YJIK 616.379-008.64-018 DOI: 10.31549/2542-1174-2025-9-3-80-95

CKpUHMHT, CTaJUPOBAaHUE U CTPAaTEruu coOXxpaHeHuAa (PyHKIUU
0eTa-KJIETOK y MAIlIeHTOB C cCaXapHbIM JUa0eToM 1 TUIIA

JI.A. Pyatkuna, B.M. AamyT, M.A. KoBaperko

@I'BOY BO «Hogocubupckuil 2ocydapcmeettblil MeduyuHekuil ynugepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

Hacrosamuii 0630p IUTEpaTyphl BKIIOYAET AHAIHN3 IAHHBIX SITHIEMUOJIOTHIECKIX HCCIIeI0BAHNN, MeTaaHaIN30B U Hayd-
HBIX ITyOJIMKaIUY, TOCBAIEHHBIX caxapHoMy Auabety 1 tuna (C/I1). PaccMoTpeHbI pe3ysibTaThl HCCIe0OBAaHIH, OlleHUBa-
IOIIUX PaCIpOCTPaHEHHOCTh U 3aboseBaemMocTs C/I1 B Pa3IMUHBIX PErMOHAX MHUPA, BKiIovas Poccuio. BelsaiBieH mosce-
MECTHBIN POCT 3TUX IIOKa3aresiell BO BceX BO3PACTHBIX TPYIIIAxX 3a HocjaeaHue 10 jetT. [IpeacrapieH aHaau3 JJaHHBIX O
TreHEeTHYECKUX U CPe/IoBBIX hakTopax prcka pazsutus C/I1, BKIOUas BO3pacT MaTepu, OKUpeHne, HHQeKIu, AedUunuT
ButamuHa D. Paccmotpena xnaccudukanus craauii C/I1, oTpakaonmas KOHTUHYYM Pa3BUTHUA 3a00J1€BAHUSA OT MOsIBJIE-
HUA ayTOAHTUTEJT 10 KJIMHUYECKIX CUMIITOMOB. AKIIEHT ¢/IeJIaH Ha JOKJINHIYeCKUX cTaauax C/I1 1 BaXKHOCTH UX PaHHeH
JIUAarHOCTUKY /IS MIOTEeHINAIBHON INPOMWIAKTHKY U 3aMe/yIeHUs IPOrpeccupoBaHus 3aboseBanusd. [ToguepkuBaercs
He0OXOIUMOCTh KOMIIEKCHOTO TOZIX07[a K u3ydeHuio C/{1, yYUTHIBAIOIETO TeHETHUECKUE, CPEOBbIE 1 HMMYHOJIOTHYe-
CKUe€ acIeKThl 3a00JieBanusl. 3HaHMe (PAaKTOPOB pUCKA U cTaAUHHOCTH pa3Butusa C/I1 mo3BossieT pa3paboTaTh CTPATETUH
paHHel UarHOCTUKY U TPOMUIAKTHUKY, HAIIDABJIEHHbIE Ha 3aMe7|jIeHre IIPOrPeCcCHPOBAHNA ayTOMMMYHHOTO IIpoliecca 1
[IpEeIOTBPAIleHNse PA3BUTHS KIMHIYECKUX ITPOSIBICHUH quabera.

Knaoueewle caoga: caxapHbIN [uabeT 1 TUIIA, JOKIMHUYECKIE CTaJuH, ayTOAHTHUTENIA, CKDUHIHT.

OoOpazen mutupoBaHusAa: Pyarkuna JI.A., Aumyt B.M., KoBaperko M.A. CKpUHUHT, CTaJIUPOBAHKE U CTPa-
TEeruu coxpaHeHus PyHKITNN OeTa-KJIETOK y MAIMEeHTOB C caxapHbIM Auaberom 1 Tuma // Journal of Siberian Medical
Sciences. 2025;9(3):80-95. DOI: 10.31549/2542-1174-2025-9-3-80-95

Screening, staging, and beta cell function preservation strategies
in patients with type 1 DM

L.A. Ruyatkina, V.M. Anmut, M.A. Kovarenko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

This literature review includes an analysis of data from epidemiological studies, meta-analyses, and scientific publications
on type 1 DM (T1DM). The results of studies assessing the prevalence and incidence of TiDM in various regions of the
world, including Russia, are considered. A widespread increase in these indicators in all age groups over the past 10 years
was found. An analysis of data on genetic and environmental risk factors for the development of T1DM, including maternal
age, obesity, infections, and vitamin D deficiency is presented. A classification of T1IDM stages is considered, reflecting the
continuum of disease development from the appearance of autoantibodies to clinical symptoms. The emphasis is on the
preclinical stages of TIDM and the importance of their early diagnosis for potential prevention and delay of disease pro-
gression. The need for an integrated approach to the study of T1DM, taking into account the genetic, environmental, and
immunological aspects of the disease, is emphasized. Knowledge of risk factors and stages of development of T1IDM allows
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us to develop strategies for early diagnosis and prevention aimed at delay in the progression of the autoimmune process

and development of clinical manifestations of TIDM.

Keywords: type 1 DM, preclinical stages, autoantibodies, screening.
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BBEJAEHUNE

Caxapubiii quabet 1 Tana (C/11) — Haubostee pac-
mpoctpaHeHHas popma nrabera B IETCKOM BO3pacTe
U TOTEHITUAIIPHO OIACHAs JJIsl JKU3HH MHOTO(]aK-
TOpHAsl XpOHUUYECKas ayTOMMMYHHas SHJIOKPHUHO-
mmaTus, KOTOpas XapaKTePU3YETCS MPOTPECCUPYIO-
UM paspylieHueM OeTa-KJIETOK ITO/KETYI0UHON
skenesnl (I1DK), onmocpeoBaHHbIM T-KJIETKAMU, YTO
MPUBOAUT K AeUIIUTY CHHTE3a U CEKPEIUU HHCY-
suHa [1]. 3abosieBaemocts C/I1 IPOIOIKAET pacTh
U, HECMOTpPS HA JIOCTHKEHHS B WHCYJIMHOTEPAIIUH,
IOOUTBHCSA ONTUMAaILHOTO KOHTpoJis C/I1 He yaeTcs.
YuuThIBasE BBICOKYIO BEPOSTHOCTh HEOJIATONPUST-
HBIX McX0/0B vy nanueHToB ¢ C/[1, a Takxke Opems,
co3zaBaeMoe 0OJIe3HBIO, AKTYaJIbHBIM SIBJISETCS
ITOMCK METO/IOB JIeUeHUs, HAIIpaBJIEHHBIX Ha TIPEey-
Ipesx/ieHue paspymienus 6era-xirerok DK [2].

Hns  nuddepennmanpuonn auarHoctuku CJl1
HCIIOJIb3yeTCsl CKPUHUHT Ha HAJIWYHe crenuduye-
ckux ayroanturesl (AAT) mpoTUB aHTHTEHOB OeTa-
kieTok [3]. Hamuurie AAT K OCTPOBKOBBIM KJIETKAM
SIBJISIETCS KJTFOUEBBIM OHMOMapKEPOM ayTOMMMYHHOU
aTaku Ha 6eTa-KJIETKH U OCHOBAHUEM JUUIA JaJIbHeH-
IIIero aHaau3a Ha AucriaukeMuio [4]. OpHako aud-
(pepeHIIUAIBPHBINA JUATHO3 TPOBOJUTCA YK€ TP
nebrore CJI1, KOTOPBIN, KaK MPaBUIIO, MaHU(ECTHU-
PYyeT ocTpo, ¢ BHICOKOHN TUIEPIIMKEMUEH M YacTo C
KETOAaI/I030M, BO MHOTOM OIIPE/IEJISIONIAM JTab-
HEUIIHUH MporHo3s [5].

JOuabetnueckuii keroanuzo3 (JJKA) B KinHuYe-
ckoM gebrore C/I1 acconuupoBaH ¢ BBICOKUM PUCKOM
MOBTOPHOTO pa3putus JJKA B OyayieM, TsSKeTbIMU
THUIIOTVIMKEMUSIMH U HEONTUMAJIBHBIM KOHTPOJIEM
caxapHoro auabera [5]. OnucbIBaeMbIH TPOTHOCTH-
YEeCKUU TPEH]] OIIPEIEITHIT TIOUCK ITyTeH 3aMeIJIeHUs
MPOTPECCUPOBAHUS TOTepU OeTa-KJIETOK Y JIUI[ C
BeIcCOKUM puckoMm C/l1, B IepBy10 ouepenb — poA-
CTBEHHUKOB MaIMeHTOB. Tak, ¢ 1eJIbl0 3aMeJIJIeHuUs
ayTOMMMYHHOH arpeccy B MHOTOIIEHTPOBBIX IIPO-
¢rnaktuueckux uccnenopaHusasx DPT-1 u ENDIT
emne B Hauasie XXI B. ObLIN OIlEHEHBI KYPChI TEPATTUH
HUKOTUHAMUIOM, PaHHee Ha3HaueHHe NHCYJTHHOTE-
panuu, He JOKa3apIiue CBow 3(dekTuBHOCTD [6].

INTRODUCTION

Type 1 DM (T1DM) is the most common form of
diabetes in childhood and a potentially life-threaten-
ing multifactorial chronic autoimmune endocrinop-
athy characterized by progressive T cell-mediated
destruction of pancreatic beta cells, leading to a defi-
ciency in insulin synthesis and secretion [1]. The
incidence of TIDM continues to increase and, despite
advances in insulin therapy, optimal control of T1IDM
has not been achieved. Given the high likelihood of
adverse outcomes in patients with TiDM and the
burden of the disease, the search for treatments
aimed at preventing pancreatic beta cell destruction
is relevant [2].

For differential diagnosis of T1DM, screening for
the presence of specific autoantibodies (AAB) against
beta cell antigens is used [3]. The presence of AAB to
islet cells is a key biomarker of an autoimmune attack
on beta cells and the basis for further analysis for
dysglycemia [4]. However, differential diagnosis is
carried out already at the onset of T1IDM, which, as a
rule, manifests acutely, with high hyperglycemia and
often with ketoacidosis, which largely determines the
further prognosis [5].

Diabetic ketoacidosis (DKA) at the clinical debut
of T1DM is associated with a high risk of recurrent
DKA in the future, severe hypoglycemias and subop-
timal control of DM [5]. The described prognostic
trend determined the search for ways to delay the
progression of beta cell loss in individuals with a
high risk of T1DM, primarily relatives of the patients.
Thus, in order to delay autoimmune aggression,
courses of nicotinamide therapy and early adminis-
tration of insulin therapy were evaluated in the mul-
ticenter preventive studies DPT-1 and ENDIT at the
beginning of the 21st century, which did not prove
their effectiveness [6]. Over the subsequent years, an
analysis of a combination of immunological, meta-
bolic and genetic markers of high risk was carried
out. Modern data on the stage-by-stage progression
of the autoimmune process make it possible to sub-
stantiate new approaches and technologies for man-
aging patients at the early stages of T1IDM [5].
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B mocseayroiiye oAbl MPOBOAMIICS aHAIN3 KOMOU-
HAIlUM HMMYHOJIOTUYECKUX, MeTabOIUUeCKuX U
reHEeTUYECKHUX MapKepOB BBICOKOTO pucka. CoBpe-
MeHHbIE JJaHHbIE 00 ITAITHOCTH IIPOTPECCHPOBAHUS
ayTOMMMYHHOTO IIpoIiecca MO3BOJISIOT 000CHOBATh
HOBBIE ITOJIXO/bI Y TEXHOJIOTUH BEJEHHUS IallMeHTOB
Ha pa"Hux cragusax C/1 [5].

JANHAMMWKA 3ABO/IEBAEMOCTU C/I 1
INOCJIEAHUX JIET

3a moceaHre 10 JIeT BO BCEM MUPE OTMEYAETCS
poct 3aboneBaemoctu CJI 1 [7—9], mocturmwuii B
2022 T1. 1o jga"HHbpIM International Diabetes
Federation 8,75 muu ciydaeB [7]. C.C. Patterson
et al. (2019), 00BEAUHUB B CBOEM HCCJIESOBAHUM
JIAaHHBIE JIBA/IIATH [IECTU €BPOIENCKUX IEHTPOB 3a
1989—2013 rT., HAOJII0ABIIUX 84 THIC. JIETEN, BBIsA-
BWIN pocT 3aboseBaemoctu CJ/I1, cocTaBUBIIUH
3,4 % Brop [8]. [Ipu paH:KHPOBAHUH 10 T€HIEPHOMY
MPU3HAKY OBLIM YCTAaHOBJIEHBI CXOKHE TEMIIBl Y
MAaJIbYUKOB U JIEBOUEK B BO3PACTHOU I'PyIIIE OT O /10
4 net (3,7 ¥ 3,7 % B IO/l COOTBETCTBEHHO) U B TPYTIIIE
oT 5 710 9 JieT (3,4 u 3,7 % B TO/, COOTBETCTBEHHO),
OJTHAKO B TPYIITIE OT 10 10 14 JIET IPUPOCT 3ab0JIeBa-
eMOCTH OBLT BBIIIE Y MaJbYUKOB, UeM Y JI€BOUYEK
(3,3 1 2,6 % B rOJT COOTBETCTBEHHO) [8].

B 3aBHCHMMOCTH OT permoHa 3ab0JieBaeMOCThb
BappUpyeT B IIMPOKUX Mpefesax: OT 3,11-5,46
HOBBIX CJIy4aeB Ha 100 000 JIETCKOTO HaceJIeHUs B
a3MaTCKUX CTPAaHaX CO CPETHUM MPUPOCTOM 5,10 %
B roji [10] ;10 52,2 HOBBIX ciy4yaeB C/[1 Ha 100 000 B
Ounnsuaaun. Takoi 6BICTPBIN pocT 3a0071€EBAEMOCTH
B (PUHCKOM 0OIIIeCTBE MOKHO OOBSICHUTD BJIMSHUEM
HECKOJIbKUX (haKTOPOB: M3MEHEHHs cpeZbl obuTa-
HUA, Te€HBI, Ipe/ipacosiaraioimue Kk passuruio C/I1,
Y 3HAYUTEJIbHbIE U3BMEHEHUs B 0Opase KU3HH, IPo-
U30IIEIINE B pe3yJsibTaTe OBICTPOro Iepexozia OT
0eTHOM CTPaHBI C MIPEUMYIIECTBEHHBIM Pa3BUTHEM
CeJbCKOT0 XO03AMcTBAa B KOHIE BTopodl MwupoBoit
BOHHBI K COBPEMEHHOMY WHJIyCTPHAJIBLHOMY OOIIe-
CTBY, IOJIABJIAIOIIEE OOJIBIIMHCTBO YJIEHOB KOTO-
pOTro IPOKUBAET B TOPOJICKUX YCJIOBHAX [11].

B Poccuiickori ®enepanuu MPOBEJEH aHAIN3
pacmnpocTpanenHoct U 3aboseBaemoct CIH1 y
JleTel B TPEX BO3PACTHBIX I'PYIIIAX: OT O /IO 14 JIET, OT
15 10 17 JIET 1 OOBEAUHEHHO OT O 710 17 JIeT (BKJIIOUM-
TEJIbHO) € 2014 1Mo 2023 T. [7]. B aTOT nepuox pac-
npocrpaHeHHocts C/I1 yBesmuuBaziach ¢ 238,6 B
2014 T. J10 374,2 cIy4aeB Ha 100 000 JIETCKOTO Hace-
JieHus B 2023 T. (puc. 1). [Ipu 5TOM B IOIPOCTKOBOM
BO3pacrTe OT 15 JIo 17 JieT pacupoctpaneHHocTh C/1
ObLTa 3aKOHOMEDHO BBIIIIE, YEM Y JIETEH, COCTABUB
120,3—203,2 cjaydass Ha 100 00O TOJPOCTKOB, B
OTJIMYHE OT 100,1—172,2 CIydaeB y JeTel /10 14 JieT.

DYNAMICS OF T1iDM INCIDENCE IN
RECENT YEARS

Over the past 10 years, there has been an increase
in the incidence of T1IDM worldwide [7—9], reaching
8,75 mln cases in 2022 according to the Interna-
tional Diabetes Federation [7]. Patterson et al.
(2019), having combined data from twenty-six Euro-
pean centers for 1989—2013, following up 84 thou-
sand children, revealed an increase in the incidence
of TiIDM amounting to 3,4% per year [8]. When
ranking by gender, similar rates were found in boys
and girls in the age group from o to 4 years (3,7 and
3,7% per year, respectively) and in the group from 5
to 9 years (3,4 and 3,7% per year, respectively), but
in the group from 10 to 14 years, the increase in inci-
dence was higher in boys than in girls (3,3 and 2,6%
per year, respectively) [8].

The incidence varies widely across regions, from
3,11-5,46 new cases per 100 000 children in Asian
countries with an average increase of 5,10% per year
[10] to 52,2 new cases of T1IDM per 100 000 in Fin-
land. The rapid increase in incidence in Finnish soci-
ety can be explained by several factors: environmen-
tal changes, genes predisposing to the development
of T1iDM, and significant changes in lifestyle result-
ing from the rapid transition from a poor, rural coun-
try at the end of World War II to a modern industrial
society with the vast majority of its members living in
urban surroundings [11].

In the Russian Federation, an analysis of the
prevalence and incidence of T1iDM in children was
conducted in three age groups: o0 to 14 years, 15 to 17
years, and O to 17 years combined (inclusive) from
2014 to 2023 [7]. During this period, the prevalence
of T1IDM increased from 238,6 in 2014 to 374,2 cases
per 100 000 children in 2023 (Fig. 1). At the same
time, in adolescents of 15 to 17 years, the prevalence
of TiIDM was naturally higher than in children,
amounting to 120,3—203,2 cases per 100 000 ado-
lescents in contrast to 100,1—172,2 cases in children
under 14 years of age. An annual increase in the prev-
alence reached an average of 6,3% [7]. The incidence
of T1IDM during the analyzed period was 19,1—
27,2 cases per 100 000 children, with an average rate
of 23,1 per 100 000. The general trend towards an
annual increase in new cases, an average of 4,9%
(Fig. 2), did not change significantly during the
period analyzed [7].

RISK FACTORS OF T1DM

T1DM is caused by a complex combination of
genetic susceptibility and environmental risk factors
[12]. The risk of developing the disease in people
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Puc. 1. /luHamMuka rokasareseil pacupocrpanerHocta C/I1y fieTeit 3a mepuos 2014—2023 IT.,
YHCJIO CTyYaeB Ha 100 000 HaceJIeHHUs COOTBETCTBYIOIIEro Bo3pacra [7]
Fig 1. Dynamics of the prevalence of T1DM in children for the period between 2014 and 2023,
number of cases per 100 000 [7]
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Puc. 2. Jlunamuka mokasaresei 3abosesaemoctu C/I1y fieTeii 3a mepuoj; 2014—2023 TT.,
YHCJIO CJTyYaeB Ha 100 000 HaCeJIeHHUS COOTBETCTBYIOIIEro Bo3pacra [7]
Fig. 2. Dynamics of the incidence of T1DM in children for the period between 2014 and 2023,
number of cases per 100 000 [7]

E2Kero/HBIN MMPUPOCT PACIIPOCTPAHEHHOCTH B CPE-
HeM goctur 6,3% [7]. 3abosmeBaemocts C/I1 3a aHa-
JIMBUPYEMBIN TIEPUOJ] COCTaBWIa 19,1—27,2 Caydas
Ha 100 000 JIETCKOTO HACEJIEHUs TIPU CPEHUX ITOKa-
3aresisix 23,1 Ha 100 000. O0IIas TeHeHITUs K exKe-
TOZITHOMY IIPUPOCTY HOBBIX CJIyUaeB, B CPETHEM 4,9 %
(puc. 2), cylecTBeHHO HE U3MEHWIACh 34 AHATIHU3U-
pyeMble Iepuosl BpeMeHH [7].

having first-degree relatives with T1DM is 15 times
higher than in the general population. However, 90%
of people with TiDM have no family history of
T1DM [5].

Genetic risk is associated with the human leuko-
cyte antigens (HLA), specifically with the TiDM
highest risk DR3-DQ2 and DR4-DQ8 haplotypes
[5]. The risk of developing T1iDM in children with
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DOAKTOPDBI PUCKA PA3SBUTHUA C/ 1

[puunnoit C/I1 ABIAETCS CIOKHAA KOMOMHAITUS
TeHETUYECKOH BOCIPUHUMYHUBOCTH W  (HaKTOPOB
pucka okpykaromei cpeasl [12]. Puck pasBurus
3a00JIeBaHUA y JIIOJIEH, UMEIOIUX POJICTBEHHUKOB
TepBOU JIMHUH POJICTBA, cTpaaatonux C/I 1, BbIllle B
15 pas [0 CpaBHEHUIO ¢ 001el monyanuei. OgHaKo
90 % mozaer ¢ C/I 1 He UMEIT ceMeHHOro aHaM-
Hesa [5].

leHeTuecKWi PUCK ACCOIMUPOBAH C CUCTEMOU
rucrocoBMectumoctu yesnoBeka (HLA) ¢ cambiM
BBICOKUM pHUCKOM Yy ramiaoTunoB DR3-DQ2 u
DR4-DQ8 [5]. Puck pasputus C/I1y nerel ¢ aTuMu
reHotunaMu HLA u HastmareM po/ICTBEHHUKOB TIEP-
BOUM JIMHWU POJIiCTBa, crpajgatommx C/I1, cocraBua
20,5 % [13, 14]. B ob61mieli OMysIsIIUY JIETH C TEHOTH-
oM HLA DR3-DQ2/DR4-DQ8 umerot 5% puck pas-
Butus C/I 1 [5]. IIpu 3ToM pUCK pa3BUTHUSA ayTOUM-
MYHHUTETA U caxapHOro Anabera y JI0el, UMEIOIIIX
reHOTUIIBI HLA ¢ caMbIM BBICOKUM PHUCKOM €T0 pas-
BUTHSI, yMEHBIIIAETCS C BO3PACTOM [15].

Jloka3aTesIbCTBOM BO37eNCTBUS (DAKTOPOB OKPY-
JKaIoIel cpenbl ABJISETCS POCT 3ab0JieBaeMOCTH
CII1, HO 6Ge3 ABHOTO pocTa 3a60JIEBAEMOCTH CPEIH
reHEeTUYECKH BOCIPHUUMYHUBBIX JIETEH, Hapsay co
CHIDKEHUEM JI0JTY TAallEHTOB ¢ rarvtotunamu HLA ¢
caMbIM BBICOKMM puckoM pa3Butus C/{1. BeposaThee
Bcero, aKkTOPhl OKPY’KAIOIIEH Cpesbl B3aUMOJeH-
CTBYIOT C TEHAMH, YTO IIPUBOJIUT K PA3BUTHIO ayTO-
UMMYyHUTETA [ 5, 15].

Cpenu MarepuHCKHX (GAaKTOPOB HambOJIee TeCHO
¢ puCcKOM 3a60JI€BAHMS aCCOIMUPOBAHBI H0JIee cTap-
IIUH BO3paCT MaTepH MPU PojiaX, OKUPEHUE, Keca-
peBo ceuenue [16]. Ilo JaHHBIM MeTaaHAIN3a, IIPO-
Bezennoro C.R. Cardwell et al., puck pazsutusa C/1
B Pa3JIUYHBIX IOMyJISAIUAX JeTed Bo3pacTaa Ha
5—10 % Ha KaxKjple 5 JIET YBEJHMYEHUS BO3pacTa
maTepu [16].

Cpenu mepuHATATBHBIX (PaKTOPOB 00paIaT Ha
cebs1 BHUMaHHE JIETCKOE OJKUpeHHe, WH(PEKIUU U
nedunut ButamuHa /1 [12, 15, 17]. [looxutenpHas
KOppeJIANNOHHAsA CBA3b MeXy oxkupeHuem u C/I1
OO'BSICHSIETCSI TEM, YTO Te€HEeTUYECKHE BapUaHTHI,
MpeJipacrojiaraloipe K JIETCKOMY OXKHPEHHIO,
TaK:Ke aCCOIIMUPOBAHbI C BRICOKUM prckom C/I1 [17].
Kpowme Toro, o:xupeHue U CBs3aHHASA C HUM UHCYJIH-
HOPE3UCTEHTHOCTD IIPUBO/ISAT K IIOBBIIIIEHHOU CEKpe-
MY UHCYJIMHA, YTO MOKET IIPOBOIUPOBAThH ayTOUM-
MyHUTET [17].

B kauectBe Tpurrepa C/[1 paccMaTpuBaloT SHTe-
poBupycHbie nHbeknuu [18], o6cyskmaeTcss accomu-
amus nHdeknuu SARS-CoV-2 ¢ e010TOM U TsKe-
ctrio C/[1y neteit 1 mogpocTkoB [19]. YacTbie pecriu-
paTopHbIe BUPYCHbIe MHMEKITUY B IETCKOM BO3pacTe

these HLA genotypes and the presence of first-
degree relatives with T1IDM was 20,5% [13, 14]. In
the general population, children with the DR3-
DQ2/DR4-DQ8 HLA genotype have a 5% risk of
developing T1iDM [5]. Moreover, the risk of devel-
oping autoimmunity and diabetes mellitus in peo-
ple with the extremely high risk HLA genotypes
decreases with age [15].

Evidence for the influence of environmental fac-
tors is an increase in the incidence of TiDM, but
without an apparent increase in the incidence among
genetically susceptible children, along with a
decrease in the proportion of patients with the
extremely high risk HLA haplotypes for TIDM. Most
likely, environmental factors interact with genes,
leading to the development of autoimmunity [5, 15].

Among maternal factors, the most closely associ-
ated with the risk of the disease are the older age of
mother at childbirth, obesity, and cesarean section
[16]. According to a meta-analysis of Cardwell et al.,
the risk of developing T1DM in different populations
of children increased by 5—-10% with every 5-year
increase in the maternal age [16].

Among perinatal factors, childhood obesity,
infections, and vitamin D deficiency are noteworthy
[12, 15, 17]. A positive correlation between obesity
and T1DM is explained by the fact that genetic vari-
ants predisposing to childhood obesity are also asso-
ciated with a high risk of TiDM [17]. In addition,
obesity and associated insulin resistance lead to
increased insulin secretion, which can trigger auto-
immunity reaction [17].

Enterovirus infections are considered as a trigger
for T1DM [18], and the association of SARS-CoV-2
infection with the onset and severity of T1DM in chil-
dren and adolescents is discussed [19]. Frequent
respiratory viral infections in childhood increase the
risk of developing autoimmune response [15].

Vitamin D, known for its ability to regulate the
immune system, is closely associated with pancreatic
function, affects genetic polymorphisms and occur-
rence of diabetes complications [12, 20]. Population
studies have found a correlation between elevated
blood levels of vitamin D and a reduced likelihood of
developing TiDM. It has been demonstrated that
vitamin D can modulate the expression of various
immunorelevant genes, affecting both innate and
adaptive immune responses. These effects are often
manifested in the form of differentially expressed
genes affecting inflammation, immune regulation,
and beta cell function, contributing to the progres-
sion or prevention of TiDM [12]. Klenczar-Kciuk
et al. (2025) showed that 35,5% of children with
TiDM (n = 361) had vitamin D deficiency
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IIPOBOIIUPYIOT
Tera [15].

Buramuu /I, U3BECTHBIH CBOEH CIIOCOOHOCTHIO
peryJimpoBaTh UMMYHHYIO CHCTEMY, TECHO CBS3aH C
(pyHKIMEN TOKEITy/IOYHON KeJIe3bl, OKa3bIBAET
BJINSIHWE HAa T€HEeTUYeCKUH mosuMopdu3M U BO3-
HUKHOBEHHE OCJIOKHeHUH auabera [12, 20]. ITomy-
JIINUOHHBIE HCCIIEA0BAHUS BBIABIIN KOPPEJIAIIUIO
MEJK/Ty TTOBBIIIIEHHBIM YPOBHEM BUTaMUHa /| B KDOBU
U CHIDKEHHOU BepoATHOCTBIO pa3Butua C/l1. Beuio
[IPO/IEMOHCTPUPOBAHO, YTO BUTAMHUH /[| MOXKeT
MOJIYJTUPOBATh SKCIIPECCHUIO PA3JIMYHBIX UMMYHOpPE-
JIEBAaHTHBIX T€HOB, BJINASA KaK Ha BPOXKJEHHbIE, TAK U
a/IalITUBHBIE UMMYHHBIE peakiuu. ITU 3PDEeKTHI
YacTo MPOABJIAOTCA B BUAE AU PepeHITnaribHO SKC-
IIPEeCCUPYEMBIX T€HOB, OKA3bIBAIOIINX BJIMSHUE HA
BOCHaJIeHNEe, UMMYHHYIO DEryJAnuio U (QYHKIHIO
GeTa-KJIETOK, CIIOCOOCTBYS IIPOIPECCUPOBAHUIO MU
samure or CJ/l1 [12]. K.M. Klenczar-Kciuk et al.
(2025) nokaszaHo, uT0 y 35,5 % nerewi ¢ C/I1 (n = 361)
Habonancs gedunur Butamuna J (<20 Hr/mi), y
37 % ObLIIa HEZIOCTATOYHOCTD (20—30 HI'/MJI) U JIUIITHh
y 25 % (UKCHPOBAJIU €ro HOPMAJIBHBIA YPOBEHD
(30—50 wur/mu) [21]. YpoBuu 25(OH)D O6butn
00paTHO MPOIOPIMOHAIIBHBI TsKEeCTU auaberuye-
CKOTO KeTOaIu7i03a U OTPULIATEJIBHO KOPPEJINPO-
BIM CO 3HAYEHUSIMHU TJIUKHPOBAHHOTO TE€MOIJIO-
OmMHA ¥ BO3PACTOM JleTell HA MOMEHT IIOCTAHOBKH
auartHosa [21].

[TpencraByieHHbIE JaHHBIE O POCTe 3a60JIEBaEMO-
¢ty U pacupocrpanesHocty C/I1, BO MHOTOM CBA3aH-
Hble C YBeJIMUEHHEeM 4YHCJIa BHENIHUX (aKTOPOB
pUCKa — JOTIOJIHUTEJIbHBIX IYCKOBBIX MEXaHU3MOB
ayTOMMMYHHOTO IIpollecca B OCTpoBKax JlaHrep-
raHca, OTpaKaloT JUHAMUKY [TPeICTABJIEHUH O 1aTo-
reHese 3TOro IMpoliecca.

PHUCK Pa3BUTHUA AyTOUMMYHH-

CTAINU Ca1

C/I1 u3BecTeH Kak KOHTUHYYM, HAUNHAIOIIIICS
C TIOSIBJIEHUS OCTPOBKOBBIX ayTOAHTUTeEJ, HepeaKo
Ha (dOHe TeHeTUYEeCKOTO PHUCKA, C IOCIeAYIOIUM
paspyuienrueM 6eTa-KJIETOK, YTO IPUBOJUT K edu-
IUTYy WHCYJIMHA U KJIUHUYECKOMY 3a00JIEBaHUIO.
W3BecTHO, 4TO HapylleHHs IOMeoCTa3a IJIIOKO3BI
pa3BUBAIOTCA 33J0JII0 JO IOABJIEHUS TUINYHBIX
cuMnToMoB [22]. CorsiacHO JaHHBIM IOCTIETHUX JIET,
B 3aBUCHUMOCTHU OT craryca AAT u Hanuuusa KJINHU-
YeCKUX MPOSIBJIEHUN BBIIEJISAIOT 3 CTAAUU IIPOrpec-
cUpoBaHUs 3a60J1€BaHUA, KOTOPbIE, II0 CYyTH, U OTpa-
JKAIOT KOHTHHYyM ayroummyHHoro CJ{1 (puc. 3),
IIpUYeM IIepBble 2 CTAAUU ABJIAIOTCA JOKJIUHHYE-
ckuMu (mocuMIrroMaTudeckumMu) [9].

ITepBaa crapgua C/l1 xapakTepusyeTcsa Haju-
yyeM y IlallueHTa He MeHee JIByX OCTPOBKOBBIX

(<20 ng/ml), 37% had suboptimal levels
(20—30 ng/ml), and only 25% had optimal levels of
the vitamin (30-50 ng/ml) [21]. 25(OH)D levels
were inversely proportional to the severity of DKA
and negatively correlated with glycated hemoglobin
values and the age of children at diagnosis [21].

The presented data on the increase in the inci-
dence and prevalence of TiDM, largely associated
with an increase in the number of external risk fac-
tors — additional triggers for the autoimmune pro-
cess in the islets of Langerhans, reflect the dynamics
of ideas about the pathogenesis of this process.

T1DM STAGES

T1DM is known as a continuum, beginning with
the appearance of islet AAB, often amid genetic risk,
followed by destruction of beta cells, which leads to
insulin deficiency and clinical disease. It is known
that glucose homeostasis disorders develop long
before the appearance of typical symptoms [22].
According to recent data, depending on the status of
AAB and presence of clinical manifestations, 3 stages
of disease progression are distinguished, which, in
fact, reflect the continuum of autoimmune TiDM
(Fig. 3), with the first 2 stages being preclinical (pre-
symptomatic) [9].

Stage 1 T1DM is characterized by the presence of
at least two islet AAB, normoglycemia, and the
absence of symptoms. The islet AAB presence should
be confirmed in two samples using validated tools. If
one islet AAB is detected in a patient, the patient is at
risk for developing T1DM [5].

At stage 2, in addition to multiple islet AAB, the
carbohydrate metabolism disorders are found:
impaired fasting glycemia, impaired glucose toler-
ance, or glycated hemoglobin (HbA1c) within the
range of 5,7-6,5% [5]. Stage 2 is subdivided into
stage 2a — fasting plasma glucose (FPG) 5,6—6,4
mmol/] and stage 2b — FPG 6,5—-6,9 mmol/l. Dur-
ing the oral glucose tolerance test (OGTT), the
plasma glucose level corresponds to 7,8-11,1
mmol/l. The division of stage 2 into 2a and 2b is
proposed to characterize this group of patients,
however, in clinical practice it is not always possible
to identify the sequential development of these
stages [5].

At stage 3, the plasma glucose level meets the
diagnostic criteria for diabetes. Depending on the
presence of its symptoms, stage 3 is divided into
stage 3a — no symptoms of diabetes and 3b — clinical
symptoms of diabetes (polyuria, polydipsia, weight
loss). The division of stage 3 into 3a and 3b is pro-
posed for additional description of this group of
patients [5].
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Fig. 3. Classification of early stages of T1IDM (according to [9])

ayTOAHTUTEJ], HOPMOTJIMKEMHUENH U OTCYTCTBHEM
cuMnToMoB. Hanmnume ocTpoBKOBBIX AAT mo/12KHO
OBITh TMOATBEPIKIEHO B ZIBYX Mpobax ¢ UCIOJIb30-
BaHUEM ITPOBEPEHHBIX aHAIU3aTOPOB. [IpU BhIsAB-
JIEHUW y TalleHTa OJHOTO OCTPOBKOBOro AAT
MalydeHT MOoIaflaeT B TPYIIY pHCKA Pa3BUTHs
CHa [5].

Ha BTOpO¥ cTasimu, MOMUMO MHOKECTBEHHBIX
OCTPOBKOBBIX AAT, BBIABIAIOTCA HapyIIEHUs
yIJIEBOAHOTO OOMeHa: HapylleHue TJINKEMUU
HATOII[aK, HAPYIIIEHUE TOJEPAHTHOCTU K TJIFOKO3€e
WU TJINKUPOBaHHBIN remorsiobus (HbA1c) B nua-
ma3oHe 5,7—6,5 % [5]. Bropas cragus moapasje-
JIAETCSA Ha CTAJIUI0 2a — YPOBEHBD TJIIOKO3BI I1J1a3Mbl
nartomiak (I'ITH) 5,6—6,4 MmMomb//, Ha cTaguu 20
yposens I'TTH 6,5-6,9 mMosb/si1. B mepopansHOM
raoko3otosiepantHoM  Tecte (IIT'TT) ypoBeHb
IJII0OKO3bI  IJIa3MBI  COOTBETCTByeT  7,8—11,1
MMOJIb/J1. Pasyiesienue crauu 2 Ha 2a U 20 npej-
JjlaraeTcA JUIA XapaKTEPUCTUKH OTOU TPYIIIbI
MalMeHTOB, OJIHAKO B KJIMHUYECKOU MpPaKTHUKE He
BCer/la MOJKHO BBISIBUTH IIOCJIEIOBAaTEJIbHOE pas-
BUTHE DTHUX CTagui [5].

Ha TpeTheii cTafiiyi ypOBEHD TJIIOKO3BI ILJIaA3MBbI
COOTBETCTBYET aHarHocTudyeckum kpurepusim ClI.
B 3aBUCHMMOCTH OT HAJIMUMsS €r0 CHUMIITOMOB CTa-
AT 3 TIO/IPA3/ieIsieTcst Ha CTafuio0 3a — OTCYTCTBHE
CHUMIITOMOB arabera 1 30 — KJIMHUYECKass CUMIITO-
maTtuka CJl (mosmypus, MOJIMAUIICHS, CHIDKEHHE
Macchl Teja). Paszjienenre ctaauu 3 Ha 3a u 30 mpef-
Jaraercs JJisl JOIIOJIHHUTEIbHOIO OIMCAHHS DTOH
TPYIIIBI TAIUEHTOB [5].

T1iDM SCREENING AT EARLY STAGES

The presented data on the time ranges of progres-
sion of the autoimmune process, which has its own
stages, formed the basis for a new tactic of early diag-
nostic search using screening.

The detection of two or more islet AAB in two
samples during screening allows to make the diagno-
sis of T1IDM several months or years before the devel-
opment of dysglycemia and typical clinical picture
[5]. Progression to the clinical stage occurs during
life in approximately 100% of cases [9]. To date,
screening programs are aimed at high-risk patients
with first-degree relatives with T1DM, since the risk
of developing the disease in this group is 15 times
higher than in the general population, as well as at
patients with a confirmed high-risk HLA genotype.
However, it should be taken into account that
approximately 90% of people with TiDM have no
family history of the disease [23].

The purpose of screening is to identify a group of
patients with a potential risk of developing clinical
stage of TiIDM for preventive treatment aimed at
delay in the progression of autoimmune insulitis,
clinical and laboratory monitoring, patient educa-
tion and prevention of the development of serious
short- and long-term complications such as DKA,
cardiovascular disease and premature mortality
[5, 24].

Screening and subsequent monitoring can reduce
the incidence of DKA by 90%. The absence of DKA at
the onset of stage 3 of TiDM is of fundamental
importance, improving the long-term prognosis:
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CKPUHUHI CI1 HA PAHHUX CTAINAX

[IpencTaBieHHbIE JaHHBIE O BpDEMEHHBIX Jrara-
30HaX IPOrPECCUPOBAHUS AyTOMMMYHHOTO IIPO-
1ecca, UMEIOIIETO CBOIO CTaJUUHOCTD, cpopMUpO-
BaJIM OCHOBY /Il HOBOM TAKTUKU PAHHETO JHUATHO-
CTUYECKOTO ITOMCKA C TIOMOIIbIO CKDUHUHTA.

BoisiByienne AByx u 6osiee ocTpoBKOBBIX AAT B
JIByX mpobax B X0Jie CKpUHUHTA IO3BOJISIET IOCTa-
BUTh auarto3 CJI1 3a HECKOJIbKO MECAIEB HJIH JIET
JI0 Pa3BUTHA JIUCTIIUKEMUU W TUIUYHOU KIIMHUUE-
cKoU KapTuHsbl [5]. [IporpeccupoBaHue 0 KIHHIYE-
CKOU CTaJU¥M IPOWICXOJIUT B TEUEHUE KU3HU IPH-
MEpHO B 100 % ciydaes [9]. Ha ceroHAIIHNY /IeHb
MIPOTpaMMBbl CKDUHUHTA HallpaBJIeHbI HA MTAI[eHTOB
BBICOKOTO PUCKA, UMEIOIIUX POJICTBEHHUKOB ITEPBOU
creneHu pojcTBa ¢ C/I1, MOCKOJIBKY B 3TOU TpyIIIIe
JII0/Iel PUCK pa3BUTHs 3a00J1€BaHUA B 15 pa3 BHIIIIE,
yeM B OOIIeH IOIyJISIKY, a TAK)KE Ha IaIueHTOB,
HUMEIONUX TO/ITBEPKAeHHbI reHoTun HLA BbIco-
Koro pucka. OIHAKO CJIeAyeT YUUThIBATh, YTO MPHU-
MepHO ¥ 90 % miozeit ¢ C/I1 HeT ceMelHOTO aHAM-
Hesa 3abosieBaHus [23].

[es1bI0 CKPUHUHTA SIBJISIETCS BBISBJIECHUE TPYTIIIHI
MAIUeHTOB C IOTEHIIMAJIbHBIM PHUCKOM Pa3BUTHS
kiauHnYeckou craauu C/I1 7y1a mpoBeneHus npodu-
JIAKTUYECKOTO JIEUeHHUsI, HATPABJIEHHOTO Ha 3aMe/l-
JIEHUE TIPOTPECCUPOBAHUS AyTOMMMYHHOTO HWHCY-
JINTA, KJIMHUKO-J1a00paTOPHOTO MOHUTOPHUHTA, 00Yy-
YeHHUs TMAaIlieHTOB U TPEAYIPEeKIeHUs Pa3BUTHS
CEPBE3HBIX KPATKOCPOYHBIX U  JIOJITOCPOUYHBIX
OCJIO’KHeHUH, Takux Kak [IKA, cepmeuno-cocynu-
cThle 3a00JIeBaHUSA U TpPeXKJAeBpeMeHHas CMepT-
HOCTb [5, 24].

CKpUHUHT U MOCIIEAYIOMIH MOHUTOPUHT ITO03BO-
adet cHusuTh yacrtoty KA Ha 90 %. OtcyrcTBUe
JIKA B nebrore 3-i craguu CJ[1 uMeeT MPUHIIUIIN-
aJIbHOE 3HAYeHWe, YJIydllas JOJITOCPOYHBIA IPO-
rHo3: HbA1c B nebiote C/[1 cyIecTBEHHO HIDKE Y
JleTel, BhISIBJIEHHBIX B XO7le CKpUHUHTA (7,2 %), 10
CPaBHEHUIO C JIEThbMU, Y KOTOpbIX C/1 /1e610THpOBa
0e3 CKpUHHHTA 1 MOHUTOpPHHTA (10,3 %) [25]. Kpome
Toro, fetd ¢ C/I1, BHISBJIEHHBIM I10 JJAHHBIM CKPH-
HUHTAa, UMEIOT 00JIee JIErKOoe Hauyayio U MATKOE Tede-
HHe 00JIe3HU B TEPBBIE TOMABI MOCTE JTHUATHOCTUKU
3abosieBaHus [5, 25]. BesaBienne C1 Ha JOK/IHMHU-
YEeCKOU CTaJUM TaK’)Ke IT03BOJISIET ICUXOJIOTUUECKH
MTOZITOTOBUTD IMAI[HEHTOB, 00YUYUTh UX OCHOBAM KOH-
tposisi C/I ¥ WHCYJIMHOTEPAIIUM, YTO MPHUBOJUT K
CHIDKEHUIO TICUXOJIOTUYECKON HATPY3KH U TPEBOTHU
IIpU pa3BUTHUH 3a00sieBaHusd [5, 24].

Meronuka ckpunHuHra C/I1 Ha paHHUX CTaAuAX
3aKJIIOYAETCS B BBISABJIEHUU HAJTUYUSA OCTPOBKOBBIX
AAT 710 pa3BUTHUS JUCTIHKEMUH, COOTBETCTBYIOIIEH
KpHUTepUSM caxapHoro auabera (craguu 1, 2a u 26).

HbAu1c at the onset of T1DM is significantly lower in
children identified during screening (7,2%) com-
pared to children in whom the onset of TiDM
occurred without screening and monitoring (10,3%)
[25]. In addition, children with TiDM diagnosed
during screening have a milder onset and a milder
course of the disease in the first years after diagnosis
[5, 25]. Detection of T1iDM at the preclinical stage
also allows for psychological preparation of patients,
teaching them the basics of diabetes control and
insulin therapy, which leads to a decrease in psycho-
logical stress and anxiety during the development of
the disease [5, 24].

The technique of screening for early stages of
T1DM involves detecting the presence of islet AAB
before the development of dysglycemia correspond-
ing to the criteria for DM (stages 1, 2a and 2b).
Screening based on family history alone does not
identify 90% of people who will develop diabetes, so
two strategies are used: either screening of the gen-
eral population or screening stratified by genetic risk
or family history [5].

Currently, the optimal age for DM screening was
not established. The risk of developing T1DM at the
age of 7,5 months was 4,5% and decreased to 1,1% at
the age of 6,25 years [26]. Bonifacio et al. (2021) found
that the highest sensitivity and positive predictive
value of multiple islet AAB for DM1 was achieved in a
double AAB screening — at the ages of 2 and 5—7 years
[26]. The same study showed that the influence of
gender, HLA and genes associated with a high risk of
developing T1DM declined with increasing age, up to
no effect by the age of 6 years. Ghalwash et al. (2022),
using data from five cohort studies conducted in Fin-
land, the USA, Germany and Sweden which followed
up children at high risk of T1IDM, showed that a dou-
ble screening — at the age of 2 and 6 years allowed to
detect T1IDM by the age of 15 with a sensitivity of 82%
[27]. In another cohort of individuals, Ghalwash et al.
(2023) found that a single screening at the age of
10 years had 90% sensitivity with a positive predictive
value of 66%. Meanwhile, screening at the age of 10
and 14 years increased the sensitivity to 93%, but
reduced the positive predictive value to 55% [28]. It
should be noted that screening after 2 years does not
take into account the subgroup of children in whom
the rapid development of TiDM occurs in the first
2 years of life with the highest risk of DKA incidence of
DKA [5].

MONITORING PATIENTS

AT PRECLINICAL STAGE OF TiDM

Widespread implementation of screening will
identify individuals with islet AAB who are at risk of
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CKpUHUHT Ha OCHOBAaHUH TOJIbKO CEMENHOI0 aHaM-
He3a He MT03BOJIsSET BBIABUTH 90 % JIIO/IEH, Y KOTOPBIX
paszoBbercsa C/I, mOSTOMYy HUCIOJIB3YIOT JBE CTpaTe-
ruyd: Jinb0 CKPUHHUHT OOIIEed NOMyJIsAIuH, JIUOO0
CKPUHUHT, cTPaTU(GUITUPOBAHHBIN C yUeTOM T€HEeTH-
YeCcKOro pHUCKa WU CEMEHHOTO aHaMHe3a [5].

Ha maHHBIA MOMEHT ONITHMAJIBHBIA BO3PACT JJIs
ckpunuHra C/l He ycraHoBieH. Puck pazsutusa C/1
B BO3pacTe 7,5 MeC COCTaBJISLI 4,5 % U CHUIKAJICS JI0
1,1 % B BO3pacre 6,25 roga [26]. E. Bonifacio et al.
(2021) oOHAPYKWIH, YTO caMast BbICOKAsl UyBCTBU-
TEJIPHOCTb W IIOJIOJKHTEJbHAS IPOTHOCTHYECKAS
[IEHHOCTh MHOKECTBEHHBIX OCTPOBKOBBIX AAT s
CJ/I1 ObL1a JOCTUTHYTA IIPH CKPUHUHTE ayTOAHTUTE
JIBAXKZIbI — B Bo3pacTe 2 U 5—7 JieT [26]. B aTom xe
KCCJIEIOBAHUY OBLIIO ITI0KAa3aHO, YTO BJIUSHUE 10JIa,
HLA 1 reHOB, aCCOIIMUPOBAHHBIX C BHICOKUM PHCKOM
pasButuss C/I1, ociabeBasio ¢ yBeJIMYEHUEM BO3-
pacra, BIUIOTh J0 OTCYTCTBHUS BJIMSHUS K BO3PaCTy
6 aer. M. Ghalwash et al. (2022), ncnosib308aB fgaH-
HbIE MISTH KOTOPTHBIX MCCIIEIOBAHUN, TPOBEJEHHBIX
B Qunsinauu, CIIA, 'epmanun u IlIBeruu, B KOTO-
PbIX HabJII0/1a/I 3a IEThMU C BbICOKUM prckom C/I1,
MTOKa3aJIx, YTO JIBYKPATHBIN CKPUHUHT — B BO3pacTe
2 1 6 J1eT — 03BoJIsI BeIABUTH C/[1 K 15 rofiaM ¢ 4yB-
crBUTENIbHOCTRI0O 82 % [27]. M. Ghalwash et al.
(2023) B Apyroil koropre JIHI] OOHAPY:KHIU, UTO
OTHOKPATHBI CKPUHUHT B BO3pacTe 10 JIET UMeJT
90% YyBCTBUTEJIBHOCTD C TOJIOKUTETHHON TPOTHO-
CTUYECKOU IIEHHOCTBIO 66 %. IIpu 5TOM CKpUHUHT B
BO3pacTe 10 U 14 JIET TOBBICHJI UyBCTBUTEIBHOCTD 10
93 %, HO CHU3WJI IOJIOKUTETbHYI0 MPOTHOCTHYE-
CKYI0 IIEHHOCTbH J10 55 % [28]. Cirestyer 3aMeTUTD, UTO
IIpY CKPUHUHTE TIOCJIE 2 JIET HE YYUTHIBAETCA IO/-
TpyIa JieTei, y KOTOphIX ObicTpoe pasputie CJ1
MIPOMCXO/UT B IIEPBBIE 2 TO/IA JKU3HU C CAMOU BBICO-
Ko yacroTo# pazsutus JIKA [5].

MOHUTOPUHI ITAITUEHTOB HA /IOKJIU-
HUYECKOY CTAAVU C/I1

IlTupokoe BHEAPEHNE CKDUHUHTA TT0O3BOJIUT BBISI-
BUThb MMEIIINX OCTPOBKOBBIE ayTOAHTHUTEJA JIWII,
KoTOphle moaBep:keHbl pucky CII1 (¢ eqUHUYHBIM
AAT) unu ¢ yxxe umerormumces C/I1 Ha paHHHX CTa-
nusax (¢ mHokecTBeHHbIMEU AAT). Takue cyOheKTHI
HY>KIAIOTCI B MOHHUTOPHHTE IIPOTPECCHPOBAHUS
3ab0JIeBaHUs IS CHYDKEHUS BEPOSITHOCTH Pa3BH-
tust JIKA npu muarHocruke C/I1 Ha 3-#1 craguwm, a
TaK’Ke B POBEZIEHUU PETryJIPHOTO 00yueHus (C yue-
TOM WHJIUBUAYAIBHBIX MOTpeOHOCTEN — oOydueHUe
poauTesied WU IPYTUX 4iIeHOB ceMel). ObyueHmne
koHTpOJI0 C/I1 MOJIPKHO OBITH MEPCOHATU3UPOBAH-
HBIM, C YYE€TOM KYJIbTYPHBIX, SI3BIKOBBIX H COIIH-
aJIbHO-3KOHOMMYECKHX 0COOEHHOCTEH ceMbH [5].

developing T1DM (with single AAB) or who already
have T1DM at early stages (with multiple AAB). Such
individuals require monitoring of disease progres-
sion to reduce the likelihood of developing DKA on
making T1iDM diagnosis at stage 3, as well as the
regular education (taking into account individual
needs — education of parents or other family mem-
bers). Education for TIDM management should be
personalized, taking into account the cultural, lin-
guistic and socioeconomic characteristics of the
family [5].

Early detection and monitoring of TiDM can
reduce the psychological burden associated with the
diagnosis of diabetes. Compared with children diag-
nosed with T1DM at clinical manifestation, children
who have undergone screening and monitoring have
a higher quality of life and a lower level of stress in
their parents associated with the diagnosis of
T1DM [24].

Following up the patients includes repeated test-
ing for AAB and glycemic control. To identify persis-
tence of autoimmunity after detection of islet AAB,
the repeated AAB testing is necessary within three
months in standardized laboratories [29]. It is diffi-
cult to predict when an AAB-positive individual will
progress to TiDM stage 3. However, children and
adolescents with positive multiple islet AAB tests
have both higher rate and risk of progression to
T1DM stage 3 (88%) compared to children positive
for only one type of AAB (18%) [30].

The frequency of screening depends on the risk of
progression to stage 3 of DM. More frequent moni-
toring is necessary for children with a high risk of
progression: presence of dysglycemia (stage 2), auto-
antibodies at a young age, high levels of insulin AAB
(IA—2A) or 3—4 islet AAB (Fig. 4).

The gold standard for diagnosing stages of T1IDM
is OGTT [31]. OGTT criteria correspond to the diag-
nostic values for adults [5]:

e 2-hours plasma glucose following oral glu-
cose load <7,8 mmol/]l — stage 1 T1IDM (nor-
mal glucose tolerance);

e 2-hours plasma glucose following glucose
load 7,8-11,1 mmol/l — stage 2 TiDM
(impaired glucose tolerance);

« 2-hours plasma glucose following glucose
load >11,1 mmol/I — stage 3 T1DM [5].

PREVENTION

The ideology of preclinical staging of T1DM based
on data on the course of the autoimmune process in
the islets of Langerhans justifies a fundamentally
new approach to delay in the loss of beta cells, in con-
trast to attempts in previous years [5]. Given the
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Pannee BpisgBieHne u MoHUTOpuHr CJ/I1 mo3sBo-
JIsIeT CHUBUTH IICUXOJIOTHYECKYI0 Harpy3Ky, CBA3aH-
HYIO C YCTaHOBJIEHHEM JuarHosa auabera. 1o cpas-
HEHUIO C eTbMH, Y KoTopblx C/I1 nmarHocTupoBan
NIpU KJIWHUYECKOH MaHHecTauu, y JeTeH, Mpo-
HIEAINX CKDUHUHT U MOHUTOPHHT, KAYECTBO KU3HHU
BBIIIIE, & YPOBEHb CTPECCA Y UX POJUTENIEH, CBA3AH-
HBIH ¢ guarao3om CJI1 — Hmxke [24].

MOHUTOPUHT MAI[UEHTOB BKJIOUAaeT B cebs
noBTopHoe onpezesnenre AAT 1 KOHTpPOJIb TJINKe-
MuH. J11 BBISABIEHUS CTOHKOCTH ayTOMMMYHHUTETA
IOCJIE BBISBJIEHUsI OCTPOBKOBBIX ayTOAHTUTEJ HE00-
XOJMMO IIOBTOpHOe ompeneneHne AAT B TeyeHue
TpeX MecAIEeB B CTAH/IAPTU3UPOBAHHBIX JabOpaTo-
pusix [29]. C103kHO MpeicKa3aTth, KOrja y cyobeKTa ¢
TOJIOKUTENIBHBIM cTratycoM AAT mpousoieT mpo-
rpeccupoBanue C/{1 10 3-1 craauu. OHAKO Y IeTer
U IOZIPOCTKOB C HAJTUYHEM MHOKECTBEHHBIX OCTPOB-
koBbIX AAT oTMeuaetcs: 60Jiee BBICOKAst CKOPOCTh U
puck nporpeccupoBanus (88 %) C/I1 1o crajiuu 3 1Mo
CPaBHEHHIO C JIETHbMU C HAJUYKUEM TOJIBKO OJTHOTO
tuma AAT (18 %) [30].

YacroTa 06cIemoBaHUA 3aBUCUT OT PHCKA IIPO-
rpeccupoBaHusl amabera A0 3-U cragun. bBosee
YacThIil MOHUTOPUHT HEOOXOAUM JIETAM C BHICOKHM
PHUCKOM TIPOTPECCHPOBAHUA: HAJIUYMUE JIUCIJINKE-
MuH (cTagus 2), ayTOAHTUTEJ B MOJIOZIOM BO3PAcCTe,
Boicokull ypoBeHb AAT k wmHCcynmuHy (IA-2A) win
3—4 octpoBKOBBIX AAT (puc. 4).

30JI0TBIM CTaHAAPTOM JIJIsI IUATHOCTUKH CTAUN
CJI1 ssBaisiercs IITTT [31]. Kpurepuu IIT'TT cooTBeT-
CTBYIOT JIMaTHOCTUYECKHM IIapaMeTpaM B3poc-
JbIX [5]:

e YPOBEHbH IVTIOKO3BI IJIA3MBI Uepe3 2 U IOoCse

HATpy3KHU TIIIOKO30U <7,8 MMOJIb/JT — 1-5 CTa-
musg CI1 (HOpMasibHas TOJIEPAHTHOCTHh K
TJIIOKO03€);

e  YPOBEHbH IVIIOKO3BI IIJIa3MBI Uepe3 2 U I0cse
Harpy3KH IJIIOK0301 7,8—11,1 MMOJIb/JT — 2-51
cragus C/1 (HapyleHHe TOJIEpAaHTHOCTH K
TJIIOKO3E);

e YPOBEHbH IVIIOKO3BI IIJIA3MBI Uepe3 2 U IOocye
Harpy3KH IJIIOKO30H >11,1 MMOJIb/JI — 3-f
cragus C/I1 [5].

IMPO®UNIAKTHUKA

Upeosnorusa goknnHndeckoro cragupoBanusa Cl1
Ha OCHOBE JIJAHHBIX O TEYEHUU aQyTOUMMYHHOTO IIPO-
mecca B ocTpoBkax JlaHrepranca 0OOCHOBBIBAET
MIPUHITUIINAIBHO HOBBIA TOAXOZ K 3aMeJIeHUI0
rnorepu 6eTa-KJIeTOK, B OTJIMYUE OT IOIBITOK IIPO-
IUIBIX JIET [5]. YUuThIBasg ayTOMMMYHHYIO 3THOJIO-
ruto C/I1, 11e1p10 JleueHusd fABJISIETCA MpeloTBpalle-
HHE HMMYHOOIIOCPEIOBAHHOTO pa3pylleHus OeTa-

autoimmune etiology of T1DM, the goal of treatment
is to prevent immune-mediated destruction of pan-
creatic beta cells [32]. Until recently, all attempts at
immunotherapeutic interventions have not achieved
significant success, at best reducing the rate of beta
cell destruction, but stopping the immune process
and not allowing glycemia to normalize [33]. The
most promising results at the preclinical and clinical
stages were shown by muromonab, an immunosup-
pressive agent targeted CD3 T-lymphocytes. Muro-
monab is the first monoclonal antibody approved for
clinical use. However, side effects associated with the
use of this drug led to its withdrawal [32].

In November 2022, teplizumab was approved in
the United States for patients with preclinical disease
and aged 8 years and older. This drug is a monoclo-
nal antibody to the CD3 receptor of T lymphocytes,
which has shown efficacy in delaying the progression
of T1iDM from stage 2 to stage 3 [34]. In a random-
ized, placebo-controlled phase 2 trial involving
76 subjects with stage 2 TiDM who had relatives
with diagnosed T1DM, the median time to the clini-
cal disease development was 2,7 years longer in the
group of patients who have received teplizumab for
14 days compared with the placebo group [5].

Various drug regimens were tested in five ran-
domized controlled trials (RCTs). In patients with
newly diagnosed overt TiDM, teplizumab delayed
the decline in C-peptide levels, improved glycemic
status, and reduced insulin requirement for an aver-
age of 1—2 years. Trials of the drug in relatives of
patients at risk have shown a decrease in the inci-
dence of T1DM over 2 years of follow-up. Side effects
included transient rash, cytopenia, nausea, vomit-
ing, and infections [2]. Ramos et al. (2023) evaluated
beta cell preservation during a RCTs in patients
receiving teplizumab or placebo for two 12-day
courses. In the teplizumab group, significantly higher
stimulated C-peptide levels were found at week 78
compared with the placebo group [35]. Adverse
events were similar to those reported by Fanaropou-
lou et al. (2024) [2].

The effect of teplizumab on preserving endoge-
nous insulin production was assessed using an inte-
grated analysis of C-peptide data from five RCTs
(n = 609 375 subjects in the teplizumab group and
234 in the placebo group) in stage 3 TiDM [36].
A significant improvement in stimulated C-peptide
levels was found compared with baseline at year 1
(mean increase of 0,08 nmol/l) and year 2 (mean
increase of 0,12 nmol/l) after one or two courses of
teplizumab, confirming the efficacy of the drug in
preserving beta cell function assessed by C-peptide
[36]. The presented results correlate with the data of
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AHanu3bl KPOBU Bospacr Yacrora
Blood tests Age Frequency
/ \ » Kaxzple 6 Mec B TeyeHue 3 jet
Every 6 months during 3 years
<3 ner » Kaxzple 12 mec B nocnemyrouue 3 roga
<3 years Every 12 months during the next 3 years
* AntnTena e [IpekpaTuTh IIpU OTCYTCTBUU POTPECCUPOBAHUS
I?E}S]’Od‘es Stop if no progression
. c
e o
I AAT/AAB * CiyyaiiHas riMKeMus
Random glycemia
A
>3 ner * Kaxxzsle 12 mec B Teuenue 3 et
c Every 12 months during the next 3 years
>3 years * [IpekpaTuThb Mpy OTCYTCTBHHU IIPOrPECCHPOBAHIS
\ / Stop if no progression
CKpHHMHT Cragus AHanm3bl KPOBU Bo3spact Yacrora
Screening Stage Blood tests Age Frequency
c | «HbAlc [ <3 qet / years } [ Kasxnsie 3 mec / Every 3 months }
Taaus » CiyuaitHasi NIMKEMUst
v Stage 1 Random glycemia [ 3-9 ner / years } [ Kaxieie 6 mec / Every 6 months }
*« HMT'/ CGM >
52 AAT/AAB| > III'TT [ >9 ner / years } [ Kaxbie 12 mec / Every 12 months }
OGTT
* HbAlc
Cragus 2 « CrtyuaiiHas mIHKeMHs [<1 8 et / years} [ Kaxpie 3 mec / Every 3 months }
Stage 2 Random glycemia
“HMT / CGM [>18 et/ years] [ Kasxmsie 6 mec / Every 6 months }

Puc. 4. CKpUHUHT H MOHUTOPHHT Y IeTell 1 IIOPOCTKOB IIPY BBISBJIEHUH O/THOTO UJIN HECKOJIBKUX THUIIOB
octpoBKOBBIX ayroaHTutel (1o [5]) (AAT — ayroanTtureno; IIITT — nepopaibHbII IITIOKO30TOJIEDAHTHBIHN TECT;
HbA1c — rmkupoBaHHbIH reMorsio6uH; HMT' — HellpepbIBHBIA MOHUTOPUHT TJTIOKO3bI)

Fig. 4. Screening and monitoring in children and adolescents with single or multiple types of islet autoantibodies
(according to [5]) (AAB — autoantibody; OGTT — oral glucose tolerance test; HbA1c — glycated hemoglobin;
CGM - continuous glucose monitoring)

kinetok IDK [32]. /o HenmaBHEro BpeMEHH Bce
MIOTIBITKA UMMYHOTEPAIIEBTHYECKUX BMEIIATETIHCTB
He JIOCTUTAJN CyIIEeCTBEHHBIX yCIIEXOB, B JIydIlleM
cJIyyae yMeHbIIasi CKOPOCTh Pa3pyIleHus beTa-Kiie-
TOK, HO HE OCTaHABJIMBasg UMMYHHBIN IIPOIlECC U He
MO3BOJIsASI HOPMAaJIM30BaTh IukeMuio [33]. Hawu-
0oJiee MHOTOOOEIIAOIINE PE3YIBTATHI HA JIOKJTUHHU-
YEeCKUX M KJIMHHYECKHUX HTAllaxX IMOKa3aJal MypOMO-
Hab, ABIAOIUICI UMMyHOcynpeccopom CD3
T-mumdonuroB. MypomMoHab — mepBoe MOHOKJIO-
HaJIbHOE aHTHUTEJIO0, OZ00PEHHOE /I KITHHUYECKOTO
rcmosb3oBanusa. OnHako mobounslie 3PpdeKThI, CBS-
3aHHBIE C IPUMEHEHHEM 3TOTO IIperapara, IpUBeJIN
K €ero OT3bIBY [32].

B HOs16pe 2022 1. B CIIIA 6bL1T 0/T00p€EH TEITHU3Y-
Mab I IalMeHTOB C JOKJIMHHYECKOH crajuen
60s1e3HU B Bo3pacTe 8 JIeT U cTapiie. DTOT IpenapaT
SIBJISIETCS MOHOKJIOHAJBHBIM aHTuUTEIOM K CD3
peuenTopam T-num@onuTos, nokazaBuuM 3ddex-
THUBHOCTH B 3aMejlJieHuu nmporpeccupoBanusa C/[1 co
2-11 10 3-% craguu [34]. B pangoMusupoBaHHOM

Sims et al. (2021), which showed that the median
time before diagnosis of stage 3 TiDM was
59,6 months in those who received a 14-day course of
teplizumab, and 27,1 months in those in the placebo
group [37].

The problems with the use of teplizumab include
its restricted indications for patients with stage 2
T1DM treatment, which in turn requires the develop-
ment of new screening programs to identify the tar-
get group of patients, as well as the high cost of the
drug ($194 000) [5].

CONCLUSION

T1DM is a chronic autoimmune disease charac-
terized by immune-mediated destruction of pancre-
atic beta cells. The exact etiology of TiDM is cur-
rently unknown and is thought to involve a complex
interaction of genetic susceptibility and environmen-
tal risk factors.

Screening for islet AAB allows for the diagnosis of
T1DM at early stages, several months or even years
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1A Ee00-KOHTPOJIMPYEMOM HCCIIEIOBAHUH (Pasbl 2 ¢
yuactueM 76 yeit. ¢ C/I1 2-% cTaguu, UMeIONIIUX POJi-
CTBEHHHUKOB C ycTaHoBJeHHBIM C/l1, MeauaHa Bpe-
MEHU Pa3BUTHA KJIWMHUYECKOro 3ab0sieBaHUs ObLIa
Ha 2,7 rojia 60JIbIIE B TPYIIIE MAI[HeHTOB, TOJIYyIUB-
X 14-THEBHBIN KypC TEIIN3yMaba, o CpaBHEHUIO
¢ rpyrmmou mianebo [5].

IIpoTecTpoBaHbl pa3JIHYHbIE PEKUMBI IIpHEMA
Ipernapara B IISITH PaHIOMU3UPOBAHHBIX KOHTPOJIH-
pyembix wucciaenoBanusax (PKUM). Y mamueHTOB C
BIEPBbIE BhISBJIEHHBIM MaHudecTHbIM C/I1 Termiu-
3ymab 3ajiepKUBAJl CHUKeHUe ypoBHs C-TlenTuja,
yAydInag TJIMKEMAYECKUA KOHTPOJIb W CHHIKAJI
MOTPeOHOCTh B MHCYJIHWHE B CpeJHEM Ha 1-2 Toa.
HcenenoBaHus mpenapaTta y pOACTBEHHUKOB MalU-
€HTOB U3 I'PYNITBl PUCKA IMOKa3aJIk CHIKEHHE 3260~
nesaemoctu CJI1 B TeueHue 2 JieT HaGJIIOEHUA.
Cpenu mo604YHBIX 3(PGHEKTOB OTMEUYATUCh TPAH3U-
TOpHAs ChIIb, IIUTOIIEHUS, TOTHOTA, PBOTA, HH(DEK-
muu [2]. E.L. Ramos et al. (2023) onenuBanu B PKI
coxpaHeHue Oera-kiaetok IIDK y marueHTOB, MOJIy-
YaBIIUX TEIUTU3yMab WId 1ianebo B TeYeHHe JIBYX
12-7IHEBHBIX KyPCOB. B rpyIimie jeuenus termmayma-
O6oM Ha 78-1i HeJieJie BhISIBJIEHBI 3HAUUTEIHLHO Oojiee
BBICOKHE CTUMYJIUPOBaHHbIE YPOBHU C-TENTH/IA 10
CpaBHEHHUIO ¢ rpymmnoi mianebo [35]. Hexematenn-
Hble sBJIEHUSA OBUIM CXOKH C COOOIIEHHBIMH
N.M. Fanaropoulou et al. (2024) [2].

Biusiaue terminsyMmaba Ha cOXpaHeHUe DH/IOTeH-
HOH BBIPDAOOTKH HHCYJIMHA OBLIO OIIEHEHO II0
C-nenrtuyty B 00001eHHONM Koropre msitu PKU
(n = 609 375 yen. B rpyimie TenMaymaba u 234 B
rpymre 1iane6o) npu 3-i craguu C/{1 [36]. Boisas-
JIEHO 3HAYUTEJIPHOE YJIydllleHue CTHMYJIHPOBAH-
Horo C-TenTH/ia Mo CPaBHEHUIO ¢ UCXOAHBIM YPOB-
HEM B IIepBBIH TO7 (CpelHee yBeJWYeHUWE Ha
0,08 HMOJIb/JT) ¥ BO BTOPOU TOJ (Cpe/lHEE yBeInue-
HHE Ha 0,12 HMOJIb/JI) IOCJI€ OAHOTO HJIU IBYX Kyp-
cOB Tern3ymaba, uTo MOATBep:kaaeT 3h¢eKTHB-
HOCTbH JIEWCTBHSA IIperapara Jjisi COXpaHeHus QyHK-
MU B-KJIETOK, OIeHeHHOH ¢ momoIisio C-mentuaa
[36]. IlpencraBieHHbIe pe3yIbTAThI KOPPETUPYIOT C
manaeivu E.K. Sims et al. (2021), nokasaBmumu,
YTO MeJMaHa BPEMEHM [0 ITOCTAHOBKHU AUarHo3a
C/I1 3-11 cTaimu cocTasJisiiia 59,6 MecC y OJIy4aBIITUX
14-7THEBHBIU KypC Teltu3dymaba u 27,1 MeC y JIUIL U3
rpyminsl mwiane6o [37].

[IpoGysieMbl  WCIIONB30BAaHUsA  TeIIu3ymaba
3aKJIIOYAIOTCS B €r0 OrPAaHHMYEHHOM ITOKA3aHUHM K
MIPUMEHEHHUIO V TTaIlHeHTOB co 2-1 craguei C/I1, uro,
B CBOIO Oouepejib, TpebyeT pa3pabOTKH HOBBIX IIPO-
rpaMM CKpUHUHTA JI/151 BBIABJIEHUSA 1[€JIEBOU TPYIIITBI
MMaIeHToB, a TaKXKe B BBICOKOH CTOMMOCTHU IIpera-
para (194 000 nosutapos CIIA) [5].

before the development of dysglycemia and manifest
clinical symptoms and provides dynamic clinical and
laboratory monitoring of the patient and training in
healthy lifestyle principles. Diagnosis of the disease
at preclinical stages can prevent the DKA develop-
ment at the onset of the disease and reduce the risk
of long-term complications in the future. In this
regard, international consensus recognizes screen-
ing as appropriate and economically justified.

In November 2022, the Food and Drug Adminis-
tration approved teplizumab for clinical use in adults
and children over 8 years of age to prevent the TIDM
autoimmune process progression. Teplizumab is the
first drug in the history of diabetology approved to
delay the progression of the clinical stage of T1IDM in
individuals with at least two islet AAT but with initial
carbohydrate metabolism disorders: impaired fast-
ing glucose level or impaired glucose tolerance
according to OGTT. At the time of writing our review,
teplizumab is not registered in the Russian Federa-
tion; clinical trials are underway.

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

SAK/IIOYEHWE

CI1 — xpoHHYECKOe ayTOUMMYyHHOe 3a0osieBa-
HHE, KOTOpOe XapaKTepusyeTcss UMMYHOOIIOCPe0-
BaHHBIM paspyureHueM Oera-kiaetok I1K. Ha ceroz-
HANTHUY JTeHb TouHas stuosiorus C/I1 He u3BecTHA:
CUHTAETCS, UTO B OCHOBE 3TOTO 3a00I€BAHUS JIEKHUT
CJIOJKHOE B3aMMOJIEACTBHE T€HETUUYeCKON BOCIPHU-
UMYHUBOCTH U (GaKTOPOB PUCKA OKPY?KAIOIIeN Cpe/ibl.

CxkpunuHr Ha AAT K OCTPOBKOBBIM KJIETKAM
o3BoJIsIeT nuarHoctupoBath C/I1 HA paHHHX CTa-
JIUAX, 32 HECKOJIBKO MecCsAIeB W Jae JIeT JI0 pas-
BUTHS TUCTIMKEMUU 1 MAHU(DECTHBIX KITMHUUECKUX
CHUMIITOMOB U 00€CIIEUNTh AUHAMIYECKOE KIIMHUKO-
JlabopaTopHOe HabJII0/IeH e 3a TAIIEHTOM U 00yJe-
HHe TPUHIHIAM 370pOBOro obpasza xusHu. Jlua-
THOCTHKA 3200JIeBaHUS HA JOKIUHUYECKUX CTAUAX
MOXKeT IpefoTBpaTuTh pasputrue /KA B mebiore
3a00JIeBaHUA U CHU3UTH PUCK PA3BUTHUS JOJITOCPOY-
HBIX OCJIOKHEHHUH B JlajibHeHIeM. B ¢Bs3U ¢ 3TUM
Me>K/I[yHapO/Hble KOHCEHCYChI ITPU3HAI0T CKPUHUHT
11es1eco00pa3HbIM ¥ 9KOHOMHUYECKH 0O0CHOBAHHBIM.

B Hos16pe 2022 1. Food and Drug Administration
0/100pPHJIO WCIIOJIB30BaHUE TEIUTU3yMaba i KJIH-
HUYECKOTO IPUMeHEHN Y B3POCJIbIX U JleTel cTapIie
8 JieT ¢ 1esibl0 NPOQPUIAKTUKYA IPOTPECCHPOBAHUA
ayTouMMyHHOTO Iipouiecca mpu C/I1. Terumzymab —
IepBoe B HCTOPUM AMA0ETOJIOTUU CPEICTBO, OM0-
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OpeHHOe /I 3aMe/JIEHUsI Pa3BUTHS KJIMHUYECKOH
crauu C/I1 y s ¢ HajauumeM He MeHee JBYX
ocTpoBKOBBIX AAT, HO UMeIIUX HaYaJIbHbIE HApY-
IIIEHUsI YTJIEBOJTHOTO OOMeHa: HapyllleHue IJTHKe-
MUU HATOIIAK WJIM HapyllleHue TOJIEPAHTHOCTHU K
riaoko3e o gauubiM IIT'TT. Ha MoMeHT HanmiucaHuAa
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