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DaKkTOPHBIN AHAJIU3 BJAUAHUA MUKPOHYTPHEHTHOTO
craryca Ha pu3ndecKoe U KOrHUTUBHOE pa3BUTHE
MJIQAUIUX HIKOJIbHUKOB

M.A. Yebapruna, O.A. CenbkeBuu, [0.I'. KoBasbckuii

@I'BOY BO «/[anvHegocmouHblil 20cydapcmeerHblil meduyuHckull yHusepcumem» Munsdpasa Poccuu, Xabaposck,
Poccus

AHHOTAIIUA

BBenenue. ObecrieueHre a[eKBATHOTO MUKPOHYTPUEHTHOTO CTATyCa SIBJISETCS OHOM U3 COCTABJISIONIUX 3/I0PO-
Bbs JIETCKOTO HaceseHus ¢ GOPMUPOBAHUEM HOPMAUIBHBIX IOKa3aTesel (GU3NUeCKOW KOHCTUTYIUH U MHTEJIEKTYalIb-
HOTO Pa3BUTHUS.

Il e 1 b . OueHUTH BIKMSHHE YPOBHs 00ECIIEUEHHOCTH JIEMEHTaMU U BUTaMUHOM D siereii 7—8 JieT, POKUBAIOIIUX B
XabapoBCKOM Kpae, Ha X (U3UUECKOe ¥ KOTHUTUBHOE Pa3BUTHE.

MaTepuans U MeTO/Jbl . IIpoBeneHo o6cepBallUOHHOE, AaHAJTUTUUECKOE, ITOTIEPEYHOE HCCIEOBAHME
C aHAJIM30M PACIPOCTPAHEHHOCTH OTKJIOHEHUM MHKPOHYTPHUEHTHOI'O CTaTyca YCJIOBHO 370POBBIX JeTel 7—8 JieT,
MPOKUBAONKUX HA TeppUTOpun XabapoBckoro kpas (n = 60). Pusnveckoe pa3BUTHE JieTel OIEHUBAIHN IIyTEM pac-
yeTa MokasaTesel Z-scores Macchl TeJia, pocTa U nHAekca Mmaccsl Tesa (MMT). Ananu3 chopMUPOBAaHHOCTHA KOTHHU-
THUBHBIX CITIOCOOHOCTEN ZleTel OCYyIIEeCTBIISIICS C UCIIOJIb30BAHUEM CTaHIAPTHBIX MeTOINK. KoJTnueCcTBEHHbIN aHATU3
asnemeHToB (Mg, Zn, Ca, Se, Cu, Fe, Mn, Cr) B BojJlocax U CHIBOPOTKE KPOBH JI€T€H MPOBOJUJICS METOJIOM Macc-
CIIEKTPOMETPHU C UHYKTUBHO CBA3AHHOU IyIadMou. O6GecredyeHHOCTh OpraHu3Ma JleTell HOA0M OIIpe/esisach o
€ro CoJIep:KaHUuI0 B Pa30BOU MOPIUU YTPEHHEH MOYU aPCEHUTHO-IIEPUEBBIM MeToIoM. OmnpeziesieHne 25-TH/IPOKCH-
putamuHa D (25(0OH)D) B CBIBOPOTKE KPOBH JIeTE€H MPOBOJUJIN METOAOM TBepA0(daszHOro UMMYHODEPMEHTHOTO
aHaJIn3a.

Pe3ynbTarTbl . BeisABiIeHO CHU)KEHUE TEMIIOB POCTa IPU YMeHbIleHnH cogep:kanus Ca, Cu, Se, Zn u yBesnueHNnU
KoHIeHTpaluu Fe B opranusme pebeHka, ymeHsbleHue mnokasareyneid UMT npu gedunure Ca, Cu, Zn, Cr u yBesnueHne
pHu HerocTaTouHOoM obecnieuennoctd I u 25(0OH)D. OTMeueHO CHIKEHUE TOKa3aTesiell KOTHUTUBHOTO POQUIIA ¥ JieTei
npu aedpunute Mg, Ca, I, Cu, Buramuna D u uzbbIiTouHOM cosiep:kanuu Fe. IIpu npoBeieHnn (haKTOPHOTO aHAIN3a METO-
JIOM MHO>KECTBEHHOU KOPPEJISIIUY BBISIBJIEHO coueTaHHOe BiausHue Ca, Zn u Fe B paBHOU CTENEHH KaK Ha MOKa3aTen
pocra, Tak u Ha napamerpbl UMT (p < 0.05). [lokazaHo cOBOKyITHOe Biusinue KoHIreHTparuu Cu, Ca, I u Buramuna D B
CBIBOPOTKE KPOBU MJI/IIIIUX IIKOJIBHUKOB Ha (POPMHUPOBAHUE KPATKOBPEMEHHOU maMATH (p < 0.01). BrisiBiieHa B3auMO-
CBAI3b MEK/Ty YDOBHEM Pa3BUTHS CJIOBECHO-JIOTHUECKOTO MBIILJIEHUA U KoHIleHTparuamu Mg u Ca (p < 0.05), a Takke Fe
u Ca (p < 0.05), pu 3T0M coueTaHue 37eMeHTOB ¢ 25(0OH)D B CIBOPOTKE KPOBH MOBBIIIAIO IOCTOBEPHOCTh B3aMMOCBSI-
3eii (p < 0.01).

3akJyoueHUe . [IpoBeIeHHOE UCCIIEOBAaHUE JIEMOHCTPUPYET HEOOXOUMOCTh KOMILJIEKCHOTO ITO/IX0/a K OIIEHKE
obecrieyeHHOCTU OpraHu3Ma JieTel BJIEMEHTaMU M BUTAMUHOM D B CBSI3U ¢ HUIMYHEM KOMOPOUAHOCTHU JIe(PUIUTHBIX U
U30BITOYHBIX COCTOSHUH, COUETAHHBIM BIUSHHEM Ha QU3NUECKOEe U KOTHUTUBHOE PAa3BUTHE C IIJIbI0 MPEIOTBPAIeHHUs
Pa3BUTHs aITUMEHTapHO-3aBUCUMbIX 3a00JIeBaHUH.

Kaoueenble cao8a: MUKPOHYTPUEHTHBIH CTATyC, MJIAJIIIINE IIKOJbHUKN, KOTHUTHBHOE pa3BUTHE, (GU3NUECKOEe Pas-
BUTHE.
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Factor analysis of the impact of micronutrient status on the
physical and cognitive development of younger schoolchildren

M.A. Chebargina, O.A. Senkevich, Yu.G. Kovalsky

Far-Eastern State Medical University, Khabarovsk, Russia

ABSTRACT

Introduction. Maintenance of an adequate micronutrient status is one of the components of the children’s
health with the formation of normal indicators of the physical and intellectual development.

A im . To evaluate the influence of the microelement and vitamin D adequacy of 7—8-year-old children living in the
Khabarovsk Territory on their physical and cognitive development.

Materials and methods. An observational, analytical, cross-sectional study was performed with an
analysis of the prevalence of micronutrient imbalances among apparently healthy children aged 7—8 years living in the
Khabarovsk Territory (n = 60). The physical development of children was assessed by calculating the Z-scores of body
weight, height and body mass index (BMI). The assessment of the children’s cognitive abilities was carried out using con-
ventional methods. Quantification of elements (Mg, Zn, Ca, Se, Cu, Fe, Mn, Cr) in the hair and blood serum of children was
carried out by inductively coupled plasma mass spectrometry. The iodine adequacy in children was determined by its con-
tent in the first-morning urine using the cerium arsenite method. Determination of 25-hydroxyvitamin D (25(OH)D) in the
blood serum of children was carried out by the enzyme-linked immunosorbent assay.

Results. Aslowing down in growth rates was revealed with a decrease in the content of Ca, Cu, Se, Zn, and an
increase in the concentration of Fe; a decrease in BMI with deficiency of Ca, Cu, Zn, Cr, and an increase with an I and
25(OH)D intake inadequacy. A decrease in cognitive profile indicators was noted in children with deficiency of Mg, Ca, I,
Cu, vitamin D, and an excess of Fe. The factor analysis using the multiple correlation method revealed a combined effect of
Ca, Zn, and Fe equally on both indicators of growth and BMI parameters (p < 0.05). The cumulative effect of concentra-
tions of Cu, Ca, I, and vitamin D in the blood serum of younger schoolchildren on the formation of short-term memory was
shown (p < 0.01). A relationship was found between the level of development of verbal-logical reasoning and the concen-
tration of Mg and Ca (p < 0.05), as well as Fe and Ca (p < 0.05), while the combination of elements with 25(0OH)D in the
blood serum increased the significance of correlations (p < 0.01).

Conclusion. The study demonstrates the need for an integrated approach to evaluate the microelement and
vitamin D adequacy in children, in connection with the presence of comorbidity of deficient and excess conditions, a
combined effect on physical and cognitive development in order to prevent the development of nutritional diseases.
Keywords: micronutrient status, younger schoolchildren, cognitive development, physical development.
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BBEJIEHUE

B HacTosIlee BpeMs MUJLTMOHBI JIeTell BO BCEM
MUpe He JOCTUTAIOT ONTUMAJIBLHOTO POCTA U PA3BU-
THS, U €CTh JJOKa3aTeJIbCTBA TOTO, YTO PACIIPOCTpA-
HEHHOCTh 3a/Iep’KKH B KOTHUTHUBHOM Pa3BUTHUH
TTOBBIIIIAETCS TIOYUTH ITOBCEMECTHO [1, 2]. 3710pOBbe U
Ka4yecTBO KU3HU JIeTeH, Kak HamOoJiee yA3BUMOU
TPYIIbI HaCceJIEHUsI, BBUAY OTHOCUTEBHO BBICOKHX
(pusnonornueckux NOTpeGHOCTEH, BO MHOTOM 3aBH-
CAT OT NHUTAHUA C obecleyeHHeM a/IeKBaTHOTO
BUTAMHHHO-3JIEMEHTHOTO cTaTyca [3—6].

OnHOW U3 TPUYUH PAa3BUTHS IeDUITUTHBIX COCTO-
STHUU Y JIETeH sIBJISIETCA HeaJIeKBaTHOE TIOCTYIIEHHE
HYTPHUEHTOB B pe3yJbTaTe HecOaJIaHCUPOBAHHOTO
nuTanus [6]. [TuieBas n3bupaTesTbHOCTD, HEJTOCTA-
TOK pa3zHOOOpa3us B paIoOHe, MOTpeOIeHne orpa-

INTRODUCTION

Currently, millions of children around the world
do not achieve optimal growth and development,
and there is evidence that the prevalence of cogni-
tive delay is increasing almost universally [1, 2].
The health and quality of children life, as the most
vulnerable group of the population, due to rela-
tively high physiological needs, largely depend on
nutrition providing vitamin and microelement ade-
quacy [3-6].

One of the reasons for the development of defi-
ciencies in children is inadequate intake of nutrients
as a result of unbalanced diet [6]. Food selectivity,
lack of dietary diversity, consumption of a limited
number of foods, non-traditional dietary patterns
often lead to the fact that children have very low lev-
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HUYEHHOTO KOJIMYECTBA IIPOJYKTOB, HETPAJUIIUOH-
HbIe TUIBI MUTAHUS YACTO MPUBOAAT K TOMY, UTO
JIETH UMEIOT OYeHb HU3KHE YPOBHU BAKHBIX HYTPHU-
eHTOB B opraHusaMme [7—9]. Kpome Ttoro, anamms
boJsiee 23 000 YIIaKOBAHHBIX MHINEBHIX TPOAYKTOB B
pasHBIX CTpaHaX, IPUBEJEHHBIH B [J106aIBHOM
OoTUeTe IO IIMTAaHUIO, IMOKasaj, 4yTo 69 % U3 HHuX
UMEIN OTHOCUTEbHO HU3KOE KAuecTBO ITUTATEhb-
HBIX BeIlecTs [10].

Eme ogHOW mpuyMHOU AucOaaHca HYTPUTHB-
HOTO cTaTyca sIBJISIETCS HaJMuyue OMOoreoxuMuye-
CKHUX IIPOBUHITUY ¢ 00e/THEHUEM HJIN U30BITOYHBIM
oboramieHrueM OOBEKTOB OKPYKAIOIIEH Cpeabl dye-
MEHTAaMH W UX MOCTOSIHHO TMPOTEKaIolel GHoreH-
HOU MUTpalyied, 4To BIUAET Ha XUMUYECKUH cocTaB
MIPOYKTOB MECTHOT'O ITPOU3BO/ICTBA, UCIIOJIb3yEMbIX
JUIST TIPOJIOBOJIBCTBEHHOTO OOeclieueHus KUTeIek
STUX TEPPUTOPUH, U BIIOCJIIEICTBUN OTPAXKAETCSA Ha
COCTOSTHUH UX 37I0POBbS [11].

OTcyTCTBHE MOHUTOPHUHTA MUKDPOHYTPUEHTHOTO
crarycay JieTed ¢ ocaeAyoIel OpraHnu3aIuen mpe-
BEHTHUBHBIX MEPOIPHUATHU C IEJbIO IIPEyIPeERIe-
HUA JePUIUTHBIX U/WId U30BITOUYHBIX COCTOSHUH
MOJKET TPUBECTH K IITHPOKOMACIITAOHBIM Hera-
THUBHBIM IIOCJIEJICTBUAM JJIs 3/I0POBbsl JleTEU C
dopmupoBaHUeM 3a7€PKKN (HUBHIECKOTO U HEPB-
HO-TICUXUYECKOTO PA3BUTHUS, POCTOM KaK MH(PEKIIU-
OHHBIX, TaK ¥ HEWH(EKIHNOHHBIX ATUMEHTapHO-
3aBUCHUMbBIX 3a00JI€BaHUM, ITOBBIMIAIOIINX ITOKa3a-
TeJIN JIETCKON WHBAJIUTHOCTH U CMEPTHOCTH [12, 13].

ITEJIb UCCJIEJIOBAHUSA

O11eHUTh BIIUSHUE YPOBHSA 00€CTIEYEHHOCTH BJIe-
MeEHTaMu ¥ BUTaMuHOM D sieteii 7—8 Jiet, IpoKuBa-
omux B XabapoBCKOM Kpae, Ha uX (GU3UYECKOe U
KOTHUTUBHOE Pa3BUTHE.

MATEPUAJIBI 1 METO/IbI

ITpoBezieHO 00OCEpBAMOHHOE, AHAIIUTUYECKOE,
[IOTIEpEYHOEe HCC/IEZIOBAHUE C aHAJINU30M PacIpo-
CTPAaHEHHOCTH OTKJIOHEHUH MHUKPOHYTPHUEHTHOTO
cTaryca yCJIOBHO 37I0POBBIX JieTeli 7—8 JieT, MpOKuU-
BaIOIUX HA TEPPUTOPUH HUKHETO TEUEHUsS DPEKU
Amyp XabapoBckoro kpas (n = 60), oToOpaHHBIX
METO/IOM CJIyJYaifHOU BBIOOpKHU. Il ompezneneHus
BJIUAHUSA OTKJIOHEHUU BUTAMUHHO-3JIEMEHTHOTO
cTaTyca Ha KOTHUTHUBHOE U (U3UUECKOe PA3BUTHE
MJIAZIIIIAX IIKOJIFHUKOB BBIIIOJIHEH AHAJIN3 B3au-
MOCBS3H IIOKa3aTeJsiel Z-scores, MHTEJUIEKTYaIbHBIX
CIIoCOOHOCTEN U COZEp:KaHUs BJIEMEHTOB U BUTA-
MuHa D B opranmuame sietei.

Kpurepuu BKIIOUEHUA: OPraHU30BAHHbIE JIETH B
Bo3pacre 7—8 JeT, mpokuBaoye B XabapoBCKOM
Kpae C POK/IeHUsI, [IOHOIIIEHHbIE, IPAKTUYECKH 3/10-

els of essential nutrients in the body [7—9]. In addi-
tion, an analysis of more than 23 000 packaged food
products in different countries, given in the Global
Nutrition Report, showed that 69% of them had rela-
tively poor nutrient quality [10].

Another reason for nutritional imbalance is the
presence of biogeochemical provinces with depletion
or excessive enrichment of environmental objects
with elements and their constant biogenic migration,
which affects the chemical composition of local prod-
ucts used to provide food to the inhabitants of these
territories, and subsequently affects their health [11].

The lack of monitoring of micronutrient status in
children with the subsequent organization of preven-
tive measures to avoid deficiency and excess of
microelements, can lead to large-scale negative con-
sequences for the health of children with the forma-
tion of a delay in physical and neuropsychic develop-
ment, an increase in both infectious and non-infec-
tious nutritional diseases that increase the rates of
childhood disability and mortality [12, 13].

AIM OF THE RESEARCH

To evaluate the influence of the level of microele-
ments and vitamin D adequacy among 7—8-year-old
children living in the Khabarovsk Territory on their
physical and cognitive development.

MATERIALS AND METHODS

An observational, analytical, cross-sectional
study was performed with an analysis of the preva-
lence of micronutrient imbalances among apparently
healthy children aged 7-8 years living in the Lower
Amur River in the Khabarovsk Territory (n = 60),
selected by random sampling. To determine the
impact of micronutrient imbalance on the cognitive
and physical development of younger schoolchil-
dren, an analysis was made of the correlation
between Z-scores, intellectual abilities, and the con-
tent of microelements and vitamin D in the body of
children.

Inclusion criteria: 7—8-year-old schoolchildren
living in the Khabarovsk Territory from birth, full-
term, apparently healthy (health group 1—-2 con-
firmed by a pediatrician during the current health
examination), whose parents or legal representatives
gave a written voluntary informed consent to partici-
pate in the study.

Exclusion criteria: 7—8-year-old out-of-school
children the presence of congenital malformations
and/or chronic diseases, clinical and laboratory
manifestations of infection at the time of the study.

The physical development of children was
assessed by calculating the Z-scores of body weight,
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poBble (1—2-f rpymnma 37I0pOBbs, YCTAHOBJIEHHAS
[IeZINaTPOM B XOJle TEKYIIETO MPOPIIAKTUIECKOTO
0CMOTpA), POAUTEU U 3aKOHHBIE ITPECTABUTETH
KOTOPBIX JIJIN MTUCbMEHHOE JI00pOBOJIbHOE HHDOP-
MUPOBaHHOE COIJIacHe Ha yYacTHe B UCCIIeT0BAHNUN.

Kputepuu HeBKIIOUEHHUs: HEOPraHW30BaHHbBIE
JIETU HUCCJIEAYEMOTO BO3PACTa, HATHMYHE BPOXKIEH-
HBIX IIOPOKOB Pa3BUTHS H/WJIU XPOHUYECKUX 3200-
JIEBaHUM, KJIUHUKO-JIA00PATOPHBIX TMPOSBIEHUN
WHGEKITUA HA MOMEHT IIPOBEAEHUS UCCIIeIOBAHMUS.

dusnyeckoe pa3BUTHE JleTEN OLIEHUBAIU ITyTeM
pacuera mokazaTesiell Z-scores Macchl TeJjia, pocTa u
uHAekca mMaccol Testa (MMT) ¢ mompaBkoil Ha BO3-
pacTt u oz pebeHKa ¢ IpuMeHeHNeM IIPOrPAMMHOTO
obecnieuenuss BO3 AnthroPlus 1.0.4. Ananus chop-
MHPOBAaHHOCTA KOTHUTHBHBIX CIIOCOOHOCTEN JieTeH
OCYIIECTBJIAJICA C HCIOJIB30BAHHEM CTAaHZAPTHBIX
Meronuk: Tecta Jlypus (3amoMuHaHUS 10 CJIOB) C
[IeJIBI0 MICCIIEZIOBAHUS KPAaTKOBPEMEHHON IaMATH,
Meronuku «Purypusie Tabsiuiel» [Ipepona-Pysepa
IUTs OTIpe/iesIeHusT 06'beMa U KOHI[EHTPAIIUH TTPOU3-
BOJIBHOTO BHUMaHUsA, TecToB «IlociemoBaTeabHbIe
KapTUHKH», «IleplIenTuBHOE MOZEJTHPOBAHUE»
JI.A. Benrepa 1 MeTOJUKHU OLleHKU (POPMUPOBAHUA
YMO3aKJIIOUeHUs JJIs aHAJINU3a YPOBHS Pa3BUTHA
CJIOBECHO-JIOTHYECKOTO MBIIIUIEHUsI, TAKXKE IIPOBO-
JIIach JUATHOCTHUKA MEJTKOH MOTOPUKH U YMEHHUS
paboTaTh o obpasiy [14].

KosimuecTBEHHBIA aHAIN3 3JIEMEHTOB (KaJIbI[ysa
(Ca), maruus (Mg), uaka (Zn), meau (Cu), keresa
(Fe), mapranma (Mn), xpoma (Cr), cenena (Se)) B
BOJIOCAX U CBIBOPOTKE KPOBH JleTel (n = 60) MPOBO-
JIJICS METOIOM MAacCC-CIIEKTPOMETPUU € WHAYK-
TUBHO cBsA3aHHOU Iwiaszmol (MICII-MC), KoTOphIi
peryiaMeHTHPOBAaH METOAUYECKUMHU YKA3aHUAMU
(MY) 4.1.1483-03 A omnpezieseHUss XUMUYECKUX
9JIEMEHTOB B OHOJIOTHYECKUX cyOcTpaTaX. Bbun
HCII0JIb30BAaH MAaCC-CIEKTPOMETP C MHAYKTHUBHO CBA-
dagnoi 1wtasmoii ELAN DRC II (PerkinElmer,
CHIA), nmnsa xaauOpOBKU KOTOPOTO IIPUMEHSIH
CTaH/IAPTHBIE TOJIU- ¥ MOHO3JIEMEHTHBIE PACTBOPBI
(PerkinElmer). ITogroroBky npob K aHaIu3y IpoBO-
IUWJIN COTJIaCHO TpeboBaHUAM MexayHapOoaIHOTO
areHTcTBa M0 aToMHOU sHepruu (1988), EBpasuii-
CKOTO DKOHOMMYECKOTO cOio3a, Poccuiickoii depe-
parmuu (2003).

OOGecrieueHHOCTh OpraHu3Ma Jieredl (n = 60)
tionom (I) ompenesnsiach MO €ro COAEPIKAHUIO B
pasoBodl MOpPIUM YTPEHHEH MOYM apCEHUTHO-
[IepUEBBIM METOZIOM, KOTODBIM perjlaMeHTHPOBAH
MY 2.3.7.1064-01. B cBsA3U ¢ TeM, 4TO U3BECTHA POJIb
Woma g OWOCHMHTE3a TOPMOHOB IUTOBUIHOM
JKeJie3bl, OBLIO MPOBEJIeHO (H3UKAJIBHOE 00C/Ien0-
BaHUE IIUTOBUIHOMN JKeJIe3bl U UCCIE0BAH THPEO-

height and body mass index (BMI) adjusted for age
and sex of the child using WHO AnthroPlus 1.0.4
software. The analysis of the formation of children’s
cognitive abilities was carried out using standard
methods: the A.R. Luria Memory Words Test (mem-
orizing a series of 10 words) for assessment of short-
term memory; the Method of Pieron-Ruzer to deter-
mine the volume and concentration of voluntary
attention, the Successive Pictures Test, the Percep-
tual Modeling (L.A. Wenger) and methods for assess-
ing the inference formation to analyze the level of
development of verbal and logical reasoning. Diag-
nostics of fine motor skills and the ability to perform
according to a model were also carried out [14].

Quantification of elements (calcium (Ca), magne-
sium (Mg), zinc (Zn), copper (Cu), iron (Fe), manga-
nese (Mn), chromium (Cr), selenium (Se)) in the hair
and blood serum of children (n = 60) was carried out
by inductively coupled plasma mass spectrometry
(ICP-MS), which is regulated by Guidelines 4.1.1483-
03 for the determination of chemical elements in
biological substrates. An ELAN DRC II mass spec-
trometer (PerkinElmer, USA) was used, for calibra-
tion of which standard multi- and mono-element
solutions (PerkinElmer) were used. Sample prepara-
tion for analysis was carried out in accordance with
the requirements of the International Atomic Energy
Agency (1988), the Eurasian Economic Union, the
Russian Federation (2003).

The iodine (I) adequacy in children (n = 60) was
determined by its content in the first-morning urine
by cerium arsenite method, which is regulated by
Guidelines 2.3.7.1064-01. Due to the fact that the
role of iodine for biosynthesis of thyroid hormones is
known, a physical examination of the thyroid gland
was performed and the thyroid status was assessed:
the concentration of free thyroxine fraction (T4),
thyroid-stimulating hormone (TSH), and anti-thyro-
peroxidase antibodies (anti-TPO) in the blood serum
by enzyme immunoassay using a kit from JSC Vec-
tor-Best (Russia).

Quantification of 25-hydroxyvitamin D (25(OH)
D) in the blood serum of children was performed by
the enzyme-linked immunosorbent assay using an
ELISA kit (DRG Instruments GmbH, Germany).
Laboratory diagnostics was performed on the basis
of the Immunological Laboratory of the Central
Research Laboratory of the Far-Eastern State Medi-
cal University using a BIO-RAD Model 680 micro-
plate reader (USA).

The study was approved by the Local Ethics Com-
mittee at the Far-Eastern State Medical University
(protocol No. 10 dated June 10, 2020), conducted in
accordance with the ethical principles for medical
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WJTHBIN CTaTyC: KOHIIEHTPAIH CBOOOTHOM (ppaKIuu
tupokcuHa (T4), Tupeorponroro ropmona (TTI) u
aHTUTeN K THpeonepokcunase (autu-TIIO) B cbIBO-
POTKe KpOBHU JieTell MeToZ0M UMMYyHO(bEepMEHTHOTO
aHaJgM3a ¢ TIOMOINbID Habopa peareHToB AO
«BexTop-BECT» (Poccus).

KosmuecTBeHHOE OlpezieieHne 25-TUAPOKCUBU-
tamuHa D (25(0OH)D) B CBHIBOpOTKE KpOBU JeTeH
MIPOBOJIMJIM METOZIOM TBepaodazHoro uMMyHObEP-
MEHTHOTO aHajan3a, OCHOBAHHOTO HA IPUHIIHIE
KOHKYPEHTHOTO CBSI3bIBaHUsS, C WCIIOJIb30BAaHUEM
Habopa pearentoB 25-OH-Vitamin D ELISA (DRG
Instruments GmbH, I'epmanus). JlabopaTopHast
JIMaTHOCTHKA BBHITIOJIHEHA Ha 0a3e MMMYyHOJIOTHYe-
ckoii sabopatopuu I[eHTpayJbHON HAyYHO-HUCCIIE-
JmoBaresibckol srabopatopun ®I'BOY BO «/lanbHe-
BOCTOUHBIH TOCYZJapCTBEHHBI MEIUITUHCKUN YHH-
BepcureT» Ha ¢oromerpe BIO-RAD Model 680
(C1IA).

UcenenoBanne 0100pPEHO JIOKAJIBHBIM 3THYE-
ckuM komuteroM npu ®I'bOY BO «JlanbHeBOCTOY-
HBIH TOCY/IAaPCTBEHHBIH MEIUIMHCKUN YVHUBEDPCH-
TeT» (IIPOTOKOJI OT 10.06.2020 N2 10), IPOBE/ZIEHO
COTJIACHO STUYECKUM IPUHIUANIAM, YCTAaHOBJIEHHBIM
Ul MEIUIIMHCKUX FWCCIENOBAHUN C y4YacTHEM
JTofiell B KadecTBe cyObeKTOB (XeabCHHKHU, 1964;
nepecmotp — IlloTangus, oKTA6ps 2000).

[TosyueHHbIE pPE3yAbTATHI OBLIN ITOJABEPTHYTHI
CTaTHCTUYECKOU 00paboTKe. Brauciisiin: Meuany
(Me), 25-11 1 75-1 TPOLIEHTUIIN; PE3YJIbTAThI IIPU-
BoZiATCA B (OpMe «OTHOCUTEJIbHAS BEJIMYHMHA +
+ omubKa». J[Jis OlleHKW B3aMMOCBSI3H IIOKa3aTe-
Jell GUBNYECKOTO M KOTHUTHUBHOTO Pa3BUTHUI C
HccyiefyeMbIMU (paKTOpaMu, HMpeACTaBJIeHHBIMU B
BHUJle OTKJIOHEHHH BHTAaMHUHHO-3JIEMEHTHOTO CTa-
Tyca, a TAaKXKe C IeJIbI0 YCTAaHOBJIEHUSA COBOKYITHOTO
BJIUSIHUsI (PAaKTOPOB HA pe3yJIbTaTUBHbBIE ITIEpEMEH-
HbIE WCIIOJIb30BAJIM KOPPEJIAIHMOHHBIA aHAJIN3
CnupMeHa ¥ MeTOJ, MHOXKECTBEHHOH KOPPEeJIAIHH.
CraTuctuueckas 3HAYUMOCTh OIEHHUBAJIACH IIPU
niomo1nu t-kpurepus CteooaeHTa (p < 0.05). Cratu-
CTUYECKUH aHaJIu3 Pe3yJIbTaTOB MCCIIeIOBAHUSI
IPpOBOAWIN C  HCIOJB30BAHHEM  IPOTPAMM
Microsoft Office Excel 2019 mna Windows XP,
STATISTICA, Bepcus 12.0 (StatSoft Inc., CIIIA).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

B pesysibraTe IpOBEIEHHOTO UCCIIEOBAHUA
OBLJIO YCTAHOBJIEHO, YTO BUTAMHHHO-3JIEMEHTHBIN
cratyc OOCJIeTOBAHHBIX MJIQJIIINX IIKOJBHHUKOB,
IIPOKUBAIOIINX HAa TeppUTOpUH XabapoBCKOT0 Kpas,
xapakTepusoBaica gepuiurom Mg, Zn, Ca, Se, Cu, I
u BuTamuHa D, a Takxe uzbbitkoMm Fe, Mn u Cr. [Ipu
aHaim3e 00eCIeYeHHOCTH MUKPOHYTPHUEHTaMU

research involving human subjects (Helsinki, 1964;
revised: Scotland, October 2000).

The results obtained were statistically processed.
Median (Me), 25th and 75th percentiles were calcu-
lated; the results are given as “relative value + error.”
The Spearman’s correlation analysis and multiple
correlation method were used to assess the correla-
tion between indicators of physical and cognitive
development with the studied factors, presented as
micronutrient imbalances, and also to reveal the
cumulative effect of factors on the resulting vari-
ables. Statistical significance was assessed using the
Student’s t-test (p < 0.05). Statistical analysis of the
study results was performed using Microsoft Office
Excel 2019 for Windows XP, STATISTICA v. 12.0
(StatSoft Inc., USA).

RESULTS AND DISCUSSION

As a result of the study, it was found that micro-
nutrient status of the younger schoolchildren living
in the Khabarovsk Territory was characterized by the
deficiency of Mg, Zn, Ca, Se, Cu, I and vitamin D, as
well as the excess of Fe, Mn and Cr. When analyzing
the micronutrient adequacy, it was revealed that all
participants of the study were in a state of hidden
hunger and had at least two deficiencies. A high
prevalence of element multi-deficiency was revealed:
more than 2/3 of schoolchildren suffered from defi-
ciency of four or more micronutrients. At the same
time, 80.0 + 5.2% of children had an excess of one or
more elements in the body (Table 1).

During the study, the elements were identified,
the adequacy of which was observed in 100% of chil-
dren aged 7-8 years living in the Khabarovsk Terri-
tory, and the lowest adequacy in comparison with
other micronutrients was characteristic of Se, while
an excessive level was determined for Fe (see Table 1).
At the same time, the median of Se in the hair of chil-
dren was 0.09 mg/kg, and was 7 times lower than the
reference value, 0.65 mg/kg [15], while the median
of Fe concentration in the blood serum was
1403.9 pg/dl and exceeded 11 times the upper limit
of the reference range (120 pg/dl) [16] (Table 2).

The median values of Ca, Cu, I and vitamin D
were also below the reference values: serum Ca con-
centration was below 8800 ng/dl [16]; Cu content in
children’s hair, ioduria levels and vitamin D values
were less than 10 mg/kg [17], 100 pg/1 [18], and 30
ng/ml [19], respectively (see Table 2). The upper lim-
its of the reference range of Mn and Cr in the hair of
children were 0.93 and 0.70 mg/kg, respectively
[15]; i.e. in our study, the excess of the established
reference values by 3 and 1.7 times, respectively, was
found (see Table 2).
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OBLIO OIpE/IeJIEHO, YTO BCE YYACTHUKH HCC/IeI0Ba-
HUS HAXOIUJIUCh B COCTOSTHIH «CKPBITOTO TOJI0a» U
MMeJN KaKk MUHUMYM JIBa 1e(PUIUTHBIX COCTOSHHUS.
BhIsiBJIEHAa BBICOKAS PACIPOCTPAHEHHOCTDH IOJIH7IE-
(umTa s51eMeHTOB: OoJiee 2/3 MITAIIINX IIIKOJIbHH-
KOB CTpajlajii HeIOCTaTOYHOU 06eCcIeueHHOCTHIO
YeThIpbMS W 00Jiee MUKPOHyTpHEHTaMu. B To ke
BpeMs y 80.0 + 5.2 % JieTel BbISABIEHO U30BITOYHOE
cofiepyKaHue OJHOTO MJIU HECKOJIbKHUX BJIEMEHTOB B
opranusme (TabJ. 1).

B xome wucciemoBaHUS BBISBJIEHBI 2JIEMEHTHI,
0becreueHHOCTh KOTOPhIMU HabJII0[aIach v 100 %
JleTell 7—8-JIeTHEro BO3pacTa, MPOXKUBAOIIUX Ha
TeppuTopur XabapoBCKOTO Kpasi, IpuyeM Hanbosee
HU3Kasi 00eCreYeHHOCTh M0 CPAaBHEHUIO C OCTaJIb-
HBIMU MHUKPOHYTPHUEHTaMHU ObLIa XapakTepHa st
Se, a U3OBITOYHOE COZEPIKAHNE HAOJII0AJIOCh TIPH
ompeesneHun KoHneHTpanuu Fe (cm. Tabu. 1). IIpu
9TOM MeJBiaHa Se B BOJIOCAaX JeTel COCTaBJsIa
0.09 MT/KT 1 ObLJIa B 7 pa3 HUKe pepepeHCcHOro 3Ha-
yeHUs — 0.65 MT/KT [15], B TO BpeMs Kak MeAnaHa
KoHIleHTpaluu Fe B CHIBOPOTKE KPOBU ObLIa paBHA
1403.9 MKT//IJ1 ¥ TIPEBBIIIIAJIA B 11 pa3 BEPXHIO0 rpa-

An analysis of the deviation degree of the median
values for the content of micronutrients in the bodies
of children [15—19] showed the decreased concentra-
tion levels of Ca, Cu, Se, I and vitamin D, that is
below the lower reference limit by —10.9%, —43.5%,
—86.2%, —28.0%, —46.1%, respectively, as well as an
exceeding of the upper reference limits for Fe, Mn,
and Cr by 1069.9%, 201.1%, and 72.9%, respectively
(Fig. 1).

Severe deficiency of Se in the population is prob-
ably associated with a low content of the trace ele-
ment in the soil, in plant and animal food of the
region, as a result of the influence of the biogeo-
chemical province [20], which is also characterized
by deficit and imbalance of I, F, Ca, Mg, Cu in objects
of the environment [21]. In turn, an excess of Fe in
children is due to its high content in the waters of the
Amur River which has been determined over the
long period since 2006 [22]. In addition, an increase
in the content of Mn in the water resources of the
region over the past decade has been noted [22].

Vitamin D deficiency was revealed in 56.7 + 6.4%
of younger schoolchildren (see Table 1), of which

Ta6auna 1. PacipocTpaHeHHOCTb e pUIIUTHBIX U U30BITOYHBIX COCTOSSHUN BUTAMUHHO-3/IEMEHTHOI'0 CTaTyca y MJIaILNAX

IIKOJIbHUKOB Xa6apoBCKOT0 Kpast

Table 1. The prevalence of deficiency and excess of micronutrients among younger schoolchildren of the Khabarovsk

Territory
CocTossHue JnemeHT/Ko/1M4ecTBO MUKPOHYTPHEHTOB Yacrora (%)
State Element/Number of micronutrients Rate (%)
JebuuuT asleMeHTOB U BUTaMUHa D Mg 23355
Element and vitamin D deficiency Ca 75.0 + 5.6
Cu 81.7+5.0
Zn 26.7 £5.7
Se 100.0
I 83.3+48
Butamuu D / Vitamin D 56.7 + 6.4
N36bITOK 3/1eMEHTOB Fe 100.0
Excess of elements Mn 817 +5.0
Cr 88.3+4.2
JledunuTHBIE COCTOSIHUS 1 0.0
Deficiency 2 33+23
3 183 +5.0
4 333=+6.1
5 36.7+6.2
6 83+3.6
U36bITOYHBIE COCTOSTHUS 0 20.0x5,2
Excess 1 35.0 6,1
2 283+58
3 16.7 4,8
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Ta6una 2. CogepkaHre U3y4aeMbIX 3JIEMEHTOB U BUTaMuHa D B opranusme Jieteil 7-8 siet, Me (25 %; 75 %)
Table 2. The content of the studied elements and vitamin D in children aged 7-8 years, Me (25%; 75%)

JdnemeHT / Element

Bouiocsl (Mr/kr) / Hair (mg/kg)

CoiBopoTKka KpoBHu (Mkr/au) / Blood serum (ng/dl)

Mg 40.4 (16.7; 76.1)

Ca 242.7 (147.7; 517.0)
Cu 5.65 (3.52; 8.84)

Zn 96.8 (68.4; 162.7)
Se 0.09 (0.03; 0.14)

Fe 50.6 (32.3; 72.7)

Mn 2.80 (1.39; 7.47)

Cr 1.21 (1.02; 1.49)

I*

Butamun D / Vitamin D** -

2220.7 (2005.0; 2516.3)
7842.6 (6132.5; 8921.9)
242.3 (158.8; 294.5)
202.1 (127.2; 256.2)
5.85 (4.55; 6.96)

1403.9 (683.2; 2282.6)
415 (15.3; 84.1)

17.6 (14.8; 39.4)

72.0 (54.5; 91.5)

16.7 (13.5; 29.5)

* Copepxxanue Mopa (1) onpezensisioch B pa3oBoi NOPLUU YTPEeHHENH MOYH (MKT/J1).
The content of iodine (I) was measured in the first-morning urine (pg/1).

** ENMHULbI M3MepeHUst BUTaMUHa D B CbIBOPOTKe KPOBH — HI'/MJI.
Units of measurement of vitamin D in blood serum are ng/ml.

HUIy HOPMAaJIBHOTO AuamnasoHa (120 Mkr/mr) [16]
(Tabi. 2).

Takke HIKE YCTAaHOBJIEHHBIX pedepeHCHBIX
TokasaTesjiell HaxXOJAWJINCh MeJAWaHHbIe 3HaYeHUs
Ca, Cu, I u BuTramuna D: koHnenTpanusa Ca B ChIBO-
poTke KpoBH ObLIa HIKe 8800 MKr/a [16], conep-
skaHue Cu B BoJIocax JieTel, IToKa3aTeIu HOAypUH U
BuTamMuHa D — MeHee 10 Mr/Kr [17], 100 MK/ [18]
u 30 Hr/MJI [19] cooTBeTcTBEHHO (cM. TabII. 2). Bepx-
HHe rpaHuIlbl pedpepeHcHoro quanaszona Mn u Cr B
BOJIOCAX JIETEH COCTABJISIIN 0.93 U 0.70 MT/KT COOT-
BETCTBEHHO [15], B HAIlIEM MCCJI€IOBAHUY BBIABJIEHO
MIPEBBIIIEHNE YCTAHOBJIEHHBIX IMOKa3aTejied B 3 U
1.7 pa3a COOTBETCTBEHHO (cM. TabJ1. 2).

AHayiu3 cTeleHd OTKJIOHEHUH MeaUaHHBIX 3Ha-
YeHUU COJiepKaHUs MHUKDOHYTPHEHTOB B oOpra-
HU3Me JieTed oT pedepeHCHBbIX 3HaYeHU# [15-19]
IOKa3aJl OTPUIATEJIbHOE OTKJIOHEHHWE KOHIEHTpPa-
nuii Ca, Cu, Se, I u BuTamuna D oT HUKHEHN TPaHUITBI
HOPMAaJIbHOTO [Aualna3oHa Ha —10.9 %, —43.5 %,
-86.2 %, —28.0 %, —46.1 % COOTBETCTBEHHO, a TAK}KE
MpEBBIIIIEHUE BepxHEW TpaHUIBl pedepecHOro
uHTepBasa ;i Fe, Mn u Cr Ha 1069.9 %, 201.1 % u
72.9 % COOTBETCTBEHHO (pHLC. 1).

BoiparkeHHBI TOMYJIAIUMOHHBIN aebunur Se,
BEPOSITHO, CBSI3aH ¢ HU3KUM COJIEp:KaHUEM MUKPO-
9JIEMEHTA B IIOYBE, B PACTUTEIBHBIX U KUBOTHBIX
MPOAYKTaX MUTAHUA PETHOHA, KaK Pe3yJIbTaT BIUA-
HUsA OMOTEOXUMUUYECKOH MPOBUHIUY [20], KoTopast
TaK}Ke XapaKTEPUBYETCS HEJIOCTATOUHBIM COZEPIKa-
HueM u aucbamancom I, F, Ca, Mg, Cu B o6bekTax
OKpy>Kalolen cpeibl [21]. B ¢Boio ouepen, H30BITOK
Fe B opranusme jereli 00yCJIOBJIEH €ro BBICOKUM
coJiep;KaHUEM B BOJIax PEKU AMYP, OIpe/eIieMbIM

11.7 + 4.1% had severe deficiency; vitamin D defi-
ciency was in 20.0 * 5.2% of cases. A low vitamin D
status is associated with low insolation in setting of
relatively high latitudes (>35 degrees north latitude,
especially in winter) [23], which leads to a decrease
in cutaneous synthesis of endogenous vitamin D3,
and the inability to compensate for the need for vita-
min D with diet [19].

As aresult of the study, physical development dis-
orders were revealed in the form of short stature,
underweight and overweight or obesity, and a cogni-
tive profile below the average reference value was
noted in 46.7 + 6.4% of children.

To determine the impact of micronutrient status
on the anthropometric parameters of children, a cor-
relation analysis was carried out which showed the
correlation between the content of Ca, Zn, Se, Cu, I,
Crin younger schoolchildren and the values of height
and BMI (p < 0.05).

When assessing the associations between the
concentration of Ca in the blood serum of children
and the level of physical development, according to
the data of the correlation analysis, the positive cor-
relations were obtained indicating a decrease in
height and BMI with Ca deficiency (r = 0.316,
r = 0.302, respectively, p < 0.05). Thus, we have con-
firmed that Ca deficiency increases the risk of short
stature and malnutrition in children.

When performing a correlation analysis to deter-
mine the role of I in the physical development of
younger schoolchildren, a negative correlation was
revealed between the iodine concentration and body
weight indices and BMI (r = —0.426, r = —0.520,
respectively, p < 0.01). Consequently, iodine defi-
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Puc. 1. [IporieHTHOE OTKJIOHEHHE COAEPKaHNs MUKPOHYTPHUEHTOB OT pedepeHCHOro Anana3ona (HOpMaJIbHbBIN JUATIa30H
pedepeHCHbIX 3HAYEeHUH GBI IPUHAT 32 100 %; pacueT IPOIEHTHOTO OTKJIOHEHUsI Ie(PUIIUTOB MUKPOHYTPUEHTOB IIPOBO-
JIAJICS OT HYZKHEHN TPaHuIlbl pepepeHCHOro uana3oHa, n30bITOYHBIX COCTOSHUN MUKPOHYTPUEHTOB — OT BEPXHE)
Fig. 1. Relative deviation of micronutrient content from the reference range (the normal range of reference values was
taken as 100%; the calculation of the relative deviation of micronutrient deficiencies was carried out from the lower
reference limit, and micronutrient excess — from the upper one)

B TeueHHe MHOTOJIETHErO0 IepHuo/ia, HauuHas C
2006 r. [22]. Kpome TOro, OTMEYEHO HapacTaHUE
cojiep>kaHus Mn B BOJITHBIX pecypcax Kpas 3a Moce/-
Hee mecaTwiaeTue [22].

Hedunur Buramuaa D GbLI BBIABIIEH y 56.7 +
+ 6.4 % MuIagIINX IIKOJABHUKOB (cM. Tabs. 1), u3s
KOTOPBIX 11.7 + 4.1 % uMesu 1eUIUT TAXKeI0H cTe-
IIeHU, HeJ0CTaTOYHOCTh BUTaMuHa D HabJrofasiach
B 20.0 % 5.2 % ciy4yaeB. Huskuii ctatyc ButamuHa D
CBA3AH C HEJIOCTATOYHOU WHCOJIAIUEN IPU IMPOXKU-
BaHUHW B OTHOCUTEJIbHO BBICOKUX IIHUpPOTax (>35°
CEeBEPHOU MIMPOTHI, 0COOEHHO 3UMOIi) [23], mpuBO-
JISIIEeN K CHUKEHHIO KOXKHOTO CUHTEe3a SHI0T€HHOTO
BUTaMHHA D3, ¥ HEBO3MOXKHOCTHI) KOMIIEHCHUPO-
BaTh MOTPeOHOCTh B BUTaMUHE D ajMMeHTapHBIM
myTeMm [19].

B pesysbrare ucciie/loBaHUs BhIsIBJIEHBI HAPYIIIE-
HUA GU3UUECKOTO PA3BUTHA B BUIE HU3KOPOCJIOCTH,
HEeOCTATOYHON W H30BITOYHOM MAacChl Teja WA

ciency can lead to overweight and obesity in children,
which is probably associated with the participation
of Iin the biosynthesis of thyroid hormones and, as a
result, ensuring metabolic processes in the body [18].
The high prevalence of iodine deficiency is associ-
ated with the risk of endemic goiter, which served as
the basis for assessment of thyroid status in younger
schoolchildren and physical examination of the thy-
roid gland. Laboratory tests showed an elevated TSH
level in 16.7 + 4.8% of children (with normal values
of free thyroxine fraction and size of the thyroid
gland on palpation), which indicates the presence of
subclinical hypothyroidism. Further analysis con-
firmed the already available data on an increase in
body weight with an elevated TSH concentration
(r = 0.406, p < 0.01) and decreased free thyroxine
fraction (r = —0.441, p < 0.01) in the blood serum.
During the study, a number of correlations were
determined between the content of micronutrients
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OJKUPEHUsI, a TAK)Ke YCTAHOBJIEH KOTHUTHUBHBIN IIPO-
(b HUKE CPETHETO PA3BUTHUA Y 46.7 + 6.4 % eTeil.

Jls1 ompenesieHUsl BJIMSIHUS MHUKPOHYTPUEHT-
HOTO CTaTyca Ha aHTPOIIOMETPUYECKUE MapaMeTphl
JleTeid OB MPOBeJIeH (DAKTOPHBIA KOPPEJIAIAOH-
HBIM aHAJINU3, KOTOPHIUA MTOKa3aJl HAJUYKMe B3auMOC-
BA3U Mexay cozep:kanuem Ca, Zn, Se, Cu, I, Cr B
OpraHu3Me MJAJIINX IIKOJBHUKOB U 3HAYEHUSIMU
pocra u UMT (p < 0.05).

IIpu ycTaHOBJIEHHM B3aMMOCBSI3U KOHIIEHTpA-
iy Ca B CBIBOPOTKE KPOBH JIETEH U YPOBHS hU3HUe-
CKOTO pAa3BUTHSA II0 MAAHHBIM KOPPEJISAIIUOHHBIX
OTHOIIIEHUH OBLIIN MOJTyYEeHbI IPSIMBIE CBSI3U, CBUIE-
TeJIbCTBYIOIINE O CHIDKEHUH IIOKasareyied pocTra U
UMT npu gedunure Ca (r = 0.316, r = 0.302 COOT-
BETCTBEHHO, P < 0.05). Takum 06pazom, HaMU IOy~
YeHO IOJITBEPK/EHIEe TOTO, YTO HeJIOCTaTOuHAsA 00e-
crieueHHOCTh oprann3ma Ca yBesimuuBaeT pUck Gpop-
MUPOBAaHUSA HU3KOPOCJIOCTH U HEIOCTATOUHOCTH
MMUTAHUA Y JIETEH.

[Tpu mpoBeeHNN KOPPESAIMOHHOTO aHAIN3A C
LeJIbI0 ompeziesieHus posu [ B pusnueckoM pas3Bu-
TUM MJIQJIIINX IIKOJBHUKOB ObLIAa BBISABJIEHA OTPU-
IaresibHas B3AUMOCBS3b MKy KOHIleHTpanuei I u
nokasaresssMu Maccel Tesia 1 UMT (r = —0.426,
r = —0.520 COOTBETCTBEHHO, p < 0.01). CiemoBa-
TeJIbHO, AeUITUT I MOXKET IPUBOJUTH K PA3BUTHUIO
U30BITOYHOM MacCChl TeJIa ¥ O’KUPEHUS Y IeTeH, UTo,
BEpOSITHO, CBA3AHO ¢ yuacTueM I B GmocuHTese rop-
MOHOB IIIUTOBUIHOM 2KeJIe3bl U, KaK CJIEJICTBUE, 00e-
CreYeHn MeTabOoJIMYecKUx IIPOIECCOB B oOpra-
HuszMme [18].

Bricokass pacnpocTpaHeHHOCTh HOJHOU Hemo-
CTATOYHOCTH CBA3aHA C PUCKOM PAa3BUTHUS SHIEMHU-
yeckoro 3006a, YTO MOCIY>KWJIO OCHOBAaHUEM JJIS
HCCIEIOBAaHUS THUPEOUTHOTO CTaTyca MJIAMIIINX
IIKOJIPHUKOB ¥ (PU3HKAIBHOTO 00CJIeIOBAHUS
IUTOBUJTHOHN >Kese3bl. B pesysbpTaTe sabopaTop-
HOTO HCCIe0OBAaHUS OBbLI BBISBJIEH IOBBIIIEHHBIN
ypoBenb TTT' y 16.7 + 4.8 % nereii (ipu HOpMaJIH-
HbBIX 3HAUEHUAX CBOOOHOU (DPAKIIUK THPOKCHHA U
MaIBIIATOPHBIX pa3Mepax HIUTOBUIHOU KeJie3bl),
YTO CBUJIETEJIBCTBYET O HAJIMINU CYyOKITNHIIECKOTO
rumnotupeosa. JlaJbHEUIIUA aHAIU3 TOATBEP/IHI
yoKe UMeIoIIuecs JaHHble 00 YBEeJMYeHUH MacChl
TeJla TIPU MOBBIINIeHUU KoHIeHTparuu TTT (r =
= 0.406, p < 0.01) U YMeHbIIEHUU CBOOOTHOU
dpaknuu TnpokcuHa (rr = —0.441, p < 0.01) B CBIBO-
POTKe KpOBH.

B xone nccsetoBaHus ObLI OIIPEieieH PAJL B3aU-
MOCBSI3€l MEXK/Y COZIePKAaHNEM MUKPOHYTPUEHTOB
u nokazaresamu UMT y nereil: oTMeYEHO CHILKe-
HUe MAaccChl Tesia IPH YMEeHbIIeHUH KOHIIeHTPAIIUi
Cu, Zn, Cr (r = 0.355, r = 0.289, r = 0.325 COOTBET-

and BMI in children: a decrease in body weight was
noted with a decrease in the concentrations of Cu, Zn
and Cr (r = 0.355, r = 0.289, r = 0.325, respectively,
p < 0.05) and an increase in the content of vitamin D
in the body (r = —0.331, p < 0.05). A positive correla-
tion was found between the Cu concentration and
the growth rates of younger schoolchildren
(r = 0.289, p < 0.05), indicating a potential risk of
short stature in case of Cu deficiency. Also, tenden-
cies of growth retardation were revealed in children
with Fe excess (r = —0.209, p > 0.05) and Se and Zn
deficiency (r = 0.267, r = 0.253, respectively,
p > 0.05).

Factor analysis using the multiple correlations
revealed a combined effect of Ca, Zn, and Fe equally
on both growth rates and BMI indices (p < 0.05).
With regard to the cognitive development of chil-
dren, the conventional analysis (carried out on the
basis of a general linear model) showed a significant
effect of the serum concentration of Cu (p < 0.05), Ca
(p < 0.05) and I (p < 0.05) of younger schoolchild-
ren, as well as their combined effect in conjunction
with the concentration of vitamin D (p < 0.01) on the
formation of short-term memory. The dependence
between the level of Mg and Ca adequacy in children
and the indicators of the formation of the conceptual
and categorical framework was confirmed (p < 0.05),
while the combination of trace elements with the
concentration of vitamin D increased significance of
this correlation (p < 0.01). In addition, a significant
effect of the combination of Fe and Ca concentra-
tions on the level of development of verbal and logi-
cal reasoning was found (p < 0.01).

When considering the correlation between the
content of micronutrients in children’s bodies and
cognitive abilities, a decrease in the level of develop-
ment of verbal and logical reasoning was noted with
iodine deficiency and Fe excess (r = 0.408, p < 0.01;
r = —0.314, p < 0.05). It was also found that the
higher iodine and vitamin D adequacy, the better
their mnestic functioning (r = 0.351, r = 0.308,
respectively, p < 0.05).

When comparing the serum vitamin D content of
children and the child’s ability to establish logical
links and relations between concepts, a positive cor-
relation was revealed (r = 0.407, p < 0.01), indicat-
ing a decrease in the child’s ability to reasoning as a
result of vitamin D deficiency. In addition, it was
noted that that a deficient vitamin D status results in
reduced development of fine motor skills (r = 0.295,
p < 0.05).

The ensuring of micronutrient adequacy is one of
the components of the normal central nervous sys-
tem development [6, 12, 13, 19]. Iodine deficiency is
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CTBEHHO, P < 0.05) W YBEJIUYEHUU COJEPKAHUSI
Butamuua D B opranusme (r = —0.331, p < 0.05).
YcraHOBIEHA TIOJIOXKHUTEbHAS KOPPEIAIHOHHAS
CBA3b MeXIy KoHIeHTpanued Cu U ImokasaTessiMu
pocTa MJIaIInX MKOJIBHUKOB (1 = 0.289, p < 0.05),
yKa3bIBaloIIasi Ha MOTEHITUAIBHBIN PUCK (DOPMUPO-
BaHHUs HU3KOPOCJIOCTH B ciaydae jedbunura Cu.
Taxoxe BBISIBJIEHBI TEH/IEHIIUHU 3aMe/IJIEHUsI TEMIIOB
pocra mpu U3OBITOYHOU OOECIIEYeHHOCTH Opra-
Hu3Ma Jieter Fe (r = —0.209, p > 0.05) u gedunure
Se u Zn (r = 0.267, r = 0.253 COOTBETCTBEHHO,
p > 0.05).

[Tpu nmpoBeeHUH (PaKTOPHOTO AaHAJIM3A METOIOM
MHOKECTBEHHOU KOPPEIAIUN BBHIABIEHO COYETaH-
Hoe BiuAHUe Ca, Zn u Fe B paBHOU cTeneHU Kak Ha
IoKas3aTeJu pocra, Tak U Ha napamerpel UMT
(p < 0.05). B oTHOIIIEHNH KOTHUTUBHOTO Pa3BUTHSA
JleTel TpaJUIMOHHAsI cxeMa aHau3a (OCyIecTBIIsI-
€MOTr0 Ha OCHOBe 00IIel JIMHEeHHON MO/JEeJIN) IIOKa-
3aj1a 3HAYMMOE BIUSHHE Ha (OPMHUPOBAHHE KpaT-
KOBpPEMEeHHOH mamMsATH KoHIleHTpanuu Cu (p < 0.05),
Ca (p < 0.05), I (p < 0.05) B CBIBOPOTKE KPOBH MJI/I-
[IUX [IKOJIPHUKOB, a TAKKE X COUETAHHOE BIUSHIE
B COBOKYITHOCTH C KOHIIEHTpanueid BHUTaMuHA D
(p < 0.01). IloaTBep:K/iIeHA 3aBUCUMOCTD MEXKIY
ypoBHEM 00ecIIeueHHOCTH OpraHuzMa gereir Mg u
Ca u mokasaTesAMU pPa3BUTUA NOHATUHHO-KaTe-
ropuajbHOro amnmapara (p < 0.05), IIPH 3TOM code-
TaHHE 2JIEMEHTOB C KOHIIEHTpaluelr BUTaMuHa D
MOBBIIIAJIO JIOCTOBEPHOCTh JaHHOW B3aWMOCBSI3H
(p < 0.01). Kpome TOrO0, OBLIIO YCTAHOBJIEHO 3HAYH-
MOe BJIUSTHUE COBOKYIIHOCTH KOHIleHTparuil Fe u Ca
Ha yPOBEHb PA3BUTHUS CJIOBECHO-JIOTMYECKOTO MBIIII-
sgenus (p < 0.01).

[Ipu paccMOTpeHUH KOPPEJSAIUOHHBIX OTHOIIIE-
HUHA MEXAY COZepKaHHEM MUKPOHYTPHUEHTOB B
OpraHu3Me JIETEH U KOTHUTUBHBIMH CITIOCOOHOCTSIMHE
OTMEUEHO CHIKEHUE YPOBHA Pa3BUTHUS CIIOBECHO-
JIOTUYECKOTO MbINUIeHUs npu aeduiure [ u usowi-
TOYHOM cojiepkanuu Fe (r = 0.408, p < 0.01;
r = —0.314, p < 0.05). Tak’ke yCTaHOBJIEHO, YTO YeM
BBIIIIE 00ecIieyeHHOCTh JieTed I u Butamuaom D, Tem
JIydIlle UX MHECTHYECKHe IokKazatenu (r = 0.351,
r = 0.308 COOTBETCTBEHHO, P < 0.05).

[Ipu comocTaBeHUH cofiep:kaHusA BUTaMuHa D B
CBIBOPOTKE KDOBH JIeTE U CIOCOOHOCTH pebeHKa
yCTaHAB/JINBATh JIOTHYECKUE CBSA3M M OTHOIIEHUS
MEKAy IIOHATHUSIMH BBISIBJIEHA TMpsMas CBA3b
(r = 0.407, p < 0.01), CBUJIETETIBCTBYOIIAS O CHUIKE-
HUH CIIOCOOHOCTH pebeHKa K yMOBaKJIIOUeHUSIM B
pesynbrate nedunura BurtamuHa D. Kpowme Toro,
OTMEYEHO, UTO HU3KUU cTaTyc BUTaMuHA D mpuso-
JINT K CHIKEHUIO YPOBHS Pa3BUTHSA MEIKOH MOTO-
puxHu (r = 0.295, p < 0.05).

the world’s leading cause of preventable mental
impairments [24]. A causal relationship of iodine
deficiency with impaired brain development and
learning disabilities has been proven, which aggra-
vates the development of human resources and the
country as a whole [25]. Vitamin D deficiency is also
associated with decline in cognitive abilities, a high
incidence of externalized behavior problems and
attention deficit in children and adolescents [26—
28]. Previous cohort studies of children and experi-
mental studies in vivo indicate impaired cognitive
and motor development as a result of Fe overload in
the body [29].

CONCLUSION

In the present study, children aged 7-8 years
living in the Lower Amur River of the Khabarovsk
Territory revealed the micronutrient imbalances in
the form of iron, manganese and chromium excess
and a high frequency of multiple micronutrient defi-
ciency represented by selenium, iodine, copper,
magnesium, zinc, calcium and vitamin D deficiency.

Our study demonstrates the need for an inte-
grated approach to assessing the provision of chil-
dren with trace elements and vitamin D due to the
presence of comorbidity of deficient and excess con-
ditions, the combined effect on physical and cogni-
tive development in order to prevent the develop-
ment of nutritional diseases.

Conflict of interest. The authors declare no
conflict of interest.

ObGecmieueHue aIeKBATHOTO MUKPOHYTPHUEHTHOTO
craTyca SIBJISIETCS OJJHOH W3 COCTABJISIOIIUX HOP-
MaJIbHOTO  Pa3BUTHUS  I€HTPAJIBLHOH  HEPBHOU
cucTeMsbl [6, 12, 13, 19]. Jledurur foma — BeAyIas
MHPOBasi IPUYMHA IPEIOTBPATHMOIO IICHXUYE-
CKOro pacctporictBa [24]. J/lokazaHa TPUUYMHHO-
CJIe/ICTBEHHAS CBA3b HOA0edUITUTA C HAPYIIEHHEM
Pa3BUTHA TOJOBHOTO MO3ra W HECIHOCOOHOCTHIO K
00y4YEeHUI0, UTO YXYAIIAeT Pa3BUTHE UYEIOBEUECKUX
pecypcoB u cTpaHbl B 1esioM [25]. Huskas obecrre-
YEeHHOCTh BUTAMUHOM D Tak:ke CBsA3aHA CO CHUKEH-
HBIMH KOTHUTHBHBIMH CITOCOOHOCTSIMH, BBICOKOM
YaCcTOTOH SKCTEPHATU3UPOBAHHBIX MTOBEAEHUYECKUX
mpo6JsieM U JepUIIUTOM BHUMAHUS Y J€TeH U MO/~
poctkoB [26—28]. Panee mpoBeeHHbIE KOTOPTHBIE
HCCJIeTOBAHUS IeTel U 9KCIIEPUMEHTAJIbHbBIE HCCITe-
JIOBAHUS IN VIVO CBUIETEJIBCTBYIOT O HAPYIIEHUU
KOTHUTHUBHOTO U MOTOPHOTO Pa3BUTHA B PE3YJIbTATE
neperpy3ku opranusma Fe [29].
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3AKVIIOYEHUWE

B Hacroamem uccnenoBaHuu y feTeidl 7-8 ier,
MIPOKUBAIOIINX HA TEPPUTOPUMN HUKHETO TeUeHUs
peku Amyp XabapoBCKOTO Kpasi, BBIIBJIEHBI OTKJIO-
HEHUsI MUKPOHYTPUEHTHOTO CTaTyca B BUAE U30bI-
TOYHOTO COJlep:KaHuA KeJjle3a, MapraHa u Xxpoma u
BBICOKOU YaCTOTHI MHOXXECTBEHHOM MHUKDOHYTPH-
€HTHOU HeJIOCTaTOYHOCTH, IIpe/icTaBJIeHHON Jtedu-
LIUTOM CeJIeHa, Hoja, Meau, MarHusA, IUHKA, Kaab-
oA U BuTamMuHa D.
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