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Abstract

Patients with asthma are at increased risk of developing osteopenia due to decreased bone mineral density (BMD). Particular
attention is given to the role of vitamin D, whose deficiency is associated with the management of symptoms and bone health.
Study Objective. To study BMD and its biochemical markers, with an emphasis on vitamin D status and intake in children with
asthma in the Moscow region.

Materials and Methods. Anamnestic, questionnaire, and laboratory methods were used, including assessment of nutritional im-
pact, grade D, biochemical markers of bone metabolism, and molecular genetic analysis. Mineral support was obtained using
X-ray densitometry. Data were statistically processed using SPSS Statistics 26 (IBM) using parametric and nonparametric me-
thods at a significance level of p <0.05.
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Results. The included study included 100 children with asthma, 15 % of whom had AD, and showed decreased BMD of varying
severity. Most patients had low vitamin D levels, which were gradually adjusted and required oral cholecalciferol. High-dose
inhaled glucocorticosteroids were associated with a more frequent decrease in BMD, while higher BMD values were recorded in
children with moderate physical activity. The level of 25(OH)D was significantly lower in patients with asthma carrying the GG
genotype of the VDR (FokI) gene polymorphism compared to those with the AA and AG genotypes. No relevant medical studies
on bone health were identified.

Conclusion. This study confirms a significant decrease in BMD in children with asthma compared to those in medical settings and
reveals significant changes in biochemical markers of bone metabolism. Low vitamin D levels and limited physical activity in this
group of patients necessitate comprehensive treatment and correction of metabolic changes to prevent long-term complications,
including osteoporosis. A multidisciplinary approach that combines stress management, nutritional status improvement, and
physical activity is essential to BMD and reduce the risk of bone disease in adulthood.
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AHHOTaIMA

AxkrtyanpHoCTb. [lanuenTsl ¢ GPOHXMATBHON ACTMOI NUMEIOT TIOBBIIIEHHBIIT PUCK PA3BUTHSI OCTEONICHUH B PE3yJIbTaTe CHIKEHUS
MuHepaabHOH mrotHocTH Koctu (MIIK). Ocoboe BHUMaHME yensieTcss posid BUTaMuHa D, HeI0CTaToK KOTOPOTo acCOMUPOBaH
C HU3KMM KOHTPOJIEM CHMITOMOB aCTMbI M YXY/IIIIEHHEM COCTOSTHISI KOCTHOI TKaHU.

Ieab uccaenoBauusi. Msydenue cocrosiust MITK u ee GHOXMMITYECKIX MaPKEPOB, € aKIEHTOM Ha U3YYeHUH COEPIKAHMST 1 Me-
tabosnusma ButamuHa D y geteil MoCKOBCKOIi 061aCTH, CTpajaoinx GPOHXUAIbHON acTMOIA.

Marepuansl u MeTobl. B mccie[oBaHny MCIIOTb30BAHBI AHAMHECTHYECKHI, AHKETHO-OIPOCHBIN 1 J1ab0paTOpHBIE METOIBI,
BKJIIOYAsT ONEHKY HYTPUTUBHOTO CTATYCa, YPOBHsI BUTaMUHa D, GMOXUMHYECKUX MapKePOB KOCTHOTO 0OMEHA W MOJIEKYJISIPHO-
reHeTHYeCKHil aHaIN3. MuHepasbHas IIJIOTHOCTD KOCTH OTIPEIENIATach METOJIOM PEHTT€HOBCKOIT IeHCUTOMeTpUH. [[aHHbIe cTaTH-
cTuyeckn obpabarsiBanuck ¢ nomomnibio SPSS Statistics 26 (IBM) ¢ uciiosib3oBaHueM napaMeTpuyeckKux 1 HellapaMeTpHIecKix
METOJIOB ITpU ypoBHe 3Haunmoctu p <0,05.

Pesyasratsl. B nccirenoBanne Brimodens 100 geteii ¢ 6ponxnanbaoil acTMoii, y 15 % koropsix BeisiBieno cumkenne MITK pas-
JINYHOW CTETEHN BBHIPAKEHHOCTU. Y OOJIBIIMHCTBA TTAIIMEHTOB YPOBEHD BUTAMIHA D GBI HU3KIM, YTO COIPOBOKIATIOCH HE/O-
CTATOYHBIM MOCTYIICHNEM KaJIbINs 1 KoJekaablindeposa ¢ numieil. [Ipn npruMeHeHIH BBICOKUX /103 MHTAJSIIIOHHBIX TJTIOKO-
koptukocTepon1oB (oT 400 MKT 1 BbITIe B cyTKH) yaiie oTMedanochk cHmkerre MIIK. Cpenn neteit ¢ ymepennoit dusmaeckoit
akTHBHOCTBIO Nokazaresu MIIK 6buin Boiie. Yposerb 25(OH)D 6b11 3HaunMo Huske y matuenTos ¢ BA ¢ rerorunom GG nonu-
MopgHoro BapuanTa rena VDR (Fokl) 1o cpasHenuio ¢ HocutessiMu reHotuiioB AA u AG. 3Ha4MMOTro BJAVMSHUS TIPOAHATMZHPO-
BaHHBIX TEHETHYECKIX (HAaKTOPOB HA COCTOSTHIE KOCTHOW TKAHU BBISIBJIEHO HE OBLIO.

3akmouenue. /[aHHoe nccienosanue noaTsepxkaaer cHskernne MITK y gereil ¢ GpoHXMAIbHOM aCTMOIT 110 CPABHEHUIO CO 310POBbI-
MU CBEPCTHUKAMU ¥ BBISIBJISIET 3HAYMMBbIE M3MEHEH s OMOXMMUYECKUX MAPKEPOB KOCTHOTO oOMeHa. Huskuii yposerb Butamuta D
u orpanudeHre (hU3NYecKo aKTUBHOCTH Y ATOI TPYIIIBI TAIHEHTOB TTOYEPKUBAIOT HEOOXOANMOCTH KOMILIIEKCHOTO MOHHTOPHHTA
1 KOPPEKIMU META00IMIECKUX HAPYIIEHUH /IS IIPEAOTBPAIIEHIS IOJITOCPOYHBIX OCJIOKHEHNUH, BKIIIOYAs 0CTE0opos. Baskwo mpu-
MEHSTh MYJBTHIMCIUILTNHAPHBIN MOXO0], COUETAIOMNI KOHTPOJIb BOCTIAJIEHNUS], ONTUMAJIbHBIN HYTPUTUBHBI cTatyc u (husnde-
CKYIO aKTHBHOCTb, 4TO criocobcTByet coxpanernto MITK u cHUKeHHIO PUCKOB KOCTHBIX 3a00JI€BAHUIT B 3pEJIOM BO3pacTe.

Kiouesbie ciioBa: GpoHXUaNbHAS ACTMA, IETH, MUHEPAJIbHAS [IJIOTHOCTD KOCTH, BUTaMUH D, (hakTopbI pucka
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List of Abbreviations:
BMD: bone mineral density
BA: bronchial asthma
BMC: bone mineral content
ICS: inhaled glucocorticosteroids
BMI: body mass index
INTRODUCTION

The state of bone metabolism in childhood
plays a key role in ensuring normal physical de-
velopment, preventing musculoskeletal disorders,
and reducing the risk of osteoporosis in adulthood.
The formation of bone mineral density (BMD) in
children and adolescents depends on many factors,
including genetic characteristics, level of physical
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Cnucok cokpaieHwmii:

MIIK: wmuHepasbHas MJIOTHOCTb KOCTH
BA: OponxuajibHas acTMa
CMKR: cozpep:kanHue MUHEpaIoB B KOCTU
UI'KC  uHTransimoHHble TTIOKOKOPTUKOCTE-
pPOUJIBI
NMT wunnexc macchbl Tesia

activity, diet, hormonal status, and the effects of
external factors [1].

In recent years, there has been increased interest
in researching patterns of BMD changes in children,
as early deviations can cause serious long-term con-
sequences [2]. Particular attention is drawn to the
problem of reduced BMD in children with chronic
diseases, particularly bronchial asthma [3]. Bronchial
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asthma (BA) is one of the most common chronic re-
spiratory diseases, most often debuting in childhood,
and can not only be accompanied by respiratory dis-
orders, but also affect other systems of the sick child’s
body, including bone tissue [3]. For a long time, asth-
ma and osteopenic conditions were considered sepa-
rate pathological processes, and when treating chil-
dren with asthma, clinicians traditionally focused
on assessing and correcting respiratory function [4].
However, the use of glucocorticosteroids (GCS), re-
duced physical activity, and chronic inflammation
can all potentially contribute to bone metabolism
disorders and a decrease in BMD [5]. Such data can
be found in numerous publications, which show that
children with asthma have a more frequent and pro-
nounced decrease in BMD than their healthy peers,
especially against the background of a long-term
course of the disease and the use of high cumulative
doses of inhaled GCS [6]. In recent years, the role of
vitamin D in allergic diseases, including in children
with asthma, has been actively studied, and the re-
lationship between insufficient vitamin D levels and
poor control of asthma symptoms has already been
confirmed [7, 8].

THE OBJECTIVE OF THIS WORK is to study
the state of the BMD, its biochemical markers, and
vitamin D status in children in the Moscow region
suffering from bronchial asthma.

This study was approved by the Local Ethics
Committee of the Moscow Region State Budget-
ary Healthcare Institution “NIKID MH MO” No.
12 on December 22, 2021.

STUDY OBJECT. One hundred children with
asthma were examined. 73 (73%) boys and 27 (27%)
girls (the average age of patients was 12.8+3.6 years,
median age was 14.0 years (10.4; 16.0) were among
them. Inclusion criteria: diagnosis of asthma, age
under 18 years, informed consent signed by parents
(guardians). Exclusion criteria: presence of concom-
itant chronic microbial-inflammatory, autoimmune,
or hereditary diseases. The control group of children
aged 6 to 18 years consisted of 61 children. Among
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the healthy children examined (n=61), there were 37
boys (60.7%) and 24 girls (39.3%), with a mean age of
12.1+3.4 and a median age of 11 years.

METHODS USED IN THE STUDY

1. Anamnestic method, including analysis of
medical history, life history, and family histo-
ry as part of the verification of the diagnosis
of asthma.
A questionnaire survey method was used to
assess the consumption of foods containing
calcium and vitamin D. Calcium consumption
was assessed using a questionnaire, recording
the daily dose of calcium supplements and
calculating its intake from food based on data
from a 3-day food diary. Calcium intake was
calculated using the computer program Mo-
bile Android application "Formula for slim-
ness for children and adolescents” [9].
The anthropometric parameters of patients
were assessed using the Quetelet body mass
index (BMI) (weight (kg) / height? (m)).
A percentile system was used to assess the
nutritional status of children. Values in the
range from the 25th to the 75th percentile
were considered normal. The target values
for children and adolescents were those cor-
responding to normal values for healthy chil-
dren of the same sex and age, i.e., the 50th
percentile. To assess the height and weight
indicators of young children (under 2 years
of age), the weight-for-height index (WHTI)
was used (actual weight / ideal weight for
height and gender x 100%). Overweight and
obesity in children aged 5 to 19 years are de-
fined as follows: overweight — if the BMI for
the corresponding age exceeds the median
value specified in the Standard Indicators of
Physical Development of Children by more
than one standard deviation; and obesity —
if the excess of the median value specified in
the Standard Indicators of Physical Develop-
ment of Children is more than two standard
deviations.
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4. Vitamin D levels were assessed based on the

blood content of its intermediate metabolite,
25(0OH)D calcidiol, and vitamin D concentra-
tion. The concentration of 25(OH)D calcidiol
was determined using an enzyme-linked im-
munosorbent assay (ELISA) kit from Euroim-
mun AG (Germany). The results of 25(OH)D
level determination were interpreted in accor-
dance with the guidelines of the International
Society of Endocrinology (2011) and the Eu-
ropean Consensus Recommendations: severe
deficiency — 25(OH)D level below 10 ng/mL;
deficiency — 10 to 20 ng/mL; insufficiency —
21-29 ng/mL; normal content — 30—100 ng/
ml, a level above 100 ng/ml was considered
excessive, requiring correction of the vitamin
D dose [10]. Assessment of vitamin D content
by enzyme-linked immunosorbent assay in the
laboratory of the Federal Budgetary Institu-
tion Central Research Institute of Epidemiol-
ogy of Rospotrebnadzor.

Determination of biochemical markers re-
lated to bone formation (ionized calcium,
total calcium, osteocalcin, alkaline phos-
phatase, acid phosphatase, C-terminal te-
lopeptides of type I collagen, parathyroid
hormone, creatinine, calcitonin) was per-
formed by enzyme-linked immunosorbent
assay in the laboratory of the Federal State
Budgetary Institution Central Research
Institute of Epidemiology of Rospotreb-
nadzor.

Molecular genetic analysis was performed
on total DNA isolated from whole blood leu-
kocytes using a standard phenol-chloroform
extraction method. The polymorphism of
cytochrome P450 biotransformation genes
was studied by PCR using primers selected
for the study. Genes and polymorphisms for
study: 1. CALCR (c.1340C>T) — encodes
the calcitonin hormone receptor, which is
involved in the control of calcium homeo-
stasis [11]; 2. COL1A1 (¢c.104-441G>T) —
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encodes the amino acid sequence of the al-
pha-1 chain of type 1 collagen protein [12].
3. VDR (c.1206T>C(A>G), ¢c.152T>C,
c.1174+283G>A, ¢.1025-49G>T) — var-
ious polymorphisms of the vitamin D re-
ceptor gene that affect the regulation of
metabolic processes, immune response,
and bone metabolism [13].

7. Imaging method. Bone mineral density
(BMD) was determined using dual-energy
X-ray absorptiometry (DXA) in the lumbar
spine (L2-14), and bone mineral content
(BMC) in children over 6 years of age was
measured using a DEXXUM device (South
Korea). Children were classified as being at
risk if they had a decrease in BMD (Z-score
<—1) (risk group for mineralization and linear
growth disorders according to methodological
recommendations) [15].

8. Statistical methods. Statistical data process-
ing was performed using the SPSS Statistics
26 (IBM) software package. The normality
of distribution was checked using the Shap-
iro-Wilk test and descriptive statistics analy-
sis. Parametric (mean and standard deviation)
and nonparametric statistics (median, 1st and
3rd quartiles) were used to describe quantita-
tive data). Frequency tables and contingency
tables indicating numbers and percentages
(%) were used to describe qualitative data.
The Mann—Whitney nonparametric test was
used to test differences in quantitative char-
acteristics. To test for differences in qualitative
characteristics, Pearson’s chi-square indepen-
dence test and the z-test for equality of pro-
portions were used. Differences were consid-
ered statistically significant at p <0.05.

STUDY RESULTS

The group examined during 2024 consisted of
100 children from the Moscow region suffering from
asthma. Of these, 73 (73%) were boys and 27 (27%)
were girls. The average age of patients with BA was
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Table 1. BMD (g/cm?2), BMC (g), and Z-score indicators in children with BA and in the control group, Me (Q1; Q3)*

(authors’ table)

Tabnuua 1. Mokazatenu MIMK (BMD) (r/cm2), CMK (BMC) (r), Z-score y neteii ¢ BA n B rpynne koHTpons, Me (Q1;

Q3)* (Tabnuua aBTOPOB)

Indicator Patients with BA (n = 100)
BMD (g/sm?) 0,91
(0,77; 1,14)
BMC (g) 40,38
(82,11; 59,36)
BMD Z-score 0,35
(—=0,45;1,00)

* The Mann-Whitney test was used.

12.8+3.6 years, with a median age of 14.0 years (Q; —
10.4 and Q3 — 16.0). Children with signs of obesity
were divided into groups according to age: 30 (30%)
children were in the first group (6—11 years old), and
70 (70%) children were in the second group (12—
18 years old). The severity of bronchial asthma was
determined according to clinical guidelines and dis-
tributed as follows: mild severity 35 (35%), moderate
severity 34 (34%), severe 31 (31%).

In the group of patients with BA, normal BMD
(—)1 Z-score values were obtained in 85 (85%) pa-
tients, a decrease in BMD (<—1 Z-score) was found
in 13 (13%) children, and a decrease in BMD (<2
Z-score) was found in 2 (2%). Thus, in the vast ma-
jority of children with BA examined, BMD remained
within the reference range for their age, but 15% of
children showed signs of BMD decrease of varying
severity.

No significant differences in Z-score BMD values
were found between children with BA and the con-
trol group, but BMD values in the group of children
with BA were significantly higher than in the control
group (p = 0.043) (Table 1).

When comparing BMD values in groups of pa-
tients receiving high-dose inhaled corticosteroids,
no significant decrease in bone density (Z-score <
-2) was observed, indicating an increased risk of
osteopenia or osteoporosis. In this case, data from
patients receiving inhalation therapy for more than
12 months were considered, so the patient groups

29

Healthy (n=61) p-value
0,83 p=0,043
(0,70; 1,00)

32,15 p=0,007
(24,86; 51,72)

-0,20 p=0,100
(=0,60; 0,60)

were further divided by age: under 10 years and
over 10 years. In patients under 10 years of age, the
Z-score distribution across the low— and high-dose
ICS categories is similar: the majority of children
in both groups have a Z-score above -1.0, and there
is no proportion of patients with a significant de-
crease in bone density (Z-score < -2.0). In children
over 10 years of age, there are also no significant
differences between low— and high-dose ICS: cases
of Z-score < -2.0 are isolated, while the majority of
patients in both groups have a Z-score above -1.0,
indicating preserved or only slightly decreased bone
mineral density (Table 2).

In the group from 6 to 12 years old, overweight was
present in 9 children (9%), obesity — in 11 (11%); in
the group from 12 to 18 years old, overweight was
present in 15 children (15%), obesity — in 6 children
(6%) (Table 3).

The study results of biochemical parameters in
patients with BA revealed comparable levels of vita-
min D in the blood compared to healthy children, but
lower levels of calcitonin, ionized calcium and creat-
inine, both in the overall group and in the 6-11 and
12—18 year old groups (Tables 4, 5). The synthesis
and secretion of calcitonin is regulated by the level of
calcium in the blood; its concentration in the blood
is very low (a value below the limit has not been es-
tablished), therefore, even a slight change in the con-
centration of calcitonin requires medical attention,
since calcitonin increases the flow of calcium from the
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Table 2. Calculation of the combined dose of ICS* — Densitometry (Z-score)** (authors’ table)
Tabnunua 2. PacuyeT conpsixkeHHoCcTU 003bl UTKC* 1 NA0THOCTN KOCTHOM TKaHu (Z-score)** (Tabnvua aBTopoB)

Age/Doses
<-2,0

Upto 10 ICS doses  Low -
years

High =
Over 10 ICS doses  Low -
years old

High 1(100)

*1CS — inhaled glucocorticosteroids.
** Pearson's chi-square test was used.

blood into the bones, which inhibits resorption (de-
struction, decrease in mineral density) of the bone,
that is, the action of calcitonin is aimed at reducing
the level of calcium in the blood and inhibiting bone
demineralization [16].

Bone density according to Z-score n (%)

-1,9—-1,0 >-1,0 p-value
1(50) 9 (56,3) p=0,867
1(50) 7 (43,8)

4 (40) 30 (54,5) p=0,407
6 (60) 25 (45,5)

A decrease in osteocalcin and acid phosphatase
with age was found in both BA and healthy children,

which is probably the age norm [13]. In the group
of healthy children, the level of C-terminal telopep-
tides decreased.

Table 3. Anthropometric data of patients with bronchial asthma and healthy children depending on age, Me (Q1;

Q3)* (authors’ table)

Tabnvua 3. AHTpONoMeTpuYeckme JaHHble NaUNEeHTOB C OPOHXUaNbHOM aCTMOW U 300POBbLIX AeTel B 3aBUCUMOCTU OT

Bo3pacTa, Me (Q1; Q3)* (Tabnuua aBTOpOB)

6-11 years 12-18 years p-value
BA (1) Healthy (2) BA (3) Healthy (4)
Indicator
BMI, percentile 89,63 29,8 68,40 27,45 P12<0,001
(53,88;98,14) (8,9;56,7) (30,05; 91,98) (12,7;66,3) Ps-2 = 0,001
pi3=0,026
P24 = 0,639
BMI, z-score 1,29 -0,53 0,47 -0,78 P1-2<0,001
(0,10; 2,11) (=1,76; 0,17) (—-0,56; 1,38) (—1,25;0,14) P32 = 0,001
pi.3=0,017
P24 = 0,846
Number of overweight and obese 20 (20%) 3 (4,8%) 21 (21%) 33 (4,8%) —
children, n (%)
Increase, percentile 81,02 46,6 74,85 64,9 P12=0,010
(46,39; 92,54) (20,8;81,7) (47,42, 889,36) (42,3;77,3) P32 = 0,160
pi3=0,423
P24 = 0,323
Increase, z-score 0,89 -0,03 0,67 0,39 pi2=0,035
(=0,10; 1,47) (-0,41;0,95) (0,04; 1,25) (-0,19; 0,75) Pz« = 0,156
@5 = 0,414
P2-4= 0,574

* The Mann-Whitney test was used.
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Table 4. Biochemical marker indicators Mtm, Me (Q1; Q3), of patients with bronchial asthma and healthy children

in the overall group* (authors’ table)

Tabnuua 4. MokasaTtenu buoxnmmnyeckmx mapkepos M=m, Me (Q1; Q3), nauneHToB ¢ 6POHXManNbHOI acTMoli U 300po-

BbIX AeTel B oOweli rpynne* (Tadbnnua aBTopoB)

Indicator Bronchial asthma
. 24,05
Vitamin D (N 30—70 ng/ml) (19,85: 30,10)
L 2,00
Calcitonin, 0-79 pg/L (2,00: 2,55)

- 91,00
Osteocalcin*, ng/ml (49,50 118,00)
C-terminal tel tides* | Lge

erminal telopeptides*, ng/m (1,11: 2,19)
Parathyroid hormone (N 1.72-6.68 3,75
pmol/L) (2,65; 4,57)
2,37
Total Ca,(N 2.2-2.7 mmol/L) (2,33: 2,44)
1,27
Ca 2+,(N 1.22—1.37 mmol/L) (1.21: 1,30)
. 189,50
Alkaline phosphatase (N 97-361 U/L) (107,50: 259,50)
. 51,00
Creatinine,(N 27-62 umol/I) (42,55: 65,05)
Acid phosphat N <6 U/L 5,10
cid phosphatase, ( /L) (3,90: 6.45)

* The Mann-Whitney test was used.

Among patients with BA, doses of cholecalciferol
were extremely low and significantly different from
those received by healthy children, and did not de-
pend on age. Calcium intake from food was also insuf-
ficient and did not meet the recommended age-spe-
cific standards (Tables 6, 7). The approximate daily
calcium intake requirements for children, depending
on age, are as follows: up to 3 months — 400 mg of cal-
cium per day; from 4 to 6 months — 500 mg per day;
7 to 12 months — 600 mg per day; 1 to 3 years — 800
mg per day; 3 to 7 years — 900 mg per day; 7 to 11
years — 1100 mg per day; 11 to 18 years — 1200—1300
mg per day [15].

Vitamin D and calcium intake did not affect BMD.
Vitamin D and calcium intake was lower in patients
with asthma (Table 8).

Patients with moderate physical activity had bet-
ter BMD indicators compared to patients with low
physical activity (Table 9).

The frequency of CALCR, COL1A1, and VDR gene
genotypes in patients with bronchial asthma and
healthy children did not differ (Table 10).

Healthy o-value
(2114?50; 27,60) p=0,050
(1111’(,)(5)0; 11,00) p <0,001
?6%?80; 113,00) p=0,727
(11',6244; 1,99) p=0,656
?2’?574; 4,80) p=0,733
(Zéfle?s; 2.43) p=0,208
(11',3219; 1,35) p <0,001
(210 Sé?go; 242,00) p=0,974
?546,2200; 65,10) p=0,019
?fe?o; 6,40) p=0,644

The level of 25(OH)D was significantly lower in
patients with BA with the GG genotype of the poly-
morphic variant of the VDR (Fokl) gene compared
to carriers of the AA (p =0.010) and AG (p = 0.010)
genotypes (Table 11). Healthy children with the AA
genotype of the VDR (Fokl) polymorphism had low
osteocalcin levels and high alkaline phosphatase val-
ues, indicating active bone resorption processes.

The study found that patients with BA had low
vitamin D levels (25.2+8.8 ng/ml), comparable to
those of the control group, and no supplementa-
tion with cholecalciferol and calcium from food
(183.1£93.9 mg). Vitamin D levels were significant-
ly lower in patients with BA with the GG genotype
of the polymorphic variant of the VDR (Fokl) gene
compared to carriers of the AA (p=10.010) and AG
(p = 0.010) genotypes. Patients with BA also had
lower levels of calcitonin, ionized calcium, and cre-
atinine, both in the general group and in the 6—11
and 12—18 age groups. BMD and BMC levels were
higher in children with BA compared to the control
group, which was primarily due to high nutrition-
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Table 5. Biochemical marker indicators Mtm, Me (Q1; Q3), of patients with bronchial asthma and healthy children

by age* (authors’ table)

Tabnuua 5. Mokazarenu 6uoxmmuyeckux mapkepos Mtm, Me (Q1; Q3), nauneHToOB ¢ 6POHXMANBHOK aCTMO 1 300pPO0-

BbIX AeTell B 3aBUCMMOCTU OT Bo3pacTta* (Tabnnua aBTopoB)

6-11 years 12-18 years
Indicator BA (1) Healthy (2) BA (3) Healthy (4) p-value
(n=30) (n=31) (n=70) (n=30)
P12 = 0,077
Vitamin D 25,35 21,90 23,25 22,20 Psa=0,217
(N 30-70 ng/ml) (21,40; 30,00) (14,50; 27,60) (18,50; 30,80) (13,70; 28,30) pi3=0,508
P22 =0,885
11,00 11,00 p1-2<0,001
. 2,05 (11,00; 11,00) 2,00 (11,00; 11,00) Ps-4<0,001
(Celetienin, &=t el (2,00; 3,70) (2,00; 2,00) P1s = 0,009
Poa = 0,422
Pi-2i= 0,756
Osteocalcin*, 97,00 97,00 79,00 70,50 Pa.2=0,758
ng/mi (84,00; 122,00) (75,00; 119,00) (42,00; 110,00) (35,00; 107,00) pi3=0,043
P24 = 0,01 5
pi2=0,829
C-terminal telopeptides*, 1,69 1,79 1,61 1,25 Pz« = 0,236
ng/mi (1,52;2,16) (1,50; 2,03) (0,96; 2,25) (0,91;1,74) pis=0,323
P24 = 0,004
3,91+1,63 3,46+1,40 3,98+1,88 4,18+1,62 pi-2= 0,306
Parathyroid hormone, 3,75 2,90 3,77 4,05 P34 = 0,443
(N 1.72-6.68 pmol/L) (2,97; 4,31) (2,40: 4,79) (2,64; 4,83) (3,34; 4,80) pi.s= 0,845
P24 = 0,075
P12 = 0,821
Total Ca, 2,38 2,39 2,36 2,40 Psa=0,117
(N 2.2-2.7 mmol/L) (2,34; 2,47) (2,36; 2,42) (2,32; 2,42) (2,36; 2,44) p1s=0,168
P24 =0,641
P1.2<0,001
Ca 2+, 1,27 1,31 1,27 1,32 P3.4<0,001
(N 1,22-1,37 mmol/L) (1,19; 1,30) (1,29; 1,35) (1,23; 1,30) (1,29; 1,34) pis=0,327
P2a = 0,891
Pi2i= 0,735
Alkaline phosphatase, 229,50 215,00 148,50 120,00 ps. = 0,154
(N97-361U/L) (202,00; 266,00)  (199,00; 280,00) (94,00; 254,00) (66,00;217,00) pi3=0,003
P2.4<0,001
P1.2<0,001
Creatinine, 39,80 51,30 61,05 65,20 Pz« = 0,068
(N 27-62 umol/I) (35,10; 46,80) (49,10; 54,20) (45,60; 69,60) (59,00; 72,20) P1-3<0,001
P2.4<0,001
pi2=0,390
Acid phosphatase, 6,55 6,10 4,50 4,30 Pa-2 = 0,229
(N <6 U/L) (5,90; 7,20) (5,60; 6,90) (3,60; 5,90) (3,20; 5,20) P1.3<0,001
P2-4<0,001

* The Mann-Whitney test was used.

al status especially in the 6-12 age group, where
overweight and obesity were more common than
in the 12—18 age group. However, in the group of
patients receiving high doses of ICS, a significant
decrease in BMD indicators was observed. BMI (%)
and BMI Z-score in patients with BA were higher in
the 6-11 and 12—18 age groups, as well as in groups
with different BMD. Patients with moderate physi-
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cal activity had optimal BMD indicators compared
to patients with low physical activity.

DISCUSSION

The data obtained as a result of this study in-
dicate a decrease in BMD indicators in children
suffering from bronchial asthma compared to their
healthy peers. Significant differences in the levels
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Table 6. Calculation of indicators of daily cholecalciferol dose intake, calcium intake from food in patients with
bronchial asthma and healthy children* (authors’ table)
Tabnvua 6. PacyeT nokasatenein npnema CyTO4YHOM A03bl Konekanbundepona, NOCTYreHns Kanbuns ¢ NuLen y na-
LMEHTOB C OpOHXUanbHOW acTMOW U 300POBbIX AeTel* (Tabnrua aBTOPOB)

Age, years

Indicator p-value
6-11(n=30) 12-18 (n=70)

Daily intake of vitamin D Me (Q1-Q3), IU 0,00 0,00 p=0,638
(0,00; 500,00) (0,00; 0,00)

Daily intake of Ca with food Me (Q1-Q3), mg 150,00 150,00 p=0,546
(100,00; 200,00) (100,00; 250,00)

* The Mann-Whitney test was used.

Table 7. Indicators of daily cholecalciferol dose intake and calcium intake from food in children with bronchial asth-
ma depending on age* (authors’ table)
Tabnunua 7. Moka3aTenu npuema CyTo4HOM A03bl Konekanbuudepona, NoCTynneHns KanbLus ¢ NULLEn y aeTen
Cc 6pOoHXManbLHOM acTMOM B 3aBUCUMOCTU OT Bo3pacTta* (Tabnnua aBTOpOB)

Indicator Bronchial asthma Healthy p-value

Daily intake of vitamin D M*m, Me (Q1-Q3), IU 0,00 500,00 p=0,001
(0,00; 0,00) (0,00; 1000,00)

Daily intake of Ca with food M+m, Me (Q1-Q3), 150,00 400,00 P <0,001

mg (100,00; 230,00) (300,00; 800,00)

* The Mann-Whitney test was used.

Table 8. BMD in patients with BA and healthy children depending on daily cholecalciferol intake and calcium intake
from food* (authors’ table)
Tabnuua 8. MIMNK 'y nauneHToB ¢ BA 1 300pOBbLIX AeTell B 3aBUCMMOCTU OT NpUemMa CyTO4YHOW 003bl Konekanbumngepo-
na, NoCcTynjeHusa Kanbuuga ¢ NuLlein* (Tabnnua aBTopoB)

Indicator Z-score densitometry p-value
<-1,0 <-1,0 >=1,0+ >—1,0+
BA (1) Healthy (2) BA (3) Healthy (4)
(n=15) (n=11) (n=85) (n=50)
Vitamin D intake per day 0,00 0,00 0,00 500,00 pi2=0,172
Me (Q1-Q3), IU (0,00; 0,00) (0,00; 500,00) (0,00; 0,00) (0,00; 1000,00) P34 = 0,002
pis=0,614
P2+ =0,419
Dietary intake of Ca per 200,00 200,00 150,00 500,00 p12=0,529
day (120,00; 230,00) (100,00; 300,00) (100,00; 220,00) (300,00; 800,00) ps-4<0,001
Me (Q1-Q83), mg p:s= 0,559
P2-4= 0,001

* The Mann-Whitney test was used.

of calcitonin, ionized calcium, and other markers  correction of identified disorders is vital for pre-
of bone metabolism have been identified, empha-  venting long-term complications, including oste-
sizing the need for regular monitoring of bone  oporosis. It has also been established that patients
metabolism in this category of patients. Timely = with BA have low levels of 25 (OH)D levels in

33




ANNEPTONOIA N MMMYHONOT U

19 B NEANATPUN, Tom 23 (4) — pekabpb 202

OpurunanbHas ctatea / Original article

Table 9. BMD in patients with BA depending on physical activity* (authors’ table)
Tabnnua 9. MMK y naumeHToB ¢ BA B 3aBUCMMOCTU OT GU3NYECKOW aKTUBHOCTU* (TabGauLa aBTOPOB)

Physical activity, n (%)

<-1,0
Low (lack of daily walks) 1(18,3)
Moderate (daily walks, physical education

4(10,3)
classes at school)
High (exercise 3-4 times a week) 0(0)

* Pearson's chi-square test was used.

the blood and low intake of cholecalciferol and
calcium from food, which is probably due to ex-
isting dietary restrictions in these patients and
it dictates the need for comprehensive preven-
tive measures aimed at eliminating deficiencies in
these patients in order to control the symptoms of
bronchial asthma.

Interestingly, a decrease in cholecalciferol intake
and a reduction in its metabolite blood concentra-
tion are convincingly associated with a decrease in

Z-score densitometry

>—1,0+ Total p-value
49 (81,7) 60 (100) p=0,050
35 (89,7) 39 (100)

1(100) 1(100)

calcitonin. Low cholecalciferol intake and decreased
calcidiol levels may correlate with limited physical
activity, presumably due to families discouraging
children with bronchial asthma from engaging in nor-
mal physical activity. Studies confirming this global
trend have been published in several countries.

The authors tend to associate the recorded isolat-
ed indicators of decreased BMD in children receiv-
ing ICS for at least 1 year not with the effects of the
drugs, but rather with the uncontrolled course of the

Table 10. Distribution of CALCR, COL1A1, and VDR gene polymorphisms in patients with bronchial asthma and

healthy children* (authors’ table)

Tabnuua 10. Pacnpenenedune nonumopduama reHos CALCR, COL1A1 n VDR y nauneHToB ¢ OpOHXUanbHO acTMO

M 300pOBbIX AeTei* (Tabnmua aBTopoB)

Indicator, n (%) BA
cC 6 (6,0)
CALCR TC 43 (43,0)
T 1(51,0)
GG 62 (62,0)
COL1AT GT 33(33,0)
T 5(5,0)
T 42 (42,0)
VDR
6 TC 49 (49,0)
cC 9(9,0)
AA 31(31,0)
VDR
Fokl AG 47 (47,0)
GG 22 (22,0)
AA 9(9,00)
VDR Bsml AG 50 (50,0)
GG 1(41,0)
T 6(16,0)
VDR Apal CA 1(61,0)
cC 23 (23,0)
Total 100 (100)

* Kputepwii He3aBMCUMOCTH xu-KBagpat MupcoHa.

34

Healthy p-value

3 (4,9)
23 (37,7
35 (57,4
43 (70,5
17 (27,9

1(1,6)
24(39,3)
34 (55,7)

3 (4,9)
22 (36,1)
25 (41,0)
14.(23,0)

3 (4,9)
33 (54,1)
5 (41,0)
1(18,0)
37 (60,7)
( )
(

) p=0,731
)
)
) p=0,389
p=0,536

p=0,734

p=0,616

p=0,931
3(21,3

1(100)
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Table 11. Biochemical indicators Me (Q1-Q3) of patients with bronchial asthma and healthy children depending on
VDR (Fokl) genotypes* (authors’ table)

Tabnuua 11. Buoxmmuyeckue nokasarenm Me (Q1-Q3)) naumeHTOB ¢ GPOHXMANbHOM aCTMOWM U 300POBbLIX AeTel B 3a-
BUCMMOCTU OT reHoTunoB reHa VDR (Fokl)* (tabnuua aBTopoB)

Indicator
Gene
AA (1)
VDR
Fokl AL
GG (3)
p-value
Indicator
Gene
AA (1)
VDR
Fokl AGIH(2)
GG (3)
p-value
Indicator
Gene
AA (1)
VDR
Fokl A2
GG (3)
p-value
Indicator
Gene
AA (1)
VDR
Fokl AEZ)
GG (3)
p-value
Indicator
Gene
AA (1)
VDR
Fokl HEZ)
GG (3)
p-value

25(0OH)D, ng/ml

ni Bronchial asthma

31 25,50
(21,20; 31,30)
23,20

47 (20,20; 30,80)
21,35

22 (14,90; 27,10)
pi2=0,434
pi3=0,010
P23 = 0,037

Calcitonin, pg/L

ni Bronchial asthma
2,00

g (2,00; 2,10)
2,00

a1 (2,00: 2,70)
2,00

22 (2,00; 2,60)
p=0,762

lonized calcium, mmol/L

ni Bronchial asthma
1,24

8i (1,20; 1,30)
1,27

s (1,24; 1,31)
1,27

22 (1,22; 1,31)
p=0,244

Total calcium, mmol/I

ni Bronchial asthma
2,37

& (2,34; 2,44)
2,37

ar (2,33: 2,44)
2,36

22 (2,31; 2,49)
p=0,950

Osteocalcin, ng/ml

ni Bronchial asthma

31 70,00
(38,00; 121,00)
92,00

41 (64,00; 116,00)
94,00

22 (44,00; 130,00)
p=0,468

35

n2

22

25

14

n2

22

25

14

n2

22

25

14

n2

22

25

14

n2

22

25

14

Healthy

25,20

(19,40; 30,20)
16,00

(13,10; 25,90)
22,65

(14,50; 24,80)

p=0,140

Healthy

11,00

(11,00; 11,00)
11,00

(11,00; 11,00)
11,00

(11,00; 12,90)
p=0,054

Healthy
1,33

(1,29; 1,35)
1,32
(1,27;1,34)
1,31

(1,29; 1,33)
p=0,604

Healthy
2,41

(2,38; 2,44)
2,38

(2,34; 2,41)
2,40

(2,34; 2,44)
p=0,365

Healthy

89,50

(70,00; 113,00)
74,00

(47,00; 97,00)
113,00

(85,00; 143,00)
P12 =0,147
P23 = 0,008
P1s=0,177
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Table 11. Biochemical indicators Me (Q1-Q3) of patients with bronchial asthma and healthy children depending on
VDR (Fokl) genotypes* (authors’ table)

Tabnuua 11. Buoxmmuyeckue nokasarenm Me (Q1-Q3)) naumeHTOB ¢ GPOHXMANbHOM aCTMOWM U 300POBbLIX AeTel B 3a-
BUCMMOCTU OT reHoTunoB reHa VDR (Fokl)* (tabnuua aBTopoB)

Indicator
Gene

AA (1)
o s

GG (3)
p-value
Indicator
Gene

AA (1)
gng AG (2)

GG (3)
p-value
Indicator
Gene

AA (1)
e

GG (3)
p-value
Indicator
Gene

AA (1)
e

GG (3)
p-value
Indicator
Gene

AA (1)
o7 G

GG (3)
p-value

Acid phosphatase, U/L

ni Bronchial asthma
4,90
8 (3,70; 7,00)
5,90
e (4,00; 6,70)
4,55
22 (4,00; 5,70)
p=0,494
C-terminal peptides, ng/ml
ni Bronchial asthma
1,63
° (0,96; 2,01)
1,76
s (1,36; 2,34)
1,51
22 (1,11; 2,30)
p=0,467
Parathyroid hormone, pmol/L
ni Bronchial asthma
3,44
&1 (2,43 4,38)
3,83
41 (2,95: 4,84)
3,60
22 (2,37 4,83)
p=0,318
Alkaline phosphatase, U/L
ni Bronchial asthma
31 173,00
(111,00; 240,00)
223,00
a1 (117,00; 270,00)
20 148,50
(94,00; 235,00)
p=0,216

Creatinine, umol/I

ni Bronchial asthma

o 51,90
(39.90: 66,80)
47.90

&7 (39,80; 64,70)
58,40

= (48,90; 62,50)
p=0,299

n2

22

25

14

n2

22

25

14

n2

22

25

14

n2

22

25

14

n2

22

25

14

Healthy
6,815

(4,90; 6,60)
5,20

(4,10; 5,80)
6,15

(4,30; 7,20)
p=0,126

Healthy
1,82

(1,21; 2,15)
1,43
(1,24;1,74)
1,65

(1,49; 2,02)
p=0,283

Healthy
3,01

(2,52; 4,80)
4,10

(2,80; 4,80)
3,20

(2,20; 4,30)
p=0,611

Healthy

214,00

(199,00; 267,00)
155,00

(72,00; 200,00)
232,00

(128,00; 265,00)
026 = 0,085
p1>=0,014
pi3= 0,669

Healthy

52,20

(50,20; 59,20)
56,40

(50,90; 67,00)
60,90

(49,40; 71,50)
p=0,134

* Comparison of indicators by gene groups was performed using the Kruskal-Wallis test (p-values without index); if statistically significant differences were
detected, pairwise comparisons were performed using the Mann-Whitney test (p-values with indexes).
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disease, which determines restrictions in nutrition
and physical activity, which probably leads to a de-
crease in bone mineral density.

Importantly, the proportion of BMD reduction
(Z-score <—1) in the groups of children with BA and
the group of healthy children was comparable, indi-
cating the maintenance of adequate bone tissue in
the majority of patients with BA receiving medium
and low doses of ICS while adhering to modern stan-
dards of treatment and prevention. Moreover, in the
examined group of children with BA, higher absolute
values of BMD and its mineralization of BMD and
BMC were observed compared to the control group,
which can be explained by both the higher proportion
of older children in the study group and high BMI.

Thus, the study results confirm the importance
of a multidisciplinary approach in the management
of children with bronchial asthma, including not
only the control of bronchial inflammation and
rational drug therapy, but also ensuring optimal
nutritional status and physical activity. These
measures help maintain bone mineral density and
reduce the risk of developing bone complications
in adulthood.

A promising direction for further study is the iden-
tification of early prognostic biomarkers of decreased
bone density, as well as the evaluation of the effective-
ness of comprehensive programs for the restoration
of bone metabolism in children with severe forms of
bronchial asthma.
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