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Liesib: oLeHWTb BAMAHME AOMaLUHero npebbiBaHua Bo Bpems naHgemum COVID-19 Ha KoHueHTpauuio 25(0H)D B cbIBOPOTKE KPOBW Y AETei, NOCTOAH-
HO NPOXMBaloLLUX B PA3aHN.

Matepuan u metoapl: B UcciefoBaHve bbiav BKAOUEHbI 279 feTeit B Bo3pacTe oT 2 40 17 neT, KoTopble Oblav pasaeneHbl Ha 2 rpynrbl B 3aBUCMMOCTH
OT aTbl onpegeneHns KoHueHTpaumm 25(0H)D B cbiBOPOTKe KPOBU: A0 U BO BPEMA MaHAEMUH.

Pe3synbTaThbl: aHaNM3 pe3ybTaToB NoOKa3as, YTo MeanaHa KoHueHTpaumum 25(0H)D B cbiBOpOTKe KpoBwW y AeTei | rpynnbl 6biia B 1,4 pasa Bbllle, 4em
8o Il rpynne (22,8 Hr/mn npotus 16,6 Hr/mA, p=0,004). fons aeteit c aeduumutom sutamuHa D (VD) ysesmumnach 8 1,4 pasa, B TO BpEMA KaK MPOLEHT
ZeTelt ¢ oNTUManbHbIM cTaTycom VD cHU3UACA B 3 pa3a BO BpemaA AOMaLLHel n3onaumm. CTaTUCTUYECKM 3HAYMMOE CHUXKEHWE MenaHbl KOHLEeHTpa-
umm 25(0OH)D B cbiBOpOTKE KpoBM Habntoganoch y AeTelt B Bospacte 2-3 et v 4-6 neT (p<0,05).

3aKnloueHue: orpaHnYeHns B cBasm ¢ naHaemmeit COVID-19 npuBenu K 3HaUMTEIbHOMY CHUMKEHMIO KOHUeHTpauum 25(0H)D B CbiBOPOTKE KPOBU Y
netei.
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Objective: To evaluate the effect of staying at home during the COVID-19 pandemic on serum 25(0OH)D levels in children permanently residing in
Ryazan.

Methods: The study included 279 children aged 2 to 17, who were divided into two groups: in Group 1, serum 25(OH)D level was tested before the
COVID-19 pandemic, while in Group 2, it was assessed during a pandemic.

Results: The median serum 25(0OH)D level in children of Group 1 was 1.4 times higher than in Group 2 (22.8 ng/ml vs. 16.6 ng/ml, p=0.004). The share
of children with vitamin D (VD) deficiency during the pandemic home stay increased 1.4 times, while the percentage of children with optimal VD status
decreased by three times. A statistically significant decrease in the median serum 25(OH)D during the pandemic was observed in children aged 2-3
years and 4-6 years (p<0.05).

Conclusion: COVID-19 movement restrictions significantly decreased serum 25(OH)D levels in children.
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BBEAEHMUE INTRODUCTION

B nocnenHue rogbl npobaema pacnpocTpaHEHHOCTU aeduum- Recently, the prevalence of VD [calcidiol, 25(0OH)D] deficien-
Ta sutammHa D (VD, kanbumauon, 25(0H)D) B pasaunuHbix rpynnax  Cy in various population groups has been actively discussed due
HaceNleHUs aKTUBHO 0BCy/aaeTca B cBA3M c Gonee rybokum no-  to a deeper understanding of its role in regulating multiple phys-
HUMaHMEM ero Poau B PerynaLMM PasinuHbIX GU3NONOTMYECKMX iological processes in the body, including immune defense. The

NPOLLECCOB B OpraHW3mMe, BK/IKYAA UMMYHHYHO 3aluuTy. rlaH,quVIﬂ COVID-19 pandemic has further hlghllghted the prOblem of an
adequate immune response in people with VD deficiency.
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COVID-19 ewg 6onblue aKTyanusuMpoBana npobnemy ageKkBaTHOro
MMMYHHOro OTBeTa B ycnosuax geduumta VD.

BbipaboTka nposuTammnHa D B KOXKe 3aBUCKT OT reorpaduu, spe-
MEHMW CYTOK, 3KONI0rMM 1 061a4HOTo MOKPOBa aTMocdepbl. Tpebyemas
[U/IMHA BOJTHbI MPUCYTCTBYET B COJIHEYHOM CMEKTPE, XapaKTePHOM /15
TPOMNWKOB; A1 BECEHHErO M NETHErO CO/THLA B CTPaHaX C YyMEPEHHbIM
KNMMATOM U He BCTPEYAEeTCA B apKTUYecKMX WwiupoTax. ObpasosaHue
VD noyTM MOAHOCTBbIO MPEKPALLAEeTCA YyTPOM M BEYEpPOM, B TeyeHue
BCEro AHA B 3MMHME MeCALbl Ha LWMPOTax ceBepHee v toXKHee 35 rpa-
[lyCOB, a TaKKe B 3arpA3HEHHOMN MAn obnavHoi atmocdepe. CriekTp
YNbTPadUONETOBbIX Nyyelt TUNa B, He0bXoAMMbIN ANA NONHOLLEHHOTO
CMHTE3Q, XapaKTepeH A/1a TPOMNMKOB, a 0bpasosaHue VD B KOXKe KuTe-
nei Poccum npoucxoauTt npumepHo 3a 4 mecsaua B Mockse v PsizaHy,
MeHee Yem 3a 3 mecsaua (Mai-uoHb) — B CaHKT-MeTepbypre [1].

Konnyectso mctoyHmkos VD OrpaHu4eHo, n ero A0CTynmHOCTb
MOMKeT ObITb SIErKO HapylleHa BHeLWHUMKU pakTopamu. CuHTes VD B
KOKe 3aBUCUT OT BO3AENCTBUSA CONHEYHOTO CBETA, @ PALMOH, BK/OYa-
FOLLIMIA KUPHYHO PbIOY, AUYHBIN KEITOK, MOIOKO U FOBAMKbIO MEYEHD,
MOMKeT obecneynTb MnLb okono 10% notpebHocTtn B VD [2]. Cornac-
Ho «Hopmam ¢u3monornyeckoin noTpebHOCTM B BUTaMMHax» (2021),
CyTOYHas noTtpebHocTb B VD 3aBMCUT OT BO3pacTa: y MafeHues
NepBoro roaa ¥usHu — 10 MKr/cyT, Ana AeTeit crapluero Bospacra v
B3poC/ibix — 15 MKr/cyT, a Ana atogen crapie 65 net — 20 mkr/cyT [3].
Huskoe coaepkaHue VD B paLyOHe NOBbLIWAET PUCK PA3BUTMA TUMNO-
BMTaMMHO3a, OCOBEHHO Y Ntoaew, CTpaAatoLWmxX annepruei Ha 6enok
KOPOBbLETO MOJIOKA, HEMEPEHOCMMOCTbIO N1AaKTO3bl, MPUBEPIKEHLIEB
BEreTapMaHCKoM 1 oBOBereTapuaHckoi avet. Kpome Toro, aeduumt
VD Takxe GOpMUPYETCA B YCA0BUAX OFPaHUYEHHOro BO3AENCTBMA
CONHEYHbIX /IyYeit Ha KOXKY UM HapylleHUs 06pa3oBaHMs aKTUBHOM
¢dopmbl VD B noukax [4].

Kak nokasanu pesynbTatbl MccnenoBaHus, B Poccum TONbKO
17,1% obcnenoBaHHbIX MALMEHTOB WMMEKT afeKBaTHbLIN YPOBEHb
25(0OH)D B cbiBOpOTKE KpoBW. ONTUManbHbli VD-cTaTyc 6bin 06Ha-
PYXEH TO/bKO Yy MAadeHUes maaae 3 set (40,55 Hr/mn), a camble
HU3KME cpefHue 3HauyeHUs Bblin 0B6HapyMKeHbl B MONYAALMOHHOM
rpynne AeTeit cTapLuero WKonbHoro sospacta (11-18 nert — 18,30 Hr/
mn), B Bo3pacte 19-22 net (19,15 Hr/mn), a Takxe B Bo3pacTe 76 net
1 ctapue — 19,05 Hr/mA. 3To €BA3AHO C PAAOM NPUUMH, B TOM YnCIE
C HEA0CTATOYHbIM 3HAOreHHbIM CHTe30M VD 13-3a reorpaduyeckoro
pacnonoeHus 6oabLUMHCTBA pernoHoB Poccuiickol ®enepaumm [5].

M3BecTHO, 4To VD 06/1a43eT aHTMOKCUMAAHTHBIMM, NPOTUBOBOC-
NaAUTENbHBIMU U HEWpPOMNPOTEKTOPHLIMM CBOMCTBAMM. YXyALleHue
CHabeHua opraHnama VD MOXKET MMeTb JONTOCPOYHbIE HEraTUBHbIE
MOCNeLCTBMA, A TaKKe CNocobCTBOBATb YBEIMYEHMIO YACTOTbl Pecnu-
paTopHbIX MHeKLMI, BKAtovas COVID-19 [6]. Dogan A et al (2022) B
pesynbTaTe HeLABHEro WCCNeA0BaHMA MPOLAEMOHCTPMPOBANN, YTO
ypoBeHb VD B cbiBOPOTKe Kposu y aeTelt ¢ COVID-19 6bin 3HauMTEeNb-
HO HU)Ke, YeM B KOHTPO/IbHOM rpynne [7].

Peng D et al (2022) u“3yuymnu 3aBUCMMOCTb KAMHUYECKUX WC-
xon08 SARS-CoV-2 oT ypoBHsa VD y AeTeit M NpUWAK K BbIBOAY, YTO
y getelt ¢ gedvumtom VD MoryT 6bITb XyALIME KAMHUYECKME UCXOAbl
npu nHdekumn [8]. Uccneposanue Panfili FM et al (2022) nokasano,
4YTO Mcnonb3oBaHme VD MOXKET faxKe Urpatb ONpeaenéHHyo posb B
npodwunakTuke u/mam neyeHmn COVID-19 nyTém MoAyAMPOBaHUA UM-
MyHHoOro oTseTa [9].

LLENb UCCNEQOBAHUA

OUeHUTb BAUAHUE LOMALLHEW M30/1ALMM BO BPEMA MaHAemMuM
COVID-19 Ha KoHueHTpauuto 25(0H)D B CbIBOPOTKE KPOBM Yy AeTel,
NPOXKMBAIOLLMX B PA3aHM.

Producing provitamin D in the skin depends on the place
of residence, time of the day, ecology, and atmospheric cloud
cover. The required wavelength is present in the solar spectrum,
which is characteristic of the tropics and countries with temper-
ate climates in spring and summer, while in Arctic latitudes, it is
missing. VD formation almost entirely ceases in the morning and
evening, throughout the day during winter months at 35 degrees
north and south latitudes, and in a polluted or cloudy atmo-
sphere. The type B spectrum of ultraviolet waves, necessary for
adequate synthesis, is characteristic of the tropics. At the same
time, the formation of VD in the skin of Russian residents contin-
ues for approximately four months in Moscow and Ryazan and
less than three months (May-June) in St. Petersburg [1].

VD sources are limited, and external factors can easily dis-
rupt their availability. VD synthesis in the skin depends on sun-
light exposure, and a diet including fatty fish, egg yolk, milk, and
beef liver can only provide about 10% of VD requirements [2].
According to the “Norms for Physiological Needs for Vitamins”
(2021), the daily requirement for VD depends on age: for infants,
it is ten mcg/day; for older children and adults — 15 mcg/day; and
people over 65 years of age — 20 mcg/day [3]. A low VD content
in the diet increases the risk of developing hypovitaminosis, es-
pecially in people allergic to cow milk protein, lactose intolerant,
and adherents of vegetarian and ovo-vegetarian diets. In addi-
tion, VD deficiency also develops in limited exposure of the skin
to sunlight or impaired formation of the active form of VD in the
kidneys [4].

As the study results showed, only 17.1% of examined patients
in Russia had an adequate serum 25(0OH)D level. Optimal VD status
was found only in infants under three years of age (40.55 ng/ml).
The lowest mean values were found in the population of children
of high school age (11-18 years old — 18.30 ng/ml), at the age of 19-
22 years (19.15 ng/ml), as well as at the age of 76 years and above
—19.05 ng/ml, which is due to several factors, including insufficient
endogenous VD synthesis because of the geographical location of
most regions of the Russian Federation [5].

VD is known to have antioxidant, anti-inflammatory, and
neuroprotective properties. Deterioration of the body's VD sup-
ply may have long-term negative consequences and increase the
incidence of respiratory infections, including COVID-19 [6]. Dogan
A et al (2022) demonstrated in a recent study that serum VD lev-
els in children with COVID-19 were significantly lower than those
in the control group [7].

Peng D et al (2022) examined VD levels in children with
SARS-CoV-2 and found that children with VD deficiency may have
worse clinical outcomes of the infection [8]. A study by Panfili FM
et al (2022) showed that VD intake may even play a role in the
prevention and/or treatment of COVID-19 by modulating the im-
mune response [9].

PURPOSE OF THE STUDY

To evaluate the effect of homestay during the COVID-19
pandemic on serum 25(OH)D levels in children residing in Ryazan.

METHODS

A retrospective, single-center, cross-sectional observational
study was conducted at the Ryazan City Children's Hospital from
2020 to 2021.
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MATEPUAN U METOAbI

[aHHas paboTa npeactaBnseT cobolt peTpoCnekTMBHOE, O4HO-
LIEHTPOBOE, MepeKpEcTHoe obCcepBaLMOHHOE WCCNeA0BaHWe, Npo-
BeAEHHoe B PA3aHCKOM ropofckon aetckoi 6onbHuUe B 2020-2021
rofax.

MpoToKoN UccNe0BaHUA COOTBETCTBOBA/ XE/IbCUHKCKOM AeKna-
pauuu. Bce npoleaypbl B 3TOM WUCCNI€A0BaHUM Bbln BbINONHEHDI B
paMKax 06bIYHOM KNMHUYECKOMN NPAKTUKK, @ AaHHble Oblv aHOHUMK-
3upoBaHbl. PoguTenn naumeHToB Aanu cBOE MHGOPMMPOBAHHOE CO-
rnacue Ha 06paboTKy NepcoHasibHbIX aHHbIX CBOMX AeTei. MposeaéH
PETPOCNEKTUBHBIV aHaNM3 1abOPaTOPHbIX Pe3yNbTAaTOB ONpeaeneHNs
KoHLeHTpaumn 25(0H)D B cbiBOPOTKe KpoBu 279 aeTeit, NOCTOAHHO
NpoKMBatoLLyX B PA3aHN.

KpuTepuamu BKAtOUEHMA B UCCef0BaHWe bblan: AeTU B BO3pac-
Te o 18 net; aetu, He 6oneswme COVID-19; aetn 6e3 310Ka4ecTBEH-
HbIX HOBOOOPA30BaHUIA U reMaToONOTMYECKMX 3ab60/1eBaHMIA, NATONO-
TMM SHOOKPUHHOM CUCTEMbI U HapyLWeHWi Kanbumeso-dochopHoro
06MeHa, BPOKAEHHDBIX MOPOKOB Pa3BUTUA UM MHPEKLIMOHHBIX U XPO-
HUYECKMX BOCMA/IMTENbHbIX 3a60/1€BAHWIA.

Kputepum uckntouenuns: Haamume y obcneayembix COVID-19,
ocTpble 3aboneBaHuA AU 0O6OCTPEHUA APYTMX XPOHUYECKUX 3abo-
NIeBaHWI, reHeTUYecKan naTonorus, onepaTMBHOE BMeLIaTeNbCTBO B
TeyeHue nocnesHux 4-x Heaenb, NPUEM aHTUKOHBYNbCUBHBIX Npena-
paTos.

Cpeam obcnesoBaHHbIx 6bi10 117 nesovek (41,9%) n 162 manb-
umKa (58,1%) B Bo3pacTe oT 2 Ao 17 net (cpeaHuin BospacT — 9,613,4
roaa). Bce naupeHTbl 6b1m pasaeneHsl Ha 2 rpynnbl: B | rpynny 6biam
BK/OYeHbl 96 geteid (9,121,9 roaa), y KOTOPbIX KOHLEeHTpauwma 25(0H)
D B CbIBOPOTKE KPOBM Obla UCCNe0BaHa B NEPUOZA «A0 NaHAEMUN»
(ceHTABpb-AeKabpb 2019 roaa), 8o Il rpynny sowan 183 pebEHka
(8,4+4,7 ropa), obcnesoBaHHbIX ¢ ceHTAbpa 2020 no aekabpb 2021
roza — Bo Bpems naHgemum COVID-19. CTaTUCTUYECKM 3HAYMMOM pas-
HULLbI MEXAY FPYyNnamu ¢ TOUKM 3peHMA pacnpeseneHna no Bo3pacty
1 nony He 6110 (Tabn. 1).

Jemorpaduueckve n n1abopaTopHble AaHHbIE, BKAOYaA BO3-
pacT, non v KoHueHTpauumio VD, 6bian nonyyeHbl U3 MeaULMHCKOM
ZoKymeHTaumm. KoHueHTpaumto 25(0H)D B cbiBOpOTKe KpOBM onpe-
[enanu MetTofoM MMMYHODEPMEHTHOTO aHaAM3a C UCMO/Ib30BaHUEM
Habopa «250H Vitamin D Total ELISA Kit» (DiaSource Immuno Assays
SA, Belgium) B LieHTpasbHOW Hay4YHO-UCCieA0BaTebCKOM Nabopa-
TOpUM PA3AHCKOrO rocyaapcTBEHHOTO MEAMULMHCKOTO yHMUBepCcUTeTa
(3aB. nabopatopmeit — K.M.H., goueHT Hukndopos A.A.). KoHueHTpa-
umA B cbiBOpOTKe Kposu 25(0H)D >30 Hr/mA cumTanach HOPMasibHOM,
21-30 Hr/mn — HegocTaTouHOM, <20 Hr/mn — geduumTom [1].

Mepes aHanM30M Moy4YeHHbIX AaHHbIX 6blia NpoBeaeHa npo-
BepKa Ha HOPMa/IbHOCTb pacnpefeneHus ¢ UCnonb3oBaHUeM TecTa
Konmoroposa-CMupHOBa. YunTbIBaA, 4TO aHaM3Upyemble NPU3HAKK
UMenu pacnpegeneHue, OTINYHOE OT HOPMA/IbHOTO, AaHHble bblan
onucaHbl B BUAE MeuaHbl M MEXKBapTUIbHOTO pasmaxa (Me; Q1-
Q3), Np13HaKM HE3aBUCUMbIX BbIBOPOK CPABHMBANUCH C MCMOMb30-

Tabauya 1 XapakmepucmuKa y4acCmHUKO8 Uccne008aHUs

lNMoka3sartenb | rpynna
Parameter Group 1
(n=96)
Bospacrt, net 91+1.9
Age, years
[eBoukun/Girls 39 (40.6%)
Manbunku/Boys 57 (59.4%)
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The study protocol complied with the Declaration of Helsin-
ki. All procedures in this study were performed as part of routine
clinical practice, and the data were anonymized. The patients'
parents gave informed consent to processing their children's
data. A retrospective analysis of laboratory results of serum
25(0H)D tests of 279 children permanently residing in Ryazan
was carried out.

Inclusion criteria for the study were: children under 18 years
of age; children without a history of COVID-19; children without
malignancies and hematological diseases, pathology of the endo-
crine system and disorders of calcium-phosphorus metabolism,
congenital malformations or infectious and chronic inflammatory
diseases.

Exclusion criteria included history of COVID-19, acute illness-
es or exacerbations of chronic diseases, genetic pathology, surgery
within the last four weeks, and anticonvulsant drug therapy.

Among the examined patients, there were 117 girls (41.9%)
and 162 boys (58.1%) aged from 2 to 17 years (average age —
9.6%3.4 years). All patients were divided into two groups: Group
1 included 96 children (9.1+1.9 years) whose serum 25(OH)D con-
centration was examined “before the pandemic” (September-De-
cember 2019 years), Group 2 included 183 children (8.4+4.7 years)
tested during the COVID-19 pandemic from September 2020 to
December 2021. There was no statistically significant difference
between the groups regarding age and gender distribution (Table
1).

Demographic and laboratory data, including age, sex, and
VD concentration, were obtained from medical records. The con-
centration of 25(0OH)D in the blood serum was determined by en-
zyme immunoassay using the “250H Vitamin D Total ELISA Kit”
(DiaSource Immuno Assays SA, Belgium) at the Central Research
Laboratory of the Ryazan State Medical University (Head of the
laboratory — Associate Professor Nikiforov A.A., PhD). Serum
25(0OH)D concentration >30 ng/ml was considered normal, 21-30
ng/ml —insufficient, <20 ng/ml — deficient [1].

Before analyzing the obtained data, a test for normality of
distribution was carried out using the Kolmogorov-Smirnov test.
Considering that the analyzed parameters had an abnormal dis-
tribution, the data were described as the median and interquar-
tile range (Me; Q1-Q3), and the characteristics of independent
samples were compared using the Mann-Whitney U test. Statis-
tical processing of the results was carried out using the Statistica
7.0 software. The x* test was used for qualitative indicators as-
sessment. P<0.05 was considered statistically significant.

RESULTS

Analysis of the results showed that the serum 25(0OH)D level
in children of Group 1 was in the range corresponding to VD de-

Table 1 Demographic characteristics of the participants of the study

Il rpynna

Group 2 p

(n=183)

8.4+4.7 0.07
78 (42.6%) 0.29
105 (57.4%) 0.14
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BaHMeM U-kputepus MaHHa-YUTHM. CTaTUCTUYeCKas obpaboTtka pe-
3y/N1bTaTOB NPOBeAEeHa C MOMOLLBIO MPUKAAAHOTO NakeTa NPorpammbl
Statistica 7.0. na onpeaeneHus pasanumii mexay KayecTBeHHbIMU
MOKa3aTeNsAMMU WUCMO/Ib30BaNCA KpuTepuii X2 CTaTUCTUYECKM 3HauwW-
MbIM cymTanoch p<0,05.

PE3YNILTATbI

AHanu3 pesynbTAaTOB MOKasas, uyTo cogepkaHue 25(0OH)D B
CbIBOPOTKE KPOBM AeTel B «AonaHAeMuyeckuii» nepuog (I rpynna)
Haxo4mnocb B AManasoHe, cootseTcTaytowem VD-HeA0CTaToOMHOCTH
(22,8 Hr/mn) 1 8 1,4 pasa npesblwano gaHHble |l rpynnbl (16,6 Hr/mn,
p=0,004) (puc. 1).

MegmaHa 25(0H)D y geBoyeK 1 MmanbumkoB | rpynnbl bbina cTa-
TUCTUYECKM PaBHO3HAYHOM (22,3 HI/MA 1 23,6 HF/MA COOTBETCTBEHHO,
p>0,05) 1 B 1,5 pasa npesbiwana gaHHble |l rpynnbl (p=0,003) (puc.
2,3).

Mpu aHanuse obecneyeHHocTM VD o0bcnesoBaHHbIX AeTei
Oblna OTMEeYEHa BbICOKaA 4acToTa AedULMTa U HEAOCTATOYHOro 0be-
cneyenus VD B obewx rpynnax. OfHaKo Aons Takvx aetelt B | rpynne
6blna meHblue, Yyem Bo Il (Tabn. 2). Bo Bpema gomaluHel U30aaumm
HabAoAAN0Ch CTAaTUCTUYECKM 3HAYMMOE YBE/IMYEeHUEe OON feTei ¢
aedvumtom VD (B 1,4 pasa) 3a CHET yMeHbLUEHMA YUC/a AeTel € on-
TUManbHbIM VD-cTaTycom (8 3 pasa). B To ke Bpems y AeBOYEK 3TU
M3MEHEHMA HE UMENW CTAaTUCTUYECKM 3HAYMMOWM PasHULbI, @ cpeaun
MasIbYMKOB KOIMYECTBO ZieTel ¢ HopManbHbIM VD-CTaTycOM CHU3M-
naco B 4,6 pasa (p=0,0004), a yactota geduumuTta yBeanumnaco B 1,5
pasa (p=0,01).

AHanu3 guHamukm obecneyeHHoctv VD opraHM3ma geteit Tak-
Ke NoKasan Bo3pacTHble pa3inuma B uccnegyemblix rpynnax. Megua-
Ha KoHUeHTpauumn 25(0H)D B cbiBOPOTKE KPOBM Bblfa ONTUMabHOM
B Bo3pacTe 2-3 neT u 4-6 net (37,5 Hr/mn) y aeteit | rpynnbl. B T0 ke
BPEM# 3a Nepuoz AOMaLIHEN U301ALMU HabAAAN0Ch CHUMXKEHME NOo-
KasaTena noyTu B 2 pas3a B 3TUX BO3PACTHbIX KaTeropuax: 8o Il rpynne
roKa3aTe/lb B TEX e BO3PACTHbIX rpynnax cootseTtcteosan VD-gedu-
umty (19,4 v 17,1 Hr/mn cooTeTcTBEHHO, P<0,05) (pUC. 4).

MegmaHa KoHueHTpaumm 25(0H)D B cbiBOPOTKE KPOBM He A0-
CTUrana ONTMMANbHbBIX 3HAYEHWI y AeTell LIKOJbHOrO BO3pacTa B
«NPeAnaHAEMUYECKMIA» NEPUOA U BO BPEMA LOMALLHEN U30AALMN U
cocrasuaa 22,3 Hr/ma v 21,5 Hr/mn cooTBeTCTBEHHO B 06emx rpynnax

Puc. 1 MeduaHa 25(0H)D e cbisopomke kposu y demeli 8 chasHugae-
MbIX 2pynnax

Fig. 1 Median 25(0OH)D in blood serum in children in the compared
groups
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ficiency (22.8 ng/ml), which was 1.4 times higher than in Group 2
(16.6 ng/ml, p=0.004) (Fig. 1).

When analyzing the level of VD in the examined children, a
high frequency of VD deficiency and insufficiency in both groups
was noted. However, the proportion of such children in Group 1
was less than in Group 2 (Table 2). During the homestay, a statis-
tically significant 1.4-times increase in the proportion of children
with VD deficiency was observed due to a 3-times decrease in the
number of children with optimal VD status. At the same time, in
girls, these changes did not reach the level of significance, while
among the boys, the number of children with normal VD status
decreased by 4.6 times (p=0.0004), and the frequency of defi-
ciency increased by 1.5 times (p=0.01).

Analysis of the dynamics of VD status in children also
showed age differences in the study groups. The median concen-
tration of serum 25(0OH)D was optimal at 2-3 years and 4-6 years
(37.5 ng/ml) in children of Group 1. At the same time, during the
period of homestay, an almost 2-fold decrease of the indicator
was observed in these age categories: in Group 2, the indicator

Puc. 2 MeduaHa 25(0H)D 8 cbieopomke Kposu y 0esoyek 8 cpasHU8a-
embix 2pynnax
Fig. 2 Median serum 25(0OH)D level in girls in the compared groups

Boxplot by Group
Variable: Vitamin D [ng/mi]
70

40

wrian ng/ml

30

i [ ]
: T

O Median

0
I'pynna UGroup | I'pynna IVGroup 2 % ;5:;;::"

Puc. 3 MeduaHa 25(0H)D e cbieopomKe Kposu MasnbYuKo8 8 CPABHU-
8aeMbIx 2pynnax
Fig. 3 Median serum 25(0H)D level in boys in the compared groups
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Tabnuya 2 [eHdepHeie pasnuyus 8 VD-cmamyce y demell

25(0H)D
Hr/mn
ng/ml

Oedunumnt (<20 Hr/mn)
Deficiency (<20 ng/ml)
HepocrtatouHocTb (20-30 Hr/mn)
Insufficiency (20-30 ng/ml)

Hopma (>30 Hr/mn)
Norm (>30 ng/ml)

Hedunumnt (<20 Hr/mn)
Deficiency (<20 ng/ml)
HepocrtatouHocTb (20-30 Hr/mn)
Insufficiency (20-30 ng/ml)

Hopma (>30 Hr/mn)
Norm (>30 ng/ml)

Ledunumt (<20 Hr/mn)
Deficiency (<20 ng/ml)
HepocratouHocTb (20-30 Hr/mn)
Insufficiency (20-30 ng/ml)

Hopma (>30 Hr/mn)
Norm (>30 ng/ml)

| rpynna
Group 1
(n=96)

43
(44.8%)

17
(17.7%)

36
(37.5%)

17
(43.6%)

9
(23.1%)

13
(33.3%)

26
(45.6%)

8
(14.0%)

23
(40.4%)

Table 2 Gender differences in VD status in children

Il rpynna
Group 2 Ve
(n=183)
Bcero/Total (n=279)
116
(63.5%)
44
(24.0%)
33
(12.5%)
Oesoukun/Girls (n=117)
41
(52.6%)
14
(17.9%)
23
(29.5%)
Manbumnku/Boys (n=162)
71
(67.6%)
25
(23.8)

9
(8.7%)

8.14

1.13

11.79

0.52

0.17

0.05

6.56

1.62

21.58

MNpumeyanua: OLL — oTHowweHMWe WwaHcoB; 95% [N — LoBepUTENbHbIN MHTEPBAN

Notes: OR — odds ratio; 95% Cl — confidence interval

y feteit 7-10 neT (p>0,05). KoHueHTpauua 25(0H)D B cbiBOpOTKe Kpo-
BU Y AeTeit 11-14 neT mena CTaTUCTUYECKM 3HAUMMOE CHUMKEHME 3Ha-
yeHuit B nepuog naHaemum — ¢ 20,1 Hr/mn go 15,7 Hr/mn (p=0,02). Y
NOAPOCTKOB TaKKe Hab/lo4aIMCb CHUMKEHHbIE KOHLEHTpauum 25(0H)
D B cbiBOpoTKe KpoBu (19,5 Hr/mn u 15,6 Hr/Mi1 COOTBETCTBEHHO,

p>0,05).

40

37,5
35
30

25

20

o

wv

37,5

4-6 net/years

p=0,03

OLLl (95% A1)

OR (95% Cl)
0.46

0.004 (0.28-0.77)
0.70

0.34 (0.37-1.32)
2.72

0.001 (1.55-4.77)
0.69

BSE (0.32-1.51)
1.37

0.681 (0.53-3.52)
3.84

uitens (1.73-8.52)
0.42

o (0.21-0.77)
0.52

0.204 (0.21-1.24)
7.21

LT (3.04-17.12)

in the same age groups corresponded to VD deficiency (19.4 and
17.1 ng/ml, respectively, p<0.05) (Fig. 4).

The median serum 25(OH)D level did not reach optimal val-
ues in school-age children in the “pre-pandemic” period and during
home isolation and constituted 22.3 ng/ml and 21.5 ng/ml, in chil-

dren aged 7-10 years of Group 1 and 2 respectively (p>0.05). Se-

22,3 21,5

19,4 20,1
17,1
15,7
15
| I
0

2-3 ropa/years
p=0,03

7-10 net/years
p=0,72 p=0,21

I rpynna /Group 1 = llrpynna / Group 2

11-14 net/years

15,6

15-17 net/years
p=0,29

Puc. 4 MeduaHa KoHueHmpayuu 25(0H)D e cbisopomke kposu y Odemeli pa3Ho20 803paCMa 8 CPABHUBAEMbIX 2pyNnax (He/msn)

Fig. 4 Median serum 25(0H)D level in children of different ages in the compared groups (ng/ml)
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OBCYXOEHUE

HacrtoAwee wvccnegoBaHve BbIABMAIO MNOTEHLMANbHYH CBA3b
MeXAY AOMALUHEN M30NALMEN, CBA3AHHOW C NaHAEMMUEN, U YPOBHS-
Mu 25(OH)D B cbIBOpPOTKE KpoBM y AeTelt. Mbl 0OHapyKUK, 4To Me-
AnaHa 25(0OH)D B CbIBOPOTKE KPOBM CHU3WMACh BO BPEMA NaHAEMUM
COVID-19, a vactota VD-geduumuta yBennumnacb. B aHanormyHom
nccnegosaHnm, nposeaéHHom Yu L et al (2020), B KoTopom oueHuBa-
Nlacb B3aMMOCBA3b MexXay YpoBHAMM 25(0OH)D B cbiBOPOTKE KPOBU Y
neteit 0-6 net B NyaHukoy (Kutai) n nsonsaupent Bo Bpema naHaemmu,
TaKKe OblJI0 NPOLEMOHCTPUPOBAHO YBEIMYEHME YacTOTbl AeduumTa
VD ¥ cHueHue KoHueHTpaumu 25(0H)D B cbiBopoTKe Kposwu [10].
MccnepoBanua, npoBeaEHHbIE BO BpeMaA NaHAemumn B Typumu, TakxKe
nokasanu, uto aeduuut VD 6bin 6onee BbipakeH y nogpoctkos [11].
AHaNOrMYHbIE UCCNEA0BaHMSA, NpoBeaEHHble B Bapluase (MonbLwa) ¢
yyactmem 1472 peteil, TaKKe NOKA3anM, YTo 4OMALUHAA M30NALMA BO
Bpema naHgemmn COVID-19 npusena K 3HAYMTENbHOMY CHUMKEHWIO
yposHa 25(OH)D B cbiBOpoTKe KpoBW y aeteit [12]. Uccneposatenu
13 KOHOW Kopeu TakKe NpuULLAK K BbIBOZY, YTO BO Bpems naHAemmu
COVID-19 Habntoganock 3HaYuTeNbHOE CHUXEHWE ypoBHA 25(0H)D B
CbIBOPOTKE KPOBM, 0COBEHHO Y ManeHbKux aeTeit [13]. Takke umetoT-
€A [aHHbIE O PE3KOM YXyZLleHun cTaTyca VD BO BpemMa nMaHAemumn y
ANOHCKUX MEANLIMHCKUX PabOTHUKOB [14].

CyLLLeCTBYET HECKO/IBKO COBPEMEHHbIX MCCNEA0BATENBCKUX faH-
HbIX O HEFaTUBHOM B/IMSIHUM OrPAHUUUTE/NbHBIX MEP BO Bpems NaHae-
Mumn COVID-19 Ha 06pa3s KMU3HM B3POCAbIX M AeTel. ITO 0TPa3naoCh
Ha M3MEHEHMAX B PaLMOHE MUTaHMA BO BPEMA KapaHTWUHA, CHUXKe-
HWUM GU3MYECKON aKTUBHOCTM Ha CBEXKEM BO3AYXe, BKAOYAA 3aHATUA
CMOPTOM M NPOTYSKM MELWKOM, a TaK¥Ke YBEJIMYEHUN BPEeMEHM CHA
[15]. HekoTopble aBTOPbI OTMEYAKOT U3MeHEHUe rpaduKa cHa 1 boap-
CTBOBaHMA, YBE/IMYEHWE BPEMEHM, NMPOBOAUMOTO Nepes, IKpaHoM, B
cBoboaHoe Bpemsa [16]. B cuctemaTmyeckom 0630pe M meTa-aHasm3e
5 nccnenoBaHuWiA ¢ 06LWMM YMCIOM yYacTHUKOB 4141 naumeHT 6biau
06006LLeHbI faHHble 0 BAMAHUK NaHaemum COVID-19 Ha yposeHb VD
B CbIBOPOTKE KPOBM Yy AeTel. ABTOPbI NPULLAN K BbIBOAY, YTO BO Bpe-
M naHgemumn COVID-19 B neamaTpuyeckol nonynaumuu Habnoga-
JIOCb 3HAUYUTENIbHOE CHUXEHMeE ypoBHA VD B cbiBOPOTKe Kposu [17].
MaHaemma COVID-19 Bbi3Basa MSMEHEHMA B NOBCELHEBHOM 06pase
KU3HU Kak B3pOC/bIX, Tak 1 aetent [18]. B uccneposaHun Xiang M et
al (2020) c yyactem 2426 peTeit v NOAPOCTKOB M3 KnTan coobLianoch
0 3HAUUTE/IbHOM CHUMKEHUU GU3NYECKOW aKTUBHOCTU U YBEIMYEHWUM
«3KPAHHOrO BpeMeHW» BO Bpemsa naHgemun COVID-19 [19]. Apyroe
nccnefoBaHne, nposeaéHHoe B MTanum, Takke coobLLMIO0 O 3HauK-
TENbHOM COKPALLEHUM BPEMEHM, OTBOLMMOIO Ha 3aHATUA CMOPTOM
[20]. ABTopbl aHanorMYHOro UccnenosaHus B TypLumM TakKe CBA3bI-
BAlOT BbICOKYIO YacToTy HegocTaTouHoctv (38,4%) u peduumta VD
(41,7%) co CHMKeHMeM ero CMHTe3a B OpraH13me MMeHHO U3-3a orpa-
HWUYEeHWA BpemeHM npebblBaHMA Ha CO/THLLE BO BPeMA KapaHTuHa [11].

[lnetnyeckne U3MeHeHUs TaKKe MOTyT CMOCOBCTBOBATb CHUMXKeE-
HWIo ypoBHA VD B cbiBOPOTKe KpoBW. OHNaMH-0NpoC, NPOBeAEHHbIN
Sidor A, Rzymski P (2020) Bo Bpems KapaHT1Ha B losblue, NposeMOH-
CTPMPOBA, YTO PECMNOHAEHTbI YaLLle NepeKycbiBanm (52%) v yalle enm
(43%) [21]. Kpome Toro, pe3ynbTaThbl APYrvX UCCNELOBAHMUIA TaKKe Mo-
Ka3a/in, 4To BO BPEMSA KapaHTVHA U 3aKPbITUA LLIKOA 3HAYNTE/IbHO BO3-
pocnio noTpebaeHne KPAacHOTo MsACa, NPOLYKTOB C BbICOKUM COAEpHKa-
HWEM Caxapa U KMPOB, a TAKKe CNAAKMX HANWUTKOB [22-24].

B nccnenosaHuu, nposengéHHom Koletzko B et al (2021), coob-
Wwanocb 06 yBennyeHnn macchl Tena y geteit (9% Aetei) U CHUXKEHWUM
dusnueckoi aktmeHocTU (38% Beex aetel, 60% aeTel B Bo3pacte >10
ner) [25]. Cachdn-Zagalaz J et al (2020) coobLmnm, 4To TONbKO TPETb

rum 25(OH)D level in children aged 11-14 significantly decreased
during the pandemic (20.1 ng/ml vs. 15.7 ng/ml, p=0.02). Re-
duced serum 25(0OH)D level was also observed in adolescents of
Groups 1 and 2, respectively (19.5 ng/ml vs. 15.6 ng/ml, p>0.05).

DiIScuUsSION

The present study identified a potential association be-
tween pandemic-related homestay and serum 25(OH)D levels
in children. We found that median serum 25(0OH)D decreased
during the COVID-19 pandemic, and the incidence of VD de-
ficiency increased. A similar study by Yu L et al (2020), which
assessed serum 25(OH)D levels in children 0-6 years of age in
Guangzhou, China, during pandemic lockdown, also demonstrat-
ed an increase in the incidence of VD deficiency and a decrease
in serum 25(0OH)D level [10]. Studies conducted during the pan-
demic in Turkey also showed that VD deficits were more severe in
adolescents [11]. A similar survey conducted in Warsaw, Poland,
involving 1472 children, also revealed that homestay during the
COVID-19 pandemic significantly decreased serum 25(OH)D lev-
els in children [12]. Researchers from South Korea also conclud-
ed that there was a significant decrease in serum 25(0OH)D levels
during the COVID-19 pandemic, especially in young children [13].
There is also evidence of a sharp deterioration in VD status during
the pandemic among Japanese healthcare workers [14].

Current research demonstrates evidence of the negative
impact of restrictive measures during the COVID-19 pandemic on
the lifestyles of adults and children, resulting in an unbalanced
diet, reduced outdoor physical activity, including sports and
walking, and an increase in sleep time [15]. Some authors note a
change in the sleep and wakefulness schedule and extended free
time in front of a screen [16]. A systematic review and meta-anal-
ysis of 5 studies with a total of 4141 patients summarized the evi-
dence of the impact of the COVID-19 pandemic on serum VD lev-
els. The authors concluded that in children during the COVID-19
pandemic, a significant decrease in serum VD levels was observed
[17]. The COVID-19 pandemic affected the daily lifestyle of both
adults and children [18]. A study by Xiang M et al (2020) of 2426
children and adolescents from China showed a significant de-
crease in physical activity and an increase in time spent watch-
ing TV during the COVID-19 pandemic [19]. Another study in Italy
also reported a substantial reduction in time spent on sports [20].
The authors of a similar study in Turkey also associate the high
incidence of VD insufficiency (38.4%) and VD deficiency (41.7%)
with a decrease in its synthesis in the body, mainly because of the
limited time of sun exposure during quarantine [11].

Dietary changes may also reduce serum VD levels. An online
survey conducted by Sidor A and Rzymski P (2020) during quaran-
tine in Poland showed that respondents snacked more frequently
(52%) and ate more often (43%) [21]. In addition, other studies
have shown that consumption of red meat, foods rich in sugar
and fats, and sweet drinks increased significantly during quaran-
tine and school lockdown [22-24].

A study by Koletzko B et al (2021) demonstrated an in-
creased body weight in 9% of children and reduced physical activ-
ity in 38% of all children and 60% of children aged >10 years [25].
Cachodn-Zagalaz J et al (2020) reported that only 1/3 of children
met the WHO recommendations for moderate exercise of at least
1 hour/day [26]. Moreover, Francisco R et al (2020) showed that
home isolation also affects children's mental health [22].
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[leTeli BbINOMHWA PEKOMEHAALLMKU BceMmnpHOM opraHusaLmm 3apaso-
OXPaHeHWA 0 HEOBXOAMMOCTU EKEAHEBHbBIX YMEPEHHbIX GU3UYECKMX
ynpaKHeHUn NPOAOIKUTENBHOCTBIO HE MeHee 1 yaca B AeHb [26].
Bonee Toro, B pabote Francisco R et al (2020) 6b110 NoKasaHo, YTo
[IOMALLHAA U30NALMA TaKXKe BMAET Ha NCUXMYECKOe 340POBbe AeTel
[22].

Ha cuHTe3 VD B KOXKe MOryT BAMATb Apyrue GaKkTopbl, Tak1e Kak
noroza (YKpbITve OT apbl) U KynbTypa (06pa3 u3HuW, ogexaa) [14,
15]. B Hawem uccnesoBaHun KoHueHTpaums 25(0H)D B cbiBopoTKe
KpOBW OLIEHMBANACh C CEHTABPA No Aekabpb. B vccnegosaHum Shakeri
H et al (2017) 6b110 NOKa3aHo, YTO KOHLUeHTpaums VD B CbiBOPOTKe
KPOBM 3MMOM CBA3aHa C KOHLeHTpauvein ButammHa D B KoHue neTa,
BO3PACTOM (CHWUKAEeTCA C BO3PaCcToM) M NoNoM (HUuxKe y aesouyek) [23].
B uccneposanumn Hansen L et al (2018) aBTopbl 06Hapyxuau cyuie-
CTBEHHble Ce30HHble KonebaHms (BeCHOW /1M 0CeHbIO) KOHLIEHTPa-
umn VD cpeay aeteit U B3pOC/bIX XKutenei danum [24].

TeHAeHUMA K CHUXKeHUo ypoBHA VD B CbIBOPOTKe KPOBU Y Ae-
BOYEK MO CPAaBHEHWMIO C MasIbuMKamu HabloAanach U B Apyrvx uccse-
foBaHusAx [25, 26]. OgHako B uccnegosaHum Vierucci F et al (2014)
He 6blN10 0BHapY!KEeHO pasnuuMii Mexay ypoBHAMM VD B CbIBOPOTKE
KPOBU Y AE€BOYEK U MasbuMKoB [27]. B Hallem uccnenoBaHUM TaKKe
He BbIN0 CTAaTUCTUYECKM 3HAUYMMbIX Pa3Nnymii B yposHe VD B CbIBOPOT-
Ke KpoBM MEXAy AeBOYKaMM 1 MaNbUUKaMMU.

MpeacTraBneHHOe HaMM UCCeA0BaHUE UMEET OrPaHUYEHMA, KO-
TOpble MoK Bbl NPUBECTU K HEOOBEKTUBHBIM OLIEHKaM: BO-NepBbIX,
“3-3a OTCYTCTBMA MHOOPMALIMKM O BO3MONKHOM MPOPUNAKTUYECKOM
npuéme VD nauuneHTamm (notpebnenme VD He yunTbiBaNoCh); BO-BTO-
pbiX, TOUHYIO MPOAO/IKUTENBHOCTb BO3AEICTBUA CONHEYHOTO CBETa
Ha Y4YaCTHWMKOB 3TOTO UCCNEL0BAHMA OblI0 HEBO3MOXKHO OLEHWTD, U,
CNnefoBaTeNbHO, 3TOT GaKT He NPUHMMANCA BO BHYMAHUE; B-TPETbUX,
He aHa/NIM31POBANMCh YPOBHU KanbLyma 1 GocdaTos, a TakKe napatu-
peonaHOro ropMoHa B CbIBOPOTKE KpoBW. Kpome TOro, AaHHble, co-
6paHHble B Hallem UCCNef0BaHMU, HE BKIKOYANN UHAEKC MAcChl Tena
06cnesjoBaHHbIX AETe.

3AKNIOYEHUE

OrpaHuyeHus B cBA3u ¢ naHgemueit COVID-19 u npebbisaHve B
[OMALLHKX YCNIOBUAX NPUBE/MN K CHUNKEHMIO ypoBHA VD B CbiBOPOTKE
KPOBM cpeam OeTCKoro HaceneHua PAsaHun. Pe3ynbraTbl Hawero uc-
CNefl0BaHMA NOAYEPKMBAIOT BaXKHOCTb Npuéma gobasok VD ¢ npodu-
NaAKTUYECKOM Lie/Iblo B COOTBETCTBMM C HaumMoHanbHOM Nporpammoit
npodwnakTukm aeduumta VD.

VD synthesis in the skin can be influenced by other factors,
such as weather (hiding from heat) and cultural traditions (life-
style, clothing) [14, 15]. Our study assessed serum 25(OH)D con-
centrations from September to December. A survey by Shakeri H
et al (2017) showed that serum VD level in winter depends on the
VD concentration in late summer, decreases with age, and is low-
er in girls than in boys [23]. In a study by Hansen L et al (2018),
the authors found significant seasonal fluctuations (spring and
autumn) in VD concentrations among Danish children and adults
[24].

A trend towards lower serum VD levels in girls compared
to boys was also observed in other studies [25, 26]. However, a
survey by Vierucci F et al (2014) found no differences between
serum VD levels in girls and boys [27]. Our study also showed no
statistically significant differences in serum VD levels between
girls and boys.

The limitations of this study include, firstly, the lack of infor-
mation about the possible prophylactic intake of VD by patients
(VD consumption with food was not taken into account); second-
ly, the exact duration of sunlight exposure of the participants in
this study could not be assessed and was therefore not taken into
account; thirdly, the levels of calcium and phosphate, as well as
parathyroid hormone in the blood serum were not analyzed. In
addition, the collected data did not include the body mass index
of children enrolled in the study.

CONCLUSION

Movement restrictions due to the COVID-19 pandemic and
staying at home led to a decrease in the level of VD in the blood
serum among the children of Ryazan. The results of our study
highlight the importance of VD supplementation for preventive
purposes following the National VD Deficiency Prevention Pro-
gram.
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