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MPOBAEMHAS CTATbA

NOAAEPULLUTHBIE COCTOSAHUA B POCCHUM:
NMPOBAEMA NMPEAOTBPATUMA, HO HE PELLEHA

A.B. PucHuk!, B.M. KoaeHuoBa?*

' ®I'BOY BO «MOCKOBCKHMii rocy1apCcTBEHHBIH yHUBEpCHTET nMeHH M.B. JIomoHOCOBa»
Poccuiickas ®enepanus, 119234, Mocksa, Jlenunckue ropsl, a. 1, crp. 12

2 ®I'bYH «®DenepanbHblil MCCIEN0BATENLCKHMI LIEHTP MUTAHUS, GUOTEXHOJIOTHH M GE30MaCHOCTH TTHILIH
Poccuiickas ®enepauns, Mocksa, Y cTbuHCKHI ipoesn, A. 2/14

PE3IOME. Henocrarounoe mocTyruieHHe Wojia ¢ MUIIEH ABISETCS NPUYMHON BOSHHUKHOBEHHS HOAIEPUIMTHBIX
COCTOSIHUH M aCCOIMMPOBAHHBIX C HUMH 3a00JICBaHUI.

Leab ucciaeq0BaHusi — 0XapaKTEePU30BaTh COCTOSIHUE HOAHOW 00ECIIEeYEHHOCTH HACEJCHUS U OLICHUTH MPEINPH-
HUMaeMble Mepbl JUIs yCTpaHeHus HomoaeduuuTa.

MoaneduuuTHbIe COCTOSHUS JIETKOil CTEIIeHN XapaKTepHbI U BCeX IPYII HaceseHus B Poccuu. ITpoGnema ifo-
HOW HEOCTAaTOYHOCTH NPHU3HAETCS PEHICHHOH NpH ycioBHuH, 4To HEe MeHee 90% NOMOXO03SHCTB UCTIONB3YIOT B MUTa-
HUU HOIMPOBAHHYIO CONb, OHAKO B Poccum 3ta momns cocrasistet okoio 30%. B momaBmnstomeM OONBIIMHCTBE CTpaH
C IOKa3aHHBIM JePHUIUTOM HOMa MIPUHATO 3aKOHOIATEIECTBO M0 HOAMPOBAHUIO CONM. MeTaaHaIHu3 pe3yIbTaToB 00s-
3aTeNIbHOTr0 00OTraIeHUs HOIOM COJIM POAEMOHCTPHPOBANI CHUIKEHHE 4aCTOThI pa3BuTHus 300a Ha 74%. B Poccun pa-
0oTa Hax 3aKOHOM O MpoduIakTuke HOMIehUITMTHBIX 3a00JIeBaHUN TPOBOIUTCS B TEUEHHE IMOYTH YETBEPTH BeEKa.
Jlo6poBoIbHOE HOAWPOBAaHUE CONMM M OOOramieHre HOoJOM NHIIEBBIX NMPOAYKTOB OCYIIECTBISETCS MO WHHUIMATHBE
npoussoauteneit. C 2020 r. B Poccuiickoii ®enepanuu peanusyercs CanlluH 2.3/2.4.3590-20, pernmaMeHTUpYOIINI
00513aTeNIbHOE UCIIOJIB30BAHNE HOMUPOBAHHOM COJIM ISl TIPUTOTOBJICHUS OJIFO]] B OPraHW30BAaHHOM IUTaHUM JeTeil. B
OTACJBbHBIX UCCICAOBAHUAX IMOJYUYCHBI MOATBCPKACHUA 3(1)(1)GKTI/IBHOCTI/I 3TOU MEpPLI JI NTOBBIICHUSA n0Tpe6neH1/1;1
osia U yBeUYeHUs Hooypun. B crily HEJJOCTaTOYHBIX 3HAHHUH O POJIM aJCKBATHON 00ECIICYCHHOCTH OpTraHu3Ma iHo-
JIOM B TIOJJICPYKAHUH 3I0POBBS, Y HACEICHUS OTCYTCTBYET OCO3HAHHEIN BEIOOp HOAMPOBAHHON COJIH.

3akmiouenne. MomieuIUTHBIE COCTOAHMUS MOMTHOCTHIO MPEIOTBPATHMBI TOIBKO MPH MPOBEICHHH MOMYIIALHOH-
HOM MpO(MITaKTUKKA HOTUPOBAHHOW COJBIO (MICTIONB30BaHHE €€ B MHUTAHUH, B TOM YHCIE B MHUIICBON MPOMBIIIICHHO-
ctr). B Poccun riiaBHOM MpUYMHON HE JOCTIKEHHS [ENN yCTPaHEHHs NepUINTa Hoaa B MUTAHUU HACEICHUS U CBSI3aH-
HBIX C HUM 3a00JIEBaHUil SBIISIETCSI OTCYTCTBUE 3aKOHA O MPOQHIAKTHKE HOJNEPUIUTHBIX COCTOSIHUI. B ycrnoBusix oT-
CYTCTBHSI 3aKOHA O BCEOOIEM HOAMPOBAHUH MHIIEBON CONH, I OOJBIIETO OXBAaTa HACEJICHHS LIEIecO00pa3HO MpHMe-
HATH €€ MPH BBINEYKe XJIEOOOYIOUHBIX U3EINI U U3TOTOBICHHH HEKOTOPHIX MHIIEBHIX KOHIEHTPATOB. [l mOBHIIIe-
HUS MH(GOPMUPOBAHHOCTH PA3JIMYHBIX IPYIIT HACEJIEHHUS O MOCIEICTBUIX Ae(UIMTA H01a U TIOBBIIEHHUSI MOTUBALIUH K
UCIIOJI30BAaHUIO HOAMPOBAHHOW COJIM B MUTAHWK HEOOXOaMMa pa3pabOTKa CHCTEMATHUYSCKHUX 00pa30BaTEIbHBIX MPO-
rpaMM JUIs pa3HBIX BO3PACTHBIX Tpymi HacesleHus. OMBIT UCIONB30BaHUS HOTUPOBAHHON COJM B 00pa30oBaTEIbHBIX
YUPEKACHUSX YMECTHO PACIIUPUTh HA APYTrUe OPraHU30BAHHBIE KOJIIEKTUBBI.

KAIOYEBBIE CAOBA: iion, ioxypust, fonoaeduuut, HOAUPOBAHHAS COJIb, HUIIECBBIC MPOMLYKTHI, 00OTaIICHHE
NPOJYKTOB HTAHHSI.

AAf uMTUPOBAHUSA: Pucuuk J1.B., Kogeniosa B.M. ﬁonue@nunTHme cocrostHusL B Poccuu: mpo6ieMa npegoTBpaTuma, HO
He perreHa. MukpoainemenTsl B MeauimHe. 2026;27(1):3—12. DOI: 10.19112/2413-6174-2026-27-1-3-12.

BBEAEHUE

Bonee 50% cyOwexToB Poccuiickoit denmepa-
WU SBIAIOTCS HONAePUIMTHBIMHA, OKoJo 60%
HACEJICHUS HalICH CTPaHbl MPOKUBACT B PETHOHAX C
MIPUPOTHO-00YCIIOBICHHBIM JE(PHUIIMTOM 3TOT0 MHUK-
poanementa ([emoB u gp., 2006). Ilo maHHBIM
OI'bY «HMUII >HAOKPUHOJIIOTHH WM. aKajJeMuKa
N.N. JlemoBa» Mun3zapaBa Poccun, daxruueckoe

* AAPEC AAS MepenncKu:
KoaeHuoBa Bepa MutpodaHoBHa
E-mail: kodentsova@ion.ru

nmoTpebnenne Homa xureneM Poccun mo-mpexHeMy
cocrapngeT Bcero 40—80 MKr B JIeHb, 4TO B 2-3 pasa
MEHBIIIe peKOMEeHIyeMOl HOpMEI rtoTpebnerus (150
MKT), TOKpbIBalOLIel (U3NOIOTHUECKYIO MOTPeo-
HOCTb OpraHu3Ma B3pocjoro uenoBeka. [IpuumHoit
neduimra fona SBISETCS HEIOCTATOYHOE MOTPEO-
JICHWE HaceJIeHWEeM PbIObI M MOPEMpPOIYKTOB — OC-
HOBHBIX UCTOYHHUKOB #ona (Komentosa u ap., 2015;
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CenbkeBuu u 1p., 2018). Hemocrarounoe moctyr-
JieHHe Hoaa ¢ ImuIleH ABIseTcs NpuuuHoi 65% ciry-
yacB 3a00JIEBaHUI IIMTOBUIHOMN Kelle3bl y B3pPOC-
aeix U 95% y nereit. [IpodunakTrka 3a0oeBaHMIA,
CBSI3aHHBIX C JACQUIMTOM HOfa, MO3BOJIAET MPEIOT-
BpaTHUTh OTCTaBaHWE AeTel B (PU3MUECKOM U IICHXH-
YECKOM pPa3BUTHH, CHI)KCHHE HHTEIUIEKTa, 3HAUYU-
TEJIBbHO CHU3UTH YACTOTY Pa3IUYHBIX 3a00i1eBaHUM
LIIUTOBUIHON KeNie3bl, MHOTUX BPOXKICHHBIX MOPO-
KOB Pa3BUTHsI, HEBBIHAIIMBAHUS OCPEMEHHOCTH U
nerckoit cmeptHocTH (benbix, 2018; MensHUYEHKO
u ap., 2019; Andépoa u mp., 2019; MenpHHYEHKO U
ap., 2019; AraeBa u ap., 2022).

Henocrarounoe mocTymieHue ioga ¢ mumiei
SIBJIICTCSL TIPUYMHONW BO3HUKHOBEHUsS HOIeUuIuT-
HBIX COCTOSIHMM M acCOIMMPOBAHHBIX C HUMHU 3200-
JICBaHU.

[lenp mccaenmOBaHUSI — OXapakTe-
pU30BaTh COCTOSIHHME HOJMHOW  00€CIeYeHHOCTH
HAaceJCHUS U OLICHUTh MPEANPUHUMAEMbIC MEPHI IO
yCTpaHeHHIO HomoaedunuTa.

0030p CylIeCTBYIONICH MO MpolieMe JuTepa-
Typbl IMPEUMYILIECTBEHHO 3a IOCJIEIHHUE TOJbI OCY-
mecTBIsUH 1o 6azam ganHex PUHII, a Takke B cu-
creme Google Scholar mo xiro4eBBEIM cloBaM KO/,
HOAMpOBaHHAas conb, onoypus. Ilox kpurepuu uc-
KIIFOUCHHSI TIOMAJai TE3UCHI, OMYyOJUKOBAaHHBIC B
cOOpHUKaxX MaTepuaaoB KOHGEPECHIIMH, U UCCIEIO-
BAHMSI, BHIITOJIHEHHBIE HA )KUBOTHBIX.

OBOTALLEHUE MULLIEBBIX NMPOAYKTOB
NoAOM

OOGoraiieHie 3CCEHIMATBHBIMA MHUKPOHYTPH-
€HTaMH THILNEBBIX MPOJYKTOB, B TOM YHCJIC MHUIIE-
BOW coJln HOIOM, — CTpaTerus, KoTopasi 0oyiee Beka
O0cezomacHO W 3(PGEKTHBHO HCIONB3YETCS IS
MIpEeIOTBpaIIeHnsT  Ae(UuIuTa MHUKPOHYTPUEHTOB,
0c0o0EHHO B CTpaHaX, TJe UMeeTcs AOKa3aHHBIA Je-
(bUIUT MUKPOHYTPUEHTOB HA YPOBHE BCErO Hacelie-
nusa (Keats et al., 2019; Tpommuna, 2022). Mcnomns-
30BaHHWE WOJUPOBAHHOW COJIM SIBISIETCS YHUBEpP-
CaJIbHBIM, TIPOBEPEHHBIM, O€30TAaCHBIM, HaIEKHBIM
Y SKOHOMHYECKH 00OCHOBaHHBIM CPEACTBOM MacCO-
BOHM (NOMYyNSIHMOHHOW) TNpoduiakTuku Hoaaedu-
LUTHBIX 3200JIeBaHU.

B cootserctBru ¢ 'OCT P 51574-2000 «Comn
[OBapeHHasl THIIEBas. TeXHWYECKHE YCIOBHUS» CO-
nepkanus ona B conu 40 &+ 15 mr fiona Ha 1 kr conu.
AHanoruuHelii HopMaTuB NpuHAT B cTpaHax CHI'. B
Poccun monBepraercst oborarieHuo Ho10M MyTeM JI0-
OasiieHus Hopara kaimst MeHee 30% comu. Bosbias
gacth comu (10 80%) mocTymaeT B OpraHu3M C TrOTO-

BBIMHU TTUIIEBBIMH TPOAYKTaMH (CBIP, KOJIOACHBIE U3-
nernust, xye0). Mcxons u3 atoro, nmorpedmsis 10 r comu
B JICHb, TIOTpeOUTENb OyAeT moiy4arsk 3—5 T Hoaupo-
BanHo# comu (I'epacumos, 2014).

[Ipobmema HOoAHON HETOCTATOYHOCTH CUHUTACTCS
PeIeHHOH Tpu ycJIoBuH, 9T0 He MeHee 90% momMoxo-
3STCTB MCTIONB3YIOT B MUTAaHUH HOAWPOBAHHYIO COJIb.
B Poccuiickoi ®@enepanuy HOIUPOBAHHYIO COJIb B IIH-
tanun ynorpeoiser 24-50% (B cpeanem okono 30%)
HaCeJICHUsl B OTIIMYME OT BXonadAummx B EBpazuiickuit
SKOHOMHYECKHAH COI03 CTpaH, IJie BBEACHO BceolIee
ttomuposanue comu (I'epacumos, 2019).

BUOXUMUNYECKUE MEXAHU3MbI
NOAAEPULINTHBIX HAPYLLEHUN

Won sBIsieTcs CTPYKTYPHBIM KOMIIOHEHTOM
THPEOWIHBIX TOPMOHOB — THpokcmHA (T4) U
tputtontuponnaa (T3), KOTOpble PEryIHpyIOT OC-
HOBHOW OOMEH BeIIeCTB, TEIUIOMPOAYKIHIO H pa3-
BUTHE LICHTPAJILHOW HEpBHOW cucteMsbl. [Ipu Hemo-
CTAaTOYHOM IOCTYIJICHUU M0Ja IIUTOBUAHAS Keye3a
HE MOXET CHHTE3MPOBATh aJ[EKBATHOE KOJIUYECTBO
3THUX TOPMOHOB. B oTBeT Ha cHmxeHue ypoBHA T3 u
T4 rumodu3 yBeTHIMBACT CEKPEITUIO THPEOTPOITHO-
ro ropmoHa (TTID'), KOTOpBI cTUMyIUpPYeT TUIEp-
TUTa3UI0 M TUIEPTPOPUIO0 THPEOIUTOB, MPHUBOJIS K
pa3BUTHUIO KOMIIEHCATOPHOTO 300a (Sorrenti et al.,
2021; Brough, Skeaff, 2024). Onnako 3Ta KOMIICH-
CaTOpHAs PeaKIHs HEeToNHAas M HEe BOCCTAHABIIMBAET
HOPMAJBHYIO TPOAYKIUIO THPEOHTHBIX TOPMOHOB
0 (GU3NOJIOTUIECKOTO YPOBHS, OCOOCHHO B KPUTH-
YECKUE MEePHUOJIbI Pa3BUTHUS IJI0JIa U HOBOPOXKICHHO-
ro. Moy Taxoke urpaer ponb HecrenudHueckoro aH-
THOKCHUJIAHTA, YUACTBYS B HEHUTpaIu3aluu aKTHBHBIX
($hopM KUCIIOPOJIa, 9YTO OCOOCHHO BaYKHO JIJIS 3aITUTHI
pasBuBaromerocs Mo3ra. Jlepuur omxa B KpuTHYIC-
CKHe TIEPUOBI Pa3BUTHA (BHYTPUYTPOOHBIN TIEPHUOI,
MJIQJICHUYECTBO, PAaHHEE JIETCTBO) MOXKET MIPUBECTH K
HEOOPAaTUMBIM HEHPOKOTHUTHBHBIM HAPYIICHUSIM,
BKJIFOYAsl CHUKCHUE WHTEJUICKTa, HApYIICHUE TOH-
KHX MOTOPHBIX HAaBBIKOB M TPOOJIEMBI C PEUEBBIM
passutreM (Manousou et al., 2018).

3AKOHOAATEABHBIE MEPbI

MO YCTPAHEHUIO MOAAEPULIUTHBIX

COCTOSIHUIA Y HACEAEHUA.

MEXAYHAPOAHbIA ONbIT

U COCTOAHUE B POCCUN

3a nepuon 1990-2022 rr. B 126 cranax u3 130
CTpaH MUpa, IJIe CYIIEeCTBOBA ACPUIMT Hoaa, ObLIO
MPUHATO 3aKOHOAATENIHCTBO MO HOAUPOBAHUIO COJIH.
HopmartuBHBIE TpaBOBBIC aKTHI, IpPEIyCMaTpUBAO-



PucHuk A.B., KoaeHuosa B.M. MossechbULMTHBIE COCTOSHMA B Poccum:

npobAemda NPEAOTBPATUMA, HO HE peLLeHd

e MoaupOBaHHE MUIIEBOM MPOLYyKLUUHU, ACUCTBY-
I0T B CTpaHax EBpa3uiiCKOro 3KOHOMHUYECKOIO COIO-
3a, a takke B crpaHax CHI', B Tom umcne 3akoH
PecnyOnuku Kasaxcran ot 14.10.2003 Ne 489-11
«O mpodwmrakThke HomoAePUITMTHHIX 3a00seBa-
Hul», 3akoH Keiprenkckoit  PecmyOmmku — oT
18.02.2000, Ne 40 «O mpodwunaktuke MHomonedu-
UUTHBIX 3a0oyieBaHuiiy; mnocraHoBieHue CoBera
Munuctpos Pecnybnuku bemapycs ot 06.04.2001
Ne 484 «O mpenymnpexneHun 3a00JICBaHMMA, CBsI3aH-
HBIX C JIeUITITOM Homay.

[Tocranosnernem CoBeta MunHCTpOB Peciry6-
muku benapyce ot 05.03.2019 Ne 146 «O0 yTBepxne-
HUM CcHequ(UYECKUX CaHUTAPHO-3IHMIEMHOIOTHYEC-
KUX TpeOOBaHHMH K OOBEKTaM MPOMBIIIICHHOCTH O
nepepabOTKE  CENbCKOXO3SIMCTBEHHON  MPOIYKIIUH,
IIPOIOBOJILCTBEHHOTO CHIPHSI M TIPOU3BOJICTBY ITHIIIE-
BO# TipoaykIwm» (TIyHKT 10) ¥ JOTIOJTHEHHEM B 3aKOH
«O xadecTBe W 0€30MACHOCTH IPOJIOBOIBCTBEHHOTO
CBIPbSl Y TIUIIEBEIX MPOYKTOB YIS )KHU3HU U 370POBbS
YenoBeKa» (CTaThs MO TPEOOBAHUSIM K HOUPOBAHHOM
comu, 2008 T.) MPEeIyCMOTPEHO MpPH MPOU3BOACTBE
MMUIIEBON TPOAYKIINH (32 WCKIIOYEHHEM CBHIPOB H
CBIPHBIX TPOJYKTOB, MPOIYKTOB MEPEpadOTKH OKea-
HUYECKHUX PBIO W MOPETPOIYKTOB) MPUMEHEHHE TOJhb-
KO MOAMPOBAaHHOM COIIU.

PaboTa Hax 3akoHOM O MpodHIaKTHKE Hoame-
¢unutHEIX 3a00neBaHuit B Poccun mpoBOIUTCS B
TE4YeHHEe TOYTH YeTBEepPTH BeKa, HaumHas ¢ [locta-
HOBJICHUS | TaBHOTO TOCYIapCTBEHHOTO CaHUTApHO-
ro Bpaua Poccuiickoii deneparun «O mpodumakTu-
Ke HoaneUIUTHBIX COCTOSHUNY (0T 2 Mast 1997 ro-
na Ne 11). IlompobHoe ommcaHne UCTOPHU PabOTEHI
Ha/l 3aKOHOM M COBPEMEHHOE COCTOSHHE MPaBOBOTO
perynupoBaHus TPOOIEMBI OTPAKEHO B HAYIHBIX
KypHanax B crathe E.A. Tpommnoi (TpommHa,
2022) u B Bume HayyHOro mamgiera B cratbe [.A.
MenpHU4EHKO ¢ coaBT. (MenpHUYEHKO U 1p., 2019).

B HacTosmee Bpems B Poccun ocymectsisercs
T0OpOBOJIEHOE HOMMPOBAHUE CONM W OOOTAIICHUE
HOIOM THIIEBBIX MPOAYKTOB MO HHUIIMATHBE IIPO-
mBoauteneit. [IpopumakTuaeckue MEpOnpusATHS B
Poccun He HOCAT IMOCTOSTHHOTO U CHCTEMAaTHYECKOTO
XapakTepa, He OXBaThIBAalOT BCcE HacelleHWe, a J100-
pOBONIbHAasE MOJENb MNOTpeOsieHHs HOAMPOBAaHHOI
CONM HE OTBEYAeT MEXIYHAapPOIHBIM KPUTEPHUIM
MPOQHUITAKTHYECKAX TIPOTPaMM W HE TTO3BOJIAET J10-
CTUTHYTh CYIIECTBEHHOTO 3(deKkra B yCTpaHCHHUH
ronnoro nedunmra (Kogenmosa u ap., 2015; Tpo-
muHa, 2022; Puchuk u ap., 2025).

C 2020 r. B Poccuiickoit denepamuu peainsy-

torcsi  CanlluH  2.3/2.4.3590-20 «CanutapHo-

SMHUIEMHUOJIOTHIECKHE TpeOOBaHHUS K OpTraHMU3alUN
OOIIECTBEHHOTO MUTAaHUS HACEIEHH», PerIAMEHTH-
pyrolme 00s3aTeNnbHOe HCIONb30BaHUEe HOOUPOBaH-
HOW CONM JUIsi MIPUTOTOBJICHUS OJIIOJ B OPraHu3o-
BaHHOM mHTaHuu naereid. Omenka >(hPEeKTUBHOCTH
BBIOPAHHOH CTpaTeruu MpOo(IIaKTHKN HOMTHOTO Jie-
¢unura B TromeHckoit 1 HoBocuOupckoii o0acTsix
MoKasaja, 4YTO MCIOJIb30BaHUE HOTUPOBAHHOW COJH
NpY MPUTOTOBJICHUH COJIECOACPKALINX OIIOA B J0-
HIKOJIBHBIX 00pa30BaTeNbHBIX YUPEKICHUSIX TOTHO-
CTBIO TIOKPBIBACT MOTPEOHOCTH B HOJIE y ACTEH HO-
mKkonbHOTO Bo3pacta (CymroroBa m ap., 2023).
YBenuueHne WOMOYpPHH IOATBEPAWIIO YIydIIeHHE
HoaHOI o0ecrieueHHOCTH KOJIBHUKOB (MycTaduna
u ap., 2025).

YAYYLIEHUE OBECIEYEHHOCTU
NOAOM PN UCITOAB3OBAHUN
NOAUPOBAHHON COAU

OCHOBHBIM TOKa3aTeJieM CTemeHW aeduiuTa
Hoa B MOMyNSLUM SIBISIETCS YPOBEHb IKCKPELUH
1012 ¢ MOYOU B PENPE3eHTATUBHON I'pyIIIEe HAcele-
HUS, TPOKUBAIOIIETO B KOHKPETHOM peruoHe. Pe-
MPE3EHTATUBHOM TPYIINON MPUHATO CUUTATh NETei
MJIaJIIIETO0 MIKOJIBHOTO Bo3pacta (6—12 mer), cOop
MaTepuana MpPOBOAUTCS HEMOCPEACTBEHHO B IIIKO-
Jax, 4To oOecrneynuBacT HEOOXOAUMYIO CITy4aifHOCTb
ot6opa. O1eHKYy MPOBOIAT Ha OCHOBAHUH BEJIMUNHBI
MeAWaHbl KOHIEHTpAIMK HoJa B MOYe W JOJH 00-
pasoB MOYH C ypoBHeM Homa meHee 50 MKr/n. Bei-
BOJ 00 ONTHMANBHON OOECIIEYCHHOCTH JENaloT TpU
ycioBuH, 4to He 6osee 20% 00pa3ioB MOYM UMEIOT
ypOBeHb ioaa MeHee 50 MKr/i.

Bribopounsie oOciieioBanust 00eCreUeHHOCTH
HOIOM OTHENBHBIX TPYIN HaceJleHHs Mo MoTpedie-
HUIO C TUIICH W/WIW 3KCKpEIuu ¢ Mouoi (iomo-
ypuu), TPOBEJCHHBIE B IIOCIEAHHUE TOMBI, CBUIE-
TEJILCTBYIOT O coxpaHsmomemcs aeduuure Hona
JIETKOM CTENEeHM TSHKECTH MPAKTHYECKH Ha Bcei
tepputopun Poccuiickoit @enepauun. Hegocratou-
HOE MOTpeOJIeHNE WIIM CHIKEHHBIM YPOBEHb HoAa B
MoYe OOHapyXEHBl y HaCeIeHusS XabapoBCKOTO
kpasi, Omckoii obOmactu, MopaoBuu, PecmyOmuku
Caxa (Skyrus), Boponexckoit odnactu (Degopen-
KO u Jp., 2016; MenbiukoBa u ap., 2025; bexerosa
u ap., 2025; dysasposa u ap., 2025; BonsiHKuHA U
Ip., 2025,).

CBenieHNs 0 TIPEAYNPEKIAOMINX PAa3BUTHE Jie-
¢ummTa oga Mepax B pazNUYHBIX cyObekTax PO
HOCAT MO3aW4HbIM XapakTep, 3a4acTyl0 HEMpOaoJI-
JKUTENBHBI 110 BpeMeHH. be3 exeHeBHOro BOCHOJ-
HEHHs] HEJOCTATOYHOTO MOCTYIUICHHUS HoAa MyTeM
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HCIIONb30BaHUSl HOAUPOBAHHOM COJIM MOCHE 3aBep-
IICHHS JTAXE YCIEUTHBIX MPOPUIAKTUICCKUX MEPO-
MPUSTHN TOTPEOIEHUE MUKPORJIEMEHTa BHOBb CHH-
JKaeTcsl 0 YPOBHS, KOTOPBIA 0OecreunBaeT OOBIU-
HBIW palldoH.

IlocTreneHHO HaKaIrIMBAaeTCs BCce OOJBIINE TTOJ-
TBEPKACHUM TOr0, YTO PETYJISIPHOE MNPUMEHEHUE
WOJUPOBAaHHOM COJIM B NMUTAaHUM JIETE€W WIKOJIBHOTO
BO3pacTa B TeUeHHE 6 MeC. MPAKTUUECKH OTHOCTHIO
ycrpansieT aeuuut 3toro Mukpossiemenra (Cyrio-

TOBa U 1p., 2023, Myctaduna u np., 2025). [Ipume-
HEHHE WOJUPOBAHHON COJNM JJIsi TPHUTOTOBJICHUS
IIKOJILHBIX 3aBTPAKOB Ha TEPpUTOPUHU THOMEHCKOU
00J1aCTH BHOCHUT CYIIECTBEHHBIN BKJIaJ B HOTpeOIIe-
HUe Homa, obecreunBas 23,5-36,9% ot pexoMeHIy-
€MO# BO3pacTHOM HOPMBI MOTPEOICHUS Hoaa y Iie-
Tel B cenbCcKoW MecTHOCTH U 15,4-26,4% B ropone
(CymunoroBa u ap., 2023).

Pe3ynbTarel OlLICHKH BIVSIHUS TPUMEHEHUS KO-
JTUPOBAHHOMN COJIM CyMMHPOBAHBI B Ta0JI. 1.

Tabamua 1. BAMSHMe MCNOAb3OBAHUA MOAMPOBAHHOM COAM
Ha o6ecneYyeHHOCTb AeTel MOAOM
(Keats et al., 2019; TpowmHa n Ap., 2021; HareToB u Ap., 2023; AyBaspoBa n Ap., 2025)

OO6cnenyemble 1eTH, PETHOH n Cpok Do dexr

Hetu 7-10 u 14 net, Pecrry6iinka Mopnosus B| 77 u 67 - CyTOYHBIH palOH TI0 CPABHEHHIO C TIOTPEO-

OpraHNU30BaHHBIX KOJUIEKTHBAX neHueM obena 1 pa3 B cyTku —1oTpelieHue
iiona 1 B 1,5 paza

Hetn 7-11 net, [lonemkas HapoxHast pecimy0- 65 6 mec. Okckpenus Homa ¢ ModoH T, % aerei ¢ Ke-

JIMKa, BEreTapUaHCKUI TUIl TUTAHUS kpeuueit < 50 Mxr/n |

Hetn 7-11 net, [lonemkas HapoxHast pecimy0- 40 6 mec. Okckpenus Hoxa ¢ MOYOit 1

JIMKa, CMEHIaHHOE NMUTaHHE . .

’ % nmeteli ¢ skckpenpen < 50 Mxr/m |

Hetn 8-10 net, PecrryOnuka TriBa 227 5 ner DKckpenus Hona ¢ MO4oil T 10 ONTHMAIIEHOM,
yacrora 300a | (1o 7,7%)

Mertaananus 11 uccnenoBanuit, netu cpegauid | >1000 10 mec. —6 mer | Yactora 306a | Ha 74%

Bo3pact 5,7 rozna

I[IpumMeuadus:|—yMeHblleHHe, | — yBeJIUUYCHHE.

Hcnonb3oBaHue HOAMPOBAHHOW COJIM Yy AETEH
7-11 ner, mpoxkuBaronux B JloHOacce, COMpPOBOXKAa-
JIOCh MOBBIICHUEM IKCKPELUH HOAa ¢ MOYOH, CHHXKE-
HUEM JIOJM JEeTei C HEeNOCTaTOYHBIM IOTPEOJICHHUEM
3TOTO MHKPOAJIEMEHTa KaK Ha BEreTapuaHCKOM, TaK H
Ha cMemanHoM nutanuu (HaneroB u ap., 2023). Ya-
CTOTa OOHAPYXEHUS HEIOCTATOYHOTO IOTPEOICHUS
viona cpemu nmeteit (r. Capanck, PecryOomuka Mopmo-
BUS), TIONMYYAIOMIMX THTaHWE B IIKOJIAX JUIS OJapeH-
HBIX JIeTel ¢ KPYyIJIOCYTOYHBIM TpeObiBaHueM, B 1,5
pasa pexe, 4yeM CpeAd HIKOJBHHUKOB, IONYYaloInX
JOMaIllHee TIUTaHue U 00s13aTeNIbHOE ropssuee MUTaHUe
1 pa3 B neHp B oObrvHOM mmikone ([yBaspoBa u jp.,
2025). B Pecniy6inke TriBa — perroHe ¢ BBIPaKEHHBIM
womuaeM medurroM — ¢ 2016 Toma mpoBOAUTCST Mac-
coBasl HoaHast MPO(UIIAKTHKA: BHEAPEHO UCIIONH30Ba-
HUE HOAMPOBAHHOW CONM TIPU IPOHM3BOJICTBE MOJIOY-
HOH W xJ1e000yI0OUYHON MPOAYKLUH, a JOJIST JOMOXO-
3SIUCTB, MPUMEHSIOUIUX TaKylO COJIb, YBEIUIMIACH JI0
95,2%. Ilo pesynsTatam oOciemnoBanus 227 MIKOIBHU-
koB 8—10 ner B 2020 roay, B 3TOM peruoHe yCTaHOB-
JIeHBI ONTHMANIbHAsI HOIHAs 00eCreYeHHOCTh M CHU-

>KEHHE 9acCTOTHI BRIIBJICHUS 300a 10 7,7% (TpommHa u
ap., 2021).

B Mmeaunuse nop pesyibTaTHBHOCTBIO IOApa-
3yMeBaeTcs OnaronpuaTHeId 3P QexT (MoNI0KUTETh-
HOE COOTHOILECHHUE «I0JIb3a — PUCK») B XOJ€ KINHU-
YEeCKOro MCCIEeI0BaHUs, TO €CTh IeHCTBEHHOCTD IS
BOCITOJTHEHUS! CYIECTBYOIIEro AedunnTa Hoaa, on-
TUMH3AIUU HOJHOTO CTaTyca OpraHu3Ma H yCTpaHe-
HHE HapyleHUH, OOYCIOBICHHBIX HEIOCTATKOM
3TOTO MUKPORJIEMEHTA.

Cornacno pesynsraram Koxpanosckoro o03opa
(OCHOBaHHOTO Ha aHaIM3e 2 PaHIOMH3UPOBAHHBIX
KOHTPOJIMPYEMBIX UCCIICIOBaHUH, 6 HepaHIOMH3UPO-
BaHHBIX KOHTPOJHMpPYEMBIX HccienoBaHuid, 20 KBa3u-
SKCIIEPUMEHTAIbHBIX, 16 KOTrOpTHBIX, 42 MHOXe-
CTBEHHBIX IIONEPEYHBIX M 3 HCCIEAOBaHUH CO CMe-
LIAHHBIM JM3aiHOM), MCIHOJIb30BaHUE B MUTAHHU HO-
JUPOBAaHHOW COJIM BOCCTAHABIMBAIO aJCKBATHYIO
00eCTIeYeHHOCTh OpraHm3Ma HojaoM (0 KOHIICHTpa-
My Hofa B MOYe) NPHBOIMIO K CHIDKCHHIO PHCKA
pa3BuTHs 3004, YMEHBLIANO PUCK KPETHHHU3MA U CHHU-
JKeHWs1 KOTHUTUBHBIX QyHkuuii (I'epacumos, 2014).



PucHuk A.B., KoaeHuosa B.M. MossechbULMTHBIE COCTOSHMA B Poccum:

npobAemda NPEAOTBPATUMA, HO HE peLLeHd

PesynpraTHBHOCTH XapakTepusyeT JeicTBHe
HOIMPOBAHHOW COJIM B YCIOBHSIX KOHTPOJHUPYEMBIX
WCCIICIOBaHUM, TOrAa Kak 3PPEKTUBHOCTH MOKA3bI-
BaeT, Kakoi 3 (dekT mocTuraercs mpu €e mpuMeHe-
HHAW B OOBIYHOW (pyTHHHOW) MpakTuke. MeTaaHamm3
11 nposenenHsix B 2000-2017 rr. KpynmHbIX 3apy-
OCKHBIX HCCIIEIOBAaHWA HA PENpPe3eHTATUBHBIX BbI-
Oopkax nereii B Bo3pacte or 10 mec. no 14 ner
(cpennuti Bo3pacT 5,7 roga) mo oneHke 3hPeKTUuB-
HOCTH MAacIITa0HOTO (3aKOHOJATENBHO 3aKpEeTUICH-
HOTO) HOMUPOBaHUS MUIIIEBOM COJU B TeueHue oT 10
Mec. 10 6 JIeT MoKa3all CHIDKEHUE 9aCTOThI Pa3BUTHS
300a Ha 74% (Keats et al., 2019).

JonojHuTEIbHBIE MEPBI 110 YCTPAHEHHUIO i0-
nonepuUTa B YCIOBUSAX OTCYTCTBHSI 00s13aTelIb-
HOT0 ioAupoBaHUsl COU. B yCIOBMSX OTCYTCTBHS
BCeOOMIero HOMUPOBAHUS COJIM MIPOM3BOICTBO 00OOTa-
IIEHHBIX HOJIOM ITHINEBBIX MPOIYKTOB (IIPEXKIEe BCETO,
32 CUET HCIIOJB30BAHUS WOIUPOBAHHOM MOBapEeHHOM
COJM) SBIISICTCS B BBICIICH CTENCHU aKTyaJbHOW W
JeHCTBEHHON NMPOPHIaKTUIECKON MEPOH.

1. YuureiBas, uto 3QQeKTuBHOCTL ObOoTAaIIe-
HUS MHKPOHYTPHEHTaMH IHIIEBBIX NPOAYKTOB 3a-
BHICHT OT MPaBIJILHOTO BEIOOpa 00oramaemMoro mpo-
IyKTa, TO €CTh €r0 JIONIU B CTPYKTYpe MUTAHUSA, TTH-
IICBBIX MPHUBBIYCK U CTEIICHU OXBaTa HACEICHHUS,
OJIHUM U3 CIIOCOOOB YCTpaHEHUS HEJOCTaTKa Hoja B
MMATAaHUW HACENICHUs SBJSCTCS OOorameHue Homom
MIPOIYKIIMA MacCOBOTO CIIPOca, a IMEHHO XJ1e000y-
JIOYHBIX U3JIEIIUH.

XneboOynoyHass TPOAYKIHUS OTHOCHUTCS K
Ipynre TOBAapOB EXKCIHEBHOTO IOTPEOJICHUS WU
MaccoBoro cnpoca. CornacHo Ilpukasy Mun3sapasa
Poccun ot 19.08.2016 Ne 614 (pen. ot 01.12.2020)
«O0 yTBEp)KIECHUU PEKOMEHIAITMH 10 paMoHAh-
HBIM HOpMaM MOTPeOJeHHUS MHUIIEBBIX IMPOIYKTOB,
OTBEUAIONINX COBPEMEHHBIM TPeOOBaHUAM 3/I0POBO-
ro MHUTaHUS» HOPMA MOTPEOJICHUS XJICOHBIX IIPO-
IYKTOB (XJIe0 M MakapOHHBIC U3JIENHS B TIEPECUETe
Ha MYKYy, MyKa, Kpymbl, 0000BbI€) Ha AyIIy Haceie-
HHUSA COCTaBISIET 96 KT B rOJI.

PacueTsr mokazamm, 4to xj1e6 U Xy1e600yiI0U-
HbI€ W3/IETHs, W3TOTOBIEHHBIE C HWCIOJIh30BAHHEM
WOIMPOBAHHOW COJIM B3aMEH OOBIYHOW MOBapEHHOMU
conu (mmo peuentype 1,5% conm na 100 r mykwn), o
COZIEPIKaHMIO H0/la OTBEUAIOT KPUTEPHUSIM s 000-
TalleHHBIX MMUMIEBBIX MPOIYKTOB: TeXHUIECKHM pe-
rimameHTam TamoskenHoro coroza TP TC 021/2011
«O 6e3omacHocTy mumieBod npoxykium» 1 TP TC
022/2011 «IIumeBast MPOAYKLHUS B YACTH €€ MAPKH-
POBKH), COTJIACHO KOTOPBIM TMPOJYKT CUHUTACTCS
0o0oraimeHHbIM TIPH YCIOBUH, YTO €r0 YCPEIHCHHAS

cytouHas ropuust (ans xneda 150 r, mist conm — 5 1)
conepxxut He Menee 15% (mo 50%) MuHepalbHBIX
BEIIECTB OT HOPMBI (PU3HOIOTHIECKON MOTPEOHOCTH
genoBeka. B 150 T xneba (¢ ydueroM moTeph iozaa
npu BhIeuke 10 30%) OymeT comepkaThest 53 MKT
ffona, 9To cooTBETCTBYET 35% OT pPEeKOMEHIyeMOTo
CYTOYHOTO MOTPEOIEHHS TOTO MUKPOAJIEMEHTA IS
B3pocnbix (Kogennosa u ap., 2011). Takum obpa-
30M, CyMMapHOe MmoTpeOieHue 3a cueT HoaupoBaH-
HOM conu U XJieba, M3rOTOBJIEHHOTO C €€ MCIONb30-
BaHHeEM, obecriednt 0Koio 90% OT peKoMeHTyeMOro
CyTOUHOTO TOTpeOsieHns #oma. Xiued m xye6oly-
JIOYHBIE W3JIENNsS, BBINIEYSHHBIE C HCIIOIH30BAHUEM
HOMPOBAHHOW COJIH, SBJISFOTCS OCHOBHBIMU HCTOY-
HUKaMHM Honxa B cTpaHax BocrouHoi EBponel u
LlenTtpanbHOolt A3uM, B KOTOPBIX HMPUHATHI 3aKOHBI
00 00s13aTeTPHOM HOAMPOBAHUU COJIH, O0OeCTIcUnBast
npumepHo 32-50% oOT HOpPMBI (U3HOIOTHIECKON
noTpeOHOCTH B HoJle y B3pOCibIxX Jnll. Eciu Ob1 Bech
x5e0 B Poccuiickoit Deaepanun BhIMEKAICS ¢ HOMH-
POBaHHOM COJBIO, TO OH oOecreynBai Obl IPUMEPHO
37% ot motpebHOocTu B Home (I'epacumos, 2025).
Hcnons3oBanue coiu, oOoraiieHHOM HogaToM Ka-
JUsSA, CIOCOOCTBYET YIIyUIIIEHHIO KadecTBa xieOa,
MPeIyTNPEXKISHUIO Pa3BUTHS KapTOoQelbHOi 0oies-
HU U IUICCHCBCHHS, T[IOBBINICHUIO CaHUTApHO-
MHUKpPOOHOJIOrHYecKoil Oe3omacHocTH XJ1ebo0ynoy-
HbIX u3nenuit (Kocrrouenko u ap., 2003).

OmnsiT benapycu moka3bIBaeT, 4To B pe3yiIbTare
HCITOJIB30BaHUS HOMUPOBAHHON coiv (W/Wth HomKa-
3€MHA) TIPH MMPOU3BOJICTBE XJIeO0OYIOUHBIX U3IENUN
cojep)kaHue Hona B xyiebe MOBBICHIIOCH B 9 pa3 ¢
4,62 mxr/100 r B 2002 r. g0 42,02+1,48 mxr/100 r B
20122016 rr. (Penopenko u ap., 2016). B kaue-
CTBE MEPHI 10 YCTPAHECHHUIO NeduInTa oma obs3a-
TEJIbHOE HCIOJb30BaHNWE WOAMPOBAHHON COJIUA TIPHU
BEIMTYCKE XJIEO00YIIOUHBIX U3ENINN U IPYTHX IUIIIe-
BBIX TPOJYKTOB MPHMEHSIOT BO MHOTHX CTpaHax
3amagHoit EBponsl, CIIIA, ABctpanuu u Hosoii 3e-
JIaH[IUH.

[IpencraBnsercs 1enecOO00pa3HBIM KaXIOMY
MPEINPUATHIO XJIeOOTIeKapHON MPOMBIIUIEHHOCTH
BBINYCKaTh XOTs ObI OJUH COPT OOOTAaIIeHHOTO HO-
moM  xneboOynounoro w3nenus. [lonTeepkacHue
COOTBETCTBHS OOOTAIICHHOW NHIIEBOH MPOAYKIUH
MacCOBOTO IMOTPeOIEHHs OCyIIecTBiIseTca B hopme
JIEKJIapUpOBaHus, a HE TOCYAapCTBEHHON perucrpa-
. MapKupoBKa 00OTAIIEeHHON MHUIIEBONH TPOIYK-
MU MacCOBOTO TOTPEOJICHNUS JIOJDKHA COOTBETCTBO-
BaTh TpeOOBaHUAM TEXHUYECKHX pErIaMEHTOB
«lIumeBas MpoayKUKs B 4aCTH €€ MApKUPOBKW» TP
TC 022/2011, TP TC 021/2011.
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2. Hcnonp30BaHue HOOAUPOBAHHON MOBAPEHHOM
COJIM IPU TPUTOTOBIEHMU MHIIEBBIX MPOAYKTOB U
IUIsL JOCAlMBaHMs LEIeCOO0pa3HO B OpraHU3aLusiX
OOIIIECTBEHHOTO MUTAHMS, MEAUIIUMHCKUX, TOIIKOJIb-
HBIX, 00pa30BaTEIbHBIX, CIIOPTUBHBIX, CAHATOPHO-
KYPOPTHBIX OpPTaHM3ALHUAX, OPTAaHU3AIMSIX COLHATb-
HOTO OOCITYy>)KWBaHUSI U CHCTEMBI UCIIOJHEHHS HaKa-
3aHUM, a Tak’Ke B BOMHCKUX YaCTAX U JIPYTUX Opra-
Huzanusax. CorimacHo pexkoMmMeHmanusM MexnyHa-
ponHO# (emepaluy TUHEKOJOTMHM U aKyIlIepcTBa
FIGO (Federation of Gynecology and Obstetrics)
2019 r., HOoAMPOBAHHYIO COJIb PEKOMEHJYETCS HC-
MOJIb30BaTh BCEM OEPEMEHHBIM U KOPMSIIHM KCH-
maaM (FIGO Committee Report, 2019). Konnen-
Tpauus HoJa B TpyJHOM MOJIOKE 3aBHCHT OT IIO-
CTyIUIeHUs Moza ¢ nuiei marepu. Ilpu HegocTaTke
Hona B palnMoHE MaTtepu y peOdeHKa, MOIydaromiero
WCKITIIOYUTEIHHO TPYJHOE BCKapMIIMBAHHE, BO3HH-
KaeT AeUIUT 3TOro MUKpodineMeHTa. B crpaHax,
OCYWIECTBISIIOIIUX HpOrpaMMy 00S3aTeIbHOTO HO-
JUPOBAHUS COJIM, HCHOJNb30BAaHHE HOIUPOBAHHOU
COJIM B3aMEH OOBIYHOW 00ecreuuBacT JIOCTATOYHOE
KOJIMYECTBO HOAA JUTsI KOPMSIINX KEHIIUH U 4epe3
TPyAHOE MOJIOKO, CO/iep KaHue Hofa B KOTOPOM JI0-
cruraet 117-155 mkr/n, obecnieunBaeT MOTPeOGHOCTH
ux maaaeHnes (Kogenmona, 2021).

3. Ins oGecrieuenus 3¢ GeKTUBHON poduiak-
TUKUA HOMOCUITMTHBIX COCTOSIHUM, MPEACTaBIISACT-
Csl BYXHBIM TIOBBIIICHHE WH()DOPMHUPOBAHHOCTH pas-
JIUYHBIX TPYHIT HACEICHUS O TIOCIEICTBUAX IehUITH-
Ta HoJ1a C IeNBI0 MTOBBIIICHUSI MOTHBAIMH K UCTIONb-
30BaHUIO0 HOAMPOBAHHOM COJM B NMUTAHHUM, & TAKXKE

AUTEPATYPA

pa3paboTka CHCTEMaTHYECKHX 00pa30BaTENbHBIX
mporpaMM 1o OOyYEHUI0 OCHOBaM MPO(HIAKTUKU
3a00JIcBaHUM, BBI3BAHHBIX ACPUIIMTOM HOAA, IS
Pa3HBIX BO3PACTHBIX TPYII HaceleHus. Tak, B Xole
aHKeTHpOBaHUA 678 demoBek B BopoHexckoit oba-
CTH BBISICHHJIOCH, YTO JIAIIH MOJIOBHHA yYUTeNed u
MeHee 1/3 MIKOIBHUKOB 3HAIOT, YTO OHH MPOKUBAIOT
Ha TeppuTopuu ¢ HomoaeduuuTom, a 18% mKomb-
HUKOB HE 3HAIOT O CYIICCTBOBAHMH HOAUPOBAHHOM
comu (Ilypkan, 2022).

4. B xauecTtBe HOCUTENA HOJa MOTYT BBICTY-
MaTh TOJYYUBIIME IIUPOKOE PACIPOCTpaHEHHE B
MUTAaHUYA HACEJICHUS THINEBbIEe KOHIIEHTPATHI, a
UMEHHO OyJIbOHHBIE KYOUKH, CMECH CIICIUH, CoJep-
’)KaHHE COJNM B KOTOPBIX MoOXeT nocturatb 80%
(IaTHtoK 1 1p., 2020).

3AKAIOYEHUE

PIOIL,Z[C(I)I/ILII/ITHLIQ COCTOSIHUISI XapaKTepHBI IS
Bcex Ipymnn Hacenenus B Poccum. ﬁogne@nunmme
COCTOSIHUSL TIOJIHOCTBIO MPEJOTBPATUMEI TOJIBKO MIPHU
MIPOBEJICHUN TOIMYJIALMOHHOMN MPO(UIAKTHKH HOAU-
POBaHHOW COJIBIO (WCIOIL30BAaHNUE €¢ B TUTAHWUH, B
TOM YHCJIE B TTUIICBON MTPOMBITINICHHOCTH).

B Poccun rnaBHON NpUYMHON HE JHOCTHXKECHHS
e yCTpaHeHus JeduInTa Holla B TUTAHUU Hace-
JICHHUSI U CBSI3aHHBIX C HMM 3a00J€BaHUI SBIISETCS
OTCYTCTBHE 33aKOHA O MPOQHUIAKTUKE HOMISHHUIIUT-
HBIX cocTosHui. J{oOpoBoMbHAsS MOAENs MOTpedIIe-
HUSI MOJAMPOBAHHOM COJIM HE OKAa3bIBaET JOJIKHOIO
s¢dexra Mo ITUKBHIAIMH HOMHOTO NedUIHTa U HE
COOTBETCTBYET MEXKAYHAPOTHON MPAKTUKE.
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IODINE DEFICIENCY IN RUSSIA:
A PREVENTABLE, BUT NOT SOLVED, PROBLEM
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ABSTRACT. Insufficient iodine intake from food is the cause of iodine deficiency disorders and associated diseases.

The aim of the study is to characterize the state of iodine availability of the population and evaluate the measures
taken to eliminate iodine deficiency.

Mild iodine deficiency disorders are common among all population groups in Russia. Iodine deficiency is consid-
ered resolved when at least 90% of households consume iodized salt, but in Russia this proportion is approximately
30%. The vast majority of countries with documented iodine deficiency have adopted salt iodization legislation. A me-
ta-analysis of the results of mandatory salt fortification demonstrated a 74% reduction in goiter incidence. In Russia,
work on a law on the prevention of iodine deficiency disorders has been underway for nearly a quarter of a century.
Voluntary salt iodization and food fortification are being implemented at the initiative of manufacturers. Since 2020,
SanPiN 2.3/2.4.3590-20 have been implemented in the Russian Federation, regulating the mandatory use of iodized salt
for preparing meals in organized children's meals. Several studies have confirmed the effectiveness of this measure in
increasing iodine intake and increasing iodouria. Due to insufficient knowledge about the role of adequate iodine supply
in maintaining health, the population does not make an informed choice of iodized salt.

Conclusion. Todine deficiency disorders are completely preventable only through population-wide prevention
with iodized salt (its use in the diet, including in the food industry). In Russia, the main reason for the failure to elimi-
nate iodine deficiency in the population's diet and associated diseases is the lack of a law on the prevention of iodine de-
ficiency disorders. In the absence of a law on the universal iodization of table salt, it is advisable to use it in baking
bread and bakery products and in the production of certain food concentrates to ensure greater population coverage. To
raise awareness among various population groups about the consequences of iodine deficiency and increase motivation
to use iodized salt in their diets, it is necessary to develop systematic educational programs for different age groups. The
experience of using iodized salt in educational institutions should be expanded to other organized groups.

KEYWORDS: iodine, iodouria, iodine deficiency, iodized salt, food products, food fortification.
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THE ROLE OF ESSENTIAL AND TOXIC ELEMENTS
IN THE DEVELOPMENT OF PROSTATE CANCER:

COMPREHENSIVE ANALYSIS AND PROSPECTS.
REPORT 1. BIOLOGICAL ASPECTS
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ABSTRACT. Prostate cancer (PCa) continues to be one of the leading non-communicable diseases worldwide, the
development of PCa is increasingly attributed to the combination of essential & toxic elements. This article reviews cur-
rent epidemiology, mechanisms, and analytical data regarding the role of Zinc (Zn); Selenium (Se); copper (Cu); Cad-
mium (Cd); Arsenic (As); Lead (Pb); and many other trace elements in pathology related to PCa. Essential elements
such as Zn and Se promote antioxidant defense systems, DNA repair & apoptosis, and metabolism of Citrate, while tox-
ic metals like Cd, As, Pb, and excessive Cu increase the incidence of oxidative stress, endocrine dysfunction, genomic
instability, and inflammation associated with PCa initiation and progression. The importance of multi-element Interac-
tions, particularly antagonistic interactions such as Zn & Cd or Se & As is emphasized when developing exposomic
strategies for evaluating mixture-factor effects.

Advances in the use of IS-MS for non-invasive biomonitoring of hair and nails provide a reliable method for de-
termining the long-term effects of multiple trace elements in different geographical areas. It has been demonstrated that
the elemental imbalance associated with the development and aggressiveness of PCa depends on the geographical con-
text. The data obtained confirm the need to integrate environmental exposure profiles with cellular and molecular path-
ways to improve prevention strategies, develop more accurate disease biomarkers, and implement effective public
health measures. New approaches to diagnosis are needed, as well as technologies for early risk detection and preven-
tion of PCa that are accessible to developing countries.
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PROSTATE CANCER: SCOPE, BURDEN

AND ETIOLOGIC INSIGHTS

Prostate cancer has become the most common
cancer diagnosis in men and remains one of the most
common to cause morbidity and mortality in older
men. Globally, there is great variability in the inci-
dence and mortality rate of PCa and this is partially
due to differences in population screening, de-
mographics, environmental and lifestyle factors
(Bergengren et al., 2022; Crocetto et al., 2023).
While age, family history and race/ethnicity are the
most frequently documented risk factors of prostate
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cancer, the hereditary breast and ovarian cancer
genes BRCA2 and HOXBI13 are included as part of
the greatest number of risk factors but do not ac-
count for the wide disparities seen throughout the
world in terms of incidence rates, stage of diagnosis,
and disease aggressiveness of prostatic carcinoma
(Rawla, 2019; Pang et al., 2025). This has led to in-
vestigations over the past decade on PCa modifiable
environmental risk factors.

Currently, the prolonged chronic effect of both
toxic (Cadmium, Lead, Arsenic, and Mercury) and
essential (Zinc, Selenium, and Copper) trace ele-
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ments on PCa pathology has become biologically
plausible. This is due to the role of these elements in
redox regulation, DNA repair, hormonal action, and
immune response (Gorska et al., 2024; Zhou et al.,
2025). An extensive systematic review and meta-
analysis of trace elements levels in the serum of pa-
tients with PCa notes that those with PCa had home-
ostatic imbalances of Selenium (Se) and copper
(Cu), with significantly lower Se levels and higher
Cu levels when compared to controls. (Devi et al.,
2025). Tshoni et al. (2024) even more integrated and
expanded in their mechanistic review of trace metals
and PCa, and stated that zinc (Zn) and Se deficien-
cies coupled with greater exposures to cadmium
(Cd), arsenic (As), nickel (Ni), and lead (Pb), may
disrupt genomic stability and epigenetic regulation
and the transcriptomic and proteomic network of
prostate tissue.

In recent study it was evaluated that several met-
als in tissue, urine, and serum of patients with PCa,
noted the presence of Cd and As in higher amounts in
the cancerous compared to the non-cancerous adjacent
tissue (Tyagi et al., 2023). Also related data from Nige-
ria, suggesting that among men, higher urinary Cd was
linked with PCa (adjusted OR ~2.5 per ten-fold in-
crease), which was modified by Zn status and was
strongest among men in the bottom quartile for Zn sta-
tus (Bede-Ojimadu et al., 2023).

Additionally, recent investigations have pro-
vided a detailed reassessment of the role of Se in
PCa, highlighting the intricate relationship between
Se status, selenoprotein function, and tumor biology.
According to Jiang et al. (2023), observational stud-
ies have consistently suggested an inverse associa-
tion between Se levels and PCa risk, implying that
adequate Se intake may contribute to prevention or
slower disease progression. However, large-scale
randomized controlled trials evaluating Se supple-
mentation have yielded conflicting results, indicat-
ing no significant protective effect against PCa (HR
~ 0.95; 95% CI: 0.80-1.13). This proves the rela-
tionship’s complexity due to variations in Se dose,
chemical form and timing of intake, interactions
with other trace elements, and selenoprotein genetic
polymorphisms. Moreover, supplementation may
not account for the biologically active context of en-
dogenous exposure to Se, which reiterates the need
to examine the context of Se for possible cancer pre-
vention and treatment (Jiang et al., 2023).

After above discussion, the evidence presents a
balanced argument where trace elements exposures,
i.e., low exposures to protective elements and high

exposures to toxic metals, could be suspected to con-
tribute to cancer and PCa cancer progression. This
could, to an extent, account for some of the variation
in disease burden related to cancer in different re-
gions and populations. Nonetheless, the evidence
heterogeneity, the challenges to assess exposure and
the possible genetic or dietary moderator complexi-
ty, raise the necessity of new research involving
stronger designs, exposure assessment and mecha-
nistic studies in this field.

BIOLOGICAL IMPORTANCE
OF TRACE ELEMENTS
IN PROSTATE CANCER DEVELOPMENT

The prostate has a distinct method of handling
metals, specifically Zn, among other metal ions, in
connection to prostate cancer. Zn has a role in apopto-
sis (cell death) and proliferation within prostate cancer
growth, the prostate processes citrate and stores Zn;
when Zn is deficient in the prostate, this perturbation of
normal apoptosis can lead to excessive proliferation of
prostate cells. In other words, Zn deficiency is thought
to be a factor in the uncontrolled proliferation of can-
cerous prostate cells (Karunasinghe, 2022; Shahrokhi
et al., 2024). Se deficiency causing unregulated oxida-
tive DNA damage and redox imbalance leads to un-
controlled cell proliferation, and, in addition, assists in
the establishment of other cancer hallmarks. On the
other hand, Castrate-resistant prostate cancer (CRPC),
Cd and As, cause oxidative stress, contributed to epi-
genetic reprogramming, and alteration of metallopro-
teins with the maze of oxygen (Zhan et al., 2025). All
these highlighted characteristics make Cd pro-
carcinogenic in the experimental settings. Apart from
the uncharacteristic attributes of other trace elements,
Cd exposure correlates to higher risk of developing
PCa in epidemiological studies (Devi et al., 2024).

Like uncharacterized attributes of Cu, Fe also
poses troubling pro-carcinogenic attributes. Dysreg-
ulated Fe compounds reactive species, angiogenesis,
and cell proliferation (Bede-Ojimadu 2023). Interac-
tions among uncharacterized bio-elements that func-
tion as both "essential" (e.g., Zn and Se) and "toxic"
(e.g., Cd, As, and excess amounts of Cu and Fe)
provide significant mechanistic information for the
way in which the potential development of PCa can
be initiated by these bio-elements.

A review and meta-analysis by Devi have de-
termined that Cu levels in serum of PCa patients was
found to be significantly greater and Se was found to
be lower in comparison with the control group
(SMD = +1.85 Cu; SMD = -2.45 Se) showing that
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elements in the body changed during the disease
process (Devi et al., 2025). Another important re-
view concerning Zn and PCa stated, Zn levels in
both the serum (SMD of —1.11) and prostatic flu-
id/tissue (SMD —3.70) were significantly lower, thus
suggesting that Zn deficiency is a constant attribute
in PCa (Shahrokhi et al., 2024). In a case-control
study done on Nigerian men, each increase of ten
times urinary Cd concentration was connected to a
disease adjusted odds as significant as 2.53, and men
with a lower portion of Zn had even stronger con-
nection of 8.46 (Bede-Ojimadu et al., 2023). Cd and
As concentrations were measured and find greater in
tumor tissue than in non-tumor tissue and even adja-
cent non-tumor tissue (Karunasinghe et al., 2022).

Mechanisms of actions include the removal of
Zn, loss of apoptotic restraint and cellular shift to gly-
colysis, proliferation metabolism; loss of Se encour-
ages loss of redox homeostasis and impairs DNA re-
pair; Cd sharing Zn binding sites, disrupting Zn cellu-
lar proteins, miRNA dysregulation, and hormonal
pathway mimicry; Cu and Fe promoting Relative Oxy-
gen Species (ROS) for proliferation and angiogenesis
(Tshoni et al., 2024). In summary, uncontrolled trace
elements physiology comprising deficiency of protec-
tive and exposure to metallotoxicity unfolds dysregula-
tion and factors of disparate burden of PCa. To be able
to help advance these findings into preventative or
therapeutic strategies, further longitudinal studies with
a focus on exposure assessment, multi metal interac-
tion modelling, and integrating genetic and epigenetic
controls is necessary.

POTENTIAL BIOLOGICAL PATHWAYS
LINKING TRACE ELEMENTS
TO PROSTATE PATHOLOGY

Pathogenesis of PCa is complicated by genetic,
hormonal and environmental factors; within these
complexities, trace elements (both essential and tox-
ic) are being evaluated mechanistically. As dis-
cussed by Tshoni et al., essential and toxic metals
modulate prostate carcinogenesis through mecha-
nisms including oxidative stress, DNA damage, in-
flammation, hormone interference, and disruption of
metal homeostasis (Tshoni et al., 2024).

Oxidative Stress and DNA Damage. One of
the most documented ways that trace elements may
influence prostate disease is through oxidative stress
which leads to DNA damage. Redox-active metals
(e.g. Fe, Cu, As, Cd) can catalyze the formation of
reactive oxygen species (ROS), which can lead to
base damage (e.g., 8-o0x0-2'-deoxyguanine), single-

strand or double-strand breaks in DNA. For instance,
Pizent et al. (2022) showed correlations between
blood Cd and Hg levels and oxidative stress markers
in men with PCa, suggesting a relationship between
metal burden and the initiation of oxidative stress.
Likewise, Tyagi et al. (2023) determined the Cd and
As levels were greater in PCa patients compared to
controls, furthering support for toxic metal exposure
driving oxidative insults in prostate tissue.

Oxidative stress not only initiate carcinogenic
changes through mutagenesis, but could also be as-
sociated with tumor progression through contribu-
tions to genomic instability. Therefore, accumulation
of oxidative DNA lesions may overwhelm repair
pathways and promote selection of cells that grow
better with DNA damage (Pizent et al., 2022). Thus,
biomarker measurement of 8-oxo-dG, lipid peroxi-
dation products (e.g., malondialdehyde, 4-HNE), or
altered antioxidant enzyme activities (e.g., SOD,
GPx) in conjunction with metal exposures may pro-
vide mechanistic linkage between exposure and pa-
thology of the prostate (Kanwal et al., 2012).

Disruption of DNA Repair & Chromatin
Regulation. In addition to adverse effects on direct
DNA, trace elements potentially interfered with
DNA repair systems and epigenetic regulation. For
example, Zn is a structural component of several
DNA-binding and repairing proteins; depriving Zn
may disrupt these systems. In his mini review,
Karunasinghe (2022) highlighted the role of Zn in
prostate health and suggested altered Zn homeostasis
may lead to an impaired DNA repair in prostate
cells. Cd can substitute for Zn in Zn-binding pro-
teins, impairing their activity and disrupting epige-
netic regulation. These disruptions may lead to al-
tered chromatin structure, leading to aberrant gene
expression, both of which are indicators of carcino-
genicity. Furthermore, the studies by Tshoni et al.
(2024) suggest that the metal-dependent enzymes
and epigenetic modifiers may facilitate the transition
from exposure to malignant change in the prostate.

Endocrine or Hormonal Modulation. The
prostate is regulated by hormones and is sensitive to
androgens; therefore, metals that mimic or interfere
with steroid metabolism may affect prostate carcino-
genicity. For example, Cd has been described as a
"metallo-estrogen" that can mimic estrogenic action
or disrupt androgen receptor signalling. This disrup-
tion may lead to proliferation of prostate cells. As de-
scribed by Tshoni et al. the endocrine disruption
pathway is a potential mechanism linking trace metal
exposure and pathogenesis of prostate tumors (Tshoni
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et al., 2024). Integrating such biomarkers as androgen
receptor expression, testosterone/dihydrotestosterone
ratios, and circulating hormones with trace elements
may elucidate this pathway.

Inflammation and Immune Regulation.
Chronic metal exposure can also result in chronic in-
flammation, increased pro-inflammatory cytokines
(e.g., IL-6, TNF-a) and alterations in the local pros-
tate ecosystem that facilitate tumor growth. Metals,
such as As, Cd or Pb, may initiate cytokine shifts
and trigger macrophage activation to produce reac-
tive nitrogen species to create an inflamed pro-tumor
microenvironmental. The inflammation of the pros-
tate might then enable malignant transformation or
progression, especially in older men with latent
prostate disease. Recently published mechanistic re-
views emphasized inflammation as one of the con-
nected pathways that metals promote prostate pa-
thology (Tshoni et al., 2024).

Interference with essential metalls Homeosta-
sis. Trace elements pathology in the prostate includes
disturbances of essential metallic homeostasis, in par-
ticular Zn and Se. Zn is uniquely concentrated in the
normal prostate and facilitates citrate metabolism,
regulation of cell-apoptosis, and antioxidant defences.
With disturbed Zn homeostasis due to deficiency, or
displacing it with Cd, prostate cells lose critical inhib-
itory control over proliferation and apoptosis
(Karunasinghe, 2022; Tshoni et al., 2024) Se is cen-
tral to antioxidant protection and DNA repair when
incorporated into selenoprotein (e.g., glutathione pe-
roxidases), and its deficiency or dysregulation has
been implicated in prostate tumourigenesis (Jiang et
al., 2023; Tshoni et al., 2024). Therefore, a high toxic
metal burden may not only exert direct damage, but
also deplete protective elements from tissues, result-
ing in an additive elevation of risk.

From Initiation to Progression and Treat-
ment Response. These pathways oxidative stress,
DNA damage, hormonal disruption, inflammation
and essential metal imbalance function along the
tumor initiation, but also along its progression. For
example, the patterns of trace elements may affect
tumor aggressiveness (Gleason score), metastatic
potential, or response to treatment (e.g. radiotherapy,
androgen-deprivation therapy) by modifying tumor
microenvironmental, DNA repair capacity, or anti-
oxidant capacity (Neslund-Dudas et al., 2018;
Tshoni et al., 2024). So, a detailed exposure map-
ping, in combination with biomarkers and clinical or
pathologic data (e.g. stage, Gleason grade, PSA ki-
netics), may provide an opportunity to identify high-

risk individuals, prognostic biomarkers, or novel in-
tervention avenues (Lim et al., 2019).

CURRENT EPIDEMIOLOGIC EVIDENCE
LINKING TRACE ELEMENTS
AND PROSTATE CANCER

There have been breakthroughs in trace ele-
ments epidemiology that focus on the epidemiologi-
cal elemental factors of prostate carcinogenesis,
though establishing causality is still difficult. Cd is
cited as one of the most studied environmental car-
cinogens (IARC, 2012). Multiple meta-analyses and
population-based studies pointed out the relationship
of Cd to the increase in risk of PCa due to its pro-
oxidant and endocrine-disrupting characteristics.
Firmani et al., (2024) updated meta-analyses that
showed chronic exposure to Cd is correlated to in-
creases in risk of developing PCa, although there is
still some heterogeneity in the exposure assessments.
Mohammadian-Hafshejani and colleagues (2024)
provide further evidence to support the relationship
between Cd and PCa. With increasing levels of Cd
exposure, the risk of developing PCa is also increas-
ing, which adds to the biological support of the po-
tential for Cd to cause prostate cancer. At the popu-
lation level, Bede-Ojimadu et al. (2023) observed
that among Nigerian men, urinary Cd was strongly
associated with PCa incidence, particularly in indi-
viduals with low Zn status, suggesting a toxic-
nutrient interaction antagonism between Cd and Zn.

There are still mechanistic and epidemiologic
ties with As exposure due to it being the carcinogen-
ic agent as well (IARC, 2012). Dennis et al. (2024)
describes toenail concentrations of inorganic As
were positively associated with PCa among pesticide
applicators, which reinforces the idea of long-term
As exposure as a potential driver of prostate carcin-
ogenesis. In a recent study, Tyagi et al. (2023)
showed how serum As and Cd levels were higher in
PCa patients than in the controls, validating the as-
sociation between toxic metal burden and the ad-
vancing stage of the disease.

One the other hand, the association of the other
essential elements, particularly Se and Zn are com-
plex and contextual. Quoting multiple experimental
and clinical studies, Jiang et al. (2023) showed that
Se, via its Selenoprotein constituent, possesses po-
tent antioxidant and anti-inflammatory properties
that may avert the onset of a tumor. Still, in a meta-
analysis, Devi et al. (2025) noted epidemiological
findings were contradictory. For instance, serum Se
levels that were extremely low, and conversely, very
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high were associated with PCa. Zn plays a major
role in the prostate and is the predominant constitu-
ent of the normal prostatic epithelium, and in citrate
metabolism and apoptosis (Karunasinghe, 2022).
However, epidemiological and clinical studies on the
relationship between Zn status and PCa still show
inconsistent results. Shahrokhi et al. (2024) reported
that while malignant prostate tissue lacked Zn, circu-
lating Zn levels inconsistent predictors of risk, likely
due to disease-related redistribution rather than an
absence of Zn in the diet.

Recent multi-elemental study by Zhan et al.
(2025) profiled 19 elements among PCa patients in
Southwest China and found complex, integrated pat-
terns of dysregulation involving Cd, Cu, Fe, and Se,
underscoring the importance of modeling mixtures.
Similarly, Tshoni et al. (2024) found that oxidative
stress, inhibition of DNA repair, and hormonal dis-
ruption, all of which are mediated by metals, inte-
grated together in PCa pathogenesis. Overall, the
multiple studies demonstrate the element-specific
heterogeneity, dynamics in co-exposure, and context
with respect to host nutrition or genetics are what
likely account for the relationships observed involv-
ing trace elements calling for improved multi-
element exposure assessment, biomarker validation,
and integrative approaches to epidemiological re-
search, in order to disentangle the contributions of
trace elements to the etiology of PCa.

REGIONAL CONTEXT

The different environmental, industrial, and di-
etary contexts of Russia and other countries provide
a reason to compare the roles of trace elements in
the pathogenesis of PCa in different countries. Alt-
hough different regions face environmental metal
contamination, the sources, intensity, and population
exposures differ greatly, giving the regions a unique
opportunity to explore the consequences of trace el-
ements and their interactions on the prostate.

Russia shows a unique distribution of metals
particularly in proximity to industrial and mining re-
gions (Skalny et al., 2015). Evidence has shown ele-
vated accumulation of toxic metals and great con-
cern with mining and metallurgical regions impact-
ing local people (Kirichuk et al.,2023; Grabeklis et
al., 2020). Russian biomonitoring studies showing
exposures to Cd, Pb, and mercury (Hg) across space,
related to regional contamination from industrial
emissions and legacies from prior pollution (Skalny
et al., 2023). This is advanced use of keratin-based
biomarker and aligns with exposomic approaches

that are needed in Europe (Shilnikova et al.,2023).
Furthermore, Russian studies has commenced look-
ing into the use of multi-elemental and mechanistic
strategies to study the combined effects of metals
Signatures on a broader scale. This will improve our
overall understanding of how to link actual metal
exposures to the development of PCa risk. (Grabek-
lis et al., 2020; Tshoni et al., 2024).

Studies focus on the East Asia indicate the in-
cidence of prostate cancer is increasing and suggests
that the combined exposure of trace and heavy met-
als may be the main contributing factor (Pang et al.,
2023; Jiang et al., 2025). A case-control study from
Zhan and fellow conducted in Southwest China
which used ICP-MS to quantify 19 serum elements,
found that prostate cancer correlated with lower
copper, zinc, and selenium levels as well as altered
inter-element correlations, which further demon-
strates the importance of multi-element panels for
targeted biomonitoring (Zhan et al., 2025). Both in-
creasing evidence of population studies and mecha-
nistic studies of PCa are showing that exposure to a
combination of heavy metals can affect certain
pathways and cancer-related genes. Through an epi-
demiological study, metal-responsive cancer driver
genes have been found (Song et al., 2025; Jiang et
al., 2023). These studies underscore the need for
combined exposure analysis and transcriptomic stud-
ies in certain areas. PCa is increasingly prevalent in
China, and is further complicated with complicated
region-specific patterns of certain multi-element
combinations in serum and tissue that probably re-
flect industrial activities, mining, metallurgy, coal
burning, and selenium in diet.

While in South Asia, Pakistan’s unregulated
industrialization, unregulated effluent discharges,
and over-usage of agro-chemicals have raised soil
and water contamination levels with Cd, Pb, As, and
chromium (Cr). The shallow aquifers of Punjab and
Sindh regions have been documented with As,
which can have long-term carcinogenic consequenc-
es (Shahid et al., 2023). Aziz et al. (2023) docu-
mented Cr bioaccumulation in the aquatic fauna of
Central Punjab and highlighted the risk of chronic
exposures to humans. Hussain et al. (2023) conduct-
ed a cross sectional study and reported biomarker
levels of Cd, Pb, and Ni in the hair and blood of
men, particularly industrial and agricultural workers
from Southern Punjab, confirming ongoing envi-
ronmental exposure. Qayyum et al. (2025) also built
on this work by looking into serum levels of 20 met-
als in male patients with prostate diseases and
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showed significant associations of elevated Cd, Ni,
and Pb levels with prostate gland pathology, while
Zn and Se appeared to offer protection. The imbal-
ance of toxic-essential metals represents a mechanis-
tic area of focus. Research by Chanihoon et al.
(2022) from Pakistan showed that Zn deficiency and
Cd exposure increased oxidative damage and DNA
instability in breast cancer, a mechanism that can be
expected for PCa as well.

Studies show that prostate cancer in the Middle
East and Gulf region is often diagnosed at an ad-
vanced stage, with many men presenting with meta-
static, high-PSA disease and rapid progression from
castration-sensitive to castration-resistant states. A
multicenter retrospective study comprised of 615 men
over 4 countries was published by El-Karak and co-
workers. Slightly more than half of them had meta-
static disease. Metastatic castration sensitive diseases
had higher mean PSAs than the localized disease and
the time intervals between mCSPC and Castration
Resistance and between mCRPC and the next line of
therapy were short (El-Karak et al., 2024). Alasker
and co-authors in Saudi Arabia Analytic Description
of the National Registry reported more frequent ele-
vated PSAs and advanced disease stage at the time of
diagnosis and marked regional variation in the inci-
dence and mortality statistics which probably corre-
late to the variation in the ecosystem, diet, occupa-
tion, and access to healthcare (Alasker et al., 2023).

Supporting the clinic and the registry, Kearney
et al. had analyzed the data from the Global Cancer
Observatory and reported from several countries in
the world which do not belong to the Gulf region
that the age standardized incidence and mortality
rates were significantly variable and that the ratio of
the mortality to incidence was high suggesting that
the diseases in such countries were quite aggressive
and the disease is at an advanced stage at the time of
diagnosis (Kearney et al., 2023). The studies show
how most patients in the region are diagnosed late,
suffer high PSA, and have varying signs and symp-
toms, which is the situation in the Middle East and
Gulf region and will aid in understanding the epide-
miology of how essential and toxic trace elements
may relate to the risk and progression of prostate
cancer in conjunction with genetics, lifestyle and
healthcare system factors in the future.

Comparatively different countries have com-
mon exposures, though their contexts are different.
In Pakistan, the problems mainly relate to As in
groundwater and Cd in foods, while in Russia, the
problems mainly relate to industrial wastes and met-

allurgical wastes. In addition, dietary factors also
modify metal intake; for example, while some parts
of Russia consume a lot of Se from the seafood, the
diet in Pakistan is almost entirely based on cereals,
which have lower Se concentrations. Together, these
regions illustrate how the risk PCa and its progres-
sion are influenced by differing metal mixtures, de-
ficiencies, and exposures. While China reports
dysregulations across multiple elements due to in-
dustrial emissions and variable selenium in the diet.
The Gulf States show high incidence and mostly
late-stage disease which suggests the role of un-
investigated environmental metals, diet, and disease
in advancing clinical stages of the disease.

Prostate cancer patterns across Russia, China,
Gulf States, and Pakistan demonstrate the importance
of differentiated environmental and industrial metal
exposures shaping bio-elements disease relationships.
Tyagi et al. (2023) argued that environmental and die-
tary contexts can alter the internal dose of trace ele-
ments and their influence on the disease phenotype.
These findings are supported by global studies high-
lighting the extent that Zn—Cd antagonism is important
to PCa biology (Bede-Ojimadu et al., 2023; Firmani et
al., 2024). The protective effect of Se is dependent not
only on antioxidant selenoprotein, but by the local soil
and dietary patterns; the Se deficiencies common in
South Asia may impair redox homeostasis (Jiang et
al.,2023; Petukhov et al., 2018).

PUBLIC HEALTH
AND CLINICAL RELEVANCE

The implications of recent findings on trace el-
ements and the development of PCa are significant
for the risk of public health, preventive oncology,
and clinical management. Studies show that imbal-
ances (deficiency and excess) of certain trace ele-
ments may alter the risk, aggressiveness, and re-
sponse of the disease to treatment (Devi et al., 2025;
Tyagi et al., 2023; Tshoni et al., 2024). There are
specific elemental signatures including elevated lev-
els of Cd and Pb and lower levels of Zn and Se,
which are strongly correlated with PCa. Findings of
this nature call for translation across the environ-
mental, nutritional, and clinical spectra.

The metal-induced carcinogenesis perspective
justifies the tightening of rules concerning industrial
emission controls, the composition of agrochemi-
cals, and the management of mining waste. The need
for such action is illustrated with evidence from
multiple countries. Hussain et al. (2023) showed that
southern Punjab, in Pakistan, had a male population
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with highly elevated Cd, Pb, and As levels, whereas
in Russia (Skalny et al., 2015), Kirichuk et al. (2023)
documented similar multi-element exposures in min-
ing-affected regions. Such findings are similar to
those from Nigeria, where there is an association be-
tween Cd exposure and increased risk of PCa, espe-
cially in the context of Zn deficiency (Bede-Ojimadu
et al., 2023). These findings underscore the need for
metal burden-inspired disease etiology research to
guide localized, exposure-focused mitigation poli-
cies (Laoye et al., 2025; Shahid et al., 2023).

From a clinical standpoint, trace elements like Zn
and Se represent possible biomarkers and modulators
of prostate tumor biology. Part of Selenium's antioxi-
dant role is performed by selenoprotein, which may
prevent oxidative DNA damaging, and progression of
Se-related metabolites PCa has been documented
(Jiang et al., 2023). Additionally, Zn induces apoptotic
processes, and its depletion prevents citrate metabolism
in prostate tissue facilitating its transformation
(Karunasinghe, 2022; Shahrokhi Nejad et al., 2024).
Multiple-element analysis, like those performed by
Zhan et al. (2025) and Qayyum et al. (2025), demon-
strated that co-exposures, rather than deviation from
single-elements, are better predictors of PCa incidence
and severity. This advocates the construction of expo-
sure derived risk models incorporating nutritional and
toxicological elements (Firmani et al., 2024; Corad-
duzza et al., 2025).
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POAb 9CCEHLUUAAbHBLIX U TOKCUYHbIX AEMEHTOB
B PA3BUTUU PAKA MPEACTATEABHOW XEAE3bI:

KOMNAEKCHbIX AHAAWU3 U NEPCMEKTUBBI.
COOBLLEHUE 1. BUOAOTUYECKUE ACNEKTbI

M.B. XyccenH!, K. 3anamn?, U.N. AanuH'3*, A.M. AsnyHoBckuit®, A.B. CKAAbHbIN'-3,
E.A. be3pykos!, B.U. TopwumnH3, A.E. CeBepuH?

'®Ir'AOY BO «Ilepuiii MMV um. U.M. CeuenoBay;

Poccuiickas ®enepanns, 119991, Mocksa, yi. TpyOeukas a. 8, cTp. 2

2 Jlaxopckast 60IbHUIA 0OIIEro POQHIIS;

Hcnamckas Pecry6nuka [Takuctan, 540000, Jlaxop
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* Jlamma Unbst UropeBuy — E-mail: lapin_i i@staff.sechenov.ru

PE3FOME. Pak mpezcrarenbhoii sxenessl (PIIDK) ocraerest omHUM M3 BeAyNIMX HEMH(PEKIIMOHHBIX 3a00IeBaHMUil B
MHpE, €ro pa3BUTHE BCE Yallle CBA3BIBAIOT C KOMOMHUPOBAHHBIM BO3ICHCTBUEM ICCEHIMAIBHBIX (JKU3HEHHO BXKHBIX) U
TOKCHUYHBIX 3JIEMEHTOB. B [TaHHOU CTaThe paccMaTpUBAIOTCA TEKYLIME AMUAEMHOJIOTHYECKHUE JIaHHbIE, MEXaHU3MbI U
AHAJTUTHYCCKHE TOKA3aTelln, Kacaroluecs poyin nuHka (Zn), cenena (Se), mequ (Cu), kagmus (Cd), mbibsika (As),
ceuHa (Pb) u MHOrMX npyrux mukposnaemeHToB B matonoruu PIIK. Dccennmanbhble 21eMeHThl, Takue Kak Zn u Se,
CIOCOOCTBYIOT pa0b0OTe aHTHOKCHUAAHTHBIX CUCTEM 3alIuThI, BoccTaHoBieHuto JJHK, anonTo3y u MmeTabonu3my murpara.
B 10 xe Bpems Tokcuunbie MeTaiuibl (Cd, As, Pb) 1 H30BITOK MeaH YCHITMBAIOT OKUACIIUTEILHBINA CTPECC, SHIOKPHHHBIC
HapYyIICHUs, TCHOMHYIO HeCTaOMJIBHOCTh M BOCHAJUTEIBHEIC MTPOIECCHI, CBA3aHHBIC ¢ BOSHUKHOBEHHEM U IPOTPECCH-
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posanuem PITK. Ilpu pa3paboTke cTpaTernii Ha OCHOBE aHATN3a SKCIIOCOMHUKH MOAYEPKUBACTCS BaKHOCTh MHOTO3JIE-
MEHTHBIX B3aUMOJICHCTBHUI, B YaCTHOCTH aHTATOHUCTHYECKNX (Hampumep, Zn u Cd; Se u As).

Joctmwkenus B ucnonb3oBannu mMetona UCIT-MC st HeMHBa3UBHOTO OMOMOHHMTOPHHTA BOJIOC M HOTTeH obecrie-
YHMBAIOT HAJEXKHBIN CIHOCOO OINMpPEAETICHUs] HOJTOCPOYHOTO BO3JAEHCTBHS HECKOJIBKMX MHKDPO3JIEMEHTOB B PA3IMYHBIX
reorpaduueckux 30Hax. [IpoeMOHCTpHUPOBAHO, YTO IHCOANaHC 3JIEMEHTOB, CBA3aHHBIH C Pa3BUTHEM U arpecCHBHO-
creto PITK, 3aBucur ot reorpaduueckoro kontekcra. [lomydeHHble JaHHBIE MOATBEPKAAIOT HEOOXOIMMOCTh HHTErpa-
UK TpoduIIeil SKOJOrNMYEeCKOro BO3JEHUCTBHS C KIETOYHBIMU M MOJIEKYJISIPHBIMHU ITyTSMH JJISl COBEPIICHCTBOBAHUS
cTpareruii npoQuIakTUKK, pa3paboTKu OoJiee TOUHBIX OMOMapkepoB 3a0oseBaHMs M BHeIpeHHs 3(pdeKTHBHBIX Mep B
obJiacTu 0OIIECTBEHHOTO 3/[paBooXpaHeHus. HeoOXoauMbl HOBbIE MOIXObI K AUArHOCTHKE, JOCTYIIHBIE Ul pa3BHBa-
IOLIMXCS CTPAaH TEXHOJIOTMHU PaHHETO BBISIBJICHHS PUCKa U mpeaynpexaeHus passutust PITK.
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MPOBAEMHAS CTATbA

CYAEBHO-MEAULUHCKAS 3HAYUMOCTb
MUKPOIAEMEHTHOIO COCTABA TKAHEH 3YBA
NPU UAEHTUPUKALLUN AUMHOCTU

A.B. KamanasaH*, E.X. bBapuHoBs234

1000 «Hay4Ho-HcCiIe10BaTeNbCKUI HEHTp CyneOHOM dKCepTu3sl U ucenenosanuiny (000 «HUL CO1»);
Poccuiickas @enepanust, 123298, Mocksa, yii. Upunst JleBueHko, a. 1

2®I'BOY BO «Poccuiickuii yHUBepCHTET MeuiHb Munsapasa Poccun;

Poccuiickas ®enepauus, 127006, Mocksa, yi. Jlonropykosckas, a. 4

3®IAOY BO «Poccuiickuii ynuBepeuteT apyx0Obl Hapoaos umenu [arpuca JlymymOb»;
Poccuiickas @enepauus, 117198, Mockaa, yi1. Mukiyxo-Makuas, 1. 6

4TBY3 «bBropo cyneGHOo-MeUIMHCKOM IKCIIepTH3bI JlenapTaMenTa 3(paBooXpaHeHus ropoia MocKBb»;
Poccuiickas ®enepauns, 115516, Mocksa, Tapusiii npoesn, 1. 3

PE3IOME. Cyne6Ho-cTOMaTOMOTHYECKast HACHTH(PHUKAIINS TMIHOCTH TIOyYrIIa JabHEHIee Pa3BUTHE B CBA3H C
BHE/IPEHUEM BBICOKOTOUYHBIX (PM3MKO-XMMHUECKHX METOJ/IOB HCCIIEIOBaHHS TBEPABIX TKaHEH 3y0a, MO3BOJISIONINX BbI-
SIBJISITh yCTOWYMBBIE MUKPOAJIEMEHTHBIE PO, OTPaXKaIOUIHe FreOXUMUYECKUEe OCOOEHHOCTH CPebl OOUTaHuUs, allH-
MEHTapHbIe (aKTOPBI U [UINTEIbHBIC YK30TCHHBIC BO3JACHCTBUS, COXPAHSIIOIIMECS MPH BBIPAKCHHBIX MOCMEPTHBIX H3-
MEHEHUSIX M Pa3pyIICHUH MATKHX TKaHEH.

Leap HccaeqoBaHusi — NMPOAHAIN3UPOBATh U CUCTEMATU3UPOBATh HAyYHBIE NaHHBIE O CyIAEOHO-MEIUIIMHCKON
3HAYMMOCTH MHKPORJIEMEHTHOTO COCTaBa TKaHel 3y0a mpu MACHTH(UKAIMK JTUYHOCTU C y4ETOM aHAIUTHYECKUX Me-
TOJIOB AJIEMEHTHOTO M M30TOMHOTO aHAIIN3a, MHTEPIPETAIIMH T€OXUMUISCKUX MAPKEPOB U Pa3IMYMil HAIIMOHAIIBHBIX U
3apyOCeIKHBIX IKCIIEPTHBIX MMOIXOI0B.

Matepuanbl u Metoabl. [lonck myGmukaruii BeimoiHeH B 6a3ax PubMed, Scopus u eLIBRARY 3a mepmox
2000-2025 rr.; B 0030p BKIIIOYEHBI HCTOYHHUKH, TTOCBAMIEHHBIC SIIEMEHTHOMY aHAJN3y SMAalli, IEHTHHA U IIEMEHTa KOp-
Hs 3y0a, IPUMEHEHHIO MacC-CIIEKTPOMETPUN ¢ MHIYKTHBHO CBSI3aHHOW IIa3MOM, J1a3epHON a0suu, peHTreHO(IIyo-
PECLEHTHOT0 aHaJIM3a U AJIEKTPOHHO-MUKPOCKOIMYECKUX METOJIOB B CY1e0HO-MEUIIMHCKOM MPaKTHKE.

Pesyabrarsl. [loka3aHo, YTO KOHIIEHTPALUH U MPOCTPAHCTBEHHOE PACIPE/EICHHE CTPOHLUS, Oapus, CBUHIIA,
LIMHKA U MeAX (OPMHUPYIOT YCTONUMBBIN KOMIUICKC XUMHYECKUX IIPU3HAKOB, TPUTOIHBIN JJIs1 PEKOHCTPYKILIUH Teorpa-
(l)I/l‘leCKOFO MMPOUCXOKACHNUA U UHAUBUAYAJIBHBIX 3KOJIOTHYCCKUX BO3JJ,CI>10TBI/II>1. OTMeueHa BBICOKAs JUAarHoCTu4ecKas
LIEHHOCTh JIa3ePHO-a0JISIIMOHHOIO MACC-CIIEKTPOMETPUIECKOTO aHAIHM3a U YHEPrOAUCIIEPCUOHHON CIIEKTPOMETPHH MIPU
JIOKaJIbHOM HCCIIC/IOBAHUH TKaHeH 3yo0a.

3akarouenne. MUKpPOAJIEMEHTHBIH COCTaB TKaHeW 3y0a Npe/CTaBiIsIeT CaMOCTOSTENbHBIN KiacC HAeHTH(UKAI-
OHHBIX MPHU3HAKOB B CYAEOHO-MEIUIIMHCKOMN IKCIIEPTH3E, & MHTErpalusl TeOXMMUIECKIUX METOJIOB aHAIIU3a C TPaJUIIH-
OHHBIMH CYJIeOHO-CTOMATOJIOTHYECKUMH HCCIIEIOBAHMSIMU TIOBBIIIAET BOCIIPOM3BOJMMOCTH 3KCIEPTHBIX BBIBOJOB U
3¢ PEKTUBHOCTD YCTaHOBJICHUSI IMYHOCTH IIPU OTCYTCTBHHU NPHIKM3HEHHON MEITUIIMHCKON JOKYMEHTALHH.

KAKOYEBBIE CAOBA: cTOMaTONOIUsl, MEKPOIJIEMEHTI, ACHTH(GUKALKS, SMajb, JEHTHH.

AAs uuTupoBaHus: Kamamsia A.B., Bapunos E.X. Cyne6Ho-MeMIMHCKast 3HAYMMOCTh MUKPOJIEMEHTHOTO COCTaBa TKaHei 3y0a
MIPU UICHTU(PUKAIIN TAYHOCTH. MuKpoaeMeHTs! B Memuiuae. 2026;27(1):24-30. DOI: 10.19112/2413-6174-2026-27-1-24-30.

BBEAEHUE

CyneOHo-cToMaToIOTHIeCKasT HASHTH(QUKAITIS
JUYHOCTH TOJTy4YMWIIa JlajibHeIlee pa3BUTHE B CBSI3U C
BHEJIPEHUEM BBICOKOTOYHBIX AHAIUTUYECKUX TEXHO-
JIOTHH WCCIIeOBaHus TBEPABIX TKaHeW 3y0a, MO3BO-
JSIOUINX BBISBIATH YCTOMUMBBIE MHKPOAJIEMEHTHBIC
npoduiIn, OTpaKaIOUIUe [IMTEIHHOE BO3ICHCTBHE

* AAPEC AAS MepenncKu:
KamaasH AwoTt BAaammuposu4
E-mail: 9262465066@mail.ru

(haKTOpPOB OKpPY’KAIOLIEH Cpebl, ATUMEHTAPHBIE 0CO-
OEHHOCTH U PErHOHAJIbHBIE TEOXUMHUYECKUE YCIOBUS
npoxxuBanus uenoeka (Lmapos, 2020). Omains,
JEHTUH U LEMEHT KOpHs 3y0a OTIMYArOTCA BBICOKOU
CTETIEHbI0 MHHEPAJIH3allUd U HHU3KOW CKOPOCTHIO
MOCTMOPTAIBHBIX U3MEHEHUI XMMHUYECKOTO COCTaBa,
9TO O0YCIOBIMBAECT X AMATHOCTHYECKYIO MH(pOpMa-
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TUBHOCTh TIPH BBIPAXCHHOW JECTPYKIMH MSATKHX
TKaHEW, CKEJICTUPOBAHHMU W BO3JCHCTBUH DKCTpE-
MaJlbHBIX Temrepatyp (Adserias-Garriga, 2019).
MHUKpO3JIEMEHTHBI  COCTaB  3yOHBIX TKaHEH
(hopmupyeTcst B Tporiecce OHTOT€He3a W YaCTHYHO
MOTU(UIPYETCS B TEUSHHE >KU3HM, aKKyMyIHUPYs
AIIEMEHTHI, TIOCTYIIAIOIINE C TIUTHEBOW BOIOM, ITHIIE-
BBIMU TIPOJIYKTaMH ¥ a3pO30JIbHBIMU 3aTPSI3HUTEIISIMHY,
YTO CO3Ma€T WHAWBUIYATU3UPOBAHHBIC XUMUYCCKUC
«TIOJITIMCHY, TIOTEHIIMAIBHO TPUTOHbIC IS AKCIIEPT-
HOTO COTIOCTABJICHUS C TIPIKU3HCHHBIMH OHOTpadu-
YeCKHMH M dKoJIoruaeckumu ganHsMu (Rodrigues et
al, 2020). KoHneHTpammu cTpoHIUs, Oapusi, CBHUHIA,
LIUHKA, MU U Psifia APYTUX FIEMEHTOB, a TAKXKE 0CO-
OCHHOCTH WX MPOCTPAHCTBEHHOTO PACITIPEACIICHUS T10
CIIOSIM SMajli W JACHTHHA PAacCMaTpPHBAIOTCS Kak Iiep-
CTIIEKTUBHBIE MapKephl Teorpaguyeckoro MpOUCXOXK-
JICHUS, MUTPAIIOHHOW HWCTOPHH W TpoeccroHab-
HbIX Bo3neiicTeui (Figueiredo et al., 2021).
CoBpeMeHHbI apceHaln CyneOHO-MEIUMHCKON
SKCIEPTU3bl BKIIOYaeT B ce0S METOABI Macc-
CHEKTPOMETPUM C HWHIAYKTUBHO CBSI3aHHOW IUIa3MOM,
J1a3epHO-a0IAIMOHHOTO JIEMEHTHOTO aHajn3a, PEeHT-
reHO(ITyOPECIeHTHON CIIEKTPOMETPUH U AIIEKTPOHHO-
MHUKPOCKOIIMYECKIX HWCCJIEOBaHNH, 00OecIieunBaro-
IMX JIOKATBHYIO XapaKTEPUCTUKY XUMHYECKOTO CO-
CTaBa TKaHel 3y0a ¢ BBICOKOH YYBCTBUTEIBHOCTHIO U
BocnponsBoauMocTeio (JloceB u ap., 2025). CoBme-
[IEHUE TEOXMMHYECKHX JTaHHBIX C MOP(OIOrHIeCKH-
MH U PaAHOJIOTUYECKIMHU TPU3HAKAMH 3y00YeIoCT-
HOTO anrapaTa paciiupsieT BO3MOXKHOCTH WHITUBH/Tya-
JM3aIUHA OUOJIOTUYECKUX OCTAHKOB M TIOBBIIIACT JOKa-
3aTEeJILCTBCHHYI0 3HAYMMOCTH 3KCICPTHBIX BBIBOJIOB
IpH OTCYTCTBHU TIOJHOUEHHOH CTOMATOJIOTHYECKOH
noxkymenrarwu (1Lledos u ap., 2025).
B ycnoBusx pocra umcna ciydyaeB HAeHTH(HKa-
LUK TP MACCOBBIX KaracTpodax, mokapax U KpUMH-
HAJIBHBIX COOBITUSX, COIMPOBOXKIAIOUIMXCS Pa3pyliie-
HUEM TPAJUIMOHHBIX AHATOMHYECKUX OPHECHTHPOB,
MHKPODJIEMEHTHBIN aHalu3 TKaHei 3yba paccMarpH-
BaeTcsl Kak NEpCIeKTHBHOE HallpaBlIeHHE CyAeOHOH
MEIWIIUHBL, TpeOyromiee MaTbHEUIIe METOIIIeCKON
CTaH/APTH3ALUKA, COMOCTABUMOCTH aHAIMTHYECKUX
IIPOTOKOJIOB U MHTETPAIlUH B KOMIUICKCHBIC WJICHTH-
(buKaIMoHHBIE ATOPUTMBI (AMOEB U J1Ip., 2025).
Ilens mccanemoBaHUS — aHATU3 U
CHUCTeMaTH3allisl HAyYHBIX JaHHBIX O CyAeO0HO-
MEIUIIMHCKON 3HAYMMOCTH MHKPOIJIEMEHTHOTO CO-
CTaBa TKaHel 3y0a MMpH HASHTH()HUKAIIMHA JTUIHOCTH C
y4ETOM aHATUTUYECKUX BO3MOXHOCTEH 3JIEMEHTHO-
0 U M30TOIHOTO aHajN3a, MHTCPIPETAIUUA T'COXH-
MUYECKHX MapKEpOB, YCTOHYMBOCTH XUMHUYECKHX

npoduiei Npu MOCMEPTHBIX BO3IEHCTBUSX WU pas-
JMYUA HAIIMOHAIBHBIX M 3apyOEXHBIX 3KCIIEPTHBIX
MOJIXOJIOB K HCIIOJIb30BaHUIO JAHHBIX MTOKa3aTeneH B
MUACHTU(UKALNOHHBIX TPOTOKOIAX.

MATEPUAABI U METOADI

[louck HayyHBIX MyOIUKAIMNA OCYIIECTBIISIICS B
ANIEKTPOHHBIX 0Oa3ax maHHBIX PubMed, Scopus u
eLIBRARY c ucnonp3oBaHueM TEpMUHOJIOTHUYECKUX
coueTaHuii: «trace elements teeth forensic», «dental
enamel elemental composition identification», «ICP-
MS tooth analysis», «laser ablation dental tissues»,
«isotope analysis teeth forensic», «environmental
exposure teeth», «cementum elemental profile
forensic». B aHanm3 BKJIFOYANM cTaThU HAa PyCCKOM U
AHTJIMHACKOM  sI3BIKaX, TIOCBAINEHHBIE  CyneOHO-
MEIUIUHCKOMY NPUMEHEHHIO MHKPO3JIEMEHTHOTO H
W30TOITHOTO aHalM3a dMaid, JICHTHHA M I[IEMEHTa
KOpHSI 3y0a, HHTEpIIPEeTallui TeOXUMUICCKUX CHIHA-
JIOB, a TaKKe OIEHKE YCTOWYMBOCTH DJIEMEHTHBIX
npoduie mpu BO3ASHCTBUN BBICOKHX TEMIIEpaTyp,
JUTATETbHOM TIOCMEPTHOM WHTEpBajie W Jerpalaliu
Msrkux Tkanei (PsOyxuna, [Tonskosa, 2018).

KpurtepussiMu BKITFOUEHUS! SBISUIMCH MOJTHOTEK-
CTOBasi JOCTYHMHOCTH HCTOYHHKOB, ONHCaHHE BOC-
MPOU3BOANMEBIX METOANK KOJMYECTBEHHOTO OIIpee-
JICHWsI MUKPOAJIEMEHTOB, HaJM4We TaHHBIX O TPO-
CTPaHCTBEHHOM paclpeAelieHHH JJIEMEHTOB B TKa-
HAX 3y0a, 0OCyXJeHHUE CyJIeOHO-MEIUIIMHCKONH HH-
TEpIIpeTaluy Pe3yJbTaTOB M BO3MOXKHOCTH WX HC-
MOJIB30BaHUsI JIJISl YCTAHOBJICHUS TeorpaduiecKkoro
MIPOUCXOXKICHUS, MUTPAIIIOHHOW MCTOPHUA M WHAM-
BUyaJbHBIX dKONOTHYecKuX Bo3zaeicTeuii (Khorwal
et al., 2024). Uckmovyanuce myOnUKauy, OTpPaHH-
YEeHHBIC KIIMHUYECKHMHU aCTIeKTaMHU MUHEpPaIn3aliu
3y0OOB, CTOMATOJOTHMYECKOH MPOQUIAKTHKON W Te-
pamueii, a Takke HCCIEIOBaHHS, HE paccMaTpHBa-
foIe WASHTH()DUKAIIMOHHBIA TOTEHIHAN DJIEMEeHT-
Horo rpodunst (Emam, 2024).

Ha ocHOBaHMM yKa3aHHBIX KpUTEpUEB ObLIa
chopMHpOBaHa COBOKYIHOCTh HCTOYHHKOB, OTpa-
JKArOIasi COBPEMEHHOE COCTOSHHE METOAMYCCKHX
MOJXOMOB K HCIIOJIb30BAHUI0 MHKPOIJIEMEHTHOTO
aHajm3a TKaHeH 3y0a B CyIneOHO-MEOUITMHCKOM
npaktuke (ertsapes u ap., 2025).

B cyneOHO-MenUITMHCKHUX HCCIeOBaHMUIX die-
MEHTHBIH CcOocTaB 3yOHBIX TKaHEW paccMaTpuBaeTCs
KaK YCTOWYMBBIA OMOTCOXMMHYECKUN MapKep, CO-
XPaHSIOMUA JAUArHOCTUYECKYI0 3HAYUMOCTh TIPH
paspymieHnd MATKUX TKaHeH, CKeJNeTHPOBAaHUH U
TEPMHUYECKOM BO3JIEHCTBUH. DKCIIEPTHOE H3yUCHHE
Oazupyercsi Ha KOMIUIEKCHOM TIPHUMEHEHHH METOJIOB
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MacC-CIIEKTPOMETPHUH C HMHIYKTUBHO CBS3aHHOU
IUIa3MOH, J1a3epHO-a0JSIMUOHHOTO aHAIN3a C JIOKAaNb-
HBIM 0TOOPOM MaTtepHaia, peHTTeHO(IYOPECLHEHTHOMN
CIIEKTPOMETPUH H DJICKTPOHHO-MHKPOCKOITIYECKUX
METOJMK C SHEProAUCHEPCUOHHON perucrpanuei
aneMmeHTHOTO coctaa (["axxBa u ap., 2023).

AHanmuTudecknii OJOK BKITFOYAaeT B ce0sl KoJmde-
CTBEHHOE OTIpeZieeHNe KOHLICHTPaLUii MaKpo- U MUK-
PODJIEMEHTOB, OLEHKY HM30TONHBIX COOTHOLICHHH
CTPOHIIMS, KACIOPOJa M CBHHIIA, & TAKKEe KapTHPOBa-
HHUE paclipeIelieHHs JIIEMEHTOB B CIIOSIX 3MaJIM U JICH-
THHA C UCIIOJIH30BAaHNEM MHKPO30HIOBBIX W TOMOTpA-
(uueckux momxonoB. IlomydeHHbIe HaHHBIE TIOJBEp-
raloTCsl CTATUCTHYECKOH HOpMaM3aluH, CPaBHUTENb-
HOMY aHaJiM3y C PETHOHAIBHBIMH T'€OXHMHYCCKHMH
(hOHaMU U COTIOCTABIICHUIO C MPHKU3HEHHBIMH DKOJIO-
THYECKUMH U OMoTpaduecKMI CBEJICHUSIMA TIPH X
Haymaru (Macteposa u ap., 2022).

B uneHTHPUKAIMOHHBIX MPOTOKOIAX MHUKPO-
JNIeMeHTHBIe TpoduIn TKaHel 3yba paccMmaTpuBa-
IOTCSl B COBOKYMHOCTH C TPaIULMOHHBIMU CYyAEeOHO-
CTOMATOJIOTHYECKUMHU TIPU3HAKaMK — Mopdoiorueit
KOPOHOK M KOpHEH, COCTOSHHEM IUIOMOWPOBOYHBIX
MaTepUaIoB, OPTONEINIECKHX KOHCTPYKIUH W pa-
JUOJIOTHYECKAMHU XapaKTEPUCTHKAMHU 3y00derocT-
HOTO anmapara, 4To o0ecreyrBaeT MOBBILICHUE J0-
Ka3aTeJIbCTBEHHOW CHJIBI JKCIEPTHBIX BBIBOAOB H
CHIDKCHHE pUcKa omrbo4yHol arpulynun (OHanHOB
u ap., 2020).

PE3YABTATHI

AHamM3 BKITIOYEHHBIX ITyOIMKAAN  TTO3BOJIHI
BBIJIETUTH COBOKYITHOCTh YCTOHYMBBIX JTUATHOCTHYE-
CKHUX TIapaMeTPOB MHUKPORJIEMEHTHOTO COCTaBa TKaHeH
3y0a, oOianaronux HauOOMbIICH WACHTU(HKAIMOH-
HOM 3HAYMMOCTBHIO B CYyACOHO-MEIUITMHCKOU IKCIIEp-
tuze. Haubonee nHpopMaTUBHBIME NPU3HAKAMY TIPH-
3HAHBI KOHIIEHTPAIIMA W TPOCTPAHCTBEHHOE pacIpe-
JeTICHUe CTPOHIMS, Oapwsi, CBHMHIIA, LIMHKA, MEIU U
Maprasiia, a Tak)Ke U30TOIHBIE COOTHOIIEHUS CTPOH-
U U KHCJIOPOJa, OTPAXKAIOIIUE PETHOHAIBHBIC I'e0-
XUMHYCCKHIE YCJIOBHUS MPOKUBAHUS U JOJTOBPEMEH-
HbIe dKoJyormueckue BozaeicTBus (Nuzzolese, Pace,
2024). IlokaszaHo, 9TO 3Mailb (GUKCHPYET XUMHICCKHUN
IPOQHIIh MPEUMYIIIECTBEHHO B JIETCKOM BO3pacTe, TO-
r7a KaK AGHTUH M IIEMEHT KOPHS CIIOCOOHBI aKKyMy-
JHMPOBATh 3JIEMEHTHI B 00JICe TIO3/IHUC TIEPUOMIBI K3~
HH, YTO PACIIUPSET BO3MOXKHOCTH BPEMEHHOU PEKOH-

CTPYKLIMA  MWIPAalMOHHOM  HCTOpHMHM  WHIUBHJIA
(Marcymoga, 2022).
Pe3ynpTaThl  Macc-CIIEKTPOMETPUYCCKUX — HC-

CJ'IC,I[OBaHI/Iﬁ ACMOHCTPUPYIOT, YTO COYCTAHHUC JIa-

3epHOM a0JSIIMK C MHIYKTHBHO CBSI3aHHOH IIIa3MOn
o0ecrieunBaeT BBICOKYIO MPOCTPAHCTBEHHYIO pa3-
PEIIAONIYI0 CIIOCOOHOCTH MPH aHAIN3¢ MUKPOCIOER
SMaJld M JICHTHHA W MHHUMAJbHOE pa3pylICHUE
obvekta wmccmenoBanus (Kapmosa, Pasmaxuuna,
2024). 310 TI03BOJISIET BHIABJIATE ITOCIOWHEIC BapHa-
MU 3JIEMEHTHOTO COCTaBa, COMIOCTABHMEBIE C dTara-
MU MUHepalIu3aluud 3y0a, W TMPOBOAHUTH CPABHH-
TENBHBIN aHAIN3 MKy TPYIIaMU JHII, CPOPMHUPO-
BaBIIUXCS B TCOXUMHUCCKU Pa3IUYHBIX pPErHOHAaX.
PenTtrenoduryopeciieHTHas CIEKTPOMETPHS W JHEP-
TOJUCTIEPCUOHHBI MHUKpPOAHAIH3 B DJIEKTPOHHOM
MHUKPOCKOTIE TIPUMEHSIOTCS ISl KapTUPOBaHUS pac-
MIPEJICNICHUs 3JICMEHTOB IO TOJIIWHE TKAHU U BBISB-
JICHWsI JIOKAJIBHBIX 30H HAKOIUICHUS TAKEIBIX Me-
TaJJIOB, CBS3aHHBIX C BO3JCHCTBUEM MPOMBIILICH-
HBIX 3arps3HuTenci (YBaposa u ap., 2024).

B unccrnenoBaHnsx, OpMeHTHPOBAHHBIX Ha pe-
KOHCTPYKITUIO Te0oTrpauuecKoro MPOUCXOKIACHHUS,
YCTaHOBJICHA KOPPEJIALUS MEXKIY H30TOIMHBIMH CO-
OTHOIICHUSIMU CTPOHIIMS B 3yOHBIX TKaHSIX M TI'eO-
XUMHYECKUMHU XapaKTCPUCTHUKAMK MUThEBOM BOJBI U
MTOYB COOTBETCTBYIOMNX Tepputopuii (CMepanHa U
np., 2019). Mcmonp3oBanne pernoOHAIBHBIX M30TOII-
HBIX 0a3 JaHHBIX TO3BOJMIO C BBICOKOI BEpOSTHO-
CThIO JIOKQJIU30BaTh PalOHBI JUIUTEIBHOTO IPOXKH-
BaHUs YeJI0BEKa, OCOOCHHO IPH aHAIM3E AMAJU T10-
CTOSIHHBIX MOJISIPOB, MUHEPATHU3YIOIIUXCS B PAaHHEM
neTcTBe. JlomoNMHWTENbHOE BKIIIOYEHHE KHCIOPO-
HBIX HM30TOMHBIX TOKAa3aTeJiell MOBBIIAIO TUCKPH-
MUHAIIMOHHYI0 CIOCOOHOCTh METOJa 3a CUET OTpa-
JKEHUS KIMMATUYECKUX YCIOBUA M MCTOYHUKOB BO-
nmocHaOxenus (Sethi et al., 2021).

OTHenbHBIE MAacCUB IyOJIMKAIMA TOCBSIIEH
OIIEHKE COXPAaHHOCTA MHKPOAIEMEHTHOTO MPOQIISA
MIPH BO3JEHCTBUM BBICOKHX TEMIIEpaTyp. DKCIIEpH-
MEHTAIIbHBIC JaHHBIC CBHUIIETEILCTBYIOT O TOM, YTO
MpH TEPMUYECKUX HATPy3KaX, XapaKTEPHBIX s
MOKapoB M Kpemaiuu, 0a30BbIE 3JIEMEHTHBIC COOT-
HOILICHHS B allaTUTOBON MaTpHIIC SMaM U JCHTHHA
COXPAHAIOTCA B IHArHOCTHYECKH 3HAYMMOHN CTere-
HU, HECMOTPS Ha CTPYKTYpHBIE W3MEHEHHs KpH-
cramueckoil pemérku (AHmpeeBa um ap., 2018).
[Ipu 5TOM OTMEYEHO, YTO FIIEMEHTHI C BHICOKOU Jie-
Ty4eCThbl0 MOTYT JEMOHCTPUPOBATh YaCTUYHOC
CHIDKEHUE KOHLEHTpAlMi, TorJga Kak CTPOHLMN M
Oapwif OCTAIOTCS OTHOCHTEIHHO CTAOMIBHBIMH, UTO
Tpebyer muddepeHITMPOBAaHHOTO TOIX0Ma K HHTEP-
MpeTaluy pPe3yNbTaTOB IIPH HCCICIOBAHUH O0YyT-
JIEHHBIX OCTaHKOB (SHymeBuy u np., 2025).

MartepuanoBeueckue HUCCIEAOBaHUS TOKa3a-
JI, YTO MOBEPXHOCTHBIC CJIOM 3yOHBIX TKaHEH MOJ-
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BEpP)KEHBI BTOPUYHOMY 3arpsS3HEHHUIO TPOIYKTaMHU
TOPCHHS U MTOYBEHHBIMA KOMIIOHEHTaMHM, TOTJa Kak
BHYTPEHHHUE 30HBI COXPAHSIOT MPYKU3HEHHBIN 3JIe-
MeHTHBIN npodmis (YmxkoB u ap., 2025). Ilpumene-
HHAE MHKPO30HIOBBIX METOJIOB OTOOpa Mpod W TO-
CIIOITHOTO aHajw3a TMO3BOJISIET Pa3TPaHUYMBATH K-
30TCHHBIC HAJIOXKEHUS ¥ HJOTCHHBIE KOHIICHTPAIUN
MHUKPO3JIEMEHTOB, UYTO CYIIECTBEHHO CHUKAET PUCK
OIMMOOYHON aTpuOyIHKU U TOBBIIIACT HAAEKHOCTH
uIeHTU(OUKAIIMOHHBIX BBIBOIOB (JIaBpeHtok, 2018).

CpaBHUTENBHBIN aHATN3 OTEYECTBEHHBIX U 3apy-
OeXHBIX ITyONUKaIMii BBISBHJI Pa3liUuUsl B CTETICHH
CTaH/APTH3ALUKA AHAJUTHYECKUX TPOTOKOJIOB U JIO-
CTyIe K TCOXUMHUYCSCKUM pedepeHCHbIM Oazam. B 3a-
PYOEKHBIX HCCIICIOBAHUSX Yallle UCTIONB3YIOTCS IICH-
TPaJM30BaHHBIC W30TOIHBIC KAPThl U aBTOMATH3UPO-
BaHHBIE AITOPUTMBI COTIOCTABIIEHHS, TOT/Aa KaK B
HallMOHAJILHOW 3KCIIEPTHON MPaKTUKE MUKPORJIEMEHT-
HBIE IaHHBIC MHTEPIPETUPYIOTCS MTPEUMYIIECTBEHHO B
KOMILIEKCE ¢ MOP(OIIOTHYECKUMH U PaJUOJIOTHYC-
CKUMHU TpU3HAKaMU 3yOOYETIOCTHOro armmapara. B
o0enx MOJEIIX MOAUEPKUBACTCS HEIOIMYCTUMOCTD
WCTIONTE30BAaHMS 3JIEMEHTHOTO PO B N3OJSIIUH OT
VHBIX WICHTH()UKAIIMOHHBIX KPUTEPUEB M HEOOXOITH-
MOCTh MEXKIHUCIHUIUIMHAPHOW BePUPHKAIIH DKCIIEPT-
HBIX BBIBOJIOB (Baruep u ap., 2025).

3AKAIOYEHUE

Pe3ynpTaTel IpOBEAEHHOTO aHAIM3a CBUIETEIb-
CTBYIOT O TOM, YTO MHKPORJIEMEHTHBIN COCTaB TKa-
Hel 3y0a (hopMHpyeT caMOCTOSITENBHBIN U BBICOKO-
WH(POPMATUBHBIN KJAacC HIEHTU(OUKAIMOHHBIX TPH-
3HAKOB B CyJeOHO-MEIUIIMHCKOW IKCIIEPTH3E, OCHO-

AUTEPATYPA

BaHHBIII Ha COBOKYITHOCTH BOCIIPOM3BOJUMBIX KOH-
IECHTPAMOHHBIX M M30TOMHBIX XapaKTEPUCTHK, MPO-
CTPAaHCTBEHHON OpraHu3alMy 3JCMCHTOB B 3MAaJH,
JACHTHUHE U IIEMCHTC KOPHA, a TaKKE HUX YCTOﬁQHBO-
CTH K TEPMHYECKOMY BO3ICUCTBHIO M ITOCMEPTHBIM
n3MeHeHusM. lIpuMeHeHne Macc-CIIeKTpOMETPHU C
WHIYKTABHO CBSI3aHHOM IUTa3MOM, Ja3epHO-a0s-
IMOHHOTO  aHalM3a, PEHTTCHO(IYOPECIEHTHON
CIICKTPOMETPUU M BJICKTPOHHO-MHUKPOCKOITNYECKIX
METO/I0B 00ecreuynBaeT NOMydYeHHE ACTaTU3UPOBaH-
HBIX XUMHYECKHX Tpoduiei, IpUrogHsIX Uid pe-
KOHCTPYKITUH Teorpa(puuecKoro MPOUCXOXKACHUS U
SKOJIOTUYECKON MCTOPUH WHIUBUIA IPU OTCYTCTBUU
MOJHOLIEHHON MPUXU3HEHHOM CTOMAaTOJOTHYECKOMN
JIOKYMEHTAIIHH.

I/IHTCI‘paHI/ISI MUKPOSJICMCHTHBIX JAaHHBIX C
TPaIUIIMOHHBIMA  CyAeOHO-CTOMATOJIOTHIECKUMU
KpUTEPHUAMU, BKIT0Yas MOPQOJIOTHIO 3yO0B, paano-
JIOTUYECKHE XapaKTEPUCTHKH 3y0OUEIOCTHOTO afl-
mapara ¥ CBEJICHUS O CTOMATOJIOTMYECKHX BMEIa-
TENbCTBAX, MOBHIIIACT JOKA3aTCIbCTBCHHYIO 3HAYH-
MOCTh JOKCHEPTHBIX 3aKIIIOYESHUH M CHMIKAET PpHUCK
ommOOYHON aTpuOynuw. BEIIBIEHHBIC pa3THIHI
MeXIly OTEUYECTBEHHBIMH U 3apyOeKHBIMU aHAJINTH-
YECKUMH MOIX0JaMH OTPAXKAIOT ypOBEHb NU(POBH-
32U TCOXUMHYECKUX 0a3 JaHHBIX U CTENCHb CTaH-
JTapTU3aliu J1a0OpaTOPHBIX MPOTOKOJIOB, YTO 000C-
HOBBIBACT HeO6XOI[I/IMOCTL YHI/I(i)I/IKaIII/II/I METOAHu4YC-
CKHX PEKOMEHAANWKA 1Mo O0TOOpY MpoOl, aHAIUTHUE-
CKOl 00paboTKe W CyaeOHO-MEIUIIMHCKOW HHTEp-
MpeTanuy MUKPO3JIEMEHTHOTO COCTaBa 3yOHBIX TKa-
Hell B HAllMOHAJTHLHOM M TPAHCHAIMOHAJIHLHOM DKC-
MEPTHOM IPOCTPAHCTRE.
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ABSTRACT. Forensic dental identification has further developed owing to the application of high-precision phys-
ico-chemical techniques enabling detection of stable trace-element profiles in hard dental tissues that reflect environ-
mental exposure, dietary factors, and long-term exogenous influences persisting despite pronounced post-mortem
changes and destruction of soft tissues.

Objective. To analyze and systematize scientific data on the forensic significance of trace-element composition of
dental tissues in personal identification, taking into account analytical and isotopic methods, interpretation of geochem-
ical markers, and differences between national and international expert approaches.

Materials and Methods. A literature search was conducted in the PubMed, Scopus, and eLIBRARY databases
for the period 2000-2025; sources addressing elemental analysis of enamel, dentin, and cementum, as well as inductive-
ly coupled plasma mass spectrometry, laser ablation techniques, X-ray fluorescence, and electron-microscopic methods
in forensic practice, were included in the review.

Results. It was shown that concentrations and spatial distributions of strontium, barium, lead, zinc, and copper
form a stable set of chemical features suitable for reconstructing geographic origin and individual environmental expo-
sure. High diagnostic value of laser-ablation mass spectrometry and energy-dispersive spectroscopy for localized dental
tissue analysis was noted.

Conclusion. Trace-element composition of dental tissues constitutes an independent class of highly informative identi-
fication features in forensic medicine, and the integration of geochemical analyses with conventional forensic odontological
examinations increases the reproducibility of expert conclusions and the effectiveness of personal identification.

KEYWORDS: dentistry, trace elements, identification, enamel, dentin.

For citation: Kamalyan A.V., Barinov E.H. Forensic significance of trace element composition of dental tissues in personal
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OPUTUHAAbHAS CTATbA

CYTO4HbIE PUTMbI KAABLUUA U MATHUA
B KOHAEHCATE BbIABIXAEMOIO BO3AYXA
NMPU PELLUAUBUPYIOLLLEM BPOHXUTE Y AETEM

C.U. MaHapoB, A.A. XaaHoBa, A.B. LLinwosa* P.M. AaproLikKuHa,
T.l. TanasoBa, A.A. CemeHoBa

OI'bOY BO «VIBaHOBCKHIA TOCYAapCTBEHHBIM MEUIIMHCKUN YHUBEPCUTET)»
Munucrepcra 3apaBooxpanenus Poccuiickoii @enepaunu;
Poccuiickas @enepauus, 153012, r. iBanoso, [llepemereBckuii np-KT, 10M 8§

PE3IOME. IMaroreHernyeckie MeXaHU3Mbl (POPMUPOBAHUS PEIMANBUIYIONIETO OPOHXHUTA OCTAFOTCS TPEAMETOM
nucKyccuit. M3ydenne 0MoJIOrHYeckuX pUTMOB Makpo- M MUKPO3JIEMEHTOB MOKET CIIOCOOCTBOBATH pa3paboTKe Iepco-
HaJIM3UPOBAHHBIX MTOJXOJI0B K MPOGHIAKTHKE H JICYEHHIO ATOr0 3a00JIeBaHUs.

Heap uccaeaoBaHusl — MPOAHATU3UPOBATh CYTOYHYIO AWHAMHUKY COJCP)KaHHUS MaKpO3JIEMEHTOB B KOHJIEHCATE
BBIJIBIXaEMOTI'0 BO3/lyXa y J€TeH C peluANBUPYIOIINM OPOHXHUTOM.

Marepuansl u Meroabl. OOcnenoBano 59 neredd B Bozpacte 6—10 et ¢ penuauBupyromuM 0ponxutom. Kon-
TpONBHYIO Tpynmy coctaBwin 30 merell, penko OONEIOMMX pecHupaTOpHBEIME 3a0oieBaHUAMHU. OLEHKY 3JI€MEHTHOTO
CTaTyca NMPOBOJMIN HEMHBA3UBHO, ITyTE€M HCCIIEAOBaHMS KOHAEHCATa BBIABIXaEMOT0 Bo3ayxa. sl CyTOUHOTO MOHHTO-
puHra OpoHXManbHOM npoxoauMoctd 1o MOCBBI (MrHOBEHHAs! 0ObEMHasi CKOPOCTh BBIJJOXa) HMCIIOJIB30BAIM HOPTa-
tuBHbI ipubop «IIukdroymerp» (Beringer Ingelheim, ['epmanus), n3MepsOLIHii 3TOT MapaMeTp B JINTPAX B MUHYTY.

Pe3yabTarsl. MccnenoBanne mokasano, 4TO y AETEH C PELUIMBHPYIOIIMM OpPOHXHTOM OTMEYAeTCs CMEICHHE
ITUKOBBIX 3HAYEHUI KOHICHTPAIMK KAl U MarHusi B TpaxeooponxuainbHoM cekpere (KBB) o cpaBrenuto co 310-
POBBIMHU CBEPCTHUKAMH. B ocTpblii nepron 3a0oseBanust 3a)MKCUPOBAHO CTATUCTUYECKH 3HaUnMoe cHibkeHnue (p<0,05)
CPeIHECYTOYHBIX KOHIIEHTparuid kanpius u Maraus B KBB. [lansenii peHOMeH MOXeT OBITh HHTEPIIPETHPOBAH KaK OT-
BET OpraHrn3Ma Ha BOCTIAIUTEIBHBIN MTPOLECC, MPOSBISIOIINICSA B YCHIEHHOM Pa3BeICHUN TPaXxeoOPOHXHAIBHOTO CEK-
pera u cHKeHnH MUHepaibHoro coctaBa KBB, a Taioke B nepepacrpeielieHin 3JIEKTPOIUTOB U UX BBIXOJE M3 TKaHe-
BBIX JIETI0, BKJIFOYAs JISTOYHYIO TKaHb, Ui oOecredeHus (GyHKIMOHUPOBAHUS 3alIUTHBIX U aJaNTalMOHHBIX MEXaHH3-
MOB. J[OTIOJTHUTENBHO y NeTel ¢ peluANBUPYIONIMM OPOHXHTOM BBISIBIICHO IOBBIIICHUE aMILUTUTY 16l KOJIeOaHNH ypOBHS
kanbius U Maraus B KBB (p<0,05). B nepuon KIMHUYECKOrO BBI3JIOPOBJICHUSI YaCTHYHOE BOCCTAHOBJICHHE LIMPKa-
JMaHHOTO pUTMa 3JIeMeHTHOro coctaBa KBB yka3biBaeT Ha HEMOIHYIO peabMINTAIMI0 METa0OIMYECKUX HAPYIIEHUH B
nerkux. J{ucOanaHc mupKaJgWaHHBIX PUTMOB KanmbIwsi u MarHus B KBB y mereit ¢ penuauBHpyOmmM OpOHXHTOM,
UMEIOIINX 30HY PHCKa OpOHXHMaIbHOW OOCTPYKIMH, CIIOCOOCTBYET NEPCUCTEHIIMU U IPOIPECCUPOBAHUIO BOCIIAJICHNS,
(bopMHPOBaHUIO OPOHXHATBLHON THIIEPPEAKTUBHOCTH M YBEIMYEHHIO YaCTOTHI 00OCTPEHUI JaHHOTO 3a00IeBaHMUSI.

BriBoabl. MccnenoBanne CyTOUHBIX PHTMOB MAaKpO- U MHKPO3JIEMEHTOB B BBIZBIXa€MOM BO3/IyXE MOXKET CTATh
KJIIOUOM K ITOHUMAaHHIO NPUYUH PEelUIUBHpPYIOIEro OpoHxura y aereil. [lomydeHHble JaHHBIE MOTYT OBITH MCIOJIB30-
BaHbI AT pa3pabOTKK MEPCOHATM3UPOBAHHBIX METO0B NPOGIIAKTHKY U JICUCHHUS, B TOM 4HCIIe KOppeKIun geduura
KaJIbLUSl 1 MarHUSI 1 BOCCTAHOBJICHHS €CTECTBEHHBIX OMOJIOTHUECKUX PUTMOB.

KAKOYEBBIE CAOBA: kambimii u MarHumii, KOHIEHCAT BBIIBIXAEMOTO BO3/IyXa, CYTOYHBIA PHUTM, ETH,
PEeUUAUBUPYOLIMN OPOHXHUT.

AAs umTupoBaHusa: Mauapos C.1., XKnanosa JILA., lllumosa A.B., Jlapromkuna P.M., I'masosa T.I., Cemenosa J[.A. CyTo4YHBIE PHTMBI

KaJIpLIMsI U MarHusl B KOHJEHCATe BBIIBIXaeMOro BO31yXa MPH PeLUANBHPYIOIIeM OpoHXHUTe Y AeTeil. MukpoanemMenTsl B Meauimue. 2026;27(1):31-39.
DOLI: 10.19112/2413-6174-2026-27-1-31-39.

BBEAEHUE

3a0oJieBaHUsl OPraHOB JbIXaHUS y JCTEeH BCEX
BO3PACTHBIX TPYIII 3aHUMAIOT JUAUPYIONINE TO3U-
IMH B CTPYKType 3aboieBaeMOCTH. BpOHXHTHL,
Han0OoJIee YacTO BCTpeyaroulrecs y NeTei paHHero

* AApecC AAS MEPENUCKM:
LlnwoBa AHacTacus BAGAMMUPOBHA
E-mail: shishova@inbox.ru

BO3pacTa, OCTAIOTCAd aKTyaJbHOH MpoOiieMoil B Tie-
nuatpudeckord mpaktuke (Jloxmmaa wm ap., 2020;
CamopoanoBa u ap., 2021). HecmoTps Ha TO, 4TO B
OONBUIMHCTBE CIy4aeB OPOHXHTHI MPOTEKAIOT C He-
3HAYUTENbHBIMU  KIMHUYECKUMH IPOSBICHUAMH,
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OHH MOTYT UMETh 3aTSHKHOU WM PEeUUIUBUPYOIIAN
xapakrep. OTO MOXET MPHUBECTH K Pa3BUTHUIO CTOM-
KOW OpOHXMAIbHOW THIIEPPEAKTUBHOCTA U B KOHEY-
HOM HTOre (OPMHUPOBAHHIO XPOHHUYECCKHX 3a00JIe-
BaHWI OpOHXOJIETOYHOH cucTembl (JIokmmHa U ap.,
2020; MapxkoBckas u mp., 2021; Duan et al., 2021;
Ali, 2022; HlamcuaauaoBa, 2023).

Cospemennble uccnenoBanus (MapkoBckas u
ap., 2021; IlaBasu u ap., 2021; JlarynoBa u ap.,
2023; Jlum u np., 2023; Annanazapos, 2023; I'erme
u 1p., 2024) MO3BOIWIN CY3UTh KPYT UIACHTHDHUITH-
POBaHHBIX ATHOJIOTHUECKHX (PAKTOPOB U (PaKTOPOB
pUCKa, aCCOLUMUPOBAHHBIX C PEHUIUBUPYIOIIHM
oponxutoM (PB). TemM He MeHee MaTOreHETHYECKUE
MEXaHHU3MbI JJAHHOTO 3a00JIeBaHUSI OCTAKOTCS TPE]-
MeToM Juckyccuil. TpeOyercs nanbHeiiee yriyo-
JIEHHOE M3ydYeHHe psifa KIIOYEeBBIX aCIEKTOB I1aTo-
reHe3a, B YAaCTHOCTH YCTaHOBIIEHHE KOPPEISIHA
MEXIy OCOOCHHOCTSIMH BOCIIAJIUTEIHHOTO TIpoIiecca
U VHAMBUIYATHLHBIMA METaOOJIMYCCKUMH XapaKTe-
PUCTHKaMH y JI€TeH, KOTOPOE BHIXOJIUT 3a PaMKHU
UCKJIFOUUTENBHO  HUH(EKIMOHHOTO  BO3JCHCTBUS
(Belgrave et al., 2018; Raaymakers et al., 2019; Ca-
MopoaHOBa U 1p., 2021; Katitmazosa, 2022).

B mnHactosimee Bpems 3HAYMTENTbHOE BHHUMAaHUE
YIENSACTCS WCCICIOBAHUIO HAPYIICHUN AJIEMEHTHOTO
romMeocrasa Kak MpeAUKTOpa pacCTPONCTB 0a3aabHOTO
MeTtabonm3ma 1 ob1ero ooMeHa Bemects (ITHnbkeBrY
u 1p., 2023; Koponera u ap., 2023). OyHKITHOHUPOBA-
HHE OpraHu3Ma, BKIIOYas (PU3MOJIOTUIECKHE IPOIIeC-
Chl B OpOHXOJIETOYHOH CHCTEME, IETePMHUHHUPOBAHO
AJICKBATHBIM COOTHOIIICHHEM ¥ KOHIICHTPAITUEH DJICK-
TPOJIUTOB B OHMONIOTMYeCKUX cpenax. Kampiuit u mar-
HUHA SIBJISIOTCSI OJHUMH W3 KJIFOUCBBIX KAaTHOHOB,
00€CTICUNBAIONINX HOPMATBHYIO OpPOHXOKOHCTPHK-
1. B mepuoj; akTHBHOTO pocTa W pa3BUTHUS JIETEH,
XapaKTepU3YIONMIHCs ~ MHTeHcH(uKameii  oOMeHa
JIAHHBIX DJIEMEHTOB, HE3PEJIOCTh aIANTAIIMOHHBIX Me-
XaHU3MOB MOXKET OOYCIIOBIMBATh BHIPKCHHBIC METa-
Ooymueckre MUCHYHKIMH U, KaK CIICACTBUE, OMOCpE-
JIOBaHHO CITOCOOCTBOBATH (HOPMHUPOBAHUIO OpPOHXU-
anpHOM rHmeppeakTuBHOCTH (Kapumosa n np. 2022;
CamopomHoBa, 2023).

CyTouHble KOJIeOaHUs YPOBHS Makpo- U MHK-
PO3JEMEHTOB OTPaXAKT ECTECTBEHHBIC ITHKJINYC-
CKHE W3MEHEHUS B PETYJIATOPHBIX CHUCTEMax opra-
HU3Ma, CIIOCOOCTBYS €ro ajamnTalWd K BHEIIHHM
ctpeccoBbeM (hakTopam (Bacuienko u ap., 2019).
OyHIaMEHTaJbHOM MNPUYMHOM BCEX MATOJIOTHYE-
CKUX COCTOSIHHI SIBJISICTCS HAPYIICHUE CHHXPOHHO-
CTH OWOJIOTUYECKHX MPOIECCOB HAa BCEX YPOBHSX
opraHu3anuu xuBoro. [IposiBieHue 00JIE3HM YacTo

HAuYMHAETCSl C JECHHXPOHHU3ALMU LUPKAaIHBIX DPUT-
MOB, a IIPOLECC BBI3JOPOBIECHMSI 3aBEPIIACTCS JHIIb
IIPY BOCCTAaHOBJICHUH BPEMEHHOU yIOPSI0YEHHOCTH
KIIOYEBBIX Qusnoioruueckux cucrem (['youn, 2019;
I'y6un u nmp., 2019). MHOXecTBO pabOT MOCBAIIECHO
U3YyYCHHI0O MAaKpo- M MHUKPO3JIEMEHTHOTO CcTaryca
JeTel Ipyu Pa3IMYHbIX MATOJIOTNYECKUX COCTOSHUAX
(YepnoBa u ap., 2021; Bonorosa u ap., 2022). Bme-
CTE C TEM OCTAeTCs HEJOCTATOYHO M3yUEHHBIM BIIH-
SHAE DJJIEKTPOJIMTOB Ha TMAaTOT€HEeTHYeCKHe Mexa-
H3MBI PB, ocobOeHHO ¢ yueToM BapmaOEIbHOCTH
OpOHXHMAIEHONH OOCTPYKITMH Yy IETeH pa3HBIX BO3-
pactabix rpym (Fitzpatrick et al., 2019; I'ermie u mp.
2024). OrcyTcTBHE 3THX AAHHBIX 3aTPyAHSET paH-
Hee BBISIBIICHUE JIeTel ¢ PUCKOM Pa3BUTHS XpOHHYE-
CKHUX pPECIUpaTOpHBIX 3a0oneBaHuil B Oymyiem, a
Takke pa3paboTky A(h(PEKTUBHBIX MpodrIIaKTHIC-
CKHUX CTpaTeruil U MepCOHATN3UPOBAHHOMN TEepamuu.

IHenr pab®oTb — OUCHUTh M3MEHEHHUS
coJep>KaHUsI MAKPORJIEMEHTOB B KOHAEHCATE BBIABI-
XaeMoro BO3JyXa Yy JeTell ¢ peuuAUBHPYIOMIHUM
OpOHXUTOM B TE€UEHHUE CYTOK.

MATEPUAABI U METOADI

B uccnenoBanuu npuHsuA ydactue 59 meteit B
Bo3pacTte oT 6 1o 10 ner, crpanaromux Pb u mpoxo-
JMUBIINX CTAI[IOHAPHOE JIeYeHHe B OOJACTHOM KIIH-
HU4eckoi OompHHIE. s cpaBHeHus Obua cdop-
MupoBaHa rpynmna u3 20 gereit B Bo3pacte oT 6 10 9
JIET, KOTOpBIe PelKo OOJenu pecrnupaTopHbIMH 3a-
OoJieBaHUAMH W HAXOAWIHUCh B JIETCKOM O370POBH-
TETHHOM Jlarepe « MalbIImoK.

OT 3aKOHHBIX NPEJCTABUTEICH KaXKIAOTO U3
BKITFOUEHHBIX B MCCJIEIOBAHHE YYaCTHUKOB ITOJTyYe-
HO WH(POPMHUPOBAHHOE IOOPOBOJBHOE COTJIACHE.
[IpoTokon wuccneaoBaHUST YTBEPXKICH ATHUYCCKUM
komureroM @I'BOY BO Hpanorckuiit MY Musn-
3npaBa Poccuu (mpotokon Ne 4 ot 16.04.2025)

Ycranosnenue nuarHo3a Pb ocHoBbIBaocs Ha
BCECTOPOHHEM aHAM3€ aHaMHEe3a MalHeHTa U OJI-
HOBPEMEHHOM HAJWYUHU NPU3HAKOB PECHUPATOPHO-
ro, WHTOKCHKAIIMOHHOTO M KaTapalbHOTO CHHIPO-
MOB. DTOT TOJXOJl COOTBETCTBOBAJ JCHCTBYIOIIIM
KITMHAYECKAM PEKOMEHAANWsAM W Kiaccu(rKamuu
OpOHXOIIErOYHBIX 3a00JIeBaHUN Y JEeTeH, YTBep-
KAeHHBIM MunzipaBom P® (Knmaudeckue peko-
Menganmu «OcTpelit OpoHxuT», 2024-2025 TT.).

Jist m3ydeHust JIOKaTbHBIX METa0OIUIECKUX
MPOIIECCOB B ABIXATEILHON CUCTEME MPUMEHSITH Me-
TOJI aHajM3a KOHJAEHCATa BBIIBIXaeMOTO BO3IyXa
(KBB). OTot meTon sBIsieTCSl COBPEMEHHBIM, MOJI-
HOCTHI0O HEMHBA3WBHBIM (YTO OCOOEHHO IIEHHO MpHU
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paboTe ¢ OeThbMH), BEICOKOYYBCTBUTEIHHBIM H TI03-
BOJISICT IMPOBOJAMTH HCCIICIOBAHUS MHOTOKPATHO B
teuenue nHs (Melén et al., 2019; Tepemenko u np.,
2021; Banees ap., 2022).

COop KOHIEHcaTa BBIBIXAEMOTO BO3AyXa
ocymecTBIUH corsiacHo Metoauke I'.1. Cunoperko
u coapt. (1981). Jlns ompeneneHns KOHICHTpAIUA
Maraus U kajbiuss B KBB mcnonbs3oBanm aToMHO-
aIcOpOLIMOHHYIO CIIeKTpodoTOMETpHIO. Pe3ynpTaTh
BBIpXaJIM B MUJUTUMOJISIX HA JUTP (MMOJb/i). Jlns
KpYTJIOCYTOYHOTO HAOJIOMEHUS 3a OpOHXHAIBHBIM
TOHYCOM, WCIIOJIb3Ysl TIOKa3aTelb MaKCHUMaJIbHON
o0BemMHO# ckopoctu Beioxa (MOCBBIN), TpUMEHs-
au mopratuBHbIA  mpubop  «llukdnoymerp»
(Beringer Ingelheim, 'epmanus). Enunnna usmepe-
Hust MOCBbI — mutp B MuHYTY (J1/MuH). [Ipu cpas-
HeHnH mokazateneit MOCBBII y pa3HBIX JETeH HcC-
[TOJIE30BAI HOPMHUPOBAHME: PE3YIBTATHl BBIPAYKAIIN
B NOpoLEeHTax OT Hawiyyiiero 3HadeHuss MOCBbIT,
KOTOpoe peOeHOK NeMOHCTPHUPOBAI 332 BECh TEPHOJ
uccnenoBanus (ycioBHo npunaroe 3a 100%).

Jist cOONIOIEHUsI CTPOTMX HAYYHBIX CTAHIAPTOB,
BCE JIETH TIPUACPKUBAIMCH CTPOTOTO PacIIOpsIIKa JTHSI.
COop KOHJIEHCATa BBIIBIXaCMOTO BO3IyXa MPOBOIIITH
Ka)XJIple TPY Yaca, HAauMHAs C CEMH YacoB yTpa.

s aHanmu3a MONMYYSHHBIX JaHHBIX HCIOJB30-
BaJll CTATHCTUYECKHE METObI, BKIIOYasi CTAHAAPT-
ayio nporpammy «STATISTICA 6,0» u makeTsl
mpuKIagaeIx nporpamMm  «Evrikay (mpubmmxenue
(hyHKIIMH 1T0 METOy HAMMEHBIINX KBaJpaTOB — KO-
cuHOp-aHanm3, npemioxennslit F. Halberg), «Micro-
softworks» 2,0 (snextpoHHble Tabmunsl). [Tapamer-
pUYECKHe KOJMYECTBCHHBIC JaHHBIC OBUIM TIpe-

CTaBJICHbl CPEIHUMHU 3HAYCHUSIMH M CTaHAAPTHOU
omunoOkoi cpeanero (M £ m). CTaTUCTHYECKYIO 3HA-
YUMOCTh Pa3INuuii MEXAY 3aBUCHUMBIMU TPyHIamMHu
OIICHUBAIM C TMPUMEHEHHUEM HEmapaMeTPUIECKOTO
kputepus ITupcona X? (XM KBaapar), 3HAYUMOCTH
pazIuuuil MeXIy HE3aBUCUMBIMHU IpylnamMu JaH-
HBIX OLICHMBAJIA C UCIIONb30BaHUEM KpuTepus Man-
Ha—YUTHHU. YPOBEHb CTATUCTHUUECKON 3HAYMMOCTHU
paznuuuil npuHuManu npu 3HaueHuu p < 0,05.

PE3YABTATbI U OBCY)XAEHUE

AHanu3 CyTOYHBIX M3MEHEHHH KOHIICHTpaIlH
MakpoaieMeHToB B KBB y nereit ¢ Pb u 310poBbIx
nmetedt (Tabn. 1) BBISIBHIT CYIIECTBEHHBIC OTKJIOHE-
Husl. B octpoit paze Pb y GonmpHBIX merelt oTMedeHO
IIUKOBOE BBIJCJICHUE KajJbLUsi B HOYHOE BpeMs
(23:30) u maraua B aHeBHoe Bpems (11:45), uro
KOHTPAacTHPYeT C JAHHBIMH KOHTPOJIBHOW TPYIIIHL
OTH HapylIeHUs B CYTOYHOW PHUTMHUKE MaKpodJie-
MeHToB KBB ciyxaT KOCBEHHBIM MOJTBEPKICHUEM
paccTpoCTB IMPKaJAHOW PEryJsALUN FOMeocTaTuye-
CKHUX IIPOLIECCOB B OPraHU3Me BO BPEMsI OCTPOTO Iie-
puona Pb.

BaxHO OTMETHTB, UTO Hanboee YyBCTBUTEIh-
HBIMH TTOKa3aTeIAMU OMOJOTHYECKUX PUTMOB, MOJ-
BEP)KCHHBIMU M3MEHEHMSM 110/ BIUSHUEM HeOJaro-
NPUATHBIX (PaKTOPOB, SIBISIOTCS CPEAHUI CYTOUYHBIH
YpOBEHb (ME30p) U pa3Max KoyieOaHuid (aMILUTUTY/Ia).
AMIUIIUTYAa pUTMa, KaK KIIIOYEBOW HHTETPabHBIN
MoKa3aTeNlb HUPKaAUaHHOTO PUTMa, CIYKUT Hecle-
OUQUYECKHUM HHAUKATOPOM CTA0WIBHOCTH OHOJIO-
rudeckoit cucrembl (Putker et al., 2018; I'ybOun,
2019; I'ybun u mp., 2019).

Tabauua 1. CYTOYHbIN PUTM SKCKPELMN KAAbLMSA U MATHUS
C KOHAEHCATOM BbIAbIXQEMOrO BO3AYXd Y A€TeH C PELMAUBUPYIOLLUM BPOHXUTOM
B PA3AMYHbIE NepnoAbl 3a60AeBaHMA (MO AGHHbIM KOCHMHOP-AHAAK3d, Mim)

Tpynna sereii Tokasatens CpenHecyTOYHbIH ypOBEHB, AMmuuTyza, Axpodasa,
MMOJIB/JT MMOJIB/IT Y4:MM
Kanbuuit 0,61+0,02 0,007+0,01 7:50
310poBBIE JETH
Marunit 0,02+0, 001 0,001+0,0003 22:15
Kanpruit 0,143+0,03 * 0,042+0,01* 23:30
Ocrtpslit nepuon Pb
Marnwii 0,009+ 0,001* 0,007+0,001%* 11:45
Kanpuuit 0,21+0,003* 0,0124+0,01* 15:30
[Tepuon kmHMUECKOro BI3I0poBIeHs Pb
Marnwii 0,03+0,005 0,002 +£0,002 23:30

MprmeyaHme: * — 10CTOBEPHbIE OTIIMYMS B CPABHEHUH CO 340POBBIMU 1eThMH, p< 0,05.
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VY nereit B octpoit paze Pb Habmromanock cra-
TucTHdecku 3Haunmoe (p <0,05) ymeHbIeHUE cpe-
HECYTOYHOM KOHIICHTPAIUM KallbIUsi U MarHus B
KOHJIeHCcaTe BhIIbIxaeMoro Bosayxa (KBB). B oct-
pBIN TIeprox OPOHXUTA, COMPOBOXKIAIOIIETOCS BOC-
MaJIeHWEeM, MPOUCXOINT PaKIKEHHE TPaxeoOpoH-
XHAIFHOTO CEKpeTa, W3 KOTOpOro QopMupyercs
KBB. 3710 nmpuBOIUT K CHIDKEHHIO KOHIEHTPALUH
MuHepaiabHbIX BemniecTB B KBB u moBwimeHuo ero
THIIOTOHUYHOCTH. VI3MEHEeHue YpOBHSI AJIEKTPOIIHU-
TOB TaK)K€ CBSI3aHO C MepepacrpeieNICHIEeM KallbIus
Y MarHusi B OpraHU3Me B OTBET Ha BOCTIAUTEIbHBIN
MpoIecc. DTH AIIEMEHTHI ePEeMEAt0TCs U3 TKaHeH,
BKJIIOUAsl JICTKUE, U TOIJCPNKAHUS 3alUTHBIX U
aJanTalMOHHBIX MexaHu3MoB. Kanpnuii HeoOxoaum
Uit pabOThI CHCTEM, OTBEUAIOIIUX 32 TMEPEKUCHOE
OKHCIIEHHE JINTTHIOB ¥ aHTHPAAUKAIBHYIO 3aIIUTy, a
MarHuii — I oOecTedeHHus OMOdHEPTeTHICCKUX
nponeccos (Vural et al.,, 2020; I'm3unrep u 1p.,
2021; HamunoB u ap., 2023). Kpome toro, cHuxe-
HUE YPOBHS KalbIMsd MOXET OBITh CBSA3aHO C €ro
pacxoJoM NP MHTEHCHBHOM COKPAIIEHUH TJIAJKHX
MBI OPOHXOB BO BpeMsi 000CTpeHMsI 3a00IeBaHUS
(JIebenenxo u mp., 2021).

B ocrpeiit mepuon PBb  duxcupyercs cymie-
cTBeHHBIH pocT (p <0,05) ammuutynsl koneOaHMi
KOHIIEHTpaIit kanbpiusa u maraus B KBB, uto cu-
JICTENbCTBYET O MEpeHANpsHKeHUN MEXaHH3MOB pe-
TYJSIUN U OCTAa0JIeHWH alalTHBHBIX PECYPCOB Op-
ragm3ma. C touku 3penus C.M. Cremanosoii (1986),
YHHUBEpCaIbHAs peakius OMOPUTMOB Ha CTPECCOBOE
BO3/ICHCTBHE MPOSBISAETCS B YBEIMYCHUU aMILIUTY-
IObl PUTMHUYECKUX TIPOLIECCOB W TNPeoOpa3oBaHUM
BBICOKOYACTOTHBIX KOJIEOaHWH B HHU3KOYACTOTHEIE.
Bospacranne amrmumTynbl 00yCIOBIEHO HWHTEHCH-
(dukamuet Merabom3Ma BHYTPH KJIETOK M aKTHBa-
nuell pe3epBHBIX (YHKIIMOHAIBHBIX DIIEMEHTOB.
UpesmMepHO BBICOKAsl aMILIUTyAa OMOpHTMa CO3/aeT
peanbHyI0 BO3MOXHOCTD JUIS pacIIUpEHHs AUaras3o-
HOB OTKJIOHEHHUS! ()a3 COCTaBJISIONIMX €r0 PUTMOB,
TO €CTh PUTMOB C MEHBIIMMHU TEPHOAAMH, H, KaK
CIIEJICTBHE, TpeApacoiaraeT K AeCHHXPOHU3AINA B
Tpeienax 3TUX PUTMOB.

[lpu cHIWKEHMU CHUMNTOMOB 3a0O0JICBaHUS W B
MepHOJl KIIMHUYECKOTO BBI3ZIOPOBICHHSI peOCHKa OT
Pb mnabmromaercss HOpManm3amus LUPKAAAAHHOTO
pUTMa Marfvs W NPUOJIDKEHHE MOMEHTa THKOBOTO
BbiiesieHus kanbiusi B KBB k Hopme. Tem He MeHee,
HECMOTpSl Ha YyKa3aHHbIE TO3UTHBHBIC W3MEHEHUS,
CPEIHECYTOUHBIH YPOBEHb KaJlbLIMS, BBIACISEMOTO C

KBB, ocraércs monmxenssM (p < 0,05), a koneGanus
€ro KOHIICHTpAllud — MOBBIIICHHBIM. B mpoTuBOMO-
JIO’KHOCTB 3TOMY, CPETHECYTOUHAS SKCKPELIUS MarHus
¢ KBB Bo3pacraer, 4ro, BEpOSTHO, YKa3blBaeT Ha
CHIDKEHHE €TO COJep KaHMsl B KIIETKaX OPTaHOB JIbIXa-
Hus. Takoi 2PPEKT MOKET MPHUBECTH K YCHICHHUIO
PEaKTUBHOCTH TPaxXeOOPOHXUAITLHOTO JIEpeBa, TaK KakK
MarHuii BBICTYTIAET KJIFOUEBBIM PETYJISITOPOM aKTHBA-
UK aJCHWIATIIUKIA3EL. JTOT (PEPMEHT CTUMYJIUPYET
BbIpaOoTKy 1ukIndeckoro AM® (nAM®), KOTOpBIi,
B CBOIO OYepellb, MPETATCTBYET BEICBOOOKICHUIO Me-
JIMaTOPOB U3 TYYHBIX KJIETOK W OJOKUPYET MOCTYTLIe-
HUE KaJblUs B IIIAJKOMBIIICYHBIC KJIETKH OpPOHXOB,
4TO crocodcTByeT ux paccrnadnenuto (bepect u np.,
2019; Jlebenenko u np., 2021; Jlamuk u ap., 2025).
HabGmronaemble aHHBIE yKa3bIBAIOT HA TO, YTO B Tie-
puon KIMHWYECKOH pemuccuu Pb Mertabommdeckue
MIPOIIECCH HE BOCCTAHABIMBAIOTCS TOJHOCTHIO. YUH-
TBhIBasi pojib 0OMEHa BEIeCTB KaK HEOThEMIIEMOH Ya-
CTH LMpKaauaHHbIX pUTMOB (TateBocsH u ap., 2022),
3aMETUM, YTO TMOCIIEJCTBUS TaKOW B3aMMOCBS3H (op-
MUPYIOT 3aMKHYTBHIH KPyT TIPU BOCTIAJICHUSX PECIIH-
paTopHOTO TPaKTa, TJe METa0OINIECKHe HapyIIeHNS,
BIIMSIST HA CYTOYHBIC OMOPUTMEI, YXYIIIAlOT METabo-
JIMYECKYIO TUC(YHKIHIO.

Amnanu3 snextponautHoro coctaBa KBB y neteit
¢ Pb u puckom paszButus OpoHXHAIBHOH 0OCTpPYK-
1uH (Tabu1. 2) BBIABUI CTATUCTHYECKU 3HAYUMBIE OT-
mrawst (p < 0,05) oT mokazaTenei mereit 6e3 mpu3Ha-
KOB pHCKa: HaOJIONAIOCh CHIDKEHHE CPEIHECYTOd-
HOTO COJICpYKaHMS KANbIUS M YBEITHUECHUE aMILIUTY-
IIbI €r0 CYTOYHBIX KoneOaHuil. BeposTHO, yMeHbIlIe-
HUe KoHLeHTpauu kaneius B KBB oTpaxkaer yse-
JIMYEHUE €r0 COJIeP’KaHUs B KIIETKAX JIbIXaTEeIbHBIX
MyTel, TaKWX KakK JIUTENHaIbHBIE KIETKH, TIaJKO-
MBIIIIEYHbIE KJIETKH W Ty4dHbIEe KiIeTku. Kampumii ur-
paer BaKHYIO pOJIb B PETYJSIUH COKPATHUTEIHHOU
(GYHKIMM TIaJKOW MYCKyJaTyphl OpOHXOB uepe3
KaJbLUK-3aBUCUMbIE MeXaHU3Mbl. OIHAKO U30bI-
TOYHOE HAKOIUIEHWE BHYTPHUKJIETOUYHOTO KaJbLUs
MOKET CTHUMYJIHPOBATh AKTHBAIMIO TIPOBOCIIAIH-
TEIBHBIX MEIUATOPOB, YTO, B CBOIO OYEPE.lh, yCHIIH-
BaeT BOCHAIIUTENBHBIE TPOIECCHl B JIBIXaTEIBHBIX
nytsx (Xu et al., 2024). BrissBneHHbIC H3MEHEHUS B
[UPKAIMaHHBIX PUTMAaX METaboIHM3Ma MOTYT CIIO-
cOOCTBOBATh IMOJJICPKAHUIO BOCMAICHUS U Pa3BU-
THIO THTIEPPEAKTUBHOCTH OPOHXOB. ITO CO3MACT TO-
BBITIICHHBIN PUCK YacThIX obocTperwii Pb u B mamb-
HeleM (OpMUPOBaHUS XPOHHYECKUX 3a00IeBaHUN
OpOHXOJIETOUHON CHCTEMBI.
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TabamLa 2. XapakTepUCTUKA KOCUHOP-AUATPAMMBI CYTOYHOIrO PUTMA
SKCKpeLnn SAeKTPOAUTOB (M £ m) c KOHAEHCATOM BblALIXAEMOro BO3AYyXd
Yy AeTel C PpeLuMAUBUPYIOLLUM BPOHXUTOM B 3ABUCMMOCTHN OT HOAUYMSA 30HbI PUCKA
6poHxnaAbHoOM 06CTPYKUMM No napameTpam MOCBbIA

I'pynna nereit [Toxazarens CpenHecyTOUHBIH ypOBEHB, Ammnryna, Axpoa3za,

MMOJIB/JT MMOJIB/JT 94:MM

Jletu ¢ Pb 6e3 30HbI pricka Kanpumit 0, 17+0,01 0,034 £0,01 11:30
OpOHXHMANEHOI 00CTPYKIUH

MarHwuit 0,024 + 0,007 0,005+0,0001 23:45

Jetu ¢ Pb ¢ 30H0l pucka Kanbrmit 0,089+0,02* 0,044 +0,02* 23:45
OpOHXHMANEHOI 00CTPYKIUH

Maruuit 0,024 £0,01 0,003 £0,001* 11:45

Mpumeyarnue: * — nocrosepuslie oTimmuns, p< 0,05.

3AKAKOYEHUE

IIpoBeneHHble UCCIe0BaHNS TO3BOIMIN yCTa-
HOBUTH, UTO y JeTeH, cTpamaromux Pb, Habmomaer-
Csl JIe30praHM3anvs IUPKaJUaHHBIX PUTMOB MHHE-
paigsHOTO 0OMeHa. B octpom nepruone Pb otmedaer-
Csl CTaTHCTHYeCKH 3HaunMoe cHmxkeHue (p<0,05)
CPEIHECYTOUYHBIX IOKa3aTelel, a TakKe BO3pacTa-
HUE aMIUTUTYyAbl Kosebanuit (p<0,05) kampuus u
Marfus B KOHJEHCAaTe BBIABIXaEMOT0 BO3AyXa. JTH
W3MEHEHHUS COTPOBOXKAAIOTCSA CABUTOM BO BPEMEHHU
ITUKOBOTO BBIIETICHNS YKa3aHHBIX MAKPOAJIEMEHTOB.

B nepuope kmuHuueckoro BeiaoposieHus Pb
YaCTUYHOE BOCCTAHOBJICHHWE CYTOUYHBIX PUTMOB 3J€-
MeHTHOro coctaBa KBB yka3biBaeT Ha He3aBepiueH-
HOCTh peabWInTallil Ha YpPOBHE MeTabOIMYecKuX
MpOLIECCOB B JIETKMX. HapyIieHus cyTo4yHOro purMa
KaJIbIMSl B KOHJIEHCATE BBIOBIXAEMOIO BO3AyXa y Je-
TE, MMEIOIINX TIIOBBIIICHHBIA PUCK OpPOHXHAIBHOM
o6ctpykimu npu PB, criocoOcTBYIOT MOAAEPKAHUIO U
MPOrPECCHPOBAHMIO BOCTIAJIUTENBEHOTO TIporiecca, Gpop-

AUTEPATYPA

MHPOBAaHHIO THIEPPEAKTHBHOCTH OPOHXOB M TIOBBI-
TA0T BEPOSTHOCTh YacThIX obocTpeHmid Pb, a Taxke
Pa3BUTHS XPOHUYECKONW OPOHXOJIETOUHON TTATOJIOTHH.

UccnenoBanne OHMOPUTMOB Makpo- W MHKPO-
3JICMEHTOB MOXET BHECTH BKJaJa B Ooliee TIyOoKoe
MOHUMAHUE ATHUOJOTUYECKUX U MATOTCHETUYECKUX
acriekToB pa3Butusi PB, a Taxke crocoOCTBOBAaThH
pa3paboTKe WHAWBHIYaTHN3UPOBAHHBIX CTpaTeTHUH
Mpo(WUITAKTHKN W JICYCHUs, HANPaBIEHHBIX Ha OII-
TAUMU3AIUI0 MUHEPATBHOTO OOMEHa W KOPPEKIUIO
HAPYIICHHBIX OMOJIOTUYECKUX PUTMOB.

WzydyeHre OMOJIOTHMUECKUX PUTMOB MaKpO- H
MHUKPODJIEMEHTOB MOXET ITOMOYb B 0oJiee riIy0oKOM
MMOHWMAaHUH TPUYMH M MMaTOTEHETHYECKUX MEXaHU3-
MOB (OPMHPOBAHUS PEIUIUBHPYIONIETO OpPOHXHUTA
1 crocoOCTBOBATh pa3padOTKe IMepPCOHAIN3UPOBAH-
HBIX TIOJXOJOB K MPO(MUIAKTHKE | JICUYCHUIO,
HANPAaBJICHHBIX HAa ONTHMHU3AIUI0 MUHEPAIbHOTO
oOMeHa M BOCCTAHOBJICHHUIO HAPYIICHHBIX OHOJIOTH-
YECKUX PUTMOB.
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KoHMAUKT MHTEepecoB
ABTODBI ACKIAPUPYIOT OTCYTCTBHUE SIBHBIX U NOTEHIIMAIBHBIX KOH(IMKTOB HHTEPECOB, CBA3aHHBIX C ITyOJIMKaIMel HACTOAIIECH CTaThU.

CIRCADIAN RHYTHMS OF CALCIUM AND MAGNESIUM
IN EXHALED AIR CONDENSATE IN RECURRENT BRONCHITIS IN CHILDREN

S.I. Mandrov, L.A. Zhdanova, A.V. Shishova, R.M. Laryushkina,
T.G. Glazova, D.A. Semenova

Federal State Budgetary Educational Institution of Higher Education «Ivanovo State Medical University»
of the Ministry of Health of the Russian Federation;
Sheremetevsky Prospect, Building 8, Ivanovo, 153012, Russian Federation

ABSTRACT. The pathogenetic mechanisms underlying the development of recurrent bronchitis remain a subject of
debate. Studying the biological rthythms of macro- and microelements may facilitate the development of personalized
approaches to the prevention and treatment of this disease.

Study Objective — to analyze the daily dynamics of macroelement levels in exhaled breath condensate in children
with recurrent bronchitis (RB).

Materials and Methods. Fifty-nine children aged 6-10 years with RB were examined. The control group consist-
ed of 30 children with a history of rare respiratory diseases. Elemental status was assessed noninvasively by examining
exhaled breath condensate. A portable Peak Flow Meter (Beringer Ingelheim, Germany), measuring this parameter in
L/min, was used for 24-hour monitoring of bronchial patency using the MOS exhaled air flow meter.

Results. The study showed that children with RB exhibit a shift in peak calcium and magnesium concentrations in
tracheobronchial secretions (TBS) compared to healthy peers. During the acute phase of RB, a statistically significant
decrease (p<0.05) in average daily calcium and magnesium concentrations in the TBS was recorded. This phenomenon
can be interpreted as the body's response to the inflammatory process, manifested by increased dilution of tracheobron-
chial secretions and a decrease in the mineral composition of the TBS, as well as the redistribution of electrolytes and
their release from tissue depots, including lung tissue, to ensure the functioning of protective and adaptive mechanisms.
Additionally, children with RB exhibited an increase in the amplitude of calcium and magnesium fluctuations in the
TBS (p<0.05). During the period of clinical recovery from RB, partial restoration of the circadian rhythm of the ele-
mental composition of the TBS indicates incomplete rehabilitation of metabolic disorders in the lungs. An imbalance in
the circadian rthythms of calcium and magnesium in the EBC in children with RB who are at risk for bronchial obstruc-
tion contributes to the persistence and progression of inflammation, the formation of bronchial hyperreactivity and an
increase in the frequency of exacerbations of RB.

Conclusions. Studying the circadian rhythms of macro- and microelements in exhaled air may be key to under-
standing the causes of recurrent bronchitis in children. The data obtained can be used to develop personalized preven-
tion and treatment methods, including correction of calcium and magnesium deficiency and restoration of natural bio-
logical rhythms.

KEYWORDS: calcium and magnesium, exhaled air condensate, circadian rhythm, children, recurrent bronchitis.
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OPUTUHAAbHAS CTATbA

NMPOTHOCTUHECKAS 3HAYUMOCTb MUKPOSAEMEHTHOIO COCTABA
IAKYAATA, BOAOC U CbIBOPOTKU KPOBU

B AMATHOCTUKE NAUONATUHECKOTO MYXCKOTO BECNTAOAUA

Y XXUTEAEA CEBEPHOTO PETMOHA (XMAO-IOTPA)

O.C. beauk*®

BY «Oxpy>xHast KTMHUYECKasi OOJIbHULIAY;
Poccuiickas @enepanus, 628012, r. Xante-Mancwuiick, yi. Kammauna, 1. 40

PE3IOME. Nauonaruueckoe myskckoe Oecruionue (MMB) cocrasisier 10 60% ciiy4aeB HapylieHHi (HepTHIbHO-
CTH, & €ro IaToreHe3, 0COOEHHO B YCIIOBHSX JKOJOTHYECKH HEOJIaronoIyyYHbIX CEBEPHBIX PErHOHOB, OCTA&TCS Mallo-
M3y4eHHBIM. JlucOamaHc MHKpPO3JIEMEHTOB pacCMaTpHBAeTCs Kak 3HAUMMoOe maToreHermdeckoe 3seHo MIMB. Omnako
KOMIIJIEKCHBIE HCCIJICZOBAHUS C ITOCTPOEHHEM HMPOTHOCTUYECKMX MOJENEH, 0JHOBPEMEHHO OlleHHBaIoLe Npodwis B
JSIKYJISITE, BOJIOCAX U KPOBH, OTCYTCTBYIOT.

Heas uccinenoBaHusi — BBIABUTH cnenupuyeckuid 1t XaHTH-MaHCHHCKOTO aBTOHOMHOTO OKpyra — HOrpsr
(XMAO-IOrpa) npo¢uns aucbanaHca MUKPOJIEMEHTOB B TpEX Onocpenax y myxuus ¢ UMb u nmoctpouts Ha ero oc-
HOBE MHOT'OIIapaMETPHUUECKYIO MPOrHOCTUYECKYIO MOJIENb.

Marepuanbl 1 MeTobl. [IpoBEICHO MPOCHEKTUBHOE CPABHUTEILHOE HUCCIECOBAHNE «CIy4aii-KOHTPOIIBY C yda-
ctaeM 120 myxunH (70 — ¢ UMB, 50 — ¢pepTrIbHBII KOHTPOIIB), MOCTOSIHHO MPOKUBAIOIINX B PETHOHE HE MEHEE 5 JIeT.
MeTtonoM Macc-CIIEKTPOMETPUH € HHIYKTUBHO-cBsi3aHHOM Mnasmoit (ICP-MS) ompenenensl koHueHTparuu 12—15
MHUKPOBJIEMEHTOB B 35KYJIATE, BOJIOCAX U ChIBOPOTKE KpoBU. s aHanu3a ucnosabs3oBanbl U-kpurepuil ManHa—Y UTHY,
ROC-anamm3 u nmomarosasi OnHapHast TOTHCTUIECKAsT PErPECCH.

PesyabTartsl. BouBien crienuduueckuii MukpoaiaeMeHTHbIH npodwis UMB, xapakrepusyromuiicss B sKyIsITe
nepunuroM docdopa, HIMHKA, MEIH, CEIEHA; B BOJIOCAX — IOBBIILIEHNEM MarHus, LIMHKA, PTYTH, CBUHLA U CHIKEHHEM
JKele3a, Melld, CelieHa, Ho/1a; B CHIBOPOTKE — CHIDKEHHEM IMHKA 1 ceneHa. ROC-ananu3 BeIgenmI Hanboinee nHpopma-
tuBHBIE Mapkepbl (AUC>0,80): marauit B Bomocax (0,897), fion B Bomocax (0,831), ceunen B Bonocax (0,818) u doc-
¢dop B asikymsate (0,797). Jloructuueckasl perpeccusl BKIIIOYMIA B UTOTOBYIO MOJIENIb 6 MPEAUKTOPOB: MOBBIIICHHBIN
YPOBEHb MarHus M CBHHIA, CHIDKCHHBIH YPOBEHb CEJIEHA U KeJle3a B BOJIOCAX; CHW)KEHHBIH YPOBEHb CEJIEHA B CBHIBO-
POTKe; CHIKEHHBIH ypoBeHb (ocdopa B 3skynsTe. Mozenb Mmokaszana BBIIAIONIYIOCS AUCKPUMHHALMOHHYIO CIOCO0-
HocTh: AUC=0,987 (95% JIU: 0,946-0,999), uyscTBUTENBHOCTE 98,6%, cnenmuduanocts 92%, o0Ias TOYHOCTh Kiac-
cudukarmm 95,8%.

3akJroueHue. BriepBeie onncaH KOMIUIEKCHBIH pPEerHOH-aCCOLMMPOBAHHBIN Npodmins nucbananca MUKPO3JIEMEH-
ToB 11pu UMb 1 nocTpoeHa BEICOKOTOYHAsI IPOrHOCTUYECKAsI MOJEIb Ha €ro OCHOBE. [1oayueHHbIE JaHHBIE OTKPBIBAIOT
IIyTh ISl IEPCOHATM3UPOBAHHON, TAPreTHOM ANAarHOCTHKU U KOPPEKIMH MHKPOJIEMEHTHOrO AncOanaHca Kak KiIrode-
BOI'0 IATOT€HETHYECKOTr0 KomnoHeHTa UMb y xkurteneil ceBepHbIX TPOMBIILIIIEHHBIX PETHOHOB.

KAKOYEBBLIE CAOBA: umnonatnieckoe My»ckoe Gecrurofme, MHKposaeMenTsl, ROC-aHau3, JTOrHCTHIECKas
perpeccusi, IPOrHOCTUYECKast MOJZIeNb, ceBepHbI pernoH, XMAO-IOrpa.

AAR LUTUPOBAHMUSA: Bemuk O.C. TIpornocTiyeckas 3Ha9MMOCTh MUKPOIJIEMEHTHOTO COCTaBa dAKYJIATA, BOJIOC H CHIBOPOTKH KPOBH B JIHa-

THOCTHKE MAMONIATUYECKOTr0 MY>KCKoro Oecrutonus y sxuteneit CesepHoro pernona (XMAO-IOrpa). Mukposnementsl B memuimse. 2026;27(1):40-51.
DOI: 10.19112/2413-6174-2026-27-1-40-51.

BBEAEHUE HOTO BO3pPacTa, MPHUYEM BKJIaJ MY>KCKOTO (haKTopa B
ITpobitema My»KCKOTO OECIUTONMS OCTAaeTcst Of- CTPYKTypy OeciuiomHoro Opaka mocturaet 50% wu
HOM M3 Hambosiee 3HAYMMBIX MEIHKO-COIMANBHBIX  IPOJOKAeT HEyKIOHHO pactu (Agarwal et al,
mpobieM coBpeMeHHOTO 3apaBooxpanenus. Cormac-  2021; Cox et al., 2022). Ocolyo AHarHOCTUYECKYIO
HO TJIOOANBHBIM OICHKAM, HApyHIICHUS (PePTUIBHO- U  TEPaleBTHYECKYIO CIOXHOCTb IPEACTaBIsACT
CTH 3aTpardBaroT okojo 15-25% map penpoiaykTHB- uAMOmaTHdeckoe Myxckoe Oecruiomue (MMB), xo-
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TOpOE yCTaHABJIMBAETCS B TE€X CIy4asX, KOTJa CTaH-
JAPTHBIA JUATHOCTUYECKUN aJITOPUTM HE BBHISBIISCT
TUIUYHBIX TPUYHH HapyIIEHUS CIepMaToreHe3a.
Pacmnpoctpanernocts UMb Bapsupyer ot 30 mo
60%, 4TO AeNTaeT MOMCK €Tr0 MaTOTeHETHYECKHX OC-
HOB ¥ OOBEKTHBHBIX OMOMapKepOB TIEPBOCTEIICHHOMN
3amaueit annpoioruu u penpoxykronoruu (Edppemon
u ap., 2022; Minhas et al., 2025).

B nocnenHue necatunervs 3HAYUTENLHOE BHU-
MaHue B naroreHeze UMb ynensiercs nusy4eHuro poiau
MHUKPODJIEMEHTOB. JCCEHIMANIbHbIE MUKPOHYTpPHEH-
ThI, TaKHE Kak ITUHK (Zn), cemeH (Se), mean (Cu), sxe-
ne3o (Fe) u #iox (1), sBnsroTcst KoakTopamu KIrode-
BBIX (DepMEHTOB, YYAaCTBYIOIIHUX B MPOIIECCaX CHHTE3a
CTEPOUJIHBIX TOPMOHOB, AHTHOKCHUIAHTHOM 3aIluTe,
crabunmmzarun MemOpan u JIHK cnepmarozonmos
(Chao et al., 2023; Wroblewski et al., 2024). Bmecte
C T€M TOKCHYHBIE DJI€MEHTHI, B YaCTHOCTH CBHHEI[
(Pb) u pryts (Hg), 0O6namaroT BbIpakeHHBIM TOHAJIO0-
TOKCUYECKUM JICHCTBUEM, HHIYIIUPYS OKCHIATUBHBIN
CTpecc U MOBpEXJasi FeHETUUECKUI MaTepuai Mojo-
BeIx KieTok (Giulioni et al., 2025). Takum o0pazom,
IucOaaHC MHKPOIJIEMEHTHOTO TOMEOCTa3a MOXKET
SBJSITHCSL 3HAYMIMBIM, OIHAKO 33a4acTyl0 HEJOOIIECHH-
BaeMbIM, MMaTOTCHETUYECKUM 3BEHOM B Pa3BUTHH pe-
MIPOYKTUBHOU AUCHYHKITUH.

Oco0y10 aKkTyalbHOCTh Npo0OJieMa MHKpOJJie-
MEHTHOTO JucOanaHca MpuoOpeTaeT Ui HaceleHHUs,
MIPOJKMBAIOIIETO B PETHOHAX C JKCTPEMAaTbHBIMU
KITUMaToreorpaMueckiMid ¥ T€OXHUMHUYECKHMU
YCIIOBUSIMH, KaKOBBIM SIBISIETCA XaHTbI-MaHCUHCKUI
aBTOHOMHBIH OKpyT — IOrpa (XMAO-IOrpa).

DOpMUPYIOILUNCS Y )KUTEJIEH CEBEPHBIX TEPPU-
TOPHI COYCTAHHBIA JACPUIUT ICCEHIUAIBHBIX U H3-
OBITOK TOKCHYHBIX JJIEMEHTOB HE SABJSETCS CITydaii-
HBIM ()EHOMEHOM, a TIPENICTABISIET COO0I CHCTEMHYIO
mpobieMy, JeTepMHUHHPOBAHHYIO COBOKYITHOCTBIO
B3aMMOCBSI3aHHBIX (DAKTOPOB.

Bo-nepesvix, Ki1104eByr0 posib UIparOT FE€OXUMH-
YECKHME aHOMAIUU TIOYB M BOAHBIX HMCTOYHUKOB, Xa-
PaxkTepHbIe U PEervoHa, KOTOpPBIE TPHBOMAT K M3HA-
YalbHO HECOAIIAHCHPOBAaHHOMY TIOCTYIUICHHIO OJie-
MeHTOB B opranmsM (Kopuwn u np., 2018; Ceico u
ap., 2018). Huskoe copepikaHHe MHKPOIICMEHTOB B
MOYBAaX HAMNPSAMYI0 TPUBOAUT K WX HENOCTATKy B
MECTHOM PAaCTUTENBbHOM IMHMILE, YTO UCKIKOUYAET BO3-
MOYXHOCTh €CTECTBEHHOI KOMITEHCAINU JeHUINTa 32
cder TpamuimonHoro muTanms (OmekyHoBa M Ap.,
2024).

Bo-smopuix, cypoBble KIMMAaTHYECKHE YCIOBUS
(meduuHT CoOMHEUHON HMHCOISIMH, (poTonmeproan3M,
HU3KHE TeMIIepaTypbl) CO3al0T XPOHIMYECKHIA CTpecc,

MOBBINIAS HOTPEOHOCTh B MHUKPOHYTPHEHTAX IS
NofAiepKaHus aJaNTalMOHHOTO pe3epBa W Hapylias
npoueccel ux ycBoeHus (buxOynaroBa m mp. 2023;
Jlyrosas u np., 2024).

B-mpembux, 3Ha4MMBbIil BKJIaJ BHOCUT AJIMMEH-
TapHBIN (aKToOp: TPaAWIIMOHHBIN paIMoOH, OOCIHEH-
HBIIl CBEXXHMMH OBOLIaMH, (PPYKTaMH M MOPEIpPOIyK-
TaMH{ — OCHOBHBIMU HCTOYHHKAMH MHOTHX 3CCEHIIU-
AJIBHBIX MHKPORJIEMEHTOB — YCYTYONIsieT NeUIUTHEIC
cocrosuus (Hukudoposa u ap., 2018).

Haxonen, conmanbHO-3KOHOMHYECKHE ACIICKTHI
U OCOOEHHOCTH INPOM3BOICTBEHHOH NESTEIBHOCTH B
perroHe (HedTera3oBbIif KOMILIEKC) MOTYT CIOCO0-
CTBOBATh JIOMOJHUTEIBPHOMY TEXHOI'€HHOMY BO3EH-
CTBHUIO, BKJIIOYAsl HAKOIUIEHHME TOKCHYHBIX TSDKEIBIX
MetauioB. B pesymerare Qopmmupyercs cocTosHHe
crienpuUecKoi TU33JIEMEHTO3HOM TTPEMOPOHITHOCTH,
xapakTepHoe 11 sxuteneil CeBepa, KOTOPOE CILYXKUT
OCHOBOW [yl Pa3BUTHA 3KOJIOTMYECKU-ICTCPMUHU-
POBAaHHOM MaToJIOTWH, B TOM YHMCJIE HapyILeHUH pe-
MPOIYKTHBHOTO 3710poBbs (CKanbHbIN U Ap., 2020).

HecMmotpst Ha pacTymiee kommdecTBo padoT, 1o-
CBSIIECHHBIX POJIM OTHEIBHBIX MHKPO3IEMEHTOB B
MYKCKOHW (DepTHIIEHOCTH, B COBPEMEHHOM JIMTEpaType
coxpassercsl Ae(HULIUT KOMIUICKCHBIX HCCIICIOBAHUM,
OJTHOBPEMEHHO OLICHUBAIOLINX IIMPOKUNA CHEKTp dJie-
MEHTOB B Pa3JIN4HBIX OMOOTMUECKHX CPEAax.

TpauIMOHHBII aHaNIN3 CBIBOPOTKU KPOBU OTpa-
KaeT JIUILb KPaTKOCPOUIHbIC U3MEHEHH romeocrasa. B
TO € BpeMs HCCIIENOBaHUE BOJIOC, SBILSLICH HHTE-
IpajbHBIM METOIOM, IO3BOJISIET OLIGHUTH YPOBEHD
BO3JIEHCTBHS SJIEMEHTOB B TEUEHUE HECKOJIBKUX MECS-
LEB, YTO OCOOCHHO IIEHHO I MOHUTOPHHIA XPOHH-
Yyeckoro Bo3encTBus B ycnoBusix Cesepa (CkanbHBIN
u 1p., 2020). Hanboee nHGOPMATHBHOM ¢ TOUKH 3pe-
HMS HETIOCPEICTBEHHOIO BIMSHUA Ha (PYHKIHMIO crep-
MAaTo30H 0B SIBIISICTCS OLICHKa MUKPOIJIEMEHTHOTO CO-
CTaBa JSKYJATa, OTPAXKAIOIIETO JOKAJIbHYI0 OHOXUMH-
geckyto cpeny (Chen et al., 2025).

TakuM 00pa3oM, CONOCTaBICHUE AaHHBIX, TOJY-
YEHHBIX U3 3TUX TPEX CPel, MPEACTABIIETCS Hanbosee
MIOJTHBIM TTOJXOJIOM JUTS TIOHUMaHus natorenesza MMb.

OnHako Ha CErOAHALIHUN AEHb OTCYTCTBYIOT
UCCIIeIOBaHMs, B KOTOPBIX ObI HA OCHOBE KOMILIEKC-
HOT'O MHUKPOBJIEMEHTHOTO Tpoduist (IAKYIAT, BOJIO-
CBI, KPOBb) C MIPUMEHEHHUEM COBPEMEHHBIX METOIOB
MHOTOMEPHOH CTaTUCTHKH CTPOWIHCH IPOTHOCTH-
yecKkue Moaeau 1 nuardoctuku MMB, ocoOenHo B
KOHTEKCTE HKOJIOTUUECKU HEeOIaronoydyHbIX CEeBEp-
HBIX PETHOHOB.

Henr mccinemoBaHUS — BBUBHUTH
cnenn(UUecKuii  PEerHOH-aCCOIMUPOBAHHBIA  IPO-
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¢unp aucbananca MUKPOARIIEMEHTOB B ASKYJIATE, BO-
JOcax U ChIBOPOTKE KPOBU y MYKYMH C MIUOTATH-
yeckuM OecruionueM, mnpoxusaommx B XMAO-
IOrpe, u Ha ero oCHOBE MOCTPOUTH MHOTONApPaMET-
PUYECKYI0 TPOTHOCTHYECKYIO MOJIENb JJIsl CTPaTH-
(ukanum prcka W OmpeleNeHHs] MOTEHITHATbHBIX
TEPareBTHUECKUX MUIICHEH.

MATEPUAADI U METOADI

Jln3aiiH mcciieq0OBAaHUA W ITHYECKHE aCIeK-
ThL. [IpoCnieKTHBHOE CpaBHUTEIBHOE HCCIICOBAaHUE
«CITy4aili-KOHTPOJb» BBHITIOJIHEHO B mepuon c¢ 2021
mo 2025 rr. Ha Ga3e Ja0OpaTOPUU BCIIOMOTATENb-
HBIX PENPOIYKTUBHBIX TexHoJMoTHi bY «OxpyxHas
KkimHU4Yeckas oonpHIIa» (XMAO-IOrpa).

UccnenoBanne mpoBeeHO B COOTBETCTBHH C
XeNbCUHKCKOM Aeknapanueid BcemupHoil MeUIIMH-
CKOM accommanuu W HanmoHAIBHBEIM CTaHIAPTOM
P® I'OCT P 52379-2005 «Hamnexamasa KiInHAYE-
CKas IPaKTHKay.

[IpoTtokon uccnenoBanus oqoopeH JlokamsHBIM
STUYECKUM KOMUTETOM XaHTbl-MaHCHICKON rocy-
JApCTBEHHOW MEIUIMHCKOW akageMu# (MpOTOKOI
Ne 174 ot 16.11.2021).

Bce ygacTHuKH moanucaiy 100pOBOJILHOE MH-
(hopMHEpOBaHHOE COTIIACHE.

YyacTHUKM HcciaeaoBanus. B uccienosanue
ObuT0 BKItOYeHO 120 myxunH B Bo3pacte oT 20 10
45 neT, MOCTOSHHO MPOXKUBAIOIIUX Ha TEPPUTOPUIX
Kpaitnero CeBepa niu NpupaBHEHHBIX K HUM MECT-
HOCTSIX HE MEHEE IISITH JIET.

I'pymma I — ocHoBHas rpynma (n=70): My>X4IH-
HBI ¢ BepU(PHUIUPOBAHHBIM JHATHO30M HIHNOMATHYE-
CKOW OJINTO-, aCTEHO- W/ Teparo300CIepMuu (1o
kputepusm BO3, 2021), cocTosimue B 6ecruioqHoM
Opake He meHee 12 mec.

I'pynma II — rpynma cpaBHenus (n=50): myx-
YUHBI C TIOATBEPKICHHONW (DEPTHIIBHOCTHIO (HAIH-
4He 370pPOBBIX JIeTell), HOPMOCIIEpMUEH 1o pe3yiib-
TaTaMm CIIEPMOTPaMMBI U COTIOCTaBUMBIE MO BO3pac-
Ty U JUIUTEIbHOCTU IPOXKUBAHUS B PETHOHE.

Kpumepuu ucknrovenus: Bapuxorene; WHQEK-
[IMOHHO-BOCIIATUTENIbHEIE 3a00JeBaHUSI  YPOTCHU-
TaJbHOTO TPAKTa; YHIOKPHHHBIE HAPYIICHUS (THUIIO-
TOHA/IM3M, TIaTOJIOTHs HMIMTOBUIHOM KeJe3bl); TeHe-
TUYECKHE MPUYHUHBEI Oecruronus (MUKpoaeienud Y-
XPOMOCOMBI, KAPUOTUITHYECKUE aHOMAJINH); TIOPOKU
pPa3BUTHS PEMPOIYKTUBHON CHCTEMBI; OCTPHIC WU
XPOHUYECKHE COMATHUECKHe 3a00JICBaHUS B CTaIUU
JIEKOMIICHCALIMHU; TIPUEM IPErapaToB MUKPOAJIEMEH-
TOB WJIN OMOJIOTHYECKH aKTHBHBIX 00OaBOK B Tede-
HUE 6 Mec., IPEIIIeCTBYIOIINX HCCIEIOBAHUIO.

3a00p U NOArOoTOBKA OUOJIOTHYECKHX 00pa3-
OB, DSKYJIST MMOJIyYald IyTeM MacTypOaliu B CTe-
PWIBHBIA KOHTEWHep mocie 1 AHA MOJIOBOrO BO3-
neprxxanust. O0Opasipl neHTpudyruposaiu mnpu 3000
00/MHUH B TeueHHE 25 MUH IJIA MTOJYUICHHS CIIEPMO-
TUTa3Mbl, KOTOPYIO alTMKBOTHPOBAIN M XPaHWINA TPU
—80 °C.

CBIBOpPOTKa KPOBU: BEHO3HYIO KPOBb 3a0upaiu
yTpoM Hatomak B mpobupkun VACUETTE® c akTu-
BaropoM cBepThIBaHus. [lociie neHTpudyrupoBaHus
(2000 06/muH, 15 MUH) CBIBOPOTKY QJIMKBOTHPOBAH
u xpaauau npu —80 °C.

Bomocer: 00pasipl minHON 3—4 ¢M cocTpHranu
C 3aTBUIOYHOW 00NacTH, MOMEmAIH B OyMa)KHBbIC
KOHBEPTHI ¥ XPaHWIH IIPU KOMHATHOM TeMIiepaType.

Onpenesienne coaep:kaHusA OHO31eMEHTOB.
KonmdecTBeHHBIN aHaTN3 OHMO3JIEMEHTOB IPOBOIH-
U METOJIOM MAacC-CIIEKTPOMETPHH C WHAYKTHBHO-
cBszanHoi Tasmoit (ICP-MS) B akkpeauToBaHHON
naboparopun  «lleHTp OMOTHUYECKOW MEAUIIMHBD)
(Mocksa, Poccus; ceptuduxar ISO 9001:2008).
N3mepenus BeImonHsIu Ha crekTpomerpe NexION
300D (PerkinElmer Inc., CIIIA) ¢ aBTOMaTH4ecKuM
nmo3atopom ESI SC-2 DX4 (Elemental Scientific
Inc., CHIA). KanmnOGpoBKy OCYIIECTBIISIIN C HCIIONb-
3oBanueM crangaptoB Universal Data Acquisition
Standards Kit (PerkinElmer Inc., CIIIA).

B cnepmomnazme onpenensanu conepxanue K,
Ca, Mg, P, Fe, Zn, Cu, Se, Mn, Hg, Pb, Cd. B criBo-
pOTKe KpoBH aHanmu3upoBanu yposau K, Ca, Mg, Fe,
Zn, Cu, Se, I, Mn, Co, Cr, Mo. B Bonocax omnpene-
s koHuentpanuu K, Na, Ca, Mg, P, Fe, Zn, Cu,
Se, I, Mn, Co, Cr, Hg, Pb.

KoHTposp kauecTBa MPOBOAMIIHN C MCIIOIB30Ba-
HUEM CepTU(DHUIMPOBAHHBIX peepeHTHRIX MaTepHua-
moB: ClinChek® Ejaculate Control u ClinChek®

Plasma Control (Recipe, I'epmanus), a Ttaxxe
GBWO09101 ans Bonoc (SINR, Kurait).
Cratuctnueckuii aHaam3. CTaTHCTHYECKUH

aHaAJIM3 BBIMIOJHSIM C HCIOJB30BAaHHEM IPOrPaMM
Statistica 13.3 (TIBCO Software Inc., CIIA) u
MedCalc Bepcun 22.013 (MedCalc Software Ltd,
benbrus). IlockonbKy pacipeneneHne O0JIBIINHCTBA
KOJIMYECTBEHHBIX IMOKa3aTeslel OTIMYaioch OT HOp-
ManbHOoro (xpurepuii Illanupo—Yunka), naHHBIE
MIpeICTaBIICHEI B B¢ Menuansl (Me) u 25-to u 75-
ro nponeHTuien. /s cpaBHeHUd TPy NPUMEHSIIN
U-kpurepuit Manna—Ywutan. CTaTUCTHYECKYIO 3HA-
YUMOCTb ycTaHaBiauBanu npu p <0,05.

i sneMeHToB, MOKa3aBLIMX 3HAuYMMBIE pa3-
mnuust, Opu1 mpoBoguau ROC-ananus ¢ ompenene-
HueM muromanay moxa kpusoit (AUC — Area Under the
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Curve), ee 95% mnoBeputenbHoro nHTepBana (95%
JW), onTUManpHOrO TMOPOrOBOrO 3HAYEHHUS, YYB-
CTBHUTEJIFHOCTH, CHIEIM(UIHOCTH U MHAeKca Onena
(J — Youden’s index, makcumasbHas cyMMa 4yB-
CTBUTEIHHOCTH H CIICTN(DHIHOCTH MUHYC 1).

Jlns mocTpoeHuss NPOTHOCTUYECKOW MOJeNIn
WCTIONIB30BANIM TIOIIATOBBI OWHAPHBIN JIOTHCTHYE-
CKMI pEerpecCHOHHBIN aHanu3. B kaduecTBe 3aBHUCH-
Moil mepeMenHol (Y) BbICTymaja IpymmoBas IMpH-
HaanexxHocTs (1 — mamumentsl ¢ OecrioguemM, 0 —
(hepTHIBHBIN KOHTPOJE). He3aBUCHMBIME TTepeMeH-
HBIMH-KaHAUIATAMH CITY>KAJIH OWMHapHBIE TTOKa3aTe-
a1 Ha ocHoBe moporoB ROC-anamuza. Kpurepuu
BKJIIOYEHHS U UCKIIIOYEHHs NEPEMEHHBIX B MOJEINb
coctaisuii p <0,05 u p >0,10 coorBercTBeHHO. Ka-
YECTBO MTOTOBOM MOJEIH OIEHHBAIU IO KPUTEPHUIO
Xocmepa—Jlememoy, mncesno-R*  Haiimpxkenkepke,
o0mmielt TOYHOCTH KiIaccH(PHKAITMM, a TaKKe YyB-
CTBUTENFHOCTH, CHENM(PUIHOCTH, MOJIOKHUTEITHHON
(PPV) u otpunarensnoit (NPV) mporaocruyeckoit
LIEHHOCTHU. [|J11 He3aBUCUMBIX IPEIUKTOPOB B MOJIe-
J¥ paccuuThIBaiu ko3 dunmenT perpeccun (f), or-
vomenue maHcoB (OR — Odds Ratio) u ero 95%-
HBII JOBEepUTENbHBIN HHTEpBAI (95% JIN).

PE3YABTATbI

KnuHnKo-aHTpOIIOMeTpruiecKas: XapakTepuCTH-
Ka 00CJIeOBaHHBIX TPYIN NpeacTaBieHa B Tabdmd. 1.
['pymnmbl OBUTM CONMOCTaBUMBI IO BO3PACTY, POCTY H
Mmacce tena (p >0,05), ogaako y myxxuus ¢ UMb no-
CTOBEpPHO Yallle PErucTpUpoBajicsi Ooyiee BBICOKUI
nHAeke Maccel Tena (MMT) — 27,4 [25,7-29,7]
mpoTtuB 26,5 [25,4-27,1] kr/mM? B TpyINIe CpaBHEHUS
(» =0,026).

CpaBHUTENBHBIH aHAN3 MHKPORIEMEHTHOTO
coctaBa Tpex Omocpel BBISIBHI PSIl CTATHUCTHYECKH
3HAUMMBIX pa3Nuuuii Mexay rpynnamu (tadmn. 2). B
IKYJISITE Y MY>KYMH OCHOBHOHM T'pYyTITbI KOHIIEHTpa-
muu pocdopa, MIMHKA, MEIH U CcelieHa OBIIN 3HAYH-
MO HIDKE, YeM B TPYyIllie cpaBHeHH:S. B Bojocax y
nanueHToB ¢ UMb 3adukcupoBan Oosee BBICOKHN
YpOBEHb MarHusi, HUHKA, pTYTH U CBUHLA, HO Oolee
HU3KHI — Kelle3a, MeOu, cejleHa W Homa. B cwiBo-
POTKE KPOBH 3HAYUMBIE pa3Nuuus ObLIM OOHapyxe-
HBI TOJBKO U ITUHKA W CEJIeHA, YPOBHU KOTOPBIX
Tak)Ke OKa3aJIMCh CHIDKEHHBIMU B OCHOBHOM T'pyTITIe.

J1s OlleHKH AMarHOCTUYECKON IIEHHOCTH Kax-
JOTO W3 BBISBICHHBIX 3HAYMMBIX DJIEMEHTOB OBLI
nposeneH ROC-ananu3 (tadun. 3). Hanbonpmiei pas-
nenstomieit crmocodnocteio (AUC >0,80) obnamanu:
MOBBIIIICHHBI ~ ypOBEHh MarHuss B  BOJIOCAX
(AUC=0,897), cHIKEHHBIN YPOBEHH HOa B BOJIOCAX
(AUC=0,831), noBbIILICHHBIH YPOBEHb CBUHLA B BO-
nocax (AUC=0,818) u CHMXKCHHBIH ypoBeHb (hoc-
¢opa B asikymste (AUC=0,797).

C nenpio BBISBICHHUS HanOoJiee MOIITHOW KOM-
OMHAITMM MapKEepOB BBITOJIHECH ITOIIATOBBIM OWHAp-
HBI JIOTUCTUYECKUN pErpecCUOHHBIM aHanu3. B
(MHABHYIO MOJIENb BOIUIM IIECTh MPEIUKTOPOB
(Tabn. 4). Hanbonpuiyto HE3aBUCHMYIO MPOTHOCTH-
YeCKYyI0 CHJTy UMEINH TIOBBILICHHBIA YPOBEHb MarHHsI
B Bosocax (OR=152,04, p <0,001) u cHIXeHHBIH
YPOBEHH CelieHa B CBHIBOpOTKe KpoBu (OR=39,13,
p=0,026) u Bomocax (OR=32,91, p=0,009). Bxman
CHIDKEHHOTO (ocopa B ISIKYIIATE U XKelle3a B BOJIO-
cax, XOTs ¥ He JAOCTUT TMOpOra CTaTUCTUYECKOH 3Ha-
yuMocTd Tipu p <0,05, ynydmun oOuryro TOYHOCTb
MOJIEJH.

Tabamua 1. XapakTepruCcTUKA NALUEHTOB UCCAEAYEMbIX FPynn

O6cnemyemas rpymma My>xauH (n=120)
TMokasarens I'pynma I (n=70) I'pynma II (n=50) »
Me Me
[25—75-i1 nmpoueHTHIIB | [25-75-i1 npoueHTHNB |
34 34
Bospacr, et [29,8-39.8] [26.8-39] 0,3821
176 176
Poct, cm [173-178,8] [173-178] 0,9531
84,5 83
Macca tena, kr [78,8-94.8] [78-86] 0,1047
27,4 26,5
2 b b
VM, xr/m [25,7-29,7] [25,4-27,1] 0,026
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Tabauua 2. CoaepxaHue 6UOIAEMEHTOB B 3IKyAATe (MKr/npo6a), Borocax (MKr/r)

U CbIBOPOTKE KPOBU (MKF/MA) Y My>XXYUH OCHOBHO# rpynnsi (n=70) u rpynnbl cpaBHeHus (n=50),
NMPEeACTABAEHHOE KAK MeAMAHA U [25-75-11 NnpoL,eHTHAB]

DAKyAT Bonocst ChIBOpPOTKA KPOBH
DeMeHT
I'pynma I I'pynna II p I'pynmna I I'pynma II p I'pynmna I I'pynma II p
1173,5 1065,5 90,4 1143 199 211
Ko | 884-1816] | [758-1464] | 2098% | [61.4-120.8] | [68,9-178.91 | P08 | [164-208] | 1832317 | %1374
451,4 4323
Na - - = 1332.4-583.6] | [328.6-555] | %7134 - - -
610 597 535,1 504 107 104,5
Ca 1 1390-998] | [402-1158] | ¥*277 |(419.5-688.3]1| 394-615.7] | %97 | [100-113] | [ro0-1147 | %92%°
117 125 107,5 65 21,6 225
Mg | (66254 | [67-246] | %209 | 187413317 | [51.4-78,6] | <001 | [207-22.8] | [20,7-23,97 | %1244
708 1393 271,6 230,5
P s66-1108] | [1063-1778] | <%0 |[197,1-309,8] | [162-279,5] | %0283 - - -
123 1,48 232 33,6 0,985 1,235
Fe 11086297 | 10,572,817 | ©73%% | 11822797 | [22.4-44.8] | <O | 10.67-139] | [0,63-1,73] | &!12
154 220,5 257.1 199,7 1,015 1,05
Zn [93—227] | [146-387] 0,0015 [214,7-348,3] | [153,4-249] <0,001 [0,73-1,12] | [0,89-1,31] 0,0089
0,195 0,255 116 144 0,815 0,975
Cu o 110,14-0,32] | 10,17-0,54] | 0193 | 80-136] | [11.9-166] | <%0 | [075-1,17 | [0,76-142] | ©2033
0,06 0,115 0,58 0,68 0,082 0,09
e 110,04-0,121 | 0,05-0,23] | %16 | 10.460.78] | [0,59-0,78] | %18 | [0,072-0,09] | [0,082-0,11] | <*-001
0,55 0,77 0,064 0,0665
I - - = | 1039-0,69] | [0,65-0,89] | <001 | [0,058-0,08] | [0,057-0,08] | *-70%7
0,002 0,0023
0,05 0,06 1,43 1,39 : :
Mn ’ ’ 0,5108 ’ : 01746 | [0,0013— | [0.0018- | 0,0725
[0,02-0,14] | [0,03-0,15] [1-23] | [077-2,1] 0005 0.0034]
0,0004 0,0004
Co - - - o 0%2}8331] o (())6?8%503] 03794 | [0,00025- | [0.0002— | 0,3708
,005-0, 004-0, 0.00069] 0,0008]
0,0014 0,00155
Cr - - - o 8429_%519] 0 e 2y | 0:5281 | 100009~ | [0.0008- | 07111
045-0, 056-0, 0,0023] 0,0023]
0,005 | 0,00035 1,38 0,83
He 1 102000371 | [020,0021 | %9076 | [0.9-1.897] | [0.62-1,06] | <0001 - - -
0,0133
: 0,013 0,887 0,457 B B B
Pb [%%257?’ 0,005-0,0351 “7%°1 | 10.539-1,2521 | [0,264-0,66] | <001
0,0008 0,0008
Mo - - - - - - [0.0004— | [0.0004— | 08141
0,0011] 0.0011]
0,00017 | 0,00017
Cd - 110-0,00075]| [0-0,0008] | %-62%¢ - - - - - -
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Tabamua 3. AMCKPUMMUHALMOHHbIE XAPAKTEPUCTHKN 3HAYUMbIX MUKPOIAEMEHTOB
B Tpex 6uocpeAax no AaHHbIM ROC-aHaAusa,
MCNOAb3OBAHHbIE NPU NOCTPOEHNMN MPOrHOCTUHECKOH MOAEAU
[Toporosoe UyBcTBU- Creruduy- Nunexc
0,
buocpena DjleMeHT AUC (95% AN) p 3HAUYCHHE TEIBLHOCTh, %0| HOCTB, % IOnena J
Docdop 0,797 <0,0001 | <886 mxr/mpoGa| 65,71 94 0,5971
(0,714-0,865) ’ = ’ ’
ek 0,671 0,0007 | <250 mxr/upoGa| 81,43 46 02743
(0,579-0,754) ’ = ’ ’
DAKYIAT
0,625
Menp (0,532-0,712) 0,0182 <0,57 mxr/mpoba 98,57 24 0,2257
Ceien 0,669 0,0008 <0,08 mkr/mpoba 65,71 64 0,2971
(0,578-0,753) ’ = ’ ’
Marsuuit 0,897 <0,0001 >90,3 MKr/T 71,43 94 0,6543
(0,828-0,945) ’ ’ ’ ’
docho 0,618 0,0321 >279,5 MKr/r 48,57 76 0,2457
P (0,525-0,705) g , , \
Kenezo 0,735 <0,0001 | <2973 mxr/r | 8429 62 0.4629
(0,647-0,811) ’ =7 ’ ’
Tk 0,755 <0,0001 202 MKr/r 85,71 54 0,3971
(0,668-0,829) ’ ’ ’
0,740
Bosocsr Menp (0,652-0,816) <0,0001 <13,56 mMkr/T 75,71 66 0,4171
Cenen 0,626 0,0131 <0,53 MKr/T 42,86 90 0,3286
(0,533-0,713) ’ =% ’ ’
Mo 0.831 <0,0001 <0,485 mkr/T 47,14 100 0,4714
A (0,752-0,893) ’ = g d
Pryts 0,732 <0,0001 | >1,174mcr/r | 57,14 86 04314
y (0,643-0,809) ’ ’ d d
Crunen 0,818 <0,0001 | >0.849 mxr/r | 54,29 94 0.4829
(0,737-0,882) ’ ’ ’ ’
unk 0,640 0,006 <0,76 MKr/mi 37,14 94 0,3114
(0,548-0,726) ’ = ’ ’
Kposs 0,741
Cenen (0.653-0.817) <0,0001 <0,099 MKr/™mI 92,86 44 0,3686
Tabamua 4. He3aBucmumbie nNpeAMKTOPbI MAMONATMHECKOro My>XCcKoro 6ecnaoams
B MHOIOBAPUAHTHOMN MOAEAU AOTMCTUYECKOM perpeccum
[peukrop OTHOIIEHHE AHCOB o
(6Hocpea, KpHTepHil) Koadpumuent (B) )4 (OR) 95% AU qns OR
Mg B Bosiocax >90,3 MKr/T 5,024 <0,001 152,04 10,18-2270,34
Se B ceiBopoTke <0,099 MKr/™MI 3,669 0,026 39,13 1,55-988,19
Se B Boocax <0,53 Mkr/t 3,494 0,009 3291 2,39-452,53
Pb B Bomocax >0,849 mkr/r 3,424 0,015 30,68 1,92-489,57
P B askynsaTe <886 mkr/mpoda 2,338 0,055 10,36 0,95-112,82
Fe B Bosocax <29,73 Mkr/t 1,837 0,089 6,28 0,76-52,01
Koncranra -8.,456 <0,001 - -
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Tabamua 5. Ka4yecTBO KAQccugpukaummn
M AMCKPUMMUHALMOHHAS CMTOCOBHOCTD
UTOroBOM MHOroNApamMeTpH4ecKoi
AOMMCTUYECKON MOAEAU

[Tapametp 3HayeHue

[IceBno-R? (Haiimkenkepke) 0,893

Tecr cornacus (Xocmep-Jlemeroy), p 0,999
IMnomans nog ROC-kpusoii (AUC) 0,987

95% U s AUC 0,946-0,999
O01mast TOYHOCTH KiaccuuKamy, % 95,8
UyBCTBUTENIBHOCTB, % 98,6
CremrduanocTs, % 92,0
[NomnoxwuTensHas MPOrHOCTHYECKAs ICHHOCTb, %o | 94,5
OrtpunarensHas MPOrHOCTHYECKask IEHHOCTb, % | 97,9

WtoroBast moructuyeckass perpecCHoHHas MO-
JeNb TPOJEMOHCTPHPOBAIa BEICOKYIO IPOTHOCTHYE-
ckyto 3¢ dexTuBHOCTD (Tabmn. 5). Ee nuckpumunanm-
OHHasl CIIOCOOHOCTh, OICHEHHAs IO TUIOMAIU TIOJ
ROC-kpuBoit (AUC), cocraBuna 0,987 (95% JIU:
0,946-0,999). Monenb KOPpPEKTHO KIACCH(HUIIUPO-
Bana 95,8% BceX Y4YacTHHKOB, ITOKa3aB YyBCTBH-
TenbHOCTh 98,6% u cnemmduunocts 92%. Tecr
Xocmepa—Jlememoy (p=0,999) moaTBepaui Xopo-
HIYIO KAJIMOPOBKY MOJIEITH.

TakuM 00pa3oM, KOMIUIEKCHBIN aHAJIN3 BBISIBAI
YCTOMYMBEIE pa3iIndus B MUKPOAJIEMEHTHOM CTaTyce
MEXIy TpYINIaMH, a TOCTPOCHHAs Ha WX OCHOBE
MHOTOIapaMeTpruiecKas MOJAENb MPOASMOHCTPHUPO-
BaJIa UCKIIIOYUTENFHO BBICOKYIO THUCKPUMHHAIHOH-
HYIO CIIOCOOHOCTb.

OBCYXAEHUE

[IpoBeneHHOE HCcnENOBaHUE BIEPBBIE MPEN-
CTaBJISICT KOMILJICKCHBIM aHaIU3 MUKPOIJIEMEHTHOTO
cTaryca B TpeX KIIOYEBBIX OHOCpenax — JsIKYNATe,
BOJIOCAX M CBIBOPOTKE KpPOBHU, Yy MyXk4uH ¢ MIMBD,
ITIOCTOSTHHO TIPOXXHUBAIOMIUX B ycinoBuix XMAO-
IOrpel. I'maBHBIM pe3ynbTaroM paboTHI SBISETCS HE
TONBKO BBISBICHHE psiia 3HAYMMBIX JHUCOATAHCOB,
HO U IOCTPOEHHE BBICOKOTOUHOM IIPOrHOCTHUYECKOMN
MOJIEJIM, MHTETPUPYIOLIEH 3TU AaHHBIE B E€IWHBII
peruoH-acconuupoBanubii npoduis (PAIT) pucka.

Kputnuecku BaKHBIM [UIsI UHTEpHOpETALMH pe-
3yJBTAaTOB SIBIISIETCS TOT (DaKT, YTO MEIMAHHBIC 3HAYE-
HUSl OOJIBIIMHCTBA 3JIEMEHTOB B 00EMX TpyImax
HaXoIWINCh B Mpeenax oOrienadbopaTtopHeIX pede-
PEHCHBIX HHTEepBaNOB. KiltOWeBBIM METONOJIOTMYE-
CKUM IIPEHMYILECTBOM JAHHOI'O MCCIEIOBAHMS CIy-

JKUT CpaBHEHHE He C OOIIeH MOIyIAIHOHHONW HOp-
MOW, a C TPYNIod (EepTUIBHBIX MY>KYHH, MTPOKUBA-
IOIIMX B UACHTUYHBIX TeOrpaUuecKuX U IKOJIOTHYe-
CKUX ycnoBwsX. JlaHHash Tpynma KOHTPOJS, TaKuM
obOpa3oM, pempe3eHTUpyeT pedepeHTHYI0 MOoaeTh
«BHYTPEHHETO (JIOKAJIBHOTO) ONTHMYyMa» MHKPOJJIe-
MEHTHOTO cTaryca sl (PepTHIFHOHN MOIMYJISIIN aH-
Horo peruoHa. CTaTHCTHYECKH 3HAYUMOE OTKIIOHE-
HUE YPOBHS DJICMEHTA B TPYIIE MAIlMEHTOB OT JIaH-
HOTO JIOKAJILHOTO ONTHMyMa (ake NMPH COXpaHEHUH
B paMKaxX OOIIMX IMOMYJIAIIMOHHBIX ped)epeHCOB), Be-
pOSATHO, YKa3bIBAaeT Ha CYOKIMHUYCCKHM AwcOajaHc,
MATOTCHETHYECKN 3HAYUMBIA U PETPOILyKTUBHON
¢yHkunu. JlaHHOE MPEATIONOKEHUE MOATBEPIKAACTCS
TEM, YTO UIMEHHO KOMOWHAIIMS TAKUX OTKJIOHCHUN OT
KOHTPOJIbHBIX 3HAYCHUH BOIDIA B COCTaB MPEAUKTO-
POB BBICOKOTOYHOTO THArHOCTHYECKOTO ajrOpuTMa,
YTO CBHIETEIHCTBYET 00 MX COBOKYITHOW TaTOTeHe-
TUYECKOW 3HaYMMOCTH. VcXomst M3 3TOro, BBISBIICH-
HBIE€ CTaTUCTHUECKU 3Ha4nMBble (p <0,05) cuctemHble
pa3nuus B BJIEMEHTHOM CTaryce MEXIYy TpyIIaMu
(Tabmn. 2) mproOpeTaroT YETKYIO0 HHTEPIIPETAIIHIO.

B asxymare myxuna ¢ UMb nHaGmronancs mo-
CTOBEPHBIN JEPUINT KIFOUEBBIX (DYHKIIMOHAIBHBIX
aIIeMeHTOB: Qocdopa (IHepreTHueckuii Metado-
JU3M), IWHKA (CTa0MIIBHOCTh XpOMAaruHa), CEJCHA
(aHTHOKCHUJIAaHTHAS 3aIllUTa) U Meau (y4acTue B aH-
TUOKCUJIAHTHBIX (epMeHTHbIX cucteMax) (Yuan et
al., 2024; Zecevic et al., 2025; Zhang et al., 2025).
DTO MpsIMO YKa3bIBaeT Ha JIOKAIBHYIO HEJOCTaTO4-
HOCTh, YXYIIIAIONYI0 OHOXMMUYECKYIO Cpemy IJis
CIEpMAaTO30HI0B.

[pouns MUKPOIIEMEHTOB B BOJIOCAX OKA3aJICS
Oonee KOMIUIEKCHBIM; OH, IIO-BHIUMOMY, OTpakaeT
KyMYJISITHBHBIE aJalTallMOHHbIE M MaTOJOTHYECKHe
TMIPOIIECCHI, MPOMCXOAAIINE B TEIEHHUE HECKOIBKIX Me-
csreB. [loBeimieHHOE comepikaHNe MarHus, IUHKA U
¢dochopa B Bonocax mammentoB ¢ UMb moxker sB-
JSIThCS. MHAMKATOpOM JAucOaiaHca B UX MeTaboIu3Me
W TKAaHEBOM pacrpeliesieHHH, c(HOPMUPOBAHHOTO IO
BIIMSTHAEM XPOHHYECKOTO BO3JECHUCTBUS HeOIarompu-
SITHBIX CPEIOBBIX (pakTopoB. OMHOBPEMEHHOE JTOCTO-
BEpHOE CHIKEHHE KOHIIEHTPAIIUIA CelleHa, HoIa, JKele-
3a ¥ MEIU B BOJIOCAX MOXET CBUIETEIILCTBOBATD JIHO0
O CHIDKEHHOH OOECIICYeHHOCTH OpraHu3Ma STHMH
JJIEMEHTAMH, JTHOO 00 MX MOBLIIIEHHOM METaboIrue-
CKOM pacxofie. IT0 0COOCHHO TIOKa3aTeIbHO TSI Homa
U ceJleHa, SHAEMIYHBIN Ae(QUIMT KOTOPBIX B PETHOHE
SBJISIETCS YCTaHOBJIEHHBIM (hakTopoM (JlarmeHko u np.,
2021; benoB u np., 2025). IloHmwkeHHOE conepKaHUe
JKene3a ¥ Me[H, YYACTBYIOLIHX B KIIFOYEBBIX OKWCIIH-
TENTbHO-BOCCTAHOBUTENBHBIX MPOIECCax, MOXKET OT-
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pakaTh WX MOBBIMICHHBIN PacXol WM HApYyIIICHNE BCa-
coiBaHMs. TakuM 00pa3oM, BOJIOCHI BBICTYNAIOT Kak
VHTETrPaJIbHBI MHAWKATOP, (PUKCUPYIOIIUIA COYeTaH-
HOE BO3JICUCTBUE SHICMUYHOTO JNC(HHIIUTA, TEXHOICH-
HOW AKCTIO3UIHH (TIOBBIIIICHNE CBHUHITA, PTYTH) U CABH-
TOB MHUHEPAJIBHOTO TOMEOCTa3a, XapaKTepHbIX IS T1a-
TOJIOTHYECKOTO COCTOSIHUSL.

B CBIBOPOTKE KPOBH CTaTHCTHYECKU 3HAYMMBIE
pa3auuurs BBISBICHBI JIUIIb JUIs CEJICHA U IUHKA, YTO
NOATBEPXKAAET OTPaHUUCHHYI0 HH(POPMAaTHBHOCTh
JMAaHHON OMOCpPEnBI U OIEHKH XPOHUYECKOTO MHK-
poaseMeHnTHOTO amcOanmanca mpu WUMB. OtHOCH-
TeNbHAs CTAa0MIFHOCTh YPOBHEH JAPYTHX AIIEMEHTOB
B CHIBOPOTKE KPOBH, BEPOSTHO, MACKUPYET MpPOHC-
XOIIIME KOMIICHCATOPHBIC IIepepacipelcieHus |
UX ICIIOHHUPOBAHUC B TKAHAX.

COBOKYITHOCTh 3THX H3MEHEHHH (QopMHupyeT
crerudryaeckuii PAIT quc6ananca MEKpPO3JIEMEHTOB
npu UMB, B ocHOBE KOTOPOTO JIEXKUT XapaKTepHas
TpUaga HapyIIECHWH: COYETaHHBIA NEPHULIUT ICCEH-
IUanbHBIX 37eMeHToB ((ocdopa, ceneHa, oaa, xe-
je3a U MEAH), TUCPETYISIIUs TOMEoCTa3a MarHusi u
[MHKA W HAKOIJICHHE TOKCHYHBIX METAIJIOB (CBHHIIA
" pTyTH). [10mMOOHEIH aTTepH, BO3MOXHO, OTPaXKaeT
o0mue asi CeBEepHBIX MPOMBIIUIEHHBIX PETHOHOB
YepThl IKOJIOTHYECKOTO M MeTabonn4ecKkoro aucha-
JaHca, OAHAKO JISi IOATBEPKACHUS 3TOW THIIOTE3bI
TpeOYIOTCS CPaBHUTEIbHBIC UCCIIC0BAHUS B IPYTHX
reorpaUIecKux 30HaX.

[locTpoennas MHOTOMapaMeTpU4ecKas JIOTH-
CTHYECKash PerpecCHOHHAsi MOJIENb, BKIIOYMBINAS B
ce0s1 Hambonee MHPOpMaTUBHBIE OMHApHBIE MapKe-
pet u3 PAII, nmpoaeMoHCTprpoBasia BBICOKYIO IPO-
THOCTHYECKYI0 dS(QEKTHBHOCTb, 4YTO JenaeT eé
HaJEKHBIM WHCTPYMEHTOM JIJISI BBISIBJICHHS TAIHCH-
T0oB ¢ UMb, y KOTOpBIX BEeAyUIMM IaTOTeHeTHYe-
CKAM KOMIIOHEHTOM SIBIISIETCS BBISBIICHHBIH KOM-
IUIEKCHBI MUKPOAJIEMEHTHBIN aucOanaHc, a Takke
JUISS  OIPECIICHUS TIPUOPUTCTHBIX MUIICHEH IS
MEPCOHANM3UPOBAHHON Koppekiuu. [locTpoeHHast
MaTeMaTHYecKas MOJENb MPOJEMOHCTPHPOBAJa BBI-
cokyro HaaexxHocTh (IlceBno-R?=0,893) u TouHOCTH
(AUC=0,987) (Hosmer et al., 2013). [Ipu aTom Mo-
Jens obOnagaer cOaTaHCHPOBAaHHBIMH KIMHHYECKH
3HAYMMBIMH  TapaMETpPaMU:  YyBCTBUTEIHHOCTH
98,6% MUHUMH3UpPYET PHUCK IpOITyCKa ciyd4as, a
cnerpuaHOCTE 92% W TOJOKHUTENbHAS MPOTHO-
ctrueckas 1eHHOCTs (PPV) 94,5% ykaspiBatoT Ha
BBICOKYIO JTOCTOBEPHOCTH TOJOXKHUTEIHHOTO 3aKIIIO-
YeHUSI.

BaxkHeHImuM  MpakTHYECKUM  JTOCTHIKCHHEM
CTaJO0 TO, YTO ISl TAKOW TOYHOW OIEHKH HE TpeOy-

€TCsl TIOJHBIN M JTOPOTOCTOSIIIUE aHalu3 BCEX 3JIe-
MEHTOB BO Bcex cpenax. s a¢¢dexTuBHON cTpaTu-
¢uKanuu pUCKa OKa3aloch AOCTaTOYHBIM OIpele-
JeHre 6 TapaMeTpoB: YpOBHS MarHus, ceJieHa,
CBUHIIA W JKelle3a B BOJIOCAX, CElIeHAa B CHIBOPOTKE
KpoBHU U (dochopa B IAKYIATEe. ITO OTKPHIBACT IIEp-
CIEKTUBBI I MPAKTHYECKOTO TPUMEHEHHS ITOIY-
YCHHBIX JaHHBIX, MEPEBOMAS UX U3 00IACTH HAYYHOU
KOHCTaTallud B KIMHUYECKYIO TUIOCKOCTh. Kawiid
U3 3TUX TPEAUKTOPOB SBISETCS HE MPOCTO CTaTH-
CTHYECKHM MapKepoM, a yKa3aHHeM Ha KOHKpPETHOe
MAaTOTEHETHYECKOE 3BEHO.

Haubomnee momubsM nipemukropom (OR=152,04)
0Ka3aJI0Ch MOBBIIIEHHOE COAEPKAHUE MAarHus B BOJIO-
cax. JToT (eHOMEH MOXKET OBbITh CJIEACTBUEM Hapy-
IIEHUs €r0 TKaHEBOTO pacIpeieieH s, HHIyIMPOBaH-
HOTO KOMIUIEKCOM XPOHHYECKHX CTPECCOBBIX (hakTo-
POB, XapaKTepHBIX I ceBepHOTro permoHa (XMAO-
IOrpa): skcTpemMaibHBIMU KIMMATOTEOT pahuaeCKUMU
YCJIOBHSIMU, TEOXMMHUYECKUM ANUCOATaHCOM M OCOOCH-
HOCTSIMU TIPOM3BOCTBEHHOM AesTenbHocTH (Kopumna
u 1p., 2014; Coxomnos, 2020). [lomo6HEBIE yCIOBUS MO-
TYT BIUSTh Ha HEUPOSHAOKPUHHYIO PETYILIIHMIO H
TpaHCMeMOpaHHBIH TPaHCIIOPT ANEKTPOIIUTOB
(McEwen, 2017). I'mnoteTndecku 3TO0 MOXKET HPHBO-
JTUTh K OTHOCHUTEIILHOMY HAKOIUICHUIO MarHUs B BOJIO-
cax Ha (one ero (yHKIMOHATEHOTO AeUIUTa B Ipy-
THX TKaHSX, BKJIIOYAsl PENpOAyKTUBHbIE, OJHAKO JaH-
HOE TIPENIOoNOXKEeHNe TpeOyeT OTAEeNbHOW JKCIIepH-
MEHTaJIbHOM MPOBEPKHU.

B Mozenp BoIUTH CHIDKEHHBIE YPOBHH CeleHa
Kak B celBopoTke KpoBU (OR=39,13), Tak u B Bonocax
(OR=32,91). Cenen sBisieTcsl KIIOYEBBIM CTPYKTYp-
HBIM KOMITOHEHTOM (pepMeHTa Ty TaTHOHIIEPOKCUIa3bI
(GPx), xarammupyromero o0e3BpEKMBAHUE KITIOUC-
BBIX KOMIIOHEHTOB OKHCJIHMTEIIFHOTO CTpecca — Iepe-
KHACH BOZIOPOJA W JIMITUIHBIX THIPOIIEPOKCHIOB. TeM
cambiM GPX BBITIONHSET IIEHTPAJILHYIO POJIb B aHTHOK-
CUIaHTHOHM 3aIlMTe CeMEeHHOM muiasmbl (Yuan et al.,
2024). DHOEeMUYHBIN Te(HIUT celeHa B perHOHE TIPH-
BOIWUT K HEIOCTATOYHOMY CHHTE3y 3Toro (epmeHra,
ocalrsisl €CTEeCTBEHHYI0 AaHTHOKCHIAHTHYIO 3aIUTY
cnepmaro3onioB. Ha atom (oHE mMmoOBBIIIEHHAsT TPO-
nykuust A®DK, BbI3BaHHas TOKCUYHBIM JCHCTBUEM
ceunna (OR=30,68) u pryTH, co3maeT CUTyalUIO He-
KOHTPOJIMPYEMOT0 OKCHJIaTUBHOIO cTpecca. B pesyib-
Tare MPONCXOAUT CHIKEHHE TIOIBIKHOCTH CIIepMaTo-
30HMJIOB, TTOBPEXKIICHUE JHUIMUIHBIX MeMOpaH M ¢par-
MenTtauus JJHK cniepmarozonnos.

BbisiBnenHblil euuuT HeopraHudeckoro ¢oc-
¢dopa B asikynsre (OR=10,36) 3aciyxuBaer 0coO0ro
BHUMaHUsA. OCHOBHBIM HCTOYHUKOM (hocdopa U apy-
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T'MX 3JIEKTPOJINTOB B CEMEHHOM IIa3Me SIBIISIOTCS CEK-
PETHI MPENCTaTeNbHOM JKeNe3bl U CEMEHHBIX Iy3BIPb-
koB. Ilo3TOMy CHMXKEHHME €ro KOHLEHTPALUH MOMKET
KOCBCHHO YKa3bIBaTh HA HapymleHHe (DYHKIUH 3THX
OPraHOB WM W3MEHEHHE OMOXMMHUYECKOIO COCTaBa UX
CEKpETAa, YTO B CBOIO 0YEPENb YXYAIIAET Cpemy IS CO-
3peBaHUsl U MOABI)KHOCTU CIIEPMaro3ouzoB (Serrano
et al., 2024). 3ToT MapKep CBA3BIBAET MHKPOIJIEMEHT-
HBII nucOananc ¢ (QyHKIMEH KOHKPETHBIX OpPTaHOB
PENPONLYKTUBHOM CUCTEMBI.

IlomydeHHble pe3yabTaThl CIIyXKaT HayYHBIM
OCHOBAaHHUEM IS pa3pabOTKU CTaHAAPTU3UPOBAHHON
cxeMbl narorenernyeckoit Tepanuu UMb y xuteneit
peruona. IIpemyioxkeHHast MOzIENb MO3BOJISET Mepeit-
TH OT 3MIHUPHUECKOTO Ha3HAUEHHUs] aHTHOKCHUJIAHTOB
K TapreTHOW KOPPEKIUH BBIABICHHOTO THIMA Iucha-
naHca. CTeneHb OTKJIOHEHHs] MapKepoB OT IOpPOTo-
BBIX 3HAQUEHUN MOXET CIy’)KHTh OPHUEHTHPOM IS
WHTEHCHUBHOCTH BMEIIATENbCTBA. TakuMm o0pasom,
pabora mpeanaraeT HOBBIM MPHHIUI MOAXOAA K Te-
panuu UMb — TapretHyio Koppekuuio crienudpuye-
CKOTO MHKPORJIEMEHTHOTO JucOajaHca, BhISIBIEHHO-
ro y HanueHTa. DTOT HPUHIMII, BIIEPBBIE PeaIn30-
BaHHBIN st ycrmoBuihk XMAO-KOrpel, OTKpBIBaeT
MEPCIEKTUBBI JUIA CO3[IaHUS aHAJOTMYHBIX PETHOH-
OpPUEHTHPOBAHHBIX IPOTOKOJIOB.

OrpaHr4eHns] UCCIEAOBAHUS BKIIIOYAIOT B ceOs
00BEM BBIOOPKH U TIEPEKPECTHBIN qU3aiiH paboThI, He
MO3BOJIIIOIIUN CIENIaTh OMHO3HAYHBIE BBIBOABI O MpPH-
YMHHO-CIEACTBEHHOM CBS3M MEXIy BBIIBICHHBIM
MHKPORJIEMEHTHBIM IUCOaTIaHCOM U pa3BUTHEM Oec-
mwioaus. Bricokas TOYHOCTH MOCTPOEHHOW MPOTHO-
CTHUYECKOH MoJenu TpeOyeT MpPOBEpKH Ha HE3aBUCH-
MOM KOTOpTe Ul TOATBEPXKIEHHS €€ BOCIPOM3BOIU-
MOCTH M KJIMHUYECKOU mpuMeHuMocTu. HecMmoTps Ha
9TO, TOJy4YEHHbIE Ppe3yJbTarbl (OPMUPYIOT YETKYIO
TUIIOTE3y W 3aJal0T HaNpaBlIeHWs U JaJIbHEHIINX
uccnenoBanuii. Haumbonee o4eBHIHBIM CIEAYIOMINM
LIaroM SIBJISIETCS IPOBEICHNE aHAJIOTMYHOTO UCCIIENO-
BaHUS B JIPyTOM CEBEPHOM IPOMBIIUICHHOM PETHOHE,
HarpumMmep, B SMaino-HeHelkoM aBTOHOMHOM OKpyTe

AUTEPATYPA

(IHAO), mns mpoBeneHHs CPAaBHUTEIBHOTO aHAJH3a.
DTO TIO3BOJINT BBIACHHUTH, SIBISICTCS JU BBIIBJICHHBIA
PAIl yHUKaNbHBIM, WK € CYIIECTBYET YHHUBEPCAIb-
HOE «SIIPO» MHKPODJIEMEHTHBIX HapyIICHHH, Xapak-
teproe it UMb co cxokumu kimmaroreorpadmde-
CKMMHM U SKOJIOTMUECKUMHM yCIOBUsIMU. Takoe cpaBHe-
HUE 3aJI0KUT OCHOBY JUISl CO3MIaHUSI aJallTUBHBIX, TEP-
PUTOPHUATEHO-OPUEHTUPOBAHHBIX KIMHUYECKUX PEKO-
MEHIAIUH.

3AKAIOYEHUE

1. B pe3ynbrare KOMIJIEKCHOTO UCCIIEA0BaHUSA
BIIEpBBIE BBIsABIIEH crienududecknii PAIl nmucbanan-
ca mukpoanemenToB pu UMb y xuteneit XMAO-
IOrpe1. Ero xmoueBbIMH XapaKTepUCTUKAMU SIBIIS-
eTcs TpuaJa HapylIeHHH: COYeTaHHBIN NePHUIUT IC-
cennuanbHBIX memenToB (P, Se, I, Fe, Cu), nucpe-
TYJISIIAS TOMEOCTa3a MarHus U IIMHKA 1 HAKOIUICHHE
TOKCUYHBIX MeTauioB (Pb, Hg).

2. Ha ocHoBe aHanm3a Tpéx Ouocpen (IAKYIAT,
BOJIOCHI, CHIBOPOTKAa KPOBH) C NMPUMEHEHHEM MHO-
TOMEPHON CTAaTUCTHKH TOCTPOEHAa BBICOKOTOYHAS
MpoTHOCTHYECKas JorucTuaeckas mozaenb (AUC =
0,987). Mogens HWHTETPUPYET IIECTh KITFOUEBBIX
MapkepoB (Mg, Se, Pb, Fe B Bonocax; Se B kpoBu; P
B ISIKYJISITE) B ONTUMU3UPOBAHHBIA aITOPUTM IS
crpatudukanuu pucka UMb, cBs3aHHOTO C TaHHBIM
THUTIOM MHUKPO3JIEMEHTHOTO JucOantaHca.

3. BblnesneHHblE MOJIENBIO MPEAUKTOPHl HE SIB-
JISIFOTCST CITyYalHBIMH CTATUCTUYECKIMH ACCOLMAIINS-
MU, a YKa3bIBaIOT HA KOHKPETHBIE MAaTOT€HETUIECKHE
MUILIEHNA: aHTUOKCUJIAHTHYIO HEJIOCTaTOYHOCTH (Jie-
¢duuT Se), TOKCHUecKyro Harpys3Ky (u30biTok Pb), me-
TaOOIMIECKYIO TUCPETYISIMIO (HapylIeHHe OOMeHa
Mg) u BO3MOXHYIO AUCHYHKIHIO TIPEACTATEIIEHON
xene3nl (medurur P B askynsare). Takum oOpaszom, pa-
00Ta BIIEepBbIC 3aKIa[BIBACT HAYYHOE OCHOBaHWE IS
nepexofia OT SMIUPHUECKON Tepanyy K IepcOHaNIN3H-
POBaHHOM, TAPTEeTHON KOPPEKLUU BBISBICHHOTO MHK-
poaseMeHTHOrO nucOanmanca y myxuuH ¢ UMb B
YCIIOBUSIX CEBEPHOTO IPOMBIIIJIEHHOTO PETHOHA.
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PROGNOSTIC VALUE OF TRACE ELEMENT PROFILES

IN EJACULATE, HAIR, AND BLOOD SERUM

FOR THE DIAGNOSIS OF IDIOPATHIC MALE INFERTILITY

AMONG RESIDENTS OF A NORTHERN REGION (KHMAO-YUGRA)

O.S. Belik

Khanty-Mansiysk Autonomous Okrug-Ugra "District Clinical Hospital";
40 Kalinina str., Khanty-Mansiysk, 628012, Russian Federation

ABSTRACT. Idiopathic male infertility (IMI) accounts for up to 60% of fertility disorders, and its pathogenesis,
especially in ecologically disadvantaged northern regions, remains poorly understood. Trace element imbalance is con-
sidered a significant pathogenetic factor in IMI; however, comprehensive studies simultaneously assessing profiles in
ejaculate, hair, and blood, with the construction of prognostic models, are lacking.

Objective. To identify a region-specific profile of trace element imbalance in three biological matrices among



MUKPOSAEMEHTBI B MEAMUMHE: OPUTUHAABHBIE CTATHA
50 TRACE ELEMENTS IN MEDICINE: ORIGINAL PAPERS

men with idiopathic male infertility (IMI) residing in the Khanty-Mansiysk Autonomous Okrug — Yugra (KhMAO-
Yugra) and to build a multivariate prognostic model based on this profile.

Materials and methods. A prospective case-control study included 120 men (70 with IMI, 50 fertile controls)
who had been permanent residents of the region for at least 5 years. Concentrations of 12-15 trace elements in ejaculate,
hair, and blood serum were determined using inductively coupled plasma mass spectrometry (ICP-MS). Statistical anal-
ysis employed the Mann-Whitney U-test, ROC analysis, and stepwise binary logistic regression.

Results. A specific trace element profile of IMI was identified: in ejaculate — deficiency of P, Zn, Cu, Se; in hair —
increased levels of Mg, Zn, Hg, Pb and decreased levels of Fe, Cu, Se, I; in serum — decreased levels of Zn and Se.
ROC analysis identified the most informative markers (AUC>0.80): Mg in hair (0.897), I in hair (0.831), Pb in hair
(0.818), and P in ejaculate (0.797). Logistic regression included 6 predictors in the final model: elevated levels of Mg
and Pb, reduced levels of Se and Fe in hair; reduced level of Se in serum; reduced level of P in ejaculate. The model
demonstrated outstanding discriminatory power: AUC=0.987 (95% CI: 0.946-0.999), sensitivity 98.6%, specificity
92%, overall classification accuracy 95.8%.

Conclusion. For the first time, a comprehensive specific region-associated profile (RAP) of trace element imbal-
ance in IMI has been described, and a highly accurate prognostic model based on it has been developed. The obtained
data pave the way for personalized, targeted diagnosis and correction of trace element imbalance as a key pathogenetic
component of IMI in residents of northern industrial regions.

KEYWORDS: idiopathic male infertility, trace elements, ROC analysis, logistic regression, prognostic model,
northern region, KhMAO-Yugra.
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OPUTUHAAbHAS CTATbA

AHAAU3 MUKPOISAEMEHTHOIO COCTABA
KOCTHOW TKAHWU Y NOXUAbIX NALLUEHTOB
C NATOAOTUEN TA3SOBEAPEHHOTO CYCTABA

E.A. boHaapeBuy*, B.B. Aopxxees, B.C. lUntnH, A.P. CTApHLbIH

OI'BOY BO «UutnHCKas rocyaapcTBEHHAs MEIHLIMHCKAs akaaemMus» Munsnpasa Poccun;
Poccuiickas @enepauust, 672000, r. Yura, yi. ['opskoro, a. 39a

PE3IOME. Ilens ucciienoBanus — onpenesicHHe MUKPOIJIEMEHTHOTO COCTaBa KOCTHOM TKaHM y kuTesell 3abai-
KaJTbsi, IMEIOIMINX TSHKETYIO ATONOTHIO Ta300€IpEHHOTO CYCTaBa.

Martepuanbl u metoabl. [IpoBeneHo obcnenoBanue 21 nanmenTa, u3 HuX 11 (52,4%) myxuna u 10 (47,6%)
JKCHIIUH, MEPEHECIINX YHAONPOTE3UPOBaHUE Ta300eapeHHoro cycraBa. Cpenauii Bo3pact — 58,6 romxa. Ho3zomoruue-
ckue (OpPMBI MPEICTABICHB UANOIATHIECKAM KOKCAPTPO30M M aCENTHYECKHM HEKPO30M TOJIOBKH OEIPEHHOW KOCTH.
OmnpeneneHne copepKaHusi MHUKPOIJIEMEHTOB BBIIIOJIHEHO PEHTTEHO(IYOPECIEHTHBIM METOJOM IIOJIHOTO BHELIHEro
OTpa)kKEHHUS.

Pe3yabTaThl. AHaIHM3 BRIABHI 3HAUYUTEIBHBIN AUCOATAHC MUKPOIJIEMEHTHOTO COCTaBa KOCTHOM TKaHU y MAllMeH-
TOB C MIMONATHYECKHM KOKCapTPO30M M acenTHueckuM HekposoM. Cpennee conepkanue tutana (Ti), xpoma (Cr),
mapratua (Mn), sxenesa (Fe), menu (Cu), unaka (Zn), 6poma (Br), crponuus (Sr) u ceunua (Pb) ormeuanocs Huxe pe-
(bepeHTHBIX 3Ha4YCHUIT 1S cpefHeil cyxoit kocTHOHM Tkanu. Haubonee cymiectBeHHOE cHIbKeHME (B 2—5 pasa) HaOuo-
JIaIoch U XpoMma, Opoma, CBHHIIA, THTAHA, JKeJle3a, IMHKA M CTPOHIUA. HarmpoTus, ypoBeHb kobanbTa ObL1 B 4,2 paza
BbILIE pedepeHTHOro 3Ha4eHuss. CTaTUCTUYECKUI aHaiIn3 ¢ ucnosib3oBaHueM U-kpurepusi MaHHa—YUTHH HE BBISBHI
3HAYMMBIX OTIMYUI HU OT OJHOTO JuTepaTypHoro ucrounuka (U = 55, p = 0,34), 94To CBUAETENBCTBYET O BEICOKOI Ba-
pradeTbHOCTH MUKPO3JIEMEHTHOTO COCTaBa.

BreiBoabl. B pesynpraTe mccienoBaHMs YCTaHOBJICH cCrieNU(UYEcKHid aucOanaHc MUKPOSJIEMEHTOB B KOCTHOM
TKaHHM y TAIMEHTOB, IIEPEHECUINX 3HJONPOTE3MPOBaHKUE Ta300€PEHHOrO cycTaBa. BbisiBIeHHBINH JeduIMUT dCCeHIH-
ANBHBIX AJIEMEHTOB (IIMHKA, MEIH, CTPOHIINS) U IMAaTOJOTHYECKOe HAKOIUIEHHE K0OaTbTa MOTYT UTPATh POJb B MATOTe-
He3e JereHepaTHBHBIX M3MEHEHUH CYCTAaBOB M JIOJDKHBI YUUTHIBATHCS IIPH pa3pad0TKe KOMIUIEKCHBIX pPeabWInTaloH-

HBIX ¥ TPOQUIAKTUUECKUX MEPOTIPUSATHIA 1JIs JAHHOM KaTeropuu MaieHToB.

KAKOYEBBIE CAOBA: MHKPO3JIEMEHTHBI COCTAB KOCTHOM TKaHW, PEHTTEHO(IYOPECIICHTHBIH aHaIu3,

Ta300eAPEHHEINA CyCTaB.

AAa umMTMpOoBaHUs: Boxnapesuu E.A., [lopxees B.B., lllutur B.C., Crapuusiz A.®. AHaIM3 MEKPOAJIEMEHTHOIO COCTaBa KOCTHOW TKaHH Y I1O-
JKIJIBIX HAIEHTOB C IATOJOTHEH Ta300eApeHHOT0 cycTaBa. MuKpoaneMeHTs! B MequnuHe. 2026;27(1):52-56. DOL: 10.19112/2413-6174-2026-27-1-52-56.

BBEAEHUE

KocTtHas TkaHp opraHm3Ma 4ejoBeKa SIBISIETCS
aKTHBHBIM YYaCTHHKOM MHHEPAJIbHOTO METa0OIM3-
Ma, PETYIHPYsl YPOBEHb MaKpO- U MUKPOIJIEMEHTOB
B MEXKKJIETOUHOU XKUAKOCTH U KpOBU. MuUHEpalbHON
OCHOBHOW KOCTHOW TKAaHU CIYXKHUT THAPOKCHANATUT
U ero Npou3BOAHBIE (KapOOHATHBIN, CTPOHIIMEBHIH,
MarHueBbIi anaTtutel, ¢pTopanatut u ap.). Opranu-
YyecKas OCHOBa — KOJUIareH | Tuma u apyrue Heko-
JareHoBbIe OEJKH M MPOTEOTINKaHbl. B pesynbrate
MIPOLIECCOB PEMOAETUPOBAHUS (OPMUPYETCS HAHO-
OMOKOMIIO3UT W3 BOJIOKOH OEJIKOBO-YIJIEBOAHOTO
KoMIUIeKca U KpuctamioB amatutoB (Kones u np.,
2018).

* AAPEC AAS MepenncKu:
BboHaapesuy EBreHuin AAeKCaHAPOBMY
E-mail: bondarevich84@mail.ru

KocTtHast TKaHb, BBICTyIAst KaK €O MHKPO-
3JIEMEHTOB, BBIMOMHSICT (HYHKIIUIO MO MEPEBOIY TOK-
CHUYHBIX DJICMEHTOB B MaJIOPaCTBOPUMBIC U HEpac-
TBOPHUMBIC COCIUHCHHS, YTO IOHMKACT IOJIBUXK-
HOCTH MI/IKpOBHGMeHTOB 158 CHOCO6CTByeT CHUXCHUIO
HMX HEraTMBHOI'O BO3JEMCTBHUS Ha MeTa0OIM3M. DTOT
MIPOLIECC MO3BOJIAET YIAIATh SKOTOKCHKAHTHI U3 Op-
raHu3Ma, U JaHHOE HAIMpPaBICHUE OHOTCOXUMHH U
9KOJIOTUM YEJIOBEKAa BKIIFOYAET B ceOs OOIIMPHBIN
MaTepuan Juisi peruoHa uccienoBanus (Tapmaesa u
np., 2019; Muxaiinosa u ap., 2025).

CocTaB KOCTHOHM TKaHH, TaK K€ Kak W 3y0OB,
onpeAeasicTcs ONOreOXMMHUYCCKUMH YCIOBUIMU pPe-
THOHA MPOXKHUBAHMS YEJIOBEKa, €ro BO3PACTOM, MO-
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JIOM M 0COOeHHOCTSMH TuTanus. [lpu pa3sutnu mna-
TOJIOTUH KOCTHOUN TKaHU (OCTEOMOpO3, 0CTEONETPO3)
WIK CYCTaBHOTO ammaparta (apTpo3bl, IOAArphl)
MUKPOAIJIEMEHTHBI COCTaB MOXET CYIICCTBEHHO
mMeHaTees (Zaichick, 2013; HxamaitHem w ap.,
2018; Ciosek et al., 2021).

Iflens mccaemnoBaHUS — OINpeneie-
HUE MHKPO3JIEMEHTHOTO COCTaBa KOCTHOW TKaHU Y
MAIUCHTOB, MEPEHECHINX SHAONPOTC3UPOBAHUE Ta-
300€JpEHHOTO CyCTaBa.

MATEPUAADI U METOADI

Ilpu mpoBeneHHH WCCIEAOBAHUS OBLTH B3STHI
IpoOBI KOCTHOW TKaHM U KOCTHO-XPSILEBBIC 3JIEMEH-
Thl TALUEHTOB, IEPEHECIINX 3HAONPOTE3UPOBAHUE
Ta300€APEHHOr0 CycTaBa, Bcero 21 mauueHt, u3 HUX
11 (52,4%) myxuun u 10 (47,6%) »ennwn. Cpeaauit
BO3pacT cocraBmwi 58,6 roma. Hozomoruueckue ¢op-
MBI TIPENICTaBICHBI HIHOIaTHYECKUM OCTE0apTPO30M
Ta300€IPEHHOTO CycTaBa (KOKCApTPO30M) M aCENTH-
YECKUM HEKPO30M T'OJIOBKU O€IPEHHOM KOCTH.

Kpumepuu exnioyenus: coOOTBETCTBUE MAIMEH-
Ta TPOTOKOJIY HCCIEAOBaHUs, MOCTOSHHOE MPOXKHU-
Banue (5 u Oosee 5 net) B 3a0alikaabCKOM Kpae U
PecniyOnuke Bypsitusi, Hanuure HWHPOPMUPOBAHHOTO
corjiacus Ha IPOBEJCHUE HCCIICAOBAHMS U 00paboT-
Ky MOJIyYCHHBIX TaHHBIX.

Kpumepuu ucxmouenus: oTka3 manueHra oT Uc-
CIIeIOBaHUsl, HAIMYHE BTOPUYHOTO apTpo3a Ta3obes-
pPEHHOro cycraBa Ha (hOHE CHUCTEMHBIX 3a00JIeBaHHI
(peBMaTOMIHBIN apTpUT, Mojarpa, Mcopuas, aHKWUIO-
3UpPYIOMINI CHOHIWIOAPTPUT U Ap.), HAINYUE JUCILIa-
CTHUYECKOTO U ITOCTTPaBMAaTUIECKOTO KOKCApTPO3a.

HccnenoBanue MpoBOOWIN B COOTBETCTBUHU C
MPUHIHUIAME OHOMETUIIMHCKON 3TUKU. OT Ka)KA0TOo
ManydeHTa MOoydeHo UH()OpMUPOBaHHOE HOOPO-
BOJIbHOE corniacue. Mccienyemple He TPUHUMAIN B
TEUEHHE TPEX MECALEB O olepanuu (apMaleBTH-
YecKHe MUHEpaIbHbIC KOMILIEKCH M OMOIOTHYECKH
aKTHBHbIC JOOABKH.

KoctHyro TkaHp 3a0upany u3 NpOKCUMAIBHOTO
oraena OelpeHHON KOCTH B OOJNIacTH mepexoia B
maduzapHyro d4acTh (KajbkapHas 30HA). 3abop
OCYWIECTBILIM  KopoOuaThiM  gosoToM. KocTHo-
XpsAIIeBbIe MTPOOBI 3a0Mpany U3 mepBor (ppessl npu
o0Opabotke amneraOymsipHOW BhaawHbBL. [IpoBomwmu
npobdonoaroToBky 6uonratos. [locne oT6opa mpoos!
xpanunu npu —18 °C B xomoauneHuKe. Jlanmee u3
po6 OMONTATOB, MOCHIE BHICYIIMBAHUS B CyX0XKapo-
BoM mkady npu 100 °C B Teuenne 3 4, hopmupoBa-
au HaBeckn Maccor 0,100+0,010 r (aHaTUTHYIECKHE

Bechl «XB 120A Precisa»). [IpoOsl momemanu B
KBaplEBble CTaKaHYMKA M TOJBEPrald MOKPOMY
030J1eHUI0 B 1,0 MJI KOHIEHTPUPOBAHHOW a30THOM
KHCIIOTHI, B TepMmoctare mpu 115 °C, go momHOTO
pacTBopeHus MpoOkl. PacTBopeHHBIN 00pa3er KO-
YECTBEHHO IIEPECHOCUIIM B MEPHYIO MOJUIIPOIIICHO-
BYIO IPOOUPKY, TPOEKPATHO CMBIBAsi CO CTCHOK CTa-
KaH4YMKa pacTBOp, M JOBOIWIM JCHOHH30BaHHOM
Bogoii g0 10,0 ma. Janee 500,0 Mxi pacTBOpa mpo-
061 moMemanu B npooupky tuna Eppendorf, mpumu-
Baniu 50,0 MKJI cTaHzIapTa, MOCJE 3TOTO PacTBOP
HaHOCWJIM Ha KBapIeBBIH mpoOomepikarens. Ormpe-
JeJICHUE COACPKaHMS XUMHUYECKHX JJIEMEHTOB (THU-
tana (Ti), xpoma (Cr), mapranua (Mn), xenesa (Fe),
kobanbra (Co), menu (Cu), nuaka (Zn), MBIIIbIKA
(As), 6poma (Br), pyoumust (Rb), crponmus (Sr),
ceurna (Pb)) mpoBommmu peHTreHO(ITyOpecIeHT-
HBIM METOJOM IIOJIHOTO BHEIIHEr0 OTPAaKEHUS Ha
cnektpomerpe S2 Picofox (Bruker Nano GmbH,
I'epmanust). KoHLEeHTpanuio 31eMEHTOB PacCUUTHI-
BaJl METOJIOM BHYTPEHHETO CTaHJapTa, B KaueCTBE
KOTOPOTO HCIIOJNB30BANICSl CTAHIAPTHBIA 00paselr
COJIM TepMaHMs, pa30aBIICHHBIN NCHOHU3UPOBAHHOMN
Bomoii (2 = 18,2 MOwM) ¢ KOHIEHTpaIuei
2,50 mr-m'. JIns kaxkmo# mpoObl BHIMOTHSIM TPeX-
KpaTHOE U3MEPEHHE aHATUTHYECKOTO CUTHAIA.

Craructuyeckyto 00paboTKy MPOBOAMIH C HC-
nons3oBanueM mnporpamMm «STATISTICA 13.0» u
MS EXEL. Beruucnsum cpemHee apupMeTHIECKOE
3HaueHrne (M), cpemHEKBaIpaTHICCKOE OTKIIOHECHUE
(o), menmany (Me), mepBBIi W TPETHA KBapTHIU
(Qi—Q3) u xo3p¢punment Bapuanuu (Cv). Ilomy-
YEeHHBIC JaHHBIE CPABHUBAIN C KOIUYECTBOM MHK-
PO3JIEMEHTOB B CyXO# KocTHOW TkaHu ([lepurmaszo-
Ba, Puxsanos, 2020).

PE3YABTATbI U OBCY)XAEHUE

BouiBieHo, u4To B HCcIemyeMblx oOpasmax
CpelHee CcolepXKaHWe TUTAaHA, XpOMa, Maprasua,
Kenesa, Ko0ajabpTa, MeIH, IMHKA, OpoMa, CTPOHLIUS U
CBUHIIAa MEHbBILE, YeM B CYXOH KOCTHOH TKaHH.
Haubonpmme oTimunst 3aUKCUPOBAHBI IS TaKUX
aneMeHToB, kak Cr (B 4,9 paza), Br u Pb (B 3,4 paza).
Conepxanne Ti, Fe, Zn, Sr B cyxoit KOCTHO# TKaHH
B 2-2,8 pa3a Ooublie, 4eM B UCCIEAYEMBIX 00pa3-
1ax, Mpu 3TOM HPAKTUYECKH OJMHAKOBBIMU OBIIH
nokazarenu i As U Rb, He3HauuTeNnbHO OTIHMYa-
nock conepkanre Mn u Cu. CpegHee KOJIHMYECTBO
Co B KOCTHOH TKaHM OOCJIEJOBAaHHBLIX IMAlIMEHTOB
0Kazasioch B 4,2 pasa OoJbllie, YeM B CYXOH KOCTHOM
TKaHH (Tadm. 1).
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Tabamua 1. COAep)KGHMe MUKPOIAEMEHTOB B C)’XOﬁ KOCTHOM TKAHU nauneHTos,
nepeHécLUMX 3HAONPOTE3UPOBAHNE 6eAPEHHOro CyCcTAaBd
U AAHHbIE MO UX CpeAHeMYy COAEPIXXAHNIO B C)’XOﬁ KOCTHOM TKOHM
(Aepuraasosa, PuxsaHos, 2020)

ConepxaHue, MI/Kr
DJeMEeHT Cv, %
Cpennee Mzto Me Min Max Qi Qs

Ti 52 1,86+0,24 1,19 0,16 6,01 0,53 2,60 92,5
Cr 5,6 1,15+0,06 1,03 0,38 2,96 0,74 1,47 46,6
Mn 9,6 8,00+0,75 6,02 2,48 20,00 3,35 11,98 65,3
Fe 770 359,14+19,55 311,33 155,09 850,34 238,13 477,12 45,6
Co 0,11 0,47+0,09 0,24 0,07 1,43 0,15 0,75 96,3
Cu 4,0 3,50+0,18 3,25 1,20 9,02 2,50 3,98 433
Zn 280 107,37+7,45 88,51 32,50 296,61 64,70 126,62 58,0
As 0,75 0,77+0,05 0,66 0,29 1,70 0,51 0,98 46,8
Br 2,6 0,76+0,05 0,71 0,12 1,56 0,52 0,95 49,9
Rb 0,24 0,23£0,01 0,22 0,10 0,51 0,16 0,28 45,1
Sr 8,5 3,70+0,29 3,17 1,09 12,30 1,79 4,65 66,6
Pb 5,7 1,66+0,14 1,35 0,40 4,02 0,81 2,44 62,8

CpaBHEHHE MOTYYEHHBIX JAaHHBIX 110 CPEeTHEMY
COJIEP’KAaHUIO MHUKPODJIEMEHTOB B KOCTHOW TKaHH C
TUTEepaTypHeIMH HaHHBIMA ([lepurnazoBa, PuxBa-
HOB, 2020) HEe BBISBWIIO 3HAYMMBIX OTIMYHA 110 KPH-
teputo Manna—Yutau (U=55, p=0,34).

B cBsi3u ¢ BBICOKOH BapuaOeIbHOCTHIO 3HAUCHUI
KOHIICHTPAI[UA MHUKPO3JIEMEHTOB 00Jice 00BEKTHBHOM
SIBJISIETCSI BENWYMHA MENWaHbl, OJHAKO BBIABJICHHbIC
OTJIMYMSI OT CPEJHErO COJIEPIKAHUSI B CyXOW KOCTHOM
TKaHHU MMENH Te ke TeHAeHIru. CpaBHEHUE C IpyTH-
MU 3KCIEPHUMEHTAIGHBIMEA JAHHBIMH BBIIBIJIO OOJTh-
mee cojiepxkanue B uccieayemeix npoodax Cr (0,005—
0,015 Mr/kr), Torma Kak KOAM4ECTBO Zn OBUIO B TIpe-
nenax Hopmbl (77-180 mr/kr) (I'epk, ['omoBaHoBa,
2015). YpoBeHb CBHHIIA B TOJIOBKE U IIICHKE MaIcH-
TOB 00OHX TIOJIOB CO CpelHUM Bo3pacTom 60—65 mer
H3ydeH B paboTe, Te NIpelncTaBieHa OOMIMpHAs BbI-
oopxka 1o [Tombie u Kutato (Ciosek et al., 2021) u co-
crasua ot 0,85 mo 15,11 mr/kr coorBercTtBeHHO. CoO-
MTOCTAaBUMBIMH C MTOJTyYCHHBIMU JAHHBIMUA OTMEYaJINCh
MoKas3areny kurenei BoeBoacTea «Bemukas [lonbmay
(ITompma) — 0,86—1,57 mr/kr (ronoBka OeIpeHHON KO-
ctr) u 0,85-1,41 mr/xr (mrefika) (Ciosek et al., 2021).
B Bepxueii Cunesun (Ilonplna) KoIM4ecTBO CBUHIIA B
KOCTHOW TKaHW ObUIO KpaTHO Oombire — 2,76-15,11
MI/KT, aHaJOTHYHBIC TIOKA3aTeld OTMEYAINCh ISt
o. TaiiBauns — 6,76-7,10 mr/kr (Ciosek et al., 2021).
Hawubonee Oim3kue 3HaUSHNUS MTOTYYEHHBIX TAHHBIX IO
HAKOTUIEHHIO CBUHIIA COOTHOCSATCS C €r0 KOJIMYECTBOM
B TyOuaroii KOCTH OepEHHOM TOJIOBKH KUTENEH pas-
nnyHbIX perroHoB llomemm w 1. lanxas (Kutait)

(Roczniak et al., 2017; Ciosek et al., 2021). Coaeprxa-
HHE CBHHIIA B KOPTUKAJBHOM CJIO€ OBUIO KpaTHO
oompmmM ([lepuriazosa, Puxsanos, 2020), nHorma Ha
nopsinok (Ciosek et al., 2021).

I'eorpaduyeckuMn  OCOOCHHOCTSMH pETHOHA
UCCcIelyeMOH TPYIIbI MAlMEHTOB SBISETCS OObILIast
IUIOUIA/(b TEPPUTOPUMA C HHU3KOW IJIOTHOCTBIO Hace-
JICHUsI, HAJMYMEe MHOXKECTBa Pa3padaThIBACMBIX Me-
CTOPO’XKACHHMI TTOJIE3HBIX MCKOIAEMBIX, B TOM YHCIIE
OTKPBITBIM criocoboMm (Muxaiinosa u ap., 2019), BbI-
COKHMI YpOBeHb MHCOJSIMU. [IHuIneBble cTepeoTHIIbI
peruona — 6oJiee BHICOKHM MPOLEHT )KUBOTHOTO Oe-
Ka U OTHOCHUTENHFHO HHU3KUH YPOBEHb IMOTPEOICHUS
MOPCKHX TMPOAYKTOB, a TAKKe QPYKTOB.

3AKAIOYEHUE

YcTaHOBIEHBI pa3auuusi B MHUKPOJIEMEHTHOM
cTaTyce KOCTHOM TKaHW MCCeayeMON TPYyMIbl malu-
€HTOB TI0 CPaBHEHHUIO C peepeHCHBIMU 3HAUYCHUSIMU
JUISl yCPEeAHEHHOW Cyxoi KocTHOW TkaHW. HambGonee
3HAQUNUTENIFHOE CHW)KEHUE COJIEpKaHUSI B KOCTHOU
TKaHU HCCIIEAYEeMbIX TMAaIlMeHTOB 3a()UKCHPOBAHO IO
Mukpodaementam — Cr, Br, Pb, Ti, Fe, Zn u Sr. [lna
Co BBIABIICHA IMPOTHBOMOJIOXKHAS IHHAMHKA — €Tr0
CpeIHssl KOHLIEHTpalusi B KOCTHOM TKaHHU NallMeHTOB
B 4,2 pa3a mpeBbicHia pedepeHCHBI YpOBEHb, UTO
MOXET YKa3blBaTh Ha crenupuyeckue MeTadosnye-
CKHE HapyIIEeHHs y MOXKMIBIX MAI[IEeHTOB.

CTaTHCTHYECKUI aHaIHM3 M0 KpuTepuio MaHHa—
YUTHH HE BBISIBWI 3HAYMMBIX OTJIMYUM B CPaBHEHUU C
JTAHHBIMU JINTEPATYPHBIX UCTOUHUKOB, YTO MOTUEPKH-
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BaeT BBICOKYIO BapuabelbHOCTh MHUKPORJIEMEHTHOTO  TKaHHM MalMeHTOB W3 3adaiikanbsckoro kpas (0,40-4,02
COCTaBa M BaKHOCTb y4eTa PErHOHANBHBIX, BO3PACT-  MI/KI) COOTBETCTBYET YPOBHSM, XapaKTEPHBIM IS pe-
HBIX U MAaTOJOTHYECKUX O0cOOeHHOCTEH. CpaBHHUTENb- THOHOB C OTHOCHUTENHHO OJIaronpHATHOW 3KOJIOTHYe-
HBII aHAJN3 C JAHHBIMHU APYTHUX HCCIENAOBAHUM MOKa-  CKOM OOCTaHOBKOM, M 3HAYMTENLHO HIDKE, YEM B IPO-
3a11, YTO COAEpKaHHE TOKCMYHOTO CBMHIA B KOCTHOM  MBIIUICHHO Pa3BUTHIX PETHOHAX.
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KoHMAUKT MHTEepecos
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ANALYSIS OF MICROELEMENT COMPOSITION OF BONE TISSUE
IN ELDERLY PATIENTS WITH HIP JOINT PATHOLOGY
E.A. Bondarevich, V.V. Dordzheev, V.S. Shitin, A.F. Staritsyn

Chita State Medical Academy of the Russian Ministry of Health;
39a Gorky St., Chita, 672000, Russian Federation

ABSTRACT. The aim of this study was to determine the microelement composition of bone tissue in patients with
severe hip pathology living in the Trans-Baikal Territory.

Materials and Methods. Twenty-one patients were examined, including 11 (52.4%) men and 10 (47.6%) women
who had undergone total hip arthroplasty. The average age of the patients was 58.6 years. The nosological entities rep-
resented idiopathic coxarthrosis and aseptic necrosis of the femoral head. Microelement content was determined using
total external reflectance X-ray fluorescence analysis.

Results. The study revealed a significant imbalance in the microelement composition of bone tissue in patients
with idiopathic coxarthrosis and aseptic necrosis. Mean levels of titanium (Ti), chromium (Cr), manganese (Mn), iron
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(Fe), copper (Cu), zinc (Zn), bromine (Br), strontium (Sr), and lead (Pb) were below the reference values for average
dry bone tissue. The most significant decreases (2-5 times) were observed for Cr, Br, Pb, Ti, Fe, Zn, and Sr. In contrast,
cobalt (Co) levels were 4.2 times higher than the reference value. Statistical analysis using the Mann-Whitney U test re-
vealed no significant differences with one literature source (U = 55, p = 0.34), indicating high variability in microele-
ment composition.

Conclusions. The study identified specific microelement imbalances in bone tissue in patients who underwent hip
arthroplasty. The identified deficiency of essential elements (Zn, Sr, Cu) and pathological accumulation of Co may play
a role in the pathogenesis of degenerative joint changes and should be considered when developing comprehensive re-
habilitation and preventive measures for this category of patients.

KEYWORDS: bone tissue microelement composition, X-ray fluorescence analysis, hip joint.
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