on the re-
versibility of bronchial obstruction in children and ado-
lescents with the phenotype ‘BA and obesity’ cannot be
considered ascertained.

AIM

To study the effect of overweight and obesity on
the reversibility of bronchial obstruction in children and
adolescents with bronchial asthma.

MATERIALS AND METHODS

Design. A single-center observational cross-sec-
tional research was conducted.

Conditions. The study was conducted in the Child-
ren's City Clinical Hospital No. 1 in Nizhny Novgorod,
Russia in 2021-2024.

Participants. The study included patients with
atopic BA, they were 8 to 17 years old, and received
treatment. Atopy-related family history (asthma, aller-
gic rhinitis, conjunctivitis, atopic dermatitis, urticaria)
was assessed. Sensitization to major aeroallergens
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(house dust mite, cat, dog, pollen allergens) was tested
by in vivo (prick tests) or in vitro (with determination of
specific IgE) methods [13].

Inclusion criteria for the research were:

1) diagnosis of BA established according to cur-
rent international consensus documents (GINA,
2016-2024) [1];

2) age of patients between 8 and 17 years.

Non-inclusion criteria were:

1) patients with a BMI greater than +2.5Z;

2) presence of acute infectious diseases and fever;

3) presence of diabetes mellitus, autoimmune dis-
orders, primary immunodeficiencies, oncological
diseases, atopic dermatitis, parasitic diseases;

4) severe course of BA [1];

5) systemic use of glucocorticoids;

6) use of non-steroidal anti-inflammatory drugs, an-
giotensin-converting enzyme inhibitors used for

epilepsy.
Ethical review

The study was approved by the Ethical Committee
of the Volga Region Research Medical University (pro-
tocol No. 8 dated 27.05.2022). All participants and all
primary caregivers gave their written informed consent.

Data sources

Anthropometric indices. All patients were assessed
for basic anthropometric indices. All measurements
were performed without shoes, outer clothing and head-
wear. Anthropometric parameters (height, body weight
and BMI) were estimated using the tables developed
by WHO, taking into account sex and age of patients
(https://www.who.int/tools/child-growth-standards).

1. BMI calculation:

BMI = body weight (kg) / height (m)?2.

According to BMI estimation, children were divided
into two groups:

* Group 1 — normal body weight (BMI values from

-1Zto +12);

* Group 2 — overweight and obese (BMI values above

+1Z but not more than +2.52).

2. Measurement of abdominal circumference (AC)
was performed. Measurements were taken at the end

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



of normal exhalation using a flexible tape, at equidis-
tant circumference between the upper border of the ili-
ac crest and the lower edge of the rib. Abdominal obesi-
ty was assumed if the AC exceeded the 90th percentile
[14,15].

3. The ratio of abdominal circumference to height
was calculated using the formula:

AC / height = Abdominal circumference / Height.

Spirometry. Spirometry studies were performed
with Mastercreen pneumospirometer (Jaeger, Germa-
ny). When analyzing spirometry data, the following pa-
rameters were evaluated:

* FVC (I) — forced vital capacity of the lungs, reflects

the lung volume;
* FEV, (I/s) — forced expiratory volume in 1 second;
* FEV,/FVC — index serving as the main parameter of
spirometry for diagnostics of obstructive disorders.

Spirometry data were measured in absolute values
and the ratio FEV,/FVC was calculated.

Bronchodilation coefficient (BDC) was calculated
according to the formula [16]:

Index after bronchodilator, | -
- Index before bronchodilator, |

100%.
Index before bronchodilator, |

BDC =

In addition, z FEV,/FVC was calculated using the
Global Lung Function Initiative calculator (http://gli-cal-
culator.ersnet.org/index.html), created with the sup-
port of the European Respiratory Society (ERS, https://
www.ersnet.org).

Statistical analysis. Statistical analysis was per-
formed using Statgraphics Centurion v.16. Quantitative
indicators were evaluated for conformity to normal

Table 1. Clinical characteristics of patients

Tabamua 1. KAMHUYECKAA XapaKTepUCTUKa NauMeHToB

OPUTUHANDHDBIE CTATbH

distribution, for this purpose the Shapiro-Wilk criteri-
on was used (when the number of subjects was less
than 50) or the Kolmogorov-Smirnov criterion (when
the number of subjects was more than 50), as well as
the asymmetry and excess indices. Data are presented
as Me [Q1; Q3], where Me — median, [Q1; Q3] — 1st and
3rd quartiles in case distribution differs from a normal
distribution. The Mann-Whitney test was used to com-
pare quantitative variables in two independent groups.
Differences between two dependent groups were de-
termined using Wilcoxon's W-criterion. Correlation
analyses were performed for normally distributed va-
riables using Pearson's correlation coefficient, and for
non-normally distributed variables using Spearman's
rank correlation coefficient. Categorical data were
described with absolute values and percentages. Dif-
ferences were assessed using Pearson's ¥? criterion.
If the number of expected observations in any of the
cells of the four-field table was less than 10, Fisher's
exact test was used to assess the significance level of
differences. Differences were considered statistically
significant at p <0.05.

The study was a pilot trial, so no sample size calcu-
lation was performed. Inclusion was restricted to those
patients who had no omissions in the examinations per-
formed.

RESULTS

Patients with ‘normal body weight’ and ‘overweight/
obesity’ were compared by gender and age (Table 1).
The parameters z Height, z BMI were statistically
significantly higher in patients who were overweight

MNapametpbl / Bce nauueHTbl / HopmanbHasa macca Tena / | U3bbiTouHas macca 3HaueHue p /
Parameters All patients Normal body weight Tena U OXXUpeHue / p-value

(N=161) (N=92) Overweight and obese

(N=69)

BospacrT, net / 11,0 [9,0; 14,0] 10,0 [8,0; 14,0] 12,0 [9,0; 14,0] 0,498
Age, years
Manbunku, n=66 / | 74,5% (120/161) 77,2% (71/92) 71,0% (49/69) 0,682
Boys, n=66
z Pocta / 0,73 [0,06; 1,60] 0,41 [-0,10; 1,16] 1,20 [0,56; 1,81] <0,001
z Height
z UMT / 0,75 [-0,07; 1,40] 0,15 [-0,39; 0,55] 1,54 [1,23; 2,10] <0,001
z BMI
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Ending of the Table 1 / OkoH4yaHue Taba. 1

Mapametpbl / Bce nauueHTtbl / HopmanbHasa macca Tena / | U3bbiTouHas macca 3HaueHue p /
Parameters All patients Normal body weight Tena U OXXupeHue / p-value

(N=161) (N=92) Overweight and obese

(N=69)

OX nepu / 78,0 [70,0; 95,0] 72,0 [67,0; 78,0] 85,0 [81,0; 97,0] <0,001
WC perc
0X/pocT / 0,48 [0,44; 0,53] 0,44 [0,42; 0,46] 0,53[0,48; 0,56] <0,001
WC/height
z O0B,/OXEA / -1,46 [-2,23; -0,62] |-1,32[-2,23; -0,43] -1,64[-2,19; -0,88] |0,028
z FEV,/FVC
BAK, % / 7,38 [2,51; 14,40] 10,20 [3,67; 17,94] 5,57 [1,07; 9,16] <0,001
BDC, %

Note: BDC — bronchodilation coefficient; BMI — body mass index; AG — abdominal circumference; FEV, — forced expiratory volume
in 1 second; FVC — forced vital capacity.

Mpumeyanne: BAK — ko3dduumeHT 6poHxoamnataumn; UMT — nHAeKe Macchl Tena; OXX — OKpyXXHOCTb XueoTta; OPB, — obbem dop-
CUPOBaHHOrO BblpOXa 3a 1 cekyHAy; ®XXEN — dopcrpoBaHHas XU3HEHHA EMKOCTb AEMKHX.

. — e - - :

T T T

-40 -10 20 50 80 110
BAK, % (BDC,%)

Fig. 1. Bronchodilation coefficient in children with asthma and different BMI (1 — normal body weight, 2 — overweight, obesity)

Puc. 1. KoadpdunumeHT BpoHxoanMAaTaummn y AeTer ¢ BPOHXMAAbHOM acTMOM M pa3AnyHbiM UMT (1 — HopmMaAnbHas Macca
Tena, 2 — u3bbITouyHasi Macca Teaa, OXMpPeEHUE)

T T T T

-40 -10 20 50 80 110
BAK, % (BDC,%)

Fig. 2. The coefficient of bronchodilation in the groups: A — with the absence of abdominal type of obesity; B — with the
presence of abdominal type of obesity

Puc. 2. KoapduumneHT HpoHXoAMAaTaLMK B rpynnax: A — ¢ OTCyTCTBUEM aBAOMUHAABHOTO THMa OXMPEHUs; B — ¢ HaAnumMem
abAOMMHAABHOTO TMA OXMPEHWS
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z UMT OX/poct
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-0,29; 0,0002 -0,31; 0,004

Fig. 3. Correlations between bronchodilation coefficient and z BMI, WC/height. The data is presented in the form of R,
p, where R — the correlation coefficient, p — the level of statistical significance

Puc. 3. KoppeasiuMoHHble B3aMMOCBSI3U MexAy KoadduumeHTom BpoHxoanaataumm u z UMT, OXK/pocT. AaHHble
npeaAcTaBAeHbl B BUAE R, p, rae R — KOadOULMEHT KOPPEAALIMU, P — YPOBEHb CTAaTUCTUYECKOW 3HAUMMOCTH

and/or obese (p <0.05). The values of ACpertz, AC/
growth were statistically significantly higher, and the
parameters z FEV1/FVC were statistically significantly
lower in the group of patients with overweight and obe-
sity, all p <0.05. Bronchodilation ratio (BDR) was statis-
tically significantly lower in the overweight and obese
groups (p <0.001) (Fig. 1).

The bronchodilation ratio was statistically signifi-
cantly lower in the group with abdominal type of obesi-
ty, being 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%,
p=0.034 (Fig. 2).

Negative correlations were found between broncho-
dilation ratio and z BMI, AC/height, R=-0.29, p=0.0002,
R=-0.31, p=0.004, respectively (Fig. 3).

DISCUSSION

The current research focused on the effect of over-
weight and obesity, including abdominal obesity, on the
reversibility of bronchial obstruction in spirometry tests
with bronchodilators in children and adolescents with
BA and overweight and obesity. Available researches
devoted to abdominal type of obesity affecting the re-
versibility of obstruction have not been found.

CHILDREN’S MEDICINE

The reversibility of bronchial obstruction in tests
with bronchodilators in patients with the combination
of BA with overweight and obesity appeared to be lower
than in patients with normal body weight, being 5.57
[1.07; 9.16]% and 10.20 [3.67; 17.94]%, respectively,
p <0.001. This may reflect the formation of a fixed
component of obstruction in overweight and obese
patients.

In addition to BMI, measurement of abdominal cir-
cumference, which is an anthropometric marker of the
abdominal type of obesity, is a valuable anthropometric
method for assessing obesity in children and adoles-
cents. The bronchodilation ratio was statistically signi-
ficantly lower in the group with abdominal type of obesi-
ty, being 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%,
p=0.034.

The results obtained correspond to the data of
K.G. Tansitira et al. and Gonzalez-Uribe V. et al. [16, 17].

The mechanisms underlying the relationship be-
tween BMI and reversibility of bronchial airway obstruc-
tion in asthma continue to be investigated and possibly
include a combination of factors, namely the effect of
low-intensity systemic inflammation on changes in lung
mechanics, airway structure, and susceptibility to BA.
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The accumulation of adipose tissue in the airway walls
of patients with BA and obesity is now considered an
important potential mechanism for the changes in ex-
ternal respiration observed in obesity-related BA [18].

CONCLUSION

Therefore, patients with BA and overweight or obe-
sity have a lower reversibility of bronchial obstruction
in bronchodilator tests than patients with normal body
weight. This may reflect the formation of a fixed compo-
nent of obstruction in overweight and obese patients.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap aeTopa B paboty. XpamoBa P.H. — paspaboTka
KOHLienuum, NpoBeAeHNe UCCNefoBaHus, paboTa ¢ AaH-
HbIMM, NOArOTOBKA TEKCTA: OLIeHKa M pefjaKTMpoBaHue.

KoHpnuKT uHTepecoB. ABTOp 3asBNSeT 06 OTCyT-
CTBUU KOHQNNKTA UHTEPECOB.

WUcToyHnk ¢puHaHcupoBaHUsA. ABTOp 3asBNifeT 06
OTCYTCTBMU BHELIHEro GMHAHCMPOBaHUSA MpW NpoBe-
JEeHUN nccnepoBaHus.

WudopmupoBaHHoe cornacue Ha ny6nukaumio. As-
TOp NOMYYnUN NUCbMEHHOE cornacue 3akOHHbIX npej-
CTaBuTeneil NaLMeHToB Ha Ny6NMKaLMI0 MEANLMHCKUX
LaHHbIX.
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