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Journal of Siberian Medical Sciences siBiisieTcst mpeeMHUKOM 5KypHaia « Mezuipaa u oopazopanue B CHoupu» (roz u3maHus
2006). Pemrennem npesuzpyma BAK PO skypHas BKIIOUEH B IlepedeHb EPHOANYECKHUX U3/IaHNN, PEKOMEH/IOBAHHBIX JIJIst
myGrKkanuu paboT COMCKATEEN YUEHBIX CTEIEHE.

2Kypuau 3aperucrpupoBat B ®esiepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH 1 MACCOBBIX
koMMyHuKaui (PockomHai3op). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

Kypuain unnekcupyercs B PUHII, 3aperucrpuposas B CrossRef ¢ 2018 1., Bce cTaThy HHAEKCUPYIOTCS € TOMOIIBIO IIUMPO-
Boro uaeHTuduxaropa DOL.

Pepakuus xxypHaia co6II0/1aeT IPUHITUIIBI MEK/yHAPOAHOU opranu3anuu « Komurer o uszgarenbekoit atuke» (Committee
On Publication Ethics — COPE).

Cratby, Ipe/icTaB/IeHHbIE K IIyOJIUKAIIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PElleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTG. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 06513a-
TeJIbHA.

2Kypran pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpasHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBIL. JJEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJAKIIMOHHBIN COBET

IIPEACEJATEJIb
Mapunxun H.0., 1-p Mea. Hayk, npod., 3aB. kKadeapoit akyiiepcrsa
U THHEeKoIorud, HOBOCHOUPCKU rOCy/1apCTBEHHBIH MeIUIIMHCKUN

yuausepcuret (HoBocubupck)

IJIABHBI PETAKTOP

IHocnenosa T.H., i-p Mefi. HayK, Ipod., 3aB. Kadeipoii Tepauu, reMa-
TOJIOTHH U TpaHCcdy3nosoruu HaxyibTera MOBBIIIEHN KBAIN(DUKAIIHI
1 mpoecCHOHaIBHOM Mepeo/IrOTOBKH Bpayel, IPOPEKTOP 110 HayYHOH
pab6ote, HoBocrOUpCKHii roCyAapCTBEHHBIN METUIIMHCKUN YHHBEPCUTET

(HoBocubupck)

3AMECTUTEJIb ITTABHOI'O PEJAKTOPA
Kysneyosa B.I'., i-p Mezi. HayK, pod. kKadenpbl THPEKITMOHHBIX 60J1e3-
Hell, HoBocubupcKkuil rocyiapcTBeHHBIN MeUITHHCKUAN YHIBEPCUTET

(HoBocubupck)

OTBETCTBEHHBII CEKPETAPDH

Baxaposa K.JI., pepakrop M3aarebcko-noaurpapuyecKoro 1eHTpa,
HoBocubupckuil rocyAapcTBeHHBIN MegunHCKul yHuBepeuret (Ho-
BOCHUOMPCK)

Boesoda M.H., n-p ven. Hayk, npod., qupexkrtop PenepaabHOro uc-
CJIeJIOBATEIbCKOTO IeHTpa QyHAAMEHTAJIbHON U TPAHCIAIUOHHON
meanunuasl (HoBocu6upCek)

I'pom6 C., i-p MeauIuHbL, Tpod., PyKOBOAUTEI JlellapTaMeHTa cy/1e6-
HO MeunuHbl yHuBepcuTera Cerasie (bopio, ®paHiiust)

Jlasudosuu H.M., n-p Men. Hayk, nupod. kabeapsl GakyIbTeTCKONH 1
MIOJIUKJIMHUYECKOH TePANuU ¢ KypCOM dHOKPUHOJIOTHH, [labHeBO-
CTOYHBIN IOCY/IaPCTBEHHBIN MeTUITMHCKUHN YHIBepcuTeT (XabapoBek)

2K0awnose B.B., 1-p MeJ. HayK, npod., aupekrop HUU dapmakosioruu
u pererepatuBHoi Meaunuusl uM. E.JI. Tonbabepra Tomckoro Haru-
OHAJIFHOTO UCCIIEZ0BATEIBCKOTO MeguIiHCKoro rienTpa PAH (Tomck)

JloxwuH B.H., n-p MeJi. HayK, npod., akagemuxk HAH PK, npesunent Ka-
3aXCTAHCKOU aCCONMAIINY PENPO/IyKTUBHOM MEUITIHBI, TeHePaTbHbIN
JIUpeKTOp Mex/lyHapOTHOTO KIIMHUYIECKOTO IEHTPA PEIPO/IYKTOIOTHH
PERSONA (KaszaxcraH, AiMaTbI)

IIysvipes B.I1., i-p MeA. Hayk, Ipod., akageMuk PAH, HayIHBIH pyKOBO-
nuress Tomckoro HarioHaibHOTO HCC/Ie10BaTETBCKOTO MEAUITTHCKOTO
nentpa PAH, HayuHbIi pykoBoauTesib HUW MeIUITMHCKON TeHeTHKH,
3aB. Kadeapoit MeUIMHCKON reHeTHKH CHOUPCKOTO rocyZIapCTBEHHOTO
MenuIuHCKOro yHIBepeuTeTa (ToMck)

Pyorcuuka T., 1-p MeAULIUHBL, TPOd., PYKOBOAUTEb JenapTaMeHTa
JIEpMAaTOJIOTUHU U AJJIEPToJIorny MIOHXEHCKOTO YHUBEPCUTETa UMEHH
JlionBura u Makcumminana (MiouxeH, ['epmanust)

Cemenos B.M., n-p MeJi. HayK, Ipod., 3aB. kadenpoli NHOEKIMOHHBIX
6oste3neit, ButebCckuii rocyJapCTBEHHbIH MEAUIUHCKUN YHUBEPCUTET
(Pecny6iuka Benapych, Bute6cek)

®edepuko M., 1-p MeTUIMHBL, TPOd., PYKOBOJUTEIb Kadheaphl Meu-
IMHCKOM OHKOJIOTUH, OT/IEN JUATHOCTHYECKOU MEUITIHBI, KTUHUKY U
00IIIeCTBEHHOTO 3/IpaBOOXpaHeHus, YHuBepcuTeT MojieHs! U Pezko-
Avwnuu (Mranus, Mozena)

IlIxypynuit B.A., n-p MeJ. Hayk, npod., akajeMuk PAH, HayIHBIH
pykoBoautens ®TBHY «®efepabHbIH HCCIEA0BATENBCKUN EHTP
yHIaMeHTaNIBHOM U TPAHCAAIMOHHON MeuIuHbl» (HoBOCHOUPCK)

YUYPEAUTEJ/IDb

®I'BOY BO «HoBOCHOUPCKHIA TOCY/IAPCTBEHHBIH MeTUIIMHCKUAN
yHuBepcuter» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsrii pocir., 52. Ten./dake: +7 (383) 222-32-04.

E-mail: rector@ngmu.ru, Web: www.ngmu.ru

AJIPEC U3/JATEJIA Y PEJAKITUU

®I'BOY BO «HoBocrOHpCKUY rOCyAapCTBEHHBIA MEeAUIIUHCKHIHA
yHuBepcuTeT» Munspasa Poccrn, 630091, Poceust, r. HoBocubupck,
Kpacubliii op., 52. Ten./daxe: +7 (383) 229-10-82.

E-mail: mos@ngmu.ru, Web: http://jsms.ngmu.ru



3.1. KIMHUYECKASI MEOULIMHA

Abpamoguu C.I'., o-p Mef. HayK, pod., 3aB. Ka-
enpoti pusnorepanuy u Kypoprosioruy, IpyT-
CKas TOCYZ]APCTBEHHAS METUIMHCKASA aKaJIeMUs
MIOCTAMIIOMHOTO o6pa3oBanusi — duuan Poc-
CHICKOH MEUITUHCKOH aKa/IeMUH HEITPEPHIBHOTO
npodeccroHabHOrO 06pazoBanus (MPKyTCK)

bummep H., 1-p MeAUIUHEL, IPod. AenapTa-
MeHTa ICUXUATPUHU U ICUXOTEPAINH, Y HUBED-
curet 3emMmerbBeiica (Benrpus, Bygamemnr)

Escmponos A.H., -p MeJl. HayK, npod., 3aB.
kadepoil MUKPOOHOJIOTUH, BUPYCOJIOTHHI
1 uMMyHoJsiorun, HoBocuGupCcKuii rocyap-
CTBEHHBIN MeqUUUHCKUN yHUBepcuter (Ho-
BOCHOUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIMOHHBIX 60IE3HEH € KypcoM
JIII0, AntalicKuii rocyapCTBEHHBIN Me/TUIIH-
ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., n-p MeJ. Hayk, mpod., 3aB.
kadenpoil HEBPOJIOTUH, HEUPOXUPYPTUH,
MEJUIIMHCKON T€HETHKHU U MENIIMHCKOH pea-
6wminranuu, KeMepoBckuii rocyjapcTBeHHBIN
MenunuHcKuil yausepeutet (Kemeposo)
Kyaewos B.M., i-p MeJ1. HayK, Ipod. kadeapbl
aKyIlIepcTBa ¥ THHEKOJIOTHH, HoBocHOUpCKUit
TOCYZJAPCTBEHHBIN METUITUHCKUI YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., n-p MeJi. HayK, 1pod., 3aBe/ty-
o1 kaderpoii HeBposioruu, Bosirorpaickuii
rOCy/IapCTBEHHbBIN MEIUIIMHCKUN YHUBEPCUTET
(Bostrorpay)

Moauanosa E.E., 1-p Men. HayK, JOLIEHT Ka-
denpsl GakyIbTETCKON U MOTUKINHUYECKON
Tepanuu, AMypcKas rocy/lapcTBeHHas Me/y-
nuHCKas akagemus (BiarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CECTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBIA MeAUIUHCKHH yHUBepcuTeT (BapHayor)

Mopouvik A.B., n-p Men. HayK, npod., 3aB.
kadenpoit GpTU3HATPUU, IYJIBMOHOJIOTHU U
nHEKINOHHBIX Oosie3Hel, OMCKU rocygap-
CTBEHHBIH MeANIIMHCKUY yHUBepcuTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKUI YHUBED-
curert (IIBenwus, JIynn)

Oxnonkos B.A., n-p MeJi. HayK, Ipod., PeKTop,
DesiepasibHBIA HAYYHO-KJIUHUYECKUM LIEHTP
PeaHrMaToIOTHH U peabunTosioruu (MockBa)

Caeumosa I'.P., i-p Men. HAyK, 1pod., 3aB.
Kadepoi TOCIUTAIBHOU IIeIUATPUH C KyPCOM
MTOCJIEANILUIOMHOTO 00pa30BaHus, AcTpaxaH-
CKHH ToCy/ZlapCTBEHHBIN MeIUIIMHCKUN YHU-
BepcureT (AcTpaxaHp)

Cawmoiinosa FO.I'., i-p Mex. HayK, npod., py-
KOBOZAUTENb LleHTpa KIMHUYECKUX HCCIIeNI0-
BaHUU, 3aB. kadeapol meIuaTpPUU C KypcoM
3HJIOKPUHOJIOTHH, NTPod. Kadeapsl Gakyib-
TETCKOU Tepamuu ¢ KypcoM KINHUYECKOU
dapmakosorun, CHOMPCKUH rocy/1apCTBEHHBIN
MenunuHcKui yauBepeutet (Tomck)

PEJAKIITMOHHAA KOJIVJIETUA

Ceasmuykas B.I., n-p 6uos. Hayk, nupod.,
[VIABHBIA HAYYHBIA COTPYAHHUK J1abOPATOPUU
9HJIOKpUHOIOTUHU, PelepasibHbIi ncce1oBa-
TEJIbCKUH 1eHTP QyH/IaAMEHTAIbHON U TPAaHC-
sAuoHHOM MeannnHbl (HoBOCHOUPCK)

Cenvkesuu O.A., 1-p MeJ. HaykK, npod., 3aB.
xadepoli neinaTpuK, HEOHATOJIOTUH U IEPU-
HATOJIOTHH C KyPCOM HEOTIOJKHOU MeJUIIMHBL,
J1aIbHEBOCTOYHBIHN TOCY/IaPCTBEHHBIM M-
IUHCKUY yHUBepcuTeT (XabapoBck)

Cmaeuna HU.B., 1-p Mej. HayK, npod., 3aB.
xadenpoll HEBPOJIOTUH U HEHPOXUPYPTHUU C
kypcoMm /IT1IO, Antaiickuil rocy/iapcTBeHHbIN
MeAUIMHCKIH yHuBepcuTeT (BapHayir)

Tpogpumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. Kae[poii KIIMHUIECKOH aJIJIEPTOJIOTUH U
IyJIbMOHOJIOTUH, VIPKyTCKasi rocyiapCTBEHHAS
MEIUIMHCKAS aKaZleMUsI TIOCIEUIIIOMHOTO
obpasoBanus — unuan Poccuiickoit meau-
IMHCKOU aKaJIeMUU HEMPEePBIBHOTO mpodec-
CHOHAJILHOTO 00pa3oBanus (MPKyTCK)

®edopos U.A., i-p MeJi. HayK, IOIEHT, 3aB. Kade-
npoit dakysprerckoit nexuarpun um. H.C. Tro-
puHoO#, FOKHO-YpasbCKUi TOCY/1apCTBEHHBIN
MeUIMHCKUH yHUBepenuTeT (YensiOnHCK)

Quaunrok O.B., 1-p MeA. HayK, npod., 3aB.
kadenpoil pTU3MATPUU U MYJIHBMOHOJIOTUH,
CubUpPCKHi TOCY/IapCTBEHHBIM MeUIIUHCKUI
yausepcureT (Tomck)

Xapouxosa C.A., 1-p Mel. HayK, npod., 3aB.
xadenpoi epMaTOBEHEPOJIOTHH U KOCMETO-
sorun, CUOUPCKUI rocy/lapCcTBEHHbIN Meu-
nuHCcKu yauBepeureT (Tomck)

Xoxnosa 3.A., i-p MefI. HayK, Ipod., 3aB. Kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCyZapCTBEHHBIN HHCTUTYT YCOBEPIIEHCTBOBA-
HuA Bpauel — prman PTBOY JIT10 «Poccuiickas
MeJUIIMHCKAsA aKaJleMHs HEeIIPEPHIBHOTO IIPO-
eccronampHOTO 06pazoBanus» (HoBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JIepMaToJIoOTHH U KocMeTosioruu, HoBocu-
OUPCKUU TOCylapCTBEHHBINH MeJIUIIUHCKUI
yausepcurer (HoBocubupck)

I[xait B.b., n-p Men. HayK, npod., 3aB. Ka-
denpoil mepuHATOJIOTHH, aKyIIEepCTBA U
ruHekosioruu, KpacHosipckuil rocyaapcTBeH-
HBIH MEJUIUHCKUN YHUBEPCUTET UM. IIPOD.
B.®. Boitno-fcenenxoro (KpacHosipck)

Illanownux H.H., 1-p MeJ. HayK, Ipod., 3aB.
kacde/[poii poIe/IeBTUKY BHYTPEHHUX 60J1e3-
HeH, 0xHO-YpanbcKuil TOCyAapCTBEHHBIN
MeAUIMHCKIH yHuBepcuTeT (YesaOuHCK)

Axonmos JI.A., -p Mep. HayK, 1pod. kadenpo
apmakosioruu, KIMHUYECKOH (papMaKoIoruu
1 JIOKa3aTesIbHON MeuuHbI, HoBocuOupCKuit
rOCyZJapCTBEHHBIN MEIUITMHCKUH YHHBEPCHUTET
(HoBocubupck)

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

Ansbves @.B., 1-p Me1. HayK, npod., 3aB. kKade-
JIpo#i cyneOHON MeuIrHbI, KpacHOApCKuit ro-
Cy/IapCTBEHHBIN METUIIMHCKAN YHIUBEPCUTET UM.
pod. B.®. Boitno-fcenerxoro (KpacHospck)

Kasaukoe E.JI., n-p mep. Hayk, npod., 3aB.
kadepoii TaTOJIOTHUECKU aHATOMUH U CY-
Jie6HOM MeaunuHbI uM. 1pod. B.JI. KoBaneHko,
HOxHO-YpasbCKUi rocyiapCTBEHHBIN Meu-
uHCKu yHuBepeuret (Yeasi0uHCK)

Jloeguros C.B., 1-p Mez. HayK, npod., 3aB.
kadeapod rUCTONOTHU, IMOPUOJIOTUU U
nuTosioruu, CHOUPCKHUI rocy/japCTBEHHbIN
MeaunuHCKui yHuBepcutet (ToMcek)

Haodees A.IlL., n-p vien. HayK, mpod., 3aB. Ka-
denpoit maronoruvyeckuii anaromuu, Hoso-
CUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6UpCK)

ITempex M., n-p MeJUIMHBI, TIPOQd., PyKOBO/IH-
TeJIb lenapTaMeHTa aToJIOTIecKol (hru3noso-
v YHusepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHol MenunuHbl, HoBocMOUpCKMit
TOCYZIAPCTBEHHBIN METUITUTHCKUH YHUBEPCUTET
(HoBocubupck)

Casonosa E.H., i-p Men. HayK, npod., 3aB.
kadespoil HOpMaJIbHOU U MATOJOTUYECKOU
dusnosoruu, MpopeKTOp MO HAyYHOU paboTe,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA 10 HAy4yHOU paboTte, THCTUTYT
XUMUYeCKOi Guosoruut ¥ QyHAaMeHTATbHON
meaunabl CO PAH (HoBocrbupek)

3.4. DAPMALEEBTUYECKUE HAYKN

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
kadenpoil papmaleBTUUECKOTO aHAIU3a,
CubupCKUil TOCYIapCTBEHHBIA MeUIIUHCKUI
yuausepcureT (Tomck)

2Kapuxos A.JO., 1-p 6uo. HayK, JIOLEHT, 3aB.
kadenpoit papmakosnornu um. mpod. B.M. Bpro-
XaHOBA, IPOPEKTOP [0 HAaydyHOU pabore u
WHHOBAUMAM, AJITAUCKUNA TOCYZapCTBEHHBIN
MeAUIUHCKIH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapM. Hayk, npod. Ka-
(benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCcKuil TOCy/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kadepoil ynpaBjieHUsI U S9KOHOMUKHU
dapmanuu, fekan papmarneBTHYECKOro da-
KyJnbTeTa, fpociaaBckuil rocysapcTBeHHbIN
MeIUIMHCKUN yHuBepcuTeT (SIpociiasiib)

Madonos I1.I'., i-p Men. HayK, 1pod., 3aB.
xadenpoit papMaKoJIOTUH, KINHHIECKOU
apmakosoruu u J0Ka3aTeIbHON MEUIIHBL,
HoBocubupckuii rocy1apcTBEHHBIA METUIIUH-
ckuii yausepeureT (HoBocubupcek)

@omunvix C.I., i-p MeJl. HayK, JOLIEHT, 3aB.
kadenpoi GapmMakoJOTUN, KINHUIECKOU
dapmaxosorun, OMCKUH TOCYAapCTBEHHBIN
MeaunHCKH yHuBepcutet (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kadeIpoii OpraHu3aIuy U yrpasJieHus papma-
eBTHYecKoro seia, lOxxuo-KazaxcraHckas me-
munuHckas akagemus (IpivkenT, Kazaxcran)

TloamnucaHo B mevath 29.09.2026.

Jlata BBIXO/Ia B CBET 30.09.2026.

@opmar 60x84/8. Bymara Color Copy. l'apauTypa
Georgia. Y. med. 1. 20,64. Tupax 1000 9K3.
3axka3 N¢ 6.

OrtrevaraHo B TUnorpadun
W3parenbcko-moaurpaduyecKoro neHTpa
HI'MY, r. HoBocu6upCK, yJ1. 3a1€CCKOTO, 4.
E-mail: sibmedizdat@mail.ru,

Ten.: (383) 225-24-29

Koppexkrypa E.B. E2opos
KommnelorepHas Beperka T.B. Cobonesa
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I'ean MIR142 npu auMdomMax: KOMILIEKCHBIN aHau3 cBioPortal
for Cancer Genomics database 1 cO0CTBEHHBIX JaHHBIX

E.H. BopomaeBa® 2, O.b. Ceperuna’, M.C. Botitko!, T.H. babaepa', B.H. Makcumos® 2, T.I. ITocnesoBa

1@I'bOY BO «Hosocubupckuil 2ocydapcmeetHbilil meduyuHckuil yHusepcumem» Munzopasa Poccuu, Hosocubupck, Poccus

2 HUHW mepanuu u npogurakmuueckoil meduyurvt — uauar ®I'BHY «PedepanvHblil uccae008amenbCkuil ueHmp
Hnemumym yumoaoauu u eenemuxu CO PAH», Hosocubupck, Poccus

AHHOTAIIUA

BBengenwue. MukpoPHK miR-142 Ha MHOTHX YPOBHSIX BOBJIEUeHA B IyTH naToreHe3a auddys3Hon B-kieTouHOM
KpynHOKJIeToOUHOU JuMdombl (JIBKKJI): 3pesible menu sABISIOTCS OHKOCYIIPECCOPHBIMY U HAaIleJIEHbI Ha PAJT BAXKHEHIIINX
Juisg TuMpOoMOoreHe3a IPOOHKOI'€HOB.

Il e 1 b . BBINOJHUTH CPABHUTEJIPHBIM aHAIU3 YACTOTHI U CIIEKTpa abepparuil (MyTamui, craTyca METHJIUPOBAHUS U
HapyIlIeHus KOMUHHOCTH) B TeHe MIR142 B OTyX0JIeBOM TKaHH HaIueHToB ¢ cucteMHoit JIBKKJI u nepBuuHO# TrMbOMOii
IeHTpaIbHOH HepBHOH cucteMsl (IIJIITHC), a Tak)Xe IPOBECTH aHAJIN3 UX KIIMHUYECKOTO 3HAYEHHU .

Matepuaab W MeTO/ bl . VceaegoBanbl 6uontarsl 137 marueHToB ¢ cucreMHoi JIBKKJI, 35 60IbHBIX
TIJIITHC © 11 maleHToB ¢ peaKTUBHOH JinMbazeHonaTuel (KOHTPOJIb). AHATM3UPOBAJINCH MyTAllUH ¥ METUJINPOBAHIE
reHa MIR142. JIJisi IpOBEPKH U3MEHEHUsI KOITUIHOCTH JIOKyCa PACIIOJIokeHus reHa MIR142 npoaHaIu3upOBaHbI pe3yJib-
TaThl MPOGUINPOBAHNS C MpUMeHeHreM MUKpouuiioB Affymetrix SNP 6.0 omyxosieBoro matepuasia 364 60JbHBIX CHCTEM-
uo#t IBKKJI u 43 — IVIITHC, npencraBiennbie B 6a3e manubix cBioPortal for Cancer Genomics.

PesynbTartsbl. IlokazaHbl O0OJBIIAS YACTOTA BRISABIEHUA MyTanuii B MIR142 (p = 0,010) ¥ OTJIMYHBIHA CIIEKTP UX
pacnosioxkerus npu [IJIITHC B cpaBuenuu c¢ cucrtemuoi JIBKKJIL. ITpu ITJIITHC moarpynma mamueHToB ¢ MyTaI[UsIMU B
MIR142 XapaKTepU30BaJIaCh JOCTOBEPHO 0OoJiee BBICOKUM IPOIHGEPATHBHBIM IIOTEHIIMAIOM OILyXO0JIEBOTO cybcTpaTa
(p = 0,021). IIpu cucremuoi IBKKJI myranuonsbii ctatyc MIR142 acconiuupoBaH ¢ 60siee paHHUM /1e610TOM 3a60J1eBa-
HuA (p = 0,025), a TakKe OOJIbIIEH YACTOTON BOBJIEYEHHUS B OIIYX0JIEBBIH IIPOIECC HETMM(ATHIECKUX OPTAHOB (P = 0,046).
CpaBHUTENBHBIN aHAIN3 TOKa3aJl HauOOJIBIIYI0 I'eTePOreHHOCTh IIPEJCTAaBI€HHOCTH METHJIMPOBAHHOIO ajllesid IeHa
MIR142 B omyxoaeBoil iuMbouHON TKaHU nanueHToB ¢ cucteMHON JIBKKJI. B 43,6 % ciyuaeB cucremuou [IBKKJI u
30,0 % IIJIITHC nMes1o MeCTO NOJIHOE IeMeTUINPOBaHNE aHAJIU3UPYEMOTr0 TeHa, YTO He BCTPeYasioch B IPyIIe KOHTPOJIb-
HBIX 00pasIioB (p = 0,007 U p = 0,040 cOOTBETCTBeHHO). OTMeueH OOJIBIINE YPOBEHb METUJIMPOBAHUS aHATTU3UPYEMOTO
reHa y mamueHToB crapiie 60 Jiet kak npu [IJIITHC (p = 0,042), Tak u npu cucremuoii JIBKKJI (p = 0,077). [TosnyyeHHbIE
pe3yJIbTaThl CBUJETENILCTBYIOT O TOM, UTO OCHOBHBIM MEXaHHU3MOM HapylIeHUsI KOMUHHOCTH MIR142 SIBJIAIOTCA MUKDPO-
JleJlelIMOHHbIe/ MUKPOAYIUIMKAllUOHHbIe coObITUA, Oostee yacTble npu [TJIITHC. BiaronpuAaTHoe 3HaYeHUe s oO1ei
BBDKUBAEMOCTH IPU M3YUYEHHBIX JUM(OMax MMeJI0 CHUKeHUEe KOMUUHOCTU reHa. Tak, mokasareiau 5-yieTHeH oOIiei
BeiKUBaeMoctu 60bHbIX IIJIITHC cocraBiiu 71,4 % B MOATPYIIIIE C AIEUAME, 56,3 % B IMMOATPYIIIE C AyIUIMKAITUAMA U
25 % IIpU OTCYTCTBUU U3MEHEHUI.

3akKJ04YeHUe. BHameM uccaefoBaHUU BIIEPBBIE BBIIIOJIHEH CPABHUTEIBHBIN aHAIN3 YACTOTHI U CIIEKTPa abep-
pauuii (MyTarui, craTyca METUJIMPOBAHUS U HAPYIIEHUs KOMMUHHOCTH) B reHe MIR142 B OIyX0JI€BOM TKAaHU HAIEHTOB C
cucremuoi JIBKKJI u ITJIITHC, a Takke aHa/IM3 UX aCCOIMAIIUH C 0COOEHHOCTAMH KJINHUUECKOTO TeUeHUsA JaHHBIX 3200~
JIeBaHUH. B 11€710M 1osyueHHBIE JaHHBIE B OTHOIIIEHUU OT/AJIEHHBIX Pe3yJIbTaTOB Tepanuu Kak cucteMHol JIBKKJI, Tak u
TIJIITHC KOCBEHHO COTJIACYIOTCS € pesyJsibTaTaMu 0oJiee paHHUX paboT, B KOTOPHIX MOKa3aHa acCOIHAIIUS BHICOKOH HKC-
mpeccuy miR-142 ¢ yXy/AllleHueM IoKas3aTesield BbKHBAEMOCTH MAIUEHTOB C JINMGOMaMHU.

Kmoueeste crosa: MIR142, nubdysHas B-kierounas kpynHokierouHas auMmdboma (JIBKKJI), nepsuunas sumdoma
neHTpanbHON HepBHOU cucrembl (ITJIITHC), peryssiusa mukpoPHK, skcmpeccusi reHOB, MyTaIllMOHHBIN TPO(UIIb, CEKBE-
HUPOBaHHUE.

Oo6pasen nmutupoBaHusn: Bopomnaesa E.H., Ceperuna O.B., Botitko M.C., Babaepa T.H., Makcumor B.H., ITo-
cnenoBa T.W. T'en MIR142 npu nuvdomax: KoMIiekcHbIl aHanus cBioPortal for Cancer Genomics database u co6-
CTBEHHBIX JJaHHBIX // Journal of Siberian Medical Sciences. 2026;10(3):7-33. DOI: 10.31549/2542-1174-2026-10-3-7-33
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The MIR142 gene in lymphomas: a comprehensive analysis of data
from cBioPortal for Cancer Genomics and our own findings

E.N. Voropaeva® 2, O.B. Seregina’, M.S. Voytko?, T.N. Babaeva!, V.N. Maksimov* 2, T.I. Pospelova'

! Novosibirsk State Medical University, Novosibirsk, Russia

2 Research Institute of Internal and Preventive Medicine — branch of the Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russia

ABSTRACT

Introduction. MicroRNAmiR-142isinvolved at multiple levels in the pathogenesis of diffuse large B-cell lymphoma
(DLBCL): mature chains are oncosuppressive and target a number of pro-oncogenes that are essential for lymphomagenesis.

A i m . To perform a comparative analysis of the frequency and spectrum of aberrations (mutations, methylation status,
and copy number alterations) in the MIR142 gene in the tumor tissue of patients with systemic DLBCL and primary central
nervous system lymphoma (PCNSL), and to analyze their clinical significance.

Materials and meth ods.Biopsiesfrom 137 patients with systemic DLBCL, 35 patients with PCNSL, and
11 patients with reactive lymphadenopathy (controls) were examined. Mutations and methylation of the MIR142 gene were
analyzed. To verify changes in the copy number of the MIR142 gene locus, the results of profiling, using Affymetrix SNP 6.0
microarrays, of tumor samples from 364 patients with systemic DLBCL and 43 patients with PCNSL, presented in the
cBioPortal for Cancer Genomics database, were analyzed.

R e s ult s .Ahigher frequency of mutations in the MIR142 gene (p = 0,010) and a different spectrum of their location
in PCNSL compared to systemic DLBCL were demonstrated. In PCNSL, the subgroup of patients with MIR142 mutations
was characterized by a significantly higher proliferative potential of the tumor substrate (p = 0,021). In systemic DLBCL,
the MIR142 mutation status was associated with an earlier disease onset (p = 0,025), as well as a higher frequency of non-
lymphatic organ tumor involvement (p = 0,046). Comparative analysis revealed the greatest heterogeneity in the represen-
tation of the methylated allele of the MIR142 gene in the tumor lymphoid tissue of patients with systemic DLBCL. Com-
plete demethylation of the analyzed gene was found in 43,6% of systemic DLBCL and 30,0% of PCNSL patients, which was
not observed in the control group (p = 0,007 and p = 0,040, respectively). A higher methylation level of the analyzed gene
was noted in patients over 60 years of age in both PCNSL (p = 0,042) and systemic DLBCL (p = 0,077). The results
obtained indicate that the main mechanism of alterations in MIR142 copy number is the occurrence of microdeletion/
microduplication events, which are more frequent in PCNSL. A decrease in the gene copy number had a favorable effect on
overall survival in the patients with lymphomas studied. Thus, the 5-year overall survival rates of patients with PCNSL were
71,4% in the group with deletions, 56,3% — in the group with duplications, and 25% — in the absence of changes.
Conclusion. Ourstudyisthe first to compare the frequency and spectrum of aberrations (mutations, methylation
status, and copy number alterations) in the MIR142 gene in tumor tissue from patients with systemic DLBCL and PCNSL,
as well as to analyze their association with the clinical course of these diseases. In general, the obtained data on long-term
treatment outcomes for both systemic DLBCL and PCNSL are indirectly consistent with the results of previous studies
showing an association between high miR-142 expression and decreased survival in lymphoma patients.

Keywords: MIR142, diffuse large B-cell lymphoma (DLBCL), primary central nervous system lymphoma (PCNSL),
microRNA regulation, gene expression, mutational profile, sequencing.
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BBEJAEHHNE

MukpoPHK — BakHeWIllee 3BEHO PETYJIANUU
DKCIIPECCHH TeHOB. MexaHu3M uX paboThl OCHOBaH
Ha KOMILIEMEHTAPDHOM CBS3bIBAHUU C II€JIEBBIMH
MaTpuyHbiMu PHK, 4YTO mpensaTcTByeT CHHTERY
KozupyeMoro umu Gesnka. /J[o HeZJaBHETO BpeMeHH
OBLIIO MAJIO UTO U3BECTHO 00 U3MEHEHUAX B KOJIUPY-
romux MUKpoPHK yuacTkax reHoma mpu 3J10Kade-
CTBEHHBIX HOBOOOpPa3oBaHUAX [1—3].

INTRODUCTION

MicroRNAs are a key component in the regulation of
gene expression. Their action is based on complemen-
tary binding to target messenger RNAs, which inhibits
the synthesis of the protein they encode. Until recently,
little was known about changes in the microRNA-encod-
ing regions of the genome in malignant neoplasms [1—3].

In 2020, as part of The Cancer Genome Atlas
(TCGA) project, high-throughput sequencing was
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B 2020 r. B paMkax mnpoekra «ATjac reHoMa
paka» (The Cancer Genome Atlas — TCGA) meTto-
JlaMU BBICOKOIIPOU3BOJIUTEIFHOTO CEKBEHUPOBAHUA
BBIIIOJTHEH AQHAJINU3 IIOCJIEZOBATEIHHOCTH OKOJIO
2 Tpic. reHOB MUKpOPHK mnpu 33 Tunax syokaue-
CTBEHHBIX HOBOOOpasoBaHUU. B wucciaemoBaHue
BOIILJIO O0JIEe 10 THIC. TAPHBIX 00Pa3Il0B OITyX0JIEBOK
U 37I0POBOM TKaHU MAIIMEHTOB, B TOM YHUCJIe Guoma-
Tepuasn 37 OosbHBIX AudodysHOU B-KIIETOUHON
KpymHOKJIeTouHoW  Jsiumpomont  (ABKKJI). Ilo
pesynbTatam pabotsl JIBKKJI okazanack Ha BTOPOM
MecTe II0 YacTOTe COMATHYeCKUX MyTallui B reHax
MmukpoPHK, cpasdy mocse MesaHOMBI, IpU 3TOM
OKOJIO TPETH BCEX MyTallui P JAaHHOM BapHUaHTE
auMGbOMBI IIPUXOJIWJIOCh HAa OJUH €IUHCTBEHHBIN
red MIR142, konupytomen miR-142 [4].

YaukanpHocte MUKpOPHK miR-142 cocroutr
TaKKe B TOM, YTO OOBIYHO PETYJIATOPHBIE B3aHMO-
nerictBuss MUKpOPHK SIBJISAIOTCS CJIOXKHBIM pa3BeT-
BJIEHHBIMH ceTsAMU. [0 5TON NmpuumHe HapyllleHHe
pabotsr ogHOl MUKpoPHK He nMeeT dheHOTHIINUE-
CKHUX IOCJIECTBUN, ee PYHKIUA JTyOIUpyeTcs: Apy-
THMH yJacTHHUKaMu ceTu [5, 6]. OgHako HOKayT
€INHCTBEeHHOTO TeHa MIR142 IpUBOAUT K MIOJTHOMY
OTCYTCTBUIO (OPMUPOBAHUSA  IUIIOPUIIOTEHTHBIX
CTBOJIOBBIX T€MOIIO3THYECKUX KJIETOK B IEPUOJ
sMOpuroreHesa; BO B3pOCJIOM JKe OpraHu3Me — K pas-
BUTHIO TSKEJIOH TPOMOOIUTOIIEHUH, aHEMH U, DYHK-
[IMOHAJIBHBIX U KOJIUUECTBEHHBIX Je(DEKTOB UMMYyH-
HBIX KJIETOK. boJjiee TOro, Hoka3aHo, 4YTo eJJUHCTBEH-
HOU MyTtanuu B TeHe MIR142 J0CTaTOYHO JJist
pasButus auMdonpoandepaTuBHOTO 3a001€BaHUS,
TOTZla Kak /I PasBUTUA OCTPOTO MHEJIOUIHOTO
JIefiKko3a TpebyeTcss CHHEPTUYHOE B3aUMO/IEHCTBHE C
JIDyTUMU JpaiiBepaMH OIIyXOJIEBOTO IIpOIiecca,
Hanpumep, mytanusvu IDH2 [7].

Omny6IMKOBaHHBIA paHee 0030p JIUTEPATYPhI
nokasaj, u4to fanHasd MukpoPHK Ha MHorux ypos-
HAX BOBJIedeHa B Iyt natoresesa JIBKKJI: 3pesbie
menu miR-142 SABJIAIOTCS OHKOCYIIPECCOPHBIMU U
HaleJIeHbl Ha P/ BAXKHEUIITNX JIUTs TUM@OMOreHe3a
IIPOOHKOTEHOB, VYaCTHUKOB CHUTHAJIBHBIX IIyTeHd
BBDKUBAHUA U mnposudepanuu B-mumdonuTos,
MHTUOUTOPHI amomnTo3a, (GepMeHTh MeTabosuue-
CKOI'O IepernporpaMMUPOBAHUA, MOJIEKYJIBI, CIIO-
cOOCTBYIOIIME CO3JQHHUI0 HMMYHOCYIIPECCUBHOU
MUKpOCpeZs! u ap. [7].

IlepBuuyHas suMdoMa LEeHTPAJIbHON HepPBHOU
cucrembl (IIJIIIHC) — 3T0 pexkuii BApUAHT SKCTPa-
HOJIQJIBHBIX HEXO/PKKUHCKUX JIUM(OM, KOTOPBIH
HU30JIMPOBAHHO BO3HUKAET B 'OJIOBHOM MO3Te, JIel-
TOMEHUHTeAJbHBIX 000JI0UKAaX, CIIMTHHOM MO3Te WU
mIazax 0e3 MPU3HAKOB CUCTEMHOTO 3a00JieBaHUs
[8, 9]. Tucromornuecknsi tun JIBKKJI sasisercsa

used to analyze the sequences of approximately
2000 microRNA genes in 33 types of malignancies.
The study included over 10 000 pairs of tumor and
healthy tissue samples from patients, involving sam-
ples from 37 patients with diffuse large B-cell lym-
phoma (DLBCL). The study revealed that DLBCL
had the second-highest frequency of somatic muta-
tions in microRNA genes, just behind melanoma.
Interestingly, approximately one-third of all muta-
tions in this lymphoma variant were in a single gene,
MIR142, encoding miR-142 [4].

The uniqueness of miR-142 also lies in the fact
that usually the regulatory interactions of micro-
RNAs are complex, branched networks. For this rea-
son, alteration of the function of a single microRNA
does not have phenotypic consequences; its function
is duplicated by other network participants [5, 6].
However, knockout of a single MIR142 gene leads to
a complete breakdown of the production of pluripo-
tent hematopoietic stem cells during embryogenesis;
in an adult organism, it leads to the development of
severe thrombocytopenia, anemia, and functional
and quantitative defects of immune cells. Moreover,
it has been shown that a single mutation in the
MIR142 gene is sufficient for the development of
lymphoproliferative disease, whereas acute myeloid
leukemia requires synergistic interaction with other
tumor drivers, for example, IDH2 mutations [7].

A previously published literature review showed
that this microRNA is involved at many levels in the
pathogenesis of DLBCL: mature chains of miR-142
are oncosuppressive and target a number of pro-
oncogenes that are essential for lymphomagenesis,
participants in signaling pathways for the survival
and proliferation of B-lymphocytes, inhibitors of
apoptosis, metabolic reprogramming enzymes, mol-
ecules that contribute to the formation of an immu-
nosuppressive microenvironment, etc. [7].

Primary central nervous system lymphoma
(PCNSL) is a rare variant of extranodal non-Hodgkin
lymphomas that occurs isolated in the brain, lepto-
meninges, spinal cord, or eyes without evidence of
systemic disease [8, 9]. The histologic type of DLBCL
is the most common (approximately 95%) in PCNSL.
Although the tumor is morphologically indistin-
guishable from systemic disease, DLBCL with pri-
mary CNS involvement is characterized by high
aggressiveness, rapid progression, extremely poor
prognosis, and differs from systemic DLBCL at
molecular and genetic levels, as well as at the pro-
teomic level [8, 10—13]. PCNSL exhibits a distinct
microRNA pattern compared to systemic DLBCL,
suggesting the involvement of different molecular
mechanisms in the pathogenesis of these two lym-
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HauboJiee pacIpocTpaHeHHBIM (OKOJI0 95 %) Tpu
ITIVIITHC. HecmoTps Ha TO, YTO MOPQOJIOTUUECKU
OTIyXOJIb HE OTJIMUYMMA OT CUCTEMHOTO 3a60JIeBaHus,
JBKKJI ¢ nepBuuHoi jokanu3zanuei B IIHC xapax-
TEpU3YETCs] BBICOKOM arpecCUBHOCTHIO, OBICTPHIM
MIPOTrpeccCHpOBaHUEM, KpailHe TIJIOXUM IIPOTHO30M U
ommyaerca ot cucreMHol /IBKKJI mosekysspHO-
TeHeTHYeCcKH, BKJIIOYas IIPOTEOMHBI YPOBEHb
[8, 10—13]. IVIITHC memoHCTpUpYeT OCOOBIH maT-
TepH MukpoPHK 1o cpaBHeHuio ¢ cucreMHOHU
JBKKJI, uTo cBUETENBCTBYET 00 YIACTHU Pa3jIud-
HBIX MOJIEKYJISIPHBIX MEXaHU3MOB B IIATOTEHE3€E STUX
JiByx TUIOB JiuMdoM. B To xe BpeMs npoduiib sKc-
npeccun MukpoPHK npu JIBKKJI, napany ¢ myra-
[IMOHHBIM MPOQUIEM, MOXKET CIIYKUTh MPEUKTO-
poM pucka peruauBa cucreMHOU omyxonu B [THC
[11, 12, 14].

ITEJIb NCCJIEJOBAHUA

IIpoBecTr CpaBHUTEJIBHBIN aHAJIN3 YacCTOTHI U
criekTpa abeppanuil (MyTaun, cTaTyca METHIUPO-
BaHUsA U HapyNIeHUs KOMUUHOCTH) B reHe MIR142 B
OITyX0JIEBOU TKAHU MarueHToB ¢ cucteMHol JIBKKJI
u [TJITITHC, a Takke MPOBECTH aHAJIN3 UX KIIMHUYe-
CKOT'O 3Ha4YeHUs.

MATEPUAJIBI 1 METO/IbI

Buomarepuas aia ucciaegoBaHus. B co6-
CTBEHHYIO TPYIIITy UCCJIeZIOBAHUA BOILLIN 137 MaIu-
eHToB ¢ cucremuoi [IBKKJI u 35 6oipubix ITJIITHC
¢ MOPGOJIOTUYECKU ITOATBEPKIeHHBIM BapHUaHTOM
JBKKJL. I'pynity KOHTPOJIA COCTAaBUIN 11 TAITUEHTOB
C PEaKTUBHOU MOJIMKJIOHAJIBHOU B-KJ1eTouHOH mpo-
smdepanyei B 1nMdOy3IIax.

C 6J10KOB C IUarHOCTUYECKUM OMOMATEPUATIOM —
(pukcupoBaHHBIX (PopMaTMHOM U NapadUHU3UPO-
BaHHBIX OMONTATOB — Opayu 3—4 cpe3a TOIIIMHOMN
10—12 MKM U BbIesisuin reHoMuyio JJTHK. Onenka
KOHIIEHTPAIIUU U YHCTOTHI BbIJI€JIEHHBIX HYKJIEMHO-
BBIX KHCJIOT IIPOBOJWJIACH IIyTeM OIlpeJiesIeHus
OTHOIIEHUS CHEKTPOGOTOMETPUUECKOTO IOIJIOIIe-
Hus obpasija Impu JJIMHE BOJIHBI 260 B 280 HM
(A260/A280) na armmmapare Epoch (BioTek).

Ananms myramuii B reHe MIR142. CekBeHU-
poBanue reHa MIRi142 B o0pasiax OIyXOJeBOH
TkaHu nanueHToB ¢ IBKKJI u 6uonndopmannoH-
HBI aHaIU3 BBIABJIEHHBIX MyTaIluil IIPOBOIMIIN
ONMCaHHBIM paHee MerozioM [15]. McciemoBanach
BCA I10CJIEJI0OBATEIBHOCTD IEPBUYHOIO TPAHCKPUIITA
miR-142 BMecTe ¢ GJIaHKUPYOIUMU 00JIACTAMU
JUTMHOM OKOJIO 25 Map HyKJIeoTu 108 (I1.H.).

Ananmu3 mMerwinposanusa reHa MIRi142. Tlo
250 HT Kaxzoro obopasna /IHK nozasepranu Gucysib-
¢utHOI KOHBepcHY ¢ TpuMeHeHHeM HabopoB EZ DNA

phoma types. At the same time, the microRNA
expression profile in DLBCL, along with the muta-
tional profile, can serve as a predictor of the risk of
systemic CNS tumor recurrence [11, 12, 14].

AIM OF THE RESEARCH

To perform a comparative analysis of the fre-
quency and spectrum of aberrations (mutations,
methylation status and copy number alterations) in
the MIR142 gene in the tumor tissue of patients with
systemic DLBCL and PCNSL and to analyze their
clinical significance.

MATERIALS AND METHODS

Samples for research. The main (study) group
included 137 patients with systemic DLBCL and
35 patients with PCNSL with a morphologically con-
firmed variant of DLBCL. The control group con-
sisted of 11 patients with reactive polyclonal B-cell
proliferation in the lymph nodes.

Three to four 10- to 12-um-thick sections were
taken from formalin-fixed, paraffin-embedded
blocks of tissue samples, and genomic DNA was iso-
lated. The concentration and purity of the isolated
nucleic acids were assessed by determining the spec-
trophotometric absorbance ratio of the sample at a
wavelength of 260 and 280 nm (A260/A280) using
an Epoch spectrophotometer (BioTek).

Mutation analysis of the MIRi142 gene.
Sequencing of the MIR142 gene in tumor tissue sam-
ples from patients with DLBCL and in silico analysis
of the identified mutations were performed using the
method described previously [15]. The entire
sequence of the primary miR-142 transcript was ana-
lyzed, along with flanking regions of approximately
25 base pairs (bp).

Methylation analysis of the MIR142 gene.
A 250 ng of each DNA sample was subjected to bisul-
fite conversion using an EZ DNA Methylation Kit
(Zymo Research, USA), according to the manufac-
turer’s protocol. A Human Methylated and Unmeth-
ylated DNA Control Kit (Zymo Research, USA)
served as a negative and positive control, as well as a
control for complete conversion.

The methylation status of the MIR142 gene was
determined by methylation-specific polymerase
chain reaction (PCR) using a TherCyc DNA amplifier
(DNA-Technology, Russia) in two test tubes: one
with primers for the methylated allele and one with
primers for the unmethylated allele [16]. Electropho-
retic analysis of the PCR results was performed in a
5% polyacrylamide gel, onto which 8 pl of each sam-
ple were applied; a 100 bp molecular weight marker
was used. After electrophoresis, the gel was incu-
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Methylation Kit (Zymo Research, CIIIA), coriacHo
IIPOTOKOJTy TIPOUBBOJIUTENSA. B KauecTBe OTpULIATE b
HOTO U TIOJIO’KUTEIBHOTO KOHTPOJISI M KOHTPOJIA TOJI-
HOTbI KOHBEPCUU NPUMEHSUTH HAOOpP KOHTPOJIBHBIX
JOHK Human Methylated and Unmethylated DNA
Control Kit (Zymo Research, CIIIA).

OmnpezieneHne cratyca METWINPOBAHUSA TeHA
MIR142 npOBOJINJIA METOJIOM METHJICITENTUDUIHOU
noauMepasHol 1enHou peaknuu (ITIP) ma JTHK-
ammudukarope «Tepuumk» (JHK-Texmonorus,
Poccust) B ByX mpobupKax: ¢ mpaiMepamu, KOM-
IJIEMEHTAPHBIMU K METWIMPOBAaHHOMY U HEMETH-
JIMPOBAaHHOMY ayuienio [16]. Dnexrpodoperuue-
CKUM aHanu3 pesysabratoB 1P BeIMOMHAIN B 5%
MIOJIMAaKPUJIIAMUHHOM TeJjie, Ha KOTOPhI HAHOCUJIH
0 8 MKJI Ka)KJI0TO 00pasIia, UCIIOIb30BAJICA Map-
Kep MOJIEKYJIAPHOU Macchl 100 I.H. Ilocite ayek-
Tpodopesa Tesib BhIZIEpKUBAIN B Oydepe, comep-
JKaIleM WHTEPKUTHPYIONUH KPacuTelab — OpoMu/L
STUZUA B KOHIEHTpanuu 0,5 MKr/miu. Jlasiee
BBIMOJIHAIACh NU(PPOBAsT ChEeMKa CBEKEOKpaIleH-
HOTO TeJIsl.

MeTo/1I0M OLIEHKH COOTHOIIEHHs B OUOMaTepu-
ajle METWJIMPOBAHHOTO M HEMETUJIUPOBAHHOTO
aJIesIs CIyKUJIa aHATUTHYeCKas NudpoBas JeHCU-
TOMETpHUS TeJied ¢ IMTOMOIBI0 IMPOrpaMMHOTO obe-
cneuenus ImageJ (puc. 1) [17]. CyTs MeTOZA 3aKITIO-
YaeTcs B PeaTU3allUU aJTOPUTMA JJIs YCTPaHEHUS
[IEPEHACHIIIIEHHOCTH TTUKCesIeH, BBIYuTaHusA (poHa u
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bated in a buffer containing an intercalating dye,
ethidium bromide, at a concentration of 0,5 pg/ml.
Digital imaging of the freshly stained gel was then
performed.

The method for assessing the ratio of methylated
and unmethylated alleles in the samples was analyti-
cal digital densitometry of gels using ImageJ soft-
ware (Fig. 1) [17]. The essence of the method lies in
the implementation of an algorithm for eliminating
pixel overabundance, background subtraction, and
subsequent semi-automated quantitative determi-
nation of nucleic acids in the gel. Since the amount of
bound ethidium bromide is proportional to the
amount and length of DNA, the nucleic acid content
in a certain area of the gel is proportional to the pixel
intensity in the corresponding area of the image [18].
Unlike other methods, such as spectrophotometry
and colorimetric analysis, digital densitometry of
gels allows for both qualitative and quantitative
assessment of the DNA isolated [19].

Analysis of copy number alterations in the
MIR142 gene. To check for changes in the copy
number of the chromosome region, the location of
the MIR142 gene, the results of profiling tumor sam-
ples from lymphoma patients, presented in the cBio-
Portal for Cancer Genomics database, using Affyme-
trix SNP 6.0 microarrays, were analyzed.

The copy number of the MIR142 gene region
(chr17:56,408,593-56,408,679 in the GRCh37/hg19

.MUM MUM MUM MUM
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o leadiyy 18,34
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Puc. 1. Pe3ynprarhl MeTHIICTIEITNGbUYUECKOH TOTMMepa3Hoi enmHol peakiiuu (IT1P) /7151 onpeiesieHust CTaTyca MeTHUITH-
poBanws rena MIR142 (BBepxXy) U nudpOBOH IEHCUTOMETPUU T'eJis ¢ pe3ybTataMu Metuicnenuduaeckoi TP rena
MIR142 (Bauzy) (M — IIIIP c npaiimepamu, crieliupUIHBIMU K METHJIUPOBAHHOMY aJLJIETIO;

UM - IILIP c npaiimepamu, crienuUIHbIMUA K HEMETUINPOBAHHOMY aJIJIENIO; 1—Q — KOHTPOJIbHBIE 00Pa3IIbl;

MW — Mapkep MOJIEKYJISIDHOH Macchl 100 II.H.)

Fig. 1. Results of methylation-specific polymerase chain reaction (PCR) for determining the MIR142 methylation status
(at the top) and digital densitometry of the gel with the results of MIR142methylation-specific PCR (at the bottom)

(M — PCR with primers for the methylated allele; UM — PCR with primers for the unmethylated allele;

1—9 — control samples; MW — marker of molecular weight of 100 base pairs)
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MOC/IEAYIONIET0  ITOJIyaBTOMATHUYeCKOro  KoJInde-
CTBEHHOTO OIIpeZieIeHUsI HYKJIEMHOBBIX KHCJIOT B
resie. [TOCKOJIBKY KOJIMUECTBO CBS3aHHOTO OpPOMHU-
CTOTO 3THUAMS MPOIOPIUOHAIBLHO KOJIMUECTBY U
munHe JTHK, comepskaHue HyKJIEMHOBOU KHCJIOTHI B
OTIpeJIeJIEHHOM 00JIaCTH TeJisi COOTBETCTBYET MHTEH-
CUBHOCTH TIHKCEJIS B COOTBETCTBYIOUIEH 00JIaCTH
n3o0pakeHus [18]. B omyimyue oT Ipyrux MeTOOB,
TaKUX KaK CIIEKTPO(GOTOMETPUS U KOJIOPUMETPUYE-
ckuil aHanu3, 1udpoBas AEHCUTOMETPUA Tejieil
[I03BOJISAET TOJIYYUTh KaK KayeCTBEHHYIO, TaK U
KOJINUECTBEHHYIO onleHKy npenapata JJHK [19].

AHa/IM3 HapyHIeHUs KONUWHOCTH TeHa
MIR142. ]Iyt TPOBEPKU U3MEHEHUs KOMUWHOCTU
yJ9acTKa XpOMOCOMBI — MECTa PACIOJIOKEHHUA T'eHa
MIR142 — mnpoaHAJIU3UPOBAHBI COJiep:Kaliuecs B
6asze pauHbix cBioPortal for Cancer Genomics
pe3yabTaThl TPOPUIUPOBAHUSI C€ IPUMEHEHHEM
MukpounnoB Affymetrix SNP 6.0 omyxoseBoro
MaTepuaiia 00JIbHBIX JuMpoMamMu. OleHKa KOIHH-
HOCTU PperuoHa pacrnoJiokeHus reHa MIRi42
(chr17:56,408,593-56,408,679 B cbopke GRCh37/
hg19) BeimosiHeHa B 364 o6pasiax CHCTEMHON
JBKKJI u 43 obpasuax IJIITHC [20].

Ananns myranuu p.L265P B rene MYDS8S.
B moarpynme IIJIITHC npoBoawsicss CKPUHUHT
pekyppeHTHOM Myramuu p.L265P B rene MYDS8S8
metogom IILP-TI/IP® (IIIIP u aHaIU3 MOJIUMOP-
pusMa UIMH PECTPUKIIMOHHBIX (ParMeHTOB) C
HCIIOJIb30BAHUEM DHAOHYKIeas3sl pecTpukiuu Hinfl
¢ TOCJIEYIOMUM IOATBEPKIeHHEM METOJOM IIps-
MOTro cekBeHupoBaHus 1o CeHrepy (puc. 2).

CraTucrtuueckasi 00padoTka. AHAINU3 code-
TAHHOCTH HM3yYaeMbIX MOJIEKYJIIPHO-T€HETHIECKUX
HapylIIeHUH TPOBOAWICA IIyTeM BbIUmciIeHHUsA Log2
cootHoteHus mancoB (Log2 Odds Ratio) u Tounoro
kputepus @urepa (p-value). [TompaBka Ha MHOXKe-

N

assembly) was assessed in 364 systemic DLBCL and
43 PCNSL samples [20].

Analysis of the p.L265P mutation in the
MYDBS8S8 gene. In the PCNS group, screening for the
recurrent mutation p.L265P in the MYD88 gene was
performed by PCR-RFLP (PCR and restriction frag-
ment length polymorphism analysis) using the
restriction endonuclease Hinfl, followed by confir-
mation by direct Sanger sequencing (Fig. 2).

Statistical processing. The co-occurrence of
the studied molecular and genetic abnormalities was
analyzed using the Log2 Odds Ratio and Fisher’s
exact test (p-value). False Discovery Rate (FDR) con-
trol was performed using the Benjamini-Hochberg
procedure (g-value). Using the OncoPrinter online
service, a picture of the combined detection and
mutual exclusion of mutations and methylation of
the analyzed microRNA gene was obtained.

The distribution of variables was assessed using
the Kolmogorov-Smirnov test. The median, 25%, and
75™ percentiles (Q25; Q75) were used. Calculations
were performed using the Mann-Whitney test. ROC
analysis, based on the area under the curve, assessed
the quality of the proposed classification models; for
each model, a search was performed for threshold
values with comparable sensitivity and specificity
values. The Spearman rank correlation coefficient
was calculated. Differences were considered signifi-
cant at p < 0,05. SPSS version 16.0 (SPSS Inc., USA)
was used for statistical analysis.

RESULTS

Mutations in the MIR142 gene in the tumor
tissue of systemic DLBCL and PCNSL patients.
The mutation status of MIR142 was successfully ana-
lyzed in tumor tissue samples from 125 patients with
systemic DLBCL and 35 patients with PCNSL (Fig. 3).

Puc. 2. XpomaTorpaMMa CUKBEHCa ¢ IPSIMOTO paiiMepa obpasia ¢ myranueii p.L265P B rene MYD88
Fig. 2. The chromatogram of the sequence from the forward primer of the sample with the p.L265P mutation
in the MYD88 gene
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cTtBeHHOCTh cpaBHeHmii (False Discovery Rate —
FDR) mpoBojmiach ¢ MOMOIIBIO IpONEAyphl beH-
okamuHu — Xoxb6epra (g-value). C momorrbio
onsafiH-cepBuca OncoPrinter monyuena kapTunHa
COBMECTHOTO BBIAIBJIEHUS I B3AUMHOTO HUCKIIOUEHUS
MyTaIllui ¥ METWJINPOBAHUSA aHAJIU3UPYEMOTO TeHa
mukpoPHK.

HopmanpHOCTh pacupesiesieHHsl I1apaMeTPOB
MpoOBepsid C MOMOIIbID Tecta Kosmoropoa —
CMmupHoBa. Vcmnosip30Basiuch 3HaUEHUA MeJIMAHBI,
25-ro U 75-r0 npornentwied (Q25; Q75). Pacuersr
MPOBOAWJINCh C NpPUMeHeHHeM Tecta MaHHa -—
YutHu. B xone ROC-anannsa 1o mwiomaiu noj Kpu-
BOH OIIEHUBAJIOCH KAUECTBO IPeJIaraeMbIX KJIACCU-
(pUKaIMOHHBIX MOJIEJIeH, JIUT KaXKJ0H MOEIN IIpo-
BeJleH MOKCK IIOPOTOBBIX 3HAUYEHUN CO CPABHUMBIMU
3HAYEHUSIMHU YyBCTBUTEIBHOCTU U CIIENUDUIHOCTH.
PaccuursiBasica k03hGUITIEHT PAHTOBON KOppeis-
nuu CnupMeHa. Paznuyusa cuutaauch 3HAUUMBIMU
npu p < 0,05. JJI CTaTUCTAYECKOTO aHAaJIM3a
HCI0JIb30BAJIOCH ITpOorpaMMHoe obecrieueHue SPSS
Bepcuu 16.0 (SPSS Inc., CIIIA).

PE3YJ/IBTATDI

Myrtanuu B reHe MIR142 B OIyXoJieBOI
TtkaHu cucremHou /IBKKJI u IIJIITHC. Myrta-
IHMOHHBIN cTtaTyc MIR142 yCHENTHO TPOaHATU3UPO-
BaH B 00pasIax OMyXx0JeBOU TKaHU 125 MMAIUEHTOB ¢
cuctemuou JIBKKJI u 35 6oasubix [TJIITHC (puc. 3).
YacroTta Myranuii cocraBmia 21/125 (16,8 %) mpo-
tuB 13/35 (37,1 %) Ipu p = 0,010 COOTBETCTBEHHO.
B cayuasx ¢ myranusamu B 28,6 % ob6pasnos JIBKKJI
u 30,8 % — IIJILHTHC BBIABIIEHBI MHOKECTBEHHBIE
MyTaIlU¥ B aHAJIU3UPYEMOM TeHE.

[Ipu cucremuot JIBKKJI BbIsiBJIEHHBIE MyTalliu
ObLTM paccessHbl 10 IOCJEJOBATEIPHOCTA TeHa
MIR142, torga xak npu IIJIITHC — oGoraieHbl B
obJtacTv, KOAUPYIOIIEH 3pesyro menb miR-142-5p, u
B OCHOBaHUU mNuiabku MUKpoPHK-npeamiectseH-
HuKa (puc. 4). I3MeHeHUA B « KJIFOUEBBIX» 00JIaCTAX
3penbix MUKpoPHK B 06enx moarpynmnax 66111 ofu-
HAKOBO penku: 11,5 % mpu cucrtemuou JIBKKJI u
5,6 % nipu IJIITHC. Ilpu aTom B 5/21 (23,8 %) ciy-
vaeB cucremuoi JIBKKJI u 3/13 (23,1 %) ciyuaes
IIJIITHC BBIABIEHBI MyTalluy B IEDBUYHOM TPAHC-
kpunte MukpoPHK 3a mnpenmenamu mukpoPHK-
IpeAIeCTBEHHUKA.

IMpenckazannas Hamu ¢ nomorsio UNAFold
Web Server (https://www.unafold.org/) Hop™masib-
Hasl CTPYKTypa INMIJIBKH pri-miR-142 copepskana
KJIIOUEBbIE BJIEMEHTHI, HEOOXOAWUMBbIE JJIsi 0o0pa-
6otku koMmiuiekcom Drosha-DGCRS8 (puc. 5). Kak
BUIHO M3 TabJI. 1, B IOJABJIAIONIEM OOJIBIITMHCTBE
cirygaeB myTtanuu B MIR142, BbIIBJICHHBIE B OILyXO-

The mutation frequency was 21/125 (16,8%) versus
13/35 (37,1%) at p = 0,010, respectively. Multiple
mutations in the analyzed gene were detected in
28,6% of DLBCL and 30,8% of PCNSL samples with
mutations.

In systemic DLBCL, the mutations were scattered
throughout the MIR142 gene sequence, whereas in
PCNSL, they were accumulated in the region encod-
ing the mature miR-142-5p chain and at the base of
the microRNA precursor hairpin (Fig. 4). Changes in
the “key” regions of mature microRNAs were equally
rare in both groups: 11,5% in systemic DLBCL and
5,6% in PCNSL. Moreover, in 5/21 (23,8%) cases of
systemic DLBCL and 3/13 (23,1%) cases of PCNSL,
mutations were detected in the primary microRNA
transcript outside the microRNA precursor.

The normal structure of pri-miR-142 hairpin pre-
dicted using the UNAFold Web Server (https://www.
unafold.org/) contained key elements required for
processing by the Drosha-DGCR8 complex (Fig. 5).
As can be seen from Table 1, in the overwhelming
majority of cases, mutations in MIR142 identified in
systemic DLBCL and PCNSL tumor tissue led to
changes in stem length, the appearance of additional
unstructured elements (such as nucleotide mis-
matches and bubbles on the stem), as well as to dis-
ruption of key functional motifs required for miRNA
processing: in 13/13 versus 5/21 cases (p = 0,057),
respectively.

Association of MIRi142 gene mutations
with clinical features of lymphoma. In PCNSL,
the group with mutations in the analyzed gene was
characterized by a significantly higher level of ki-67
expression by tumor cells (p = 0,021) and a tendency
toward higher erythrocyte sedimentation rate (ESR)
values (p = 0,077). Multiple foci of CNS lesions were
observed 1,6 times more often in cases of mutations
in MIR142, although the differences with the group
without mutations did not reach the significance
level (p = 0,332), which may be due to the small
number of the sample (Table 2).

Data were obtained on the earlier onset of sys-
temic DLBCL in patients with mutations in MIR142
(p = 0,025), as well as a higher frequency of non-
lymphatic organ tumor involvement (p = 0,046) in
this subgroup. Differences in the level of ki-67
expression between the groups with and without
MIR142 mutations did not reach significance
(p = 0,114) (Table 2).

Associated analysis of mutations in the
MIR142 gene and p.L265P in the MYD88 gene
in PCNSL. The detection rate of p.L265P in the
MYDS88 gene in PCNSL was 18/35 (51,4%). The data
obtained indicate the independence of mutations in
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Puc. 3. XpomaTorpaMmbl CHKBEHCOB ¢ 0OpaTHOTO ITpaiiMepa o6pasmos ¢ Myraiuei B rene MIR142
Fig. 3. Chromatograms of sequences from the reverse primer of samples with the mutation in the MIR142 gene
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Puc. 4. PacripesiesieHrie MyTaIiuii 1Mo mMocjeZioBaTeIbHOCTH Ipe/iiecTBeHHnKa MUKpoPHK miR-142
B HCCJIEZIOBAHHBIX 0Opasnax 1uddy3HoN B-KI€TOUHOH KPYITHOKIETOUHOH JTUMMOMBI ¥ TEPBUIHOHN JTUM(POMBI
[IEHTPaJIbHON HEPBHOM CUCTEMBI (KPY?>KKaMU KPaCcHOTO I[BeTa 0003HAYEHO PACIIOJIOKEHNE MyTAIIUN B UCCIIE/IOBAHHBIX
obpasiiax mareHToB ¢ IepBUYHOM JTUMGOMO IIeHTPaIbHOH HEPBHOM CUCTEMBI, KPY>KKaMU CHHETO I[BETa —
60IbHBIX cHCTeMHOH Aubdy3HOH B-KIeTOYHON KPYITHOKJIETOUHOH INMGPOMOH; Iudpa B KPY»KKaX YKa3bIBAeT
Ha YHUCJIO CIyYaeB ¢ MyTALIASMH)

Fig. 4. The distribution of mutations throughout the miR-142 precursor sequence in the studied samples of diffuse large
B-cell lymphoma and primary central nervous system lymphoma (red circles indicate the location of mutations in the
studied samples of patients with primary lymphoma of the central nervous system, blue circles indicate patients with

systemic diffuse large B-cell cell lymphoma; the number in the circles is represented the number of cases with mutations)
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Puc. 5. BropuuHas cTpyKTypa IINUIBKY Ipe/irecTBeHHIKa MUKPOPHK ¢ OCHOBHBIMY 3/1€eMeHTaMH,
He0oOXOUMBIMH /IJIsI IEPBUYHOM 06paboTku komiuiekcom Drosha-DGCR8
Fig. 5. The secondary structure of the microRNA precursor hairpin with key elements required for primary processing
by the Drosha-DGCRS8 complex

neBolt Tkanu cucteMuo JIBKKJI u IVIITHC, mpuso-
WA K U3MEHEHUIO JJIMHBI CTe0JIfA, IIOSBJIEHUIO
JIOTIOJTHUTEJIbHBIX HECTPYKTYPHUPOBAHHBIX 3JIEMEH-
TOB (TaKMX KaK HECOBIAJIEHUsA HYKJIECOTHAOB U
«Iy3bIpH» Ha cTebJIe), a TaKKe HapYIIIeHUI0 OCHOB-
HBIX QYHKIUOHATHHBIX MOTHBOB, HEOOXOTUMBIX JIJIsI

the MIR142 gene and p.L265P in the MYD88 gene in
PCNSL (p = 0.467) (Fig. 6).

Methylation of the MIRi142 gene in the
tumor tissue of patients with lymphomas
and lymph nodes of patients with reactive
polyclonal B-cell proliferation. For method-
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Ta6smua 1. KitoueBble U3MeHeHHsI BO BTOPUYHOM CTPYKTYpe WINUJIBKY NpejliecTBeHHUKAa MUKpoPHK B pesysibraTe
MyTauui B rene MIR142
Table 1. Key changes in the secondary structure of the microRNA precursor hairpin due to the mutations in the MIR142 gene

O6pasern c MyTanuei
Sample with mutation

KiroueBoe CTPYKTypHOe H3MEeHeHHe
Key structural change

JABKKJI (DLBCL)1 n.33U/A W3MeHeHUe B «KJIIOUEeBOM» NOC/Iel0BaTeIbHOCTU mMiR-142-5p
Change in the “key” sequence miR-142-5p
JBKKJI (DLBCL) 2 n.13C/U W3MeHeHMe B «KJII0UEeBON» NOCJIel0BaTebHOCTH miR-142-3p
n.68G/A Change in the “key "sequence miR-142-3p
JBKKJI (DLBCL)3 n.69U/C W3MeHeHUe B «KJIIOUEBOM» NOC/IeL0BaTeIbHOCTU miR-142-3p
Change in the “key "sequence miR-142-3p
JBKKJI (DLBCL)4 n.35G/A JlonosiHUTEIbHOE HECOOTBETCTBUE HYK/JIEOTU/A0B
n.39G/A Additional nucleotide mismatch
n.52C/U
JBKKJI (DLBCL) 5 n.45C/U YkopoyeHHe AJUHBI CTe6JIs 33 CYET U3MEeHEHHUsl PacIoJIoXKeHus, popMbI U pa3Mepa
KOHIIeBOW NeTJ/IM WNUAbKU ¢ yTpaToit GUG MoTHBa
Shortening of stem length due to changes in the location, shape and size of the terminal
loop of the hairpin with GUG motif loss
JBKKJI (DLBCL) 6 n.40C/G JlonosiHUTE/IBHOE HECOOTBETCTBUE Hyk1eoTHAoB / Additional nucleotide mismatch
JBKKJI (DLBCL) 7 n.40C/U JlomosiHUTEIbHOE HECOOTBETCTBUE HYKIeoTUA0B / Additional nucleotide mismatch
JIBKKJI (DLBCL)8 n.83G/U Paspymenue 5’-caiita pacuiensienuss DROSHA / Degradation of the 5° DROSHA cleavage site
JBKKJI (DLBCL)9 n.80A/C JlonosiHUTEe/IbHOE HECOOTBETCTBUE HYKJIeoTUA0B / Additional nucleotide mismatch
JBKKJI (DLBCL) 10 n.95G/A YkopoyeHHe AJUHBI CTe6JI 3a CYET U3MEeHEHHsI PACIoJIOKeHNs 6a3aJIbHOT0 COeIMHEHUS
C U3MEeHeHUueM BTOPUYHOH CTPYyKTyphbl B MoTHBe CNNC
Shortening of stem length due to change in the location of the basal junction with a change
in the secondary structure in CNNC motif
JBKKJI (DLBCL) 11 n.57G/C HeT manubix / No data
JBKKJI (DLBCL) 12 n.53A/G Het nanHbix / No data
JBKKJI (DLBCL) 13 n.93C/G Paspyuenue ctabuabHOM M1aTGOPMbl B OCHOBAHUM LIMUJIBKU
Degradation of the stable platform at the hairpin base
JIBKKJI (DLBCL) 14 n.92A/U YKopoueHHe JJIMHBI CTe6JIs 32 CYET U3MEHEHHS PACIOIOKeHUsA 6a3aJIbHOTO
coefiHeHUs1, yTpaTa MoThBa GHG Ha 3’-KoHl1ie Bblllle 6a3a/JbHOI0 COeJUHEHUS
Shortening of stem length due to change in the location of the basal junction, GHG motif
loss at the 3’ end above the basal junction
JBKKJI (DLBCL) 15 n.93C/U PaspyieHue cTabuIbHOMN MIaTGOPMBI B 6a3aIbHOM OTZeJie CTe6JIs IIUIbKY
Degradation of a stable platform in the basal part of the hairpin stem
JBKKJI (DLBCL) 16 n.85U/C JlonoJIHUTE/IbHOE HECOOTBETCTBUEe Hyk1eoTHZoB / Additional nucleotide mismatch
JBKKJI (DLBCL) 17 n.23A/U Paspymenue 5’-caiita pacuienyienust DROSHA
n.25C/U Degradation of the 5’ DROSHA cleavage site
JIBKKJI (DLBCL) 18 n.5C/U HeT nanubix / No data
JBKKJI (DLBCL) 19 n.100C/U  YBesu4eHUe JJUHBI CTe6JIS 32 CUET U3MEHEHHUS PaCoJIoKeHHUs 6a3a/IbHOT0 COeIMHEeHUS
Increase in stem length due to change in the location of the basal junction
JBKKJI (DLBCL) 20 n.109+4G/A Het ganubix / No data
JBKKJI (DLBCL) 21 n.8A/C Het nanHbix / No data
n.1-18C/U
[IJIOHC (PCNSL) 1 n.13C/U M3MeHeHNe B «KJII0YEBOW» NOCIeA0BaTeNbHOCTH MiR-142-5p
n.29A/G Change in the “key” sequence of miR-142-5p
n.36A/G
[IJIOHC (PCNSL) 2 n.20G/C YTpaTta motuBa GHG Ha 3’-KkoH1le Bblllle 6a3a/IbHOTO COeIMHEHUS
n.35G/A GHG motif loss at the 3’ end above the basal junction
[IJIOHC (PCNSL) 3 n.95G/A YkopoueHUe cTebJIs 3a CYET U3MEeHEeHHsI PACIoJIOXKeHUs 6a3aIbHOTO COeIMHEHHUS
n.97G/A Shortening of the stem due to a change in the location of the basal junction
[IJILHC (PCNSL) 4 n.95G/U YkopodeHue cTebJIs WIMUIbKH, U3MEHEeHHe MecTa 6a3a/IbHOTO COeJUHEHUSI U BTOPUYHOU
n.113C/G  CTPYKTYypbl B o6s1act MoTHBa CNNC

Shortening of the hairpin stem, change in the basal junction site and secondary structure
in the CNNC motif region
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OkoHyaHue Tab6s1. 1 / End of Table 1

0O6pas3sern c MyTanuei

Sample with mutation Key structural change

KiIroueBoe CTpyKTypHOE H3MEHEHHE

TJILHC (PCNSL) 5 n.40C/U

AOHOJIHI/ITEJII)HOQ HECOOTBETCTBUE HYKJIECOTH OB

Additional nucleotide mismatch

TJILHC (PCNSL) 6  n.20G/C

Ytpara motrBa GHG Ha 3'-KoHIe Bblllle 6a3a/1bHOT0 COe/JUHEHHs]

GHG motif loss at the 3’ end above the basal junction

TJILHC (PCNSL) 7 n.100C/U

y,ELJ'II/IHeHI/Ie crebus HIMNHUJIBbKH, YKOPpOYEeHHEe OJHOLeIOYEeYHbIX CETMEHTOB HUXeE

6a3asIbHOTO coeJUHeHUs ¢ yTpaToi MoTuBa CNNC
Elongation of the hairpin stem, shortening of single-stranded segments below the basal

junction with CNNC motif loss

TJILHC (PCNSL) 8  n.93C/G

PaspyiieHnue cTabupHOM N1aTGOPMbI B OCHOBAaHHUH IIITHJIBKU

Degradation of the stable platform at the hairpin base

[IVIOHC (PCNSL) 9 n.93C/G

PaspyieHue cTabuIbHOMN MIaTGOPMBI B OCHOBAHUH LIITUIBKH

Degradation of the stable platform at the hairpin base

[JILHC (PCNSL) 10 n.89U/A
6a3aJIbHOTO COeJJMHEHUS

M3MeHeHMe BTOPUYHOM CTPYKTYpHI B 061acTH MoTuBa GHG Ha 3’-KOH1Lie BhILIe

Change in the secondary structure in the GHG motif region at the 3’ end above the basal

junction

[JIHC (PCNSL) 11 n.89U/A
6a3aJIbHOTO COeJJMHEHUS

W3meHeHNe BTOpUYHOH CTPYKTYpHI B 06s1actu MoTuBa GHG Ha 3’-KoHIe Bbllre

Change in the secondary structure in the GHG motif region at the 3’ end above the basal

junction

TJILHC (PCNSL) 12 n.95G/U

YkopoyeHue cTebisA 32 c4eT U3MeHEHHS PaCoJIOKeH s 6a3aJbHOT0 COeAMHEHHS U

BTOPUYHOU CTPYKTYpbl B 061acTu MoTHBa CNNC
Shortening of the stem due to changes in the location of the basal junction and secondary
structure in the CNNC motif region

TJILHC (PCNSL) 13 n.101U/G

YKopo‘{el-me OJIHOLIEIIOYEeYHbIX CETMEHTOB HUXKe 6as3aJibHOTO CoOeJUHEHUA U UBMEHEHHE

BTOPUYHOH CTPYKTYphl B 06s1acTu MoTHuBa CNNC
Shortening of single-stranded segments below the basal junction and a change in the
secondary structure in the CNNC motif region

[IpumMevyaHnue.
HepBHOH CUCTEMBL.
Abbreviations:

nporeccuara MukpoPHK: B 13/13 mporus 5/21 ciy-
gaeB (p = 0,057) COOTBETCTBEHHO.

Accornuarnusa myramuii reda MIR142 ¢ oco-
O0EHHOCTAMY KJIUHUYECKOTO TEYEHUA JIUM-
¢owmsbi. [Ipu IUVIIMHC noarpynmna ¢ MyTanusamMu B
aHAJU3UPYEMOM TeHe XapaKTepHU30Balach JOCTO-
BepHO 60Jiee BBICOKUM YPOBHEM SKCIIPECCHH OITyXO0-
JieBbIMU KyieTKamu Ki-67 (p = 0,021) 1 TeHAEHITUEeH K
0oJiee BBICOKMM IIOKAa3aTesIM CKOPOCTU OCETaHUs
sputponutoB (CO3) (p = 0,077). MHOXKeCTBEHHBIE
ouaru mnopaxkenus IIHC ormeuanuce B 1,6 pasa
yaile B CIy4yae BBIABJIEHHUS MyTaHTHOTO CTaTyca
MIR142,X0Ts1 pa3Iu4us C IOATPYIIION 6e3 MyTarui
HE JIOCTUTAJI yPOBHSA 3HAYUMOCTH (p = 0,332), 4TO
MOXKET OBITh CBSI3aHO C MaJIBIM YHCJIOM HabJIIofe-
Hu# (Tabr. 2).

[TonyueHnsl saHHBIE O Oojiee paHHEM Je0IOTe
cuctemuoi [IBKKJI y manimeHTOB ¢ MyTaHTHBIM CTa-
tycom MIR142 (p = 0,025), a Takke OOJIbIIEH
YacToTe BOBJIEUEHUS B OITyX0JIEBBIH ITPOIIeCC HEJTUM-
daTmyeckux opraHoB (p = 0,046) B JaHHOHU IOJ-

JBKKJI - nuddysnasn B-knertounas kpynHoksaeToyHas suMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.

ological reasons, the analysis of MIR142 gene meth-
ylation was only performed in 101 DLBCL,
30 PCNSL, and 11 reactive lymph node samples
(Table 3). The Kolmogorov-Smirnov test revealed
an irregular distribution of the MIR142 methylated
allele level in samples. Therefore, the median, 25™,
and 75" percentile (Me (25; 75)) values were used
for calculations.

When analyzing the representation of the methyl-
ated allele of the MIR142 gene in DNA samples iso-
lated from lymph nodes, it was found that the tumor
tissue samples from patients with reactive polyclonal
B-cell proliferation exhibited greater homogeneity
compared to the samples from patients with systemic
DLBCL (Fig. 7).

The median values of the proportion of the meth-
ylated allele in systemic DLBCL and PCNSL were
statistically significantly lower than in reactive lymph
nodes: Me = 3,75% (0,0; 39,37) and Me = 16,11%
(0,0; 27,60) versus Me = 47,01% (22,68; 59,37) at
p = 0,002 and p = 0,001, respectively (Table 1).
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Ta6una 2. Acconuanus MyTtanuii B rene MIR142 c oco6eHHOCTSIMU KJnHU4Yeckoro TedeHust [IBKKJT u TTIJIHC

Table 2. The association of mutations in the MIR142 gene with

clinical features of DLBCL and PCNSL

CucremHas JBKKJI (Systemic DLBCL)

TJIIIHC (PCNSL)

C MyTaLiisiMU B reHe 6e3 MyTalMi B reHe
MIR142 MIR142
with MIR142 mutations without MIR142 mutations

C MyTalLiisiMU B reHe
MIR142
with MIR142 mutations

6e3 MyTaUMi B reHe
MIR142
without MIR142 mutations

Bospacr, sieT / Age

, years, Me (25; 75)

45,0 (28,0; 58,5) | 58,5 (46,0; 71,0)

61,5 (49,5; 68,0) | 65,0 (55,0; 70,0)

p=0,025

p=0,674

YactoTa BoBJieueHUsI HeTUMATUYECKHUX OPraHoB, adc. (%)
Frequency of non-lymphatic organ involvement, abs. (%)

MHoKecTBeHHbIe oYaru nopaxeHus, adc. (%)
Multiple lesions, abs. (%)

14/14 (100,0) | 29/38 (76,3)

5/11 (45,5) | 5/18 (27,8)

p=0,046

p=0,332

Jkcnpeccus ki-67 / Expression of ki-67, Me (25; 75), %

76,0 (50,0; 78,5) | 66,50 (66,0; 81,3)

90,0 (70,5; 90,0) | 55,0 (50,0; 70,0)

p=0,114

p=0,021

C03 / ESR, %, Me (25; 75)

26,0 (18,0; 36,5) 23,1 (17,3; 32,4)

20,0 (18,5; 30,2) 11,5 (6,1; 18,5)

p=0,972

p=0,077

[Ipumeuanue. [ABKKJ/I - guddysHas B-kieTounas KpymHo
HepBHOU cucteMbl; COJ - CKOPOCTb OCEJaHUS SPUTPOLIUTOB.
Abbreviations:
sedimentation rate.

rpymme. Pasnuuus B ypoBHe skcmpeccuu Kki-67
MEK/Ty TOATPYIIIaMHU ¢ ¥ 6€3 MyTalui B aHATU3UPY-
€MOM TeHe He JIOCTUTAJIM 3HAaYuMOCTH (p = 0,114)
(Tabs. 2).

CoueTaHHBIA aHAJIN3 MyTalluidi B TIeHe
MIR142 n p.L265P B reme MYDS88 npmu
IIVITTHC. Yacrora BbeisiBienus p.L265P B rene
MYDS88 npu IUIITHC cocraBuna 18/35 (51,4 %).
ITosy4ueHHBIE TaHHBIE CBUIETEIHCTBYIOT O HE3aBU-
cuMocTd Myranui B reHe MIR142 u p.L265P rena
MYDS88 npu IUIITHC (p = 0,467) (puc. 6).

Merniauposanue reHa MIR142 B omyxoJie-
BOU TKaHHU MAIUEHTOB ¢ JUM(OMaMHU U JIUM-
¢doysaax GOJBHBIX C PEAKTHBHON MOJIUKJIO-
HaJIbHOU B-Kj1eTouHOI nmposudepanueii. AHa-

ksaeToyHas uMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJIbHON

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma; ESR - erythrocyte

Moreover, in the tumor tissue of patients with sys-
temic DLBCL and PCNSL, complete MIR142 demeth-
ylation was observed in 44/101 (43,6%) and 9/30
(30,0%) cases, respectively (Fig. 8), which was not
revealed in the group of control samples (p = 0,007
and p = 0,040, respectively).

ROC analysis was used to determine the cutoff
value for the proportion of the methylated alleles in
lymph node samples. This cutoff value was selected
based on the requirement for maximum overall sen-
sitivity and specificity of the model. It was found that
a methylated allele proportion of less than 10,97%
allows for the differentiation of DLBCL patient sam-
ples from reactive ones with a sensitivity of 90,9%
and a specificity of 49,4% (p = 0,002). The area

I3 MeTUIUpoBanus reHa MIR142 110 METOAUYECKUM

R
el T
AR 6RO

cucrewsas IITTTIRRRRRRRRRRRARRRNN
Syaomic MIRRRRRNNNNNINNNNNNNREE

Systemic
DLBCL

I
I
I
I
I

H Myrauuu MIR142
MIR 142 mutations

under the ROC curve was 0,780, 95% confidence

I
LR TEEREREEE G

§ Myrauus p.L265P MYDSS
p-L265P MYD&88 mutation

LR

be3 n3amenenmi
No alterations

[

I
ﬁ Mertunuposanue MIR142 H
MIR 142 methylation

Puc. 6. CoueTaHHBIN aHAIN3 U3y9IaeMbIX abepparuil mpu cucreMHoU 1uddy3HONU B-KJI€TOYHON KPYITHOKJIETOTHOH JINM-
dome (IBKKJI) u nepBuuHOi inMpome nieHTpanbHoi HepBHOU cucteMbl (ITJIITHC) B ka:k/10M 13 N3y4eHHBIX 00pa3IioB
Fig. 6. The associated analysis of the studied aberrations in systemic diffuse large B-cell lymphoma (DLBCL)
and primary central nervous system lymphoma (PCNSL) in each of the samples
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Ta6mmua 3. [los11 MeTHIMPOBaHHOTO aiens rena MIR142 (%) B 1nM¢oysJiax NalMeHTOB C peaKTUBHOW JIMMaZieHolaTHel
Y B OIIyX0JIEBOM TKaHU NauueHToB ¢ cucteMHoi JABKKJI u IIJILLHC

Table 3. The proportion of the MIR142 methylated allele (%) in the lymph nodes of patients with reactive lymphadenopathy
and in the tumor tissue of patients with systemic DLBCL and PCNSL

Iloka3zaTesb
Parameter

YpoBeHb 3HAYMMOCTH pa3JIndni

PeakTrBHBIe 1MMoOy3Jbl / Reactive lymph nodes (n=11)
CucremHas [IBKKJI / Systemic DLBCL (n = 101)
TJIL[HC / PCNSL (n = 30)

16,11 (0,0; 27,60)

Me (25;75) Significance level
47,01 (22,68;59,37)  p,,=0,002
3,75 (0,0; 39,37) p,,=0,001

Pys= 0,959

[IpumMevyaHnue.
HEPBHOH CHCTEMBI.
Abbreviations:

MpUYMHAM YAAJ0Ch BBIIOJHUTH B 101 obpasile
JIBKKJI, 30 — IIVIITHC u 11 oOpasnax peakTHBHBIX
sumboysiioB (tabs. 3). Tect Kommoroposa — Cvmup-
HOBa CBHUJIETEJILCTBOBAJI O HEMPABUJIBHOCTH pacIpe-
JleJIEHUs] YPOBHS METHJIMPOBAHHOTO aJUlesis TeHa
MIR142 B 6uomatepuase. [To 5To# IpuunHe /71 pac-
YETOB HCII0JIb30BAINCh 3HAUEHUS MeUAHbI, 25-T0 U
75-ro iponieHTHNEN (Me (25; 75)).

[Ipu aHanm3e NpeACTaBIEHHOCTA METHIUPOBAH-
Horo asiens reHa MIR142 B obpasnax JIHK, Bbige-
JIEHHOU W3 JINM(ATUUYECKUX Y3JIOB, YCTAHOBJIEHO,
yTo B OMoOMaTepuasie MAlMEHTOB C PeaKTUBHOH
MMOJINKJIOHAJILHOW  B-KileTouHOU mposiudepamnueit
MMeJia MeCTO OOJIbIasi OJTHOPOJTHOCTh, YeM B OHO-
MaTepHuaJie OIyX0JIeBOU TKaHHU OOJIBHBIX CHCTEMHOM
JBKKJI (puc. 7).

MenuaHHble 3HAUEHUs JIOJIA METHJIUPOBAHHOTO
aytensa npu cucremuoit JIBKKJT u ITJILHC 6wt
CTATUCTUYECKU 3HAUYMMO HHUKE, YeEM B PEAKTHBHBIX
aumdoysnax: Me = 3,75 % (0,0; 39,37) u Me =
= 16,11 % (0,0; 27,60) npotus Me = 47,01 % (22,68;
59,37) IpA p = 0,002 U p = 0,001 COOTBETCTBEHHO
(cm. Tab:. 1). [Tpu 5TOM B OIyX0JIEBOU TKAaHU OOJIH-
HbIx cucremuoi JIBKKJI u IVIIIHC B 44/101 (43,6%)
u 9/30 (30,0%) ciydaeB COOTBETCTBEHHO WMEJIO
MECTO TOJTHOE JIEMETHINPOBAHUE aHATU3UPYEMOTO
reda (puc. 8), YTO He BCTPEUAIIOCh B TPYIIIE KOH-
TPOJIbHBIX 00pasIoB (p = 0,007 U p = 0,040 COOT-
BETCTBEHHO).

Merogom ROC-aHanmza oIpeJieJIeHO 3HaYeHue
TOpora OTCEUEHUsI JIOJIM METHJIMPOBAHHOTO aJUiesisi B
6uomareprasie TUM(ATHIECKUX Y37I0B, KOTOPOE BBIOW-
pajioch UCXofisi U3 TpPeOOBaHUs MAKCHMAJIBHOU CyM-
MapHOU YyBCTBUTETLHOCTU U CIIEU(PUIHOCTH MOZIEITH.
YeTaHOBIEHO, YTO 3HAYEHHE JI0JTU METHJIMPOBAHHOTO
ajuiesiss MeHee 10,97 % TIO3BOJIIET C UYBCTBUTEIHHO-
CTBIO 90,9 % U CIerUUIHOCTBIO 49,4 % OTIMYATh
obpasupl maruentoB ¢ JIBKKJI or peakTHBHBIX
(p = 0,002). Inomans mog ROC-KpuBOIi cocTaBUIa
0,780, 95% NOBEepPUTENIBHBIN HHTEPBAT — 0,670; 0,891,
YTO COOTBETCTBYET MOZIEJTH XOPOIIIEro KauecTsa (pHC. 9).

JIBKKJI - nuddysHas B-kierounas kpynHoksieToyHas suMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.

interval — 0,670; 0.891, which corresponds to a
good-quality model (Fig. 9).

No significant difference was found between the
groups of systemic DLBCL and PCNSL in terms of
the methylated allele proportion (Table 3) or the fre-
quency of detection of complete demethylation of the
gene under study (p = 0,239).

At the same time, a higher level of MIR142
methylation was noted in patients of the older age
group (over 60 years) both with PCNSL (p = 0,042)
and with systemic DLBCL (p = 0,077) (Table 4).

A strong negative correlation was observed
between the levels of MIR142 methylation and serum
lactate dehydrogenase (LDH) in patients with PCNSL
(r=-0,72 at p = 0,045).

The presence of a moderate negative correlation
was shown between the levels of MIR142 methyla-
tion level and blood leukocytes in patients with sys-
temic DLBCL (r = —0,51 at p = 0,021).

Associated analysis of methylation and
mutations in the MIR142 gene. An associated
analysis of mutations and methylation status of
MIR142 was performed in 89 samples of systemic
DLBCL and 30 — PCNSL. Groups with and without
mutations in MIR142 did not differ in the methylated
allele proportion or the frequency of complete
demethylation (Table 5).

It was shown that 49/89 (55,0%) samples of sys-
temic DLBCL and 12/30 (40,0%) samples of PCNSL
had mutations and/or demethylation in the MIR142
gene, and the aberrations analyzed were indepen-
dent events in tumor lymphoid tissue (p = 1,000 and
p = 0,611, respectively) (Fig. 6).

Alteration in the copy number of the MIR142
gene locus in tumor lymphoma tissue. To check
for loss of the copy number in the region
chr17:56,408,593-56,408,679 (GRCh37/hg19 assem-
bly), where the MIR142 gene is located, the results of
the Affymetrix SNP 6.0 microarray analysis of tumor
tissue samples from 364 patients with systemic DLBCL
and 43 patients with PCNSL were assessed.

Journal homepage: http://jsms.ngmu.ru
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Puc. 7. Jloaa METUIHPOBAHHOTO ajiesis rena MIR142 B u3y4eHHBIX o6pasiax
(ABKKJI — nuddysHast B-keTouHasi KPyIHOKJIETOYHAas TUMQoMa)
Fig. 7. The proportion of the MIR142 methylated allele in the studied samples
(DLBCL - diffuse large B-cell lymphoma; CNS — central nervous system)
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Puc. 8. Pesynprarsl MeTriIcIenudryeckol nojuMepastoi nennoi peaxuu (ITLP) 11 onpesiesienus craTyca MeTHIH-
poBanusi reHa MIR142 (BBepXy) U i pOBOI IEHCUTOMETPHUH T'eJis ¢ pe3ysIbTataMu Metuicneluduueckoit I[P rena
MIR142 (Buu3y) (M — IIIP c npalimepamu, criequ(pUIHBIMU K METHINPOBaHHOMY ayutesnio; UM — ITLIP ¢ mpaiimepamu,
cienuUIHBIMU K HEMETUINPOBAaHHOMY aJlIesio; 1-8 — 06pasiisl iuMdoMHON TkaHu; KO — oTpHuIaTeIbHbIM KOHTPOJIb;

MW — Mapkep MOJIEKYJISIPHOH Macchl 100 Hap HYKJIEOTH/IOB)

Fig. 8. Results of methylation-specific polymerase chain reaction (PCR) for determining the MIR142 methylation status

(at the top) and digital densitometry of the gel with the results of MIR142 methylation-specific PCR (at the bottom)
(M — PCR with primers for the methylated allele; UM — PCR with primers for the unmethylated allele;
1-8 — lymphoma tissue samples; Ko — negative control; MW — marker of molecular weight of 100 base pairs)
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AUC = 0,780 + 0,056; p = 0,002
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Puc. 9. PesynpraTsl ROC-aHaIM3a COOTHOIIEHNS YyYBCTBUTETBHOCTH U CIIEIU(PUUHOCTH OIPEIEIEHHUs JT0TH METHIIHPO-
BaHHOTO ajutesisi TeHa MIR142 B tuMpOUHON TKAHU Y TAIIMEHTOB ¢ Auddy3HOH B-KI€TOUHOHN KPYTTHOKIETOUHOM
JMdOMOH 1 60IBHBIX peakTUBHBIMU JMdaneHonatusmu (AUC — mwiorazas mox ROC-KpuBoii)

Fig. 9. Results of the ROC analysis of the sensitivity and specificity ratio for determining the proportion
of the MIR142 methylated allele in the lymphoid tissue in patients with diffuse large B-cell lymphoma
and patients with reactive lymphadenopathies (AUC — area under the ROC curve)

He BbBIABIIEHO [OCTOBEPHON pPa3HUIIBI MEKIY
noarpynmnamu cucreMuoi JIBKKJT u TIJITTHC kax o
JloJie METHJIMPOBAHHOTO ayutesis (TabJl. 3), Tak U 1Mo
YacToTe BBISBJIEHHUS TIOJIHOTO Je€METHUIUPOBAHMUSI
u3ydyaeMoro reta (p = 0,239).

Bmecre ¢ Tem oTMeueH GOIBINNE YPOBEHb METH-
JIMPOBAHUs AHAIIM3UPYEMOTO TeHAa y MalHeHTOB
CTapIei BO3pACcTHOH rpynnsl (crapiie 60 JieT) Kak
npu IIVIITHC (p = 0,042), Tak ¥ IPU CUCTEMHOU
JIBKKJI (p = 0,077) (Tabmn. 4).

In systemic DLBCL, gene deletions were observed
in 18/364 cases (4,9%), while an increase in copy
number — in another 53/364 cases (14,6%). In
PCNSL, the deletion rate was 7/46 (15,2%, p = 0,007),
while an increase in copy number — in 16/46 cases
(34,8%, p < 0,001).

The analysis of the association between the copy
number alterations in the MIR142 gene and the clin-
ical characteristics of systemic DLBCL and PCNSL
was carried out (Table 6).

Ta6smmua 4. Acconpanus MeTUAnpoBaHus reHa MIR142 ¢ oco6eHHOCTAMH KJnHUYeckoro TedeHus JIBKKJI u [IJILTHC
Table 4. The association of MIR142 methylation with clinical features of DLBCL and PCNSL

IVIHHC / PCNSL CucremHas JIBKKJI / Systemic DLBCL
IloxasaTesnb
Parameter ao 60 get nocJje 60 jert a0 60 et nocje 60 jet
<60 years >60 years <60 years >60 years
MeTtunupoBaHue / Methylation, % 10,8 (0; 21) 28,8 (16,5; 39,7) 0,0 (0,0; 35,0) 20,0 (0,0; 38,2)
Me (25;75)
p 0,042 0,077

[IpumeuvyaHnmue.
HEpPBHOM CUCTEMBI.
Abbreviations:

JBKKJI - nuddysHas B-kieTouHas kpynHokjaetoyHas suMdoma; [IJILHC - nepBuyHas suMdomMa LeHTpasbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.
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Ta6suna 5. CTaTyc MeTUJIMpPOBaHUs B 6MoMaTepHrasie nanueHToB ¢ cucteMuoi JIBKKJI v IIJIHC B 3aBUCcHMOCTH

OT MyTauui B rene MIR142

Table 5. The methylation status in tissue samples of patients with systemic DLBCL and PCNSL depending on mutations in the

MIR142 gene

CucremHas JJBKKJI (Systemic DLBCL)

TJIL[HC (PCNSL)

C MyTaLusIMU B reHe 6e3 MyTalii B reHe

C MyTanUsIMU B reHe 6e3 MyTalii B reHe

MIR142 MIR142 MIR142 MIR142
with MIR142 mutations without MIR142 mutations with MIR142 mutations without MIR142 mutations
Jons MeTunupoBaHHoro asiens (Proportion of the methylated allele), %
Me (25; 75)

8,28 (0,0; 47,24) | 3,75 (0,0; 39,36)

16,31 (5,50; 27,20) | 14,61 (0,0; 25,25)

p=0,773

p=0,422

YacroTa noJsiHoro sieMeTuanposaHnus, a6ce. (Frequency of complete demethylation, abs.) (%)

8/14 (57,1) | 38/75 (50,7)

1/10 (10,0) | 8/20 (40,0)

p = 0,657

p =0,091

IpumeuaHnmue.
HEpPBHOM CHUCTEMBI.
Abbreviations

OTMeueHa CHUJIbHASA OTPUIIATEbHAS KOPPEIAI-
OHHAf CBA3b MEX/y YPOBHEM METWIMPOBAHUA I'eHa
MIR142 n ypoBHeM JakTtataeruaporenassl (JIJII) B
chIBOpOTKe KpoBH 6osbHBIX [IJIITHC (rr = —0,72 mpu
D = 0,045).

[TokazaHO HasIMUKMEe YMEPEHHOU OTPHUIATEIHHOMN
KOPPEJISIIMOHHON CBSA3U MEXKAY YPOBHEM METHJIH-
poBanusa reHa MIRi42 W ypoBHEM JIEHKOIIUTOB
KpoBH 00yibHBIX cucteMHOU JIBKKJI ( = —0,51 ipu
p = 0,021).

CoueTaHHBIN aHAJIN3 METIJIMPOBAHUA U
myTamuii B rene MIR142. B 89 o6pasnax cucrem-
voii JIBKKJI u 30 o6pasmax I[IJIITHC mnpomeneH
COYETAaHHBIN aHAIU3 MyTaIlii U CTaTyca METUINPO-
BaHUs uM3ydaemoro resa. [Toarpymmsl 3aboieBaHus
¢ myranusaMu B MIR142 u 6e3 TakOBBIX IO JI0JIe
METHJIMPOBAHHOTO aJjIjiejisi M YacTOTe BBIABJIEHUSA
IIOJTHOTO JIEMETHUJIMPOBAHUS W3ydaeMOro TIeHa He
pasnmuuasnucsk (Tabi. 5).

[TokazaHo, 4T0 49/89 (55,0 %) 06pas310B CUCTEM-
Hou JIBKKJI u 12/30 (40,0 %) obpasmos ITJIITHC
MMeNMU MyTallMd U/WIh JIeMeTWINPOBaHUE TeHa
MIR142, npu 5TOM aHaJIU3UpyeMble abepparuu
SIBJISUTUCh HE3aBUCUMBIMU COOBITHS B OILyXOJIEBOU
sumdou o TKauu (p = 1,000 U p = 0,611 COOTBET-
CTBEHHO) (cM. puc. 6).

N3MeHeHHEe KONMHUITHOCTH JIOKyCa Pacio-
JokeHnsa reHa MIR142 B OIyX0JI€eBOI JIMIM-
dpomHoOI TKaHU. /|11 TPOBEPKU OTEPU KOTTHHHO-
ctu  permoHa chr17:56,408,593-56,408,679 (B
coopke GRCh37/hg19), rme pacmosiokeH TeH
MIR142, pacCMOTpeHBI pe3yJbTaThl aHajIW3a Ha
mukpounnax Affymetrix SNP 6.0 06pasios omyxo-
JIEBOII TKaHU 364 nanueHToB ¢ cucreMHoi JIBKKJI u
43 — ¢ IVIITHC.

JBKKJI - nudodysHas B-kieTouyHass KpynHokjaeTtoyHas juMdoma; [IJILHC - nepBuyHas suMdomMa neHTpasbHOU

: DLBCL - diffuse large B-cell lymphoma; PCNSL - primary central nervous system lymphoma.

In the group with MIR142 deletion, the median
age of diagnosis of PCNSL was 80,0 (71,0; 87,0)
years, compared with 64,0 (56,5; 69,0) and 68,5
(62,3; 75,0) years in the groups with duplication and
without copy number alteration (p = 0,015 and
P = 0,022, respectively). Also, the group of patients
with MIR142 deletion was characterized by the pre-
dominance of the GCB subtype (p = 0,036 and
P = 0,005, respectively) and a clear trend towards
the higher frequency of the overall response to ther-
apy: 100% versus 64,3% (p = 0,071) and 72,2%
(p = 0,119) in the case of duplication and the absence
of copy number alterations in the region of gene loca-
tion, respectively. This was combined with the best
5-year overall survival rates of patients in the group
with deletion (Table 6, Fig. 10), which achieved sig-
nificant differences compared to patients in the
group without copy number alteration in MIR142:
71,4% versus 25% with a median overall survival of
13 months (p = 0,029). The median follow-up was
19 months.

In systemic DLBCL, the group of patients with
deletion of the region on chromosome 17, where
the MIR142 gene is located, was characterized by
the lowest frequency of stage IV disease: 16,7%
versus 52,4% (p = 0,021) and 57,4% (p = 0,094)
with duplication and without copy number altera-
tion, as well as a two-fold lower frequency of liver
tumor involvement (22,2% versus 45,1%,
p = 0,088) compared with patients with duplica-
tion. The overall 5-year survival (with a median
follow-up of 39 months) in patients with systemic
DLBCL tended to a decrease in the group with
duplication of the MIRi142 gene (p = 0,090)
(Table 6, Fig. 11).
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Ta6amna 6. Accounanys HapyleHUst KOMUHHOCTH reHa MIR142 v KIMHUYeCKUX XapakTepucTuk cucreMHon JBKKJI u IIJILHC
Table 6. The association of copy number alterations in the MIR142 gene with clinical characteristics of systemic DLBCL and PCNSL

CucremHas /IBKKJI / Systemic DLBCL IJILHC / PCNSL
Be3s Be3 Hapye-
C gyn/iMKa- HapylmeHHs C Ayn/iMKa- HUs KONMM-
C penenyeil nueiireHa  KONMHHOCTH  YpoBeHb C gesenMeld ImUelreHa HOCTH reHa YpoBeHb
rena MIR142 MIR142 rena MIR142 3HA4YUMOCTH TEHa MIR142 MIR142 MIR142 3HAYUMOCTH
With MIR142 With Without pasauuuii With MIR142 With Without pasuumii
deletion MIR142 MIR142 copy Significance deletion 1 MIR142 MIR142 copy Significance
duplication number level duplication number level
alteration alteration
1 2 3 1 2 3
Bospacr, siet / Age, years, Me (25; 75)
62,0 70,0 69,0 p,,=0,358 80,0 (71,0; 64,0 68,5 p,,=0,015
(55,7;79,0) (63,0;81,0) (60,0;77,0) p,,=0,382 87,0) (56,5;69,0) (62,3;75,0) p,,=0,022
p,,= 0,844 p,,=0,102
MyTanuii Ha o6paser; / Mutations per sample, Me (25; 75)
14,5 10,0 11,0 p,,=0,179 16,5 18,0 19,5 p,,=0,617
(7,8; 20,5) (5,5; 25,6) (7,0; 18,0) p, ,=0,378 (8,8;27,3) (15,0; 27,3) (13,3; 42,0) p, ,=0,385
P,,= 0,247 Pys =0,642
Yacrota ctaguu IV, aée. (%) Yacrora ABC-noaTumna, aée. (%)
Frequency of stage IV, abs. (%) Frequency of ABC subtype, abs. (%)
3/18 11/21 58/101 p,,=0021 2/7 12/16 17/20 p,,=0,036
(16,7) (52,4) (57,4) p,,=0,094 (28,6) (75,0) (85,0) p,,=0,005
p, ;= 0,159 p, .= 0,452
YacToTa mopaykeHusi nedeHu, aée. (%) OtBet Ha Tepanuio, CR + PR/SD + PD
Frequency of liver damage, abs. (%) Treatment response, CR + PR/SD + PD
4/18 23/51 101/286 p,,=0,088 7/0 9/5 13/5 p,,=0,071
(22,2) (45,1) (35,3) p,,=0,181 (100,0/0,0) (64,3/35,7) (72,2/27,8) p,,=0,119
p,,=0,340 p,,= 0,631
5-neTHAA 061aA BBDKMBAEMOCTb, abc. (%) / 5-year overall survival, abs. (%)
12/18 29/53 193/289 p,,=0,376 5/7 9/16 5/20 p,,=0,493
(66,7) (54,7) (66,8) p,,=0992 (71,4) (56,3) (25,0) p,,=0,056
p,,=0,091 p,,=0,029

[IpuMevyaHue.

JBKKJI - nuddysHas B-ksierounas kpynHoksieToyHas suMdoma; [IJILHC - nepBuyHas suMdomMa LeHTpaJbHOU

HepBHOU cucteMbl; ABC-moATHUN - MOATUI U3 aKTUBUPOBAHHbIX B-kieTok; CR - mosiHble pemuccuu; PR - yactuunble pemuccuy; SD -

crabuinsanus 3a6osieBanus; PD - mporpeccus 3a60J1eBaHuUsl.
Abbreviations:

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma; ABC - activated B-cell

subtype; CR - complete remission; PR - partial remission; SD - stabilization of disease; PD - progression of disease.

ITpu cucremuoit IBKKJI B 18/364 (4,9 %) ciy-
YaeB MMeJia MECTO JIeJIellis TeHa, TOI/ia KaK ellle B
53/364 (14,6 %) — yBenuueHUe YHCIa KOMUI TeHa.
IMpu IIJIITHC vacrora nenenuid cocraBwia 7/46
(15,2 %, p = 0,007), TOTHA KaK yBeJMYEeHHE YHCIIA
KOTIHUU BCTPEYasoch C YacToTou 16/46 (34,8 %,
p < 0,001).

[IpoBesileH aHaMW3 accoUMAalM HapYIIEHUs
konuiiHOCTH TeHa MIR142 v KTHHUYECKHUX XapaKTe-
puctuk cuctemuou JIBKKJI u ITJIITHC (TabJr. 6).

B moarpymme ¢ genenuel aHAJIM3UPYEMOTO TeHa
MmenuaHa Boapacrta auarHoctuku ITJIITHC cocrta-
Bwia 80,0 (71,0; 87,0) rojla B cpaBHEHUH C 64,0
(56,5; 69,0) u 68,5 (62,3; 75,0) ro/1a B MOATPYIIIIAX C
JMyIUTHKaned u 6e3 HapylleHus KOMMHHOCTH TeHa

The MIR142 gene encodes a key tumor-suppres-
sive microRNA that is important in the pathogenesis
of cancers [21]. At the same time, various authors
have demonstrated high levels of miR-142 in tumor
tissue of patients with B-, T-, and NK-cell neoplasms,
such as DLBCL, MALT lymphoma, NK-cell lym-
phoma, and T- and B-lymphoblastic lymphoma/leu-
kemia [22—26].

The literature data indicate that miR-142 overex-
pression plays a role in lymphomagenesis and is
associated with the activation of the pro-oncogenic
transcription factor MYC and the CCND3 protein.
The latter is essential for the maturation of B- and
T-lymphocytes and the proliferation of germinal cen-
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MYHKTUPHAsA C TOUKOH — 6e3 HapyIeHus KonuiHocTH reHa MIR142)
Fig. 10. The overall 5-year survival of patients with primary central nervous system lymphoma (solid line — group
with deletion; dash line — with duplication; dash and dot line — without copy number alterations in the MIR142 gene)

(p = 0,015 1 p = 0,022 COOTBETCTBEHHO). Tak:xe MmoJ-
IpyIIIIa MaIueHTOB C Jesenueid MIR142 XapakTepu-
3oBajiach mpeobiamanvemM GCB-moaTuma omyxosiu
(p = 0,036 1 p = 0,005 COOTBETCTBEHHO) U YETKOU
TeHJeHINed K OOJIbIIEH JacToTe OOIIero oTeera Ha
Tepamnu: 100 % npotus 64,3 % (p = 0,071) u 72,2 %
(p = 0,119) B ciydae AYIUTUKAIUA U OTCYTCTBHS
U3MEHEHUs KOIMMUHHOCTH TeHOMa B 00JIaCTH pacIio-
JIO’KEHHUs T€Ha COOTBETCTBEHHO. JTO COYETaIoCh C
HAWJIYYIIUMU [IOKa3aTeJIsIMH 5-JIETHEH 0oOImel
BBDKHUBAEMOCTH OOJIBHBIX MOJITPYIIIIBI C JIeJIeIuer
(Tabs. 6, puc. 10), KOTOpbIE JOCTUTATH 3HAYUMBIX
pasJIMuui ¢ MalieHTaMu MOrPYIIbI 0e3 Hapylie-
HUA KomuiHOCTH MIR142: 71,4 % TIPOTUB 25 % TIpu
MeiraHe o0Iel BhKIBaeMocTu 13 Mec (p = 0,029).
Menuana HaOJIIOAEHUs COCTAaBUIA 19 MeC.

ITpu cucremuou JIBKKJI noarpyrmma marnueHTOB
C JleJleliel peruoHa XpOMOCOMBI 17, T/ie PacIoJio-
’keH reH MIR142, XxapaKkTepu30Bajiach HauMeHbIIIeH
vacrotod IV crapum 3aboneBanusi: 16,7 % IpOTHUB
52,4 % (p = 0,021) 1 57,4 % (p = 0,094) NpH YA~
Kallid U B OTCYTCTBUM M3MEHEHHUs] KOMHUUHOCTHU, a
TaK’Ke B /[Ba pa3a MEHbIIIEH YaCTOTOU BOBJIEUEHUS B
OIIYXOJIEBBIA TIpOIlecC TeueHu (22,2 % MTpPOTUB
45,1 %, p = 0,088) B cpaBHEHUH C MAIlMEHTAMH C

ter B-cells and is the regulatory subunit of the cyclin
kinases CDK4 and CDK6, which mediate the G1to S
transition during the cell cycle [27]. The mechanisms
of this phenomenon have not been studied. It is
assumed that this may be associated with mutations
of the MIR142 gene [27]. However, additional stud-
ies of molecular and genetic abnormalities in the
MIR142 gene in lymphoproliferative diseases are
needed.

In our study, we performed the comparative anal-
ysis of the frequency and spectrum of aberrations
(mutations, methylation status, and copy number
alterations) in the MIR142 gene in tumor tissue of
patients with systemic DLBCL and PCNSL, as well as
the analysis of their association with the clinical
course of these diseases.

According to the literature, the mutation fre-
quency in the analyzed gene in DLBCL is 12—20%
[22, 23, 28, 29]. The value for the mutation frequency
in the MIR142 gene in systemic DLBCL (16,8%) we
obtained falls within this range. Moreover, muta-
tions in the MIR142 gene and p.L265P of the MYD88
gene in PCNSL were independent.

In addition to the higher frequency of MIR142
mutations in PCNSL (37,1%, p = 0,010), the distinct
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Fig. 11. The overall 5-year survival of patients with systemic diffuse large B-cell lymphoma (solid line — subgroup
with deletion; dash line — with duplication; dash and dot line — without copy number alterations in the MIR142 gene)

aymnukanued. OOIas 5-JIETHAS BBIKUBA€MOCTb
(mpu MeaHe HAOJIO/IEHUs 39 Mec) Y IMaIueHTOB C
cucremuoi JIBKKJI umesia TEHAEHIIUIO K CHUXKEHUIO
B MOATPYIIIIE C IyIUTUKAIHEN aHATU3UPyEMOTO TeHa
(p = 0,090) (Tabu. 6, puc. 11).

OBCYKAEHUE

T'en MIR142 xoaupyeT KJIIOUYEBYI0O OHKOCYIIpEC-
copuyo MukpoPHK, nmMmernoiyio Ba>kHOe 3HaUeHUE B
rmaToreHe3e oHko3zabosieBaHuH [21]. B TO ke Bpems
Pa3JIMYHBIMU aBTOPaMH IOKa3aH (akT BBICOKOTO
ypoBHSI mMiR-142 B OmyxoseBO# TKaHU OOJIBHBIX
B-, T- u NK-xjieTroyHbIMH HOBOOOpPA30BAHUIMH,
takumu Kak JIBKKJI, MALT-imumdoma, NK-kmerou-
Has muMmdoma u T- u B-mumdobaacraas mumdoma/
JlefikeMus [22—26].

JluTepaTypHble JaHHBIE CBU/IETETBCTBYIOT O TOM,
YTO runepakcrpeccuss miR-142 uMeer 3HaueHUEe B
auMoMoreHe3e U acCOIUMPOBAHA C aKTHBAIUEN
MIPOOHKOTEHHOT'O0 TPAHCKPHUIIIIMOHHOTO akTopa
MYC u 6enka CCND3. [Tociennuii urpaer Hezame-
HUMYIO poJib B co3peBaHuu B- u T-iumdonuutoB u
npoaudepanuu B-kjeTok 3apo/IbIeBoro eHTpa u
SIBJISIETCS PETYJIATOPHOU CYObeUHUIIEN [IMKIMHKH-
Hasz CDK4 u CDK6, o6ecnieynBaronux nepexos Kie-

spectrum of their locations was also noteworthy. The
selectivity of the location of MIR142 mutations in
various hematological malignancies has been con-
firmed in other studies. Thus, all mutations described
to date in acute myeloid leukemia and myelodysplas-
tic syndrome are localized exclusively within the key
miR-142-3p sequence [7].

According to the data obtained, in systemic
DLBCL, the changes are uniformly distributed
throughout the gene, whereas in PCNSL, they are
localized only in the region of the mature miR-142-5p
chain and the base of the precursor microRNA hair-
pin, the sequence of which plays a key role in recog-
nizing the DROSHA cleavage site. Moreover, in both
PCNSL and systemic DLBCL, changes in the “key”
regions of mature microRNAs are rare.

According to the studies conducted, the normal
structure of the miRNA precursor hairpin should
contain key functional elements required for pro-
cessing of mature strands, such as a stem of approxi-
mately 33—35 nucleotides in length, an apical loop of
10—15 nucleotides in length with a GUG motif, sin-
gle-stranded segments at the base of the stem, a
CNNC motif below the basal junction, an unpaired
GHG motif on the 3’ strand at a distance of 7—9 nucle-
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ToK OT G1 K S dase nuxa [27]. MexaHU3MbI JAHHOTO
sIBJIEHUSI He Hu3ydeHbl. I[lpesamosiaraercs, YTO 35TO
MOXKET OBbITh CBSI3aHO C MyTAHTHBIM CTaTyCOM TeHa
MIR142 [27]. BmecTe ¢ TeM HEOOXOAMMBbI JOIOIHH-
TeJIbHbIE HCCJIEIOBAHUSA MOJIEKYJIAPHO-TeHeTuYe-
CKHUX HapyleHu# B reHe MIR142 npu 1uM@Oonposiu-
(epaTuBHBIX 3260I€BAaHUSIX.

B Hamem mcciieZjoBaHUY BBITIOJIHEH CPABHUTEIIb-
HBII aHAJIU3 YaCTOTHI U CIeKTpa abeppaiuii (MyTa-
U, cTaTyca METUJIUPOBAHUSA U HAPYIIEHU KO-
HOCTH) B reHe MIR142 B OIIyX0JI€EBOH TKAHU MaI[UeH-
ToB ¢ cuctemuou JIBKKJI u ITJIITHC, a Tak»ke aHAIN3
WX aCCOIMAIUM C OCOOEHHOCTAMH KJIMHUYECKOTO
TeUeHHUs JaHHBIX 3a00JIeBaHU.

YacroTa MyTanuii B aHAJTU3UPYEMOM TeHe IpU
JABKKJI 1o [aHHBIM JIMTEpPATYpPhl COCTABJISAET
12—20 % [22, 23, 28, 29]. [TosryueHHOE HaMU 3HaYe-
HHE YacTOThl MyTanuil B reHe MIR142 IpU CUCTEM-
Hoti JIBKKJI (16,8 %) yxkiaapiBaeTcs B 3TOT Juarna-
30H. IIpu sTom myranuu B rene MIR142 u p.L265P
resa MYD88 npu IIJIITHC HOCW/IM HE3aBUCUMBIH
xXapakTep.

[ToMmumoO GOJIBIIEN YACTOTHI BBIABJIEHHS MYyTa-
uuii B MIR142 npu IUIITHC (37,1 %, p = 0,010),
obparras Ha cebs1 BHUMAaHUE U OTIMIHBIN CIIEKTP UX
pacmosnioxkeHus. 136uparesbHOCTh JIOKATU3AINU
MyTanuii B reie MIR142 Ipu TOM WIN UHOM TeMo-
6y1acTo3e HAXOAUT IOATBEPXKIEHWE U B JPYTHX
nccieoBaHuAX. Tak, Bce ONMCAHHBIE K HACTOAIIEMY
MOMEHTY MYyTaIlUH IPU OCTPOM MHEIOUIHOM JIeH-
KO3€ U MUEJIOAUCIIJIACTUYECKOM CUHPOME JIOKAJIU-
30BaHbl HCKJIOYHUTEIBHO B O00JACTH KJIIOYEBOH
MoCJIeIOBaTEIbHOCTH MiR-142-3p [7].

CorsiacHO NOJIyYeHHBIM JaHHBIM, IIPU CUCTEM-
Houi JIBKKJI u3aMmeHeHHs paBHOMEDPHO pacCpenoTo-
4eHbl 110 reHy, Torzaa kak npu IIJIITHC 3atparusator
TOJIbKO 00J1aCTh 3peJIOH Ielu miR-142-5p ¥ OCHOBa-
HUe IINWIbKA IIpeAulecTBeHHUKa MUKpOPHK,
MIOCJIEI0BATEBHOCTh KOTOPOM HIPAEeT KJIIOUEBOE
3HAUeHUe JIJI pPaclio3HaBaHUA caiiTa paciiellyieHus
DROSHA. IIpu stom kak npu IIJIITHC, Tak u npu
cuctemMuor JIBKKJI u3MeHeHHA B «KJIIOUEBBIX»
obactsx 3pesbix MUkpoPHK penxu.

CoryiacHO TIPOBEJIEHHBIM HCCJIEIOBAHUAM, HOP-
MaJIbHAsA CTPYKTypa UIMWJIbBKU IPeAIIeCTBEHHUKA
MukpoPHK niomkHa copeprkath KiroueBble PyHKIIN-
OHAJIbHbIE 3JIEMEHTHI, HEOOXOUMbIe [ IIPOIiec-
CUHTa 3peJIbIX Iemel, Takue Kak crebesb JAJTHHOM
OKOJIO 33—35 HYKJIEOTU/IOB, alliKaJIbHAA NeTIA IJIN-
HOU 10—15 HyKJIeoTu/0B ¢ MmoTuBoM GUG, omHOIIE-
MIOYeUHble CETMEHTHl Y OCHOBAaHUA CTeOJIsl, MOTUB
CNNC Hmxke 6a3ayJibHOTO COeIMHEHUs, HeclapeH-
el MoTmB GHG Ha 3'-mlemm Ha paccTosHUH
7—9Q HYKJIEOTHJIOB OT 6a3aJIbHOTO coeauHeHus (Tae

otides from the basal junction (where H is any nucle-
otide except G), a stable platform featuring paired
base arrangement in the basal stem, and a cleavage
site at the 14™—15" nucleotide positions from the
basal junction (Fig. 5). The primary sequence of all
these motifs has an additive effect on processing effi-
ciency [30].

Thus, analysis of the predicted structures in
pri-miR-142 hairpins in normal conditions and
under mutations showed that in PCNSL, in all
cases with mutations, and in systemic DLBCL — in
76,2% of cases (p = 0,057), they led to alterations
in key elements required for processing by the
Drosha-DGCR8 complex, namely: a change in
stem length, the appearance of additional unstruc-
tured elements (such as nucleotide mismatches
and bulges), as well as disruption of the main func-
tional motifs that are needed for microRNA pro-
cessing (Table 1).

A common feature of both PCNSL and systemic
DLBCL is our detection of multiple substitutions in a
third of cases with mutations in the MIR142 gene,
which indicates the phenomenon of somatic hyper-
mutation at this locus, the mechanism of which is
probably kataegis — the occurrence of clusters of
somatic mutations such as C>T (G>A) transitions
within one of the DNA strands under the action of
DNA deaminases AID/APOBEC [31]. The basis for
this assumption is the results of an earlier study that
established an extremely high frequency of kataegis
in the MIR142 region in DLBCL [32]. There are also
data indicating sustained expression of activation-
induced cytidine deaminase (AID) in some cases of
PCNSL [33]. Additional extended analysis of the
samples studied using NGS methods to assess the
density of mutations per 1000 base pairs at the
MIR142 locus would strengthen this assumption.

The comparative analysis revealed the most pro-
nounced heterogeneity in the representation of the
MIR142 methylated allele in the tumor lymphoid tis-
sue of patients with systemic DLBCL. It was also
noteworthy that the median values of the methylated
allele proportion in systemic DLBCL and PCNSL
were statistically significantly lower than in reactive
lymph nodes (p = 0,002 and p = 0,001, respectively);
in 43,6% and 30,0% of cases, respectively, in these
diseases, complete demethylation of the analyzed
gene occurred, which was not observed in the group
of control samples (p = 0,007 and p = 0,040, respec-
tively).

Using ROC analysis, we determined the cutoff
value for the methylated allele proportion in lymph
node samples to be less than 10,9%, which allows to
distinguish samples of patients with DLBCL from
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H — 10601 HykteoTus, kpome G), crabribHast IIaT-
¢dopma ¢ mapHBIM PACHOJIOKEHUEM OCHOBAaHUU B
6azaspHOM cTebJie U CalT pacllelieHus B 14—15-H
HYKJIEOTHU/THOU TO3UIIMH OT 0a3aJIbHOTO COEUHE-
HuA (cM. puc. 5). [leppuyHas mocaea0BaTEILHOCTD
BCEX STUX MOTUBOB OKa3bIBAET aIIUTUBHBIN 3(PdeKT
Ha 3 beKTUBHOCTD 06paboTKH [30].

Tak, aHaIN3 TPEJICKA3aHHBIX CTPYKTYP IIITHJIEK
pri-miR-142 B HOpMe U B ciIyyae MyTaIliui moxasail,
uro npu IIJIITHC Bo Bcex ciyyasgx ¢ MyTaUAMH, a
nipu cucreMHou [IBKKJI B 76,2 % ciygaes (p = 0,057)
OHH TIPUBOAWIN K HAPYIIEHUIO KJIIOYEBBIX DJIEMEH-
TOB, HEOOXOJIUMBIX JIJII OOPabOTKH KOMILJIEKCOM
Drosha-DGCRS8, a UMeHHO: U3MEHEHHIO JIMHBI CTe-
06J1s1, TIOSIBJIEHUIO IOIIOJIHUTETbHBIX HECTPYKTYPUPO-
BaHHBIX AJIEMEHTOB (TAKUX KaK HECOBIT/IEHUS HyKJIe-
OTHJIOB U «IIy3bIpHU» Ha cTe0JIe), a TAKIKE HAPYIIIEHHIO
OCHOBHBIX (DYHKITMOHAJIBHBIX MOTHBOB, HEOOXOIHU-
MBIX 77151 Tporieccuura MukpoPHK (cm. Tabor. 1).

O6mum kak npu [IJIITHC, Tak 1 mpu cuCTeMHON
JBKKJI sBnseTcs oOHApyKeHe HaMU MHOKECTBEH-
HBIX 3aM€H B TPETH CJIy4aeB ¢ MyTalUsAMU B TeHe
MIR142, 9TO CBU/IETEJIBLCTBYET O ABJIEHUU COMaTH-
YeCKOU TUIepMyTalluy B JJAHHOM JIOKYCe, MEXaHU3-
MOM KOTOPOTO, BEPOSATHO, SIBJISETCSA KaTa3THUC — BO3-
HUKHOBeHHe 1107, AetictBueM JJHK-nezamuuasz AID/
APOBEC xsiacTepoB cOMaTHYECKUX MYyTaIldd THUIIA
tparsunuii C>T (G>A) B nmpesiesiax OHOU U3 TIEI0-
uek HuTH JJHK [31]. OcHOBaHMEM TaK CUMTATh SIBJIS-
IOTCS1 pe3ysIbTaThl 0OoJiee paHHEH paboThI, YCTAHO-
BUBIIIEN YPE3BBIUATHO BBICOKYIO YACTOTY KaTasTHca
B oOJsiactk pacnoJioxkeHuss reHa MIR142 tpu
JBKKJI [32]. Takke UMEIOTCSA JAaHHbBIE, CBUIETEIb-
cTByMOIIME 00 YCTOMYHUBOM SKCIIPECCUU ITUTUIHHIE-
3amuHa3bl (AID) B wacrtu ciayuae IIJIITHC [33].
JIOTIOTHUTENIbHBIN  PACIIUPEHHBIH aHAJINU3 METO-
mamu NGS wuccie/ToBaHHBIX HaMH 00pasIoB JJIst
OIIeHKHU IUIOTHOCTH MyTaIlMi Ha 1000 Iap OCHOBa-
HUH B JIOKyce pacmosioxkeHuss MIR142 ykpenus Obl
5TO TPEJIIOJIOKEHHE.

CpaBHUTEJIBHBIM aHAIN3 IIOKa3aja Hawnbosee
BBIPA’KEHHYI0 TETEPOTeHHOCTh IPEICTAaBIEHHOCTH
METUJIMPOBAHHOTO ajesnsa reHa MIR142 B omyxoJie-
BOU JIUM(OUTHON TKAHU MAIMEHTOB C CHCTEMHOU
JBKKJI. Obpamasio Ha cebss BHUMaHHUE TaKiKe TO,
YTO MeJIMaHHbIE 3HAUEHUS JIOJIU METUINPOBAHHOTO
ayutesist ipu cuctemuou JIBKKJT u TIJIITHC 6wt
CTAaTUCTUYECKH 3HAUUMO HIKE, UeM B PEAKTUBHBIX
aumdoysnax (p = 0,002 U p = 0,001 COOTBET-
CTBEHHO); B 43,6 U 30,0 % CJIy4aeB COOTBETCTBEHHO
IIpYU JJaHHBIX 3a00JIEBAaHUAX UMEJIO MECTO IIOJIHOE
JIeMeTHUJIMPOBaHNE aHAJIM3UPYyEMOro TeHa, YTO He
BCTPEUAJIOCh B TPYIIIIE KOHTPOJBHBIX OOpPa3IoB
(p = 0,007 1 p = 0,040 COOTBETCTBEHHO).

samples of patients with reactive polyclonal B-cell
proliferation with a sensitivity of 90,9% and a speci-
ficity of 49,4% (p = 0,002).

It was also shown that mutations and/or demeth-
ylation in the MIR142 gene were independent events
in tumor lymphoid tissue in systemic DLBCL and
PCNSL and occurred in 55,0 and 40,0% of samples,
respectively.

In addition to mutations, the MIR142 gene, as
was shown by our study, is a target for chromo-
somal rearrangements that are more frequent in
PCNSL. Thus, the results of the Affymetrix SNP 6.0
microarrays analysis of copy number of the genetic
material in the chr17:56,408,593-56,408,679
region, where the MIR142 gene is located, pre-
sented in the cBioPortal for Cancer Genomics data-
base, showed that the frequency of deletions in
PCNSL is three times higher than in systemic
DLBCL (15,2% versus 4,9%, p = 0,007), and an
increase in copy number occurs in every third case
(34,8% versus 15,2%, p < 0,001).

The data on a standard karyotyping analysis of
systemic DLBCL tumor tissue samples presented in
the Mitelman Database of Chromosome Aberra-
tions and Gene Fusions in Cancer were previously
published [7] and indicated a low frequency of copy
number alterations at the MIR142 locus as a result
of gross chromosomal aberrations. Our results may
indicate that the primary mechanism for MIR142
copy number alteration is microdeletion/microdu-
plication events, which are more common in
PCNSL.

The analysis of the association of molecular and
genetic abnormalities in the MIR142 gene with clini-
cal features of systemic DLBCL and PCNSL revealed
a number of interesting findings.

In particular, a higher level of MIR142 methyla-
tion was noted in patients over 60 years of age both
with PCNSL (p = 0,042) and systemic DLBCL
(p = 0,077), which is consistent with the data on solid
neoplasms indicating a higher proportion of hyper-
methylated tumor suppressor genes in elderly
patients [34, 35].

In PCNSL, the group of patients with MIRi42
mutations was characterized by a significantly higher
proliferative potential of the tumor substrate
(p = 0,021), while the methylation level of the gene
analyzed had a strong negative correlation with the
serum LDH level (r = —0,72 at p = 0,045). Deletions
in the MIR142 region, compared with duplications
and natural copy number of the gene, are associated
with an older age at tumor onset (p = 0,015 and
P = 0,022, respectively), a favorable GCB subtype of
DLBCL (p = 0,036 and p = 0,005, respectively), and
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Metogom ROC-ananmnza HaMu OBLIO OIIpesie-
JIEHO 3HaUEeHUE MOPOoTa OTCEYEHUs IO METUIIHU-
poOBaHHOTO ajuiesis B 6Guomarepuasie JuMdarmnye-
CKHX Yy3JIOB — MeHee 10,9 %, KOTOpoe IO3BOJISIET
C UYYBCTBUTEJBHOCTBIO 90,9 % U crenupuIHO-
CTBIO 49,4 % oOTAUYaTh 00pa3Ipl MAIIUEHTOB C
JBKKJI oT 006pa3moB ManHeHTOB C PEAKTUBHOU
MMOJIMKJIOHAJIbHOW B-Kky1eTouHO# mposmdepanuei
(p = 0,002).

[TokazaHO TakKe, YTO MyTallMu U/WJIU J€eMETH-
nupoBaHue rena MIR142 gBiAanch He3aBUCUMBIMU
COOBITHS B OITyXOJIEBOH JIUMQOUIHON TKaHU IIpU
cucrtemuor JIBKKJI u IIVIIHHC u mMmenun mecto B
55,0 ¥ 40,0 % 006pasmoB COOTBETCTBEHHO.

I[Tomumo myTanuii, ren MIR142, kak ObLIO ITOKa-
3aHO B JIAaHHOW paboTe, SIBJISETCA MHUIIEHDBIO JJIst
XPOMOCOMHBIX TIEPECTPOEK, 00Jiee dYacThIX IpHU
[IJIITHC. Tak, aHanu3 pe3yJsbTaTOB HCCJIE€IOBAHUA
Ha Mukpouunax Affymetrix SNP 6.0 xomuiiHOCTH
Tre€HETUYECKOTO MaTepraia B pervoHe
chr17:56,408,593-56,408,679, THe pacroJiokKeH
aHAJIU3UPYEMBIU TeH, IPe/ICTaBJIEHHBIX B Oase /laH-
HbIX cBioPortal for Cancer Genomics, moxasas, 4To
vacroTa fenenuit npu IIJIITHC B Tpu pasa BellIIe,
yeM 1mpu cucremHo# JIBKKJI (15,2 % npotus 4,9 %,
p = 0,007), a yBeJINUEHHE YHCJIA KOITUH BCTPEUYAETCs
B Ka)X/IOM TpeTbeM ciyuae (34,8 % mportus 15,2 %,
p < 0,001).

Panee ObuTH OIyOJIMKOBAaHBI JIAHHBIE aHATH3A
pe3yJIbTaTOB CTAHJAAPTHOTO KAapPHUOTHIIUPOBAHUS
00pasIoB omyxo0sieBol TKaHu cucreMHon JIBKKJI,
npencraBieHHbix B Mitelman Database of Chro-
mosome Aberrations and Gene Fusions in Cancer [7],
CBU/IETEJIBCTBYIOIINE O HU3KOU YaCTOTE U3MEHEHUS
KONMMUHOCTUA JIOKyca pacmosoxkenuss MIR142 B
pe3ysbTaTe TPyOBIX XPOMOCOMHBIX ITOJIOMOK. ITosty-
YeHHble HAMU Pe3yJbTAaThl MOTYT CBU/IETETHCTBO-
BaTh O TOM, YTO OCHOBHBIM MEXaHW3MOM HapyIle-
HUA KonuHOCTU MIR142 ABJIAIOTCA MUKPOZEJIEIH-
OHHbIe/ MUKPOAYIUTUKAIIUOHHbIE COOBITHA, Oosiee
yvacteie npu [TJITTHC.

AHaynu3 accomuamuyd MOJIEKYIAPHO-TeHeTHYe-
CKUX HapylieHui B reHe MIR142 ¢ ocoOOeHHOCTSIMH
KJIMHUYEeCKOro TeueHuss cucremHorn JIBKKJI u
TIVIITHC BBIABUII PAJ HUHTEPECHBIX HAXO/O0K.

B wuacTHoOCTH, oOTMeueH OOJIBIIUKA YPOBEHBb
METUJIUPOBAHUS aHAJTU3UPYEMOrO TeHa y MalfueH-
TOB crapiie 60 yet kak npu [JIITHC (p = 0,042),
Tak u npu cucremHou JIBKKJI (p = 0,077), uto
coTJIacyeTcs ¢ JaHHBIMU UCCIIEJOBAHUMA COTTUTHBIX
HOBOOOpa30BaHUM, CBUIETEJHCTBYIOIIUX O OoJiee
BBICOKOHA /10JIe THUIEPMETUJIUPOBAHHBIX TE€HOB-
OHKOCYIIPECCOPOB y TMAIMEHTOB IOXKHUJIOTO BO3-

pacra [34, 35].

better overall response rates (complete and partial
remissions) and long-term treatment outcomes.
Thus, in the subgroup with deletions, all patients
responded to therapy, compared to 64,3% (p = 0,071)
in those with duplications and 72,2% (p = 0,119) in
those without changes in genome copy number alter-
ation in the gene region. The 5-year overall survival
rates for patients in the analyzed groups were 71,4%,
56,3%, and 25%, respectively.

In systemic DLBCL, the MIR142 mutation status
is associated with an earlier disease onset (p = 0,025)
and a higher incidence of non-lymphatic organ
involvement in the tumor process (p = 0,046). The
group of patients with the deletion of the region on
chromosome 17 where the MIR142 gene is located
was characterized by the lowest incidence of stage IV
lymphoma diagnosis: 16,7% versus 52,4% (p = 0,021)
and 57,4% (p = 0,094) with duplication and without
copy number alteration, as well as a two-fold lower
incidence of liver involvement in the tumor process
(22,2% versus 45,1%, p = 0,088) compared with
patients with duplication. In the group with MIR142
duplication, there was a tendency towards a decrease
in the overall 5-year survival of patients (p = 0,090).
In general, the obtained data regarding the long-
term results of therapy for both systemic DLBCL and
PCNSL are indirectly consistent with the findings of
Roehle et al. [36] and Lawrie et al. [37], which
showed an association of high expression of miR-142
with worsening overall and event-free survival in
patients with DLBCL.

CONCLUSION

In this study, we performed the first comprehen-
sive comparative analysis of mutations, methylation
status, and copy number alterations in the MIR142
gene in the tumor tissue from patients with systemic
DLBCL and PCNSL, as well as an analysis of their
association with the features of the clinical course of
these diseases. In general, the data obtained indicate
a higher frequency of these aberrations in PCNSL.
Regarding the long-term treatment outcomes for
both systemic DLBCL and PCNSL, the data are indi-
rectly consistent with the results of previous studies
showing an association between high miR-142
expression and worsening survival rates in patients
with lymphomas.
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IIpu IVIITHC noarpyniia nanieHTOB ¢ MyTalu-
AamMu B MIR142 XapakTepu3oBajach JOCTOBEPHO
60J1ee BBHICOKUM TMPOTU(MEPATUBHBIM MTOTEHITUATIOM
OIyX0JIeBOTO cyOcTpata (p = 0,021), TOT/Ia KaK ypo-
BeHb METHJIMPOBAHUS aHAJTU3UPYEMOTO T€Ha UMeJT
CUJIbHYIO OTPUIATETHHYIO KOPPEJIAIHMOHHYIO CBS3b C
ypoBHeM JIZI' B CBIBOPOTKE KpPOBU OOJIBHBIX
(r=-0,72 ipu p = 0,045). [le1enIOHHBIE COOBITHUS B
obnactu pacnosoxeHuss MIR142 B cpaBHeHHHU C
JIYIUTUKAIUAMU U COXpaHEHHOU KOMUHHOCTBIO r'eHa
acCOIMUPOBAHBI ¢ OoJiee CTapIIMM BO3PaCcTOM pas-
BUTHsA omyxosu (p = 0,015 U p = 0,022 COOTBET-
CTBeHHO), OymaronpustTHbIM GCB-noaTumnom JIBKKJI
(p = 0,036 1 p = 0,005 COOTBETCTBEHHO) U JIyYIIHMU
MOKa3aTeJISIMH 110 YacTOTe OOIIEro oTBeTa (IOTHbIE
Y YaCTUYHbBIE PEMUCCHUH) U OTAAJIEHHBIM pe3yJibTa-
Tam JieueHus. Tak, B MOJTPYIIIE C JIEJIEIASIME Bce
MaIueHThl OTBETWJIM HA TEPAIlUi0 B CPAaBHEHUU C
64,3 % (p = 0,071) Npu AyIIUKAUUA U 72,2 %
(p = 0,119) IpH OTCYTCTBUU U3MEHEHUS] KOTUUHOCTU
reHomMa B O0JIaCTH pacIoJioKeHUs reHa. Ilokasa-
TeJU 5-JIeTHEeH o0Iell BhIXKUBAEMOCTH OOJIbHBIX B
aHAJU3UPYEMBIX MOJIFPYIIIIAX COCTABUIU 71,4, 56,3
U 25 % COOTBETCTBEHHO.

IIpu cucremuoit IBKKJI MyTaniuoHHBINA cTaTyc
MIR142 acconuupoBaH ¢ 60jiee paHHUM Je0I0TOM
3abosieBanus (p = 0,025), a TakKe OOJIBIIEH YaCTO-
TOU BOBJIEUEHUS B OITYXOJIEBBIH MpoIiecc HeanMda-
THYECKUX OpraHoB (p = 0,046). [Toarpymnma namu-
€HTOB C JieJIeliuell peTHoHa XPOMOCOMBI 17, T pac-
nonoxkeH TeH MIR142, XxapakTepu30Bajlach
HaWMeHbIIIEW YaCTOTOU IUATHOCTUKHU JIMMGOMBI B
IV craguu: 16,7 % npotus 52,4 % (p = 0,021) u
57,4 % (p = 0,004) pu OyIJIUKAIUU U B OTCYT-
CTBUU U3MEHEHU KOMMMUHOCTH, a TAKKE B /[Ba pasa
MEHBIIIEH YacTOTONM BOBJIEUEHHsI B OITyXOJIEBBIH
mporiecc meueHu (22,2 % nmpoTus 45,1 %, p = 0,088)
B CpPaBHEHWHU C MAIIUEHTaMH C JAyIUTUKauen. B mos-
rpylie ¢ AyIUIMKanued aHaJu3upyeMoro TeHa
UMesla MeCTO TEeHJEHIUS K CHIKEHUIO OO0IIeH
5-JIETHEH BBIXKHUBAEMOCTU OOJBHBIX (p = 0,090).
B 1ies10M mostyueHHBIE JAHHBIE B OTHOIIIEHUH OT/a-
JIEHHBIX Ppe3yJbTaTOB Tepaluu KaK CHCTEMHOU
JBKRKJI, tak u [IJIITHC KOCBEHHO COTJIACYIOTCA C
pesysnbraTamu pabor A. Roehle et al. [36] u
C.H. Lawrie et al. [37], B KOTOpBIX ITIOKa3aHa acco-
[Mamus BBICOKOU 3Kcrpeccd miR-142 ¢ yxymaie-
HHUEeM IIoKasarejell oOimed u 0eccoOBITUHHON
BbIKMBaeMocTu manueHTos ¢ JIBKKJI.
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HapylleHus KOMUHHOCTU B TeHe MIR142 B omyxoJe-
BOI TKaHM HanueHToB ¢ cucremMHonn JIBKKJI u
IIJIITHC, a Takske aHaJIU3 UX aCCOIMALIUU C OCOOEH-
HOCTSIMU KJIMHUYECKOTO TeUYeHUs JIAHHBIX 3aboJie-
BaHUU. B mesiom mosyueHHbIE JaHHBIE CBHU/IETEIIb-
CTBYIOT O OOJIBIIIEH YACTOTE JAHHBIX abeppariuii npu
IVIITHC. B oTHOLIeHNH OT/aJIeHHBIX pe3yJbTaTOB
Tepanuu kKak cucremMHou JIBKKJI, Tak u IIJILJTHC
JIAaHHbIE KOCBEHHO COTJIACYIOTCsA C pe3ysbTaTaMu
OoJiee paHHUX PabOT, B KOTOPBIX ITOKa3aHa aCCoOIHa-
WS BBICOKOU 3KCIIpeccud MiR-142 ¢ yxyaineHuem
IoKa3aTejiell BBIKMBAEMOCTU MAIMEHTOB C JIMM-
domamu.
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O1eHKa KOHIIEHTPAIlUU XOJETJINIIUHA U OOIIUX KEeTIHBIX KUCJIOT
I TUATHOCTUKH BHYTPUIIEUEHOYHOTO X0JIecTa3za 0epeMeHHbIX

10.C. lemuoBa’, 1.B. ITukanos>3, I'.E. Axosneral, E.I'. Crenanosa?, /[.C. Kyiukosas,
A.B. Craxuésa3, JI.B. Boxmuuresa?, M.B. [Tamamapuyk?, O.Y0. lopu2, E.A. IlukajieHko?

A0 «Bexmop-Bbecm», Hosocubupckas 06.., p.n. Koavyoso, Poccus

2@I'6EOY BO «Hogocubupckuil 2ocydapcmeetibiil MeduyuHckuil yHusepcumem» Munsdpasa Poccuu, Hosocubupck,
Poccun

3SI'BY3 HCO «I'ocyoapcmeenHas Hosocubupckas obaacmuas kauHuveckas boavHuya», Hosocubupck, Poccus

AHHOTAITUA

B B e e H U e .BHyrpuneueHouHbIN X0J1ecTa3 6epeMeHHbIX (BXB) — o6paTumoe iuctpodruueckoe opakeHue IeveHH,
00yCJIOBJIEHHOE TIOBBIIIIEHHON YyBCTBUTEJIHHOCTHIO TEMATOIUTOB M OWJIMAPHBIX KAHAJBIEB K IOJIOBBIM T'OPMOHAM, a
TaKKe T€HETUYECKU JIETEPMUHUPOBAHHBIMU HH3UMONATUAMU. JlaHHASA MMATOJIOTHA MOTEHIIMAJIBHO OlacHa i IUIOJA.
JKeuHble KUCIOTH B KPOBU SIBJISIOTCS HarboJsiee YyBCTBUTEIBHBIM MapkepoM auarHoctuku BXB. IIpu omnpezeneHun
KOHIIEHTPAI[UU OOIIUX JKEJTUYHBIX KUCIOT (pepMEHTATUBHBIM METOJI0OM BO3MOKHA HMHTEPGhEPEHIHS ¢ JIeKapCTBEHHBIMU
IperaparamMu ypco/Ie30KCUX0JIEBOM KUCIOThI. B CBSA3M ¢ 5TUM MHTEpeC MPEJCTABISET OlleHKAa BO3MOXKHOCTH IIpUMeEHe-
HUs Habopa Jiist onpesiesieHus: (MeTOZ0M JIATEKCHOH UMMYHOTYPOUIMMETPUHN) KOHI[EHTPAIIUH OCHOBHOTO KOMIIOHEHTA
JKeJIYU — KOH'BIOTaTa X0JIEBOM KUCJIOTHI C TJIUIIMHOM (XOJIETJIUIIHA) — Jiuis quarHoctuku BXB.

Il e 1 b . OUEHUTH BOBMOKHOCTH UCIIOJIb30BAHUSA KOHIIEHTPAIIMH XOJIEIJIMIIMHA B KAUECTBE MapKepa /IS TUarHOCTUKH
u MoHuTopuHra BXb.

MaTepuaabl W MeTO/J bl .BuccaenoBaHne BKIOYEHBI 40 ANMEHTOK ¢ iuarno3om BXB (ocHOBHAs rpy1imna)
u 28 HebepeMeHHBIX 3/0POBbIX MAIIMEHTOK (rpyIna KoHTpoJisi). IToz HabJro/leHreM B IMHAMUKE HAXOAUIUCH 6 MarueH-
TOK, MOJIyYaBIIUX MeIUKAMEHTO3HOE JIEUeHHe TIperapaTaMu yPCoe30KCHUX0JIEBOU KUCIOTHI. Y MAaIlueHTOK 00eUX rpyIIl
U3MepsIach KOHIIEHTPAIMS XOJIETJIMIINHA, OOIIUX JKEeJTUYHBIX KUCJIOT, aTaHnHaMuHOTpaHcdepassl (AJIT), acmapraramu-
Hotpancdepasst (ACT), 06111ero 1 npssMoro GUIupyoHHAa.

PesyanbTarbl . Y nanueHTok ¢ BXB BISIBIIEHO MTOBBIIIIEHNE KOHIIEHTPAI[UN XOJIETJIMI[HHA 110 CPABHEHUIO C KOH-
TPOJIBHOM TPYIION HebepeMeHHBIX KeHITuH. Hapsay ¢ 3TuM HabJ110/1a/I0Ch YBETHYEHE YPOBHS OOIUX JKEJTUHBIX KHC-
sot, AJIT u ACT ¢ xapakTepHbIM yMeHblleHneM KoadduruenTa /e Putuca. YeraHoBieHa JUHAMUA4YeCcKasa CBA3b MEK/LY
KOHIIEHTPAI[UEeN XOJIETJTUIMHA ¥ OOIIUX KETIYHBIX KUCIIOT. Y 6 namueHTok ¢ BXB, moJiyyaBimmx MeIMKaMeHTO3HOe Jieue-
HUE IpernapaTamMu ypCoe30KCHX0JIEBON KUCJIOThI B TEUEHHE OTHOU HJIH JIBYX HEZIEh C MOMEHTA FOCIUTAIN3AINHT, KOH-
LIEHTpaN¥s XOJIEIJIUIMHA XapaKTePU30BaIach 0oJiee BRIPAKEHHON JUHAMUKON CHUKEHHS WU CTaOMIN3UpPOBaach Ha
(done sreuennsi. OJTHOBPEMEHHO C 3TUM B Psifie CIydaeB HABIIIOAICA POCT OOIIMX KEJTUHBIX KUCIIOT, YTO, BEPOSITHO, 00Y-
CJIOBJIEHO MHTePGhEPEHITHEN C YPCO/IE30KCUX0IEBON KUCTIOTOMH.

3aknmmoueHUe. IIPogeMOHCTPUPOBAHA BO3MOKHOCTb HCIIOJIb30BaHUs Habopa Jisi ompenesieHus (MeTooM
JIATEKCHOM UMMYHOTYPOUIMMETPHH) KOHIIEHTPAIIMH XOJIEIJIUIIUHA B In vitro quarHoctuke BXB u orneHku 3G pekTuBHO-
CTH JIEYEHHU I ITON NATOJIOTUH HA (POHE TEpaNuU IpernapaTaMy YPCOZE30KCHX0JIEBON KUCIIOTHI.

Knaoueswle cnro6a: BHyTPUIIEUEHOUHBIN X0IecTas 6epeMeHHbIX, 00IIHe KeTIHbIE KUCTIOThI, XOJIETTIUITUH, YPCOTE30KCH-
XO0JIEBASI KUCJIOTA.
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Craxuésa A.B., Boxmunnesa JI.B., [Tanamapuyk M.B., lopr O.10., Tukanenko E.A. OneHKka KOHIIEHTPALMH XOJIe-
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Assessment of cholyglycine and total bile acids concentration
for the diagnosis of intrahepatic cholestasis of pregnancy
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ABSTRACT

Introductio n.Intrahepatic cholestasis of pregnancy (ICP) is a reversible degenerative liver disorder caused by
the increased sensitivity of hepatocytes and biliary ducts to sex hormones, as well as genetically determined enzymopa-
thies. This condition poses a potential risk to the fetus. Blood bile acids are the most sensitive diagnostic marker for ICP.
In enzymatic quantification total bile acids concentration, interference with ursodeoxycholic acid (UDCA) preparations is
possible. Therefore, it is of interest to evaluate the feasibility of using a diagnostic kit for measuring (using latex immuno-
turbidimetric assay) the concentration of the main bile component, cholic acid-glycine conjugate (cholyglycine), for ICP
diagnosis.

A im . To assess the feasibility of using cholyglycine concentration as a marker for ICP diagnosis and monitoring.
Materials and methods. The study included 40 patients diagnosed with ICP (the main group) and
28 non-pregnant healthy patients (the control group). Six patients receiving therapy with UDCA were followed-up. Choly-
glycine, total bile acids, alanine aminotransferase (ALT), aspartate aminotransferase (AST), as well as total and direct bili-
rubin concentrations were measured in both groups.

R esults. Patients with ICP had elevated cholyglycine compared to controls. An increase in total bile acids, ALT, and
AST values were observed, along with a characteristic decrease in the De Ritis ratio. A dynamic relationship between choly-
glycine and total bile acid concentrations was established. In six patients with ICP who received ursodeoxycholic acid for
one or two weeks after hospitalization, the cholyglycine concentration showed a more pronounced decrease or stabilized
during treatment. Simultaneously, an increase in the total bile acids concentration was observed in some cases, likely due
to interference with UDCA preparations.

Conclusion. The feasibility of using a kit for measurement (with latex immunoturbidimetric method) of the
cholyglycine concentration during in vitro diagnostics of ICP and the assessment of the effectiveness of treatment of this
pathology during UDCA therapy was demonstrated.

Keywords: intrahepatic cholestasis of pregnancy, total bile acids, cholyglycine, ursodeoxycholic acid.
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INTRODUCTION

Bile acids play a significant role in many physio-
logical processes in the human body: enterohepatic
circulation, hepatocyte function, and carbohydrate

BBEJAEHUE

7KeyraHble KUCJIOTHI UTPAIOT 3HAUUMYIO POJIb BO
MHOTHUX (DM3UOJIOTUYECKUX ITPOIECCAX B OPraHU3Me
YeJIOBEKA:  DHTEPOrelaTHYECKOH  IUPKYJIALHH,

(YHKITMOHATFHON aKTUBHOCTH TEMaTOIUTOB, yTJIe-
BOZIHOM W JIUITUAHOM oOMeHe [1, 2]. OHu mpeacTaB-
JITIOT cOOOM TPYIIITy OPraHUYECKUX COETUHEHUU C
Pa3IUYHBIMU (PUBUKO-XUMUYECKUMU CBOHCTBAMU.
KiTi0ueBbIM CBOMCTBOM JKETIHBIX KHUCJIOT SIBJISETCS
nx aMuPUILHOCTbD.

KoHeuHbIM mpoaykTOM MeTaboIM3Ma XOJIecTe-
pYHA B MUTOXOHZPUSX TENATOIUTOB SIBJISIOTCS IIEp-

and lipid metabolism [1, 2]. They are a group of
organic compounds with diverse physicochemical
properties. A key property of bile acids is their
amphiphilicity.

The end products of cholesterol metabolism in
hepatocyte mitochondria are the primary bile acids:
cholic and chenodeoxycholic. Under physiological
conditions, primary bile acids are not found; instead,
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BHUYHBIE JKEJTUHBIE KUCJIOTBI: XOJIEBAS U XEHO/IE30KCH-
x0J1eBasi. B (pHU3MOTOTHUECKUX YCTIOBUAX EPBUYUHbIE
JKeJTYHBIE KUCJIOTHI HE BCTPEUYAOTCS, a TI0/IBEPTalOTCs
KOHBIOTAIIMH C IVTUIMHOM U TAYPUHOM H JIaJIee CEKpe-
TUPYIOTCA C YKETUbIO B TOHKUH KUllleuHuK. [To efi-
CTBUEM KUIIEYHON MUKPOQIIOPHI IEPBUYHBIE KeTd-
HbIe KHCJIOTHI IIEPEXOAAT BO BTOPUYHYIO (opmy:
JIEOKCUXO0JIEBYIO, JINTOXOJIEBYI0 U 7-KETOJIUTOXOJIE-
BYIO KUCJIOTHI. [Tociteyolnee mpeBpaiieHiue BTOpud-
HBIX JKETYHBIX KHCJIOT TIOJ] JIEUCTBUEM OaKTepui
KUIIIEYHUKA WK T0cae OoOpaTHOTO BCACHIBAHWUSA B
IeYeHb IIPY ITOMOIIY TeITaTOIUTOB ITPUBOUT K 0Opa-
30BAaHUI0 TPETHYHBIX KETUHBIX KHCJIOT: CYJIb(OJTH-
TOXO0JIEBOU U YPCOIEOKCUXOJIEBOM.

B 2xeJTuu 3/10pOBOTO YeI0BEKA COIEPIKAHIE XOJIe-
BOI, XEHO/IE30KCHUX0JIEBOM 1 IEOKCHUX0JIEBOM KHCJIOT
COCTaBJISIET OKOJIO 35, 35 U 25 % COOTBETCTBEHHO.
Cpenu HUX Ha JIOJII0 KOH'BIOTATOB C IVTUIIMHOM IIPH-
xomures 75 %, a ¢ TaypuHoM — 25 % [1]. Jlossa Tpe-
TUYHBIX KETUYHBIX KUCIOT He IPEBbIIAeT 4—5 %.

AP deKTUBHOCTD HENPEpPHIBHOM 3HTEpOTenaTu-
YEeCKOU IMUPKYJIAIUH KEJIHBIX KHCJIOT B HOPME Y
YeJI0BEKA JIOCTATOYHO BhICOKA U IOCTUTAET 90—95 %,
¢ bexanmuaMu BBIJIEJISAETCS JIUIIB 0 5—10 % KOMIIO-
HeHTa. yKeJTgyHbIe KUCIIOThI, BO3BPAIAsCh B ITIEUEHD,
TTOZIABJISTIOT HOBBIM CHTES 10 HE0OXO0IMMOTO YPOBHSI
3a c4eT MHTUOUpOBaHUs (hepMeHTA X0JIeCTEPUH-7A-
TUAPOKCHIIA3hl. [1OBBIIEHHBIA YPOBEHD >KETUHBIX
KHCJIOT B KPOBH MOJKET YKas3bIBaTh Ha Pa3IMUHbIE
3a00JIeBaHUsI U COCTOSIHUSI OpraHuU3Ma: IUppO3
IeYeHH, TeNaTUT, TUCOAKTEPHO3 KUIIEYHUKA, BHY-
TPUIEYEHOUHbIH Xojectasd Oepemenubix (BXB),
HENpaBWIbHOE IIUTaHWE, IPUEM JIEKAPCTBEHHBIX
IpernapaTos H Jip.

Bo BpeMst GepeMeHHOCTH AUCTPOGHIECKOE ITOpa-
JKeHHe TiedeHW OOYCJIOBJIEHO TIOBBIIIEHHOH YyB-
CTBUTEJIbHOCTHIO  TEMaTONMTOB U  OWJIMAPHBIX
KaHaJIbI[EB K TOJIOBBIM TOPMOHAM, a TaKKe TeHEeTH-
YEeCKH JIeTEPMHUHUPOBAHHBIMU SH3WUMOIATUSIMHU.
B pesynbrare pasBUBAIOTCA HApyIIEeHUS OOMeHA
XOJIECTEPHHA U KEJTYHBIX KHCJIOT, IIPOIECCOB 06Gpa-
30BaHUsI/OTTOKA 3KEJITUH 0 OUIMaPHBIM KaHATbI[AM
U Ype3MepPHOE IMOCTYIUIEHNE KOMIIOHEHTOB KEJTUYU B
KPOBB.

KonneHTpaus ke TIHbIX KUCJIOT B KDOBH — HaH-
OoJsiee uyBcTBUTENHHBIA Mapkep BXDB. B Hacrosiee
BpeMsI B J1a00paTOPHOI IIPAaKTHUKE OMPEIESIOT KOH-
[EHTPAIUI0 OOIIKX *KEJTYHBIX KUCJIOT B CBIBOPOTKE U
IUIa3Me KPOBHU IPEHMYIIECTBEHHO C HKCIIOJIb30Ba-
HUeM (EePMEHTATUBHOIO IIMKJIMYECKOTO METO/a.
O1leHKa KOHIIEHTPAIlMU OTMAEJbHBIX KHUCJIOT BO3-
MO’KHA C IMPUMEHEHUEM Ta303KUKOCTHOH U BBICO-
K03(hGEKTUBHON  KUJIKOCTHOM — XpomaTtorpadud,
OJTHAKO B CBSI3U C TPYI0EMKOCTBIO JTAHHBIE METO/TBI B

they undergo conjugation with glycine and taurine,
and are then secreted with bile into the small intes-
tine. Under the influence of intestinal microflora,
primary bile acids are converted into secondary
forms: deoxycholic, lithocholic, and 7-ketolithocho-
lic acids. Subsequent transformation of secondary
bile acids by intestinal bacteria or after reabsorption
in the liver by hepatocytes leads to the formation of
tertiary bile acids: sulfolithocholic and ursodeoxy-
cholic.

In healthy human bile, the content of cholic, che-
nodeoxycholic, and deoxycholic acids is approxi-
mately 35%, 35%, and 25%, respectively. Of these,
conjugates with glycine account for 75%, and conju-
gates with taurine — for 25% [1]. The proportion of
tertiary bile acids does not exceed 4—5%.

The effectiveness of continuous enterohepatic
circulation of bile acids in healthy humans is quite
high, reaching 90—95%; only 5—-10% is excreted in
feces. Bile acids, returning to the liver, suppress
new synthesis to the required level by inhibiting
such enzyme as cholesterol-7alpha-hydroxylase.
Elevated serum levels of bile acids may indicate var-
ious diseases and conditions, including liver cirrho-
sis, hepatitis, intestinal dysbiosis, intrahepatic cho-
lestasis of pregnancy (ICP), unhealthy diet, medica-
tion use, etc.

During pregnancy, degenerative liver changes are
caused by increased sensitivity of hepatocytes and
biliary ducts to sex hormones, as well as by geneti-
cally determined enzymopathies. This leads to the
disturbances in cholesterol and bile acid metabolism,
bile formation and outflow through the biliary ducts,
and excessive release of bile components into the
blood.

Blood bile acid concentration is the most sensi-
tive marker of ICP. Currently, in laboratory practice,
the total bile acids concentration in serum and
plasma is determined primarily using the enzymatic
cycling method. Concentrations of individual acids
can be measured using gas-liquid and high-perfor-
mance liquid chromatography; however, due to their
labor-intensive nature, these methods are primarily
used in research practice.

The recommended pharmacological treatment
for ICP includes ursodeoxycholic acid preparations
at a daily dose of 10—15 mg/kg [3]. Daily administra-
tion of ursodeoxycholic acid preparations increases
the total bile acid concentration, reducing the level
and toxic effect of endogenous bile components on
hepatocytes and improving bile circulation [4—6]. As
previously shown, the administration of ursodeoxy-
cholic acid can affect the enzymatic quantification of
total serum bile acids [7, 8].
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OoJIBbIIIEN CTeleHU MPUMEHSIOTCS B HAYyYHO-HCCIIe-
JIOBATEJILCKOU ITPAKTHKE.

PexoMeHI0BaHHOE MeJHUKAMEHTO3HOE JIeUeHUe
BXDB BkJIIOUaeT mIpenaparsl ypPCOAE30KCUX0JIEeBOU
KHCJIOTBI B CyTOYHOU J103e 10—15 Mr/Kr [3]. Exxe-
JTHEBHBIM MPHEM IIPernapaToB YPCOAE30KCUX0JIEBOH
KHCJIOTHI TIPUBOJIUT K TIOBBIIIEHUIO €e KOHIIEHTpa-
MU B OOIIEM IIyJIe 3KEJTUHBIX KHUCIIOT, CHUKAsT KOH-
LIEHTPAlNI0 U TOKCUUYECKOEe BO3/EHCTBHUE SHIOTEH-
HBIX KOMIIOHEHTOB JK€JIYM Ha TelaTOIUThl U YIyd-
masi ee MUPKYIAIUIO [4—6]. Kak 6bU10 mOKazaHO
paHee, IpHeM ypCO/I€30KCUX0JIEBOM KHUCIOTHI MOKET
OKa3bIBaTh BJIMSHUE Ha OIpe/esieHUe KOHIEHTpa-
WU OOIIUX YKETYHBIX KUCJIOT B CHIBOPOTKE KPOBH
(dbepmenTaTHBHBIM MeTOZIOM [7, 8].

B manHO# paboTe mpoBeieHa OIleHKa BO3MOYKHO-
CTH WCIIOJIb30BaHUs Habopa i OIpeJiesIeHus
(MeToOM  JIATEKCHOM  WMMYHOTYPOUAMMETDPUN)
KOHITEHTPAIIUX OCHOBHOTO KOMITOHEHTA JKEeTdd —
KOHBIOraTa XOJIEBOM KUCJIOTHI C TJIMIIMHOM (XoJj1e-
IJIMIMHA) — JJ1d auargoctuku BXB.

IIEJIb NCCJIEAJOBAHUA

O1eHUTh BO3MOKHOCTb UCIIOJIb30BaHUA KOHIIEH-
Tpalyy X0JIeIJINLIHA B KayecTBe MapKepa /I Aua-
THOCTUKY U MoHUTOpHHTa BXDB.

MATEPUAJIBI 1 METO/IbI

B wuccnenoBanuy, KOTOpOE IIPOBOIWIOCH Ha Oase
KJIMHUKO-IMarHOCTUYEeCKOW Js1abopatopun  HoBocu-
OUpCKON 00JIACTHON KJIMHWYECKOU OOJIBHUIIBI, IIPU-
HSUTH y4JacThe 40 TaIeHToK ¢ auarao3om BXDB (cpen-
HUE Bo3pacT — 32,6 roja) (Tpymma HccaeI0BaHUs) U
28 HebepeMEeHHBIX 3/I0POBBIX IAIMEHTOK (CpemHui
BO3pacT — 34,1 roaa) (koHTposbHas rpymma). [of
HaOJTIOZIeHNeM B JIUHAMUKE HAXOAWINCh 6 TAIIMEHTOK
n3 rpynnsl BXD, nosryyaBmmx MeiuKaMeHTO3HOe Jiede-
HUe MperapaTamMu YpPCoJe30KCUX0JIEBOU KACIIOTHI.

Bcem yuacTHHMKaM MPOBENEHO CTaHAAPTHOE
OOIIEKIMHUYECKOEe O00C/IeIOBAHNE, BKJIIOUYAIOIIEE
cbop anamHe3a U pU3UKATIBHBINA OCMOTP.

VY nanueHTOK 00euX rpyIin u3Mepsijiach KOHIIEH-
Tparus OOIIUX >KEJTYHBIX KHCJIOT, aJaHHHAMUHO-
tpancdepassl (AJIT), acmapratamMmuHOTpaHcdepasbl
(ACT), obmiero u mpsamoro Ownupyouna. OleHKa
aKTUBHOCTH IIeJIOUHOH ocdaTasbl B KDOBU HE IIPO-
BOJIMJIACH B CBA3H C HU3KOU MH(POPMATHUBHOCTHIO
STOTO TOKAa3aTesisi BO BpeMs OepeMeHHOCTU U MPU-
CYTCTBHEM MHOTOYHCJIEHHBIX IJIalleHTapHBIX H30-
¢opm [3]. KoHlleHTpanuoo XOJIEerJIUIHA OIpeze-
JISUTM METOJIOM JIATEKCHOW UMMYHOTYPOUAUMETPUU
Ha aBTOMAaTUYECKOM OMOXUMHYECKOM aHAIU3aToOpe
AU 680 (Beckman Coulter) ¢ ucnonab3oBaHHEM
Habopos nmpousBoactBa AO «Bekrop-becr».

In this work, we assessed the feasibility of using a
kit for measurement (using latex immunoturbidi-
metric assay) of the concentration of the main com-
ponent of bile, cholic acid-glycine conjugate (choly-
glycine), for ICP diagnostics.

AIM OF THE RESEARCH

To assess the feasibility of using cholyglycine con-
centration as a marker for ICP diagnostics and moni-
toring.

MATERIALS AND METHODS

The study, performed at the clinical diagnostic
laboratory of the Novosibirsk Regional Clinical Hos-
pital, involved 40 patients diagnosed with ICP (mean
age 32,6 years) (main group) and 28 non-pregnant
healthy patients (mean age 34,1 years) (control
group). Six patients from the main group receiving
ursodeoxycholic acid were followed-up.

All participants underwent a standard clinical
examination, including history taking and physical
examination.

In patients of both groups, concentrations of total
bile acids, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), total and direct biliru-
bin were measured. Blood alkaline phosphatase con-
centration was not determined due to a low predic-
tive value of this indicator during pregnancy and the
presence of numerous placental isoforms [3]. Choly-
glycine concentration was determined by latex
immunoturbidimetry using an automatic clinical
chemical analyzer AU 680 (Beckman Coulter) and
diagnostic kits manufactured by Vector-Best
(Russia).

All study participants signed voluntary informed
consent to participate in the study.

Statistical data processing was performed using
the Analyze-it software for MS Excel. Quantitative
data are presented as median and interquartile range
(Me [Q1; Q3]) given the small sample size.

RESULTS AND DISCUSSION

An increase in the concentration of total serum
bile acids is a diagnostic criterion for ICP. It is known
that, along with this, serum transaminases (ALT,
AST) can elevate and reach values of more than
1000 U/I [3]. The De Ritis (AST/ALT) ratio is char-
acterized by a decrease, which is associated with
hepatocyte damage [6]. The mean De Ritis ratio in
ICP is 0,965, in the most severe forms it decreases to
0,23—-0,35 [6]. An increase in bilirubin levels indi-
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Bce ydyacTHUKHM WCCII€IOBAaHUSA  ITOZIIMCAIIA
WHOOPMUPOBAHHOE JOOPOBOJIPHOE COIJIacue Ha
y4acTue B UCCIIeJOBAHUH.

CraTuctrueckast 00pabOTKa JAHHBIX BBHITIOJTHEHA
C WCIOJIb30BAaHHEM ITPOTPAMMHOIO ObecleueHus
Analyze-it g1 MS Excel. KomnuecTBeHHBIE TaHHbBIE
TIPE/ICTaBJIEHBl B BUJIE MEJIMAHbI U MEKKBAPTUIb-
Horo pasmaxa (Me [Q1; Q3]) ¢ yueTom HEGOIBITIOTO
o00beMa BHIOOPKHU.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

[ToBBIIIEHNIE KOHIIEHTPAIIUN OOIIHX >KETIYHBIX
KHCJIOT B CBIBOPOTKE KDOBU SBJISETCSA KpUTepUeM
nuarHoctuku BXDbB. M3BecTHO, UTO HapAay € 3TUM
ceiBopoTtouHble TpaHcamuHasel (AJIT, ACT) moryt
MOBBIIIATBCA W JIOCTUTATh 3HAUYeHHs Oosiee
1000 Ex/n [3]. s xoadpdunmenta ae Purtuca
(cootnomenue ACT/AJIT) xapakTepHO yMeHbIIIe-
HUe, YTO CBSI3aHO C ITOpayKeHUEeM TelnaToIUTOB [6].
Cpennuil ypoBeHs koaddunuenrta e Puruca npu
BXB cocraBiser 0,965, mpu HauOOJIEE TSIKETBIX
dopmax oH cHUNKaAeTCd 70 0,23—0,35 [6]. IToBbie-
HUe YPOBHsS OWIMpyOMHA YKa3bIBAeT Ha TSXKEJIbIe
(opmbl 3abosieBaHMA W BCTpevyaeTcsi y 10—20 %
GepeMeHHBIX [3, 9].

[Tpu uccnenoBaHUY CHIBOPOTKU KPOBU Y TAIIHEH-
ToK ¢ BXB HabJ1r0/1a/10Ch YBETUUEeHHUE KOHIIEHTPAIIIT
061X sxesTuHbIX KuesioT, AJIT u ACT ¢ xapakTepHBIM
caBurom koadduriiuenta sie Puruca (tabo. 1). Meau-
aHa 3HAYEHWH O0IIEero v MpssMOTo OVTUPYOHHA COOT-
BETCTBOBaJIa HOPME, IIpU 3TOM Oostee 25 % 00pasIoB
XapaKTEPU30BAJINCh TTOBBIIIEHHON KOHIIEHTPaIuen
MpAMOTO OWINPyOWHA. YPOBEHb MPSIMOTO OWJIHDY-
6uHa B KpOBH OOYCJIOBJIEH HapyIIIeHHEM OTTOKa U
OUPKYJIAUU kemdu [3]. B KOHTpOJIBHOU Tpymme
KOHIIEHTPAIUsl 00X KeTIHbIX KUcioT, AJIT, ACT,
o0I1Iero ¥ MpsAMOro OWIMPYOMHA COOTBETCTBOBAJIA
HOPMAaJIbHBIM 3HAUEHUSIM.

Mennana KOHIIEHTPAIIUH XOJIETJIUIINHA B CHIBO-
potke kpoBu y rpynnsl BXbB cocraBuina 8,2 [5,3;
15,9] Mr/jm B CpaBHEHHHU C KOHTPOJIbHOU TPyII-
ot — 1,5 [1,2; 2,0] mr/x (puc. 1). PedepeHcHBIH
WHTEPBaJ KOHIIEHTPAIUU XOJIeTJTUIINHA, U3Meps-
€MOM MeTOJIOM JIaTeKCHOU HMMYHOTypOuamMe-
TPpUU, COIJIACHO HHCTPYKIUU IPOU3BOAUTENIH,
cocTaBJisieT o 2,7 Mr/j. IloBbIIIeHNE KOHIIEHTPA-
nuu xosernunuHa B rpynne BXB koppeauposaso
¢ KOHIIEHTpAalueh o0IMX KEeJTYHBIX KUCJIOT. 3Ha-
yeHue koaddumnuenta koppeasnun ConupmeHa
cocTraBuiIo 0,901 (95% AU 0,811—0,949), UTO CBH-
JIeTeJIbCTBYET O CUJIBHON CTAaTHUCTUUECKU 3HAYU-
Mo# (p < 0,0001) IPSAMOU CBSI3U MEXKY KOHIIEH-
Tparuei X0JIerJTUIHA U OOIIUX JKETIYHBIX KUCJIOT
(puc. 2).

cates severe forms of the disease and occurs in
10—20% of pregnant women [3, 9].

In patients with ICP, we revealed elevated con-
centrations of total serum bile acids, ALT, and AST,
with a characteristic shift in the De Ritis ratio
(Table 1). The median total and direct bilirubin were
within the reference range; at the same time, in 25%
of cases, direct bilirubin concentration was elevated.
Direct blood bilirubin levels are due to impaired bile
outflow and circulation [3]. In the control group,
concentrations of total bile acids, ALT, AST, and of
total and direct bilirubin were within the reference
range.

The median serum cholyglycine concentrations in
the ICP group was 8,2 [5,3; 15,9] mg/1 compared to
1,5 [1,2; 2,0] mg/1 in the control group (Fig. 1). The
reference range for the cholyglycine concentration
measured by latex immunoturbidimetry, according
to the manufacturer’s instructions, is 2,7 mg/l. The
increase in the cholyglycine concentration in the ICP
group correlated with the concentration of total bile
acids. The Spearman’s correlation coefficient was
0,901 (95% CI: 0,811—0,949), indicating a strong
statistically significant (p < 0,0001) direct relation-
ship between the concentration of cholyglycine and
total bile acids (Fig. 2).

Six patients with ICP receiving ursodeoxycholic
acid for one or two weeks from the date of hospital-
ization were followed-up. The start of the study cor-
responded to the date of hospitalization. The dynam-
ics of changes in cholyglycine and total bile acids
concentrations are shown in Fig. 3. It should be
noted that the cholyglycine concentration was char-
acterized by a more pronounced decrease or subse-
quent stabilization during treatment. Simultane-
ously, an increase in total bile acid concentrations
was observed in some cases, likely due to interfer-
ence with ursodeoxycholic acid.

The effect of ursodeoxycholic acid preparations
on the change in the ratio of individual bile acids
was studied in more detail using high-performance
liquid chromatography by Manna et al. [7] who
showed that the level of blood ursodeoxycholic
acid during treatment increases from 0,3 to 60%.
Along with this, the concentration of cholic acid
derivatives decreased most significantly (by 65%)
after the first week of ICP treatment, then the
value stabilized with fluctuations in an insignifi-
cant range [7]. In general, during weekly follow-up
of 13-week duration, the mean concentration of
total bile acids in patients with ICP, taking the
ursodeoxycholic acid preparation, did not change
significantly, but a non-systemic increase was
observed periodically [7].
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Ta6smmua 1. BuoxuMuyeckye okasaTesy y MallMeHTOK C IUarH030M BHYTPUIIEYEHOYHOTO X0JiecTa3a 6epeMeHHbIX (BXB)

(n=40) u B KOHTpOIBHOU rpynne (n = 28)

Table 1. Biochemical parameters in patients diagnosed with intrahepatic cholestasis of pregnancy (ICP) (n = 40)

and in the control group (n = 28)

NokazaTes PedepeHcHbIe BXEB / ICP Kox-rrp(lmbﬂaa rpynmna

Parameter 3HAYeHUs Me [Q1; Q3] Control group
Reference values ! Me [Q1; Q3]

0611 Me XKeTIYHbIe KUCI0ThI, MKMOJIb/JI <10,0 26,7 [16,4; 64,7] 2,7 [1,5; 3,9]

Total bile acids, pmol/1

XOoJIETJIUIUH, MT /JT <2,7 8,2 [5,3; 15,9] 1,5[1,3; 2,0]

Cholyglycine, mg/1

AnanuHaMmuHoTpaHcdepasa, Ex/n <31 171[107; 282] 13 [9; 16]

Alanine aminotransferase, U/1

AcnapraTtamuHoTpaHcepasa, Ex/n <31 73 [44; 119] 17 [15; 20]

Aspartate aminotransferase, U/l

Bunupy6uH 061 UH, MKMOJIb/J1 <20,5 7,6 [5,1; 10,5] 7,4 [5,9; 8,8]

Total bilirubin, pmol/1

Bunupy6uH npssMou, MKMOJIb /JT <5,1 3,3[2,7; 5,6] 2,0 [1,5; 2,6]

Direct bilirubin, pmol/1

Ilox HabGaOAeHWEM B AUHAMHUKE HAXOIUJIHCh
6 nmanueHTok ¢ BXb, mosyyaBmiux MeguKaMeHTO3-
HOEe JIedeHHUe IperapaTaMu ypCOJAe30KCHX0JIEeBOH
KHCJIOTHI B TE€UEeHWE OJIHON WU JIBYX HEJIeJh C
MOMeHTa rocrnuTaausanuu. Hauaso uccienoBaHus
COOTBETCTBOBAJIO JlaT€ TOCHUTAIu3anuu. JIumHa-
MHKa M3MeHEeHUs KOHIIeHTpaIuM XOJIETJIUIINHA U
OOIIUX KEeJTUHBIX KUCJIOT MpeCTaBIeHa Ha PuUcC. 3.
CiienyeT OTMETUTH, YTO KOHIIEHTPAIIUSA XOJIETJIU-
MHA XapaKTepHU30Bajiach 0o0Jjiee BBIPAKEHHOU
JUHAMUKOU CHUKEHUS WU MOCJIeAyIoNned cTabu-
am3anueil Ha ¢doHe sedeHus. OJHOBPEMEHHO C
STUM B psfie cydaeB HaOJIIOAAJICA POCT KOHIIEH-

This trend demonstrates the possibility of addi-
tional use of cholyglycine as a marker for assessing
the condition of patients with ICP and the effective-
ness of treatment of this pathology in therapy with
ursodeoxycholic acid preparations.

However, further study of the use of a latex
immunoturbidimetry-based kit for measuring
cholyglycine concentration in the diagnosis of ICP
is necessary, involving a larger sample size to reduce
error and improve the significance of the results.
Along with ICP, groups of patients with other liver
pathologies receiving treatment with ursodeoxy-
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Puc. 1. KoHneHTpanus xoseryunuHa (MeaHa n3MepEeHHbIX 3HAUeHUH U MEXXKBaPTIIbHBIA pa3dmax [Q1; Q3])
B 06pasIjax ChIBOPOTKH KPOBH MAI[HEHTOK C IMATHO30M BHYTPHUIIEUEHOUHOTO XoJtectasa bepemenHbix (BXB) (n = 40)
U B KOHTPOJIBHOH rpyriie (n = 28)
Fig. 1. Cholyglycine concentration (the median and interquartile range [Q1; Q3]) in serum samples
from patients diagnosed with intrahepatic cholestasis of pregnancy (ICP) (n = 40) and in the control group (n = 28)
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Puc. 2. 'paduk 3aBUCUMOCTY KOHIEHTPALUY XOJIETJIUIIMHA ¥ OOIIHX YKETUHBIX KUCJIOT B TPYIIIE HAIIMEHTOK
C IMarHO30M BHYTPUIIEYEHOTHOT'O X0JiecTaza bepeMeHHbIX (KoadduiuenT koppessainuu CrupMena — 0,901;
P < 0,0001; 95% IOBEPUTETBHBIN UHTEPBAJ 0,811—0,949)
Fig. 2. Cross-plot of the concentration of serum cholyglycine and total bile acids in patients with intrahepatic cholestasis
of pregnancy (Spearman’s correlation coefficient: 0,901; p < 0,0001; 95% confidence interval: 0,811-0,949)

Tparuu OOIUX KEJTYHBIX KUCJIOT, YTO, BEPOSTHO,
00yc/I0BJIEHO MHTEP(EPEHITUEN C YPCOIE30KCUXO-
JIEBOH KHCJIOTOM.

BoJsiee ieTaibHO BIIMSIHUE TIPENapaToB ypcoje-
30KCHXO0JIEBOM KMCJIOTHI Ha M3MEHEHHE COOTHOIIIe-
HUA OTAEIbHBIX JKEJTUHBIX KHUCIOT C PUMEHEHUEeM
BBICOKOI((PEKTUBHOU KUJKOCTHOM XpOMaTorpa-
¢un uzyueno L.B. Manna et al. [7], nokazaBmiumu,
YTO YPOBEHB YPCOIE30KCUX0JIEBOH KUCIOTHI B KPOBH
B IIpollecce JiedeHUs Bo3pacraeT ¢ 0,3 /10 60 %.
Hapsy ¢ 5TUM KOHIIEHTpalusA TPOU3BOIHBIX XOJIe-
BOM KHCJIOTHI CHIKAJIaCch HauboJiee 3HAYUTEIHHO
(ma 65 %) mocne nepBou Henmesnu JyedeHus:s BXB,
Jlajiee 3HAUEHHE CTA0MJIM3UPOBAJIOCH C KoJieOaHU-
AMUA B HE3HAUMTEJIbHOM auamnas3oHe [7]. B meaom
yCpeJTHEHHAsT KOHIIEHTPAIUs OOIIKX KETYHBIX KHC-
Jot y nanueHToB ¢ BXB B exxeHeie IbHON JUHAMUKE
B TeueHUe 13 HeZeab Ha (QOoHe IMpreMa IIpernapaToB
VPCOZIE30KCUX0JIEBOH  KUCJIOTHI HM3MEHSJIach He
CYIIIECTBEHHO, OTHAKO TIEPUOUYECKU HADIIOAATIO0CH
HECHCTEMHOe yBeJInueHue [7].

JlaHHas TeHJEeHIUs II0OKAa3bIBAae€T BO3MOXKHOCTH
JIOTIOJTHUTEIBHOTO KCIIOJIb30BAHMUs XOJIETJIMIIMHA B
KauecTBe MapKepa JJisl OIIeHKU COCTOSHUS MalieH-
ToK ¢ BXB 1 3¢ deKTUBHOCTH JIeUeHUs TOH 11aTOI0-
rud Ha (poHE MPUMEHEHHUS IIPENapaToB ypCoIe30K-
CHXOJIEBOU KHCJIOTHI.

Bmecte ¢ TeM HE0OXOAMMO JaJIbHENIIIEe U3yde-
HUe IpUMeHeHHs Habopa J1s onpeesieHus (MeTo-
JIOM JIATEKCHOW UMMYHOTYPOUIUMETPHUN) KOHIIEH-
Tpanuu XoJierunuHa npu auarHoctuke BXDB ¢
HCITOJIb30BAHHEM OOJIBITIEN BEIOOPKHY JIJIsI CHUYKEHU S

cholic acid should also be compared with a control
group.

CONCLUSION

Our study allows to draw the following conclu-
sions:

1. A significant increase in the concentration of
cholyglycine was revealed in patients diagnosed with
ICP compared with the control group of non-preg-
nant women.

2. A dynamic relationship between the concentra-
tions of cholyglycine and total bile acids was estab-
lished. The Spearman’s correlation coefficient was
0,901 (95% CI: 0,811—0,949), indicating a highly sta-
tistically significant (p < 0,0001) direct correlation
between the concentration of cholyglycine and total
bile acids.

3. The feasibility of using the latex immunoturbi-
dimetric assay to measure the concentration of
cholyglycine in the in vitro diagnosis of ICP, and the
effectiveness of treatment of this pathology during
therapy with ursodeoxycholic acid preparations were
demonstrated. When enzymatic quantification of
total bile acids, an interference with other medicines
is possible.

Study limitations. The study has limitations
due to the small sample size.

Conflict of interest. The authors declare no
conflict of interest.
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A Xonermmmun / Cholyglycine

Puc. 3. luHaMVKa H3MEHEHMsI KOHIIEHTPAIMY 00X JKETIHBIX KUCIIOT U XOJIEMJIUIIHA Y 6 TAIIUEHTOK C JIMATHO30M
BHYTPHIIEUEHOYHOTO X0JIecTa3a GepeMeHHBIX Ha (DOHE MeJUKAMEHTO3HOTO JIEYEHNUs TPerapaTaMu
YPCO/IE30KCUXOJIEBON KUCJIOTHI B TEUEHKE OTHOU WJIU JIBYX HEZIEITh
Fig. 3. Concentration-time patterns of total bile acids and cholyglycine in 6 patients with intrahepatic cholestasis
of pregnancy during treatment with ursodeoxycholic acid for one or two weeks

OIUOKY U yJTyUIIEHUsI JOCTOBEPHOCTH PE3YJIHTATOB.
Hapsany ¢ BXb Takske cienyeT pacCMOTPETD I'PYIIIIBI
MaIMeHTOB C APYTUMHU [1aTOJIOTUAMU [1e4eHH, I10JIy-
YAOIUX MeIUKaMeHTO3HOe JiedeHe IIpernapaTtaMu
YPCOJIe30KCUXO0JIEBOU KUCIOTHI, B CDABHEHUH C KOH-
TPOJIBHOU I'PYIIIOHN.

3AK/IIOYEHUE

ITpoBeneHHOE HCC/IEIOBAHUE TTO3BOJISIET CIE/IATh
CJIE/IYIOIIE BBIBOJIBI:

1. BBIsIBJIEHO ZTOCTOBEPHOE IMOBHIIIIEHE KOHIEH-
Tpaliy XOJIETJIUIIMHA y TMAaIlUeHTOK C JUarHO30M
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BXb 1o cpaBHEHHUIO ¢ KOHTPOJIBHOU TPYIIIION Hebe-
PEMEeHHBIX YKeHII[UH.

2. YcraHoBeHA AUHAMHYECKAS CBA3b MEXKIY
KOHIIEHTPAIEN XOJIETIUIIUHA U OOIIUX KETIHBIX
KUCJIOT. 3HaueHUe KO3(pPUIUEHTA KOPPEIANUN
CroupmeHa cocTaBuiio 0,901 (95% I 0,811-0,949),
YTO CBUJIETEJILCTBYET O BBICOKOM CTATHUCTHYECKU
3HaYUMOU (p < 0,0001) IPAMOU CBSI3U MEKIY KOH-
IEHTpanedl XOJIEIIMIUHA U OOIIUX KETYHBIX
KHUCJIOT.

3. IIpogemoHCTpHpPOBaHA BO3MOXKHOCTD HCIIOJIh-
30BaHUS METO/Ia JIATEKCHOM HWMMYHOTYpOUANME-
TPUU JIJI ONpEeNeeHUs] KOHIEHTPAIUU XOJIETJIU-
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MHAa B in vitro quarnoctuke BXB u adpdekTuBHOCTH
JIEYeHUs 3TOU MaTOJIOTHH HA (hOHE TepaIuy Ipemna-
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Oco0EeHHOCTH CYTOUYHOU JUHAMUKHU IJINKEMHUH Y ITAIlUEHTOB
MY2KCKOTO I0JIa C Pa3JINYHBIMU OMOPUTMOJIOTUYECKUMU
npopuiamMmu

b.b. ITuaxacos" 2, M.10. Copokun?, H.A. Kouaakoa?, B.I'. CenaTuiikasa?

'@I'BEOY BO «Hogocubupckuil 2ocydapcmeeHbiil MeduyuHcekuil yrusepcumem» Munadpasa Poccuu, Hogocubupck,
Poccus

2@I'BHY ®edepanvHblil uccae0o08amenvckull yeHmp GyHoameHmarbHol U mpaHcAayuoHHoU meouyurst, Hogocubupck,
Poccus

AHHOTAITHA

BBepgeHue. Ilpucymas KOHKpeTHOMY YeJIOBeKY crenuduKa IUPKaJHON OpraHu3anuy Gu3noIoru4eckix OTIpaB-
JleHn#, 0603HaYaeMast TEPMHUHOM «XPOHOTHIT», 0OYCIOBJIMBAETCS HE TOJIBKO UYEPeIOBAHUEM IIEPUO/IOB OT/IbIXa U aKTHB-
HOCTH, HO ¥ 0COOEHHOCTSIMHU ITHIIEBOTO TOBEZIeHUs. BMecTe ¢ TeM HeIOCTaTOYHO M3YUEHHBIMU OCTAIOTCS ACIIEKTHI, Kaca-
IOIIECs KOPPEeJANUA MKy OMOPUTMOJIOTHYECKUM IPOMIIIEM U THUIIEBBIMU NPEATIOYTEHUSIMU, 06EMOM U COCTAaBOM
panyoHa y B3pOCJIBIX, B YACTHOCTH — KAKUM 00pa30M XPOHOTHII COIPSI?KEH C MeXaHU3MaMH, 00€eCIIeYNBaIOIIIMU [T0CTO-
SHCTBO ITO/IZIePKaHKs YPOBHA IVIIOKO3bI B OPTaHU3Me.

IT e 1 b . AHaynu3 mapameTpoB BaprabesbHOCTU ITHKeMUH (BI') y My»KUMH ¢ pa3HBIMHU XPOHOTUIIAMH B YCIOBUAX COXpa-
HEHUS IPUBBIYHOTO /I HUX PEXKUMA TUTAHUA.

MaTepuaabs U MEeTOJBbl . B HcolenoBaHHe BKIIOYEHBI 43 T0OPOBOJIBIIA MYKCKOTO IIOJIa B BO3pPAacTe
25—65 set. [IJ1s1 onpeiesieHus GHOPUTMOJIOTHYECKOTO IaTTepHA (XpOHOTHUIIA) IPUMEHIN OIpocHUK XopHa — OcTbepra.
XapakTep OTKJIOHEHHH B rumieBoM oBesieHuu (ITIT) u cTeneHp UX BBIPAXKEHHOCTH YCTAHABIMBAIH ITIOCPEICTBOM OIIPOC-
Hrka DEBQ. BeIipaKeHHOCTh TPEBOKHO-IEITPECCUBHON CIMIITTOMATHUKH OIEHUBAJIN C MOIIbI0 ['OCIIUTAIBHOM IIIKAJIBI TPE-
Boru u genpeccun HADS. B TeueHue 5—6 cyT IPOBOJUIN HENPEPHIBHYIO PETHCTPAINIO YPOBHSA IVIIOKO3BI, IIPUYEM JIJIA
WHTepIIpeTanuy Opayu JaHHBIE 32 JBOE ITOJIHBIX CYTOK, HA MPOTS’KEHUU KOTOPHIX UCIBITYEMBIN IPUEPIKUBAJICA CBOETO
OOBIYHOTO PAITUOHA.

PesyunbTartbl . PacupesneneHrue XpOHOTUIIOB B IIpeziesiax ¢HOPMUPOBAHHOM BBIOOPKU OBLIIO CIIEAYIOIIUM: YTPEH-
HUU XPOHOTHII IMATHOCTUPOBAH ¥ 51,2 % y4aCTHUKOB, IPOMEKYTOUHBIN — y 25,6 %, BeUepHUH — y 23,3 %. Y MyX4HH C
BEeYEPHUM XPOHOTHUIIOM ITOKa3aTesu SMoIoreHHoro 1111 6pIH CTaTUCTHYEeCKH 3HAUNMO BHIIIIE, YeM B IPYIIIAX ¢ yTPeH-
HUM U IPOMEKYTOUYHBIM XPOHOTHIIAMU. B TO ke BpeMs BEIPayKeHHOCTb 3KcTepHaIbHOro I1I1 y Ul ¢ BeuepHUM XPOHOTH-
IIOM OKazasach 3HAaUYMMO HUKE II0 CPAaBHEHUIO C JABYM: JpyruMu rpynmnamMu. CpaBHHUTeJIbHAA OIlEHKA [1apaMeTPOB H
WH/IEKCOB, OTpakaronux BI' B IHEBHbIE U HOYHBIE YaChl, I0KA3aJ1a, YTO MY>KUNHBI C yTPEHHUM U BeYEPHUM XPOHOTHUIIAMH
II0 LIeJIOMY PsA/ly KDUTEPHEB IOCTOBEPHO OTJIMYAIICH OT HOCUTEJIEN IIPOMEKYTOUHOTI0 XPOHOTHIIA. B wacTHOCTH, /114 TIPO-
MEKYTOYHOT'O XPOHOTHIIA OBUIN CBOMCTBEHHBI CTATHCTUYECKH 3HAYMMO MEHBIIINE BEJIMYHUHBI CPeHEH KOHIIEHTPAIlUH
TJIIOKO3bI, CTAH/IAPTHOTO OTKJIOHeHUs rinkeMud, nHjekca CONGA u J-unzekca. Benyunsl mapaMeTpoB, XapaKTepusyio-
mux BI' B HOuHBIE Yackl, TakKe IOKA3JIM CYIIeCTBEHHBIEe PA3INYUs MeKJy I'PYIIION IIPOMEXKYTOYHOTO XPOHOTHUIIA U
rpylnIaMu yTPEHHEro M BeUepHEro XpOHOTHUIIOB.

3aknmoueHHUe. [lepcoOHAIBHBII XPOHOTHUII BBICTYIIA€T B KayecTBe OJHOTO U3 (PAKTOPOB, /I€TEPMUHHUPYIOIIIX
cnenuUKy PETyIATOPHBIX MEXaHU3MOB YIJIEBOJAHOTO MeTabosm3ma. CieroBaTesbHO, TAHHBINA NMPU3HAK HEOOXOIUMO
IIPUHUMATh BO BHUMAaHUe IIpU cTpaTHGUKAUN pUCKa MaHHdecTauy caxapHoro fuabera 2 THUIIA, KOTOPHIH, COIVIACHO
IIOJIy4eHHBIM B HACTOAIIEN paboTe JaHHBIM, BO3PACTAET B CJIEAYIOIIEH II0C/Ie[0BATEIBHOCTH XPOHOTHIIOB: IIPOMEXKYTOU-
HBIA — YTPEHHUH — BEUEepHUH.

Knaoueswle caoea: BapnabebHOCTD IVIMKEMUH, OKUPEHNE, IIUPKATHBIA PUTM, XPOHOTHII.
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Features of diurnal glycemic dynamics in male patients
with different chronotypes
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Novosibirsk State Medical University, Novosibirsk, Russia

2Federal Research Center for Fundamental and Translational Medicine, Novosibirsk, Russia

ABSTRACT

Introduction. The specific arrangement of circadian rhythms of physiological functions inherent to a given
individual, referred to as chronotype, is determined not only by the alternation of cycles of rest and activity but also by the
characteristics of eating behavior. However, aspects concerning the correlations between chronotype and food preferences,
diet volume and contents in adults remain insufficiently studied, in particular, how chronotype is linked to the mechanisms
that maintain glucose levels in the body.

A im . Analysis of glycemic variability (GV) parameters in men with different chronotypes while maintaining their regu-
lar diet.

Materials and methods. The study included 43 male volunteers aged 25—65 years. The Horne and
Ostberg Morningness-Eveningness Questionnaire was used to determine the chronotype. The nature and severity of eating
behavior (EB) disorders were assessed using the Dutch Eating Behavior Questionnaire (DEBQ). The severity of anxiety and
depressive symptoms was assessed using the Hospital Anxiety and Depression Scale (HADS). Glucose levels were continu-
ously monitored for 5—6 days, with data from two full days, during which the research subjects maintained their regular
diet, were used for interpretation.

R e s ults . Thedistribution of chronotypes within the sample was as follows: 51,2% of participants had morning chro-
notype, 25,6% — intermediate chronotype, and 23,3% — evening chronotype. Men with evening chronotype had statistically
significantly higher emotional EB scores than those with morning and intermediate chronotypes. Meanwhile, the severity
of external EB in those with evening chronotype was significantly lower than in the other two groups. A comparative assess-
ment of the parameters and indices reflecting GV during the day and night hours showed that men with the morning and
evening chronotypes differed significantly from those with intermediate chronotype across a number of criteria. Specifi-
cally, intermediate chronotype was characterized by statistically significantly lower values of the mean glucose concentra-
tion, standard deviation of glycemia, CONGA, and J-index. The values of the parameters of GV characterizing GV during
the night hours also showed significant differences between the intermediate chronotype group and the morning and eve-
ning chronotype groups.

Conclusion. Personal chronotype is one of the factors determining the specific regulatory mechanisms of carbo-
hydrate metabolism. Therefore, this characteristic must be taken into account when stratifying the risk of type 2 diabetes,
which, according to the data obtained in this study, increases in the following sequence of chronotypes: intermediate
type — morning type — evening type.

Keywords: glycemic variability, obesity, circadian rhythm, chronotype.
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BBEJIEHUE INTRODUCTION

OpraHuamy 4YejOBeKa IMIPUCYI]A BSHAOTEHHAS
CHCTEMAa XPOHOMETPasKa, CIIOCOOCTBYIOIAsI €r0 IPHU-
CIIOCOOJIEHUI0 K 24-YaCOBOMY ITUKJIy UYepeIOBAHUS
CBETJIOTO ¥ TEMHOIO BPEMEHU CYTOK, UYTO MPUHATO
0003HAYaTh IMOHATHEM IUPKAJHOTO pUTMa [1, 2].
IleHTpa/IbHBINA T€HEPATOP AAHHOTO PUTMAa aHATOMHU-
YeCKH JIOKAJIM30BaH B CyMPaxUa3zMaTUUECKOM sipe
(CXA) runoranamuueckon obsactu [3]. MHTEHCHUB-
HOCTh OCBEI[EHUs] TPEJICTABJIAET COOOH TIJIaBHBIM
BHEIIHUI CHTHAJI, HACTpaWBaMOIIUH paboTy IeH-

The human body has an endogenous timekeeping
system that facilitates its adaptation to the 24-hour
cycle of alternating light and dark, commonly
referred to as the circadian rhythm [1, 2]. The central
generator of this rhythm is anatomically localized in
the suprachiasmatic nucleus (SCN) of the hypotha-
lamic region [3]. Light intensity is the main external
signal that regulates the functioning of the central
circadian clock. In turn, peripheral tissues, combin-
ing impulses from the SCN with environmental sig-
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TPaIbHBIX IUPKATHBIX 4acoB. B cBOIO 0uepe/b, TKaHU
nepudepun, KOMOUHUPYSI UMITYJIbChI, ITOCTYIIAIOIIIE
ot CX4, ¢ curHaslaMu OKpY?KaroIel cpesbl, 0coOeH-
HOCTSIMH ITOBEJIEHYECKUX AKTOB (PEXKHMMOM IIpHeMa
IIUINM, €€ KOJUYECTBOM U COCTABOM), a TaKXe co0-
CTBEHHBIMH aBTOHOMHBIMH KO0JIe0ATETbHBIMU IIPO-
meccaMu, O0ECIeUMBAIOT ITUPKAIHYIO YIIOPSAAOYEH-
HOCTh DHepreTHMyeckoro merabosmama. IlokaszaHo,
yTO abCOTIOTHOE OOJIBIIIMHCTBO KJIETOK OpPTaHH3Ma
SKCIIPECCUPYIOT MOJIEKY/IAPHbIE KOMIIOHEHTHI IHP-
KaIHOTO OCIMJISITOPA, IIPUYEM ITUKJT «TOJI0/] — HAChI-
IeHUEe» MPU3HAETCS OJTHUM U3 BEIyIIUX CHHXPOHH-
3UPYIOIINX CTUMYJIOB JIJIs TepU(PEePUIECKUX YaCOBBIX
MEeXaHU3MOB [4—7]. DKCIpeccus TeHOB, OTBEUAIOIIINX
3a paboTy mepudepruIecKrux 4acoB, OKa3bIBAET MOJIY-
JIIpYIoIIee BO3/elcTBrEe Ha 3P(PEKTUBHOCTD IHIIIE-
BapUTEJIBHBIX TIPOIIECCOB, AOCOPOITUI0 MUTATETHHBIX
cybcTpaToB, MeTaboIMUeCKre TIPeBpaIeHus HyTPH-
€HTOB, TOPMOHAJIBHYIO DPEryJISAIUI0, MOCTIEAYIOIIHI
MIpUEM IIHIIU, alIIETUT U CBSI3aHHbIE C HUM ITOBE/IEH-
YecKHe MaTTepHHI [6, 8].

[IupKagHBIN PUTM MOKHO OIIEHUTDH C IIOMOIIBIO
(pUBHOIOTUUECKNX MapKEPOB, TAKUX KaK MEJIATo-
HUH, KOPTH30JI, TeMIlepaTrypa Tesja u Ap. Haugano
CEeKpeIuy MeJIATOHUHA B YCJIOBHUSAX €1ab0T0 OCBele-
HUA ABJIsIeTCs Hanbosiee HaIesKHBIM METO/IOM U3Me-
peHus NIUPKAJHOTO PUTMAa y deyioBeka [9, 10].
OHAKO 3TO JIOBOJILHO CJIOKHBIN M JIOPOTOCTOSIIITAH
METOJ ccieoBanus. B aTol ¢Bsi3u Hanbosiee yacTto
HCIIOJIb3YIOT aHKETUPOBAaHUE, Kak 0ojiee IPoCTOl U
MeHee 3aTpaTHBIA CIOCOO OIEHKH IHPKAJTHOTO
putMa. OIPOCHUKH OIEHUBAIOT IOBEAEHUECKHE
MOJIEIA, HATIPUMED IHUKJI «COH — OOZ[PCTBOBAHUE»,
BpeMsi KOTOPOTO Pa3jIMYaeTcsl Y Pa3HbIX JIOAEH U
XapaKkTepu3yeT TOT WX WHOW XPOHOTHII: YTPEHHUH,
MIPOMEXKYTOYHBIH iu BeuepHuii [11—13]. [TokaszaHo,
YTO Yy JIMI[ C PA3HBIMU XPOHOTHUIIAMH, OIIPEIesIEH-
HBIMU IIyTEeM AaHKETUPOBAHUS, BPEMS CEKPEIUH
MeJIAaTOHHWHA 3HAYUMO Pa3Indaioch [14].

XpOHOTHI, WA IUPKAAHAA THUIIOJIOTHSA, SIBJIS-
eTcsl TeHEeTUYEeCKH OOYCIOBJIEHHBIM OTpaskeHHueM
CYTOUHBIX (PUBHOJIOTHYECKUX CIIOCOOHOCTEH Yesio-
BEKa, CBA3AHHBIX C PA3IMYHBIMHU OMOJIOTHUECKUME
U TICUXOJIOTUYECKUMU (QYHKI[USIMH, BKIOYAs COH U
0o/pcTBOBAaHWE, YMCTBEHHbIE U  (HU3UUYECKHE
HArpy3KHU U Ap. [13]. XpoHOTHI TaK:Ke CBA3BIBAIOT U
¢ 0coOeHHOCTAMHU peskuMa nuTauus. [lokazaHo, 4To
JIUIIA ¢ BEUEPHUM XPOHOTUIIOM HaWMeHee IPHUBep-
JKEHBbI 3/I0POBOMY IHTAHUIO [15], OHM dYacTto He
3aBTpaKAIOT [16], MeHbIlle TOTPEOIIAIOT GPYKTOB U
OBOIIEH [17] U TPOSBJISAIOT CKJIOHHOCTh K CJIaJIKOH
nuIie/HamuTkaM 1 ankoroutio [18]. Hepenko 6osiee
BBICOKOE MOTpeOIeHNe KaJTOpUi BO BPeMs y>KUHA U
CABUT BpEMEHU IpHieMa IMHIA Ha 0oJiee MO3/HHE

nals, behavioral patterns (dietary pattern, amount
and composition of food) and their own autonomous
oscillatory processes ensure circadian ordering of
energy metabolism. It has been shown that the vast
majority of cells in the body express molecular com-
ponents of the circadian oscillator, and the hunger-
satiety cycle is recognized as one of the leading syn-
chronizing stimuli for peripheral clock mechanisms
[4—7]. Expression of genes responsible for the func-
tioning of the peripheral clock has a modulating
effect on the efficiency of digestive processes, absorp-
tion of nutrient substrates, metabolic transforma-
tions of nutrients, hormonal regulation, subsequent
food intake, appetite and associated behavioral pat-
terns [6, 8].

The circadian rhythm can be assessed using phys-
iological markers such as the level of melatonin, cor-
tisol, body temperature, etc. The onset of melatonin
secretion under dim light conditions is the most reli-
able method for measuring the circadian rhythm in
humans [9, 10]. However, this is a rather complex
and expensive research method. In this regard, ques-
tionnaires are most often used as a simpler and less
expensive way to assess the circadian rhythm. Ques-
tionnaires assess behavioral patterns, such as the
sleep-wake cycle, the timing of which varies among
individuals and characterizes the particular chrono-
type: morning, intermediate, or evening [11—13]. It
has been shown that in individuals with different
chronotypes determined by questionnaires, the tim-
ing of melatonin secretion varied significantly [14].

Chronotype, or circadian typology, is the geneti-
cally determined reflection of person’s daily physio-
logical abilities associated with various biological
and psychological functions, including sleep and
wakefulness, mental and physical activity, etc. [13].
Chronotype is also associated with dietary patterns.
It has been shown that individuals with evening
chronotype are less committed to a healthy diet [15],
often skip breakfast [16], consume fewer fruits and
vegetables [17], and show a tendency toward sweet
foods/drinks and alcohol [18]. Often, consuming
higher caloric intake at dinner and a shift in meal-
times to later hours are associated with an increased
risk of obesity [19]. Frequent breakfast skipping in
individuals with evening chronotype affects post-
prandial insulin concentrations and compromises
long-term glucose homeostasis [20].

Scientific research over the last decade has
revealed significant relationships between circadian
rhythm disruption and the occurrence of a spectrum
of dysmetabolic conditions, accompanied by the
development of excess body weight, metabolic syn-
drome, and type 2 diabetes mellitus (T2DM) [21].
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Yachl CBSI3aHBI C MOBBIIIEHHOU BEPOSATHOCTHIO Pas3-
BUTHA OkUpeHus [19]. YacToe oTcyTcTBUE 3aBTpaKa
y JIMI] C BEUEDHUM XPOHOTHUIIOM BJIUSIET HA KOHIIEH-
TPalMIO WHCYJIMHA IIOCJIe IPHEMa IHUIU U CTAaBUT
IO/ yTPO3Y B JIOJITOCPOYHOH IEPCIIEKTHBE TOMEO-
cTa3 IJII0KO3bI [20].

Hayunple ucciieoBaHUs TOCTIEAHETO JIECATHIIE-
THUS BBIABJIAIOT 3HAUMMBbIE B3aMOCBI3U MEXK/TY pac-
CTPOHCTBOM ITUPKAJHOU PUTMHUKH U BO3HUKHOBE-
HUEM I[€JIOTO CIIEKTPA AUCMETAO0THIECKUX COCTOSI-
HUH, COITPOBOXK/IAIOIIUXCS PA3BUTHEM U30BITOUHOU
Macchl Tejia, MeTaboJTMYeCKOro CHHAPOMA U caxXap-
Horo auabeta 2 Tuna (C/12) [21]. JlecHHXpOHO3 UpP-
Ka/THOTO PUTMa YIJIEBOJHOTO MeTabom3Ma CBA3BI-
BaeTcsa C JUCPYHKIIHEH KIIOUEBBIX PETYJIATOPHBIX
CTHMYJIOB, HACTPAWBAIOIIUX OMOJIOTUYECKUE YACHI, a
MMEHHO: XapaKTepa OCBeIeHUs, BpeMeHH IIpueMa
MIHINH, PesKUMa TPYZa U OTAbIXA, YPOBHS IBUTATETb-
HOU aKTUBHOCTU U UHBIX HAKTOPOB. B 3TOM KOHTEK-
CTe OZTHUM U3 TIATOTeHEeTUUEeCKUX MeXaHN3MOB Hapy-
IIEHUs YTJIEBOJHOTO OajlaHca MOXKET CIIYKUTh pac-
COTJIACOBAHHE CYTOYHBIX PUTMOB JHEPTETUUECKOTO
roMeocTa3a B COBPEMEHHBIX YCJIOBUIX JKU3HU, CBS-
3aHHBIX C HCIIOJIb30BAaHUEM SIPKON (POHOBOU MOA-
CBETKM OKPAHOB IOPTATUBHBIX BJIEKTPOHHBIX
YCTPOWCTB B BeUepHee M HOUHOE BpeMs, U30BITKOM
HCKYCCTBEHHOTO OCBEIEHUS B YJIUYHOH U JIOMAIIl-
Hel oOcTaHOBKe 00, HAIIPOTHB, HEJOCTATOYHO-
CTBHIO UHCOJISIUY B CBETJIOE BpEMsI CYyTOK (0cOOeHHO
B B3UMHHH MEPUOJ), a TAaKKe OTCYTCTBUEM aJIeKBaT-
HOH (U3NYEeCKOW HArpy3Kd U HecoOJIIo/IeHreM
pexuMa nuTaHus [22, 23].

IToMuMO cKa3aHHOTO, COXPaHsIETCsI MHOTO Hepas-
PeIlIeHHBIX BOIIPOCOB OTHOCHUTEJIBHO COIPSKEHHO-
CTH XPOHOTHIIA ¢ OCOOEHHOCTAMU IHIIEBOTO MTOBe-
nmenwus (I111), KoTopoe B CyIlleCTBEHHOH Mepe Mpezo-
mpeziesisieT KOJUYECTBEHHO-KAUeCTBEHHBIH COCTaB
panpioHa 4esjoOBeKa, a 3HAYUT, U YPOBEHb B KPOBU
BaOKHEHUIIIETO MeTabosuTa SHEPreTHUYeCKOro
obMeHa — TJTIOKO3BI.

ITEJIb UCCJIEJIOBAHUSA

ITpoBecTH aHAJIN3 IapaMeTPOB BapuabeIbHOCTH
JINKEMHUU Y MYXXYHH C Pa3HbIMU XPOHOTHUIIAMH B
YCJIOBUSIX COXPAHEHWsS IIPUBBIYHOTO /IS HHX
peXuMa MUTaHUSA.

MATEPUAJIBI 1 METO/IbI

B ucciieioBanye BKJIIOYEHBI 43 MYKUYUHBI B BO3-
pacre ot 25 70 65 Jer. [IpOTOKOJ HCC/IeIOBAHUS
TTOJIyYHJT 0/To0peHue JJoKarbHOTO KoMuTera mo 61o-
MEIUIUHCKON dTHKe ®enepasbHOTO HCCIeI0Ba-
TEJIbCKOTO I[eHTpa PyHAaMEeHTATbHON U TPAHCIIAIU-
onHout MemuiuHbl (HoBocubupck) (BbIMHCKA

Desynchronization of the circadian rhythm of carbo-
hydrate metabolism is associated with dysfunction of
key regulatory stimuli that set the biological clock,
namely: the nature of lighting, meal time, work and
rest pattern, level of physical activity, and other fac-
tors. In this context, one of the pathogenetic mecha-
nisms of carbohydrate balance disorders may be a
desynchronization of the circadian rhythms of energy
homeostasis in modern living conditions associated
with the use of bright background lighting on porta-
ble electronic devices in the evening and at night,
excess artificial lighting outdoors and at home, or,
conversely, insufficient insolation during daylight
hours (especially in winter), as well as lack of ade-
quate physical activity and non-compliance with a
healthy diet [22, 23].

In addition to the above, many unresolved ques-
tions remain regarding the relationship between
chronotype and eating behavior (EB) characteristics,
which largely determine the quantitative and quali-
tative composition of a person’s diet, and therefore,
the blood level of the most important product of
energy metabolism — glucose.

AIM OF THE RESEARCH

To analyze the parameters of glycemic variability
in men with different chronotypes while maintaining
their regular diet.

MATERIALS AND METHODS

A study included 43 men aged 25 to 65 years. The
study protocol was approved by the local Biomedical
Ethics Committee of the Federal Research Center for
Fundamental and Translational Medicine (Novosi-
birsk) (Abstract No. 23/1 dated December 9, 2021).
Each potential participant was informed of the
study’s goals and objectives and then signed a volun-
tary informed consent form.

Selection criteria. Inclusion criteria: male sub-
jects with normal, overweight or obese body weight,
aged 25—-65 years, who confirmed their intention to
exclude alcohol for the entire study period.

Exclusion criteria: secondary forms of obesity,
previously diagnosed type 1 or 2 diabetes mellitus,
concomitant endocrine diseases, use of hypoglyce-
mic or hormonal agents, shift work.

Settings and design. The study was performed
at the Federal Research Center for Fundamental and
Translational Medicine clinic from September 2021
to May 2022. Design: a single-center, interventional,
cross-sectional study on a single population. All par-
ticipants underwent anthropometric examination.

Definition of chronotypes. Individual chro-
notypes were determined using the Horne and Ost-
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Ne 23/1 ot 09.12.2021). Kaxk1oMy OTeHIIATIEHOMY
YUACTHUKY Pa3bACHSIINCH LIeJIU U 3a7[a4¥ UCCIIEN0-
BaHUsA, IOCJIE Yero MOIUCHIBATIOCHh T0OPOBOJIbHOE
WHGOPMHUPOBAHHOE COTJIACHE HA YIACTHE B HEM.

Kpurepuu or6opa. Kpurepuu BKIIOUEHUS:
JIMIA MY?KCKOTO I10JIa ¢ HOPMaJIbHOM MaccoH Tesia,
ee N30BITKOM WJIN OKUPEHUEM, BO3pacT 25—65 JIET,
IIOJITBEP/IUBIIIIE HAMEPEHUE UCKIIIOYUTH AJKOTOJIb
Ha BeCh IePUO/I UCCIIeIOBAHUS.

Kpurepuu wuCKIOUeHUs: BTOPUYHBIE (POPMBI
O’KUpEHUs, PaHee YCTAHOBJIEHHBIN caxapHBIN JTha-
6erT 1 WK 2 TUIA, COMYTCTBYIOIINE DHIOKPUHHBIE
3a00J1eBaHNsA, TPUEM CAXaPOCHIKAIONIUX WA TOP-
MOHAJIPHBIX CPEJICTB, PAOOTa [0 CMEHHOMY Ir'PadUKY.

MecTo nipoBefeHusA U au3aiiH. Vccienosa-
HUe IPOBOAMIOCH Ha 6a3e kiuHUKHU DesrepasbHOTO
HCCJIEIOBATENIBCKOTO IIeHTpa (yHJaMEHTaJIbHOU U
TPAHCIAIIMOHHOW MEIUIIMHBI B TIEPUOJL C CEHTAOPS
2021 mo madl 2022 1. /[u3aliH: OHOIEHTPOBOE,
WHTEPBEHIIMOHHOE, OJTHOMOMEHTHOE (II0TIEPEYHOE)
HcC/IeTOBaHUe Ha OJHOU IOMyJsaiuu. BeeM ydacrt-
HUKaM IIPOBOJIMJIOCH AHTPOIIOMETpUUYECKoe obcJie-
JIOBaHHUE.

OmnpeneseHre XpOHOTUNOB. VHIUBUIyaTh-
Hble OMOPUTMOJIOTUYECKUE IMATTEPHBI OIEHUBAIHI
o orpocHuKy JI:x. XopHa u O. Ocr6epra [13]. Cymma
6aJIOB MO3BOJISITIAa OTHECTU PECIIOH/IEHTA K OJHOMY
13 TPeX XPOHOTUIIOB:

e MeHee 20 0aJUIOB — >KAaBOPOHOK (yTpeHHUH

XPOHOTHIIL);

e 21-27 6awioB — royy6h (IIPOMEKYTOUHBIN
XPOHOTHII);

e Oosiee 28 6ayyIOB — coBa (BeYEPHUI XPOHO-
THII).

CooTBeTCcTBEHHO C(POPMHUPOBAIIN TPU TPYIIIbIL:
1-f1 — C yTPEHHUM XPOHOTHUIIOM (1 = 22), 2-1 — € IIPO-
MEKYTOUHBIM (11 = 11), 3-51 — ¢ BeuepHUM (n = 10).

Ounenka I1II1 1 ICUX03MOIMOHAJIBHOTO CTA-
tyca. Tun mHapymenuii I1I1 1 ero BeIpaKeHHOCTDb B
b6autax ompenesstuck o Dutch Eating Behavior
Questionnaire (DEBQ), m03BOJIAIOIIEMY BBIJIEJIUTH
SMOIIMOTEHHBIN, KOMITYJIbCUBHBIH, SKCTEPHAIbHBIN
u orpanuuuTtenbHbId THOE [ [23]. YpoBeHs Tpe-
BOTH | JIETIPECCUU OIIEHUBAJICA C ITOMOIbI0 ['ocru-
TaJIbHOU IIKaIbl TpeBoru u nenpeccuu (Hospital
Anxiety and Depression Scale — HADS) [24].

MoHuTOpHpOBaHUE IJIIOKO3bI. HemnpepbiB-
HBIH MOHUTOPUHT Tutoko3bl (HMI') mpoBomuics c
HCITOJIb30BAaHUEM CHCTEMbI iPro2 ¢ mporpaMMHBIM
obecrieuenuem CareLink® iPro (Medtronic, CIIIA).
JITUTeTbHOCTh PETUCTPAIlAU COCTaBJsIA 5—6 CYT,
TIpUYeM JIJIsl aHAJIU3a BapuabesIbHOCTH IJIUKEMUU B
VCJIOBUSIX TPUBBIYHOTO PAIMOHA HCIIOJIH30BAJIMChH
JTaHHbIE, TOJIyUeHHbIE Ha BTOPBbIE U TPETHU CYTKHU.

berg Morningness-Eveningness Questionnaire [13].
The total score allowed the respondent to be classi-
fied into one of three chronotypes:

e less than 20 points — early bird (morning

chronotype);

e 21-27 points — intermediate chronotype;

« more than 28 points — night owl (evening

chronotype).

Accordingly, three groups were formed: 1% — men
with morning chronotype (n = 22), 2 — with inter-
mediate chronotype (n = 11), 3* — with evening chro-
notype (n = 10).

Assessment of EB and psycho-emotional
status. The type of EB disorders and their severity
in points were determined using the Dutch Eating
Behavior Questionnaire (DEBQ), which allows for
the identification of emotional, compulsive, external,
and restrained types of EB [23]. The level of anxiety
and depression was assessed using the Hospital Anx-
iety and Depression Scale (HADS) [24].

Glucose monitoring. Continuous glucose
monitoring (CGM) was conducted using the iPro2
system with CareLink® iPro software (Medtronic,
USA). Recordings lasted 5—-6 days, with data col-
lected on the second and third days used to analyze
glycemic variability under habitual dietary condi-
tions. Diet, physical activity, and work schedules
were unchanged during the study days. Participants
received instructions on sensor calibration, which
was performed using OneTouch Verio® Pro+ glu-
cometers and corresponding test strips.

Glycemic parameters calculated. Based on
the CGM data, we calculated:

e Mean glucose level;

o Standard Deviation (SD);

o Coefficient of Variation (CV);

e Mean Amplitude of Glycemic Excursions

(MAGE);

« 2-hour Continuous Overall Net Glycemic
Action (CONGA);

« Lability Index (LI);

« J-index;

e Mean Absolute Glucose Rate of Change
(MAG);

o M-value;

« High Blood Glucose Index (HBGI);

o Low Blood Glucose Index (LBGI).

SD and CV reflect the range of values, MAGE —
the amplitude of fluctuations, MAG — the rate of glu-
cose change, LBGI and HBGI — the risks of hypo- and
hyperglycemia, respectively. CONGA, J-index, LI
and M-value are integral indicators of the quality of
glycemic control. The calculation was performed
using an EasyGV v.9.0 calculator (Hill et al. [25]). All
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B nHM ucceoBaHUA pexxuM NUTaHuA, GU3nuecKon
AKTUBHOCTH U PaOOTHI He MEHsUICA. YUIACTHUKH IOJIY-
YaJId UHCTPYKIIMH 110 KaTUOPOBKE IaTYNKA, KOTOPas
BBITIOJTHSJIACH C TIOMOIIBIO TITIoKoMeTpoB OneTouch
Verio® Pro+ 1 COOTBETCTBYIOIIHX TECT-IIOJIOCOK.

PaccuurbiBaemMble IapamMeTpbl TJIMKEMUH.
Ha ocuoBe manabix HMI' Berumcsiin:

e CpegHUH YPOBEHD TJIFOKO3HI;

e  CTaHJAPTHOE OTKJIOHEHHE
Deviation, SD);

+ koadoumuent Bapuabenproctu (Coefficient
of Variation, CV)

e  CpPEIHIOI aMIUIUTYAY KoJieOaHUH TJIMKEMUH
(Mean Amplitude of Glycemic Excursions,
MAGE);

e 2-YacOBOW WHJIEKC /JINTEJIBHOTO IIOBBIIIE-
Husa rankemun (Continuous Overall Net
Glycemic Action, CONGA);

« wuHjekc JabmwibHOcTH (Lability Index, LI);

e J-HHJIEKC;

e CpeIHIOI abCOJIIOTHYIO CKOPOCTh M3MeHEHUsI
riaoko3bl (Mean Absolute Glucose rate of
change, MAG);

o M-value;

» wmHnekc pucka runepriaukemun (High Blood
Glucose Index, HBGI);

« wuHnekc pucka runormukemuu (Low Blood
Glucose Index, LBGI).

SD u CV orpaxkarot pazbpoc 3nauenuii, MAGE —
aMITuTyy Kosiebanuii, MAG — CKOpOCTh U3MeHe-
Husa raoko3sl, LBGI u HBGI — pucku coorBert-
ctBeHHO runo- u runepriukemun. CONGA,
J-unpekc, LI u M-value ciy:kaT WHTerpaJibHBIMHU
[IOKA3aTeJISIMU KauyecTBa KOHTPOJIS Iinkemuu. Pac-
4eT BBINOJHEH B Kajibkyisatope EasyGV v.9.0
(N.R. Hill et al. [25]). Bce nokasareiu OIeHHBAJINCH
3a CyTKHU B II€JIOM, B JiHEeBHBIE (6:00—23:59) U HOU-
Hble (0:00—5:59) Yachl.

JIaGopaTopHBIHA aHATN3. B CHIBOPOTKE KPOBU
UMMYyHO(MEPMEHTHBIM METO/IOM C HCIIOJIb30BAHUEM
KOMMEpPUYeCKINX HabOpOB OIpeNessIi  YPOBEHb
MMMYHOpPeaKTUBHOTro uHcyauHa (MPI).

CraTucruueckast o6padorka. [IpoBoauiach

B nmporpamme STATISTICA 10 (StatSoft Inc., CIIIA).
HopmanpHOCTh pacipezie/ieHus IpOoBepsiiach KpH-
tepuem Kosmoroposa — CmupHOBa. BBuy He60J1b-
moro o0’beMa BBIOOPKHU pacrpesiesieHre OOJIbIIH-
CTBa MPU3HAKOB OTJIMYAJIOCh OT HOPMAJIbHOTO, I103-
TOMY NPUMEHSUINCh HemapaMeTPUYECKHUe MeTOMbI.
CpaBHeHNe HE3aBUCUMBIX T'DYII IIPOBOAUIOCH II0
kpuTepuio ManHa — YUTHU, BHYTPUTPYIIIIOBbIE pa3-
JIMYUsA ONPEAESIINCh 1I0 KPUTepUuio BuiikokcoHa.
HyseBas runoresa oTBeprajiach IIpy ypoBHE 3HAUU-
MOCTH p < 0,05.

(Standard

indicators were assessed for the whole day, during
daytime (6:00—23:59) and night (0:00—5:59) hours.

Laboratory analysis. Serum immunoreactive
insulin (IRI) levels were determined using the
enzyme-linked immunosorbent assay (ELISA) and
commercial Kits.

Statistical analysis was performed using STA-
TISTICA 10 (StatSoft Inc., USA). The normal distri-
bution was verified using the Kolmogorov-Smirnov
test. Due to the small sample size, the distribution of
most variables was non-normal; therefore, non-
parametric methods were used. Comparison of inde-
pendent groups was performed using the Mann-
Whitney test, and differences between groups were
determined using the Wilcoxon test. The null hypoth-
esis was rejected at a significance level of p < 0,05.

RESULTS

In the examined sample, the distribution of chro-
notypes was as follows: morning chronotype was
recorded in 51,2% of men, intermediate chronotype —
in 25,6%, and evening chronotype — in 23,3%. A com-
parison of age and key anthropometric parameters
between the groups is presented in Table 1. I Statisti-
cally significant differences between groups for age or
most parameters reflecting fat accumulation were not
found. The exception was the waist-to-hip ratio which
characterizes fat distribution. The highest values for
this parameter were recorded in individuals with
morning chronotype.

An analysis of EB types in the study groups
(Table 2) showed that men with evening chronotype
demonstrated statistically significantly higher scores
on the emotional EB scale compared to men in the
EB group with morning and intermediate chrono-
types. Moreover, the severity of external EB in men
with evening chronotype was statistically signifi-
cantly lower than in men with morning and interme-
diate chronotypes. No statistically significant differ-
ences between groups were found when comparing
restrained and compulsive EB. Emotional EB in men
of the evening chronotype group was associated with
the highest level of anxiety-depressive disorders,
assessed using the Hospital Anxiety and Depression
Scale, with the main contribution coming from ele-
vated anxiety levels.

An assessment of key GV indices during daytime
and at night revealed that the largest number of sta-
tistically significant differences occurred when com-
paring the intermediate chronotype group with the
morning and evening chronotype groups (Table 3).
A significant difference between morning and eve-
ning chronotypes was found only for HBGI during
daytime hours.

Journal homepage: http://jsms.ngmu.ru

49



Iunxacoe B.b. u dp. / Journal of Siberian Medical Sciences T. 10, N° 3 (2026)

PE3YJ/IBTATDI

B o6csieoBaHHOM BRIOGOPKE pacIpeziesieHre Xpo-
HOTHIIOB OKA3JIOCh CJIEAYIOIINM: YTPEHHHUH THII
3adUKCUpPOBaH y 51,2 % My:K4YUH, IIPOMEXKYTOY-
HBIA — y 25,6 %, BeuepHUH — y 23,3 %. CpaBHEHHE
BO3pacTa U OCHOBHBIX AHTPOIIOMETPUUYECKHX Iapa-
METPOB MeKAy TPYIIIaMU IIPeICTaBIeHo B TabII. 1.
VceTaHOBJIEHO, UTO IO BO3PACTy U OOJIBIIUHCTBY
ToKasaTeJsiel, OTpaKaroIuX HAKOIUIEHHE KUPOBOU
TKaHU, CTATUCTUYECKU 3HAYMMBIX MEKTPYIIIOBBIX
pasnuuuil He BBIABIEHO. VCKiIIOUeHNe COCTaBUJIO
OTHOIIIEHUE OKPY)KHOCTU TAJIMH K OKPYKHOCTH
6enep (OT/OB), xapakTepuaylolee pacipeieieHne
s)kupa. Haubospiivie 3HaUeHUsI 3TOTO IOKa3aTesis
3a(pUKCUPOBAHBI Y JIUIL C YTPEHHUM XPOHOTHUIIOM.

Ananus tunos IIII B wucciaenyeMbIx rpymmax
(Tabs. 2) mMOKasaJl, UTO MY)KUHHBI C BEUEPHUM XPO-
HOTHIIOM JIEMOHCTPUPYIOT CTATUCTUYECKH 3HAUNMO
0oJiee BBICOKHE 0asUIbl IO IIKAJIe 3MOIMOTEHHOTO
tumna I1I1 oTHOCUTETBHO My»KUIUH U3 TPYIII C yTPEH-
HUM U MPOMEXYTOUYHBIM XpoHOoTUIaMu. [Ipu aToM
BBIPAXXEHHOCTh 3KcTepHaysbHOro tumna IIII y myx-
YUH C BEUePHUM XPOHOTHUIIOM ObLJIa CTATUCTHYECKU
3HAYMMO HIDKE, YeM Y MYXKUHH C YTPEHHUM U IIPO-
MEXXyTOUHBIM XpoHOoTHIaMu. [Tpu cpaBHeHUU orpa-
HUYUTEBHOTO U KOMILyIbcuBHOTO THIOB I1IT cTaTu-
CTHYECKU 3HAYUMBIX MEKTPYIIOBBIX Pa3JIMUUI
BBISIBJIEHO He Ob110. IMororeHHbIH Trm [111y Myx-

Overall, men with intermediate chronotype
showed lower daytime GV values than the other two
groups, namely: mean glucose level, SD, and
CONGA (reflecting the value of dispersion). They
also had the lowest J-index, which in normal condi-
tion ranges from 10 to 30; values above 30 are
interpreted as poor glycemic control, and values
above 40 as its loss. Regarding risk indices, men
with intermediate chronotype had statistically sig-
nificantly higher LBGI (risk of hypoglycemia), and
significantly lower HBGI (risk of hyperglycemia),
compared to the morning and evening chronotype
groups. No differences between groups were found
for LI, MAG, and M-value indices (usually used in
patients receiving insulin therapy); all were within
the reference ranges.

At night, significant differences were also found
between the intermediate chronotype and morning
and evening chronotypes: in terms of mean glucose
levels, SD, CV, LI, CONGA, J-index, as well as LBGI
and HBGI.

Thus, in men with intermediate chronotype, most
of GV parameters are within the reference range
throughout the day, although they have an increased
risk of hypoglycemia. Conversely, individuals with
morning and evening chronotypes exhibit more sig-
nificant deviations in GV parameters, as well as a
higher risk of hyperglycemia.

Ta61mua 1. CpaBHI/ITeJIbHaH XapaKTEePUCTUKA BO3PACTa U OCHOBHBIX daHTPOIIOMETPHUYIECKUX rnokasaTeJiel Yy My»KYUH

¢ pasHbIMU xpoHoTunamMy, Me [LQ-UQ]

Table 1. Comparative characteristics of age and main anthropometric parameters in men with different chronotypes,

Me [LQ-UQ]
I'pynna MmyK4uH I'pynmna My»K4uH ¢ Ipynna mysuns
C yTPEHHUM NPOMEKYTOYHBIM
C Be4epHUM
XPOHOTHIIOM, XPOHOTHUIIOM,
XPOHOTHIIOM,
Iloka3saTesb Group of men Group of men . p
- . o . Group of men with
Parameter with morning with intermediate -
evening chronotype,
chronotype, chronotype, n=10
n=22 n=11 -
1 2 3 1-2 1-3 2-3
Bospacr, sieT 40,0 [35,0-51,0] 50,0 [25,0-60,0] 33,0 [30,0-60,0] 0,927 0,108 0,398
Age, years
Macca Tena, Kr 90,0 [79,0-114,0] 98,0 [89,0-107,0] 104,5 [88,5-107,0] 0,568 0,695 0916
Body weight, kg
Wupekc maccel Tenta, kr/m? 31,2 [29,8-36,8] 31,6 [30,2-35,8] 31,6 [29,7-35,8] 0,854 0,938 0,972
Body mass index, kg/m?
06beM TaIMK, CM 101,0 [90,0-120,0] 104,5 [97,0-108,0] 99,5 [96,0-108,5] 0,740 0,681 0,833
Waist, cm
06beM Geaep, cM 109,0 [98,0-117,0] 114,0 [106,0-116,0] 109,3[104,0-116,0] 0,397 0,652 0,622
Hips, cm
06beM TauK / 06'beM 0,97 [0,94-1,0] 0,91 [0,85-0,94] 0,92 [0,89-0,94] 0,022 0,051 0,860
Gesiep, yCII. efl.
Waist/hips, arbitrary units
XKup, % / Fat, % 27,5 [17,5-34,0] 23,3 [22,0-26,5] 21,8 [21,0-26,5] 0,279 0,414 0,685
Kup, kr / Fat, kg 25,4 [12,8-37,4] 24,6 [20,9-27,1] 22,5[19,3-27,1] 0,637 0,565 0,862
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Ta61mua 2. CpaBHI/ITeJ'leaH XapaKTepUCTHKA THUIIOB IUIEBOro nNoBeJeHnd U ICUX03MOLIMOHA/JIbHOI'O COCTOAHUA

y MY>X4HH C pa3HbIMU XpoHOTHNAMU (6assl ), Me [LQ-UQ]

Table 2. Comparative characteristics of types of eating behavior and psycho-emotional state in men with different

chronotypes (points), Me [LQ-UQ]

I'pynna My:K4uH

I'pynma My»K4MH

C yTPEeHHUM MPOME>KYTOYHBIM BV 7T

XPOHOTHUIIOM, XPOHOTHUIIOM, ;33:55::341“
OISR Group of men Group of men ] Group of men with p
Parameter with morning with intermediate -

evening chronotype,

chronotype, chronotype, n=10

n=22 n=11 B

1 2 3 1-2 1-3 2-3
IMonuoreHHoe I1I1 0,7 [0,4-1,6] 0,6 [0,1-1,3] 1,8[0,8-2,9] 0,377 0,049 0,032
Emotional EB
KomnysnbcusHoe I11 1,7 [0,9-2,0] 1,3[0,5-1,7] 1,8[0,7-2,0] 0,277 0,906 0,439
Compulsive EB
JxcrepHanbHoe [111 2,2[2,0-2,6] 1,8[1,1-2,2] 1,6 [1,6-1,8] 0,039 0,069 0,944
External EB
OrpaHuuuTtesnbHoe 111 1,7 [1,1-3,1] 1,7 [0,9-2,5] 2,310,9-2,5] 0,531 0,860 0,647
Restrained EB
TpeBora / Anxiety 8,0 [5,0-8,0] 3,0[1,0-7,0] 9,5[8,0-13,0] 0,045 0,044 0,007
Jlenpeccus / Depression 4,0 [2,0-6,0] 2,0 [2,0-7,0] 5,0 [2,0-8,0] 0,606 0,814 0,725
Ouenka o T'IIT/, 11,0 [10,0-13,0] 4,0 [3,0-14,0] 15,0 [13,0-19,0] 0,127 0,055 0,041
HADS score

IpumeudyaHnwue.
Abbreviations:

YUH B IPYIIIE C BEUEPHUM XPOHOTUIIOM OBbLT aCCOITU-
HUPOBaH ¢ Hanbosiee BBICOKUM YPOBHEM TPEBOXKHO-
JlelIpeCCUBHBIX HAPYIIeHUH, olleHeHHbIX 110 ['ocru-
TQJIBHOU IIIKaJie TPEBOTM U JIENPECCUH, IPUYEM
OCHOBHOHM BKJIQJ] NPUXOAWICA Ha IOBBIIIEHHBIN
YPOBEHb TPEBOXKHOCTH.

OreHKa KJII0YEBBIX MHJIEKCOB BI' B HEBHOE U
HOYHOE BPeMS BBISIBIJIA, UTO MAaKCUMAJIbHOE YHCIIO
CTATUCTUYECKU 3HAYMMBIX PA3IUIUN IPUXOIUTCS
Ha CpaBHEHUE IPYIIIIBI ¢ TPOMEXKYTOYHBIM XPOHOTH-
IIOM C TPYIIIAMU YTPEHHETO U BEUEPHETO THUIIOB
(Tabs. 3). Mexxny yrTpeHHUM U BE€YEPHUM XPOHOTH-
IIaMH JIOCTOBEpPHAsI pa3HuIla 0OHAPYKEHA TOTHKO IO
nHzekcy HBGI B jHeBHBIE UaChI.

B mesiom y My>KYMH ¢ ITPOMEKYTOUHBIM XPOHO-
TUTIOM TI0 CPAaBHEHHUIO C IByMs JIDYTUMU TPyIIIaMHU
B THEBHOE BPEMs PErUCTPUPYIOTCA OOJlee HU3KHUE
3HaueHus Mokasateyned BI, a mMeHHO: cpesHETO
ypoBHs r1oK03b1, SD u ungexca CONGA (otpaska-
IOIIEero BeJIUYUHY aucnepcuu). Takke y HUX Hau-
OoJiee HU30K J-UHJIEKC, KOTOPBI B HOPME COCTaB-
JIsieT 10—30; 3HAUeHHUs BBIIIE 30 TPAKTYIOTCH Kak
c1abBIF KOHTPOJIb TJTUKEMHUH,  BBIIIIE 40 — KaK €ro
yTpata. UTo KacaeTcs UHIEKCOB PUCKA, TO Y HOCHU-
Teylel mpoMexkyTouHoro xponorumna LBGI (puck
TUIIOTJIMKEMUH ) OKA3aJICSI CTATUCTUYECKU 3HATHNMO
Boiie, a HBGI (puck runepriukeMun) — 3HAUUMO
HIJKe, UeM B TPYIIax yTPEHHEro U BeUepHero Xpo-
"HotunoB. Ilo wuuzaekcam LI, MAG u M-value

1T - nuweBoe noBegenue; 'IIIT/| - TocnuTasbHas IKajJa TPEBOTH U A€NIPECCUH.
EB - eating behavior; HADS - Hospital Anxiety and Depression Scale.

Within each of the groups, the values of most of
GV indicators during daytime hours were statisti-
cally significantly higher than those at night
(Table 3).

The most significant GV disturbances in men with
evening chronotype were manifested by higher fast-
ing insulin levels in the morning. The blood serum
insulin concentration increased in the following
order: intermediate chronotype — morning chrono-
type — evening chronotype, amounting to 3,2 [1,6;
7,4], 5,7 [2,0; 9,8] and 8,5 [8,3; 21,7] mmol/1, respec-
tively. A statistically significant difference was
recorded between evening and intermediate chrono-
type groups (p < 0,026).

DISCUSSION

Our study showed that half of the men in the
examined population belonged to morning chrono-
type, while intermediate and evening chronotypes
each made up approximately one-quarter of the
cohort. This distribution does not meet the results of
most studies, which usually indicates different pro-
portions: morning chronotype — 13-15%, evening
chronotype — 20-25%, intermediate chronotype —
60—-65% [26, 27]. The frequency of chronotypes can
vary depending on age and geographic latitude of
residence [27], however, in our case, we attribute the
differences observed to the relatively small sample
size.
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Ta6mmua 3. [lokasaTe iy, XapaKTepy3yollie BapuabebHOCTD IVIIOKO3bl B TEYEHHE CYTOK B IPYIIAaX MyKUYHUH

¢ pa3HbIMu xpoHoTunamy, Me [LQ; UQ]

Table 3. Diurnal parameters of glucose variability in groups of men with different chronotypes, Me [LQ; UQ]

I'pynna MyK4YuH

I'pynna my:xumMH ¢ pynna MyK4YuH

C yTPEHHUM NMPOMEXKYTOYHBIM C B€YEPHUM

XPOHOTHUIIOM, XPOHOTHUIIOM, XPOHOTHIIOM,
Mokasartesn Group of men Group of men Group of men p
Parameter with morning with intermediate with evening

chronotype, chronotype, chronotype,

n=22 n=11 n=10

1 2 3 1-2 1-3 2-3

/lHesHble uacwl / Daytime hours
CpeiHUH YPOBEHbD IJIIOKO3bI, 6,0 [5,5; 6,5] 5,6 [5,3;6,0] 6,4 [5,9; 6,9] 0,077 0,131 0,010
MMOJIb /JT
Mean glucose level, mmol/]
SD, MMosib /21 (mmol/1) 0,7 [0,5; 1,1] 0,5[0,4;0,7] 1,1[0,4; 1,2] 0,060 0,706 0,005
MAGE, MmMosib/n1 (mmol/1) 1,6 [1,4; 2,3] 1,1[0,8; 1,6] 1,3 [1,0; 3,0] 0,077 0,572 0,425
CONGA, MmMosib /21 (mmol/1) 53 [5,1;5,8] 5,0 [4,9; 5,6] 5,6[52;6,7] 0,113 0,102 0,023
LI, (Mmosib/n)? /4 | (mmol/1)? /h 0,6 [0,3; 1,4] 0,4[0,3; 0,6] 1,4 [0,2; 2,0] 0,151 0,801 0,494
J-ungekc, (MMoJIb/01)? 15,2 [11,4; 19,1] 11,9 [10,5; 14,4] 17,2 [16,0; 20,1] 0,039 0,121 0,005
J-index, (mmol/1)?
LBGI, ycu1. ef. (arbitrary units) 1,0 [0,3; 1,5] 1,410,4; 1,7] 0,8[0,0; 1,1] 0,224 0,121 0,033
HBG]I, ycu. en. (arbitrary units) 0,6 [0,1; 1,3] 0,2 [0,0; 0,5] 1,7 [0,5; 2,4] 0,098 0,036 0,004
M-value, ycu. eg. (arbitrary units) 1,0 [0,5;1,6] 1,5[0,4; 2,1] 1,1[0,8; 1,5] 0,508 1,000 0,494
MAG, MMosib/n1/4 (mmol/1/h) 1,1[0,8; 1,6] 0,9 [0,6; 1,0] 1,3 [0,6; 1,6] 0,462 0,967 0,403
HouHvle uacwt / Nighttime hours

CpeHUH ypOBEeHb IVTIOKO3HI, 5,7 [5,6; 6,2]* 5,2 [5,0; 5,6]* 6.0 [5.2; 6.4]* 0,018 0,451 0,058
MMOJIb/JT
Mean glucose level, mmol/]
SD, mmosib /21 (mmol/1) 0,4 [0,3; 0,5]** 0,2 [0,2; 0,3]** 0,310,3; 0,5]** 0,030 0,867 0,040
MAGE, mmoJib /a1 (mmol/1) 0,8[0,5; 1,1]** 0,5[0,0; 1,0]** 0,6 [0,5; 0,8]** 0,146 0,675 0.305
CONGA, MmMouib/n1 (mmol/1) 531[5,1;5,7] 4,91[4,8; 55]# 54 [4,9; 6,1]* 0,047 0,476 0,224
LI, (Mmosb/m)? /4 | (mmol/1)? /h 0,2 [0,2; 0,6]** 0,1[0,0; 0,2]** 0,3[0,1;0,6]* 0,007 0,900 0,023
J-unpexc, (Mmosnb/n)? 12,7 [11,4; 14,51** 9,7 [8,7; 11,2]** 13.9[9,8; 14,3]* 0,009 0,645 0,040
J-index, (mmol/1)?
LBGI, yc1. eg. (arbitrary units) 0,7 [0,5; 1,2]* 1,6 [0,6; 2,3]* 0,4[0,1; 1,6] 0,131 0,335 0,081
HBGI, ycu. en. (arbitrary units) 0,08 [0,01-0,60]** 0,01[0,00-0,01]** 0,10 [0,02-0,47]* 0,009 0,706 0,011
M-value, yci. en. (arbitrary units) 0,8 [0,5; 1,8] 1,9[0,6; 2,8]* 1,0 [0,4; 2,2] 0,151 0,586 0,595
MAG, mmouib/s1/4 (mmol/1/h) 0,7 [0,45; 1,0]** 0,4 [0,3; 0,6]** 0,810,5; 1,2]* 0,045 0,737 0,058

[IpuMeduanue.SD- crangapTHoe oTkJIoHeHUue; MAGE - cpefusia ammuTyza Kosne6anuil rimmkeMun; CONGA - 2-4yacoBo#l MHZAEKC
JUIUTEJIbHOTO MOBbILIeHUs IIMKeMuY; LI - uHekc 1abunbHocTy; LBGI - nHAekc pucka runorinkeMun; HBGI - MHIeKC prcKa runepriukKeMuy;
MAG - cKOopoCTb U3MEeHEHHUH YPOBHS IVIIOKO3bI.

Abbreviations: SD-standard deviation; MAGE - mean amplitude of glycemic excursions; CONGA - 2-hour continuous overall
net glycemic action; LI - lability index; LBGI - low blood glucose index; HBGI - high blood glucose index; MAG - mean absolute glucose rate of

change.

#p < 0,08.

*p <0,05.

*p < 0,005.

(06BIYHO KCITOIB3YEMBIM Y MAIIMEHTOB HA WHCYJIH-
HOTEpAINluM) MEKTPYIIIOBBIX Pa3JIMYUi HE BBIAB-
JIEHO; BCe OHU HaxXOJIWJIUCh B IIpeJiesiax pedepeHc-
HBIX 3HAYEHUH.

B HOUHBIE "aCHl TAK)Ke YCTAHOBJIEHBI 3HAUNMBbIEe
pasInyrsa MeX/ly IPOMEKYTOUHBIM XPOHOTUIIOM U
YTPEHHUM U BeYepHUM XPOHOTHUIIAMU: 110 CPeIHEMY
ypoBHI0o 1i0ko3bl, SD, CV, nuaaekcam LI, CONGA,
J-unpekcy, a Tak:xke LBGI u HBGI.

Analyzing the characteristics of EB in men with
different chronotypes, it is worth noting that in men
with evening chronotype, the indicators of emotional
EB were a statistically significantly higher than in the
groups with morning and intermediate chronotypes.
At the same time, external EB in individuals with
evening chronotype was pronounced significantly
substantially lower compared to the other two
groups. These data are consistent with the results of
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Takum 06pa3oM, y MyKYHH C ITPOMEKYTOUHBIM
XPOHOTHUIIOM OOJIBIITMHCTBO IMapaMeTpoB BI' B Teue-
HHUE CyTOK HaXOJAATCA B pedepeHCHOM Juamnas3oHe,
XOTSl Y HHUX IIOBBIIIEH PHUCK TUIOTJIMKEMUYECKUX
cocTossHUU. HampoTus, y JIUI] ¢ yTPEHHUM U Beuep-
HUM XpOHOTHUIIAaMU HabJIr0/1at0Tcst 60sIee BhIpaXKeH-
HbIE OTKJIOHEHUs Tokasareser BI' or HOpwmEI, a
TaKKe BBICOKUH PUCK THIIEPTIIUKEMUH.

BHyTpU Ka)kI0H U3 TPYIII BETUIHUHBI OOJIBIITHH-
crBa nokasaresieli BI' B iHeBHBIE Yachl ObLJIM CTATH-
CTUYECKH 3HAYMMO BBIIle aHAJIOTMYHBIX B HOYHOE
BpeMs (cM. TabI1. 3).

Hawubosee BoiparkeHHble HapymeHus BI' y myx-
YUH C BEUEPHUM XPOHOTHIIOM IIPOSIBJISINCH OoJiee
BBICOKUM YPOBHEM UHCYJIMHA HATOIIAK B YTPEHHUE
4gacel. KOHIIeHTpanusa NHCYJINHA B CBIBOPOTKE KPOBHU
BO3pacrayia B pPAAY: IPOMEKYTOUHBIH XPOHOTHI —
YTPEHHUN — BEYEPHUH, COCTABJIAS COOTBETCTBEHHO
3,2[1,6;7,4],5,7[2,0;9,8]u 8,5[8,3; 21,7] MMoB/ 1.
CratucTuyecKku JIoCTOBepHasi pa3Huna 3apuKCupo-
BaHA MeXJy IpyHIlaMU BeuepHero U IpoMeKyTod-
HOT'0 XpOHOTHIIOB (P < 0,026).

OBCYXXJIEHHNE

B xo/ie HacTOAIIETO HCCIIeZIOBAHNS YCTAaHOBIIEHO,
YTO IOJIOBUHA MYXXUYUH O0O0CJIEJTOBAHHON BBIOOPKHU
OTHOCUJIACh K YTPEHHEMY XPOHOTHILY, TOT/Ia KaK Ha
IIPOMEXKYTOUHBIN U BeuepHUH THUIIBI IPHUIIIOCH IPU-
MEPHO I10 OJTHOU YeTBEPTHU. TO pacIpesiesieHre pac-
XOJIUTCA € pe3yJbraTaMu OOJIBIIMHCTBA paboT, B
KOTOPBIX OOBIYHO YKa3bIBAIOTCSA WHBIE IPOIOPIUN:
YTPeHHUH THIl — 13—15 %, BeuepHHU — 20—25 %,
MMPOMEXKYTOUHBIH — 60-65 % [26, 27]. Yacrora
BCTPEUAEMOCTH XPOHOTHUIIOB MOXKET MEHATHCA B
3aBUCHUMOCTH OT Bo3pacta H reorpaduueckoi
IIUPOTHI TPOKUBAHMUSA [27], 07]HAKO B HAIIIEM CJTydae
MBI CBSI3bIBAEM HAOJIIO/Ja€Mble OTJIMYHSA C OTHOCH-
TeJIbHO HEOOJIBIITUM 00'heMOM BBIOOPKH.

Ananmusupys ocoberHoctu I1I1 y Hocuresnen paz-
HBIX XPOHOTHUIIOB, CTOUT OTMETUTh, YTO Y MY:KUHH C
BEUEPHUM XPOHOTHUIIOM ITOKA3aTeI SMOIIMOTEHHOTO
[1I1 6pUTH CTATUCTUYECKH 3HAYMMO BBIIIIE, UEM B TPYTI-
I1ax ¢ yTPeHHUM U IIPOMEKyTOYHBIM XpOHOTHUIIaMU. B
TO >Xe BpeMs BBIPAKEHHOCTh 3KcTepHapHOTrO IIII y
JIUI] ¢ BEUYEPHUM XPOHOTHIIOM OKA3aJIach 3HAYUMO
HIDKe T10 CPAaBHEHMUIO € JIBYMsA JPYTUMHU IPYIIIaMu. ITH
JTAHHBIE COIVIACYIOTCS C PE3yJIbTaTaMU JPYTHX UCCIIe-
JIOBAaHUM, B KOTOPBIX Y JIUI] C BEUEPHUM XPOHOTHUIIOM
TaKKe YacTO BBIABJIUINCH CJIEyIOIIe HapylIeHUs
IIIT: ymotpebieHue GOJBIINX IOPIUN, YCHJIEHHAS
TATA K €7le, SMOLMOHAIIBHOE U CTPECCOBOE IIEpeesa-
Hue [28]. BersABIeHHAs CBA3b MEXK/Y SMOITMOTeHHBIM
[111 1 TOBBIIIIEHHOH TPEBOXKHOCTHIO JIABHO U3BECTHA 1
HaOJTIOAAeTCs KaK y MY»KUHH, TaK U Y MKEHIIUH C OXKHU-

other studies, in which the following EB disorders
were also frequently detected in individuals with
evening chronotype: consumption of a large amount
of food, increased food craving, emotional and stress-
related overeating [28]. The association between
emotional EB and increased anxiety has long been
known, and is observed in both men and women with
obesity [29, 30]. High-anxiety patients often use
simple carbohydrate-rich foods for reducing anxiety,
which can lead to weight gain: increased consump-
tion of simple carbohydrates is accompanied by an
increase in caloric intake, excessive appetite, and has
a significant impact on glucose homeostasis.

There is evidence in the literature indicating an
association between chronotype and biomarkers of
carbohydrate and lipid metabolism [31, 32]. During
an analysis of differences in lipid profile and glucose
homeostasis, Lazar et al. found that individuals with
evening chronotype had higher triglyceride concen-
trations and lower levels of high density lipoproteins
compared to those with morning chronotype [33]. In
addition, individuals with evening chronotype had
higher levels of fasting insulin and HOMA-IR than
those with morning chronotype. In our study, men
with evening chronotype also had the highest insulin
levels, which were statistically significantly higher
than those in the intermediate chronotype group,
where the insulin level was the lowest.

According to several publications, individuals
with evening chronotype have a higher risk of obe-
sity, prediabetes, and T2DM [27]. Notably, individu-
als with the intermediate chronotype, due to their
better adaptation to the ambient time structure, are
considered less vulnerable [34]. Our study confirms
that chronotype is a significant factor in the regula-
tion of glucose homeostasis. The assessment of GV
indicators demonstrated that in individuals with
intermediate chronotype, even with obesity, param-
eters reflecting GV and, consequently, carbohydrate
metabolism regulation are within the reference
range.

There is a growing body of reports about an
increase in the number and severity of the factors
that disrupt the natural sleep-wake cycle. These
include: light pollution in large cities, shift work, late
meals, irregular physical activity, excessive use of
light-emitting devices in daytime and nighttime
hours, and a change one’s social niche. The impact of
these factors may not correspond to a person’s inter-
nal chronotype, which leads to a desynchronization
of internal and external rhythms and contribute to
the development of pathological conditions [35].

Thus, a deeper understanding of the chronotype
role in carbohydrate metabolism regulation is neces-
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penueM [29, 30]. Hepeako maiueHThI C BBICOKHM
YPOBHEM TPEBOTU HCIIOJIB3YIOT IHUIY, OOraTyio Ipo-
CTBIMU YTJIEBOJIAMU, B KAUECTBE CPEZCTBA JIJIST CHIKE-
HUSI TPEBOXKHOCTH, UTO YPEBATO YBEJIMIEHUEM MAaCChI
TeJa: TMOBHIIIEHHOE OTPebIIeHNEe ITPOCTHIX YIJIEBOZIOB
COIIPOBOXK/IAETCS. POCTOM KAJIOPUHHOCTH PAIlUOHA,
TIOBBIIIIEHUEM aIlIIETUTA U OKA3bIBAET CYIECTBEHHOE
BJIMSTHYE HAa TOMEOCTAa3 [IIOKO3bI.

B siutepaType UMeEIOTCs JaHHbIE, CBU/IETETHCTBY-
IOII[Ie O CBS3W XPOHOTHUIIA ¢ OHOMapKepamu yrie-
BOJTHO-)KUPOBOTO OoOMeHa [31, 32]. [Ipu ananmze
pasIuuuil IUIUAHOTO MPOGUIIS U TOMEOoCTasa IJIi0-
ko3bl  A.S. Lazar et al. oGHapyKWJIK, UTO Y JIUIL C
BeUEePHUM XPOHOTHUIIOM II0 CPaBHEHUIO C JIUIAMHU C
YTPEHHUM XPOHOTHIIOM HabJIo/1atoTcs Goiee BBICO-
KHe KOHIIEHTPAIUU TPUIJIUIEPUIOB U OoJiee HU3-
KHEe YPOBHHU JIUIOMPOTENUJIOB BBICOKOH ILJIOTHO-
ctu [33]. Kpome Toro, y JIUIl ¢ BEYEPHUM XPOHOTH-
moM 3a(UKCHPOBaHBI 0OJiee BBICOKHWE 3HAYEHUs
uHCyJIMHA HaTomlak u uHjekca HOMA-IR, uem y
HOCUTeJIell yTPeHHero XpoHoTuna. B Hamem uccre-
JIOBAaHUH Y MY>KUHH C BEeUEPHUM XPOHOTUIIOM TAKKe
OTMEYEeH CaMbli BBICOKHH YPOBEHD WHCYJIMHA, KOTO-
pBIfl CTATUCTUYECKH 3HAYHUMO IPEBBIIIAT MOKa3a-
TeJW B TPYIIE MPOMEKYTOUYHOTO XPOHOTHIIA, TJe
YPOBEHb MHCYINHA OBLJI HANMEHBIIIIM.

CorytacHO psy MyOJTUKAITU, JIFOJIU C BEYEPHUM
XPOHOTHUIIOM HMEIOT 00Jiee BBICOKYIO BEPOSITHOCTD
pasBuTHsA oxkupeHus, peauabera u C/12 [27]. [Ipu
STOM JIUIIA C TPOMEXKYTOUHBIM XPOHOTHUIIOM, 6J1aro-
Zlaps JIydIled afjanTalluy K BpeMeHHOU CTPYKType
Cpeibl, CYUTAIOTCA HauMeHee YA3BUMBIMH [34].
IIpoBeeHHOE HAMU HUCCIEAOBAHUE MTOATBEPIK/IAET,
YTO XPOHOTHII CJIY’KUT 3HAYUMBIM (PAKTOPOM PeETy-
JIIUY TOMeOCTas3a IIIoKo3bl. OIeHKa IoKa3areen
BI' mposieMoHCTpUPOBaa, YTO Y JIIOAEH C IPOMEKY-
TOYHBIM XPOHOTHIIOM, ZJa>Ke MPU HAJIMYUH OXKUPe-
HUA, IapaMmeTpsl, oTpaxkaromue BI' u, ciemosa-
TEJIbHO, PETYJISAIUI0 YIJIEBOZHOTO OOMeHa, Haxo-
IATCS B TPAHUIAX PedepPEeHCHOTO HHTEPBAJIA.

B suteparype Bce uamie coobiiaercsi 0 pocre
YKCIa U BBIPAKEHHOCTH (DAKTOPOB, HAPYIIAOIIUX
€CTeCTBEHHBIN INKJI «COH — 6o/ipcTBOBaHME» . Cpenu
HUX: «CBETOBOE 3arpsi3HEHNE» B KPYITHBIX TOPOAX,
cMeHHas paboTa, O3/IHUe TTPHUEMBI ITHUIIU, HEPETy-
JsipHas GusnYecKas aKTUBHOCTb, YpE3MEPHOE
HCIIOJIb30BAHHUE TAJ[PKETOB CO CBETOBBIM U3JIyde-
HHUEM B BeUepHHE U HOUHBIE Yachl, a TAKXKe CMeHa
COOCTBEHHOM «COIMAJIbHON Humu». BosaeiicTBue
[epeYnCIeHHBIX (aKTOPOB MOKET HE COOTBETCTBO-
BaTh BHYTPEHHEMY XPOHOTHILY YeJIOBEKa, UYTO BEJIET
K PacCorJIaCOBAaHUIO BHYTPEHHUX U BHEIIHUX PUT-
MOB U CHOCOOCTBYET Pa3BHUTHIO IATOJIOTHUYECKHX
cocTosTHuUM [35].

sary, especially in obese individuals with morning or
evening chronotype. It is possible that individuals
with carbohydrate metabolism disorders may have
significant potential for correcting glycemic abnor-
malities through lifestyle modification. Implement-
ing a tailored dietary regimen based on chronotype
could be a highly effective approach to the preven-
tion and treatment of obesity, diabetes, and dyslipi-
demia.

CONCLUSION

Personal chronotype is one of the factors deter-
mining specific regulatory mechanisms of carbohy-
drate metabolism. Therefore, this characteristic
should be taken into account when stratifying the
risk of T2DM, which, according to the data obtained
in this study, increases in the following sequence of
chronotypes: intermediate type — morning type —
evening type.
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Takum 06pa3oM, IIpeICTaBIIsIeTC HEOOXOIMMbBIM
yrIyOJieHHOe TTIOHUMAaHHE POJIM XPOHOTHUIIA B PeETy-
JIAIUY YTIIEBOTHOTO 0OMeHa, 0COOEHHO V JIHI] C O2KHU-
peHueM, UMEINUX YTPEHHUH WIN BeYEepHHUU
xpoHoTul. He uCKIIOUEHO, YTO y JII07iel ¢ Hapylile-
HUSIMH YTJIEBOJTHOTO OOMeHa CyIIeCTBYyeT 3HAUU-
TeJIbHBIM MOTEHITUAJ I KOPPEKIHUU TJINKeMUYe-
CKHX HapYIIeHUH IyTeM U3MeHeHus o0pasa JKU3HHU.
[Ton60p MHAWBUAYATU3UPOBAHHOTO PEKUMA ITHTA-
HUS C yYEeTOM XPOHOTHUIIA MOXKeT CTaTh KpaiiHe
3G GEKTUBHBIM OIX0/I0M B MPOMUIAKTHKE U Jieue-
HUHM OXKHUPEHW:, caxapHOro auabera W JUCIIUIIN-
JTEMUH.

3AK/IOYEHUE

ITepcoHayIbHBIN XPOHOTHUI BBICTYIIAET B KAUECTBE
OIHOTO U3 (aKTOPOB, JETEPMUHUPYIOMIUX CIEIU-
UKy PpEryJsITOPHBIX MEXaHU3MOB YIJIEBOTHOTO
Merabosnuama. CiieoBaTeNIbHO, JAHHBIH IPU3HAK
HMeeT CMBIC/I IPUHUMATh BO BHUMAaHUe IIPU CTPaTU-
¢urkanmmu pucka manudecrauu C/2, KOTOPBIH,
COIVIACHO NOJIydeHHBIM B HacTosAmed pabore /faH-
HBIM, BO3pacTaeT B CJIEAYIOIIEH IOCIe0BaTeIbHO-
CTU XPOHOTHUIIOB: MIPOMEKYTOUHBIH — YTPEHHUN —
BeUepHU.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(DJINKTA UHTEPECOB.
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JInHaAMHUKA 3ITHAEMHOJIOTHYECKHUX II0OKa3aTeJieHr 110 TYOepKyJIe3y
B ToMcKOM 006/1aCTH M ITyTH NMOBBITHEHUA 3P HEKTUBHOCTHU
MMPOTUBOTYOEPKYJIE€3HBbIX MEPONIPUATUI
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3SOI'AOY BO «HauuoHanvHblll uccaedogamensvekuil Tomekuil 2ocydapemeeHHblil yHusepcumem», Tomck, Poccus

AHHOTAIIUA

BBenenue. BPoccuiickoirt Penepaniiyn 0TMeUaeTcsi CHIKEHNE AIUAEMUOJIOTHYECKUX [TOKAa3aTesIel 0 TyOepKy-
nesy (TB), onnako B Cubupckom denepanbHoM okpyre (COO) coxpaHsercss Haubosiee HANIPSIKEHHAsA CUTYAIUs, UTO Tpe-
OyeT IIPOBE/IEHHUA PETHOHAIPHOTO aHAJTA3a.

IT e 1 b . KOMIUIEKCHBIH STHAEMUOJIOTHYECKUH aHAIN3 JUHAMUKH OCHOBHBIX ITOKasaresieii mo Th B Tomcko# obacTu
3a 2014—2025 IT.

MaTepuaab U METOJ bl .BbIOJHEH PETPOCIEKTUBHBIN aHATU3 JAHHBIX OPUIIUAIBHON CTATUCTUYECKON
otuetHOCTH O 6OTBbHBIX TH (popmbr NO 8, 30 u 33) U MaTepUaIOB TOCY/JAPCTBEHHBIX 0KIa/10B. OlleHKa TPEH/I0B IIPOBO-
JIJIACh C UCIIOJIb30BAHUEM METO/IOB JIMHEHHOU PErPeCCHu.

Pe3ynbTart bl . 3aperdiCTPUPOBAHO 3HAUMMOE CHIDKeHHe 3aboeBaemoctrl Th (¢ 66,2 10 25,6 Ha 100 ThIC., TEMIT
yobpLIH 61,3 %) U ero pacrnpocrpanennoctu (¢ 88,2 10 22,3, Temn yosutn 74,7 %). CMepTHOCTS OT Th cHU3MWIAaCh HA 43,8 %
(o 2,7). BeisiBsieHBI TTPOOJIEMHBIE 00IACTH: HUB3KAs BBISABJISIEMOCTD IIPU CKPUHUHTE (0,09 Ha 1000 OCMOTPEHHBIX IIPOTUB
0,36 B CDO), pocT 6aKTEPUOBBIJIEJIUTEIIEN CPEU BIIEPBbIE BhIsIBJIEHHBIX 001bHBIX TH (710 83,1 %), BbIcOKHI ypoBeHb Th ¢
MHOKeCTBEHHOH JIeKapCTBEHHOH ycroiunBocThio (MJIY-TB) (33,2 %), HeZlocTaTOYHBIN OXBAaT XUMHUOTPoduaakTukoii Th
BUY-unduupoBanubix ¢ uMMmyHoedunuToM (28,1 %). dbdEKTUBHOCTD JIeYeHHs BIIepBbie BhISBIEHHBIX 60JbHBIX Th
cocraBuia 79,2 % (Bsiiie cpemuero mo COO — 75,3%), mpu MJIY-Th — 57,6 %.

3akKJgmO4yeHUe. YCTONUMBOE CHUKEHHE OCHOBHBIX 3IIHIEMHOJIOTUYECKUX ITOKa3areseil B ToMCKol 00J1acTy Moz -
TBEPIK/IaeT pe3yJIbTaTUBHOCTh pPeaIn3yeMOl MPOTHUBOTYOEpPKYJIE3HOU cTpaTeruu. TOYKaMu poCTa OCTAIOTCSA CKPHUHUHT
rpy1 pucka, tepanus MJIY-TB u pa6ota ¢ konndeknuerr Th/B1Y, uto onpesesseT HallpaBieHUs TaTbHENIITINX OPTaHH-
3alMOHHBIX U KIIMHUYECKUX PEIIeHU.

Kaoueswvle crosa: tydepKysies, SIUAEMHUOJIOTH, 3a0071€Ba€MOCTh, PACIIPOCTPAHEHHOCTh, CMEPTHOCTD, TYOEPKYJIe3 U
BUY-undexuusa, MJIY TyObepkysnes, 3pbHeKTUBHOCTD JIEUEHUS, PEIU/UB.
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Dynamics of epidemiological indicators of tuberculosis
in the Tomsk region and ways to improve the effectiveness
of anti-tuberculosis measures
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Siberian State Medical University, Tomsk, Russia
2Tomsk Medical Center for Phthisiology and Pulmonology, Tomsk, Russia

3Tomsk State University, Tomsk, Russia

ABSTRACT

Introduction. IntheRussian Federation, tuberculosis (TB) epidemiological indicators are decreasing; however,
the Siberian Federal District (SFD) continues to face the most challenging situation, necessitating regional analysis.

A i m . Comprehensive epidemiological analysis of trends in the main TB indicators in the Tomsk region over the period
2014—2025.

Materials and methods. Aretrospective analysis of the official statistical reports on TB patients (forms
No. 8, 30, and 33) and data from state reports was performed. Trends were assessed using linear regression methods.
Results. Asignificant decrease was registered in the incidence of TB (from 66,2 to 25,6 per 100 000 population, a
decrease rate of 61,3%) and its prevalence (from 88,2 to 22,3, a decrease rate of 74,7%). TB mortality decreased by 43,8%
(to 2,7 per 100 000). Problem areas were identified: low detection rate during screening (0,09 per 1 000 examined versus
0,36 in the SFD), an increase in the proportion of TB-positive subjects among newly diagnosed TB patients (up to 83,1%),
a high rate of multidrug-resistant TB (MDR-TB) (33,2%), and insufficient coverage of chemoprophylaxis for TB among
HIV-infected individuals with immunodeficiency (28,1%). The effectiveness of treatment for newly diagnosed TB patients
was 79,2% (above the median in the SFD of 75,3%), and for MDR-TB it was 57,6%.

Conclusion. The sustained decrease in the key epidemiological indicators in the Tomsk region confirms the
effectiveness of the strategy for TB control being implemented. Priority areas for further improvement include screening of
risk groups, treatment of MDR-TB patients, and management of TB and HIV co-infection, which determines the directions
for subsequent organizational and clinical decisions.

Keywords: tuberculosis, epidemiology, morbidity, prevalence, mortality, tuberculosis and HIV-infection, MDR
tuberculosis, treatment effectiveness, relapse.
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BBEJIEHUE

B akTyasbHOM noKIazie BceMupHOli opranusa-
nuu 37paBooxpaHenusi (BO3) ormeuaercs, 4TO
TyGepKyJie3 B 2024 I'. TUATHOCTUPOBAH IPUMEPHO ¥
10,7 MJIH HOBBIX MAIIUEHTOB (B 2023 T. — Y 77,5 MJIH).
ATO caMblli BRICOKHUH MMOKa3aTesib ¢ 1995 I., KOrza
BO3 Hauasia ri106aJbHBIM MOHUTOPHHT 3a00s1eBae-
MocTu Tybepkysne3om [1]. B Poccuiickoii ®enepa-
nuu (P®) B TeyeHUE MOCTIEIHMUX 10 JIET OTMEeYaeTcs
YCTOHYMBOE CHMKEHHE OCHOBHBIX SITHAEMUOJIOTH-
YeCcKUX IMOoKasaTeseH mo Tybepkysiesy (3aboseBae-
MOCTH, PACIIPOCTPAHEHHOCTH U CMEPTHOCTH) [2—8].
CrnernuaanucTbl OTMEYAIOT, YTO 32 ITUMHU YCPEIHEH-
HBIMU TIOKa3aTeJsIMU CKPBIBAETCS 3HAUUTEIbHAs
peruoHasipHast reTeporeHHocTs. Cubupckuii desme-
pasbHbIH okpyr (CPO) ocraercss HA CErOHANTHUN

INTRODUCTION

The current World Health Organization (WHO)
report notes that in 2024, tuberculosis was diag-
nosed in approximately 10,7 mln new patients (com-
pared to 7,5 mln in 2023). This is the highest value
since 1995, when WHO began global monitoring of
tuberculosis incidence. In the Russian Federation
(RF), a sustained decrease in key tuberculosis epide-
miological indicators (incidence, prevalence, and
mortality) has been observed over the past 10 years
[2—8]. Experts note that behind these averaged fig-
ures lies significant regional heterogeneity. To this
day, the Siberian Federal District (SFD) remains the
territory with the most severe epidemiological situa-
tion [9, 10]. Modern studies indicate that the effec-
tiveness of the epidemiological management of
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JIeHb TEPPUTOPHUEN ¢ HanboJiee HAPSKEHHOU SITH-
JIEMUOJIOTHYECKOM cuTyariuen [9, 10]. Kak mokasbI-
BAIOT COBpDEMEHHBIE HCCAe0BaHUsA, 3(PdeKTUuB-
HOCTb YIIPABJIEHUS SMUJEMUOJOTHYECKOH CUTya-
nuel mo TyOepKysie3y 3aBHUCUT OT COBOKYIIHOCTH
(akTOpOB, KOTOphIe HEOOXOAUMO YUYUTHIBATh IIPH
pa3paboTKe ONTHUMAIBHBIX CTPATETHH YIIPABJIEHUS
KaK B CTpaHe B I[€JIOM, TaK U B OT/I€JIbHBIX PETHO-
Hax. [Ipu 3HAUUTETHHBIX PABTUYUIX MEKIY PETHO-
HaMH CTPAaTeTUU YIPAaBJIEHUS JOJIKHBI OCHOBBI-
BaThCA IPeEXKe BCEro Ha KOHKPETHBIX 3HAUEHUSX
OUHAMUKH U3y4aeMbIX (PaKTOPOB BHYTPU KaXK/IOTO
peruoHa, a He Ha OOOOIIEHHBIX MOKA3aTENAX II0
crpaHe B 1esoM. Ocoby0 3HAYNMOCTD BIIHUIEMHUO-
JIOTUYECKOMY aHaJIWU3y HIPUZAeT TOT (akKT, UYTO
TyOepKyJie3 OTHOCHUTCS K YKCIIY COLMATbHO 3HAUM-
MbIX UHGEKIUH, BJIUSHUE KOTOPHIX Ha KauvyecTBO
00IIIeCTBEHHOTO 3/I0POBBsI TpPeOYeT CHCTEMHOTO
MOHHUTOPUHTA U OI[€HKHU.

IIEJIb NCCJIEJOBAHUA

[IpoBecTH KOMILIEKCHBIA 3TU/IEMUOJIOTUUECKUT
aHAJIW3 JWUHAMHUKHA OCHOBHBIX IIOKa3aTeJied II0
TyOepKyse3y B ToMcKoii obsiacTu 3a epuo, 2014—
2025 IT. C OI[eHKON KayeCTBEHHBIX XapaKTePUCTUK
SIUIEMHUYECKOTO ITPOIIECCA, BBISIBJIEHUEM CKPBITBHIX
HeOJIAaTONPUATHBIX TEeHAEHIUH W 000CHOBAaHHEM
[IPUOPUTETHBIX HAIIPABJIEHUM COBEPIIEHCTBOBAHUSA
IIPOTHUBOTYOEPKYJIE3HON TTIOMOIIIA B PETHOHE.

MATEPUAJIBI 1 METO/bI

[TpoBesieHO PETPOCIEKTUBHOE SITH/IEMHUOJIOTYE-
CKO€E HCCIIe[IOBAaHUEe, OXBATHIBAIOIIEE IIEPUO], 2014 —
2025 rT. OOBEKTOM HCCIIEIOBAHUSA CTAIH JIAHHbBIE
0pUINATIBHON CTATUCTUYECKON OTYETHOCTH O HOJIh-
HBIX TyOepKyJse30M, cocTosmux Ha yuete B OTAY3
«ToMmckull  TU3UOMYIBMOHOJIOTUYECKUN Meu-
nuHCKui 1entp» (TOMII). Mcrounukamu uHpOp-
Maluu Inociy:kunu: ¢opma dezeparbHOro CTaTh-
cruueckoro Habromenust N2 8 «CBezienus o 3a60sie-
BAHUAX aKTUBHBIM TyOepKyse3om»; ¢dopma NO 30
«CBezieHns1 0 MEeIUIITHCKON OpraHu3anum»; Gopma
No 33 «CBezneHus 0 OOJIBHBIX TYOEPKyIe30M». [jis
VTJIyOJIEHHOTO KAayeCTBEHHOTO aHAJIM3a HCIOJIb30-
BINCHh CTATHCTUYECKHE JAHHBIE W3 €XKErOJHBIX
cbopHUKOB « OCHOBHBIE ITIOKA3aTEIH IPOTUBOTYOED-
KyJie3HOI fieAaTenbHocTH B CubupckoM u JlaibHEBO-
CTOYHOM (pe/iepasIbHBIX OKpyTax» 32 2020—2025 IT.,
my6smkyemble HOBOCHOMPCKUM HAyYHO-HCCIIE0BA-
TEJIbCKUM HWHCTUTYTOM TybOepkysne3a [9-11], u
«Pecypcrl U IesTeTbHOCTS IPOTUBOTYOEPKYJIE3HBIX
opranusanuid Poccuiickoit @enepanum» 3a 2024—
2025 IT., mybuKyeMble HaltmoHaIbHBIM MeUIIIH-
CKHM HCCJIEZIOBATEIBCKUM I[€HTPOM (DTU3UOILYIb-

tuberculosis depends on a combination of factors
that must be taken into account when developing
optimal management strategies both in the country
as a whole and in individual regions. Given the sig-
nificant differences between regions, management
strategies should be based primarily on the specific
values of the dynamics of the studied factors within
each region, rather than on generalized indicators
for the country as a whole. Of particular significance
to the epidemiological analysis is the fact that tuber-
culosis is classified as a major infection, whose
impact on public health quality requires consistent
monitoring and assessment.

AIM OF THE RESEARCH

To carry out a comprehensive epidemiological
analysis of the dynamics of the main tuberculosis
indicators in the Tomsk region over the period 2014—
2025, with an assessment of the qualitative charac-
teristics of the epidemic process, identification of
underlying unfavorable trends, and justification of
priority areas for improving tuberculosis control in
the region.

MATERIALS AND METHODS

A retrospective epidemiological study was per-
formed, covering the period from 2014 to 2025. The
object of the study was the data from official statisti-
cal records on tuberculosis patients registered at the
Tomsk Medical Center for Phthisiology and Pulmon-
ology (TMCPP). The sources of information were:
Federal Statistical Observation Form No. 8 “Data on
Active Tuberculosis”; Form No. 30 “Data on the
Medical Organization”; and Form No. 33 “Data on
Tuberculosis Patients”. For in-depth qualitative
analysis, statistical data were used from the annual
collections of materials “Key Indicators of Anti-
Tuberculosis Activities in the Siberian and Far East-
ern Federal Districts for 2020-2025”, published by
the Novosibirsk Research Institute of Tuberculosis
[9—11], and “Resources and Activities of Anti-Tuber-
culosis Organizations of the Russian Federation for
2024-2025", published by the National Medical
Research Center for Phthisiopulmonology and Infec-
tious Diseases of the Ministry of Health of Rus-
sia [12].

Indicators analyzed. The following indicators
were analyzed in this study: tuberculosis incidence,
the number of newly diagnosed cases of active tuber-
culosis during a calendar year per 100 000 of the
annual mid-year population (AMP); prevalence, the
number of patients with active tuberculosis, that are
followed-up, by the end of a fiscal year per 100 000
population; tuberculosis mortality, the number of
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MOHOJIOTHMH U WH(EKIIMOHHBbIX 3ab0eBaHu MuH-
3napaBa Poccuu [12].

AHasIM3upyeMble TOKa3aTeJau. B pabore
AHATIN3UPOBAINCH CJIEAYIOIINE TOKa3aTean: 3a60-
JIEBaEMOCTh TyOEpKyJIe30M (YHCJIO BIIEPBBIE BBISAB-
JIEHHBIX CJIy4aeB aKTUBHOTO TyOepKyJie3a B TeUEeHHE
KaJIEHIapHOTO TOZla Ha 100 THIC. CPEIHET0Z0BOM
yucsieHHoctd Hacenenus (CTYH); pacmpocrpaHeH-
HOCTb (DOJIE3HEHHOCTb) — UYMCIO OOJIBHBIX AKTHUB-
HBIM TyOEpKyJIe30M, COCTOSIIUX HA yUeTe Ha KOHeI|
OTYETHOTO T0/ia, HA 100 THIC. HACEJIEHUS Ha KOHEI]
rojia; CMEPTHOCTh OT TyOepKyJie3a — YHUCIO yMep-
IUX OT TyOepKyse3a B TeueHHe rojia Ha 100 ThIC.
CI'YH; nosisi 6GaKTepHUOBBIJIEIUTENEH — YIETbHBIA
BeC TAIMEHTOB C TOJIOXKUTEJIHHBIM PE3yJIbTaTOM
MHKPOCKOITUY WUJIU TI0CEBA MOKPOTHI CPEJTUA BIIEPBBIE
BBISIBJIEHHBIX OOJIbHBIX; 3(D(PEKTUBHOCTD JIEUEHUS,
OIleHHWBaeMasi TII0 KPUTEpUSIM «IIpeKpalleHne
0aKTepPHOBBIIEJIEHUSI» U «3aKPbITHE IIOJIOCTEN pac-
maja»; A0Jisi OOJIPHBIX C MHOKECTBEHHOH JieKap-
cTBeHHOU ycrorumBocthio (MJIY) Mycobacterium
tuberculosis (MBT) cpenu Bcex OOJIBHBIX C OakTe-
PHOBBIJIEJIEHUEM;  OXBaT  INPOMUIAKTUUECKUMU
OCMOTpaMu — JI0JIs1 HaceJieHusI, 00C/IeZIOBAaHHOTO Ha
TybepKyse3 (PeHTTeHOJIOTHYECKHE METO/bI, UMMY-
HOZIMAaTHOCTHKA, MuKpockomnus) ot CI'YH; vacrora
panHuX penuauBoB (cpeau mamnueHTOB III TpyImbI
JIUCIIAHCEPHOTO yUeTa — KJIMHUYECKU U3JI€YEHHBIX);
JIOJIA TIOCMEPTHO JIMAaTHOCTHPOBAHHBIX CJIYYaes;
JIETAIBHOCTH CPeJIi KOHTUHTEHTOB OOJIbHBIX Tybep-
KYJI€30M.

Cratucruueckas oopadoTKa JaHHBIX. Pac-
YeT OCHOBHBIX SIHAEMHOJIOTHYECKUX ITOKa3aTesein
MIPOBOJIUJICS C UCIIOJIb30BAHUEM CTaH/IAPTHBIX BITH-
JIEMUOJIOTUYECKUX METOJIOB. JIJII OIEHKH MHOTO-
JIeTHeW nuHAMUKKA 3a00JIeBaeMOCTH, PacIpocTpa-
HEHHOCTH U CMEPTHOCTU IIPUMEHEH MeTOJ, JUHEH-
HOTO PETPECCHOHHOr0 aHaJIu3a € IOCTPOEHUEM
ypaBHEHUs TPeHA Y = a + bt, T1e iy — BBIpaBHEHHbBIH
VPOBEHD MOKa3aTeJsisl; a — CBOOOTHBIN YJIeH ypaBHe-
Hust; b — k0abPuUIMEeHT perpeccuu; t — MOPSAKOBBII
HOMep rojia (t = 1 COOTBETCTBYET HAYaJIbHOMY TOIY
Habsonenus). Koadduiment perpeccun b wHTEP-
MIPETUPOBAJICA KaK cpeHee aOCOTIOTHOE e3KETOHOE
n3MeHeHHe Tokazatess (mpu b < O — CHIIKeHHe,
npu b > 0 — poct). [{yia onpesesieHNs HaIPaBIeH-
HOCTY Y THTEHCUBHOCTH TEH/IEHITHHU PACCUUTHIBAJICS
CPETHEro/IOBOM TeMIl M3MeHeHUs (CHIKEHUs WJIH
npupocta) T o popmyie

T= @ -100%,
y

rae y — cpeaHsas apudmeruyeckas (aKTHUECKUX
YPOBHEN BpEMEHHOTO Psi/1a 32 UCCIIEYEMbBIHU IEPHO/I.

deaths from tuberculosis during the year per 100 000
AMP at the end of the year; the proportion of Myco-
bacterium tuberculosis (MBT) shedding patients,
the specific weight of smear/culture-positive patients
among newly diagnosed tuberculosis patients; effec-
tiveness of treatment, assessed by the criteria of
smear/culture conversion and cavity closure; the
proportion of patients with multidrug-resistant
(MDR) strains of MBT among all MBT shedding
patients; screening coverage, the proportion of the
population screened for tuberculosis (using radio-
logical methods, immunodiagnostics, and micros-
copy) relative to the AMP; the rate of early relapse
(among the patients of the III follow-up care group,
clinically cured); the proportion of postmortem
tuberculosis diagnoses; and the lethality among the
cohorts of tuberculosis patients.

Statistical data processing. The calculation of
the main epidemiological indicators was performed
using standard epidemiological methods. To assess
the long-term dynamics of incidence, prevalence,
and mortality, linear regression analysis was applied,
with the construction of a trend equation y = a + bt,
where y is the adjusted level of the indicator; a is the
intercept term; b is the regression coefficient; and t is
the sequential number of a year (t = 1 corresponds to
the initial year of follow-up). The regression coeffi-
cient b was considered as the mean absolute annual
change of the indicator (b < 0 indicates a decrease
and b > o indicate an increase). To determine the
direction and intensity of the trend, the mean annual
rate of change (reduction or growth) T was calcu-
lated using the following formula:

T= ‘ii' -100%,
y
where 7 is the arithmetic mean of the actual levels of
the time series over the period studied.

The statistical significance of the trend was assessed
using Student’s t-test for the regression coefficient; dif-
ferences were deemed statistically significant at
p < 0,05. The coefficient of determination R? was used
to evaluate the quality of approximation of the model.
Due to the descriptive nature of the study, methods of
variation statistics for comparing sample populations
were not applied; the analysis was performed on the
basis of the general sample of officially registered tuber-
culosis cases in the Tomsk region. Data processing was
carried out using Microsoft Excel.

RESULTS

Fig. 1 presents the long-term dynamics of the
main epidemiological indicators for tuberculosis in
the Tomsk region over the period 2014—2025. Dur-
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CrarucruyecKkasi 3HAUMMOCTb TEH/ICHIINH OI€HU-
BaJIach C TOMOINBI0 (-Kpurepusi CThIO/IeHTa IS
K03 dUIMEHTA PErPECCHU; Pa3IUUUSI CUHUTAIHCH
CTaTUCTUYECKU 3HAYUMBIMU TPU p < 0,05. st
OIIEHKH Ka4yeCTBa alllPOKCUMAIIH MOJIEU HCIIOJIb-
30BaJIcA Ko pUImeHT leTepMuHanuu R, B cBsA3u ¢
OTMCATETPHBIM XaPAKTEPOM KCCJIEZIOBAHUS METOBI
BapUAIIMOHHON CTAaTHUCTHUKU JIJIsI CPAaBHEHUs BBHIOO-
POYHBIX COBOKYITHOCTEN HE MPUMEHSUINCh; aHAIN3
BBITIOJIHEH HA OCHOBE Te€HEPAJbHOM COBOKYITHOCTH
JAHHBIX O(QUIMATBPHOW PETUCTPALIUU  CJIyYaeB
TyOepkyse3a B Tomckoii obsactu. O6paboTka jaH-
HBIX OCYIIECTB/ISIIACh C KCIIOJIb30BAHUEM I[AKeTa
MPUKJIAAHBIX TporpamMmm Microsoft Excel.

PE3YJ/IBTATbBI

Ha puc. 1 mpejicTaB/ieHa MHOTOJIETHSS TUHAMHKA
II0 OCHOBHBIM 3IIH/IEMUOJIOTHUYECKUM ITOKa3aTeJIsIM
mo TyOepKysie3y Ha Tepputopu TOMCKOH 00J1aCTH
3a 2014—2025 IT. 3a aHAJU3UPYEMBIA MEPHOM B
pEervoHe 3aperucTPUPOBAHO CTATHCTHYECKH 3HAYHU-
MOe CHIDKEHMe TIIoKasaTesell s3abosieBaemocTd (c
66,2 1o 25,6) U pacrnpocrpanenHoctu (¢ 88,2 1o
22.3), TEMII yObLIN COCTABUII 61,3 U 74,7 % COOTBET-
cTBeHHO. Hambosiee HWHTEHCHBHOE CHIYKEHHE
HabJII0/1aI0Ch B TIOCTIEIHUE 6 JIeT: 110 3a60J1eBaeMo-
CTHU C 41,9 (2020 T.) 710 25,6 (2025 I.), YTO COCTAaBUJIO
38,9 %; o pacpocTpaHeHHOCTH ¢ 53,8 B 2020 T. 710
22,3 B 2025 I., UTO COCTaBUIO 58,6 %.

Pacuerpl JINHEWHBIX TPEHOB 110 3a00JIEBa€MO-
CTU W PAaCIpPOCTPAHEHHOCTH OIHCHIBAIOTCA CJIe-
JIYIOIIUMHE YPaBHEHUSAMU Y = 77,14 — 4,44t © Y =
= 108,27 - 7,74t, Tie t — MOPSAJIKOBBIA HOMEpP TOza
(t = 1 cooTBeTCTByeT 2014 T.), K03(hIUIHEHTHI
perpeccuu b = —4,44 1 b = —7,74 CBUAETETBCTBYIOT O
CpEeTHETOJOBOM aOCOJIIOTHOM CHIKEHHU ITOKa3aTe-
Jied Ha 4,44 U 7,74 Ha 100 THIC. HACEJIEHUS COOTBET-
ctBeHHO. CpeTHero/IoOBOM TEMII CHUYKEHUSI, PACCUH-
TAaHHBIA OTHOCUTEJIPHO CPEJIHETO YPOBHS psifia
(¥ = 48,25 u y = 65,29), coctaBua 9,20 u 11,86 %
cooTBeTcTBeHHO. KoaddunueHTts! nerepMuHaAIiIN
(R?= 0,92 u R?> = 0,94) u t-cratuctuku (t = 11,2 1
t = 9,6) MOATBEPIKAIOT CTATHUCTUYECKYIO 3HAUH-
MOCTB BBISBJIEHHBIX TeHeHIui (p < 0,001). [Ipu
aroM B COO u P® npocnexuBaerca aHaJIOTUYHAA
CUTyalys MO JAHHBIM IIOKa3aTeJaAM. 3a IEePUOJ
2014—2024 1T. 3a60seBaeMocTh B COO cHUBHIACH C
98,8 10 46,8 Ha 100 ThIC. HaceyieHUs (TeMIl YObLIH
52,6 %), B P® — ¢ 59,5 710 26,9 Ha 100 ThIC. HAcCeje-
HUA (TeMIl yObLIU 54,8 %), TPEH/IbI TUHEHHBIE ¢ aHA-
JIOTUYHOU JJUHAMUKOU (CM. puc. 1).

3a 12 jieT HAOJIIOIEHUS] CMEPTHOCTD OT TyOepKYy-
ne3a B ToMckoi 00J1acTH CHU3WUJIACH TIOYTH B JIBA
paza (43,8 %): ¢ 4,8 Ha 100 ThIC. HaceJeHUS

ing the above period, the region registered a statisti-
cally significant decline in incidence (from 66,2 to
25,6) and prevalence (from 88,2 to 22,3), with a
reduction rate of 61,3% and 74,7%, respectively. The
most intensive decrease was observed in the last
6 years: for incidence, from 41,9 (2020) to 25,6
(2025), which amounted to 38,9%; for prevalence,
from 53,8 in 2020 to 22,3 in 2025, which amounted
to 58,6%.

The linear trend calculations for incidence and
prevalence are described by the following equations:
Y =77,14 — 4,44t and y = 108,27 — 7,74t, where t is the
sequential number of a year (t = 1 corresponds to
2014). The regression coefficients b = —4,44 and
b = —7,74 indicate a mean annual absolute decrease in
indicators of 4,44 and 7,74 per 100 000, respectively.
The mean annual rate of decrease, calculated relative
to the mean level of the series (y = 48,25 and
¥ = 65,29), was 9,20% and 11,86%, respectively. The
coefficients of determination (R> = 0,92 and R> = 0,94)
and t-statistics (t = 11,2 and t = 9,6) confirm the statis-
tical significance of the trends identified (p < 0,001).
At the same time, similar patterns for these indicators
are observed in the SFD and the RF as a whole. Over
the period 2014-2024, the incidence in the SFD
decreased from 98,8 to 46,8 per 100 000 (a 52,6%
decrease rate), while in the RF — from 59,5 to 26,9 per
100 000 (a 54,8% decrease rate), with linear trends
showing similar dynamics (Fig. 1).

Over the 12-year follow-up, the tuberculosis mor-
tality in the Tomsk region decreased by nearly half
(by 43,8%): from 4,8 per 100 000 in 2014 to 2,7 per
100 000 in 2025. The lowest value was recorded in
2023 (2,5 per 100 000). The linear trend equation
was y = 4,37 — 0,16t. The mean annual absolute
decrease was 0,16 per 100 000, and the mean annual
rate of decrease was 4,47% (calculated relative to the
mean level of the series of 3,58). The coefficient of
determination R? was 0,70, p < 0,001. In the SFD,
the mortality rate decreased from 18,3 to 5,8 per 100
000 (a 68,3% decrease rate), while in the RF the rate
decreased 3,7- fold — from 10,1 to 2,7 per 100 000 (a
73,3% decrease rate).

Traditionally, the Tomsk region has relatively low
tuberculosis incidence rates among children and
adolescents compared to the adult population [9].
Among children aged 0-14 years, the highest inci-
dence level was recorded in 2022 — 12,5 per 100 000
child population (24 cases), which was likely associ-
ated with the growth of the epidemic process follow-
ing the lifting of COVID-19 related restrictions. In
the subsequent two years, the rate ranged from 7,5 in
2023 (14 cases) to 8,7 in 2024 (16 cases). In 2025,
the minimum level for the five-year period was
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Fig. 1. Dynamics of the incidence (A) and prevalence (B) of tuberculosis in the Tomsk region (TR), the Siberian Federal
District (SFD), and the Russian Federation (RF) from 2014 to 2025 (per 100 000)

(2014 r.) 10 2,7 Ha 100 ThIC. HacejeHusa (2025 r.)
(puc. 2). MuHuUMaNbHOE 3HaUeHUE ObLIO 3adUKCH-
poBaHO B 2023 I. (2,5 Ha 100 ThIC. HaCeJIEHUS).
YpaBHEHHE JIMHEHHOTO TpeHaa: Yy = 4,37 — 0,16t.
CpenHerozioBoe abCOIOTHOE CHIKEHHE COCTABUIIO
0,16 Ha 100 THIC., CPETHETOJIOBON TEMII CHUXKe-
HUS — 4,47% (paccuuTaH OTHOCUTEJIIBHO CPEIHETO
ypoBHs psana 3,58). Koabduiuent nerepMuHauu
R?= 0,70, p < 0,001. B C®O noka3sarejib CMEpPTHO-
CcTU yMeHbIuIcA ¢ 18,3 710 5,8 Ha 100 ThIC. Hacesie-

reached — 7,2 per 100 000 child population (13 cases),
which is 17,2% lower than the previous year.

Among adolescents aged 15—17 years, the situa-
tion with tuberculosis incidence in the region was
less stable. In 2020—2021, the incidence was 9,2 and
12,0 per 100 000, respectively, then decreased to 8,9
in 2022, rose again to 11,4 in 2023, and reached a
peak in 2024 — 16,7 per 100 000 (6 cases), after
which it declined again in 2025 to 8,1 per 100 000
(3 cases).
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Fig. 2. Dynamics of the tuberculosis mortality in the Tomsk region (TR), the Siberian Federal District (SFD),
and the Russian Federation (RF) from 2014 to 2025 (per 100 000)

Hus (Temn yoputn 68,3 %), B P® naHHBIN MMOKas3a-
TeJIb YMEHBIIWICA B 3,7 pa3a — ¢ 10,1 7o 2,7 Ha 100
ThIC. HaceJieHUs (TeMI yObLIu 73,3 %).

Tpagunmuonno Tomckass 00J1aCTh OTIMYAETCS
OTHOCHUTETbHO HEBBICOKUMU [TOKa3aTeIsAMU 3a601e-
BAeMOCTH y JIeTel U MOJPOCTKOB O CPAaBHEHUIO CO
B3pocbIM HaceseHueM [9]. Cpenu ieTed B Bo3pacTe
0—14 JIeT MaKCUMAaJIbHBIHA YPOBEHD 3a001€BA€MOCTH
OBLT 3aPETUCTPUPOBAH B 2022 T. — 12,5 Ha 100 ThIC.
JIETCKOTO HaceJieHus (24 ciydas), 4To ObLIO CBsI-
3aHO, BEPOATHO, C aKTUBU3AIMEN 3TUIEMUYECKOTO
Ipoliecca Mocje CHATUS OTPaHUYEHNH, CBS3aHHBIX C
mangemuein COVID-19. B mocienyromniue gBa roga
mmoKasareJsib KoJsiebascs ¢ 7,5 B 2023 T. (14 ciyuaeB)
70 8,7 B 2024 1. (16 ciayuyaeB). B 2025 1. JOCTUTHYT
MUHUMAaJIBHBIH 3a MATHIETHE YPOBEHb — 7,2 Ha
100 ThiC. HaceseHus (13 ciay4aes), uTo Ha 17,2 %
HUKe TPEBIIYINEro roja.

¥V mOApPOCTKOB 15—17 JIET B PETHOHE CUTYAIHSA 10
3a00J1€eBaeMOCTH TyOepKyJsie30M Obljla MeHee CTa-
OmiIbHOM. B 2020—2021 IT. TOKa3aTesab 3abojieBae-
MOCTH COCTaBMJI 9,2 M 12,0 Ha 100 THIC. HACEJIEHHUs
COOTBETCTBEHHO, 3aT€M CHU3WJICS /0 8,9 B 2022 T.,
BHOBb BBIPOC JI0 11,4 B 2023 I. U JOCTUI ITHKA B
2024 r. — 16,7 Ha 100 ThIC. (6 CIy4aeB), 3aTeM CHOBA
B 2025 T. TIOIITEeJT Ha yObLIH — 710 8,1 Ha 100 ThIC. HaCe-
senus (3 caydas).

According to the report of the Chief Pediatric
Tuberculosis Consultant of the Department of Health
of the Tomsk region, the coverage of vaccination
against tuberculosis for newborns in maternity hos-
pitals in 2025 was 85,1%, and with additional vacci-
nation in outpatient clinics — 95,6%, which corre-
sponds to the level recommended. The number of
unvaccinated children (291) was mainly due to medi-
cal contraindications (65,2%) and parental refusals
(34,7%). These reasons should be given special atten-
tion by specialists, and educational activities should
be intensified.

Delving deeper into the analysis, it is necessary to
note regional challenges. Despite the sustained
downward trend in the main epidemiological indica-
tors, the qualitative characteristics of the epidemic
process in the Tomsk Region point to issues that
require attention.

Preventive screening for tuberculosis. In
2025, the tuberculosis detection rate during preven-
tive fluorography in the region was 0,09 per 1000
individuals examined, which is lower than the mean
for the SFD (0,36). This is attributed both to objec-
tive difficulties in covering socially disadvantaged
groups of the population and to the insufficient sen-
sitivity of screening in patients with comorbidities,
in whom clinical and radiological manifestations of
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W3 poxiaza IyIaBHOTO BHEINITATHOTO CIEIUAIIN-
cra — merckoro drusuarpa JlemapraMmeHTa 37[paBo-
oxpaHeHuss ToMCKOI 00JIaCTH CJIeZ[yeT, YTO OXBaT
BaKI[MHAIIMEN IPOTHUB TyOepKyJie3a HOBOPOXKIEH-
HBIX B POJIMJIBHBIX IOMaX B 2025 T. cocTaBui 85,1 %,
a C yJ4eToM /IOBaKIUHAIMU B TIOJUKJIMHUKAX —
95,6 %, UTO COOTBETCTBYET PpEKOMEHyeMOMY
ypoBHI0. KosinuecTBO HEPUBUTHIX AeTel (291) 06y-
CJIOBJIEHO B OCHOBHOM MEJUIIMHCKUMH ITPOTUBOIIO-
kazaHuaMu (65,2 %) W OTKazaMH POJIUTENIEH
(34,7%). Ha 5Tu ipuduuHbI cyieyeT 06paTUTL 0cob0e
BHUMAHHE CIIEIIHATICTOB ¥ aKTUBU3UPOBATH Pa3b-
SICHUTEJIbHYIO pabory.

Yray6sisisick B aHanmu3, HEOOXOAMMO OTMETHUTH
perunoHabHBIE pobsieMbl. HecMoTpst Ha ycToituu-
BYIO TEH/IEHITUIO K CHUKEHUIO OCHOBHBIX BITHUJIEMUO-
JIOTUYECKHUX IMOKa3aTesield, KauyeCTBEHHbIE XapaKTe-
PUCTUKH BIINUIEMUYECKOTO TIporecca B ToMCKOM
obJracTu yKa3bIBAIOT HA BOIIPOCHI, TPEOYIOIE BHHU-
MaHHUA.

IIpodpurakTuueckoe o6caeg0BaHUE HAcCe-
JeHusd Ha TyOepkyJe3. B 2025 r. mokasareib
BBIABJISIEMOCTH TyOepKyje3a B PErHoHe IPHU Ipo-
XOxKAeHun (urrooporpaduyeckoro 00cIeI0BaHUA
COCTaBMWJI 0,09 HA 1000 OCMOTPEHHBIX, UYTO HIDKE
cpeanero mo COO (0,36). ITO CBA3ZAHO KaK ¢ 00BHEK-
TUBHBIMHU TPYAHOCTAMH OXBaTa COIUIBHO [I€3-
aZIalITUPOBAHHBIX TPYII HACEJIEHUs, TaK U C HeNO-
CTaTOYHOM UyBCTBUTEJIBHOCTHIO CKPUHUHTA Y MAIH-
€HTOB C KOMOPOWHON IaTOJIOTHEN, y KOTOPBIX
KJIMHUKO-PEHTIeHOJIOTHYECKUEe IIPOABIeHUs Tybep-
KyJie3a HepeZIKO MaCKUPYIOTCsA CHUMIITOMAaMH OCHOB-
HbIX 3a0osieBaHuil. JloJisA BIIEPBBIE BBIABIEHHBIX
OONBPHBIX IPU HPOPUIAKTUYECKUX  OCMOTPAX,
COCTaBJIAIOIIASA B CpeTHEM 30—40 % 3a MOCTIeIHUE
TOfbI, YKa3bIBAeT HA HEOOXOIMMOCTh OITHMU3AIIIHI
MEPOIPUATHH II0 PAHHEMY BBIABJIEHUIO TyOepKy-
Jie3a B IIEPBUYHOM 3BEHE ¢ 0COObIM BHUMAaHUEM K
rpynnam pucka. s yuydieHus CUTyallid B peru-
OHE IVIABHBIM CIIEIIMAINCTOM YCHUJIEH KOHTPOJIb 32
MpPOBeIeHNEM TNPODUIAKTUUECKHX OCMOTPOB B
rpynmnax MeauKO-OMOJOTHYECKOTO U COI[UAJIBHOTO
pHCKa, IPOBOAATCS 00yJarolie ceMUHAPHI /IS Bpa-
yell MepBUYHOTO 3BEHA TI0 BOIIPOCAM paHHEH Jua-
THOCTUKU TyOepKyse3a, a TaKKe YCUJIEHO MeXKBe-
JIOMCTBEHHOE B3aUMO/IEHCTBUE JJIsI IIPUBJIEUEHNUS K
00C/IeTOBAaHUIO JIUII, JJTUTEIHLHO HE MPOXOUBIINX
(¢mrooporpadmurio.

Bricokas g0J1s1 GaKTEpPUOBBIEIUTEIEH. 3a
MIOCJIEZIHUE TISITh JIET 3aPETUCTPUPOBAH POCT Y Eh-
HOTO Beca OAKTEPUOBBIEIUTENIEH CPENU BIIEPBbHIE
BBISIBJIEHHBIX OOJIBHBIX C 50,8 % B 2020 1. 710 83,1 %
B 2025 I. 9TU U3MEHEHUs MOATBEPIKIAIOT, UTO 3a60-
JIeBaHUE Y TAlIMEHTOB BBISABJIAETCSA, KOT/IA IPOIeCce

tuberculosis are often masked by the symptoms of
their underlying diseases. The proportion of patients
with newly diagnosed infection during preventive
examinations, averaging 30—40% in recent years,
indicates the need to optimize early activities for
tuberculosis detection in primary care settings, with
special attention to risk groups. To improve the situ-
ation in the region, the Chief Specialist has strength-
ened control over preventive examinations in groups
of medical and social risk; mobile fluorography units
are regularly sent to remote areas; training work-
shops for primary care physicians on early diagnosis
of tuberculosis are being held, and interagency coo-
peration is enhanced to involve individuals who had
not madefluorography for a long time.

High proportion of tuberculosis-positive
patients. Over the past five years, the proportion of
MBT-positive cases among newly diagnosed patients
has increased from 50,8% in 2020 to 83,1% in 2025.
These changes confirm that the disease is detected at
a stage when the process has already become epide-
miologically dangerous; in addition, they may indi-
rectly indicate improved performance of the labora-
tory service of the specialized facility in detecting
tuberculosis-positive individuals. Among the cohorts
of the TMCPP, at the end of 2025, the proportion of
tuberculosis-positive patients was 84,1%.

The problem of multidrug and extensive
drug resistance of MBT. The proportion of MDR
MBT among newly diagnosed patients with respira-
tory system tuberculosis and MBT shedding, in 2025
was 33,2% (62 cases), which is slightly higher than in
2024 (31,5%). The incidence of MDR tuberculosis
was recorded at a level of 6,0 per 100 000, which cor-
responds to the values of previous years (6,4 in 2024,
5,8 in 2023).

At the end of 2025, the number of patients with
MDR MBT among the cohorts of patients with pul-
monary diseases was 93, of which 12 cases were
extensively drug-resistant (XDR). Along with this,
the prevalence of MDR tuberculosis decreased from
11,4 to 8,9 per 100 000, however, the proportion of
patients with MDR tuberculosis among tuberculo-
sis MBT-positive subjects that are followed up
reached 50,3%. It is noteworthy that the coverage of
drug susceptibility testing before the start of treat-
ment in 2025 was maximal — 99,1% (98,9% in
2024). The main reasons for the persistence of the
high level of MDR remain primary infection with
resistant strains and treatment interruption by
patients (14,1% among patients with MDR in 2025,
22,90% in 2024).

Tuberculosis and HIV-infection. The situa-
tion regarding tuberculosis and HIV co-infection in
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y:Ke TpHuoOpeTaeT SMUAEMUYECKH OMACHBIA XapaK-
Tep, KpOMe 5TOT0, BO3MOKHO, KOCBEHHO YKa3bIBAIOT
Ha ysydiieHue paboTsl 1ab0paTOPHOH CITyKOBI clie-
IHTU3UPOBAHHOTO YUYPEXKIAEHUSA I10 BBISBJIEHHIO
OakTepuoBbeauTeser. Cpead  KOHTHUHTEHTOB
TOMI] Ha KOHEIT 2025 T. 10J1s1 GOJIBHBIX C OAKTEPHO-
BBIZIeJIEHHEM cocTaBiia 84,1 %.

IIpoGiieMa MHOKECTBEHHON Y INMHUPOKOM
JexkapcTBeHHOU ycroituunBoctu MBT. Yaenn-
HbI Bec MJIY MBT cpenu BlepBble BBIABIEHHBIX
OOJIPHBIX TYOEPKYJIE30M OPTraHOB JIBIXaHUSA C OaKTe-
PUOBBIIEIEHHEM B 2025 T. COCTaBUII 33,2 % (62 ciry-
yas), UTO HECKOJIPKO BBIIIE IOKa3aTesasl 2024 T.
(31,5 %). ITokazaresb 3a06071€BAEMOCTH TyOEPKYJIe-
30M ¢ MJIY 3aperucrpupoBaH Ha ypoBHe 6,0 Ha 100
THIC. HACEJIEHUs, YTO COOTBETCTBYET 3HAUEHUIM
MpebIAyIuX JieT (6,4 — B 2024 T., 5,8 — B 2023 T.).

Ha xoner 2025 1. uncsio nanueatos ¢ MJIY MBT
CpeJli KOHTHHTEHTOB JIETOYHBIX O0JIBHBIX COCTABUIIO
93 4Yes., U3 HUX 12 CJIydyaeB — C IIUPOKOH JieKap-
cTBeHHOU ycroiitunBocThio (IIIJIY). Bmecte ¢ stuM
pacrmpocTpaHeHHOCTh TyOepKysaeza ¢ MJIY Bo3Oyau-
TeJIs CHU3WIACH C 11,4 10 8,9 Ha 100 THIC. HAacejle-
HUs, OAHAKO M0 60abHBIX ¢ MJIY cpemu Gakre-
PUOBBIIEINTENIEH, COCTOSIIITUX HA ydeTe, JTOCTHUIJIA
50,3 %. IIpuMeuaTeIpHO, UTO OXBAT 00C/IEIOBAHIEM
Ha JIEKAPCTBEHHYIO UyBCTBUTEJIBHOCTH /IO Hadasa
JledeHUs B 2025 T. ObLJI MAKCUMaTIBHBIM — 99,1 %
(98,9 % B 2024 r.). OCHOBHBIMU ITPUUHHAMU COXPa-
HeHUs BbICOKOTO ypoBHA MJIY ocTaroTcs nepBUUHOE
UHUIUPOBaHNUE YCTOMYMBBIMU IITAMMAaMU U IIpe-
pbIBaHHE TaIlUeHTaMu Kypca jedeHus (14,1 % B
2025 r. cpequ nanueHTos ¢ MJIY, 22,9 % B 2024 1.).

Ty6epkyae3s u BUU-undermuna. Henb3s He
OTMETHUTHh U CUTYAI[HI0 II0 COUETAHHON IATOJIOTUH
Tb u BUY B peruone. B niesiom oHa xapakTepusyeTtcs
MIOJIO’KUTEJIbHBIM TpeH1oM. Hanbosee mokasartess-
HBIM /IS OIEHKU JUHAMUKHU SBJISIETCS IIEPUOJ,
2019—2025 IT., 3aXBaThIBAIOIANA U TTOCTKOBUIHOE
BpeMsI, KOT/Ia IPOU30IILIO0 CHIDKeHNE 3a601eBaeMo-
CTH cOoYeTaHHOW WHekmuend c 22,1 70 8,4 Ha
100 ThIC. HacesieHus1. TeMn yObLIU 3a 7 JIET COCTABUII
62,0 %, CpeTHETO/IOBOY TEMII CHIKEHUS — 14,9 %.
JIMHEeWHBIA TpEHJT COOTBETCTBYET Yy = 22,086 -
— 2,0429t, K03bPUIHEHT perpeccuu b = —2,0429,

2= 0,91, p < 0,01. [TokazaTesib pacIpocTpaHEeHHO-
ctu TyOepkysieza c BUY-unpekuei B 2025 T. cocra-
BHJI 10,0 Ha 100 ThIC. HacejaeHus (B 2024 1. — 12,6).

Ha BUY-undexnuo B 2025 T. ObUIH 006CIIEN0-
BaHbI 98,2 % BIIEpBBIE 3aPETUCTPUPOBAHHBIX OOJIH-
HBIX TyOEpKyJie30M, B3STBIX Ha yueT (B 2024 T. —
94,2 %), UTO COOTBETCTBYET II€JIEBHIM ITOKA3ATEJISIM.
Bcero B ToMcKo# 00J1aCTH 110 COCTOSTHUIO Ha 2025 T.
3apPETUCTPUPOBAHO Q672 JIHIA, KOTOPHIE JKUBYT C

the region is also noteworthy. In general, it is charac-
terized by a positive trend. The most indicative for
assessing the dynamics is the period 2019—2025,
covering the post-COVID time as well, when the inci-
dence of combined infection decreased from 22,1 to
8,4 per 100 000. The rate of decrease over 7 years
was 62,0%, the mean annual rate of reduction —
14,9%. The linear trend equation was y = 22,086 —
— 2,0429t, the regression coefficient b = -2,0429,

2 = 0,91, p < 0,01. The prevalence of tuberculosis
and HIV co-infection in 2025 was 10,0 per 100 000
(in 2024 - 12,6).

In 2025, 98,2% of newly diagnosed tuberculosis
patients which were followed up underwent HIV
testing (in 2024 — 94,2%), which meets the target
indicators. In total, in the Tomsk region as of 2025,
9672 individuals living with HIV were registered. Of
these, 6536 subjects underwent preventive X-ray
examination for tuberculosis (67,6% of the total
number of HIV-infected patients). In 2024, this indi-
cator was 6432 subjects (66,5%). Thus, more than
3100 HIV-infected subjects (about one third of the
total number) do not undergo the routine screening
twice a year, which creates a risk of untimely detec-
tion of tuberculosis and the spread of infection.

Despite the positive dynamics of the incidence of
tuberculosis and HIV co-infection, the proportion of
patients with combined pathology in the cohorts of
the TMCPP remains high, although it shows a ten-
dency to decline (44,8% — 104 people in 2025 versus
47,5% — 131 people in 2024 and 49,6% — 288 people
in 2020). This indicates the persistence of a major
reservoir of co-infection, requiring the continuation
of preventive activities, which have been significantly
strengthened over the past three years. In 2025, pre-
ventive treatment (PT) for tuberculosis was started
by 1 235 patients, which amounted to 89,0% of the
number in need (in 2024 — 1574 patients, or 74,4%).
The proportion of patients who refused PT decreased
from 28,9% in 2023 to 11,0% in 2025. 944 patients
completed the full course of PT (76,4% of those who
started, or 68,0% of the number in need). The effec-
tiveness of the above activities is confirmed by the
indicator of the absence of tuberculosis among those
who received PT at a level of 98,9%.

Special attention is paid to patients with immuno-
deficiency (CD4+ count <350 cells/ul). In 2025, the
number of such patients was 2587, of whom 677 peo-
ple (28,1%) received PT, which is higher than in 2024
(24,8%). Despite the positive dynamics, this indicator
remains inappropriate and further enhancement of
the efforts is required to encourage patients to undergo
preventive treatment. It is necessary to note that in
the region, the difficulties in interaction between the
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BUY. 113 HUX IpONLIN NPO]UIaKTUIECKOe PEHTIe-
HOJIOTHYECKOe 00cyIeloBaHue Ha TybepKyse3 6536
vesn. (67,6 % ot obmero uucia BUY-undurupo-
BaHHBIX). B 2024 T. JaHHBIN TOKA3aTeNb COCTABIIAI
6432 uyen. (66,5 %). Takum obpaszom, 6osiee 3100
BNY-undunpoBaHHbIX (OKOJIO TPETH OT OOIIEero
YHcsIa) He TPOXOSAT MOJI0KEHHBIN CKPUHUHT 2 pas3a
B O], UTO CO3/JA€T PUCK HECBOEBPEMEHHOTO BBISIB-
JieHus TybepKyJie3a u paclpocTpaHeHus: HHPEKIUH.

HecmoTps Ha TO3UTHUBHYIO AMHAMUKY 3a60J1€Ba-
emoctu TB/BUY, nonss OOJBHBIX C COYETAaHHOM
matoJioruet cpeau kKoHTUHreHToB TOMII ocraercs
BBICOKOM, XOTSI U JIEMOHCTPUPYET TeH/IEHIINIO K CHU-
JKeHUI0 (44,8 % — 104 4eJt. B 2025 . IPOTHUB 47,5 % —
131 4es. B 2024 T. 1 49,6 % — 288 ue1. B 2020 T.) ITO
VKa3bIBaeT Ha COXpPaHEHNEe 3HAUNUTETLHOTO PE3EPBY-
apa KoOWHGEKIUY, TpeOyIIero IMpOIoIKEHUI
AKTUBHBIX  NPOPUIAKTHUECKUX  MEPOIPUATHH,
KOTOpBbIE 32 ITOCIIeHIE TPH ro/ia ObLTH 3HAYNUTEIHHO
ycuneHbl. B 2025 1. npeBeHTHBHOE Jieuenue (I1JI)
TyOepKyJie3a Hadaju 1235 MAI[UeHTOB, UYTO COCTa-
BWIO 89,0 % OT umnciaa Hy:Kgaomuxcesa (B 2024 T. —
1574 TalUeHTa, WIN 74,4 %). Jloasd mamueHTOB,
OTKAa3aBIIUXCS OT HPOPUIAKTUKH, CHHU3WIACH C
28,9 % B 2023 T. 70 11,0 % B 2025 T. 3aBepIINIA
nostHbIA Kype I1J1 944 manuenTa (76,4 % ot HauaB-
mux, wiv 68,0 % ot yncia Hykaaomuxcs). dpdex-
TUBHOCTB IIPOBOJIMMBIX MEPOIPHUATHH ITOATBEPIK/IA-
eTcsl TI0Ka3aTeJIeM OTCYyTCTBHsA 3a00yieBaHUsA TyOep-
KyJ€30M Cpely TOJYYUBIINX HPOPUIAKTUKY Ha
ypoBHe 98,9 %.

Ocoboe BHUMaHUE VeJseTcs NalleHTaM C
uMMyHoaepUnuTOM, ¢ ypoBHeM CD4+ siuMboIuTon
MeHee 350 KJI./MKJI. B 2025 T. 4MCJI0 TaKKUX MarueH-
TOB COCTaBWJIO 2587 duesl., U3 HUX oxBaueHbl I1JI
677 uein. (28,1 %), 4TO BBIIIE IOKa3aTejsa 2024 T.
(24,8 %). HecMOTps Ha MOJIOKUTEIHHYIO IMTHAMHUKY,
JIAaHHBIM IIOKAa3aTeJIb OCTAeTCS HEOCTaTOUHBIM U
TpeOyeT JaIbHEHIIIETO COBEPIIIEHCTBOBAHUA PAOOTHI
[0 TPUBJIEUEHUIO NAIEHTOB K MPOdUIAKTHYE-
ckoMy JeueHU0. Heob6XoguMo OTMETHUTH, UTO B
peruoHe MOCTENEHHO IPEOJIOIEBAIOTCSA TPYAHOCTH
10 B3aWMOJIEUCTBUI0 (DTU3MATPUUECKOU CIIY:KOBI €
HerTpom mo npodunaktuke u 6opnde co CITN]I u
IpyruMu HHQPEKITNOHHBIMU 3a60eBanussMY (I[eHTp
CIINMA). Opranusanusa kabuHera mo npuemy BUY-
UHQUITUPOBAHHBIX MarueHToB B TOMI] c pasjene-
HHEM IOTOKOB MAI[UEHTOB, IPUHITUII 00CIeZI0OBaHUS
«3[1eCh U CeHuac», €KEeMEeCAUYHBIA MOHUTOPUHT
ckpuHuHra u oxsara IIJI mO3BOJIMIIM HE TOJIBKO
VJIyUIIUTh BBISABJIIEMOCTh TyOepkysneza y BUY-
MHOGUITTPOBAHHBIX ITAITIEHTOB, HO U TOBBICUTH IIPHU-
Bep>KEeHHOCTh JieueHU0. Cpeay HanpaBIeHHBIX HA
obcieqoBanme B TOMIL nunm ¢ BUY us Ilentpa

anti-tuberculosis service and the Center for the Pre-
vention and Control of AIDS and other infectious dis-
eases (AIDS Center) are gradually being overcome.
The organization of the office for the appointment of
HIV-infected patients at the TMCPP with the separa-
tion of patient flows; the principle of examination on-
the-spot diagnosis, monthly monitoring of the course
and coverage of PT have made it possible not only to
improve the detection of tuberculosis in HIV-infected
patients, but also to increase adherence to treatment.
Among HIV-infected patients referred for examina-
tion to the TMCPP from the AIDS Center, the propor-
tion of those who visited doctors and underwent
examinations (history taking, physical examination,
complete blood count and urinalysis, chest X-ray,
sputum microscopy and culture) increased from 78%
in 2024 to 93% in 2025.

Effectiveness of treatment of tuberculosis
patients. The effectiveness of treatment of tubercu-
losis patients is an integral indicator of the quality of
anti-tuberculosis care, reflecting both timely diagno-
sis and appropriateness of therapy, adherence to
treatment, and effectiveness of follow-up. In the
Tomsk region, a raft of organizational measures
aimed at improving treatment outcomes has been
implemented in recent years, which has been
reflected in the dynamics of the main indicators.

According to Form No. 8-TB (cohort of subjects reg-
istered for treatment in 2023), among newly diagnosed
patients with smear-positive pulmonary tuberculosis,
the proportion of successful treatment (effective anti-
tuberculosis chemotherapy) in the Tomsk region was
79,2%. This is higher than the mean value for the SFD
(75,3%) and significantly exceeds the results of previ-
ous years (in 2022, for the cohort of 2021 the effective-
ness was approximately 69,0%) [11]. Positive dynamics
is also noted in the indicators of smear/culture conver-
sion in newly diagnosed tuberculosis patients by
12 months of treatment — 84,6% (compared to 79,6% in
2024); similarly, in recurrent pulmonary tuberculosis-
positive patients (cohort of 2024), the treatment effec-
tiveness in the Tomsk region reached 76,5%, which is
significantly higher than the mean level in the SFD
(55,4%). In patients with MDR/XDR tuberculosis
(cohort of 2023) who received therapy according to the
appropriate regimens, the treatment effectiveness
reached 57,6% (102 out of 177 cases) compared to 51,4%
in the previous year.

Among newly diagnosed patients with pulmonary
tuberculosis registered in 2024, the proportion of cav-
ity closure by the end of the follow-up in the Tomsk
region was 63,4%, while in the cohort of the previous
year it was 60,2%, which is higher than the mean for
the SFD (52,9%). Thus, the analysis revealed positive
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CIIU[ ponsa pomedmux A0 Bpadeld MaUeHTOB,
KOTOPBIM OBLTH IIPOBEJIEHBI HCCIEA0BaHUA (BBIsSIC-
HeHue Kayob, 0CMOTP, OOIIEKTMHUYECKHE aHATTU3bI
KPOBH M MOYH, PEHTTEH JIETKUX, MUKPOCKOIIUS H
II0CeB MOKPOTHI), BBIPOCya ¢ 78 % B 2024 T. 10 93 %
B 2025T.

AddexkTUBHOCTH JIeueHUsA 0OJIbHBIX Ty0ep-
KyJ1e30M. IPDeKTHBHOCTh JiedeHUus: OOJIBHBIX
TyOEepKyJIe30M SIBJISIETCSI MHTETPAJIbHBIM I[TOKa3aTe-
JIeM KadecTBa IIPOTHUBOTYOEPKYJIE3HOW ITOMOIIH,
OTPAKAKIINM KaK CBOEBPEMEHHOCTh JTUATHOCTHKH,
TaKk U aJIeKBaTHOCTh TEPAlUU, NPUBEPIKEHHOCTD
MAIMEeHTOB JIeueHHUI0 U 3)dEKTUBHOCTD JUCIIAHCED-
Horo HabmoneHus. B ToMckoi obyiacTi B IOCTIE/-
HUEe TOJIbl peau3yeTcs KOMILIEKC OpPTaHU3aI[hOH-
HBIX Mep, HAIIpaBJIEHHBIX Ha TOBBIIIIEHNE PE3yJIbTa-
THUBHOCTH JIEUEHHs, YTO HAIUIO OTPAKEHUE B
JIMHAMUKE OCHOBHBIX UH/IUKATOPOB.

CorutacHo gauuabIM hopmbl Ne 8-TB (koropra v,
3apETHCTPUPOBAHHBIX JIJISI IPOXOK/IEHUS JIEUEHUS B
2023 I.), y BIIEPBbIE BHISBJIEHHBIX OOJIHHBIX TYOEPKY-
JIE30M JIETKUX ¢ OAaKTEpHOBBIZIEJIEHUEM, TTOATBEPIK-
JIEHHBIM MUKPOCKOITUEH, JI0JIsI YCIEITHOTO JIEYEHUsT
(addextuBHBI Kypc xumuorepanuu) B ToMmckoit
obslacTi coctaBwiIa 79,2 %. OTO BBIIIE CPETHETO
niokaszareJis mo CPO (75,3 %) ¥ 3HAUUTETHHO ITPEBBI-
IIAeT pe3yJIbTaThl MPEABIAYIINX JIeT (B 2022 T. it
KOTOPTBI 2021 T. 3¢dPEeKTUBHOCTD COCTABJIATIA OKOJIO
69,0 %) [11]. ITooxxuTeIbHAS JUHAMUKA OTMEYAETCS
TakKe TI0 MMOKa3aTeIsIM MpeKpaIeHnus 6aKTePHUOBBI-
JIeJIEHUSI Y BIIEPBBIE BBISBJIEHHBIX OOJIBHBIX K 12 MeC
JneueHust — 84,6 % (Ipotus 79,6 % B 2024 T.); aHAJIO-
THUYHO — y OOJIBHBIX C PEIUANBaMU TyOepKyie3a Jier-
Kux c OakTepuoOBBbIIeIeHHEM (Koropra 2024 T.)
a(pdextuBHOCTL JieueHnst B Tomckod ob6sactu
JlocTurIa 76,5 %, 94TO0 3HAUUTEIBHO BBIIIE CPETHETO
ypoBHs o CPO (55,4 %). Y nanuentos ¢ MJIY/IILTY
TB (koroprta 2023 T.), TOJIyJaBIINX JIEUEHHE IO COOT-
BETCTBYIOIIIUM pekuMaM, 3(PGEeKTUBHOCTh TEPATTHH
Jocturia 57,6 % (102 u3 177 cyiydaeB) MpOTHB 51,4 %
B IIPEBIYINEM TOJTY.

¥V BepBbIE BHISIBJIEHHBIX OOJIBHBIX TyOEPKYJI€30M
JIETKUX, 3aperMCTPUPOBAHHBIX B 2024 T., J0JA
3aKpBITHA IIOJIOCTEH K KOHILy HabioieHus B Tom-
CKOIi obstacTu coctaBwia 63,4 %, y KOTOPTHI TIPe/IbI-
Jtymiero royia — 60,2 %, uto Bbiiie cpegHero mo COO
(52,9 %). Takum 06pa3oM, aHATU3 BBISBUII TIOJIOMKH-
TeJIbHYI0 JUHAMHUKY B WHIUKATOpax 3(PdeKTUBHO-
CTU JiedeHUus1 OOJIbHBIX Tybepkyse3om. IIpekparie-
HUe OAKTEPHOBBIIEIEHUs] 34 IIATH MMOCIETHUX JIET
BBIPOCTIO Ha 7,4 % (2021 1. — 77,2 %, 2025 T. —
84,6 %), 3akpbITHE TIOJIOCTEN — HA 5,6 % (2021 T. —
57,8 %, 2025 T. — 63,4 %), abaIJUIIPOBaHUE YBEJIH-
yusiock 6osiee 4eM B 2 paza. OcoOEHHO BbIPAKEHHBIH

dynamics in the indicators of treatment effectiveness
for tuberculosis patients. The smear/culture conver-
sion over the past five years increased by 7,4% (2021 —
77,2%, 2025 — 84,6%), cavity closure — by 5,6%
(2021 — 57,8%, 2025 — 63,4%), abacillation demon-
strated more than 2-fold increase. Particularly pro-
nounced dynamic shift was noted in 2023-2024,
which coincides with the intensification of organiza-
tional measures in the institution.

The increase in treatment effectiveness in the
Tomsk region is due to a raft of measures implemented:

— almost complete provision of patients with test-
ing for drug susceptibility of MBT (99,1% in 2025);

— 100% availability of anti-tuberculosis drugs for
the treatment of patients with MDR TB;

— introduction of video-monitored treatment
(coverage of 18% of patients in 2025), which increases
adherence to therapy;

— establishment and operation of commission to
review cases of treatment interruption, thereby
reducing the proportion of patients who discontin-
ued treatment, especially among those with MDR
MBT, from 22,9% in 2024 (cohort of 2022) to 14,1%
in 2025 (cohort of 2023).

At the same time, a number of indicators do not
reach the target values, and thus require special
attention and further improvement in the quality of
tuberculosis control, namely:

— the effectiveness of treatment for MDR-TB
(cohort of 2023) was 57,6%, which is below the global
mean level (71% according to WHO data) and the
targets of the Ministry of Health of the Russian Fed-
eration (at least 75% by 2024);

— the persistence of a high mortality rate among
patients with tuberculosis and HIV co-infection
(69,6% among deaths of other causes);

— the proportion of relapses from group III of the
follow-up care was 42,1%, which indicates possible
shortcomings in the criteria for clinical cure (data for
2024).

CONCLUSION

In the Tomsk region, an effective system of anti-
tuberculosis care has been established, allowing the
achievement of targets for reducing tuberculosis
incidence, prevalence and mortality. To consolidate
positive trends and eliminate regional problems, the
priority directions are improving the quality of
screening at-risk groups, treatment of patients with
tuberculosis, as well as the development and com-
prehensive interaction with the AIDS Center service.
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OIUHAMUYECKUH CIBUT OBUI OTMEYEeH B 2023—
2024 IT., YTO COBIIaJIaeT C aKTUBU3ALlNeH OpraHu3a-
IIMOHHBIX MEPOIIPUATUH B YUPEIKIEHUH.

Pocr s dexruBHOCTH JIeueHus B ToMmckoi obJ1a-
cTH 00yCI0BJIEH KOMIIEKCOM PeaTi30BaHHBIX Mep:

— IOYTH MTOJTHOE 0bectieueHre 60JIbHBIX TECTUPO-
BaHHEM Ha JIEKapCTBEHHYIO UyBCTBUTEJIbHOCTD MBT
(99,1 % B 2025T1.);

— 100% [IOCTYIIHOCTh MPOTHUBOTYOEPKYJIE3HbBIX
ImpenaparoB JJid JiedeHus nanueHToB ¢ MJIY Th;

— BHeJ[peHUE BH/IEOKOHTPOJINPYEMOTO JIEUeHUs
(oxBaT 18 % maAIMEHTOB B 2025 T.), MIOBBIIIAIOIIETO
[IPUBEPKEHHOCTH JIEYEHUIO;

— co3zaHue U (PYHKIIMOHUPOBAaHNE KOMHCCHH IO
pasbopy cIy4aeB OTPHIBOB, UTO CIIOCOOCTBOBAJIO CHHU-
JKEHUIO JIOJI TPEPBABIIUX JIEUEHHe CPEIU TallieH-
TOB, 0cobeHHO ¢ MJIY MBT, ¢ 22,9 % B 2024 T. (koropra
2022 T.) 710 14,1 % B 2025 T. (KOoropra 2023 T.).

Bmecre ¢ 3THUM psAZ TOKa3aTesied OCTaeTcs HUKe
[IeJIEBBIX YPOBHEH U TpeOyeT 0co60ro BHUMAaHHUS U
JTAJIbHEHIIIEr0 TIOBBINIEHUS KAa4yecTBa IPOTHBOTY-
OepKyIe3HOH pabOThI, ATO:

— sddexrtuBHocTh JieueHuss MJIY Tb (xoropra
2023 T.) coctaBwia 57,6%, 4TO HIKE CPEIHEMUPOBOTO
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DapMaKOTHOCTHYECKOE HCCIEI0BAaHUE IOA3€EMHBIX U HaA3€MHbIX
opranoB Echium vulgare (L.)

J.C. Kpyrios, A.B. Bornanos, B.B. Beanuko

@I'bOY BO «Hosgocubupckuil 2ocydapcmeeHHblil mMeduyuHekuil ynugepcumem» Muxadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BBengenwue. Pacrenus poma Echium L. sBIAIOTCS MEPCIEKTUBHBIM HCTOUHUKOM OHOJIOTHYECKHM AKTUBHBIX COEIH-
HeHuil (BAC) denonpHON 1 HAPTOXUHOHOBOM IIPUPOABI, OJJHAKO UX (HAPMAKOTHOCTHUUECKHE XapaKTePUCTUKU U3yJeHBbl
HEJIOCTaTOYHO.

I e 1 b . YcTaHOBJIEHHE TUATHOCTHUECKUX MPU3HAKOB HAJ[3eMHBIX U ITO/I3€MHBIX OpraHoB E. vulgare u KOJINYeCTBEH-
HOe OIIpeJieieHe Coiep:KaHus Harbosiee 3HAYUMBIX rpymi BAC.

MaTtepuaas U MeTOo bl . O0beKTaMU UCCIEIOBAHUS CIIYKIUIN IIOJ3eMHbIE U HA/I3€MHbIE OPTaHbI pacTe-
HUs, 3aroToByieHHbIe B HoBocnOmpcekoi ob1acty. [IpoBesieHbI MUKPOCKOIIMYECKHE UCCIIE0BAHNS aHATOMUYECKOTO CTPO-
€HM:A pacTeHus C UCIO0JIb30BAaHUEM CBETOBOIO U CKAHUPYIOIIETo 3JIEKTPOHHOT'O MUKPOCKOIIOB, & TaKXe ClleKTpodoToMe-
TPUYECKOE U TUTPUMETPUUECKOE OIPEZieIeHNe COepIKaHusa (DIaBOHOU/IOB, THIPOKCUKOPUIHBIX KHCJIOT, AyOUIbHBIX
BEILleCTB, ITOJIMCAXapu/I0B U HAGTOXNHOHOB.

Pe3ynbTarbl. YCTAHOBJIEHBI AUATHOCTUUECKIE AHATOMIYECKIE IPIU3HAKY KOPHEH, cTebJIel, INCThEB U TeHepa-
TUBHBIX OpraHoB. [loka3aHO, 4YTO HaJ3eMHble OPraHbl XapaKTEepPU3YIOTCA BBICOKMM CcojiepKaHueM (PIaBOHOU/IOB
(1,35 + 0,15 %) ¥ TUAPOKCUKOPUYHBIX KUCJIOT (1,85 £ 0,2 %), Torzia Kak B KOPHAX MPeo0IaaloT HapTOXHHOHBI (IITUKO-
HUH — 0,034 + 0,06 %).

3axkaiwoueHue. Echiumvulgare L. npeacrasiser coboll MepCIEKTUBHBIN HCTOYHUK (HEHOIBHBIX COEIUHEHUN 1
HapTOXUHOHOB. [ToJTyueHHbIE TAHHBIE MOTYT OBITH HCIIOJIH30BaHBI IIPU pa3paboTKe METOAOB CTAH/IAPTU3AINHU U CO37a-
HUH GUTOIIPENapaToB.

Kaoueswte croea: Echium vulgare, bapmakoraosus, GaBOHOUIB, THIPOKCUKOPUYIHBIE KUCIOTHI, ITUKOHUH, MOPQO-
JIOTO-aHATOMUYECKHUH aHAJINS.

O6paszen nmurupoBauusa: Kpyrmos /[.C., Bormanos A.B., Besinuko B.B. ®apMakorHoCTHYECKOE UCCIIEIOBA-
HUe [TO/I3eMHBIX U HaI3eMHBIX opraHoB Echium vulgare (L.) // Journal of Siberian Medical Sciences. 2026;10(3):71-
81. DOLI: 10.31549/2542-1174-2026-10-3-71-81

Pharmacognostic study of underground and aboveground organs
of Echium vulgare (L.)

D.S. Kruglov, A.V. Bogdanov, V.V. Velichko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Plants of the genus Echium L. are a promising source of biologically active compounds (BACs),
including phenols and naphthoquinones, however, their pharmacognostic characteristics have been insufficiently studied.
A i m . Determination of morphological and anatomical features of the aboveground and underground organs of Echium
vulgare L. and quantification of the main groups of BACs.
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Materials and meth ods. Theobjectsof the study were the underground and aboveground organs of the
plant harvested in the Novosibirsk region. Microscopic examinations of the plant anatomy were carried out using light and
scanning electron microscopes, as well as quantification of flavonoids, hydroxycinnamic acids, tannins, polysaccharides,
and naphthoquinones was performed with spectrophotometry and titrimetry.

R esults. Diagnostic anatomical features of the roots, stems, leaves, and reproductive organs were established. It
was shown that the aboveground organs have a high content of flavonoids (1,35 + 0,15%) and hydroxycinnamic acids

(1,85 + 0,2%), whereas naphthoquinones predominate in the roots (shikonin: 0,034 + 0,06%).

Conclusion.

Echium vulgare L. represents a promising source of phenolic compounds and naphthoquinones.

The data obtained can be used in the development of methods for standardization and herbal medicinal products.
Keywords: Echium vulgare, pharmacognosy, flavonoids, hydroxycinnamic acids, shikonin, morphological and anatom-

ical analysis.
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BBEJAEHUE

Pacrenust cemelictBa Boraginaceae copep:kar
pa3HOOOpa3HbIe OHOJIOTHYECKH AaKTHBHBIE COEIIHE-
uus (BAC), B ocHoBHOM (eHOBHOM TpUPOIbI [1—3],
obJraiaronye MIUPOKUM CIHEKTPOM (hapMaKOJIOTH-
YEeCKOW aKTUBHOCTH, B YACTHOCTH ITPOTHBOMHUKPOO-
HOM, MPOTUBOBUPYCHOM, IPOTHUBOBOCIIAIUTETLHON
U aHTHATPEraHTHOH [4, 5]. B ceMelicTBe BBIIEIAIOT
HECKOJIBKO TPUO, B TOM 4HcJie TpUOy BOPOOEHHUKO-
BBIX, JIJI1 PACTEHUH KOTOPOI XapaKTEPHO HAJTUUHE B
cocTaBe COeTWHEHUN HaQTOXMHOHOBOTO psfa —
HanpuMep, IMUKOHWHA. HadToXuHOHBI 006J1a1at0T
BBIPpAYKEHHOU OMOJIOTHYECKONH aKTHBHOCTHIO, BKJTIO-
Yyasi IPOTHUBOOIIYXOJIEBOE JIeHcTBHE [6].

B Tpube BOpOOEHHHKOBBIX MOIKHO BBIJIETUTD
pon Echium (E.) L., o0beAUHSIONIMI, COTJIACHO
nocsieqHeln kinaccudukanuu Angiosperm Phylogeny
Group IV (APG 1V), 0k0J10 70 BHUJIOB TPaBSIHHUCTHIX
pacreHwuii, IIUPOKO paclpocTpaHeHHBIX B EBporre,
CpenuzeMHOMOpPbe U 3amaTHOU A3UH, 00JIaJAI0NIHX
BBICOKOI KOJIOTUYECKOH IJIACTUYHOCTBIO U 3HAUH-
TEJIHOM ChIPhEBOH MIPOAYKTHUBHOCTBIO, UTO OIIPE/Ie-
JIIET WX TOTEHITUAIBHYI0 (PapMaKOTHOCTUUECKYIO
meHHocTh. IlpencraBurenu poxa Echium wusmaBHa
MPUMEHSJINCh B HApOAHOH MenuilHe EBpombl
bmxuaero Bocroka. Hactou 13 Hazm3eMHBIX U IO~
3€MHBIX OPTaHOB PACTEHUsI UCIIOIH30BAIA KaK MPO-
TUBOBOCIIAJIUTEIPHOE, CEIAaTHBHOE, PAHO3aXKUBJISI-
I0lllee ¥ OTXapKHUBAIIIlee CPelCTBO IpHU 3ab0sieBa-
HUSAX JIbIXaTeJIbHBIX IyTEH, BOCIAJIEHUAX KOXKH H
JKeJTyI0YHO-KUIIIEYHBIX paccTpoicTBax [7].

CoBpeMeHHbIE HCCJIEZIOBAHUS  ITO/ITBEPIKIAIOT
HaJIM4YUEe y Pas3jnYHbIX BUAOB Echium aHTUOKCH-
JIAHTHOM, AHTUMHKDPOOHOW, ITPOTHBOBOCIAIUTEIb-
HOH U IUTOIIPOTEKTOPHOU aKTUBHOCTH [6]. JKciepu-

INTRODUCTION

Plants of the Boraginaceae family contain a vari-
ety of biologically active compounds (BACs), primar-
ily of phenolic nature] [1-3], possessing a broad
spectrum of pharmacological activity, antimicrobial,
antiviral, anti-inflammatory, and antiplatelet in par-
ticular [4, 5]. Several tribes are distinguished within
the family, including the tribe Lithospermeae, whose
plants are characterized by the presence of naphtho-
quinone compounds, such as shikonin. Naphthoqui-
nones exhibit pronounced biological activity, includ-
ing antitumor effects [6].

Within the tribe Lithospermeae, the genus
Echium (E.) L. can be distinguished, which, accord-
ing to the latest of the Angiosperm Phylogeny
Group IV (APG IV) classification, comprises about
70 species of herbaceous plants that are widely dis-
tributed in Europe, the Mediterranean, and Western
Asia, and exhibit high ecological adaptability and
significant raw material-based productivity, which
determines their potential pharmacognostic value.
Representatives of the genus Echium have long been
used in folk medicine of Europe and the Middle East.
Extracts from the aboveground and underground
organs of the plant were used as anti-inflammatory,
sedative, wound-healing, and expectorant agents for
respiratory diseases, skin inflammations, and gas-
trointestinal disorders [7].

Modern studies confirm the presence of antioxi-
dant, antimicrobial, anti-inflammatory, and cytopro-
tective activities in various species of the genus
Echium [6]. Experimental data show that extracts
from Echium amoenum Fisch. & C.A. Mey. exhibit a
pronounced anti-inflammatory effect in cell line
models by inhibiting nitric oxide production by mac-
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MEeHTaIbHBIE TAHHBIE TTOKA3BIBAIOT, YTO U3BJIECYEHUS
13 TpaBbl cuHAKA mpuatHoro (E. amoenum Fisch. &
C.A. Mey.) nposIBJIAIOT BRIPAXKEHHOE ITPOTUBOBOCIIA-
JIATETBHOE JIEUCTBHE HA KJIETOUHBIX MOJIEJISIX 32 CUET
MHTUOUPOBAHUS IPOAYKITUN OKCUIA a30Ta MaKpoda-
ramu [8]. ®apmakosioruueckass akKTUBHOCTb pacTe-
HHH poJia HAIIPSMYIO CBsI3aHA C UX BTOPUYHBIM MeTa-
60JTU3MOM, TIPEXKTIE BCETO C MPUCYTCTBHEM HA(DTOXH-
HOHOBBIX IUTMEHTOB W (DEHOJIBHBIX COEIUHEHUH.
CymiectBeHHBIM  (aKTOpPOM,  OTPAHUYUBAIOIIUM
MEIUITUHCKOE IMPUMEHEHHe pacTeHHH CceMencTBa
Boraginaceae B 11esioM u poaa Echium B 4acTHOCTH,
SIBJISIETCS IIPUCYTCTBUE MTUPPOJTU3UIMHOBBIX aJTKAJI0-
WUJI0B, O00JIaalOIMX TelaTOTOKCUYECKUMU CBOK-
ctBaMu. BmecTe ¢ TeM B HaIlleM MCCIEIOBAHUU [9]
IIOKa3aHO, YTO coJlep:KaHue JMaHHOU rpymmsl BAC B
pacreHusIX TPUObI BOPOOEHHUKOBBIX HE3HAUUTETHHO
U HEe BBI3BIBAET IPOSIBJIEHUS OCTPOH TOKCUYHOCTH
IIpU TPUMEHEHUH (PUTOIIPENapaToB.

Crnenyet oTMeTuTh, uTo E. plantagineum L., cuu-
TAIOIIUHACS JUKOPACTYIUM BujpoM [10], B Poccuu
UMeeT 3aHOCHBIN xapakTtep [11, 12] U, KOHEYHO, HE
MOJKET pacCMaTPUBATHCS KaK HCTOYHUK JieKap-
CTBEHHOTO PaCTUTEJIPHOTO CHIPhA. B cBOIO ouepess,
cunsk pycckuti (E. rossicum Gmel.), Takxe paccma-
TpUBaeMbIl Kak BUj poza Echium [10], Mo JaHHBIM
TreHEeTUYECKOTO aHaJIU3a B paMKaX KyiacCu(pHUKAIUN
APG 1V onpezesier kak Pontechium maculatum (L.)
Bohle & Hilger u BbiZieJIeH B OTAENBHBIA POJ
Pontechium Bohle & Hilger [13], moaTomy B HacTos-
1ee BpeMs K pozy Echium OTHOIIIEHHs He HMEET.

C yueToM COBpEMEHHBIX ITpe/ICTaBIeHUI, OCHOBaH-
HBIX Ha pe3yJbTaTaX MOJIEKYJISIPHO-T€HETHIECKIX
HcceoBanuii [14], u3 npeacraBurese poaa Echium
Ha TeppuTOpuU PoccrM MPOM3PACTAIOT TOJBKO /Ba
BHJIa CHIHSIKA — CHHSK 00bIkHOBeHHbIH (E. vulgare L.)
U cuHAK utanbssackui (E. italicum L.) (puc. 1).

W3 sTux ABYX BUOB TOJIBKO E. vulgare L. umeer
HEOOXOMMBIA PECYpCHBIA IMOTEHITUAJ U SIBJISETCS
MEPCIIEKTUBHBIM I MPOBENEHUs CKPUHHUHTA
HOBBIX JIEKAPCTBEHHBIX PACTEHUH.

Cunsik ob6sikHOBeHHBIH (E. vulgare L.) — nByser-
Hee TPaBSHHCTOE PAaCTeHHE BHICOTOU 710 1 M, C IIPSIMO-
CTOSTIUM CTeOJIEM CTMHEHHO-TAHI[ETHBIMU JTUCThIMH
U 3UrOMOp(HBIMHU ITBETKAMU CHHETO I1BeTa. JJaHHbIe
0 XHMUYECKOM COCTABE PACTEHUS UMEIOT pa3pO3HEH-
HBIU XapaKTep, IIPU 3TOM B OOJIBIIIEH CTETIEHH HCCITe-
JTOBaHA MO/I3€MHAs YacTb PACTEHUS.

O0mui PUTOXUMUUYECKUN aHAINU3, IPOBEIEH-
HBIH paHee [16], ITO3BOIMJ BBIJIEJUTH B KadyecTBe
ompesieiAOMuX  (hapMaKoJIOTUUeCKHHd  addekT
TUJPOKCUKOPUYHBIE  KHUCJIOTHI,  (DJIaBOHOUIBI,
HaDTOXMHOHBI U UX JEPUBATHI, a TAKKEe TyOHUIbHBIE
BellleCTBa U MOJINCaXapHU/Ibl.

rophages [8]. The pharmacological activity of plants
of the genus is directly related to their secondary
metabolism, primarily due to the presence of naph-
thoquinone pigments and phenolic compounds. A
significant factor limiting the medical use of plants of
the Boraginaceae family on the whole and the genus
Echium in particular is the presence of pyrrolizidine
alkaloids with hepatotoxic properties. However, our
study [9] has shown that the content of this group of
BACs in plants of the tribe Lithospermeae is insig-
nificant and does not cause acute toxicity when using
herbal medicinal products.

It should be noted that E. plantagineum L., con-
sidered a wild species [10], is a stranger in Russia [11,
12] and, obviously, cannot be viewed as a source of
medicinal raw materials. In turn, E. rossicum Gmel.,
also considered as a species of the genus Echium
[10], according to genetic analysis within the frame-
work of the APG IV classification, was identified as
Pontechium maculatum (L.) Bohle & Hilger, and was
allocated to a separate genus Pontechium Bohle &
Hilger [13], therefore, it is not currently related to
the genus Echium.

Considering current concepts based on the results
of molecular genetic studies [14], only two species of
the genus Echium grow up in Russia — E. vulgare L.
and E. italicum L. (Fig. 1).

Of these two species, only E. vulgare L. has the
necessary resource potential and is promising for
screening new medicinal plants.

E. vulgare L. is a biennial herbaceous plant that
can grow up to 1 m in height, with an erect stem, lin-
ear-lanceolate leaves, and zygomorphic blue flowers.
Data on the chemical composition of the plant are
fragmentary; moreover, the underground part of the
plant being studied to a greater extent.

A general phytochemical analysis performed [16]
made it possible to identify hydroxycinnamic acids,
flavonoids, naphthoquinones and their derivatives as
well as tannins and polysaccharides as the com-
pounds determining the pharmacological effect.

AIM OF THE RESEARCH

Identification of morphological and anatomical
features of the aboveground and underground organs
of Echium vulgare L. and quantification of the main
groups of BACs.

MATERIALS AND METHODS

The objects of the study were the underground
and aboveground organs of E. vulgare, harvested in
the summer of 2025 in the Novosibirsk region
(steppe meadow in the vicinity of the village of Moro-
zovo, Iskitimsky District, 54°77' N, 83°23" E). After
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Puc. 1. Apeasbl mpouspactanus pactenuii poaa Echium L. ua reppurtopuu Poccuu (1o [15])
Fig. 1. Habitats of plants of the genus Echium L. in the territory of Russia (according to [15])

40°_
q
@ —Echium vulgare L.
IEJIb NCCJIEJOBAHUA

YcraHOBJIEHHE TUAaTHOCTUYECKUX IIPHU3HAKOB
HaJI3eMHBIX U TOJ[3eMHBIX opraHoB E. vulgare u
KOJIMYeCTBEHHOE OIIpe/ieIeH e CoflepKaHnusA Hanbo-
Jee 3HaUMMBIX Tpyni BAC.

MATEPUAJIBI 1 METO/IbI

B kauecTBe 0OBEKTOB HCCIIEIOBAHUS BBICTYIIAN
moi3eMHble U Hafi3eMHble opraubl E. vulgare, 3aro-
TOBJIEHHBIE JIETOM 2025 T. Ha Tepputopunt HoBocu-
O6upckoil obsactu (OCTETHEHHBIN JIYyT B OKPECTHO-
cTsix ¢. MoposoBo HMckutmMmckoro paioHa 54°77’
c.air., 83°23" B.a.). Ilocie 3aroTOBKU IMPOBOIMIH
MIEPBUYHYI0 00pabOTKY ChIPbsl: HAJ3EMHBIE OPTaHBI
OYMINAJIK OT IIOBPEXKJEHHBIX YacTed, a KOpHH
OBICTPO MPOMBIBAJIU B IPOTOYHOM BOJIE U Pa3pe3aiu
Ha KYCKH JITHHOU 2—3 cM (JacTu KopHeH 6oJiee 1 cM
B IMaMeTpe paszpesaud BA0Jb). ChIpbe CYIIHIN 10
BOB/IYIIIHO-CyXOT'O COCTOSTHHS IIPHU KOMHATHOU TeM-
mepaType B IOMEIEeHIH, UCKIIIOYasl IOIaJJaHre Ha
CBIPBE MPSIMOTO COJTHEYHOTO CBETA.

Jna  ompenesieHus: MUKPOMOPDOIOTUYECKOTO
CTPOEHHsI JIUCTHEB MPOBOAWIN IIPEIBAPUTETHHOE
pasmMauyuBaHue OOBEKTOB IIyTEM KUIISUYEHHUS B TeUe-
HHE OJTHOM MHHYTHI B 5% BOJHOM pacTBOpPE HATPHsI
THAPOKCH/Ia. AHATOMUYECKOE CTPOEHUE OCEBBIX
OPTaHOB KCCJIEOBAJIM HA ITONIEPEYHBIX CpPe3axX KOp-

harvesting, primary processing of the raw material
was carried out: the aboveground organs were
cleaned of damaged parts, and the roots were quickly
washed in running water and cut into pieces 2—3 cm
long (root parts more than 1 cm in diameter were cut
lengthwise). The raw material was dried to an air-dry
state at room temperature indoors, excluding expo-
sure to direct sunlight.

To determine the micromorphological structure
of the leaves, the objects were preliminarily macer-
ated by boiling for one minute in a 5% aqueous solu-
tion of sodium hydroxide. The anatomical structure
of the axial organs was examined on transversal sec-
tions of roots and stems, which were preliminarily
exposed for 2 months to a the fixing solution of
water : glycerin : 95% ethanol at a ratio of 1:1:1.
A mixture of water and glycerin at a ratio of 1:1 was
used as a mounting and clearing liquid. To identify
lignified elements in the root structure, sections were
stained with a 0,1% solution of paranitroaniline.
Microscopic examination was carried out using a
Zeiss Axio Scope.A1 microscope at magnifications
x25—400 in transmitted light. The obtained images
were recorded using a Zeiss Axiocam 512 color digi-
tal camera. The ultrastructure of the fruits was exam-
ined using a MERLIN Compact scanning electron
microscope (Carl Zeiss).
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Hel U cTebJiel, KOTophble MpeIBapUTEIbHO BBIZEP-
JKUBAJIN B TEUEHHE 2 MeC B GUKCUPYIOIIEM PacTBOpe
BOJIA : TJTUIEPUH : 95% 3TAHOJI B COOTHOIIIEHUH 1:1:1.
B xauecTBe 3aK/II04aolIell U IPOCBETIIAIONIEN KU/I-
KOCTel MCIOJIb30BAJI CMeCh BOJBI U IVIMIIEPHHA B
COOTHOIIIEHUH 1:1. [IJI1 BBIABIEHUs JIUTHUPUITPO-
BAHHBIX 3JIEMEHTOB B CTPYKTYPe KOPHEH IIPOBOIVIIH
OKpaIlIiBaHUe CPe30B 0,1% PacTBOPOM ITapaHUTPO-
aHWINHA. MUKDPOCKOIIMYECKOE UCCIIEIOBAaHUE TIPO-
BOJIMJIH C HUCIIOJIb30BAaHUEM MHKPOCKOIa Zeiss AXio
Scope.A1l 1Ipu yBeIUUEHUU 25—400 B IPOXOSAIIEM
csere. IlonyueHHble H300paKeHUA UKCUPOBAIIHU C
ITOMOIIbI0 TUPPOBOH doTOKaMephl Zeiss Axiocam
512 color. YIbTpacTpyKTypy ILJIOJIOB HCCIIEOBAIH C
IIOMOIIbI0 CKAHUPYIOIIET0 3JIEKTPOHHOTO MHUKPO-
ckorra MERLIN Compact (Carl Zeiss).

115 n3ydeHuss KOMIIOHEHTHOTO U KOJINUeCTBEeH-
HOT'O COCTaBa ChIPbsI METOIOM CIIEKTPO(POTOMETPUH
HCIIONIb30BAJIM CYMMapHble W3BjedYeHUs. B kaue-
CTBe DKCTpareHTa JJjif WX IOJIyYeHUs HCIIOJIb30-
Basil 70% 5TaHOJN (Ui U3BJIEUEHUS OKCUKOPUY-
HBIX KUCJIOT U (PJIABOHOUIOB) M BOJY OUHUIIEHHYIO
(m1s u3BIEUeHU NyOMJIBHBIX BEIECTB U IIOJIMCA-
xapuzoB). CeKTphl MOTJIONIEHUS ONPEeNesIsiain Ha
cuektpodoromerpe CP-56 (AO «JIOMO», CaHKT
[TerepOypr, Poccusi) B quamasoHe BOJH OT 200 /0
600 HM B KIOBET€ C TOJIIIUHOHN IOIJIOIAIOIIETO
¢10s51 10 MM. 171 KOJTMYEeCTBEHHOTO OIIPeiesIeHuUs
¢J1aBOHOU/IOB UCIIOJIb30BaIN MeTOA A depeHIu-
QJIBPHOU CIEKTPO(POTOMETPUM, KOTOPBI OCHOBaH
Ha IOTJIOIIEHUH CBETA XPOMOTEHHBIM KOMILIEKCOM,
00pa30BaHHBIM B pe3yJbTaTe B3aUMOJIEHCTBUS
U3BJIEYEHUs C 2% PACTBOPOM AJTIOMHHUS XJIOPHUAA
B 95% 9TaHOJIe TIPU AJTUHE BOJIHBI 410 HM. Kosrue-
CTBEHHOE OIpeZieJIeHUe CYMMbI OKCHKOPUYHBIX
KHUCJIOT TIPOBOAUINA METOZOM IPSIMOU CIeKTPodOo-
TOMETPUY IIPU JIINHE BOJIHBI 330 HM (Xapakrep-
HBIH MaKCHMyM IOTJIOIIEHUSI PO3MapHUHOBOHN KHC-
sotel). KotmyecTBeHHOE Ompezieienre AyOUIbHbBIX
BeIlleCTB IIPOBOUJIN METO/IOM TUTPOBAHUS B COOT-
BercTBUH ¢ O®C «OtmpenesieHne cojiepKaHUs
JyOMJIBHBIX BEIECTB B JIEKAPCTBEHHOM PaCTUTEIIb-
HOM CBHIpb€ U JIEKAPCTBEHHBIX CPENICTBAX PACTH-
TEJILHOTO IIPOUCXOK/IEHHUSA» B IIepecuere Ha KaTe-
xuH. CopeprkaHue IOJIUCAXaPUIOB OIpeesIsiIn
rpaBUMETPUUECKH [17].

PE3YJIBTATDBI 1 OBCY KAEHUE

B pesynbprate MOpd0-aHATOMHYECKUX HCCIIEZO-
BAaHUA YCTAHOBJIEHO CJIeAyIOIIee:

« kxopuu E. vulgare uMelOT HENYYKOBOE BTOPUY-
HOe cTpoeHHe (puc. 2, A) ¢ BMECTUIUIIIAMU CXU30-
TeHHOU CTPYKTYPHI B KOPOBOH YacTU KOpHs (pHC. 2,
B, C), B KOTOPBIX HAKAIIJINBAETCS ITUKOHIH;

To carry out compositional assay and quantita-
tive chemical assay of the raw material by spectro-
photometry, total extracts were used. In order to
obtain them, 70% ethanol (for extraction of
hydroxycinnamic acids and flavonoids) and puri-
fied water (for extraction of tannins and polysac-
charides) were used as extractants. Absorption
spectra were determined on an SF-56 spectropho-
tometer (LOMO JSC, St. Petersburg, Russia) at a
wavelength range from 200 to 600 nm in a cell with
thickness of an absorbing layer of 10 mm. For quan-
titative determination of flavonoids, differential
spectrophotometry method was used, which is
based on the absorption of UV light by a chromo-
genic complex formed by the interaction of the
extract with a 2% solution of aluminum chloride in
95% ethanol at a wavelength of 410 nm. Quantifica-
tion of the sum of hydroxycinnamic acids was car-
ried out by direct spectrophotometry at a wave-
length of 330 nm (characteristic absorption maxi-
mum of rosmarinic acid). Quantification of tannins
was carried out by titration in accordance with the
General Pharmacopoeia Monograph “Determina-
tion of the content of tannins in medicinal plant raw
materials and medicinal herbal products” in terms
of catechin. The content of polysaccharides was
determined gravimetrically [17].

RESULTS AND DISCUSSION

The morphological examination of plant organs
showed the following:

« roots of E. vulgare have a non-fascicular sec-
ondary structure (Fig. 2, A) with schizogenous con-
ceptacles in the bark layer of the root (Fig. 2, B, C),
where shikonin accumulates;

« the stem morphology is secondary, non-fascicu-
lar; the covering layer of the epidermis and the
pubescence are represented by rigid trichomes —
emergences;

« leaves have an amphistomatic structure. The
epidermis of the upper part is represented by
straight-sided cells and is thickly pubescent with
long (up to 3 mm) straight and curved hairs
(Fig. 2, D); along the leaf veins, a crystal-bearing
sheath (Fig. 2, E) consisting of prismatic crystals is
located;

« epidermal cells of the lower side are character-
ized by sinuated walls, and stomata of anamocytic
type (Fig. 2, F) located mainly on the lower side of
the leaf as well.

The reproductive organs have a number of fea-
tures:

« the pistil is two-forked, up to 1 mm of the style
length (Fig. 3, A); the stigma has cells capturing pol-
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Puc. 2. CtpoeHue KOPHS U JIUCTOBOH M1acTuHkH E. vulgare
Fig. 2. The structure of the root and leaf blade of E. vulgare

e crTpoeHHe CcTe0ssi BTOPHUYHOE, HEIyYKOBOE;
ITOKPOBHAsI TKAaHb JMHIEPMAa, OIIyIIIeHHE IIPEe/ICTaB-
JIEHO JKECTKUMU TPUXOMaMU — HYMePTeHIIaMu;

e JIMCT WMeeT aM(PUCTOMAaTHYECKOE CTPOEHHE.
AnugepMa BepxHeH 4YacTh MpeACcTaBeHa IIPAMO-
CTEeHHBIMU KJIETKAMU U TYCTO OIIyIlIeHa JTUHHBIMH
(To 3 MM) TpPAMBIMU U W30THYTHIMH BOJIOCKAMU
(puc. 2, D), B[10J1b KUJIOK JIMCTA PACIIOJIaraeTCs KpU-
CTaJUTOHOCHAs oOkiIazka (puc. 2, E), cocrosmasn u3
[IPU3MAaTHYECKUX KPHUCTAIIIOB;

o KJIETKH SMHUAEPMbl HUKHEH CTOPOHBI U3BUJIU-
CTOCTeHHBbIe, YCTHUIIA  AHAMOIIUTHOTO  THIA
(puc. 2, F), Tak»Ke paco/ioKeHbl IPENMYIIECTBEHHO
Ha HUKHEH CTOPOHE JIUCTA;

l'eHepaTHBHBIE OPT'AHBI UMEIOT PsiZi 0COOEHHOCTEH:

* IECTUK Pa3IBOEHHBIH /10 1 MM JITHHBI CTOJIOHKA
(puc. 3, A), Ha PbLIbIIE UMEIOTCS U3BUIUCTOCTEHHBIE
MBUIBIEYIOBUTEIbHBIE KIeTKu (puc. 3, B), mectux
OIIyIIIeH OJIHOKJIETOYHBIMHU BOJIOCKAMU;

o THIYUHKA COCTOUT W3 JBYX IbLIBHUKOB OKPY-
w0l GOpMBI uamMeTpoM 0,5—0,7 MM (puc. 3, C),
caMa IbLIIbIIA AJUTUIICOUTATBHON (DOPMBI JIUTHHOH /10
20 mkM (pwuc. 3, D).

Iy1oABI UMEIOT BU/I HEIPABUJIBHOHN TPEYTOJIbHOU
[MUPaMU/IBI BBICOTOM OKOJIO 3 MM, IITHPHHA Y OCHOBA-

len with sinuated walls (Fig. 3, B), the pistil is pubes-
cent with unicellular hairs;

« the stamen consists of two rounded anthers with
a diameter of 0,5—0,7 mm (Fig. 3, C), the ellipsoid-
shaped pollen is up to 20 um long (Fig. 3, D).

The fruits have the shape of an irregular triangu-
lar pyramid approximately 3 mm in height, with a
width at the base of approximately 1 mm (Fig. 3, E)
and an indistinct cicatrix (Fig. 3, F).

Analysis of the spectrum obtained for extracts
from roots and leaves (Fig. 4) shows that hydroxy-
cinnamic acids are present in trace amounts in the
roots, whereas the absorption spectrum of the grass
extract exhibits a maximum at 330 nm, which cor-
responds to the spectrum of the standard sample of
rosmarinic acid.

The absence of the bathochromic shift in the
spectrum of the solution, formed after 2% solu-
tion of aluminum chloride was added to the
extract, indicated trace amounts of flavonoids
in the underground organs, whereas the spec-
trum of the grass extract, obtained under the
same conditions, exhibited a shift in the absorp-
tion maximum from 360 to 410 nm, characteristic
of rutin.
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Puc. 3. l'eneparusHsie oprausl E. vulgare
Fig. 3. Reproductive organs of E. vulgare

HUs 0K0JI0 1 MM (puc. 3, E), ¢ HESIBHO BBIpQIKEHHBIM
nukaTpukcom (puc. 3, F).

AHau3 CIieKTpa, MOIYUeHHOTO MIPU HCCIeI0Ba-
HUHM U3BJIEYEHUH U3 KOPHEU W JIUCTheB (pHC. 4),
IIOKa3bIBAET, YTO THAPOKCUKOPUYHBIE KHUCJIOTHI B
KOPHSIX HAXOJATCsS B CJIEZOBBIX KOJHUYECTBAX, B TO
BpeMsI KaK Ha CIEKTpPe U3BJIEUeHHUs U3 TPABBI IPU-
CYTCTBYeT MaKCHUMYyM IOTJIOIIEHUS IPU 330 HM, UTO
COOTBETCTBYET CIIEKTPY CTaHAapPTHOTO oOpasiia po3-
MapUHOBOU KUCJIOTHI.

OtcyTcTBHE 0GATOXPOMHOTO CABUTA B CIIEKTPE
pactBopa, obOpasymwolinerocss Mpu J00aBJIEHUU K
U3BJIEUEHHUIO 2% pacTBOpa aJTIOMUHHUA XJIOPHUJA,
CBUJIETEIBCTBYET O CJIEZIOBBIX KOJIMYECTBAX (hJ1aBoO-
HOHJIOB B ITO/I3€MHBIX OpraHax, TOr/ia KakK B CIIEKTPE
M3BJIEUEHUS U3 TPABBI B TEX K€ YCJIIOBUAX OOHApPY-
JKUBAJICS CIBUT MaKCHMYyMa IIOTJIOIIEHUs ¢ 360 Ha
410 HM, YTO XapaKTEPHO JJIsI pyTUHA.

CrexTp B pamasoHe 300—600 HM (cM. puc. 4)
[IOKA3aJI HAJIUYUEe MAKCUMyMOB IOTJIOIIEHUS IS
U3BJIEUEHHUS W3 TPaBbl B [AHMAIa30HE 420—430 HU
460 HM, a /1151 TIOTJIOIIeHUsI U3BJI€UEHUsI U3 KOPHS —
B inamnas3oHe 485—495 1 520 HM.

The spectrum at a range of 300-600 nm (Fig. 4)
showed the presence of absorption maximums for
the grass extract at a range of 420—430 and 460 nm
and for the root extract — at the ranges of 485—495
and 520 nm.

Such spectra are characteristic of shikonin (495
and 520 nm [18]) and geranylhydroquinone (420—
460 nm [19]). It should be noted that shikonin biosyn-
thesis [20] begins in the leaves, where geranyl-geranyl
pyrophosphate, interacting with 4-hydroxybenzoic
acid, forms geranylhydroquinone, which is then enzy-
matically transformed into shikonin in the roots. The
shikonin that is obtaining accumulates in the bark
layer of the root in schizogenous conceptacles.

The content of various BACs in the aboveground
and underground organs of E. vulgare is shown in
Table 1.

As expected, the content of tannins and polysac-
charides in the aboveground organs was higher
than in the underground ones. The phenolic com-
plex, consisting of flavonoids and hydroxycinnamic
acids, is virtually absent in the underground organs.
It is noteworthy that the content of the shikonin
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Puc. 4. YO-criekTp u3BIeUeHUH 13 KopHeH (2), Tpassl (3) E. vulgare;
1 — PacTBOP CTAHJIAPTHOTO 00pasIa pO3MapHHOBOM KHCIIOTHI
Fig. 4. Ultraviolet spectra of extracts from roots (2), grass (3) of E. vulgare;
1 — solution of the standard sample of rosmarinic acid

[Tomo6HbBIE CIIEKTPHI XapaKTEPHBI 1151 MUKOHUHA
(495 1 520 HM [18]) U repaHWITHUAPOXUHOHA 420—
460 uM [19]. CnenyeT 0OpaTuTh BHUMAHUE, YTO OHO-
CUHTE3 IITUKOHUHA [20] HAUMHAETCS B JIUCThAX, T
repaHwi-repanwinupodocdar, B3aUMOJEUCTBYSA C
4-TUPOKCUOEH30MHOU KHCJIOTOH, obOpa3syer repa-
HIWITHIPOXUHOH, KOTOPBIN YK€ B KOPHAX (pepmMeH-
TaTUBHO IEPEXOJIUT B IMHUKOHUH. OOpasyromuiics
[MIMKOHWH HAKAITUBAETCS B KOPOBOH YaCTH KOPHS B
CXU3UTEHHBIX BMECTHIHINAX.

Copnep:xxanue paznuudbix BAC B Ha/I3eMHBIX U
roA3eMHbIX opranax E. vulgare npuseneHo B Tab. 1.

precursor, geranylhydroquinone, in the grass was
0,29%, which is an order of magnitude higher than
the content of shikonin formed from it in the roots —
0,034%.

CONCLUSION

The pharmacognostic study of the underground
and aboveground organs of E. vulgare L. has made it
possible to comprehensively characterize the mor-
phological, anatomical, and phytochemical features
of this species, important for the standardization of
raw materials.

Ta6jmua 1. Coaepmal—me OCHOBHBIX I'pyHI 6HOJIOTHYECKH aKTUBHBIX COEAI/IHEHI/II‘;I B HaZI3€MHbIX U IIOA3€MHbBIX OpraHax

E. vulgare (%)

Table 1. The content of the main groups of biologically active compounds in the aboveground and underground organs

of E. vulgare (%)

BuoJioruyecKy akTUBHbIE COeAUHEHHA TpaBa Kopuu

Biologically active compounds Grass Roots

dyaBoHOUBI (B HEpecyeTe HA PyTHH) 1,35+0,15 He o6Hapyxensb! / Not detected
Flavonoids (in terms of rutin)

I'napokcukopuYHbIE KUCIOThI 1,85 +0,2 0,08 £ 0,02

(B mepecyeTe Ha pO3MapUHOBYIO KHUCJIOTY)

Hydroxycinnamic acids (in terms of rosmarinic acid)

['epanuiruapoxuHoH / Geranylhydroquinone 0,29 £ 0,04 He o6HapyxeH / Not detected
IukoHuH / Shikonin He o6Hapy»eH / Not detected 0,034 + 0,06

Jy6unbHble BelllecTBa (B nepecyeTe Ha KATEXHH) 7,2+0,8 4,0+0,4

Tannins (in terms of catechin)

[Monucaxapuae! / Polysaccharides 53%0,5 1,26 £0,2
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Copep:kanue AyOUIBHBIX BEIIECTB U IOJIMCAXa-
PU/IOB B Ha/I3€MHBIX OPTaHaX 0KA3aJI0Ch O3KU/IAEMO
BBIIlIE, YeM B IMO/3eMHBIX. DEHOJIBHBIA KOMILIEKC,
IIpeJicTaBJIeHHbIN (IaBOHOUJIAMU M THUJPOKCHUKO-
PUYHBIMH KHCJIOTaMH, IPAKTHYECKH OTCYTCTBYET B
O/I3eMHBIX OpraHax. Cyieyer 06paTuTh BHUMAaHHUE,
YTO COZIepKaHU€e TPEANIECTBEHHUKA [IMKOHHHA —
repaHWITHIPOXUHOHA — B TPaBe COCTABUJIIO 0,29 %,
YTO HA MOPSAO0K OOJIbIIE COMIEPKAHUSA 00pasyroIlie-
rocsi U3 Hero IMUKOHWHA B KOPHSX — 0,034%.

SAKJIIOYEHUE

ITpoBenenHOe (GapMaKOTHOCTHYECKOE HCCIIEZO-
BaHUE MOJI3EMHBIX U HA/A3eMHBIX opraHoB E. vul-
gare L. I03BOIMIIO KOMIIEKCHO OXapaKTepU30BaTh
Mopdosioro-aHaTOMUueckre U (GUTOXUMUUYECKHe
0COOEHHOCTH JIAHHOTO BHJIA, YTO UMEET 3HAUEHHE
IUIS CTAHAAPTU3AINHU CHIPBA.

YcTaHOBJIEHBI IMATHOCTUYECKU 3HAUMMBbIE IIPU-
3HAKU: JUUIS KOPHEU XapaKTepHO BTOPUYHOE HeIy4-
KOBOE CTPOEHUE U HaJINYNe CXU30T€HHBIX BMECTH-
JIUI, CJTyKaIllUX MEeCTOM HaKoIUIeHUsA Ha(pTOXUHO-
HOB; cTebesTh TaKKe UMeeT BTOPUYHOE CTPOEHUe, a
SIHJIepMa IMOKPHITA KECTKUMH TPUXOMAaMU; JIUCThS
XapaKTepusylTcsa aM@UCTOMaTUYeCKUM  CTpoe-
HHEM, BBIDA’KEHHBIM OITyIlIeHHEeM U HaJIUYNeM KpH-
CTAUIOHOCHBIX KJIETOK; TeHepaTUBHBIE OpTaHbI
(mecTuk, THIYMHA U IIJIO/(bI) UMEIOT CIIeNU(PUIECKOe
CTPOEHUEM.

TpaBa u kopuu E. vulgare L. cyiecTBeHHO pas-
JINYAIOTCA 0 COZlePKAHNUI0 (PeHOJIBHBIX COoeInHe-
HUU: B IO/I3€MHBIX OpraHax (JIlaBOHOU/IBI IPAKTU-
YEeCKH OTCYTCTBYIOT, a THAPOKCHKOPHYHBIE KHC-
JIOTBl TIPUCYTCTBYIOT B CJIEJOBBIX KOJIHMUECTBAX,
IIPU 3TOM JJOMUHUPYIOT Ha(pTOXUHOHOBBIE COEU-
HeHUs (IIMKOHWH); B JIUCThAX IpeobiagaoT BAC
(eHoNBPHON TpUpOALL. /laHHBIE 3aKOHOMEPHOCTH
MIOATBEPIKAAIOT OpraHocneruUIHOCTh MeTabo-
Jm3Ma.

ITosryueHHBIE TAHHBIE COIJIACYIOTCA C COBPEMEH-
HBIMH TIPE/ICTABJIEHUSIMHU O OWOCHHTE3e IIPOU3BO-
JHBIX HA(DTOXWHOHA: IPOMEKYTOUHBIE COEAMHEHMUS
(opMupyTCA B JUCTHAX U Jlaslee TpaHCHOPMUPY-
I0TCA B KOPHSAX C HaKOIUJIEHMEM KOHEUHBIX IIPOJYK-
TOB, UTO MOATBEP:K/aeT PyHKIMOHAIBHYIO Audde-
PEHIIPOBKY OPTaHOB PACTeHUSA.

[TosyueHHBIE PE3YIBTATHI OOOCHOBBIBAIOT IIEP-
CIEKTUBHOCTD JATBHEUITNX (PapMaKOTHOCTHYECKIX
u QapMaKoJIOTHUECKUX wuccyienoBanuii  Echium
vulgare L., Tak Kak TpaBa 3TOTO PACTEHUS MOXKET
CJIy?KUTh HCTOYHUKOM (DEHOJIBHBIX COEAMHEHUH ¢
IpeziniosiaraeMoll aHTHOKCU/IAHTHOU aKTUBHOCTBIO,
a KOPHU — UCTOYHUKOM Ha(PTOXMHOHOB C IIPOTHUBO-
BOCIIQJTUTETBHBIM JIEACTBUEM.

Diagnostically significant features have been
established: the roots are characterized by a second-
ary non-fascicular structure and the presence of schi-
zogenous conceptacles where naphthoquinone accu-
mulates; the stem also has a secondary structure, and
the epidermis is covered with rigid trichomes; the
leaves are characterized by an amphistomatic struc-
ture, pronounced pubescence, and the presence of
crystal-bearing cells; the reproductive organs (pistil,
stamen, and fruits) have a specific structure.

The grass and roots of E. vulgare L. differ signifi-
cantly in the content of phenolic compounds: in the
underground organs, flavonoids are virtually absent,
and hydroxycinnamic acids are present in trace
amounts, while naphthoquinone compounds (shiko-
nin) dominate. In the leaves, phenolic BACs prevail.
These patterns confirm the organospecific character
of metabolism.

The data obtained are consistent with the current
concepts of the biosynthesis of naphthoquinone
derivatives: intermediate compounds are formed in
the leaves and then transformed in the roots accu-
mulating final products, which confirms the func-
tional differentiation of plant organs.

The results obtained substantiate further promis-
ing pharmacognostic and pharmacological research of
Echium vulgare L., since the grass of this plant can
serve as a source of phenolic compounds with sus-
pected antioxidant activity, and the roots — as a source
of naphthoquinones with anti-inflammatory effects.
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PoJ1b 3HAOTOKCUHEMUU B IIOBPEKACHUU CyCTAaBOB IIpU
pPeBMaTONHOM apTpuUTe

A.A. Topnos, B.A. benornaszos, U.A. Ankos, E.C. AreeBa

@I'AOY BO «Kpbwimckuil pedepanvHblii yHusepcumem umenu B.H. Bepradckozo» MunobpHayku Poccuu,
Cumgpepononn, Poccus

AHHOTAIIUA

BBeneHnwue. Peemarougusiii aprput (PA) — XpoOHHYECKOE ayTOMMMYHHOE 3a00JIeBaHUE, COIIPOBOKIAIOIIEECS IIPO-
IPECCUPYIOIIUM CTPYKTYPHBIM IOBPEXK/IEHUEM cycTaBoB. HecmoTps Ha apdekTuBHOCTH rTtokokopTukocTepouioB (I'KC)
B KOHTPOJIE BOCIIAJIEHUSI, UX BIIUSHIE HA IOJITOCPOYHbIE PEHTTEHOJIOTHYECKIE UCXObl HEOAHO3HAUHO.

IT e 1 b . O1leHUTD accoruaruio ATuTebHoN Tepanuu I'KC ¢ BRIpaKeHHOCThIO CTPYKTYPHOT'O IIOBPEK/IEHHS CYCTaBOB 1
[IPOaHAIU3UPOBATH POJIb SH/IOTOKCHUHEMUH 1 aHTHOTEeHEe3a KaK BO3MOKHbBIX MEUATOPOB 3THX U3MEHEHUH.
MaTtepuaab W MeTO/HB5bl. IIPpOBe/IeH CPAaBHUTEJIbHBIN aHANIN3 MaIueHTOB ¢ PA (81 yes.), mosydaBiiux
JuintesnbHy0 Tepanuio I'KC, 1 17 yeJI0BHO 3/I0pOBBIX I00POBOJIbIIEB (KOHTPOJIbHAS Tpymina). OIeHUBaINu PEHTIEHOJIOTH-
YyecKure moKasaresu (3po3uH, cyxenue cycrtaBHbix mieseit (CCII), uuaekc mo mikame Sharp — van der Heijde). 3mepsiiu
KOHIleHTpanuio junononaucaxapuzja (JIIIC), numnomnonucaxapua-ceasbiBaoiiero 6enka (JICE), 6akTepuIiuaHOr0,/ IOBbI-
maIero mpouuaemocts 6enka (BPI), pacteopumoro CD14 (sCD14), 30HysHMHA, (haKTOpa poCTa SHIOTETHSA COCYIOB
(VEGF) u npyrux mapkepoB. Takske IpOBe/IeH MeITUAllHOHHBII aHAJIN3.

Pes3ynbTarThl . Y HAUEHTOB, JHUTebHO NpuHUMaBmuX ['KC, BbIsABIEHBI 00Jiee BbIpa’KEHHBIE CTPYKTYPHBIE
ITOBPEXKAEHUS [0 CPABHEHHIO C TPYIIIION KOHTPOJISA: CyMMAapHBIHN 6asu1 3po3uil — 9,5 mpotus 2,0 (p = 0,003), CCII — 35,0
mpoTuB 25,0 (p = 0,005), uHAekc o Sharp — van der Heijde — 42,0 mpoTuB 27,0 (p = 0,003) cOOTBETCTBEHHO. OTMEUEHO
60s1ee ueM TpexkpatHoe noseienue JIIIC (151,92 mpoTuB 49,25 Hr/MiI; p < 0,001) u yBennuenue VEGF (122,0 mpotus
118,0 nr/MJ; p = 0,010) COOTBETCTBEHHO 0€3 Pa3JInyuil 0 30HYJINHY. MeTMallMOHHbIH aHAIN3 TIOKa3aJl 3BHAUHMMBIH KOC-
BeHHBIH 3ddexT I'KC, okassiBaembrii Ha CCIL u peanmusyemslit yepe3 kackag I'KC — JIIIC — VEGF — CCII (p = 0,049)
IIpu OTCyTCTBUU IpsaMoro addexTa (p = 0,112). O6muit addext I'KC Taxke 611 3HAUNM (9,651; p = 0,023).
3akinwueHue. [mrensHas repanus 'KC acconuupoBaHa ¢ yCHIEHUEM CTPYKTYPHOTO IIOBPEK/IEHUS CyCTaBOB U
peayiusyeTr CBO€e BIUSHUE MIPEUMYIIECTBEHHO UYepe3 HH/IO0TOKCHH-aHTHOTEHHBIE MEXaHU3MbI, YTO TPeOYeT OCTOPOKHOTO
puUMeHeHUs U 6oJiee TIATeTbHOTO MOHUTOPUHTA GMOMapKEPOB BOCIIAJIEHUS U aHTHOTEHE3a.

Kmuoueesble cnroea: peBMaTOU/HBIN apTPUT, TJIIOKOKOPTHKOCTEPOU/IBI, JIUITOTIOIHUCAXapH/Ibl, 9HIOTOKCUHEMUSI, AHTHOT€HE3.

Oo60pasden nmurtupoBaHua: [opiaos A.A,, Berornazos B.A., fAukos 1.A., Areepa E.C. Posb 5HZ0TOKCHHEMUH
B IOBPEKIEHIUH CyCTaBOB IIPH peBMarouHoM aprpure // Journal of Siberian Medical Sciences. 2026;10(3):82-94.
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The role of endotoxemia in joint damage in rheumatoid arthritis
A.A. Gorlov, V.A. Beloglazov, I.A. Yatskov, E.S. Ageeva

V.I. Vernadsky Crimean Federal University, Simferopol, Russia

ABSTRACT

Introduction. Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by progressive struc-
tural joint damage. Despite the efficacy of glucocorticoids (GCs) in controlling inflammation, their impact on long-term
radiographic outcomes remains controversial.
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A im . To assess the association between long-term glucocorticosteroid (GC) therapy and the severity of structural joint
damage, and to analyze the role of endotoxemia and angiogenesis as potential mediators of these changes.
Materials and methods. Acomparativeanalysis was performed in 81 RA patients receiving long-term
GC therapy and 17 apparently healthy volunteers (control group). Radiographic parameters were assessed (erosions,
joint space narrowing (JSN), and the Sharp-van der Heijde score). Serum levels of lipopolysaccharide (LPS), lipopolysac-
charide-binding protein (LBP), bactericidal/permeability-increasing protein (BPI), soluble CD14 (sCD14), zonulin, vas-
cular endothelial growth factor (VEGF), and other markers were measured. Also, mediation analysis was performed.

R e sults. Patientsreceiving GCs for a long time demonstrated more pronounced structural damage compared to the
control group: the total erosion score was 9,5 vs. 2,0 (p = 0,003), JSN — 35,0 vs. 25,0 (p = 0,005), and the Sharp-van der
Heijde score — 42,0 vs. 27,0 (p = 0,003), respectively. A more than three-fold increase in LPS levels was observed (151,92 vs.
49,25 ng/ml; p < 0,001), as well as an increase in VEGF levels (122,0 vs. 118,0 pg/mL; p = 0,010), with no differences in
zonulin levels. Mediation analysis revealed a significant indirect effect of GCs on JSN via the cascade GCs — LPS —
VEGF — JSN (p = 0,049), while no direct effect was observed (p = 0,112). The total effect of GCs was also significant
(9,651; p = 0,023).

Conclusion. Long-term GC therapy is associated with increased structural joint damage and appear to exert its
effects predominantly through endotoxin-angiogenic mechanisms. These findings support the need for cautious use of GCs
and closer monitoring of biomarkers of inflammation and angiogenesis.

Keywords: rheumatoid arthritis, glucocorticoids, lipopolysaccharides, endotoxemia, angiogenesis.
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BBEJAEHUE

Peematougubiii  aptputr (PA) mnpeacraBiser
co0OU XpOHUYECKOE CHCTEMHOE AayTOUMMYHHOE
3a00J1eBaHNe, XapaKTepusyollleecss IPOrpecCUpyro-
II[UM BOCITJIEHHEM CHHOBHUAJIBHOU O0OJIOUKHU U pas-
BUTHEM He0OPATHMOTO CTPYKTYPHOTO IIOBPEKIEHUS
CYCTaBOB, BKJIIOUAsI 3PO3UN KOCTHOU TKAHU U CyXKe-
Hue cycraBHbIX mmeseit (CCI) [1]. HeemoTpst Ha 3HA-
YUTEeJIbHBIE IOCTIKEHUSI COBPEMEHHOH PEBMATOJIO-
TUY, [T03BOJIUBIINE YJIYYIIUTH KOHTPOJIb BOCIAJIU-
TeJIbHON aKTUBHOCTH, ITP00JIeMa MPOTPECCUPOBAHMUS
PEHTreHOJIOTUYECKUX U3MEHEHUN COXPAHsIET BBICO-
KYI0 KJIMHUYECKYI0 3BHAUUMOCTH [2].

I'mokokoptukoctepouibl  (IFKC) TpaguiinoHHO
3aHUMAIOT BAJKHOE MecTo B Tepanuu PA Giaromaps
BBIPA’KEHHOMY ITPOTHBOBOCHATIUTEIPHOMY U CHM-
nroM-moudunupyniemy addekry. Ix npumene-
HUe II03BOJIAET OBICTPO CHIDKATh aKTUBHOCTH 3200-
JIeBaHUA U YJIydIIaTh (PYyHKIIMOHATIBHOE COCTOSTHUE
MalUeHTOB, OCOOEHHO HA PAHHUX 3TalaX TepPaIruu
Wi pu oboctpenusx [3]. OgHaKo TaHHbBIE O BIUS-
Hum gautenpHoro mpuemMa I'KC Ha cTpyKTypHOe
MIOBpPEXK/IEHUE CYCTaBOB ABJIAIOTCA HEOJHO3HAU-
HBIMH ¥ IPOTHUBOPEUYUBBIMU [4, 5].

C ofHOH CTOPOHBI, PAJT UCCIIEIOBAHUH YKa3bIBAET
Ha IIOTEHINAJIbHBIN IPOTEKTUBHBIN 2P (PeKT HU3KUX
7103 I'KC B OTHOILIIEHUU PEHTTEeHOJIOTUYECKOTO IIPOo-
rpecCUpOBaHUsA IIPHU UX HCIOJIb30BAaHUU B COCTAaBE

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune disease characterized by progressive
synovial inflammation and the development of irre-
versible structural joint damage, including bone ero-
sions and joint space narrowing (JSN) [1]. Despite
significant advances in modern rheumatology that
have improved the control of inflammatory activity,
the problem of radiographic progression remains
clinically relevant [2].

Glucocorticoids (GCs) have traditionally occu-
pied an important place in the therapy of RA due to
their pronounced anti-inflammatory and symptom-
modifying effects. Their use allows for rapid reduc-
tion of disease activity and improvement of patients’
functional status, particularly in the early stages of
therapy or during exacerbations [3]. However, data
on the impact of long-term GCs use on structural
joint damage remain ambiguous and contradictory
[4, 5].

On the one hand, several studies indicate a poten-
tial protective effect of low-dose GCs against radio-
graphic progression when GCs use as a part of com-
bination therapy [6]; on the other hand, accumulat-
ing evidence suggests a possible association between
long-term steroid therapy and adverse radiographic
outcomes, including enhanced destructive changes
in the joints [7].
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KOMOWHHUPOBAHHOU Tepanuu [6]; ¢ Apyrod — Haka-
IUIUBAIOTCS JIaHHbBIE, CBUETEJIHCTBYIONINE O BO3-
MOKHOU AaCCOIMAIUM JJIUTEJbHOU CTEPOUHOU
Tepanuu C¢ HebJIAaronpUATHBIMU PeHTIeHOJIOTUYe-
CKUMH UCXOJIJaMH, BKJIIOUasl YCUJIEHUE JeCTPYKTHUB-
HBIX U3MEHEHUH B cycTaBax [7].

XpoHuueckass CHCTEMHAs DH/IOTOKCHHEMUS,
yacTo obo3HaUaeMasi Kak «MerabosudecKkasi DH/IO-
TOKCHHEMUS», XapaKTePU3yeTCs OCTOSTHHBIM HU3-
KOZI030BBIM IOCTYILJIEHNEM 0aKTepUaIbHOTO JIUIIO-
nosucaxapuza (JITIC) B KpOBOTOK U SIBJISIETCS YHU-
BepcaIbHBIM (AaKTOPOM IaTOTreHe3a IIUPOKOTO
criekTpa 3abosieBaHUE yesioBeka [8].

B 51011 cBsI3U 0COOBIM MHTEpPEC MPEICTABISAET He
TOJIbKO KanHuYeckasa a¢dexrusHocts 'KC, HO u ux
BJIUSHUE Ha MaTOOMOJOTHYECKHE MeXaHU3MBI,
JlelKalye B OCHOBE CTPYKTYPHOTO IOBPEXKIEHUS
cyctaBoB [9]. B wacTHOCTH, 00Cyk/I1aeTcsi BO3MOK-
HOEe BJIUSTHHUE CTEPOUHON TeEpalluy Ha CyOKJIMHIYE-
CKOEe CEePIeYHO-COCY/IUCTOE CHCTEMHOE BOCIase-
HHe [10], MeTaboOTNUYECKyI0 SHIOTOKCUHEMHUIO [11],
aHTHOTeHEe3 [12] U peMoJieIMPOBaHKUE KOCTHO-XPsi-
IEBOM TKAaHU [13], KOTOpble MOTYT UTPATh KJIIOYe-
BYIO POJIb B IIPOTPECCUPOBAHNY 3a00I€eBaHUS.

YuuThIBasg COXpaHSIOUIYIOCS HEOIIPeIeIeHHOCTh
B OTHOIIIEHUH JTOJITOCPOYHBIX CTPYKTYPHBIX UCXOIOB
tepanuu ['KC pu PA [14, 2], akTyasIbHBIM SIBJISIETCS
KOMIIEKCHBIN aHAJIU3 UX CBA3H C PEHTTeHOJIOTYe-
CKUMH I[IOKA3aTeJIsAMU IOBPEXKIAEHUSA CYCTaBOB U
MIOTEHITUAJIBHBIMU OMOJIOTHUECKUMU MeNaTOPaMHU,
BOBJIEUEHHBIMHU B IIPOLIECCHI IECTPYKIIHN.

IIEJIb NCCJIEJOBAHUA

Ornenka acconuanuu ajiaurenbHod tepanuu ['KC
C BBIPAXKEHHOCTBIO CTPYKTYPHOTO IIOBPEKIEHUS
CYCTaBOB y MaIleHTOB ¢ PA, a Takke aHajINU3 BO3-
MOXXHBIX H&TO(I)I/ISI/IOJIOI‘I/I‘IGCKI/IX MEXaHU3MOB,
BKJIIOYAs SHAOTOKCHHEMHIO U aHTHOTEHEe3, OIocpe-
ZYIOIUX TaHHbIE U3MeHeHUs.

MATEPUAJIbI 1 METO/IbI

JluzaiiH uCcCIeOBAHUS U XapaAKTEPUCTHKA
rpynn. Hacrosiiee uccienoBanue 6bU10 06cepBa-
IIMOHHBIM KPOCC-CEKIIMOHHBIM. B wuccienoBanme
ObpUT BKIIOUEH 81 ManMeHT ¢ BepU(PUINPOBAHHBIM
nuarao3oM PA (ocHOBHas Tpymma) U 17 YCIOBHO
3710pPOBBIX JTOOPOBOJIBIIEB, He NMpuHUMaBIUX ['KC
(rpymma koHTpOJIsT). MenmaHna Bo3pacTa ManueHTOB
¢ PA cocrasumia 56,0 (49,0; 61,0) roza, 4ro OBLIO
CTAaTHCTUYECKH 3HAYHUMO BBIIIIE MO CPAaBHEHUIO C
KOHTPOJIPHOU Tpynmou — 44,0 (39,0; 54,0) roxa
(p = 0,025). B 0obeux rpymnmnax mpeobsajiaiu KeH-
muHbL 77,8 % B rpynie PA u 88,2 % — B KOHTPOJIb-
HoH rpymte (p = 0,511).

Chronic systemic endotoxemia, often referred to
as metabolic endotoxemia, is characterized by a sus-
tained low-level influx of bacterial lipopolysaccha-
ride (LPS) into the bloodstream and represents a
universal pathogenetic factor in a wide range of
human diseases [8].

In this context, not only the clinical efficacy of
GCs but also their impact on the pathobiological
mechanisms underlying structural joint damage is
of particular interest [9]. For example, the poten-
tial effects of steroid therapy on subclinical cardio-
vascular systemic inflammation [10], metabolic
endotoxemia [11], angiogenesis [12], and bone-
cartilage remodeling [13] have been discussed, all
of which may play a key role in disease progres-
sion.

Given the ongoing uncertainty regarding the
long-term structural outcomes of glucocorticoste-
roid therapy (GC) therapy in RA [14, 2], a compre-
hensive analysis of its association with radiographic
parameters of joint damage and potential biological
mediators involved in the destructive processes is
relevant.

AIM OF THE RESEARCH

To evaluate the association between long-term
GC therapy and the severity of structural joint dam-
age in RA patients, as well as to analyze the possible
pathophysiological mechanisms, including endotox-
emia and angiogenesis, mediating these changes.

MATERIALS AND METHODS

Study design and group characteristics.
This was an observational cross-sectional study in
the participation of 81 patients with a verified diag-
nosis of RA (main group) and 17 apparently healthy
volunteers not receiving GCs (control group). The
median age of RA patients was 56,0 (49,0; 61,0)
years, which was significantly higher compared with
the control group - 44,0 (39,0; 54,0) years
(p = 0,025). Women predominated in both groups:
77,8% in the RA group and 88,2% in the control
group (p = 0,511).

The inclusion criterion was a verified diagnosis of
RA established according to the 2010 ACR/EULAR
(American College of Rheumatology / European Alli-
ance of Associations for Rheumatology) criteria.
Patients were recruited between June 2023 and
June 2024.

Exclusion criteria were: underage individuals,
pregnancy, high disease activity (Disease Activity
Score in 28 joints with C-reactive protein (CRP)
(DAS28-CRP) >5,1 or high-sensitivity CRP (hsCRP)
>10 mg/1), severe comorbidity (stage 3b—5 chronic
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Kpurepuem BKJIIOUEHUS SIBJISIIICA BEPUDUITAPO-
BaHHBIA JUarHo3 PA, yCTaHOBJIEHHBIA B COOTBET-
crBun ¢ kpurepusasmMu ACR/EULAR (American
College of Rheumatology / European Alliance of
Associations for Rheumatology) 2010 1. Cpoxku
PeKpYTHPOBAHUA HAIUEHTOB: C UIOHS 2023 10 HIOHb
2024 T.

KputepusaMu HCKIIOUEHUsI sIBJISJINCH: HECOBEP-
IIeHHOJIeTHe, 6ePEMEHHOCTh, BHICOKAs aKTUBHOCTH
3abosieBanus (uHAekc Disease Activity Score 28 1o
ypoBHI0O C-peaktuBHOTO O6eka (CPB) (DAS28-CPE)
>5,1 win BbicoKouyBcTBUTENBbHBIH CPB (BuCPB)
>10 Mr/JI), HaJIU4YWe TsKEJION COIyTCTBYIOIIEH
MaToJIOTHH (XpoHWUYecKass 0O0JIE3Hb IOYEK CTa UK
3b—5, IIUPPO3 eUeH , cep/iedHast HeIOCTATOYHOCTh
CO CHIDKEHHOH (pakiueli BRIOpoca, HEKOHTPOJIUPY-
eMbIH caxapHbIU [ua0eT) U aKTUBHbIE NH(MEKITNOH-
HbI€ WU 3JI0KaUeCTBEHHbIE IPOIECCHI.

JlaGopaTopHble METOAbI HCCIAETOBAHUA.
JI7is1 OIlEHKM CHCTEMHOHN SHIAOTOKCHHEMHM, BOCIIA-
JINTEJIBHOTO OTBETA U AHTHOTeHe3a IPOBO/UIIOCH
ompezieyieHrie OMOMapKepOB SHIOTOKCHUHEMUH H
KUIIIEYHOU TPOHUIIAEMOCTH  (JIUIIOMIOIHCAXapH
(JITIC), snumomnoJsincaxapu/i-CBs3bIBAIOIINN OeIoK
(JICB), 6aKTepUITUHbIN/TIOBBIIIAIOIAHN TPOHHUIIAE-
mocThb 6esiok (BPI), pactBopumseiii CD14 (sCD14) u
30HYJINH), a TaKKe BOCHAJEHWs U AaHTHOTeHe3a
(BuCPb u daxrop pocra B3HAOTETUA COCYAOB
(VEGF)). Bce BhIllIeyka3aHHbBIE ITOKA3aTEU OTIPE/Ie-
JISLJIACH B TJIa3Me KPOBU METOZOM BBICOKOUYBCTBH-
TEJIbHOTO UMMYHO(DEPMEHTHOTO aHATN3a C UCIIOJIb-
3oBanueM peaktrBoB Cloud-Clone Corp. (Kutaii).

Penrrenorpacus KUcCTel 1 cToI. BrimoHs-
Jach B CTaHAAPTHBIX MPSIMBIX NPOEKnuAx. s
KOJINYECTBEHHOHN OIIEHKH CTPYKTYPHBIX IOBPEK/IE-
HUH HCIOJI30BAJIaCh MOAUMUITMPOBAHHAS IIKaja
Sharp — van der Heijde. AHasu3 BK/IIOYAT CIIETyIO-
IIH€e MOKa3aTel: CyMMapHBIN 6aJlT 5PO3HUH CyCTaB-
HbIX noBepxHOcTed (DCII): oneHuBamu 32 cycraBa
KHUCTeH U 12 CYCTaBOB CTOII 10 6-0aJIBHOU CHCTEME
(0-5) 1 kaXxA0ro cycraBa (MakCUMaIbHOE 3HAUE-
Hue — 280 6aytoB); cymmaphsbiii 6ayt CCII: oneHu-
BaJid 30 CYCTAaBOB KHCTE€H M 12 CyCTaBOB CTOIN IIO
5-6aytpHON cructeMe (0—4) (MakcHMaJIbHOE 3Haue-
Hue — 168 6asutoB). O6mMi 6as mo mkane Sharp —
van der Heijde paccumteiBanicsi kak cymma ICII
u CCIII.

Kpurepuu I'KC. B pamkax InpeJicTaBJeHHOIO
uccsnenosanua kpurepun I'KC omnpezensanucey Ha
OCHOBE BPEMEHHBIX IOKa3aTesed U KyMyJIsATUBHOU
03upoBKU. OCHOBHBIE MapaMeTPbl BKJIIOUEHUS
nanueHToB B rpynmy ['KC-marpysku: moporoBbIM
€KeHEBHBIM MPUEMOM CUYHTAJIACh /1034 10 MT B
MIPEIHU30JI0HOBOM 3KBHUBasieHTe. dapmakosoruye-

kidney disease, liver cirrhosis, heart failure with
reduced ejection fraction, uncontrolled diabetes
mellitus), and active infectious or malignant pro-
cesses.

Laboratory methods. To assess systemic
endotoxemia, inflammatory response, and angiogen-
esis, biomarkers of endotoxemia and intestinal per-
meability (lipopolysaccharide (LPS), lipopolysaccha-
ride-binding protein (LBP), bactericidal/permeabil-
ity-increasing protein (BPI), soluble CD14 (sCD14),
and zonulin), as well as inflammatory and angiogenic
markers (high-sensitivity C-reactive protein (hsCRP)
and vascular endothelial growth factor (VEGF)) were
measured. All parameters were determined in
plasma using high-sensitivity enzyme-linked immu-
nosorbent assay (ELISA) with reagents from Cloud-
Clone Corp. (China).

Radiography of the hands and feet. Radio-
graphic imaging was performed in standard antero-
posterior planes. Quantitative assessment of struc-
tural damage was carried out using the modified
Sharp-van der Heijde method. The analysis included
the following parameters: total score of erosion of
hand and foot joints: 32 hand joints and 12 foot
joints were evaluated using the 6-point scale (0—5)
for each joint (maximum score is 280); the maxi-
mum total joint space narrowing (JSN) score:
30 hand joints and 12 foot joints were evaluated on
the 5-point scale (0—4) (maximum score is 168).
The total Sharp-van der Heijde score was calculated
as the sum of the erosion of joint surfaces (EJS) and
JSN scores.

GC therapy criteria. In the present study, GC
therapy criteria were defined based on the duration
of use and cumulative dosage. The main inclusion
parameters for the GC group were as follows: the
threshold daily dose was set at 10 mg of prednisolone
equivalent. Pharmacological history required daily
intake for 2 years or more (if treatment duration
exceeded 5 years) or 1 year or more (if treatment
duration was up to 5 years). The minimum cumula-
tive dose was at least 1000 mg of prednisolone equiv-
alent. A special criterion was applied for shorter GC
therapy courses: when GCs were taken for
3—6 months, therapy was considered long-term only
if the cumulative dose reached 2000 mg.

Features of accounting and exclusion:

1. Standard pulse methylprednisolone therapy
(250-1000 mg/day) was not included in the cumula-
tive dose calculation; however, intravenous dexa-
methasone therapy was taken into account.

2. Patients were excluded from the study if they
had received pulse methylprednisolone therapy
within the last 9o days.
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CKUI aHaMHe3: e;KeTHEBHBIH IIpUeM B TeUeHUe 2 JIeT
u 6osiee (IIpU JJIUTEIHHOCTH TIpHeMa OoJiee 5 JIET)
wiu 1 roaa u 6osee (IIpU AJTUTENTHHOCTH IIPHUEMA JI0
5 ser). MuHUMasbHAsg KyMyJIATHBHAas J03a: He
MeHee 1000 MT B IIPEIHU30JI0HOBOM YKBHUBAJIEHTE.
CroernuayibHBI KPUTEPUH JJIT KOPOTKUX CPOKOB
I'KC-tepanuu: npu npueme ['KC B Teuenne 3—6 mec
Tepanus CYUTAIACH JJTUTEIHHOU TOJBKO IIPH IOCTHU-
JKEeHUU KYMYJISTUBHOU 03B B 2000 MT.

Oco0OeHHOCTH yUYeTa ¥ UCKTIOUEeHUS:

1. B pacuer KyMyJISTUBHOH J103bI HE BKIIOYAIACH
CTaHAAPTHAS IYJIbC-TEPANUSA METUJIPETHUZ0JI0-
HOM (250—1000 MT/CyT), OAHAKO YIUTHIBATIACH BHY-
TPpUBEHHAs TE€PAITUs JEKCAMETa30HOM.

2. TTarueHThl UCKIIOYAIUCh U3 UCCIIEIOBAHUA,
€CJTH TTOJTYYaJTH ITYJTbC-TEPATIHIO METUIIIIPETHU30JI0-
HOM B T€UEHHE IMOCTIETHUX 9O JTHEH.

3. [TareHT He CYUTAJICSA HAXOSAIIMMCS HA JIJIH-
TeJIbHON Tepamluu, ecTH KyMyJIsATUBHAs /103a ObLia
MeHee 1000 MT WX 0O0INast JUIMTETbHOCTh IIpUeMa
COCTaBMJIa MEHee 24 MecC.

Cratucrnueckuii aHaan3. CraTucrudeckas
00paboTKka JaHHBIX BBINOJHSIACH B IIPOTpaMMAax
IBM SPSS Statistics 26.0 u R version 4.5.2. OneHnka
HOPMAJIbHOCTU PacCIIpeZieJIeHNs] TIPOBOJIMIACH TIPHU
nomowmu Ttecra IMManupo — Ywuiaka, TUCTOrpaMM.
KosnuecTBeHHbIE JJaHHBIE IPEICTABIEHBI B BHUJIE
MmeauanHoro sHauenusa (Me), 25-ro (Q1) u 75-ro
(Q3) mporeHTWIEH, MEXKBAapTUJIHBHOTO pas3Maxa
(IQR), muHumManbHbIXx (Min) M MaKCHMAaJIbHBIX
(Max) 3HaueHHH. MeauanoOHHbIN aHAIN3 C UCII0JIb-
30BaHUEM CTPYKTYPHOTO MOJIEJITUPOBAHUSA (IIaKeT
lavaan B R) mpumeHsijics Z/I OIEHKU HENPSIMBbIX
a¢dexro JIIIC, oxaspiBaeMbIX Ha CTPYKTYpPHOE
IOBPEK/IEHUE CyCTABOB II0 pe3yJsibTaTaM OIIpeesie-
Hus BYCPB u VEGF. [I;11 mpoBepKH yCTOHYHUBOCTH
MeIUaTOPHBIX 3P PeKToB mpuMeHsIoch bootstrap-
oneHrBaHue (1000 peruKanui). JIoCTUTHYTHIH
YPOBEHb 3HAUMMOCTHU ObLJT YCTAHOBJIEH Ha OTMETKE
p < 0,05.

Atuka. VceiegoBanue MpOBOAUIIOCH B COOTBET-
cTBUM ¢ XeJTbCUHKCKOU Aekiapanueit VII nepecmo-
Tpa (2013 r.) u [IpaBrwIaMu KIMHUYECKON TPAKTUKHU
B Poccuiickori ®eneparum, yrBep:kieHHbIME [Ipu-
kazoM MunzzpaBa P® oT 19.06.2003 N2 266.
JlokanpHBIN aTHYECKUU KoMuTeT KphiMckoro ¢ese-
pasibHOrO yHUBepcutera uMm. B.J. BepHazckoro
(r. Cumdeporosnn) o106puI MpOBeieHNE UCCIIENO0-
BaHus (IpoTokos NO 1, oT 23 sTHBaps 2024 T.).

PE3YJ/IBTATDI

CpaBHUTEJbHBIII aHAJIU3 PEHTreHOJIOTH-
YeCKHX MOoKa3aTejiell CTPYKTYPHOTO IOBPE:K-
JeHus nepudepuuecKux CyCTaBOB B 3aBHCH-

3. Patients were not considered to be on long-
term therapy if the cumulative dose was less than
1000 mg or the total duration of intake was less than
24 months.

Statistical analysis. Statistical data processing
was performed using IBM SPSS Statistics 26.0 and
Rversion 4.5.2. The distribution of data was assessed
using the Shapiro-Wilk test and histogram analysis.
Quantitative data were presented as median (Me),
25" (Q1) and 75™ (Q3) percentiles, interquartile
range (IQR), and minimum (Min) and maximum
(Max) values. Mediation analysis using structural
equation modeling (R package lavaan) was applied
to evaluate the indirect effects of LPS on structural
joint damage based on hsCRP and VEGF levels. To
test the robustness of the mediation effects, boot-
strap estimation with 1000 replications was per-
formed. The significance level was set at p < 0,05.

Ethics. The study was conducted in accordance
with the Declaration of Helsinki VII revision (2013)
and the Clinical Practice Guidelines of the Russian
Federation, approved by Order No. 266 of the Minis-
try of Health of the Russian Federation dated June
19, 2003. The study protocol was approved by the
Local Ethics Committee of V.I. Vernadsky Crimean
Federal University (Simferopol) (Protocol No. 1,
dated January 23, 2024).

RESULTS

Comparative analysis of radiographic
parameters of structural damage of periph-
eral joints depending on GCs intake revealed
significant differences in the severity of structural
joint damage in RA patients (Table 1). In patients
receiving GCs for a long time, the median of EJS
score was 9,5 [2,0; 16,25], which was significantly
higher than in the control group — 2,0 [0,0; 8,75]
(p = 0,003). This difference was primarily driven by
hand joint destruction: the median of total EJS score
in the GC group reached 8,0 vs. 2,0 in the control
group (p = 0,002), whereas for foot joint erosions,
only a statistical trend toward an increase was
observed (1,0 vs. 0,0; p = 0,074). JSN scores were
also significantly higher in GCs-treated patients: the
total JSN score was 35,0 [20,5; 40,0] vs. 25,0 [10,5;
31,0] (p = 0,005). Statistically significant differences
in the grade of JSN were observed both for hand
joints (18,0 vs. 12,0; p = 0,044) and foot joints
(14,0 vs. 10,0; p = 0,021). The integrated radio-
graphic damage score according to Sharp-van der
Heijde scale was 42,0 [27,5; 57,75] in the GC group,
substantially exceeding that in the control group —
27,0 [16,0; 40,0] (p = 0,003). Visual analysis of fre-
quency distributions and plots of density of values
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Ta6smmua 1. CpaBHUTe/IbHAs XapaKTePHUCTHKA NALlMEHTOB UCC/IelyeMbIX I'PYIII [0 TOKa3aTeJ M 3pO3UHU CYCTaBHBIX
MIOBEPXHOCTEH U Cy>KEHHsI CyCTaBHBIX I[eJIel
Table 1. Comparative characteristics of the study groups according to erosion of joint surfaces and joint space narrowing

IlokasaTeJib I'pynna 95% AU .
Parameter Group 95% CI RlE Q1 Q3 IR
JCII (xucrn) Be3 Tepanuu 'KC 1,66-6,65 2,00 000 675 7 0 33
E]JS (hands) Without GC therapy 0.002
Tepanus I'KC 6,04-12,77 8,00 2,00 14,00 12 0 54 ’
GC therapy
JCII (cTomer) Be3 Tepanuu 'KC 0,40-2,48 0,00 0,00 200 2 0 13
EJS (feet) Without GC therapy 0.074
Tepanus I'KC 0,92-11,08 1,00 0,00 4,00 4 0 79 ’
GC therapy
CymmapHbI# 6as 3CII be3 Tepanuu 'KC 2,27-8,79 2,00 000 875 9 0 41
Total EJS score Without GC therapy
Tepanus I'KC 7,20-23,61 950 2,00 16,25 14 0 127
GC therapy
CCII (kuctn) Bes Tepanuu 'KC 8,64-15,80 12,00 4,00 19,50 16 0 33
JSN (hands) Without GC therapy 0.003
Tepanus I'KC 14,33-23,05 18,00 9,25 24,50 15 0 65 ’
GC therapy
CCII (cTombr) Bes Tepanuu 'KC 6,74-11,38 10,00 2,00 14,550 13 0 20
JSN (feet) Without GC therapy 0.021
Tepanus I'KC 10,62-21,10 14,00 6,75 21,25 15 0 104 ’
GC therapy
CymmapHbI# 6as1 CCLL Bes Tepanuu 'KC 16,40-26,17 25,00 10,50 31,00 21 0 43
Total JSN score Without GC therapy 0.005
Tepanus I'KC 26,67-42,43 35,00 20,550 40,00 20 0 142 ’
GC therapy
CymMapHblii 6as o Sharp - bes Tepanuu 'KC 20,41-33,22 27,00 16,00 40,00 24 0 59
van der Heijde Without GC therapy 0.003
Total Sharp-van der Heijde  Tepanus I'KC 35,09-64,81 42,00 27,50 57,75 30 0 266
score GC therapy

[l pumeduyaHnue. [U- goBepuTesbHbIH HHTEPBAJ;

Me - mezanana; Q1, Q3 - 25-i u 75-H NPOLEHTUIN COOTBeTCTBeHHO; IQR -

MeXKBapTUbHbIN pasMax; ['KC - rimokokoptukoctepouibl; ICII - apo3uu cycrtaBHbIX moBepxHocTel; CCL - cy>keHUe CyCTaBHBIX Liese.

Abbreviations

. CI - confidence interval; Me - median; Q1, Q3 - the 25" and 75" percentiles, respectively; IQR - interquartile

range; GC - glucocorticosteroid; EJS - erosion of joint surfaces; JSN - joint space narrowing.

moctu oT npuema I'KC BpisiBU 3HAUMMBbIEe pas-
JIMYUSI B CTENEHU BBIPAKEHHOCTH CTPYKTYPHBIX
MIOBPEXKIEHUH CyCcTaBOB y marueHToB ¢ PA (tabur. 1).
YcraHOBJIEHO, YTO Y TAIIUEHTOB, AJIUTETLHOE BPEMSI
npuanMmaBmux ['KC, menmana 9CII cocraBmia 9,5
[2,0; 16,25], 9TO JOCTOBEPHO BBIIIE AaHAJIOTUUYHOTO
roKasaTtesisi B TpyIIle KOHTpoJs — 2,0 [0,0; 8,75]
(p = 0,003). OCHOBHOU BKJIaJ] B JJAHHOE Pa3INdUe
BHECJIA JIECTPYKITHS CyCTABOB KUCTEN: MeJMaHa CyM-
mapHoro 6ayuta ACII B rpynme 'KC gmocturia 8,0
IpoTHB 2,0 6asia B rpymie KOHTposis (p = 0,002), B
TO BpeMsI KaK I10 3PO3UAM CTOI HabJII0/1aTach JIUIIb
cTaTHCTUYecKas TEeHAEHIUS K yBeaudeHuwo (1,0
MPOTUB 0,0; p = 0,074). [Tokazatenu CCIL] Tak:ke
3HAYMMO TPEBAJITUPOBAIN Yy JIUI], NMPUHUMAIOIINX
T'KC: cymmapnbiii 6amn CCIIL cocraBun 35,0 [20,5;
40,0] potuB 25,0 [10,5; 31,0] (p = 0,005). Cratu-
CTUYECKN 3HAuuMble pazanyus 1o crenenu CCII]

confirmed that patients not receiving GCs had a sig-
nificantly greater number of cases of low EJS and
JSN scores.

Comparative analysis of endotoxemia and
angiogenesis parameters according to GC
therapy regimen revealed a specific effect of long-
term GCs use on the biological profile of RA patients
(Table 2). GCs use was found to be associated with a
more than threefold and statistically significant
increase in bacterial LPS levels: the median of this
parameter in the GC group was 151,92 [79,97; 191,91]
ng/ml vs. 49,25 [26,40; 112,41] ng/ml in patients not
receiving steroid therapy (p < 0,001). VEGF concen-
trations were also significantly higher in the GCs
group, amounting to 122,00 pg/ml [118,0; 126,25]
vs. 118,0 pg/ml [115,0; 123,0] in the control group
(p = 0,010), indicating an enhancement of the angio-
genic component of inflammation under hormonal
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3a(pUKCUpPOBaHBl KaK JUJIs CycTaBOB Kucred (18,0
MPOTHUB 12,0; p = 0,044), TaK U JUIs cToII (14,0 Tpo-
TUB 10,0; p = 0,021). VHTerpajbHbIl MMOKAa3aTesb
PEHTTEHOJIOTUYECKOTO IOBPEXKAEHUsA II0 IIKaje
Sharp — van der Heijde B rpynme I'KC cocraBui 42,0
[27,5; 57,75], 4TO CyllleCTBEHHO MPEBHIIIATIO 3HAUE-
HUsA B TpylIe KOHTpoass — 27,0 [16,0; 40,0]
(p = 0,003). BusyaspbHbIN aHAIN3 pacIpeeIeHus
YacTOT ¥ rpayKy IJIOTHOCTHA 3HAUEHUH IMOATBEP-
JIWJIN, UTO JIJ1d NTalueHToB, He npuHuMaiomux ['KC,
XapaKTePHO 3HAYHNMO 0OJIbIIIEe KOJTUUECTBO HAOJIIO-
JeHUH ¢ HU3KUMHU 3HaueHuaMu wuHaekcoB SCII
u CCIII.

CpaBHUTEJbHBINI aHAJIU3 IOKa3aTeJjen
9HIOTOKCUHEMHH W aHTHOIeHe3a B 3aBHCHU-
MocTu oT pe:xxkuma tepanuu I'KC BeiaBu crien-
uduyeckoe BausHUe ginuteapHoro npuema 'KC Ha
6uonorudeckuii mpoduiib nanueHTos ¢ PA (tabi. 2).
YcranosneHo, uro npuMmeHenne I'KC acconuupo-
BaHO ¢ OoJiee UeM TPEXKPATHHIM U CTATHUCTUYECKH
3HAYMMbBIM IOBBIIIEHHEM YPOBHsI OaKTEPUAILHOTO
JIIIC: menmana B rpynne I'KC cocraBuia 151,92

therapy. Regarding other markers of endo-
toxin-binding systems, no statistically significant
differences were observed: LBP levels (10,78 vs.
10,35 ng/ml; p = 0,658), BPI (209,75 vs.
172,50 pg/ml; p = 0,094), and sCD14 (37,90 pg/ml
in both groups; p = 0,562) remained comparable. Of
particular note is the absence of significant differ-
ences in zonulin levels (21,10 vs. 26,80 ng/ml;
p = 0,241), which allows us to exclude classical dis-
ruption of tight junctions as the primary mechanism
of GC-induced endotoxemia in this cohort, pointing
to the predominance of functional or metabolic path-
ways of bacterial translocation.

Mediation analysis of the indirect effect of
endotoxemia on the association between GC
therapy and structural joint damage. Within
the framework of this study, a multi-step sequential
mediation model was constructed and pathophysio-
logically substantiated to describe the effect of long-
term GC therapy on JSN progression through sys-
temic endotoxemia and angiogenesis (Fig. 1, Table 3).
Systemic GCs intake was found to have a significant

Ta6.upa 2. CpaBHUTEJIbHBIH aHAJIU3 MapKepoB 3HA0ToKcMHeMuu U VEGF B rpynnax vccie oBaHuUs
Table 2. Comparative analysis of endotoxemia markers and VEGF between the study groups

Iloka3saTesb I'pynna 95% AU .

Parameter Group 95% CI e Q1 Q3 IQR i RS p

JITIC, Hr /™M Be3 tepanuu 'KC 51,52-101,04 49,25 26,40 112,41 86,01 7,80 317,20

LPS, ng/ml Without GC therapy <0.001
Tepanus 'KC 125,12-166,96 151,92 79,97 19191 11194 1540 316,10 ’
GC therapy

JICB, Hr /™M Bes Tepanuu 'KC 9,52-11,62 10,35 8,40 11,83 3,43 5,70 23,00

LBP, ng/ml Without GC therapy 0.658
Tepanus 'KC 9,99-11,47 10,78 9,20 12,43 3,23 6,15 16,20 ’
GC therapy

BPI, Mmkr/ma Be3 tepanuu 'KC 148,27-222,65 172,50 90,40 221,80 131,40 62,80 494,40

BPI, pg/ml Without GC therapy 0.094
Tepanus F'KC 184,03-242,35 209,75 138,48 246,23 107,75 72,00 47500 '
GC therapy

sCD14, nr/mn Bes Tepanuu 'KC 36,08-71,58 37,90 20,00 90,00 70,00 0,0 184,60

sCD14, pg/ml Without GC therapy 0562
Tepanus F'KC 44,79-76,01 3790 20,00 97,65 77,70 0,0 184,60
GC therapy

3onynuH, Hr/Ma  Bes Tepanuu 'KC 22,16-31,29 26,80 16,00 32,20 16,20 9,90 66,00

Zonulin, ng/ml  Without GC therapy 0241
Tepanus F'KC 19,95-26,56 21,10 14,10 2890 14,80 5,43 49,00 ’
GC therapy

VEGF, nr/mn Be3 tepanuu 'KC 117,23-121,12 118,00 115,00 123,00 8 110 131

VEGE pg/mL Without GC therapy 0.010
Tepanus 'KC 120,64-123,45 122,00 118,00 126,25 8,25 110 129 ’
GC therapy

[IpumevyaHue.

[ - noBepuTenbHbld UHTepBasl; Me - MenuaHa; Q1, Q3 - 25-if u 75-i NpoueHTUIN cooTBeTCTBeHHO; IQR -

MeXXKBapTUJIbHbIN pa3Max; JIIIC-yunononncaxapuy; JICh -munonosivcaxapu/i-cBsA3bIBaOMi 6es10K; BPI - 6akTepuIiuAHBIN /TOBBILIAIO TN
npoHULaeMocTb 6es10K; SCD14 - pactBopuMblii CD14; VEGF - dakTop pocTa sHA0TEUS COCYL0B.

Abbreviations.

range;

soluble CD14; VEGF - vascular endothelial growth factor.

CI - confidence interval; Me - median; Q1, Q3 - the 25%"and 75" percentiles, respectively; IQR - interquartile
LPS - lipopolysaccharide; LBP - lipopolysaccharide-binding protein; BPI - bactericidal/permeability-increasing protein; sCD14 -
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[79,97; 191,91] Hr/M1 IpPOTHUB 49,25 [26,40; 112,41]
HI/MJI y MAIMEHTOB, HE IOJIyYaBIIMX CTEPOHUIHYIO
tTepanuio (p < 0,001). Konnenrpanus VEGF Takxe
Obuta J0cTOBEepHO BbINIE B rpymme Tepanun ['KC,
cocTaBUB 122,00 1r/miI [118,0; 126,25] B cpaBHEHU U
¢ 118,0 mr/mn [115,0; 123,0] B TpyIlie KOHTPOJIA
(p = 0,010), YTO yKa3bIBAET HA YCUJIEHUE AaHTHOTEH-
HOTO KOMITOHEHTA BOCHAJIEHUS 10T IEHCTBUEM TOP-
MOHJIBHOU Tepanuu. B OTHOIIEHWM OCTAJIbHBIX
MapKepOB 5H/IOTOKCUH-CBS3BIBAIOIUX CHCTEM CTa-
TUCTUYECKU 3HAUUMBIX Pa3Iuuuil 3a(pUKCHPOBAHO
He O6bw10: ypoBHU JICH (10,78 mpoTue 10,35 HI/MJT;
p = 0,658), BPI (209,75 npoTuB 172,50 MKT/MJI,
p = 0,094) u sCD14 (37,90 nr/ma B 06eux rpyIiax;
p = 0,562) ocTaBasICh conoctaBuMbIMU. Ocobo cie-
JIyeT OTMETHUTH OTCYTCTBHE 3HAUYUMBIX PA3JIMIUU 110
VPOBHIO 30HyJHMHA (21,10 mpotuB 26,80 Hr/mu;
P = 0,241), YTO TO3BOJISIET UCKIIOUUTh KJIaccuue-
CKUH MeXaHW3M IOBPEXKIEHUs IUIOTHBIX MEXKKJIe-
TOUHBIX KOHTAKTOB Kak Beayilyio npuuuny ['KC-
UHAYIUPOBAaHHOU SHJIOTOKCHMHEMUM B JAHHOHU
BBIOOPKE, YKa3bIBasl HA IIPEBAIIMPOBaHUE QYHKI[HO-
HaJIbHBIX MJIM META0OJMYECKUX MyTeH TpaHCIOKa-
iU OaKTepUATbHBIX KOMIIOHEHTOB.
MeauanuoOHHBIN aHAJIU3 MeIHaTOPHOro
BJIUAHUA DJHAOTOKCHHEMHHM Ha KOCBEHHYIO
accomuanuio me:xay 'KC-tepanueii u CTpyk-
TYPHBIM HOBPE:KIEHUEM CyCTaBOB. B pamkax
IIPOBEIEHHOTO HCC/IeI0BaHUs OblIa CO3/IaHa U TIaTO-
(usuosmornyeckn 060CHOBaHA MHOTOCTYIIEHUATAas
ocJieloBaTe/IbHAs MeAUaI[MOHHAS MOJIeJIb, OITUCHI-
Balolas BiusHHe JuuresnbHoN Tepanmuu ['KC Ha
nporpeccupoBanue CCII] yepe3 MexaHU3MBI CUCTEM-
HOU DHJIOTOKCMHEMHHW U aHruoreHesa (puc. 1,
TabJ1. 3). YCTaHOBJIEHO, UTO cucTeMHbIH mpuem ['KC
WMEET 3HAUYMMYIO TTOJIOKUTEIFHYI0 acCOIUAIINI0 C
ypoBHeMm 6akrtepuansuoro JIIIC (B_std = 0,463;
P < 0,001), YTO CBU/IETEJILCTBYET O BKJIAJIE CTEPOU/I-
HOU Tepanuu B HapylleHue OapbepHON (PYHKIIUU U
(opmupoBaHUEe JIEKADCTBEHHON 3H/IOTOKCUHEMUH.
B nannoi matoreHetuueckoi remu JIIIC BeicTyIaer
MOIIHBIM  CTUMYJIATOpOM  3kcnpeccun  VEGF
(B_std = 0,492; p < 0,001), MOATBEpKAAs POJb
9HI0TOKCUHOB B aKTHBAIIUU aHTHOTEHHOT'O OTBETA B
cuHOBHaJIbHOU TKaHU. [ToBpiienue yposHa VEGF, B
CBOIO OUYepe/lb, OKA3bIBAET 3HAUUMOE IOJIOKUTEb-
HOE€ BJINSTHUE Ha PEHTTeHOTpaUUeCcKUi oKa3aTelb
CCIII (P_std = 0,295; b = 1,232; p = 0,014),
IOCKOJIBKY HWH/IyIIUPOBAaHHAs HEOBACKYJISIPU3AIUS
crroco6cTByeT (OPMHPOBAHUIO WHBA3UBHOTO IIaH-
HyCa ¥ IIPOJIyKITUH IIPOTEOINTUUECKUX (DEPMEHTOB,
BEIYIINX K [IOCTENIEHHOU JIerpaJlalliy U yTpaTe THa-
JIMHOBOTO XpsIia. [I[puHIUITHAIBHO BaXKHBIM SIBJIS-
ercs TOT (akT, uro npAMou nyTts BiausHud I'KC Ha

positive association with bacterial LPS levels
(B_std = 0,463; p < 0,001), indicating that steroid
therapy contributes to barrier dysfunction and the
development of drug-induced endotoxemia. In this
pathogenetic cascade, LPS acts as a potent stimula-
tor of VEGF expression (_std = 0,492; p < 0,001),
confirming the role of endotoxins in activating the
angiogenic response in synovial tissue. Elevated
VEGF levels, in turn, exert a significant positive
effect on the radiographic JSN score (_std = 0,295;
b =1,232; p = 0,014), as induced neovascularization
promotes the formation of invasive pannus and the
production of proteolytic enzymes, leading to pro-
gressive degradation and loss of hyaline cartilage. Of
fundamental importance is the fact that the direct
pathway of influence of GCs on JSN was statistically
non-significant (p = 0,112), as well as the direct path-
way from LPS to JSN (p = 0,520), whereas the indi-
rect mediator effect of the entire cascade GCs —
LPS — VEGF — JSN reached statistical significance
(LPS_VEGF_JSN = 2,933; p = 0,049). The total
effect of GCs on JSN, summing all pathways of
influence, was statistically significant (total_effect =
= 9,651; p = 0,023). Thus, the negative impact of
long-term GC therapy on the structural status of the
joints is mediated predominantly through indirect
pathways, pointing to the “medicinal paradox of
GCs”: effective relief of clinical symptoms may be
accompanied by hidden progression of cartilage
destruction driven by activation of endotoxin-medi-
ated angiogenic mechanisms.

DISCUSSION

The results of this study provide a new perspec-
tive on the role of GCs in RA progression, reaffirming
the concept of the “medicinal paradox of GCs”. The
findings obtained indicate that long-term steroid
therapy, while effectively reversing clinical symp-
toms, may simultaneously act as a trigger of hidden
pathophysiological cascades leading to irreversible
joint destruction.

The key finding of our study was a more than
threefold increase in bacterial LPS levels in patients
on long-term GC therapy (151,92 vs. 49,25 ng/ml in
controls; p < 0,001). This substantial difference
points to a the systemic effect of therapy on bacterial
translocation processes. Notably, zonulin levels did
not differ between groups, ruling out classical tight
junction disruption as the primary mechanism of
metabolic endotoxemia. This suggests that GC-asso-
ciated endotoxemia is metabolic in nature, possibly
driven by microbiota composition changes [15] or
functional alterations in epithelial transport sys-
tems [16]. Our findings differ from the previously
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I'KC
GCs

/
/

JIIC | CClI
Lps [ 0,44 mummpp| VEGF e 0,37 ol =0

0,08

Puc. 1. MeauainoHHasi MO/IEJIb, ONMCBHIBAIOIIAS BIUSHUE JIJTUTELHON TEpATu ITI0KOKopTHKOcTepouiamu (I'KC)
Ha IporpeccrpoBaHue cykeHus cycraBHoil menu (CCI), peannsyemMoe depe3 MeXaHU3MbI
CHCTEMHOMU SHIOTOKCHHeMUU U aHruorenesa (JIIIC — siumonosrcaxapu;t)
Fig. 1. Mediation model describing the effect of long-term glucocorticoid therapy on joint space narrowing (JSN)
progression which is realized through systemic endotoxemia and angiogenesis
(LPS - lipopolysaccharide; GCs — glucocorticoids))

Ta6snna 3. [laHHble MeJUALIMOHHOUN MO er
Table 3. Mediation model data

HecranpaprusoBan-  CTaHaapTHas

IlyTs / apPexT HbIH K03¢pPunyenT (b) omuéka z B_std HUHTepnpeTanusa
Pathway / effect Unstandardized Standard p - Interpretation
coefficient (b) error

JITIC ~ TKC 75,204 17,292 4,349 0,000 0,463 TKC3HayMuTeJbHO IOBLIIIAET

LPS ~ GCs 3HAO0TOKCUHEMHUIO
GCs significantly increase
endotoxemia

VEGF ~ JITIC 0,032 0,008 3,985 0,000 0,492 IJHAOTOKCHHEMHS CTUMYJIU-

VEGF ~ LPS pyet npoaykuuwo VEGF
Endotoxemia stimulates VEGF
production

CCII ~ VEGF 1,232 0,502 2,455 0,014 0,295 VEGF cnoco6erByet CCII

JSN ~ VEGF VEGF promotes JSN

CCIIL ~ JITIC 0,024 0,038 0,644 0,520 0,091 Ipsmoi adpdext JIIC, okasel-

JSN ~ LPS Baembli Ha CCIll, He3HAYUM

The direct effect of LPS on JSN
is not significant
CCII ~ TKC 6,719 4,227 1,589 0,112 0,154 [TIIpsamoii a¢pdext I'KC, okasbi-
JSN ~ GCs Baemblit Ha CClll, He3HAaYUM
The direct effect of GCs on JSN
is not significant

KocBennsbiit apdext 'KC — 2,933 1,493 1,965 0,049 0,067 T'KConocpenoBaHHO BAUSIET
JITIC — VEGF — CCII1 Ha CCII yepes JIIIC u VEGF
Indirect effect of GCs — GCs indirectly affect J]SN

LPS — VEGF — JSN through LPS and VEGF
O6muit apdext 'KC, 9,651 4,239 2,277 0,023 0,221 CoBokynHoe BausHue 'KC
oka3sbiBaeMbli Ha CCIL] Ha CCII],

Total effect of GCs on JSN Overall effect of GCs on JSN

Il pumeqanue. JIC- munonoaucaxapug; 'KC - rmokokoptukocreponsl; VEGF - dakTop pocra angortenus cocygos; CCLI -
Cy>KeHHe CyCTaBHBIX LjesIel.
Abbreviations. LPS-lipopolysaccharide; GCs - glucocorticoids; VEGF - vascular endothelial growth factor; JSN - joint space narrowing.

90 Journal homepage: http://jsms.ngmu.ru



Gorlov A.A. et al. / Journal of Siberian Medical Sciences Vol. 10, No. 3 (2026)

CCII oxkazajica CTaTUCTHYECKd He3HAYUMbIM
(p = 0,112), kak u npamou myts ot JITIC xk CCII]
(p = 0,520), Tora Kak KOCBEHHBIH MeIUATOPHBIN
addext Bcero kackama 'KC — JIIIC — VEGF —
CCII moctur cratuctuuyeckorn s3HaunMoctu (JITIC
VEGF__ CCII] = 2,933; p = 0,049). O6muii adpdexrT,
okaspiBaeMmblii I'KC na CCIII, cymmupyomuii Bce
IyTH BJIUSHUS, OKA3aJICSA CTATHCTHYECKH JIOCTOBEP-
uvbiM (total_effect = 9,651; p = 0,023). Takum o6pa-
30M, HETaTHUBHOE BJIUSAHHE JUJINTEJBHON Tepamuu
T'KC Ha CcTPYKTypHOE COCTOSIHHE CYCTaBOB peajin3y-
eTcsl MPEeNMYIIECTBEHHO OIIOCPEIOBAHHO, UTO CBH-
JIeTeJIbCTBYET O «JIEKAapCTBEHHOM Iapaziokce I'KC»:
53¢ deKTUBHOE KyITUPOBaHNE KJIMHUYECKUX CUMIITO-
MOB MOKET COIIPOBOXKIATHCS «CKPBITHIM» IIPOTPEC-
CHPpOBaHUEM JIECTPYKIINU XPAIIA 32 CUET aKTUBAI[UU
SHJIOTOKCUH-aHTUOT€HHBIX MEXaHU3MOB.

OBCYXKJIEHUNE

PesynbraThl  IIPOBEIEHHOTO  HWCCJIENOBAHUSA
II03BOJIAIOT II0-HOBOMY B3IVIAHYTh Ha posib I'KC B
nporpeccupoBaHnuu PA, BHOBB NOJATBEPXK/lasd KOH-
LENIUIo «JekapcTBeHHoro napajgokca ['KC». Ilomy-
YeHHbIE J[TAHHBIE CBUETEILCTBYIOT O TOM, UTO JIJIU-
TeJIbHAsA  CcTepoujHasA Tepanus, 3(PPeKTUBHO
Kymupysi KJIUHHUYECKYI) CHUMIITOMAaTUKY, MOKET
OZTHOBPEMEHHO BBICTYNATh WHAYKTOPOM CKPBITHIX
MaTo(pU3NOJIOTHYECKUX KACKA/IOB, BEJIYIINX K HEOO-
paTUMOMYy Pa3pyIIEHUIO CyCTaBOB.

KiroueBoll HaxXOAKOM HAIIEro KCC/IEOBAHUA
crasio 6osiee YeM TPeXKpaTHOE IOBBIIIIEHUE YPOBHS
baktepuaspHoro JIIIC y manuWeHTOB, JIUTEIHLHO
nonygarormux 'KC (151,92 mpoTuB 49,25 Hr/MJI B
TpyIIlie KOHTPOJIsA; p < 0,001). CTOJIb 3HAUUTEIbHAS
pa3HUIlA YKa3bIBAET HA CUCTEMHOE BJIMSTHUE TEPATIHT
Ha IIPOIIECCHI TPAHCIIOKAIINY OaKTePUAIHPHBIX KOMITO-
HeHTOB. IIprMeuaTesnbHO, YTO YPOBHH 30HYJIMHA
MEXy TPYIIIaMU He Pa3INYaIvCh, YTO HCKIJIIOUAET
KJIACCHYECKUH MEXaHW3M «Pa3MbIKAHUS» IIJIOTHBIX
KOHTAKTOB KHUIIIeYHUKA KaK BeyIIyI0 IPUUNHY MeTa-
00JTUYECKOI SHIOTOKCUHEMHH. DTO MO3BOJISIET MIPET-
1oJ1okuTh, uTo I'KC-accoruupoBaHHast 3HOTOKCH-
HEMUSI HOCUT MeTaboINYeCKUll XapaKTep, BEPOSTHO,
3a cuer MOAUDUKAIUU COCTaBAa MHKPOOHWOTHI [15]
Wik (PYHKITUOHAJIBHBIX U3MEHEHUH TPAHCIIOPTHBIX
cucreM snuTenus [16]. OnucaHHasg HaMH CHUTyaIys
OTJIMYaeTCsi OT HAOJIIIaeMOTrO B JINTEPATYpe IMO3H-
tuBHOTrO BiusiHus ['KC, BeIparkaroIierocs B o/iaBjie-
HHUU TMPOBOCIIUTENHHBIX 3(PDEKTOB CENTHUECKOU
SHIOTOKCHHEMHH [17].

¥ nanmentos, npuxHumaronux I'KC, dukcupo-
BaJICSI 3HAUUMO 60J1ee BHICOKUH YPOBEHD CHCTEMHOTO
Bocniastenus (BuCPb: 3,35 mpotus 2,25 mMr/J1 B rpyIIne
KOHTDOJIST; p = 0,003) U aHTHOT€HHOH aKTUBHOCTH

reported beneficial effects of GCs in suppressing
pro-inflammatory responses in septic endoto-
xemia [17].

Patients receiving GCs had significantly higher
levels of systemic inflammation (hsCRP: 3,35 vs.
2,25 mg/l in controls; p = 0,003) and angiogenic
activity (VEGF: 122,0 vs. 118,0 pg/ml in controls;
p = 0,010). This confirms that GCs create a “silent”
inflammatory background that is not detected by
conventional clinical tools but may serve as the
potential driver of radiographic progression in RA.

The central position in the interpretation of our
results is the mediation model of the influence of
GCs on JSN constructed. The direct effect of GCs on
JSN was not statistically significant (p = 0,112),
whereas the total effect of therapy was significant
(total_effect = 9,651; p = 0,023). This proves that the
negative effect of steroids on cartilage tissue is medi-
ated indirectly through the cascade involving two
intermediate steps: LPS — VEGF. GCs emerged as
the significant predictor of severity of endotoxemia
(B_std = 0,463) in our analysis, which is in line with
published data [18]. LPS, in turn, acts as a potent
stimulator of VEGF expression (B_std = 0,492),
most likely through the induction of chronic systemic
inflammation [19]. Elevated VEGF-dependent angio-
genesis promotes the formation of invasive pannus
and the production of proteolytic enzymes, leading
to hyaline cartilage loss and joint space narrow-
ing [20].

The severity of structural damage in the GC-
treated group was significantly higher: the total
Sharp-van der Heijde JSN score was 42,0 vs. 27,0
(p = 0,003), and the median of EJS score was
4,7 times higher than in GCs-naive patients, which is
consistent with findings reported in [21]. The identi-
fied indirect pathway of destruction via the endo-
toxin-angiogenesis axis explains why patients on
long-term GC therapy have less favorable radio-
graphic outcomes.

CONCLUSION

Systemic GC therapy in RA is associated with the
development of drug-induced metabolic endotox-
emia, which, through activation of VEGF-dependent
angiogenesis, promotes progression of JSN and ero-
sion. This necessitates minimization of GCs doses
and closer monitoring of biological markers of
inflammation and angiogenesis, as subjective clinical
improvement during GC therapy may mask active
joint tissue destruction.
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(VEGF: 122,0 npotus 118,0 nr/mj B Ipymme KOHT-
posst; p = 0,010). Ato moaTBep:kaer, uro ['KC cos-
JIAl0T «TUXHUH» BOCHAIUTENBHBIN (POH, KOTOPBIN He
JETEKTUPYETCS]  CTAHAAPTHBIMH  KJIMHUYECKIMU
WHCTPYMEHTaMHU, HO SBJISETCS MOTEHIIHATBHBIM (haK-
TOPOM PEHTTEHOJIOTUYECKOH IpOTpeccuu mpu PA.

IleHTpasibHOE MECTO B MHTEPIIPETAIIUU pe3ysIbTa-
TOB 3aHUMAET ITOCTPOEHHAs MeIMAIIUOHHAS MOJIEb
piussausA 'KC na CCIII. YcraHOBJIEHO, YTO TIPAMOM
addekrt, okaspiBaembiii 'KC Ha mokazartens CCIII,
CTAaTUCTUYECKH He3HAUUM (P = 0,112), 0THAKO OOIIHH
addexr Tepanuu spisercs pocToBepHbIM (total
effect = 9,651; p = 0,023). ATO IOKA3BIBAET, UTO HETA-
TUBHOE BJIMSTHUE CTEPOU/IOB Ha XPAIIEBYIO TKAHb pea-
JINBYeTCs OMOCPEIOBAHHO Yepe3 KacKaJl, BKIIIOUAI0-
mui ABa npomexkyTouHbix 3BeHa: JIIIC — VEGF.
I'KC BpICTynaloT 3HAUHMMBIM IPEIUKTOPOM TUTPA
suzotokcuemud (_std = 0,463) B Halllem aHa/IU3E,
YTO COTJIACyeTCsl C JaHHBIMU JtuTepatypsbl [18]. JITIC,
B CBOIO OU€PE/Ib, SBJISETCSA MOIIHBIM CTHMYJISITOPOM
skcrpeccuu VEGF (B_std = 0,492), BeposiTHO uepe3
WHIYKIWIO XPOHUYECKOTO CHCTEMHOTO BOCIIaJIe-
HuA [19]. [ToBeimenHbIN ypoBeHb VEGF-3aBucumoro
aHTHOTeHe3a CIocoOCTByeT (GOPMHPOBAHUIO HHBA-
3UBHOTO MAHHYCA U MPOAYKIIUU MTPOTEOTUTUIECKIX
(epMeHTOB, UTO BEJIET K yTpaTe THATMHOBOTO XPsIIa
U Cy;KEeHHIO Iesiei [20].
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AHHOTAIIUA

BBenaeHue.XpoHHUECKOE BO3/IEHCTBUE TTPOMBIILIEHHBIX TOKCHKAHTOB, TAKUX KaK TOJIyOJI, SIBJISIETCS CEPhE3HBIM
[MaTOTeHHBIM (PAKTOPOM, O/THAKO €T0 BIIUSHUE HA PETYJIATOPHBIE CHCTEMBI JKeJIy/IOUHO-KUIIIEYHOTO TPAKTa, B YACTHOCTH
Ha 1udY3HYI0 SHTOKPUHHYIO CUCTEMY JKEJIyIKa, N3YIeHO HEZOCTATOUHO.

Il e 1 b . V3yuuth u3aMeHeHUs B 5HAOKPUHHBIX KieTkax (ECL, G) ciusucroii o6omouku kemyaka (COXK) Kpoic mocie
XPOHUUYECKOU MHTOKCUKAIIUU ITapaMU TOJIy0JIa C KCIIOJIb30BaHUEM KOMILIEKCa MOP(OJIOTHIECKUX, MOPDOMETPUUECKUX U
VIBTPACTPYKTYPHBIX METO/IOB.

MaTepuaJdbl U METO/ Bl . DKCIEPUMEHTATbHBIE JKUBOTHBIE (48 6ECTIOPOAHBIX TI0JIOBO3PEJIBIX KPHIC) O
Beprajiyuch UHTAJISIUN TAPOB TOJIy0JIa B KOHIIEHTPAIUH, B 10 pa3 MPEBBIIIAIOINIEN MTPEEIBHO J0MYCTUMY0 KOHI[EHTPA-
LIUIO, IO 4 4//1eHb, 5 THEH B HeJIeT0 B TeueHue 60 faueii. Marepuai (mumopudeckuii otaen COXK) 3abupanu Ha 1, 7, 30 U
60-€e CyTKH TI0CJIe BO3/IEHCTBUS UHTOKCUKAHTOM. KOHTPOJIbHYIO TPYIIITy COCTABHJIM UHTAKTHbIE KUBOTHBIE. [IpOBOIMIIHN
3JIEKTPOHHO-MHUKPOCKOIIUUECKOE UCCIIe/IOBAaHKE U MOPGOMETPUYECKUN aHATN3 YIbTPacTpyKTypsl ECL- 11 G-ki1eTok (110-
AT CEKPETOPHBIX rpanyJ (Scr), komiuiekca [obaku (SKT), MUTOXOHAPUH (SM), mapaMeTpsl sZIEPHOTO XPOMATHHA).
PesynbTarbl . BpaHHue CPOKH HccIeIOBaHUSA (1-€ U 7-€ CYTKU) Y DKCIIEPUMEHTAIBHBIX JKUBOTHBIX BBISBIEHBI
pu3HaKU GYHKIIMOHAIBHOH UCTOIIEHHOCTH U Jlerpanyssanui ECL- u G-k1eTok: Scr u SKI' CHU3WINCH [TOYTH B 2 pasa, SM
YMEHBIIWIACh HA 32—35 %, OTMEUEHBI JIECTPYKIUs MUTOXOH/IPUAJIBHBIX KPUCT U YBEJIMUEHHUE JIOJIU TeTEPOXPOMATHHA B
siape. B mosaaume cpoku (30-€ u 60-e cyTKM) HabII01a/Iach aKTUBAIIUS PEMapariOHHBIX IIPOIECCOB: YBETHMUEHNE KOJTYe-
CTBa OpraHeJUI, OTBETCTBEHHBIX 32 OMOCUHTE3 U CEKPEIHIO, IOSABIEHHE MUTOXOHIPUH € YIUIOTHEHHBIM MaTPUKCOM, HOD-
MaJTU3aI[si COOTHOIIIEHHUS XPOMaTHHA.

3aKJOUYeHUe. XPOHHUYECKAs WHTOKCHUKAIMSA TOJIYOJIOM BBI3BIBAET HeECHEIU(PUUECKUE YIbTPACTPYKTYpHbIE
U3MEHEHUs B HH/JIOKPUHOIIUTAX JKEJIY/IKA, XapaKTEePU3YIOIINECsS B OCTPBIA IEPUO/ JIETPAHYJIAINEN U TUCPereHepaTop-
HBIMH C/IBUTAMH, & B OT/JAJIECHHBIA IIEPUO/T — AKTUBAIIMEN BHYTPUKJIETOYHBIX MEXAaHU3MOB BOCCTAHOBJIEHHA. BhIparkeH-
HOCTh U3MEHEHHUI 3aBUCHUT OT MPOIOJIPKUTEILHOCTH BO3/IEHCTBHS TOKCHKAHTA.

Kmoueesle caoea: ciusucras 000710UKa KeJIyAKa, TOIyosI, SHAOKpUHHbBIE KiaeTKku, ECL-kmeTku, G-KJIeTKH, yabTpa-
CTPYKTYpa, MOP(OMeTpHs, 3JIEKTPOHHASI MUKPOCKOIIHUS.

O6paszen nmurupoBauusa: Peguenko C.H., bubuk E.JO. Mopdomerpuueckas XxapaKTEPUCTHKA YIbTPACTPYK-
TYPBI 9HZOKPUHOIIUTOB CJIN3UCTOH 000JI0UKY JKeJIy/iKa KPbIC IIPU XPOHUYECKOU MHTOKCUKAIUH ToJiyosioM // Journal
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Morphometric characteristics of the ultrastructure of endocrine
cells in the rat gastric mucosa during chronic toluene intoxication

S.N. Fedchenko, E.Yu. Bibik

Lugansk State Medical University named after St. Luke, Lugansk, Russia

ABSTRACT

Introduction. Chronicexposure to industrial toxicants such as toluene is a significant pathogenic factor, how-
ever, its effect on the regulatory systems of the gastrointestinal tract, in particular, on the diffuse endocrine system of the
stomach, has been insufficiently studied.

A i m . Toinvestigate alterations in endocrine cells (enterochromaffin-like (ECL) and gastrin-producing (G) cells) of the
gastric mucosa (GM) of rats following chronic intoxication with toluene vapors using a combination of morphological,
morphometric, and ultrastructural methods.

Materials and methods. Experimental animals (48 outbred sexually mature rats) were exposed to
toluene vapor inhalation at a concentration 10 times the maximum permissible concentration, for 4 hours/day, 5 days/
week, over a period of 60 days. Tissue samples (pyloric GM) were collected on days 1, 7, 30, and 60 after toxicant exposure.
The control group consisted of intact animals. Electron microscopic examination and morphometric analysis of the ultra-
structure of ECL and G cells (areas of secretory granules (Ssg), the Golgi complex (Sgc), mitochondria (Sm), and parame-
ters of nuclear chromatin) were performed.

R e sults. Intheearlystages of the study (days 1 and 7), experimental animals showed signs of functional exhaustion
and degranulation of ECL and G cells: Ssg and Sgc decreased by almost two-fold, Sm decreased by 32—35%, destruction of
mitochondrial cristae was observed, and the proportion of heterochromatin in the nucleus increased. At the later stages
(days 30 and 60), activation of reparative processes was observed: an increase in the number of organelles responsible for
biosynthesis and secretion, the appearance of mitochondria with densified matrix, and normalization of the chromatin
ratio.

Conclusion. Chronictoluene intoxication induces nonspecific ultrastructural changes in gastric endocrine cells,
characterized by degranulation and dysregeneratory processes during the acute period, and by the activation of intracel-
lular repair mechanisms during the long-term period. The severity of changes depends on the duration of toxicant expo-
sure.

Keywords: gastric mucosa, toluene, endocrine cells, ECL cells, G cells, ultrastructure, morphometry, electron micro-

scopy.
Citation example: Fedchenko S.N., Bibik E.Yu. Morphometric characteristics of the ultrastructure of en-

docrine cells in the rat gastric mucosa during chronic toluene intoxication. Journal of Siberian Medical Sciences.
2026;10(3):95-112. DOI: 10.31549/2542-1174-2026-10-3-95-112

BBEJIEHUE

BoszelicTBrie  pa3HOOOpPA3HBIX  TOKCHYECKHUX
BEIIIECTB U KCEHOOMOTHKOB, KaK Ha 00BEKTax Ipo-
MBIIILJIEHHOTO IIPOU3BO/ICTBA, TAK U B OBITOBBIX YCJIO-
BUAX, IPOJIOJIZKAET OCTABATHCS CEPhE3HBIM ITaTOTE€H-
HBIM (paKTOPOM, HETATUBHO BJIUSIOIINM Ha COCTOSI-
HUe OPTaHOB MMUIIEBAPUTETHHOM CUCTEMBI YeJIOBEKA
[1-3]. TIpu >TOM HEZOCTATOYHO HCCIETOBAHHON
00JIaCTPIO OCTAETCS PEAKIHSA CO CTOPOHBI pa3INy-
HBIX KJIETOK OIIUTEIUS JKeJyJKa JabopaTOpHbIX
KpPBIC HA WHTOKCHUKAIIAIO TAKUM apOMaTUUYECKUM
YTJIEBOIOPOZIOM, KaK TOJIyos1. Hanbospminii mHTEpecC
B JIaHHOM KOHTEKCTE BBI3bIBAE€T OTBETHAS PEAKIIUS
WMEHHO SHAOKPUHHBIX KJIETOK CJIMBHUCTOH 000-
JIOUKU. DTO CBSI3aHO C TE€M, YTO SHJIOKPUHOIIUTHI
JKEJIyIOYHOTO DIUTENHS SBJISIIOTCI aKTUBHBIMU

INTRODUCTION

Exposure to various toxic substances and xenobi-
otics, both in industrial settings and in domestic con-
ditions, continues to be a significant pathogenic fac-
tor adversely affecting the state of the human diges-
tive system [1—3]. At the same time, the response of
various epithelial cells of the gastric mucosa (GM) in
experimental rats to intoxication with an aromatic
hydrocarbon such as toluene remains insufficiently
studied. Of greatest interest in this context is the
response of the endocrine gastric mucosal cells. This
is because gastric epithelial endocrine cells are
actively involved in the regulation of not only local
tissue homeostasis, but also systemic homeostatic
processes [1—3]. In accordance with current scien-
tific concepts, the gastrointestinal tract is defined as
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VYACTHUKAMH PETYJIAIUN HE TOJIBKO JIOKAJIBHOTO
TKaAHEBOTO TOMEOCTa3a, HO U 00IIeOpPTaHU3MEHHbIX
TOMEOCTaTUYECKUX IIpoIrieccoB [1—-3]. B cootser-
CTBUU C COBPEMEHHBIMU HAYIHBIMU IIPEZICTABIEHU-
SIMH, JKeJIyJIOUHO-KUIIIEUHBIH TPAKT ONPEeesIAeTCs
KaK IeJIOCTHBIM MOJUMYHKIIUOHAIBHBIA Oprad
SHZIOKPUHHOU cucTeMbl. [Ipogyniupyemsle UM rop-
MOHAJIbHBIE BEIECTBa, peayn3ys MecTHoe (mapa-
KPHUHHOE) U JIUCTAaHIMOHHOE (PHIOKPHUHHOE) JIeH-
CTBUE, UTPAIOT KJIIOUYEBYIO POJIb B KOOPAUHAIINH Pas-
JIMYHBIX DTAIIOB MHINEBAPEHUs U MeTab0THUEeCKUX
IIPOIIECCOB B opraHusMe [4].

B nacrosimmee BpeMs B HaydyHOH JIUTepaType He
c¢hOpMUPOBAHO OTHO3HAYHOTO MOHUMAHUSI BTHOJIO-
THYECKUX MEXaHU3MOB, JIEXKAIINX B OCHOBE (GOPMU-
pOBaHUS 5pPO3UBHBIX U A3BEHHBIX IOPAKEHUH
JKeJIyZIKa TpU PO eCCUOHATIBHOM KOHTAKTe C apo-
MaTUYECKUMHU  YIJIEBOZOPOJAaMH.  be3ycsoBHO,
3aC/Ty’KUBAIOT BHUMAaHUS JIAaHHBIE, COIVIACHO KOTO-
ppIM KJIeTKU AUPDY3HON SHAOKPUHHOU CHUCTEMBI
(19C) xeyymka UrparoT KJIIOUEBYIO POJIb B PETYJIH-
poBaHUM psfa 6a30BHIX (PUBUOJIOTHIECKUX ITPOIIEC-
coB. K HUM oTHOcsATCS muIieBapeHue, abcopoOIus
HYTPHUEHTOB, a TaK:Ke BOCCTAHOBJIEHHE U OOHOBJIE-
HUE TKaHel [5, 6]. B To ke BpeMs PoJIb 3TUX KOMIIO-
HeHTOB JI9C B pasBUTHU U YCYTyOJIEHHH CTPYK-
TYPHO-(PYHKITMOHAJIPHBIX PACCTPONCTB CIAU3UCTOUN
ob6omoukw xeiyyka (COK) nmpu AuTeIbHON HHTOK-
CUKAIIUU TOJIYOJIOM Y KPBIC JI0 CHX IIOP He OIpefie-
JieHa. B TOCTYITHOM JIMTEpaType TaK:Ke OTCYTCTBYET
nHGOPMAIUSA O BO3MOXKHBIX KOPPEJIAIUAX MEXIY
MOPGOMETPUYECKUMH IIOKA3ATENSAMU 3SHAOKPHUH-
HBIX KJIETOK U cTereHbio moBpexaenus COXK.

Takum o6pa3oM, YYWUTHIBasg IIPHUBEJEHHbIE
(axkTbl, 1ieIeHaNIpaBIeHHOE U3yUeHNe TAHHOU IIPO-
6JIeMBI TIPENCTABIAETCS HAYYHO OOOCHOBAHHBIM U
COXpAaHsEeT BBICOKYIO aKTYyaJIbHOCTD.

IEJIb NCCJIEJOBAHUA

IIpoBecT KOMILJIEKCHYIO OII€HKY, HCIIOJIb3Ys
mopdosiornuecke U MOpQGOMETPUUECKHE METO-
UKW B COYETAaHUHU C YJIbTPACTPYKTYPHBIM aHaJIU-
30M, BO3MOXKHBIX IATOJIOTUUECKUX W3MEHEeHUU B
sHIOKpUHHBIX KieTkax (ECL, G) sxemymka KpbIC
Iocjie  XpPOHUYECKOTO WHTAIAIMOHHOTO BO37iel-
CTBUS IIAPOB TOJIyOJIA.

MATEPUAJIbI 1 METO/IbI

B kauecTBe 0ObBEKTa HUCCIIENOBAHUSA HCIOJIB30-
BaJIU 48 IT0JI0BO3PEJTBIX OECTIOPOHBIX KPBIC C KCXO/I-
HOH Maccoil Tena 150—180 r. MogenupoBaHue Xpo-
HUYECKOM WHTOKCHUKAIUUA OCYIIECTB/ISLIIN IIyTEM
IIOMEIIeHHUs KUBOTHBIX B T€PMETHYHbIE MHTAJIAIN-
OHHBIE KaMepBl, T7Ie co3/1aBajack aTMmocdepa, cosmep-

an integral polyfunctional organ of the endocrine
system. The hormonally active substances it pro-
duces, exerting both local (paracrine) and distant
(endocrine) effects, play a key role in orchestrating
various stages of digestion and metabolic processes
in the body [4].

Currently, the scientific literature lacks a clear
understanding of the etiological mechanisms under-
lying the development of erosive and ulcerative gas-
tric lesions associated with occupational exposure to
aromatic hydrocarbons. Undoubtedly, the data indi-
cating that the cells of the diffuse endocrine system
(DES) of the stomach play a pivotal role in the regu-
lation of a number of essential physiological pro-
cesses deserve attention. These include digestion,
nutrient absorption, as well as tissue repair and
renewal [5, 6]. At the same time, the role of these
components of the DES in the development and
aggravation of structural and functional disorders of
the GM during long-time toluene intoxication in rats
has not yet been determined. Furthermore, the avail-
able literature lacks information on possible correla-
tions between morphometric parameters of endo-
crine cells and the severity of GM lesions.

Thus, in view of the above facts, investigation of
this problem appears scientifically justified and
remains highly relevant.

AIM OF THE RESEARCH

To conduct a comprehensive assessment of pos-
sible pathological changes in gastric endocrine cells
(enterochromaffin-like (ECL) and gastrin-producing
(G) cells) of rats exposed to chronic inhalation with
toluene vapors, using morphological and morpho-
metric techniques in a combination with ultrastruc-
tural analysis.

MATERIALS AND METHODS

The study consisted of 48 sexually mature out-
bred rats with an initial body weight of 150-180 g.
Chronic intoxication was modeled by placing the ani-
mals in sealed inhalation chambers, where an atmo-
sphere containing the vapors of toluene, a chemical
agent belonging to the components of epoxy resins,
was created.

The parameters of inhalation exposure were
strictly regulated: daily four-hour exposure, five times
a week. The total duration of the experimental period
of toxicant exposure was 60 days. The concentration
of toluene vapors in the air of the chambers was con-
stantly maintained at a level 10 times higher than the
maximum permissible concentration.

The half of all animals included in the experiment
was randomly divided into four experimental groups,
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’KaIas mapel TOJIy0JIa — XUMHYECKOTO areHTa, OTHO-
CAIIErocs K KOMIIOHEHTaM 3IOKCUHBIX CMOJI.

[TapamMeTpbl ~ MHTAJIANMOHHOTO  BO3IEHCTBUSI
CTPOTO PETrJIAMEHTHPOBAJINCH: €)KeJ[HEeBHAsA YeThI-
pexJacoBas 5KCIIO3UIUs, IIATh Pa3 B Hezemo. CoBo-
KyIHasl JIJIUTEIbHOCTD HKCIIEPUMEHTAIBHOTO TIEPH-
0/1a BO3/IeUCTBUA TOKCUKAHTOM cOCTaBwIa 60 CyT.
KonrneHnTparus napoB TOJIyoJa B BO3AYIIHOU cpefie
KaMep IOCTOSTHHO MO//IEPKUBAJIach HAa 3HAUEHUH, B
10 pa3 IPEBBIMIAIOIIEM YCTAHOBIEHHYIO IIPEAETHHO
JIOTIyCTUMYIO KOHIIEHTPAITHIO.

[TosIoBUHY M3 BCEX JKUBOTHBIX, BKIIOUEHHBIX B
SKCIIEPUMEHT, METOZOM PAHIOMU3AIY Pa3IeJIIN
Ha YeThIPE OIBITHBIE IPYIILI, IO 6 0COOEH B KaK-
mo#i. Ilpunaiun popMUpOBaHUs Py 6a3UPOBATICS
Ha BPeMEHHOM WHTEPBaJIe, IIPOIIEIIEM C MOMEHTA
OKOHUYAHUSI Kypca MHTIAIHH /10 3a60pa MaTepraia
71 Mopgosioruueckoro aHanmusa. JJaHHyIO mpole-
IypPY TIPOBOJIMJIN B UEThIPE PA3JIMIHbIE BDEMEHHbIE
TOUKU: Ha 1-€, 7-€, 30-€ U 60-e CYyTKU II0CcTIe 3aBep-
IIeHUs 60-THEBHOTO ITUKJIA UHTOKCUKAIIAH.

JI1s1 KaKJI0OH U3 YeThIPEX OMBITHBIX TPy OBLIO
IIpeaycMOTpeHo  (GOPMHUPOBAHUE IapaJLIeIbHOHN
KOHTPOJIBHOM TPYIIBI aHAJOTUYHON UMCIEHHOCTH
(10 6 *KUBOTHBIX B TPYIINE). YCIIOBUS COEPKAHUS
KOHTPOJIPHBIX JKHUBOTHBIX (TeMIlepaTypHbBIi, CBETO-
BOH PE€XUM, KOPMJIEHHE) TIOJIHOCTBIO COOTBETCTBO-
BQJIV TAKOBBIM B OIIBITHBIX TPYIIIIaX, KDOME TOTO, UTO
OHU He IIOJ[BEPTINCh NHTAJIAIUN TapaMHU TOJIyOJIa.
BriBeieHUE KUBOTHBIX U3 DKCIEPUMEHTA IPOU3BO-
Y TI0JT 3(UPHBIM HAPKO30M.

JluzaliH WCCIeIOBAaHUSA, YCJIOBUS COZEPIKAHUSA
J1ab0OPaTOPHBIX JKUBOTHBIX U BCE IIPOBOJUMBIE C
HUMHU MaHUIYJIAIUNA HAXOQUJINCh B CTPOTOM COOT-
BETCTBUU C JEHUCTBYIOIIUMU MEXIYHAPOJHBIMHU U
HaIIMOHATLHBIMU HOPMaM# OHO3TUKH, B YACTHOCTH
¢ IlpaBunamu J1a60paTOpHOU MTPAKTHKH, IPUHS-
TeiMH B Poccuiickorr ®enepanun ([Ipukaz MwuH-
3apaBa Poccuu N2 708H oT 23.08.2010), upekTu-
Boii EBpomneiickoro [TapinamenTa u CoBeta 2010/63/
EU ot 22.09.2010 0 3a1uTe *kMBOTHBIX, HUCIOJIb3Yye-
MBIX B HAYUHBIX IeJAxX. [Ipu cofiepKaHuM KUBOT-
HBIX U BBIBEJIEHUN WX U3 DKCIEPUMEHTA PYKOBOJ-
CTBOBAJIUCh 3aKOHOM «(O 3aIliuTe >KUBOTHBIX OT
’KecTokoro obparenus» (1. V, cT. 104679-IJ] ot
01.12.1999). IIpoBeneHne uccaeAOBAHUA 00OPEHO
Komuccuedt mo 6wuostuke Jlyranckoro rocyaap-
CTBEHHOTO MEJUIIMHCKOTO YHUBepcUTETA (IIPOTOKOJI
N¢ 1 oT 25.03.2019).

Jl1s1 IpoBeieHUsI YABTPACTPYKTYPHOTO aHAIN3a
obpa3siel numopuueckoro otaena COXK pazmepom
1 MM3 HoJiBeprayiu osTanuou pukcanuu. Ileppuy-
Has GUKcAIUs 3aKII0YaICad B SKCIO3UIUHU 00pas-
OB B 2,5% pacTBOpe IJIyTapayibJeru/ia, IPUroToB-

with 6 individuals in each. The principle of group
formation was based on the time interval from the
ending of the inhalation exposure until the collection
of samples for morphological analysis. This proce-
dure was carried out at four different time points: on
days 1, 7, 30, and 60 after the completion of the
60-day intoxication period.

For each of the four experimental groups, a paral-
lel control group of the same size (6 animals per
group) was formed. The care conditions of control
animals (temperature, light cycle, feeding) were fully
identical to those of the experimental groups, except
that they were not exposed to toluene vapors. The
animals were sacrificed under ether anesthesia.

The study design, animal care conditions and all
procedures performed were in strict compliance with
the current international and national standards of
bioethics, in particular with the Rules of Laboratory
Practice adopted in the Russian Federation (Order of
the Ministry of Health of Russia No. 708u dated
23.08.2010), and Directive 2010/63/EU of the Euro-
pean Parliament and of the Council of 22.09.2010 on
the protection of animals used for scientific pur-
poses. The care and removing animals from experi-
ment were carried out in accordance with the Law
“On the Protection of Animals from Cruelty”
(Chapter V, Article 104679-GD of 01.12.1999). The
study was approved by the Bioethics Committee of
Luhansk State Medical University (Protocol No. 1 of
25.03.2019).

For ultrastructural analysis, 1-mm3 samples of
the pyloric GM were subjected to step-be-step fixa-
tion. Primary fixation consisted of exposure of the
specimens to a 2,5% glutaraldehyde solution, pre-
pared according to the Taranovsky method, for
24 hours. The second stage consisted of additional
fixation in a 1% aqueous solution of osmium tetrox-
ide (0OsO 4) according to the Palade method for 1 hour.
After standard dehydration in alcohols of increasing
concentration and in absolute acetone, the speci-
mens were embedded in a resin mixture based on
epoxy resins (Epon-Araldite). The ultrathin sections
obtained were documented by producing both nega-
tive and positive photographic prints.

For subsequent quantitative analysis, 20 mito-
chondria were randomly taken from endocrine cells
of the fundal GM of each animal. The identification
of endocrine cell types (ECL, G) was performed
according to the international classification (Solcia
et al. [7]) based on criteria such as size, shape, and
ultrastructural features of their secretory granules.
On electron micrographs taken at a final x20 000
magnification, the relative volume (fraction) occu-
pied by secretory granules and mitochondria in the
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JIEHHOM 10 MeToZy TapaHOBCKOTO, B TedeHUe
24 vacoB. BTopoii sTam — [0moTHUTEIbHAS UKca-
nus B 1% BOJHOM PACTBOPE TETPAOKCHUAA OCMUS
(OsO4) o MeTojiuke [Tanazie MpoaoKUTETbHOCTHIO
1 4. [Tocsie IpOBeIEHNS CTAHIaPTHOTO 06€3BOKIBa-
HUS B CIUPTaX C MOCIEI0BATEILHO BO3PACTAIOIIEH
KOHIIEHTpaIliel u B abCOJIIOTHOM AalleTOHE MaTe-
pUas 3aKJIIOYai B 3aJIMBOYHYIO CPEIy Ha OCHOBE
CMECH SIOKCHIHBIX CMOJI (3moH-apasiaut). Ilosmy-
YeHHbIE YJIBTPATOHKHE CPe3bl JOKYMEHTUPOBAIHU C
HM3TOTOBJIEHHEM KaK HEraTUBHBIX, TaK U IIO3UTUB-
HBIX (hoTOrpadUUecKuX OTIEYaTKOB.

JI1s1 TIOCIIeIyIOIIEr0 KOJTMYECTBEHHOTO aHaInu3a
u3 dyHanpHoro orzena COXK kak0ro }KUBOTHOTO
CJIydyalHBIM 00pa3oM OTOMpaIyd 20 MUTOXOHJIPUI
U3 SHIOKPUHHBIX KJIETOK. V/IeHTHDUKAIINIO THIIA
sHOKpUHHBIX KieTok (ECL, G) ocymiecTBisin
COTJIACHO MeXAyHapoAHOH kinaccudukanuu (Solcia
et al. [7]) Ha ocHOBaHUU TaKUX KPUTEPUEB, KaK pas-
Mep, bopMa U yIbTPACTPYKTYPHbIE 0COOEHHOCTH HX
CEeKpPETOPHBIX IpaHys. Ha 3/IeKTpPOHHBIX MHUKPOGDO-
Torpadusx, CAeJaHHBIX TPU KOHEUHOM YBEJTUYEHUH
X20 000, B IIUTOIIa3Me SHOKPHUHOI[UTOB OIIBITHBIX
JKMBOTHBIX IIPOBOJUJIN OIIEHKY OTHOCHTEJIHHOTO
obbpema (71011), 3AaHUMAEMOTO CEKPETOPHBIMH TI'pa-
HyJIJAMH W MHUTOXOHAPHUSMH, a TaKiKe H3MepsUIH
IUIOIAAb KOMILIeKca [oIbaKuy.

ABTOMATU3UPOBAaHHAsI OIEHKA YJIbTPACTPYKTYP-
HbIX napameTpoB ECL-kJIeTOK ocyliecTBisIach ¢
IIOMOIIIO  CIIENMATTU3UPOBAHHOTO IIPOIPAMMHOTO
obecrieueHusi, BXOJSAIIETO B COCTAB alapaTHO-IIPO-
rpaMMHOIO KOMILIeKca. B munamuke (Ha pasind-
HBIX 9Talax MOCTUHTOKCUKAIIMOHHOMN peajiarTaliim)
OTIPEIETISTUCH U CPABHUBAIUCH C KOHTPOJIEM CIIEY-
IOIYe KOJIMYECTBEHHbIE II0Ka3aTesd: IUIOAlb
YYaCTKOB TeTepoxpoMaTuHa (SrX) u syXpoMaTHHA
(Sax) B sifipe KJIETKH; COOTHOIIEHUE ILIOIIAen
reTepo- U syxpomarwHa (Srx/Ssx); TOJMIUHA CIJIOS
MapruHaIbHOTO XpoMaTuHa (Lrx); cymMmmapHas 1io-
1a/1b TPOpUIEH MUTOXOH/IPUH B IUTOILIazMe (SM);
obrmast IJI0IaIb [TUTOIIA3MbI, 3aHATAs CEKPETOP-
HBIMH TrpaHyjaMu (Scr); mwiomaab mTpoduis KOM-
mwiekca Iosbaku (SKr).

MopdoMeTpUUeCKUH KOJUUECTBEHHBI aHAIU3
Ka/IOTO OTIEIHHOTO TUCTOJIOTHYECKOTO Cpe3a IMpo-
U3BOJIWJICSI HA OCHOBE JAHHBIX, MOJYYEHHBIX MPHU
U3YYEHUHU IIEeCTH CTAaHIAPTHBIX I0JIel 3peHust QUK-
CHpOBaHHOU IwIonaau. JeraspHas mopdosiornye-
cKasg OIleHKa YJIBTPACTPYKTYPHI OCYIIECTBIISIACH
IpU MUKPOCKOIIUYECKOM VBEIUYEHUH X16 000.
JlaHHasi CTeleHb yBeJlWueHMs Oblia BbIOpaHA Kak
ONTHUMAJIbHAS, IOCKOJIBKY OHA obecrieuynBaia He0O-
XOJIUMBIA 0030p BCeW IUIOMAA AHATU3UPYEMOU
KJIETKU, OJTHOBPEMEHHO TapaHTUPYs IOCTATOUHYIO

cytoplasm of endocrine cells of the experimental ani-
mals was assessed, and the Golgi complex area was
measured.

Automated assessment of ultrastructural param-
eters of ECL cells was performed using specialized
software included in the hardware and software
suite. Over time (at various stages of post-intoxica-
tion readaptation), the following quantitative param-
eters were determined and compared with the con-
trol: the area of heterochromatin (Shc) and euchro-
matin (Sec) sites in the cellular nucleus; the
heterochromatin-to-euchromatin areas ratio (Shc/
Sec); the thickness of the layer of marginal chroma-
tin (Lhc); the total area of mitochondria in the cyto-
plasm (Sm); the total cytoplasmic area occupied by
secretory granules (Ssg); and the Golgi complex
area (Sgc).

Morphometric quantitative analysis of each indi-
vidual histological section was performed based on
data obtained from examination of six standard
fields of view of fixed area. Detailed morphological
assessment of the ultrastructure was carried out at
16 000 magnification. This magnification was cho-
sen as optimal, since it provided the necessary over-
view of the entire area of the analyzed cell while,
ensuring sufficient resolution for accurate evaluation
of the shape and linear parameters of secretory gran-
ules. On the electron micrographs obtained, the
diameter of secretory granules was measured. For
this purpose, 20 cells of each studied type were ran-
domly selected. The obtained measurements were
subsequently recalculated taking into account the
magnification factor of the microscope to determine
the true metric characteristics of the granules.

Experimental studies were performed using a
specialized hardware and software suite based on an
Olympus BX41 light microscope equipped with an
Olympus C3040-ADU and U-CMAD3 adapters for
image output. Image recording was performed using
an Olympus C-5050 digital camera (Japan). Data
processing and analysis were carried out on an ATH-
LON personal computer. Digital images of the GM
obtained during microscopy, with a resolution of
5 megapixels and a color depth of 24 bits per pixel,
were archived on CD medium. For their subsequent
morphometric analysis, the licensed specialized soft-
ware MORPHOLOG was used.

All primary numerical data obtained during mor-
phometry were entered into Microsoft Excel spread-
sheets, where a unified database was created for sub-
sequent storage and analysis. Differences were con-
sidered statistically significant if the probability of
their random occurrence was less than 5% (signifi-
cance level p < 0,05). The final stage of statistical
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pa3pemaIyo ClI0COOHOCT /I TOYHOU OIEHKH
(popMBI U TMHENHHBIX TAPAMETPOB CEKPETOPHBIX I'Pa-
HyJ1. Ha moJlyd4eHHBIX 3JIEKTPOHHO-MUKPOCKOIHYe-
ckux dororpadusax NpoU3BOJWIN 3aMep AuaMeTpa
CEKPETOPHBIX TPaHyJI, /IS Yero CJIyJalHbIM 00pa-
30M OTGMPAJIH 110 20 KJIETOK KaXK/I0T0 HCCIIEyEMOTO
tuna. IlosydyeHHbIE 3aMephl BIOCIEICTBUU IIepe-
CUUTBHIBAIN € yIeTOM Ko3(PuUIleHTa yBeTUIeHUs
MUKPOCKOIIA JIJIsI OTIpeie/IeHUsI UCTHHHBIX MeTpUJe-
CKHX XapaKTEPUCTHUK TPAHYJI.

OKCIIepUMEHTAIbHBIE WCCIIEZIOBAHUSA BBITTOJIHSA-
JIUCh C WCIIOJIb30BAHUEM CIEIUAIM3UPOBAHHOTO
anmapaTHo-IIPOrpaMMHOTO KOMIUIeKca. Ero ocHOBY
coCTaBJIsT cBeTOBOM Mukpockon Olympus BX41,
ocHamenHbi amantepamu Olympus C3040-ADU u
U-CMADS3 a1 BeIBOZIa H300paskeHus. Perucrparus
U300paKeHUH MMPOU3BOMIIACH ITUGPPOBHIM GHOTOATI-
maparom Olympus C-5050 (fnonus). O6pabotka u
QHAIN3 JAaHHBIX IPOBOAWINCH HA IEPCOHATHLHOM
komnbiorepe ATHLON. Ilonydaemble B Iporiecce
MUKpockonuu Iudpossle uzobpakenus COXK c
paspellieHreM 5 Meramukcesied u IyIyOMHOH IBeTa
24 OuTa HaA THUKCEJIb apPXUBUPOBAINCH HA
CD-Hocutenu. [y uX mHOcaeaymoiero Mmopdome-
TPUUYECKOTO AHATN3a HCIOJIb30BAJICA JIUIIEH3UOH-
HBIA CIIeNUAJIM3UPOBAHHBIA MPOTrPaMMHBIA IPO-
nykT MORPHOLOG.

Bce mepBUUYHBIE YHCJIOBBIE PE3YJIbTATHI, IOJIY-
YeHHble B X0Zle MOP(MOMETPHUUYECKUX H3MEPEHUH,
3aHOCWJINCh B TabJu4YHble (OPMBI MPUIIOKEHUS
Microsoft Excel, ryie dbopmupoBanach efuHass 6asza
JIAHHBIX JIJI TOCJIEAYIONIero XpaHeHUsA U aHaIn3a.
Ilpu oIleHKe pPe3yJIbTaTOB CTATHCTUYECKH 3HAUH-
MBIMH CUUTAJIUCH BBISIBJIEHHBIE PA3JIHMUMs, BEPOSIT-
HOCTH CJIy4alHOTO BO3HHKHOBEHHS KOTOPBIX ObLIa
MeHee 5 % (YpoBeHb 3HAUYUMOCTH P < 0,05). 3aBep-
[Ialomasl CTafusA CTAaTUCTUYECKON 0O0paboTKU Bcex
KOJINUECTBEHHBIX IAHHBIX HCCJIEIOBAHUS IIPOBOIH-
Jlach ¢ TpUMEHeHHeM MPOGeCCHOHAIIBHOTO IPO-
rPAMMHOTO O0eclieueHHsl JJIs aHAIN3a JTaHHBIX
STATISTICA 10.0.

PE3YJ/IBTATDBI

JeTtanbHbIN aHaAIN3 MOP(OJIOTHUECKUX XapaKTe-
PUCTHK, TaKUX KaK YJIbTPACTPYKTypa, pa3MepHBIN
JIMaTla30H U YPOBEHb SJIEKTPOHHON IUIOTHOCTHU
CEKPETOPHBIX I'PaHyJI, TO3BOJIUJI OCYIECTBUTH TOY-
HYI0 UJIEHTU(DUKALNIO SHIOKPHUHOIIUTOB B COOTBET-
CTBUM C OOIIENPHUHATON MEXKIYHAPOAHOU KjaccH-
¢dukanueti [7]. B snurenuanbaom miacte COXK kak
V KpPBIC OIBITHBIX TPYHI, TaK M Y KOHTPOJIbHBIX
JKUBOTHBIX BEPU(HUIIMPOBAHBI CJIEAYIOIINE THIIBI
knetok: ECL-kmeTkH, copepikaiiye 3SJIeKTPOHHO-
IUIOTHBIE CEKPETOPHBIE IPAHYJIbI SKCIIEHTPUUECKOTO

processing of all quantitative data was performed
using the professional data analysis software STA-
TISTICA 10.0.

RESULTS

Detailed analysis of morphological characteristics
such as ultrastructure, size range, and electron den-
sity of secretory granules allowed accurate identifica-
tion of endocrine cells in accordance with the
conventional international classification [7]. In the
epithelial layer of the GM, both in experimental and
control animals, the following types of cells were
identified: ECL cells containing eccentrically local-
ized electron-dense secretory granules of irregular
shape with a mean diameter of 160 + 5 nm, as well as
G cells, whose electron-dense secretory granules had
a diameter of 260 + 6 nm.

In intact animals, the cytoplasm of gastric endo-
crine cells was largely filled with secretory granules,
which could account for up to 80—90% of the total
cytoplasmic volume. The nuclear apparatus of these
cells had oval contours, contained a clearly visible
nucleolus and aggregates of heterochromatin. The
mitochondria were round in shape and characterized
by well-developed cristae. It should be noted that the
rough endoplasmic reticulum (RER) in these cells
was significantly more developed compared to the
smooth endoplasmic reticulum. This ultrastructural
organization of endocrine cells in intact rats fully
meet the widely accepted concepts of the normal
structure of endocrine cells [1, 6, 7]. Topographic
analysis revealed that in the epithelium of the pyloric
GM, G cells predominated, whereas in the fundal
epithelium, ECL cells were the dominant cell type.

At the early stages of the experiment (on days 1
and 7 after cessation of toluene exposure), the signs
of functional exhaustion were recorded in the major-
ity of G cells studied. The loss of the membrane
integrity of individual secretory granules was also
observed, creating conditions for the release of their
contents into the cytosol. In some fields of view,
endocrine cells with a sharply reduced number of
secretory granules and cleared cytoplasm were
observed, which, in our opinion, is a morphological
sign of almost complete excretion of the secretory
product from the cell. Simultaneously, a consider-
able amount of so-called agranular cells, as well as
poorly differentiated endocrine cells, were visualized
in the specimens. Some of the histamine-releasing
ECL cells showed a state of degranulation and were
characterized by a sharply reduced number of intra-
cellular organelles.

The most significant structural and functional
alterations were manifested as combined damage to
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pacIosioxkeHusA HellpaBUJIbHON (POPMBI CO cpeHUM
JIMaMeTpOM 160 + 5 HM, a TaKKe TaCTPUHITPOIYITU-
pytomire (G) KJIETKH, YbHU DJIEKTPOHHO-ILJIOTHBIE
CEKpETOPHBIE TPaHYJIbl UMEJIN JUAMETP 260 + 6 HM.

Y UHTaKTHBIX JKUBOTHBIX KOHTPOJIBHOU T'PYIIITHI
nuToriazMa sHAokpuHonuToB COXK B 3HAUUTEN -
HOH cTemeHU ObLIa 3ar0JIHEHA CEKPETOPHBIMU T'pa-
HyJIaMH, 00b€M KOTOPBIX MOT JIOCTHUTaTh 80—90 % OT
ob1miero obbemMa NIHUTOIIa3MbI. fl/IepHBIN ammapat
STUX KJIETOK UMeJI OBaJIbHbIE OUePTaHUA, COJlepKal
YEeTKO BU3YAJIU3UPYEMOE S/IPBIINIKO U CKOIUIEHUS
reTepoxpoMaTuHa. MUTOXOH/IPUH OKPYTJI0H (pOpMBI
OTJINYAJINCh HAJUYUEM XOPOIIO PA3BUTHIX KPHUCT.
CrnenyeT OTMETHTbD, YTO TPaHYJISIPHASA HH/OIIa3Ma-
tuueckas cetb (I'pAC) B JaHHBIX KJIeTKaX ObLIa pas-
BUTA 3HAUYUTEJIPHO WHTEHCHBHEE 10 CPABHEHUIO C
IJIaIKON SHIOIIa3MaTUUYEeCKOH ceTbio. IlomoOHasa
VABTPACTPYKTYPHAasA OPTaHU3AIUA SHIOKPUHOI[UTOB
V KpbIC, HE TIOJ[BEPTABIINXCS BO3JEUCTBUIO TOKCHU-
KaHTa, IOJTHOCTBI) COOTBETCTBYET YCTOSIBIIIUMCS B
JuTEpaType IpEeACTaBIEHUAM O HOPMOTUIIUYHOM
CTPOEHUH SHAOKPUHHBIX KJIETOK [1, 6, 7]. IIpu Tomo-
rpapuueckoM aHaiu3e OBLIIO YCTAHOBJIEHO, YTO B
snuTeanu nuaopudeckoro otaena COXK naentudn-
IIMPOBAHBI MPEUMYIIECTBEHHO G-KJIETKH, TOT/Ia KaK
B BIUTENNHU (PYHJIAIIBHOTO OTJIeJIa JOMUHHUPYIOITAM
tunom apysaauck ECL-xieTku.

[Ipu ucciieoBanny B HaYaJIbHbIE CPOKHU JKCITE-
puMeHTa (Ha 1-€ U 7-€ CyTKH II0CJIe IMpeKpalleHus
WHTIAIUNA TOJIYOJIOM) y OOJIBINEH YacTH U3ydeH-
HbIX G-KJIeTOK 3aUKCUPOBAHBI IPU3HAKY (PYHKIIN-
OHAJIPHOTO HCTOIIEeHUs. Tak:Ke ycTaHOBJIEHA ITOTEPS
[IEJIOCTHOCTH MeMOpaH OT/EJbHBIX CEKPETOPHBIX
rpaHyJ, YTO CO37aBaJI0 YCJIOBUA ]I BBIXOZA UX
COJIEP’KUMOTO B THAJIOIIA3MY. B OTZEIbHBIX MOJIAX
3pEHHUS OTMEUINCh HHIOKPUHOIUTHI C PE3KO
YMEHBIIIEHHBIM KOJUYECTBOM CEKPETOPHBIX TPAHYJI
U MPOCBETJIEHHOU ITUTOILJIA3MOU, UTO, IO HAIEMYy
MHEHUIO, ABJAETCH MOP(OJIOrHIEeCKUM CBHUAETETh-
CTBOM IIPAKTHUYECKU TIOJTHOU SKCKPEIUH CEKPETOP-
HOTO MPOJAYKTAa U3 KJIETKU. [lapajiieslbHO ¢ 3TUM B
mpernapaTtax BU3YaJIM3UPOBAJIIOCh 3HAUUTEIHHOE
KOJIMYECTBO TAaK HA3bIBA€MBIX arpaHyJISIPHBIX KJie-
TOK, a TAKXKe SHJOKPUHOIIUTOB C IIPU3HAKAMU HU3-
koit nuddepennuposku. Yacte ECL-k1eToK, mpo-
JIyITAPYIOIINX TUCTAMUH, IEMOHCTPHUPOBAJIA COCTOSI-
HUE JETPAHYJIAIUN W XapaKTEepPU30BAJIACh PE3KO
YMEHBIIIEHHBIM KOJUYECTBOM BHYTPUKJIETOUHBIX
OpraHeJuI.

HauboJsiee 3HaunTEILHBIE CTPYKTYPHO-(PYHKITH-
OHaJIbHbIE HAPYIIEHUS BHIPAYKAINCH B KOMOUHHUPO-
BaHHOM MOBPEXK/IEHUHU YHEPTETUUECKOTO U CHHTETH-
yeckoro ammapara ECL-kimerok. OOGBEKTUBHBIM
MOp(pOMETPUUECKUM TOATBEPIKAECHUEM JAHHOTO

the energy and synthetic apparatus of ECL cells.
Objective morphometric confirmation of this fact
was a statistically significant reduction in the area
occupied by the mitochondrial (Sm) and Golgi com-
plex (Skg) profiles in the cytoplasm of these cells.

Mitochondria were present in small numbers,
and disarrangement of the cristae structure was
observed: by the 1% day after the end of exposure,
their amount decreased by 32,91% (p < 0,01), and by
35,5% (p < 0,02) on day 7. Swollen mitochondria
with disarranged single cristae were found in the cel-
lular cytoplasm. The ultrastructural changes revealed
during electron microscopy in ECL cells are diagnos-
tic markers of destruction of their energy-producing
system. These characteristic alterations include:

1. Disarrangement of the mitochondrial mem-
brane architecture, primarily deformation of the
inner membrane.

2. Decrease in electron density of the mitochon-
drial matrix.

3. Appearance of concentric membrane forma-
tions in the cytoplasm that are morphologically simi-
lar to myelin figures.

4. Significant changes in the number of organ-
elles.

The presence of the set of features described is
consistent with literature data, according to which
similar structural abnormalities (variability in mito-
chondrial number, their vacuolization, and an
increase in volume) are recorded in endocrine cells
of the intestinal epithelium in various pathologies
[8—10]. The key element in the chain of degenerative
changes was the damage to the inner membrane ele-
ments — the cristae. Their disintegration, according
to our observations and data from other authors [4],
often served as a trigger for subsequent fragmenta-
tion of the entire mitochondrion. It can be assumed
that chronic toluene intoxication contributed to the
destabilization of dynamic balance in the mitochon-
drial population and the appearance of organelles
with remodeled and disarranged cristae, which is
morphologically similar to the transformations in
cardiomyocyte mitochondria in cardiomyopa-
thy [11].

In some ECL cells, elements of the Golgi complex
with signs of destruction were visualized. Morpho-
metric analysis revealed a statistically significant
decrease in the total area of mitochondrial profiles
(Sm) in the cytoplasm of the cells studied. On day 1
following the termination of intoxication, this param-
eter decreased almost two-fold — from 15,98 +
+ 2,56 um? in the control group to 8,87 + 1,83 um?
(p < 0,05). By day 7, a trend toward recovery was
observed; however, the area occupied by mitochon-
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Fig. 1. Dynamics of morphometric parameters of areas of secretory granules (A), the Golgi complex (B),
and mitochondria (C) in ECL cells of the rat gastric mucosa at various time points following the 60-day toluene exposure

dakra ABIATOCH CTATUCTHUYECKH JOCTOBEPHOE
COKpalleHue IUIOmaiel, KOTOpble 3aHUMAaJIu IIPO-
¢mn muroxonapuit (Sm) u kommiekca [ombmxu
(Skr) B muTomIa3Me 3THUX KJIETOK (pHC. 1).

MUTOXOHZPUHU MPUCYTCTBOBAIN B HE3HAUUTETh-
HOM KOJIMYECTBe, HAOIIOIJIOCh HAPYIIIEHUE CTPYK-
TYPBI KPUCT: HA 1-€ CYTKU UX KOJIMYECTBO YMEHbIIIN-
Jloch Ha 32,91 % (p < 0,01) 1 Ha 35,5 % (p < 0,02) —
Ha 7-€ CyTKH. B nuTOIIa3Me KJIETOK BCTPEYAJIHCH
HaOyXIIe MUTOXOHZPUU C J1e30pTaHU30BAHHBIMHI
OIMHOYHBIMH KPUCTAMHU. BBIsBIIEHHbBIE B XO/I€ DJIEK-
TPOHHOUW MUKPOCKOIINH YJIbTPACTPYKTYPHBIE IIPE06-
pazoBanus B ECL-kjeTkax cCiy»KaT JAuMarHocThde-
CKUMU MapKepaMu JIECTPYKIIUU UX SHEPTOIPOAYITU-
pymomeil cucteMbl. K 4mcily Takux XapaKTePHBIX
U3MeHEeHUU OTHOCSTCA:

1. Hapy1eHne apXxuTeKTOHUKH MUTOXOHPUATIb-
HBIX MeMOpaH, TIpex/e Bcero aedopmManus BHY-
TpeHHEeU MeMOpaHbI.

2. CHIKeHVe 3JIEKTPOHHOH IIJIOTHOCTH MaTPUKCA
MHUTOXOHPHH.

dria (10,75 + 2,47 um?) still remained significantly
smaller than in the control group (15,39 + 2,04 um2),
although the differences were not statistically signifi-
cant (p > 0,05).

Simultaneously with the reduction in mitochon-
drial area, a marked decrease in the Golgi complex
area (Sgc) was recorded. This change was accompa-
nied by a substantial, also nearly two-fold reduction
in the total area occupied by secretory granules (Ssg).
On day 1 of the experiment, Ssg was 39,27 + 2,88 um?
(p < 0,01), and on day 7, it was 45,55 + 3,87 um?
(p < 0,01), which is significantly lower than the
matched control values (86,21 + 5,56 um? and
82,01 + 7,67 um?, respectively).

Ultrastructural analysis revealed disintegration
of limiting membranes of individual secretory gran-
ules. Such defects enabled the uncontrolled release
of their contents into the cytosol, which is the mor-
phological correlate of the process of degranulation.
Electron micrographs demonstrated endocrine cells
with the markedly depleted pool of secretory gran-
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3. IlosiBJieHUE B ITUTOIIJIa3Me KOHIIEHTPHUYECKUX
MeMOpaHHBIX  O0Opa3oBaHUU, MOPMOJIOTHUECKH
CXOJTHBIX C MUEJIMHOBBIMH (PUTYPAMHU.

4. JlocTOBepHOE W3MEHEeHHEe KOJIMYeCTBA Opra-
HEJLI.

Haynure ONMMCAHHOTO KOMILIEKCA INPU3HAKOB
COTJIACYeTCs C JINTEPATYPHBIMU JAHHBIMU, COTJIACHO
KOTOPBIM aHJIOTUYHBIE CTPYKTYpHBbIE AHOMAaJIUH
(Bapuanuu YMCIEHHOCTH MUTOXOHJIPUU, UX BaKyO-
JIM3aIys U yBeJIYeHne 00beMa) peruCTPUPYIOTCA B
SHJIOKPUHHBIX KJIETKAX KHUIIEYHOTO SIHUTETUS P
Ppas3IUuYHbBIX MaToJI0THsAX [8—10]. KittoueBbIM 3BeHOM
B IIeMH JIeT€HEPATHUBHBIX COOBITUH  SIBJISJIOCH
TIOBpEK/IEHUE 3JIEMEHTOB BHYTPEHHEH MeMOpaHbI —
kpuct. HapylieHue uX I[eJIOCTHOCTH, IO HAIIAM
HaOJIFOIEHUSIM U JJAHHBIM JIPYTHUX aBTOPOB [4], 4acto
CIIY?KWJIO TPHUITEPOM JJIsl TTOC/IeNyIoniel ¢hparmMmeH-
Talu BCEH MUTOXOHPUU. MOXKHO IPE/IIOTIO0KUTD,
YTO XPOHUYECKAs MHTOKCUKAIIHS TOIYOJIOM CIIOCO0-
CTBOBAJIA IeCTA0MIN3AINH JUHAMIYEeCcKoro bajzanca
MHUTOXOHAPUAIHHON TOMYJISIIUM W  TOSIBJIEHUIO
OpraHeJlI ¢ PeMOJETUPOBAHHBIMU U JI€30PTaHU30-
BaHHBIMHU KPHUCTAMH, UTO MOP(OJIOTHUECKU CXOHO
¢ mpeoOpa30BaHUAMH, OTMEUAeMbIMH B MHTOXOH-
ZIPUSAX KAPAUOMUOIIUTOB IIPY KAPANOMHUOTATHH [11].

B wactru ECL-k1eTOK BU3yaJIM3UPOBAHBI 3Jle-
MEeHTbI KoMILTekca [oJIb/I?KY ¢ MpU3HAKAMHU JIECTPYK-
nuu. Jlanable MOpGOMETPUUECKOTO HCCIIEIOBAHUS
BBISIBUJIN CTATHCTHYECKHU JIOCTOBEPHOE YMEHBITIEHHE
CYMMapHOH IjIomasu mpodusedl MUTOXOHAPUH
(Sm) B muTOIIIa3Me HCCIIelyeMbIX KiieTok. Ha mep-
BbIE CYTKH II0CJI€ MHTOKCHKAIIUH JJAHHBIA ITOKa3a-
TeJb CHU3WICA IOYTH JABYKPaTHO — C 15,08 +
+ 2,56 MKM2 B KOHTPOJIbHOH rpynne a0 8,87 +
+ 1,83 MkM2 (p < 0,05). K cenbMbIM cyTkam HabJIIO-
JIEHUsI OTMeuasaach TEHJAEHIUs K BOCCTAaHOBJIEHHIO,
OJHAKO IUIONIA/[b, 3aHUMAaeMasi MUTOXOHAPHUIMH
(10,75 + 2,47 MKMZ2), BCe ellle OCTaBajach CyIlle-
CTBEHHO MeHbBIIIEH, UeM B KOHTPOJIBHOH TpYIIIe
(15,39 + 2,04 MKM2), NpU 5TOM Pa3JIUUUsA He
JIOCTUIJI yPOBHSI CTaTUCTUYECKOH 3HAYUMOCTHU
(p > 0,05).

[TapayutesbHO C peAyKIued MUTOXOH/IPUATBHON
IUIONIA/TH PETUCTPHUPOBAJIIOCH BBHIPAKEHHOE YMEHbB-
IIeHNe IUIOMAAU MPOGWIsa KoMIUIeKca [OoIbaKu
(Skr). JlanHOe HM3MEHEHHE COYEeTaJ0Ch CO 3HAUM-
TEJIbHBIM, TaKKe MPUOJIMKAIIIUMCI K JBYKpaT-
HOMY, COKpallleHHeM OOIel IUIOIaAN, 3aHATOH
ceKpeTopHbIMU rpaHysiamu (Scr). Ha 1-e cyTKu aKc-
nepuMeHTa Scr paBHsIach 39,27 + 2,88 MkM2
(p < 0,01), a Ha 7-e CYyTKHA — 45,55 + 3,87 MKM2
(p < 0,01), YTO CYIECTBEHHO HHKE COOTBETCTBYIO-
IMUX 3HAYEHUH B KOHTPOJILHOU rpymre (86,21 +
+ 5,56 MKM2 1 82,01 + 7,67 MKM2 COOTBETCTBEHHO).

ules and increased optical density of the cytoplasm,
which very likely indicates almost complete excre-
tion of the secretory product. Simultaneously, a sig-
nificant number of cells without granules (“agranu-
lar”) and poorly differentiated endocrine cells were
identified in the specimens. Some ECL cells were in a
state of functional exhaustion, manifested by degran-
ulation and a rapid reduction in the number of intra-
cellular organelles.

Quantitative analysis confirmed a marked reduc-
tion in the volume of key intracellular components of
ECL cells in the early post-intoxication period. The
total cytoplasmic area occupied by secretory gran-
ules (Ssg) decreased by 50,00% by day 1, and by
60,17% by day 7 after exposure cessation (p < 0,01
for both time points). The area occupied by the Golgi
complex (Sgc) also decreased by 28,0% on day 1
(p < 0,05) and by 34,61% on day 7, although in the
latter case the difference from the control was not
statistically significant (p > 0,05). The data obtained
indicate that a significant proportion of the ECL cell
population was in a state of degranulation (Fig. 2, 3).
Such a substantial decrease in the secretory granule
reserve in the cytoplasm is a morphological sign of
active secretion and release of biologically active
amines, primarily histamine and serotonin, into the
intercellular space.

In the ECL cell nucleus, an increase in the area
occupied by heterochromatin was noted: by 62,42% —
to 44,55 = 3,68 um? (p < 0,02) on day 1 and by
52,73% — to 38,61 + 2,44 um? (p < 0,01) on day 7.
Meanwhile, the heterochromatin-to-euchromatin
ratio areas (Shc/Sec) increased by 78,57% — to
0,65 + 0,05 (p < 0,01) on day 1 and by 107,41% — to
0,56 + 0,04 (p < 0,01) on day 7 of the experiment.
Interestingly, in some of the examined endocrine
cells, the ultrastructural features characteristic of the
exocytosis of secretory granules were found. The
presence of this phenomenon allows us to conclude
that chronic toluene intoxication likely does not lead
to inhibition or complete blockade of the intracellu-
lar transportation systems responsible for the trans-
location of mature secretory granules to the plasma
membrane and, in particular, to its basal pole. A sim-
ilar pattern of morphodynamic changes was observed
in the population of G cells of the rat GM on day 7 of
the experiment (Fig. 4).

In general, the toluene intoxication-induced
changes in the neuroendocrine apparatus of gastric
mucosal ECL cells at the early stages of the experi-
ment should be classified as impaired regeneration.

At later time points (days 30 and 60), the ultra-
structural changes in ECL cells were less pro-
nounced. During this period, activation of intracel-
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[Ipu y/IbTpacTPyKTYPHOM aHaIu3€e HaOII0aI0Ch
HapyIIeHUe IeJIOCTHOCTA OTPAaHHUYUBAIONIUX MEM-
OpaH OTHEebHBIX CEKPETOPHBIX rpaHys. I1o06HbIE
JleEeKThI CO3/1aBaJIU YCJIOBUSI JIs HEKOHTPOJIUPYeE-
MOTO BBIXO/Ia UX COJIEPKUMOTO B ITUTO30J1h (THAJIO-
IJIa3My), UTO SBJIAETCS MOP(OJIOTUUECKHUM Koppe-
JIATOM TIpoIecca AerpaHyasanuu. Ha 3JIeKTpOHHBIX
MUKpodoTorpaduax BU3yaJIn3upoBaJIUCh SHAOKPU-
HOITUTBI C PE3KO 00eHEHHBIM IIyJIOM CEKPETOPHBIX
rpaHy/l U IOBBIIIEHHON ONTUYECKON IIJIOTHOCTHIO
[OUTOIUIa3MbI, UTO, BEPOSTHO, CBUJIETEJIHCTBYET O
MOYTH MOJTHOU SKCKPEIUU CEKPETOPHOTO MPOAYKTA.
[TapansesnbHO B IIpelapaTax uieHTU(PUIIPOBAJIOCH
3HAYUTEIbHOE KOJHUYECTBO KJIETOK C OTCYTCTBHEM
rpaHy («arpaHyJIsapHBIX») U MaogudbepeHInpo-
BaHHBIX SHAOKpUHOIUTOB. OTAenpHble ECL-K1eTKN
HAaXOJIWJTUCh B COCTOSTHUY (HDYHKITMOHAIHHOTO UCTO-
I[eHNsA, TPOSABJIAIOIIETOCSA JETPAHYJAIMEH U pe3-
KAM COKpaIlleHUeM KOJIMYeCTBA BHYTPHUKJIETOUHBIX
OpraHeJuI.

[IpoBe/ileHHBIN KOJIMYECTBEHHBIM aHAIU3 IMO/-
TBEPAUJ BhIpa’keHHOE COKpallleHue 00beMa KIue-
BBIX BHYTPUKJIETOUHBIX KOMIIOHEHTOB ECL-KJ1eTok B
paHHEM IIOCTHHTOKCHUKAIIMOHHOM Tniepuoze. Cym-
MapHas IUIOMAAb ITUTOIUIa3Mbl, 3aHATAas CEKPETOP-
HBIMU TpaHysjamu (Scr), CHU3WIACh Ha 50,00 % K
1-M 1 Ha 60,17 % K 7-M CyTKaM MOocJie TpeKpaIieHus
BozzeticTBUA (p < 0,01 /it 060ux cpokos). Imo-
1a/1b, KOTOPYIO 3aHUMaJ KoMmIuiekc ['obmxu (Skr),
Tak)ke yYMeHbIIWIach Ha 28,0 % Ha 1-e CyTKH
(p < 0,05) ¥ Ha 34,61 % Ha 7-€ CyTKU, XOTS B IIOCTIE-
HEM CJIydae pa3HHUIlA ¢ KOHTPOJIEM He Oblla CTaTH-
CTHYeCKHU 3HauuMou (p > 0,05). [TosyueHHble naH-
HbIE YKa3bIBAIOT HA TO, UTO 3HAUYUTEJIbHAS YaCTh
nonynsanun ECL-KeToK Haxo/inaach B COCTOSTHUU
nmerpanysasinuu (puc. 2, 3). CTOnb CyIlecTBeHHOe
YMEHBIIIEHHE 3araca CEeKPEeTOPHBIX TPaHyJl B I[UTO-
IUIa3Me CIYKUT MOPQOJIOTHYECKUM CBHJIETEb-
CTBOM aKTHUBHOU CEKpeIUM W BhIOpoca Guosoruye-
CKV aKTUBHBIX aMUHOB, B TIEPBYI0 OUepeab THCTa-
MHHA ¥ CEPOTOHUHA, B MEKKJIETOUHOE ITPOCTPAHCTBO.

Co cropons! saapa ECL oTmeuasioch yBenndeHue
IUIOIIAIA, 3aHMMAaeMON TeTepOXpPOMAaTHHOM, Ha
62,42 % — 10 44,55 + 3,68 MkmM? (p < 0,02) U Ha
52,73 % — 1o 38,61 + 2,44 Mkm? (p < 0,01) Ha 1-e U
7-€& CyTKU COOTBETCTBEHHO, IIPU 3TOM COOTHOIIIEHUE
Srx/Sax yBeswumiock Ha 78,57 % — 10 0,65 + 0,05
(p < 0,01) Ha 1-e CyTKHU U Ha 107,41 % — 110 0,56 +
+ 0,04 (p < 0,01) Ha 7-e CYTKH DKCIIEDHMEHTA.
OTaeNbHO CIeyeT OTMETUTD, YTO B YACTH HCCIIEIO-
BAHHBIX SH/IOKDUHHBIX KJIETOK OOHApYy:KEeHBI YJIb-
TPACTPYKTYPHBIE TPU3HAKH, XapaKTEPHBIE JJIsI TTPO-
recca 9K30ITUTO3a CEKPETOPHBIX TpaHys. Hamudawe
JIaHHOTO (peHOMEeHa MO3BOJIAET cZeJlaTh BBIBOJ O

lular processes aimed at repair and compensation
of damage was noted, which correlated with the
increased systemic metabolism and recovery of the
organelle pool. Among the positive changes
observed, the following can be distinguished: an
increase in the number of free ribosomes and poly-
somal complexes; the formation of enlarged mito-
chondrial profiles with increased electron density of
the matrix; an increase in the relative proportion of
euchromatin in the nucleus; and an enlargement of
the tubular lumen of the rough endoplasmic reticu-
lum, filled with electron-dense material. The com-
bination of these features clearly indicates an inten-
sification of biosynthesis in cells.

A key aspect of the results obtained is the pro-
nounced heterogeneity of the response of gastric
endocrine cells (ECL and G cells) observed at all time
points of the study. This manifested as varying
degrees of their ultrastructural disarrangement and
damage to the membranes of secretory granules. The
data from ultrastructural and quantitative morpho-
metric analyses unequivocally indicated the phe-
nomenon of degranulation in the G cell populations
exclusively at the early stages of the study. This fact
received objective quantitative confirmation through
a statistically significant decrease in two key mor-
phometric parameters: the total area occupied by
secretory granules in the cytoplasm, as well as a
reduction in the Golgi complex area.

Chromatin reorganization was observed in the
nuclei of G cells during all time periods, character-
ized by an absolute and relative increase in the pro-
portion of heterochromatin compared to euchro-
matin. The heterochromatin-to-euchromatin areas
ratio (Shc/Sec) increased more than two-fold
(Table 1). Heterochromatin was localized not only
as a peripheral (marginal) layer but also formed
individual aggregates in the central regions of the
karyoplasm.

On days 30 and 60 after toluene exposure,
polymorphism of ultrastructural changes was reg-
istered in the G cell population. In the most
severely damaged cells, a marked dilation in RER
cisternae and the Golgi complex as well as enlarged
mitochondria with a lucent matrix and fragmented
cristae were observed. The combination of these
processes led to the formation of a vacuolated
cytoplasm pattern. Electron microscopy also
revealed significant differences in the number of
secretory granules and other organelles between
individual cells, which most likely apparently,
probably correspond to different stages of their
functional activity — from synthesis and accumula-
tion of secretion to its release.
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Puc. 2. ®parmenT ysibrpacTpykTypbl ECL-K/IeTKU KPBICHI Ha 1-€ CYyTKU
rocsie 60-THEBHOTO HHTAJISIMOHHOTO BO3/IEHCTBHSA TOJIYOJIOM: A — KOHTPOJIbHAs rpynna (yBesmdeHue (yB.) x18 000);
B — skcnepuMeHTasbHAsA rpymna (yB. X24 000). Habmrozaerces omycroiieHue cekpeTopHbIX rpanyJ (CT)
Fig. 2. Ultrastructural fragment of the rat ECL cell on day 1 after the 60-day toluene exposure:
A — control group (magnification x18 000); B — experimental group (magnification x24 000).
Depletion of secretory granules (SG) is observed

TOM, YTO XPOHIUYECKAsI MHTAJIAIISA ITapaMU TOJIy0JIa, The results obtained indicate that the response of
BEpPOSITHO, HE MPUBOAUT K HWHTUOMPOBAHUIO WU gastric endocrine cells to toluene intoxication con-
MTOJTHOM 6JI0KAaJie BHYTPUKJIETOYHBIX TPAHCIIOPTHBIX sists in the development of a range of nonspecific
CHCTEM, OTBETCTBEHHBIX 3a IepeMelleHHe CO3PEeB- degenerative changes in universal organelles. Simul-
IIIUX CEKPETOPHBIX TPAHyJI K IIa3MaTtuyeckoit mem- | taneously with the classical secretory mechanism

Puc. 3. YabrpacrpykrypHas opranusanys ECL-9HIOKpHHOINUTA B CJIM3UCTOH 06010UKe (HDYH/TATBHOTO OT/ENA JKEJTy/IKa
KPBICBI M3 9KCIIEPUMEHTAIbHOU TPYIIIBI HA 1-€ CYTKHU II0CJIe 60-THEBHOTO HHTAJISIIIMOHHOTO BO3ZIEHCTBUSI TOJIYOJIOM.
Busyansupyercst COCTOSHUE BBIPAYKEHHOM JIerpaHy AN GOTBIINHCTBO CEKPETOPHBIX TPAHYII
HMEIOT IIPU3HAKH OIyCTOIIEHU. YB. X24 000
Fig. 3. Ultrastructural organization of the rat ECL cell of the fundal gastric mucosa on day 1 after the 60-day
toluene exposure. A state of pronounced degranulation is visualized: most secretory granules show signs of depletion.
Magnification x24 000

Journal homepage: http://jsms.ngmu.ru 105



®eduenxo C.H., bubux E.FO. / Journal of Siberian Medical Sciences T. 10, N? 3 (2026)

Puc. 4. Yasrpactpykrypa ¢pparmerTa G-3HJOKPHHOIIUTA CJTU3UCTON 0O0JI0UKH KEJIYIKA KPBICHI HA 7-€ CYyTKU
rocsie 60-THEBHOTO MHTJIAIMOHHOTO BO3/I€UCTBHA TOIY0I0M. OTUET/INBO BHIHBI CEKPETOPHBIE TPAHYJIBI,
HaOJTIOZAIOTCS SIBJIEHUS JIETPaHyJISIIUU. YB. x38 000
Fig. 4. Ultrastructural fragment of the rat gastric mucosal G cell on day 7 after the 60-day toluene exposure.
Secretory granules are clearly visible; signs of degranulation are observed. Magnification x38 000

OpaHe W, B YaCTHOCTH, K ee 0a3aJbHOMY IIOJIIOCY.
CxonHBIN XapakTep MOpOAUHAMUYECKUX U3MeHe-
HUH OTMEYEH U B HOIYJIAIUY FACTPUHIIPOAYIIUPYIO-
mux G-spaokpuHonutoB COK Kpbic Ha 7-€ CyTKU
SKCIepuMeHTa (puc. 4).

B nie;1oM n3MeHeHw, 3aTparuBaoIe HEHPOIH-
noxkpuHHbIN anmapar ECL-xierok COXK B pesysb-
TaTe WHTALANUH [apaM{ TOJIyoJia B HadyaJibHbIE
CPOKU SKCIIEPHUMEHTa, cJieflyeT KBajJu(UIUPOBATH
KaK JucpereHepaToOpHEIE.

B otmanenHble cpoku HabimwaeHus (30-e u
60-€e CyTKH) yJIbTPaCTPYKTYPHBIE TPE0Opa30OBaAHUSA
B ECL-3HI0KpHHOIITAX HOCHJIN MeHee HHTEHCHB-
HBII Xapakrtep. B 9TOT mepuosa ormeuasnach akTH-
BHU3anus BHYTPUKJIETOYHBIX IIPOIECCOB, HAIIPaB-
JIEHHBIX Ha perapanuio U KOMIIEHCAIIUIO ITOBPeX-
JleHUH, YTO KOPPEeJINpOBaJIo ¢ MHTeHCcUupUuKanuen
obmero merabosrn3Ma U BOCIOJIHEHHEM ITyJa
opraesui. Cpenu HaOI0JaeMbIX ITO3UTHUBHBIX
CZIBUTOB MOKHO BBIJI€JINTH: BO3pACTAHUE YUCJIEeH-
HOCTH CBOOOJHBIX PHOOCOM U IIOJTMCOMAJIbHBIX
KOMILJIEKCOB;  (OpMHpOBaHME  YKPYIHEHHBIX
MUTOXOHJ[PUAJIbHBIX TpOoduaeil ¢ IMOBBIIIEHHOU

(exocytosis), an alternative pathway of secretory
product release is observed in these cells. This path-
way consists of the lysis of granules within numerous
cytoplasmic vacuoles, which is morphologically iden-
tified as the process of degranulation.

Ultrastructural changes in the nuclear apparatus
of G cells, in particular the increase in heterochro-
matin area and its predominance over euchromatin
in the early stages, most likely indicate suppression
of protein-synthesizing function in this cell popula-
tion (Table 1). By the end of the experiment (day 60),
in the cytoplasm of G cells positive dynamics charac-
terized by an increase in the number of organelles
responsible for synthesis and modification of the
secretory product was observed. A growth in the
number of rough endoplasmic reticulum cisternae
was noted, the structure of the Golgi apparatus
became more complex due to an increase in its ele-
ments, and the number of polysomes and small
mitochondria with intact cristae ultrastructure also
increased. These changes can be interpreted as a
morphological manifestation of intracellular regen-
eration and functional recovery.
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SJIEKTPOHHOH IIJIOTHOCTBI0O MATPHUKCA; yBeJIMYe-
HHEe OTHOCHUTEJIbHOH! JIOJTM DyXpOMAaTHHA B f/IPE;
paciimpeHne MpocBeTa KaHAJIBIEB I'PaHYIAPHOU
SH/IOIIa3MATUUYECKOU CeTH, 3aIlOJTHEHHBIX 3JIEK-
TPOHHO-IIJIOTHBIM MaTepuasioM. COBOKYIHOCTb
STUX TMPHU3HAKOB OJHO3HAYHO YKa3bIBaeT Ha
WHTEHCU(UKAUIO TIPOIECCOB OHUOCHHTE3a B
KJIeTKax.

KitroueBbIM acmeKkToM MOJIyYeHHBIX PE3YIbTaTOB
SIBJISIETCS] BRIPQJKEHHAsI TeTEPOT€HHOCTh PEAKIIUH CO
CTOPOHBI SHJIOKPUHHBIX KJIETOK skemynaka (ECL- u
G-kiieTok), HabII0/1aeMas Ha BCEX CPOKAX HCCIIeJ0-
BaHUA. OTO MPOSBIISJIOCH B PA3JINYHON CTEIEeHHU
Jle30praHU3alNH UX YIATPACTPYKTYPHI U TOBPEK/Ie-
HUSI MeMOpaH CEeKPETOPHBIX rpaHys. JlaHHbIE YJIb-
TPACTPYKTYPHOTO W KOJHMYECTBEHHOTO MOpdome-
TPHUUYECKOTO aHAIN30B OJHO3HAYHO CBU/IETEIHCTBO-
B O (peHOMEHe AerpaHy/IAIUNd B TMOIMYJISAIUIX
G-KJIETOK HCKJIIOUUTEJbHO B PaHHHE CPOKH UCCIIe-
noBaHusA. JlaHHBIA (aKT MOJMYydrs OOBEKTHBHOE
KOJINUECTBEHHOE TOATBEPIK/€HNE Yepe3 CTaTHUCTHU-
YeCcKH 3HAUNMOE YMEHbIIIEHUE IBYX KJIIOUEeBBIX MOP-
(domeTprUecKUX IapaMeTpoOB: OOINEH IUIOIIA/IH,
3aHUMAeMON CEKPETOPHBIMU TPaHyJIAMH B IIHTO-
IUIa3Me, a TaKKe PeOyKIUU IUIOMAmu POt
koMmIiekca I'oJIbaKu.

YcraHnoBeHO, 9TO B siipax G-KJIETOK BO BCe Bpe-
MEeHHBIE MTEPUOIBI IIPOUCXO/INIIA TIEPEeCTPOHKa XPO-
MaTHHA, XapaKTepU3yomasacsa abCoTIOTHHIM 1 OTHO-
CUTEIbHBIM YBEJIMUYEHHEM JIOJIU TeTepOXpOMaThHA
[0 CpaBHEHHWIO ¢ 3yxpoMaTtuHoM. COOTHOIIEHHE
IUIONIAJIEN TeTepO- U dyXpoMaTruHa (Srx/Sax) yBesu-
4mI0Cch 6oJiee yeM B 2 pasa (Tabi. 1). I'erepoxpoma-
THH JIOKAJIN30BAJICA HE TOJIBKO B BUJIE Iepudepuye-
cKoro (MapruHaJbHOTO) CJIOS, HO U (OPMHUPOBA
OT/leJIbHbIE KOHEHCATHl B I[€HTPAJIbHBIX yUacTKaX
KapHUOILIa3MBL.

Ha 30-e u 60-e cyTKu mocjie WHTOKCHKAIINMU
TOJIYOJIOM B TONyJANUU G-KJIETOK PErucTPpUpO-
BaJICA TOJUMOP(U3M YIBTPACTPYKTYPHBIX HU3Me-
HeHul. B Hawmbosiee TOBpPEK/IEHHBIX KJIETKAX
OTMEeUaJnCh BBHIPAKEHHOE pacCIIupeHue IUCTepPH
I'p3C u anmapara Tl'onpaxu, HaJINUKE yBEJIUYEH-
HBIX MUTOXOHAPHUH C IPOCBETIIEHHBIM MaTPUKCOM
u ¢QparmeHTHpOBaHHBIMU Kpuctamu. COBOKyII-
HOCTb 3TUX IPOIECCOB IPUBOANIA K GOPMHUPOBaA-
HHIO KaPTUHBI BAKYOJIU3UPOBAHHOU IUTOILJIA3MBI.
DJIeKTPOHHAsT MUKPOCKOIHUS TaKKe BBbIABUIA
CYII[eCTBEHHbBIE PA3JINYUS B KOJTUUECTBE CEKPETOP-
HBIX TPaHyJ U APYTUX OPTaHeUI MEXAY OTJIesIb-
HBIMU KJIETKAMH, YTO, BEPOSTHO, COOTBETCTBYET
Pa3HBIM CcTAAUAM UX QYHKIIMOHAJIBHON aKTHBHO-
CTH — OT CHHTEe3a U HAKOIUJIEHUs CEKpeTa /10 eTo
BBICBOOOXK/IEHUS.

DISCUSSION

Our study has shown that chronic toluene intox-
ication induces marked ultrastructural changes in
rat gastric endocrine cells, the nature of which
depends on the duration of the post-intoxication
period. The changes revealed are nonspecific and
are similar to the responses of APUD-system cells
to various pathogenic influences described in the
literature [1, 3, 6].

The most significant alterations were recorded
at early time points (days 1—7). The destruction of
mitochondrial cristae, decreased electron density
of the matrix, and the appearance of myelin fig-
ures observed in ECL cells are widely accepted
ultrastructural markers of mitochondrial dys-
function [4, 11]. Similar changes have been
described in various pathologies, including
lesions in the intestinal epithelium [8, 9] and car-
diomyocytes in cardiomyopathy [11, 12]. The
decrease in the total mitochondrial area (Sm) by
32—35% during the first days of the experiment
(p < 0,01) indicates a significant suppression of
the energy-producing function of endocrine cells.
This is consistent with data indicating that tolu-
ene is capable for derangement of the dynamic
balance of the mitochondrial population, leading
to the appearance of organelles with disarranged
cristae [4].

Simultaneously with mitochondrial damage, we
observed a reduction in the synthetic apparatus of
the cells. A nearly two-fold decrease in the area of the
Golgi complex (Sgc) and secretory granules (Ssg)
(p < 0,01), combined with an increase in the propor-
tion of heterochromatin in the nucleus (a growth in
the Shc/Sec ratio by 107% by day 7), indicates sup-
pression of protein-synthesizing function and secre-
tory activity. Nuclear heterochromatinization and
chromatin margination are classical signs of reduced
transcriptional activity of the cell [5, 6]. The poorly
differentiated “agranular” cells and endocrine cells
observed most probably reflect the processes of
degranulation and depletion of the cellular pool,
which may be a consequence of both enhancement of
release of secretions and derangement of resynthesis
processes.

It is important to note that, despite the destruc-
tive changes observed in the early stages of the
experiment, some cells retained signs of exocyto-
sis. This suggests that long-term toluene exposure
does not completely block the transportation sys-
tems responsible for secretory granule release. The
presence of an alternative pathway for secretory
release of secretions — via granular lysis within
cytoplasmic vacuoles — may also be considered a
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Ta6smmua 1. laHHbIe, OTpaXKarole H3MeHEeHHs YJIbTPACTPYKTYPbl G-KJIETOK CIU3UCTON 000JI0UKH XKeTyAKa
y M0JIOBO3PEJIBIX KPBIC B Pa3Hble NEPUO/IbI ITOCJIe UHTATALUN TOTYy0JI0OM
Table 1. Data reflecting changes in the ultrastructure of gastric mucosal G cells in sexually mature rats at different time

periods after toluene exposure

Mop¢omeTpuyecKkHe noKasareau KoHnTpoub 1-e cyTkm KoHTpob 7-e CyTKH
Morphometric parameters Control Day 1 Control Day 7

Ss1, MkM? / Sn, pm? 119,24 + 4,84 108,71 + 8,14 115,87 £ 45,4 98,3 +6,79
Sax, MkM? / Sec, pm? 96,81 + 2,42 77,99 + 4,34 94,44 + 9,87 48,69 + 4,35
Srx, mkm? / Shc, um? 27,43 +£3,11 39,12 +2,88 25,28 £ 221 37,61+2,14
Srx/Sax | She/Sec 0,28 +£0,02 0,50+ 0,03 0,27 £0,01 0,77 +£0,01
Lrx, Mkm / Lhc, pm 0,71+ 0,05 0,93 +0,01 0,61 +0,04 1,14 + 0,04
Scr, MkM? / Ssg, pm? 94,21 + 4,56 44,7 + 2,67 89,3 £6,28 48,06 + 4,21
Skr, MKM? / Sgc, um? 15,97 + 4,56 12,1+1,26 16,03 + 2,85 9,07+1,1
SM, MkM? / Sm, pm? 58,42 + 4,13 49,51+ 2,42 52,81 +5,37 29,57 £2,3
MopdomeTpuueckue nokasaream KonTpouib 30-e cyTku KoHTpoib 60-e cyTkH
Morphometric parameters Control Day 30 Control Day 60

Ss1, MKkM? / Sn, pm? 110,18 + 4,86 118,08 + 3,72 108,14+ 7,71 104,14 + 7,08
Sax, MxM? / Sec, pm? 92,34+ 3,49 91,48 + 4,18 83,37 £6,32 88,17 + 6,68
Srx, MkM? / Shc, pm? 27,81+2,38 30,14 £ 1,11 24,37 £ 2,24 27,76 £ 3,27
Srx/Sax | She/Sec 0,30 £0,02 0,32+0,01 0,29 £0,01 0,31 +0,02
Lrx, mkm / Lhc, um 0,68+ 0,03 0,70 £ 0,02 0,71+0,01 0,69+ 0,02
Scr, MKkM? / Ssg, um? 83,40 £ 3,71 80,78 + 2,34 89,71 + 4,38 86,64 * 8,35
Skr, MKM? / Sgc, um? 15,17 + 2,44 14,18+ 1,18 13,71+ 1,27 16,78 + 1,82
Sm, MKM? / Sm, pm? 57,12 £ 3,73 40,71 £ 2,14 59,89 + 2,36 58,81 + 4,83

IpumMeyaHUue.

S - miomap Apa; SaxX — MJIoWALb 3YXPOMATHHA; STX — IJIOLIa/lb FeTEPOXPOMATHHA; STX/S3X — COOTHOLIEHUE

MJIOIA/Ied reTepo- M 3yXpPOMaTHHA; Lrx — TOJIMHA CJ0S MapruHaJbHOTO XPOMaTHHA; Scr — o6lias IJIOWE@/(b LUTOMIA3Mbl, 3aHATAs
CEeKpPETOPHBIMU IpaHy/IaMu; SKT — IIoa b npodust koMiiekca [obaKu; SM - cyMMapHasi IJI01a/lb MUTOXOH/IPUH B ITUTOIJIa3Me.

Abbreviations:

Sn - area of the nucleus; Sec - euchromatin area; Shc - heterochromatin area; Shc/Sec - heterochromatin-to-

euchromatin areas ratio; Lhc - thickness of the marginal chromatin layer; Ssg - total cytoplasmic area occupied by secretory granules; Sgc -

Golgi complex area; Sm - total area of mitochondria in the cytoplasm.

[TosrydeHHBIE PE3YJIBTATHl CBU/IETETHCTBYIOT O
TOM, UTO PEaKIUs SHJIOKPUHHBIX KJIETOK JKeTyIKa
Ha MHTOKCUKAIIHMIO TOJIYOJIOM 3aKJII0UAETCs B Pa3BU-
TUU KOMILIEKCA HecleluduIeckux aucrpoduye-
CKUX H3MEHEHHUH OpraHesul OOIIero Ha3HAYEHWS.
IMapajiesIbHO € KJIACCUYECKUMU MeXaHU3MaMu
cekperuu (3K301UTO3) B TAHHBIX KJIETKaX Ha0JII0/1a-
eTCsl peayu3anus aJbTePHATUBHOTO ITyTU BBICBO-
00K/IeHUS] CEKPETOPHOTO MPOJAYKTA. ITOT IyTh
3aKJIIOYAETCA B JIM3UCE TPAHYJI BHYTPU MHOTOYHC-
JIEHHBIX [UTOIIJIA3MATHUECKUX BAKyOJIEH, YTO MOP-
donormueckn wuseHTUUIUPYETCS KaK IMIPOIECC
JIETPAHYJIALUH.

VIbTpacTpyKTYpHbBIE CABUTU B SIJIEPHOM arma-
pare G-KJIETOK, B YACTHOCTH yBeJIMUEHHE IIOIIA/IH
reTepoxXpoMaTHHA U €ro JIOMUHUPOBAaHUE HaJ| DyX-
pOMaTUHOM B paHHUE CPOKH, C BBICOKOU moJiel
BEPOSITHOCTA  CBUJIETEJIBCTBYIOT O  CYIIPECCUU
6eI0K-CUHTE3UpyIollell (PyHKIUU B JTAHHOU Kie-
TOYHOU monynsnuu (cMm. Taba. 1). K 3aBepiraio-
eMy 9TaIly sKcrepuMeHTa (60-e CYyTKH) B ITUTO-
m1azMe G-KJIeTOK HaOGJII0/1aach ITOJIOKUTENIbHAS
OUHAMUKA, XapaKTePU3YIIIAsAcsI YBeJTUYEHHEM

pathological mechanism that exacerbates cell
exhaustion [1, 4].

At later time points (days 30-60), we observed
activation of compensatory and restorative pro-
cesses. An increase in the number of free ribosomes
and polysomes, the appearance of mitochondria with
dense matrix and intact cristae, as well as normaliza-
tion of the chromatin ratio in the nucleus, are con-
vincing morphological signs of intracellular regen-
eration [5, 10]. Restoration of morphometric param-
eters (Ssg, Sgc, Sm) to levels close to control values
(p > 0,05) indicates the high reparative potential of
gastric endocrine cells. However, the observed poly-
morphism of ultrastructural changes at later time
points (the presence of both recovering cells and
cells with vacuolated cytoplasm and destructive
changes in mitochondria) indicates the heterogene-
ity of the cell population and different rates of regen-
eration, which is characteristic of the diffuse endo-
crine system [1, 6].

Thus, our findings expand the understanding of
the morphogenesis of toluene intoxication. It has
been shown that the key element of damage to gas-
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KOJINYECTBA OpPTraHeI, 00ecIeunBaIOINX CHHTES U
moaudukanuio cexkpera. OTmeuasicss pocT udmcia
[UCTEPH TPAHYJIIPHOH SH/IOIIJIA3MAaTUUECKOH CETH,
YCJIOXKHAJIACh CTPYKTypa amnmapaTta [oapmxu 3a
CUET yBeJIMUEHUs ero 3JeMeHTOB, a TAaKXKe Bo3pac-
Tajla YUCIEHHOCTh MOJIICOM U MEJTKHX MHUTOXOH-
IpUH, KOTOpblE COXPAHSJIM HEIOBPEXKIEHHYIO
(MHTAKTHYI0) YJIBTPACTPYKTYpPy KpHCT. JlaHHBIE
U3MEeHEHHUs MOTYT ObITb MHTEPIPETHPOBAHBI KakK
MopdoJsiornueckoe IMpOsABJIEHUE IIPOLIECCOB BHY-
TPUKJIETOYHOHN pereHepanuu u (GpyHKIHOHATIBHOTO
BOCCTAHOBJIEHUS.

OBCYXJIEHUNE

[TpoBenenHOE HCCTIEAOBAHNE IOKA3AII0, UTO XPO-
HUYecKas WHTaIANUA TOJIy0JIOM UHAYIIHPYeET BhIpa-
JKeHHBIE YJIbTPACTPYKTYpHbIE HU3MEHEHUs B JHO-
KPUHHBIX KJIETKAX JKeJyJKa KpBIC, XapaKTep
KOTOPBIX 3aBHUCUT OT IPOAOIKUTEIBHOCTH IIOCT-
MHTOKCHUKAIIMOHHOTO MePHOo/ia. BhIsBIeHHbIE N3Me-
HEHUS HOCAT HeCceIu(PUIecKU XapaKTep U CXOHbI
C ONMCAHHBIMHU B JINTEPATYpe PeaKIUAMHU KJIETOK
APUD-cucrtembl Ha pas3jdYHble NAaTOr€HHBIE BO3-
JencrBu [1, 3, 6].

HawuboJiee 3HaUNTEIbHBIE TOBPEXKAEHNA 3aUK-
CHUPOBAHbBI B paHHUE CPOKU (1—7-€ cyTKH). [lecTpyk-
OUS MUTOXOHZPUAIBHBIX KPUCT, CHIDKEHUE DJIEK-
TPOHHOH IIJIOTHOCTU MaTPHUKCA U MOsIBJIEHUE MUe-
JIMHOTIONOOHBIX Quryp, HabJo/laeMble HaMU B
ECL-xieTKax, ABJISIOTCA OOIENIPU3HAHHBIMU YJIb-
TPAaCTPYKTYPHBIMU MapKepaMM MHUTOXOH/PHUAIIb-
HOU JuCHYHKIUU [4, 11]. AHaJTOTUYHbIE U3MEHe-
HUSA ONKUCAHBI IPU PA3JIMYHBIX ITATOJIOTHUAX, BKIIIO-
yas MOBPeX/JeHUs KUIleyHoro snutenus [8, 9] u
KapJINOMUOIIUTOB MPHU KapAuOMHUomaTuu [11, 12].
CHIKeHHEe CYMMapHOU IUIOIIAAN MUTOXOHJIPUH
(Sm) Ha 32-35 % B IEPBbIE CYTKU SKCIEPUMEHTA
(p < 0,01) cBUZETEIBCTBYET O 3HAYNUTEIBHOM yTHE-
TEHUU SHEPrompoAYIHUPYIOMEeHd (QYHKIUN 3DHAO-
KPUHOIIUTOB. JTO COIJIACYETCS € JAHHBIMHU O TOM,
YTO TOJIyOJI CHOCOOEH HApyIIaTh JAWHAMUYECKUH
OaJylaHC MUTOXOHAPHUATBHOU HOMYJISIIIUU, IIPUBOS
K IOSBJIEHUIO OPTaHe/UI C /1e30PraHU30BAHHBIMU
Kpucrtamu [4].

[TapannenpHO ¢ HOBpEXAEHUEM MUTOXOHAPUHN
MBI HaOJIIO/IaIN PeIyKIINI0 CUHTETUYECKOro amnma-
para KiIeTOK. YMeHbIlIeHUe IUIOMAAN KOMILIEKCa
Tonpyixu (SKT) ¥ ceKpeTOPHBIX TpaHyJI (Scr) mouTu
B 2 pasza (p < 0,01) B COYETAHUH C YBEJTHIEHUEM
JTOJTU TETEPOXPOMATHHA B siApe (POCT COOTHOIIIEHUS
Srx/Sax Ha 107 % K 7-M CyTKaM) yKas3bIBaeT Ha
nosiaByieHue OeJIOKCUHTe3Upyoollell (QyHKIUU U
CEKPETOPHOH AaKTHUBHOCTH. [eTepoxXxpoMaTHUHU3a-
ous sApa W MapruHanus XpOMAaTHHA SBJISIOTCSA

tric endocrine cells is mitochondrial dysfunction and
suppression of protein synthesis, which are capable
of reversal upon cessation of toxicant exposure. The
revealed dynamics of ultrastructural changes may
serve as a morphological rationale for the search for
methods of correcting secretory disorders in chronic
intoxications.

CONCLUSION

The results of our study allow to conclude that
gastric endocrine cells respond to toluene exposure
through a number of nonspecific modifications of
the ultrastructure of organelles that perform gen-
eral cellular functions. Simultaneously with con-
ventional secretory pathways, such as molecular
extrusion and classical exocytosis, in cells of the
APUD-system, an alternative mechanism of release
of secretions is activated. This mechanism is real-
ized through the lysis of secretory granule contents
within numerous cytoplasmic vacuoles, which is
morphologically identified as the process of degran-
ulation.

The vast majority of the studied G and ECL cells
in the acute post-intoxication period were in a state
characterized by signs of functional exhaustion.
Marked destruction of key cellular systems was
noted: both energy-producing (mitochondrial) and
biosynthetic ones, represented by the RER and Golgi
complex. At the same time, a direct correlation was
revealed between the duration of toxicant exposure
and the spectrum of structural rearrangements of
mitochondria: their type and severity changed over
the course of the experiment.

At later time points (the late phase of the exper-
iment), compensatory and restorative intracellular
mechanisms were activated in the cytoplasm of
ECL and G cells. The morphological correlate of
this process was an increase in the number of
organelles directly involved in synthesis and pro-
cessing of secretions: proliferation of elements of
the RER and Golgi complex cisternae was observed.
Simultaneously, an increase in the number of poly-
somal complexes was noted, as well as the appear-
ance of the population of small mitochondria with
well-preserved architecture of cristae. The combi-
nation of these ultrastructural changes can be
regarded as robust morphological evidence of the
initiation and progression of intracellular regen-
eration processes aimed at recovering impaired
secretory functions.
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KJIACCHYECKUMU NPU3HAKAMU CHIIKEHUS TpPaHC-
KPUIITMOHHOU aKTUBHOCTH KJIEeTKH [5, 6]. O6Hapy-
JKEeHHble HaMU «arpaHyJIsIpHbIe» KJIETKU U DHJI0-
KPUHOIIUTHI C IPU3HAKAMU HU3KOU auddepeHIu-
PpOBKH, BEPOSATHO, OTpaXkKaIT IIPOIIECCHI
JIETPaHyJISIIMU U KCTOIIEHUS KJIETOYHOTO IIyJja,
YTO MOXKET OBITh CJIEJICTBUEM KaK YCHJIEHHOTO
BBIOpOCA CeKpeTa, TaK U HapYLIEHUS IPOIECCOB €TO
pecuHTesa.

BaXHO OTMETHUTH, UYTO HA (POHE JIeCTPYKTUBHBIX
U3MeHEeHU! B paHHUE CPOKU B YaCTU KJIETOK COXpa-
HSUTUCH IPU3HAKU 9K301[UT03a. Hasmnuue anpTepHa-
TUBHOTO IIyTU BBICBOOOMK/IEHUS CEKpeTa — IIyTeEM
JIM3HCcA TPaHyJsl BHYTPU IIUTOIIA3MaTUUECKUX BaKy-
0JIeN — TaK)Ke MOXKET PacCMaTPUBATHCA KaK MaToOJIO-
THYECKUN MEXaHWU3M, YCYTYOJISIONIUN HCTOIIEeHIe
KJIETKH [1, 4].

B otnasmennble cpoku (30—60-e CYyTKHM) HaMu
3a(pUKCHpOBaHA AKTUBAIUA KOMIIEHCATOPHO-BOC-
CTAaHOBUTEJBHBIX IIPOIIECCOB. YBEJIHUEHHE YHCIa
CBOOOTHBIX prOOCOM U TIOJIUCOM, TTOSBJIEHUE MUTO-
XOHZPUU C IUIOTHBIM MATPUKCOM W WHTAaKTHBIMHU
KpHCTaMH, a TaKXKe HOPMAaIU3alus COOTHOIIEHUS
XpOMATHHA B S/IPE SABJIAIOTCA yOeTUTEeTbHBIMU MOP-
(¢osornueckuMu NOPU3HAKAMU BHYTPUKJIETOUHOU
pereneparuu [5, 10]. BoccranoBinenue mopdgome-
TPUUYECKUX MOKazaTesnei (Scr, Skr, SM) [0 ypOBHA,
OJIMBKOTO K 3HAYEHUSAM B KOHTPOJIBHOU TpYIIIE
(p > 0,05), CBUJIETEJIHCTBYET O BLICOKOM perapaTHB-
HOM IIOTEHIHaJIe DHIOKPHUHHBIX KJIETOK JKeIyaKa.
OpHako HaOJIOaeMbId  MOJUMOPGU3M  yJIbTPa-
CTPYKTYPHBIX HM3MEHEHUH Ha MO3JHUX CPOKax
(HayMuyMe KaK BOCCTAaHABJIUBAIOIIUXCS KJIETOK, TAK U
KJIETOK C BaKyOJU3WPOBAHHOU IUTOIUIA3MOU U
JIECTPYKTUBHBIMHI MHUTOXOHZ[PUSAMU) YKa3bIBaeT Ha
TeTePOTEHHOCTh KJIETOYHOH MOIYJISAINH U Pa3Ind-
HYI0 CKOPOCTb pereHepanuy, YTO XapaKTepHO JJid
b Gy3HOU SHIOKPUHHOU CUCTEMBI [1, 6].

Takum 006pa3oM, IOJIyueHHble HaMU JTaHHBIE
pacuIupsIOT IpeicTaBiaeHus 0 MopdoreHese ToIyo-
JIOBOM WMHTOKcHUKanuu. [IokazaHO, UTO KJIIOUEBHIM
3BEHOM IOBPEXKJIEHUS DSHIOKPUHOIIUTOB >KeJTy/IKa
SIBJISIETCSI MUTOXOH/IpUIbHASA TUCHYHKITUSA U YyTHE-
TEeHHEe IIPOIECCOB CHHTe3a OeKOB, KOTOpbHIE IPU
MpeKpaIleHUuu BO3/IENCTBUS TOKCUKAHTA CIIOCOOHBI
K 0OpaTHOMy pa3BUTHIO. BBISBJIEHHAs AUHAMHUKA
VJIBTPACTPYKTYPHBIX H3MEHEHUI MOXKeT CIIY>KUTh
MOpPGOJIOTHYECKUM OOOCHOBAaHUEM JIJIsI TIOMCKA
CPEJICTB KOPPEKITNU CEKPETOPHBIX HAPYIIEHUH TPU
XPOHUYECKUX WHTOKCHUKAIUIX.

3AK/IOYEHUE

PeBy.TIbTaTI)I IIPpOBEIEHHOT O HCCIeJ0BaHUA
IMO3BOJIAIOT KOHCTAaTHUPOBaTb, 4YTO KJIETKH OH/0-

KPUHHOH CHCTEMBI JKeTyIKA IEMOHCTPUPYIOT OTBET-
HYIO0 PEaKIIUI0 HAa TOKCUYECKOE BO3/IENCTBIE TOJIYO-
JIOM B BUIe KOMILIEKCA HecTelupuIecKux Moiudu-
KaI[U# YJIbTPACTPYKTYPBI OpPTaHesLI, BHITOTHSIOIIINX
obmrre uia kieTku yHknun. [TapanienbHo ¢ Tpa-
JMUIIMOHHBIMY IyTSAMU CEKPEIUU, TAKUMH KaK MeXa-
HU3MBI MOJIEKYJIIPHOU SKCTPY3UH U KJIACCUIECKOTO
9K301TUTO3a, B KieTkax APUD-cucrembl (amymoru-
Tax) aKTUBUPYETCs aJIbTEPHATUBHBIH CIIOCOO BBHICBO-
OOXKIEHUS CEeKPETOPHOTO MPOAYKTA. IDTOT CHOCOO
peanusyercsl TOCPEJCTBOM JIM3HCA COMEPKUMOTO
CEeKPETOPHBIX TPaHyJl BHYTPH MHOTOYHCIEHHBIX
OUTOIIA3MAaTUYECKUX BaKyoJield, IYTO MOPGhOIOTH-
JecKH WJIeHTUPUIUPYeTCsA KaK Ipoliecc JeTrpaHy-
JISIIUH.

[Momasisioniee OOJBIIMHCTBO HCCIIEIOBAHHBIX
G- u ECL-kJyIeTOK B OCTDBIH IepHoJ; I0CjIe NHTOK-
CUKaIlU HAXO/IUJIOCh B COCTOSTHU U, XapaKTePU3YIO-
meMces TpU3HAKaMH  (PYHKIHOHAIBHOTO HCTO-
meHusA. OTMedeHa BBIpAKEHHAs JIeCTPYKITUSA
KJIIOUEBBIX KJIETOUHBIX allllapaTOB: KaK JHEPTo-
MPOJIyIUpyIoIero (MUTOXOHAPUAIBLHOTO), TaK H
OMOCHUHTETUYECKOTO, TpejicTaBiaeHHoro I'pdC u
komItekcoM [obmxu. [Ipu 5TOM BbIABJIEHA MpS-
Masg 3aBUCHUMOCTh MEXKAY IPOAOJIKUTEIBHOCTHIO
BO3/IEHICTBUS TOKCHKAHTA U CIEKTPOM CTPYKTYpP-
HBIX TIEPECTPOEK MUTOXOHAPHUI: UX TUIl U CTEIIEeHb
BBIPAIKEHHOCTH U3MEHSINCH B IUHAMUKE SKCIIEPHU-
MEeHTa.

B otnanennbie cpoku Hab0eHus (O3 THSS
¢daza skcnepumenrta) B 1muromiazme ECL- wu
G-3H/IOKPUHOIIUTOB aKTUBU3UPOBAINCH KOMII€H-
CaTOPHO-BOCCTAHOBUTEJIbHBIE BHYTPUKJIETOUHBIE
MexXaHu3Mbl. MopdOJOTHYECKUM KOPPEeIATOM
3TOTO MpoIlecca CIYKUIO YBEJIMUYEeHUE KOJIuue-
CTBa OPTaHEeJJI, HEIOCPECTBEHHO 3a/]eICTBOBAH-
HBIX B CHHTe3e B 00paboTKe cekpera: HabJIoa-
sachk mposudepanus 3JeMEHTOB T'pPaHyJIApHOH
SHAOIIA3MATUYECKON CEeTH U IIUCTEPH KOM-
mwiekca Tonpmxu. OJHOBPEMEHHO OTMevascs
pOCT YHCJIEHHOCTH IOJHUCOMAJIBHBIX KOMILJIEK-
COB, a Tak)ke IMOABJIEHUE IOMYJIAINUN METKUX
MHUTOXOHJPHUU C YETKO COXpPAaHEHHOH apXUTEKTO-
HUKOU KpucT. COBOKYIITHOCTh YKa3aHHBIX yIbTpPa-
CTPYKTYPHBIX CIABUTOB MOXKET OBITH pacleHeHa
Kak ybenuteabHOe MOP(QOJIOTHUECKOE CBUJE-
TEJbCTBO 3aIlyCKa U MPOTPECCUPOBAHUS IIPOIEC-
COB BHYTPUKJIETOYHOH pereHepanuu, HaIpaB-
JIEHHBIX Ha BOCCTAHOBJIEHNE HAPYLIEHHBIX CEKpe-
TOPHBIX PYyHKITUH.

KoH}uKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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Onenka ¢pusnueckoro pa3suTua U GyHKIIMOHAIHHBIX MOKa3arejaen
Y CTYI€EHTOB-IIEPBOKYPCHUKOB 2025/26 yueOHOro roja B Bo3pacre
16—17 JieT B CPAaBHEHUH C JaHHBIMU 11-JIETHEU JAaBHOCTU

H.H. Hexxkuna, 10.B. HUucrakosa, O.B. Kynaurus, E.B. lllautkoBa, B.[l. KazakoBa

@I'BOY BO «HeaHnosckuil 2ocydapcmeetHblil meduyuHckuil ynusepcumem» Munzdpasa Poccuu, Heanogo, Poccus

AHHOTAIINA

BBepnenue. CoxpaHeHUE 37I0POBbsI CTYIEHTOB, B TOM YHCJIe OOYUAOIINXCSA B MEAUIIUHCKUX By3aX, SIBJISETCS OHOMN
13 IPHOPUTETHBIX 33/1a4 rocyzapcrea. Ocobyro aKTyaIbHOCTD IIPE/ICTABIISET U3YUEeHUE COCTOSTHUS 3/10POBbsI CTYZEHTOB B
BO3pacTe 16—17 JIeT, IOCTYNHUBIINX Ha IEPBbI KypC B MEAUIIUHCKUN BY3, U €r0 IUHAMUKY HA MPOTSKEHUH IIOCTIETHUX
JIeCATUIETUH.

IT e 1 b . [IpoBecTH CPAaBHUTEIBHBIN aHAIN3 HU3UIECKOTO PA3BUTHUA U (DYHKIIMOHAIBHBIX [I0KA3aTesIel IEPBOKYPCHUKOB
B BO3pacre 16—17 JieT, 00y4JaBIIuXcs B 2025/26 U 2014/15 y4eOHBIX TO/aX.

MaTepuanbs U MeTOJ/bl. [IpOBeIEeHO CPABHUTEIBHOE, PECTPOCIIEKTUBHO-IIPOCIIEKTHBHOE HCCIIEIOBAHUE C
y4acTHeM 225 CTY[EHTOB IEPBOr0 Kypca [BaHOBCKOTO TOCYAapCTBEHHOTO MEHIIMHCKOTO YHHUBEPCHTETa B BO3pacTe
16—17 siet (156 AeByIIeK U 69 IOHOIIEN; 115 CTYZIEHTOB 00yJaynch Ha TIEPBOM Kypce B 2025/26 yd. Toay, 110 — B 2014/15).
AHTpONO- ¥ GUBHOMETPHUECKHUE /IAHHBIE CTYAEHTOB — POCT, Macca TeJjia, yPOBEHb (DU3UUECKOT0 PA3BUTHSI, OKPYKHOCTh
IPY/IHOU KJIETKH (Ha BJOXE, BBIJIOXE, SKCKYPCUS TPY/THON KJIETKU), PE3YJIbTAThl CIIUPOMETPHUH, CHUJIA MBIIII] PABOUA U
JIEBOM KHCTH U CHJIA MBIIII[-Pa3rubaTesiell CIIMHBI ¢ PAaCUeTOM CHJIOBBIX MH/IEKCOB — Opasuchk u3 ¢popmbl N2 061/y «Bpa-
4eOHO-KOHTPOJIbHAS KapTa (DU3KYJIBTYPHHIKA U CIIOPTCMEHA».

PesyanbTarTsl. [locpaBHEHHIO € 2014/15 y4. TOAOM B 2025/26 y4. FO/LYy YMEHBIIMIOCH KOJIMUYECTBO O0YUYAIOIIHXCS
Ha IIEPBOM Kypce B Bo3pacre 16—17 jieT (0COOEHHO Cpeau JieBYIIeK), MMEIINX HOpMaibHOe U3HUECKOe PAa3BUTHE, U
YBEJINYIIIOCH KOJIMYECTBO [IEPBOKYPCHUKOB C OTKJIOHEHUAMHU B (GU3UUECKOM PA3BUTHH 3a CUET OXKUpeHs I crenenu. 3a
11-7IeTHUH 11epUo/L OBLIIO BHIBJIEHO CHIIKEHHUE CHJIBI MBI BEPXHUX KOHEYHOCTEH Yy ZIEBYIIEK B 1,2 Pa3a, CHJIbI MBIIIII]
CIIMHBI ¥ I0HOIIEH U JIEBYIIIEK — B 1,3 U 1,2 pa3a COOTBETCTBEHHO. HeraTuBHbIE N3MEHEHUS BBIABJIEHBI 10 IOKA3ATEISIM
SKCKYPCHUU IPYZHOHN KJIETKU U KU3HEHHOM €MKOCTH JIETKUX, YTO YKa3bIBAET HA CHUKeHNEe QYHKIMOHAIBHOTO COCTOSTHUS
JIbIXaTeJIbHOU CHCTEMBI Y COBPEMEHHBIX IEPBOKYPCHUKOB B BO3pacre 16—17 JIeT.

3aknwueHue. [lonyueHHbIE JaHHBIE HEOOXOIUMO YIUTHIBATD IPU OPraHU3AIUH CUCTEMBI (DUB3UIECKOTO BOCIIH-
TaHUs B BY3€, KOTOPAs SIBJISIETCS YaCThI0 06Pa30BaTEIBHOTO IPOIiecca Ha MIIA/IIINX KypcaxX. AZIeKBATHBIH 000D CPEICTB
(busnyeckoit KyIbTYPHI IO3BOJIUT CKOPPEKTUPOBATH BBISBJIEHHBIE HAPYIIIEHNUs y IEPBOKYPCHUKOB, COXPAHUTD U YKPEIIUTh
WX 3/I0POBBE, MTOBBICUTH (PUBUYECKYIO U YMCTBEHHYIO pab0TOCTIOCOOHOCTD, UTO HEOOXOAUMO /71 UX Oy tyie mpodeccuo-
HaJIBHOH JIeATEJIbHOCTH.

Karoueenvle cnoea: CTyIeHThl, IEPBOKYPCHUKY, MEAUIUHCKUN By3, aHTPOIIOMETPHUECKHE IIOKa3aTesH, Guandeckoe
pasBurue, GU3NOMETPUUECKUE TOKa3aTeH, GYHKIMOHATIBHOE COCTOSIHUE.

O6paszen nutupoBauua: Hexkuna H.H., Yucrakosa F0.B., Kyauruu O.B., [Ilautkosa E.B., Kazakosa B./I.
Orienka GpU3MUeCKOro pa3BUTUs U GYHKIMOHAIBHBIX TOKA3aTeIEH Y CTYIEHTOB-IIEPBOKYPCHUKOB 2025/26 yueGHOTO
rojia B BO3pacTe 16—17 JieT B CPaBHEHUHM C JaHHBIMU 11-yeTHel maBHocTH // Journal of Siberian Medical Sciences.
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Assessment of physical development and functional parameters
in first-year students of the 2025/26 academic year aged 16—17
in comparison with data from 11 years ago

N.N. Nezhkina, Yu.V. Chistyakova, O.V. Kuligin, E.V. Shnitkova, V.D. Kazakova

Ivanovo State Medical University, Ivanovo, Russia

ABSTRACT

Introduction. Preserving the health of students, including those studying in medical universities, is one of the
states’ top priorities. Studying the health status of students aged 16—17 years, who have entered their first year at a medical
university, and its dynamics over the past decades is of particular importance.

Aim . Toconduct a comparative analysis of physical development and functional parameters of first-year students aged
16—17 of the 2025/26 and 2014/15 academic years.

Materials and methods. A comparative, retrospective-prospective study was performed involving
225 first-year students of Ivanovo State Medical University aged 16—17 (156 female students and 69 male students; 115 stu-
dents were in the first year in the 2025/26 academic year, 110 — in 2014/15). Anthropo- and physiometric data of the stu-
dents — height, body weight, level of physical development, chest circumference (during inspiration and expiration, chest
excursion), spirometry results, muscle strength of the right and left hands as well as back strength with calculation of
strength indices — were taken from Form No. 061/u “Medical Check-Up Record for Sports and Fitness”.

Results. Compared with the 2014/15 academic year, in the 2025/26 academic year, the number of first-year students
aged 16—17 (especially among girls) with normal physical development decreased, and the number of first-year students
with deviations in physical development, caused by class I obesity, increased. Over the 11-year period, the upper limb
muscle strength was decreased in female students by 1,2 times, and back strength in male students and female students —
by 1,3 and 1,2 times, respectively. Negative changes were revealed in such parameters as chest excursion and lung vital
capacity, which indicates deterioration in functions of the respiratory system in modern first-year students aged 16—17.
Conclusion. Thedataobtained should be taken into account when organizing the system of physical education at
a university, which is part of the educational process in junior students. Adequate selection of means of physical culture will
allow correcting the identified disorders in first-year students, preserving and strengthening their health, increasing phys-
ical and mental performance, which is necessary for their future professional activity.

Keywords: students, first-year students, medical university, anthropometric parameters, physical development, physio-
metric parameters, functional status.

Citation example: Nezhkina N.N., Chistyakova Yu.V., Kuligin O.V., Shnitkova E.V., Kazakova V.D. Assess-
ment of physical development and functional parameters in first-year students of the 2025/26 academic year aged
16—17 in comparison with data from 11 years ago. Journal of Siberian Medical Sciences. 2026;10(3):113-122. DOI:
10.31549/2542-1174-2026-10-3-113-122

BBEJAEHHE

Ha mpoTssKeHUM HECKOJIBKUX —JIEeCATUIETHI
COXpaHEHHUe B3/OPOBBSI CTYJEHUYECKOH MOJIO/IEKHU
SIBJISIETCSI O/THOYM U3 MPUOPUTETHBIX 33/1a4 rocy/iap-
CTBa, YTO O0YCJIOBJIEHO HETATUBHBIMU TEHIEHIIUSIMU
B COCTOSTHUU UX 3710pOBbA [1-5]. B paborax oreue-
CTBEHHBIX HCCJIE/IOBATEJIEN B MOCIIETHEE BPEMsI BCe
00JIBIIIOE BHUMAHUE CTAJIO YAEJNSThCA CTYAEHTaM
MEUIUHCKUX BY30B, Ubsl TPO(deccoHaTbHAs /e~
TEJPHOCTh HAINPSMYI0 CBA3aHA C COXPAHEHHEM W
VKpeIlJIEHWeM 3/I0pOBbsl HacesJeHus [3, 4, 6].
CorsiacHO BO3pACTHON MepHOAM3aNMKN Haubosee
YSI3BUMBIM KOHTHHTE€HTOM SIBJISTFOTCS CTY/I€HTHI I1ep-
BOTO KypcCa, BO3PACT KOTOPBHIX HE JOCTHUT 18 JIET.
C 0J1HOI CTOPOHBI, 3TOT BO3PACTHOH IepHO/L XapakK-

INTRODUCTION

For several decades, preserving the health of stu-
dents has been one of the priority tasks of the State,
driven by negative trends in students’ health status
[1—5]. Recently, in the works of Russian researchers,
an increasing attention has been paid to students of
medical universities, whose professional activity is
directly related to the maintenance and promotion of
the population health [3, 4, 6]. According to age peri-
odization, first-year students who have not reached
18 years are the most vulnerable group. On the one
hand, this age is characterized by an incomplete pro-
cess of formation of the human body; on the other
hand, these age-related transformation coincide with
training at medical university, which is associated
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TepU3YeTCs He3aBEPIIEHHBIM IIpoIieccoM GOpMUPO-
BaHUs OPraHU3MA; C IPYTOH — JaHHbIE BO3PACTHbIE
0COOEHHOCTH HaKJIQJIbIBAIOTCA HA 00ydeHNe B Me/IH-
[IMHCKOM BYy3€, KOTOPOE COIPSIKEHO C BBICOKUMHU
MHTEJUIEKTYaJIbHBIMU U SMOIMOHAIBHBIMU HaTPy3-
KaMH{, U TPOIEeCC aJalTallii K Hadady oOydeHUs
[3, 4, 6].

B 5T0i1 cBA3M M3yUeHMe COCTOSHUSA 3I0POBb CTY-
JIEHTOB-IIEPBOKYPCHUKOB B Bo3pacre 16—17 JieT
SIBJISIETCS YPE3BBIUANHO BayKHBIM. [Ipu 5TOM 3HAUYN-
MBIM KPUTEPUEM, XaPAKTEPHUBYIOIIUM 370POBBE,
ABJIAETCH YPOBEHb (PU3UUECKOTO Pa3BUTUA U QYHK-
OHMOHAJIbHBIE IapaMeTPbl OpTaHH3Ma, KOTOpbIe
OTpaXKaroT cTerneHb MOp(PODYHKITMOHATHLHOH 3peJio-
¢t ¥ (QYHKIUOHAIBHOE COCTOSHUE OpraHu3Ma
[6-9].

Oco0y10 aKTyaJIbHOCTH B HACTOSAIIEe BPEMS IIPeJI-
CTaBJIAET U3YUYEHUE JUHAMUKYU COCTOSTHUS 3/T0POBbS
CTYy/IEHTOB-IIEPBOKYPCHUKOB ~ HA  IPOTSKEHUH
MOC/IETHUX JECATWIETHH. B oTeuecTBeHHOH nTepa-
Type THOA0OHbIE [aHHBIE MPAKTUYECKU HE IIpeJ-
CTaBJIEHBI.

HIEJIb NCCJIEJOBAHUA

IIpoBecTy cpaBHUTENIBHBIN aHAIN3 (PU3UUECKOTO
pasBuTHA U (GYHKIMOHAIBHBIX IOKa3aTesIel CTy-
JIEHTOB, 00yJaBIINXCA Ha IIEPBOM Kypce B 2025/26
V4. ToAy U 11 jieT Ha3ap ( B 2014/15 y4. TOAy).

MATEPUAJIbI 1 METO/IbI

ITpoBeieHO CpaBHUTEIBHOE PECTPOCIEKTUBHO-
MIPOCIIEKTUBHOE UCCJIEJTOBAHIE C YIACTUEM 225 CTY-
JIEHTOB IIEPBOTO Kypca B Bo3pacre 16—17 JieT. B 1-10
TPyNIy BOILIM 115 TEPBOKYPCHUKOB, KOTOPbIE
MOCTYIIMJIM Ha oOyueHue B VBaHOBCKUU TocCymap-
CTBEHHBIN METUITNHCKIN YHUBEPCUTET B 2025/26 y4.
TO/Iy, BO 2-10 TPYIIILY — 110 CTY/IEHTOB, 00y4JaBIIUXCSI
Ha IIepBOM Kypce B 2014/15 y4. roay (puc. 1). [pymmbt
ObLTM COIIOCTAaBUMBI 110 TE€HJIEPHOMY COCTaBY.
B obGeux rpymmax mpeobisasiasiv JIeBymiku — 80
(69,6 %) u 76 (69,1 %) COOTBETCTBEHHO, TOTJa KaK
FOHOIIIY COCTAaBJISIH MeHee TpeTh — 35 (30,4 %) u 34
(30,9 %) COOTBETCTBEHHO.

AnTpono- U (pu3NOMETpUYECKHe JaHHBIE CTY-
JIEHTOB — pocT (cM), Macca Testa (Kr), ypoBeHb (DU3H-
YeCKOTO Pa3BUTHUS, OKPYKHOCTb TPYJHOH KJIETKU
(Ha BIOXe, BBIZIOXE, DKCKYPCHsS TPYAHOH KJIETKH)
(cM), pe3yspTaThl CIUPOMETPHH, CHJIA MBIIIIL IIPa-
BOH 1 JIEBOH KUCTH (KT) U CHJIa MBIIII-pa3rubaTesneit
CcruHBI (KT) ¢ pacyeToM CHJIOBBIX HH/IEKCOB (%) —
Opastrch u3 Gopmel N2 061/y « BpaueOGHO-KOHTPOIIb-
Hast KapTa GU3KyITYPHUKA U CIIOPTCMEHA».

N3MepeHne pocTa y CTy/IEHTOB IPOBOJIMIOCH C
HCIIOJIb30BAaHUEM POCTOMEPA B ITOJIOKEHUH CTOS,

with high intellectual and emotional loads, and adap-
tation to the beginning of studies [3, 4, 6].

In this regard, the study of the health status of
first-year students aged 16—17 is of utmost impor-
tance. At the same time, a significant criterion of
health status is the level of physical development and
functional parameters of the body, which reflect the
degree of morphofunctional maturity and the func-
tional status of the body [6—9]. To date, of particular
relevance is the study of the dynamics of the health
status of first-year students over the past decades.
Such data are virtually not presented in the domestic
literature.

AIM OF THE RESEARCH

To perform a comparative analysis of physical
development and functional status of first-year stu-
dents of the 2025/26 academic year and the
2014/15 academic year.

MATERIALS AND METHODS

A comparative retrospective-prospective study
involving 225 first-year students aged 16—17 was
conducted. Group 1 included 115 first-year students
who entered Ivanovo State Medical University in the
2025/26 academic year, group 2 included 110 stu-
dents who were in their first year during the 2014/15
academic year (Fig. 1). The groups were comparable
in gender composition. In both groups, girls pre-
dominated — 80 (69,6%) and 76 (69,1%), respec-
tively, whereas boys accounted for less than one-
third — 35 (30,4%) and 34 (30,9%), respectively.

Anthropo- and physiometric data of the stu-
dents — height (cm), body weight (kg), level of physi-
cal development, chest circumference (during inspi-
ration and expiration, chest excursion) (cm), spi-
rometry results, muscle strength of the right and left
hands (kg) as well as the back strength (kg) with cal-
culation of strength indices (%) — were taken from
Form No. 061/u “Medical Check-Up Record for
Sports and Fitness”.

Measurement of height in students was carried
out using a stadiometer in the standing position,
body weight — using electronic floor scales. To assess
the level of physical development, age- and gender-
specific standards in the form of regression scales
were used, establishing a range of normal body
weight variations for particular body lengths (from
M - 10, to M + 20,). Chest circumference was mea-
sured using a measuring tape during inspiration and
expiration. Chest excursion was determined as the
difference between the chest circumference value
during inspiration (cm) and during expiration (cm).
To evaluate the respiratory function, spirometry was
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Crynentsl 1-ro kypca
B Bo3pacte 16—-17 ner
First-year students aged 16-17
(n=225)

I'pymma 1
Hauaino oGydenus: 2025/26 y4eGHBIH roj
Group 1
Start of studies: 2025/26 academic year
(n=115)
[
\ \

['pymma 2
Hawaio o6yuenust: 2014/15 y4eOHbIit roxg
Group 2
Start of studies: 2014/15 academic year
(n=110)
[
\ \

JeBymiku HOnommM
Female students Male students
(n=280) (n=135)

JeByiku FOnoIM
Female students Male students
(n=176) (n=134)

Puc. 1. /Tusaiid uccies0BaHus
Fig. 1. Study design

MAcChI TeJIa — ¢ TIOMOIIBIO SJIEKTPOHHBIX HAITOJIBHBIX
BecoB. /11 OlleHKH YPOBHA (PU3UUECKOTO PAa3BUTHUA
HCIIOJIb30BAJIMCH BO3PACTHO-IIOJIOBbIE HOPMATUBBI B
BH/IE IIIKAJI PETPECCUU, YCTaHABJIUBAIOIIUE JJIA KOH-
KpEeTHBIX BapHAHTOB JJIMHBI Teja JHAIa30H HOP-
MaJIbHBIX KosiebaHuii maccel Tesa (or M — 10, 10
M + 20,). OKpy>KHOCTb TPYAHOH KJIETKH H3Meps-
JIach C TIOMOIIIBI0 CAHTUMETPOBOM JIEHTHI HA B/IOXE U
Ha BbIZIoxe. Ormpezesnsiach 3KCKYPCUSA TPyAHOU
KJIETKH KaK pas3sHUIlA MEXy 3HAaUYeHHEM OKPY:KHO-
CTU TPYAHOM KJIETKM Ha BjoxXe (CM) M Ha BBIZIOXE
(cm). [l oneHKW (QYHKIUM BHEIIHETO JIbIXaHWS
MPOBOAMJIACH CHUPOMETPUSA C HCIOJIb30BAaHUEM
cnupomerpa MexaHudeckoro noprtatuBHoro CCII,
OTIpeIeIsIICS TIOKA3aTeJb JKU3HEHHOU EMKOCTH JIer-
kux. C 1eJIbI0 OIEHKU CHJIBI MBI IIPABOX U JIEBOHU
KHCTH, CHJIbl MBIIII-pa3rubaresieil CIMHbBI BBIIOJI-
HsJTACh KHUCTEBAs IMHAMOMETPHS U CTaHOBAsI JUHA-
MOMETPHSA C MOMOIIBI0 MEXaHHUYECKOTO KHCTEBOTO
nunamoMmeTtpa JIK-140 u MexaHMUYeCKOTr0 CTAaHOBOTO
nuHamoMmetpa J1C-200 cooTBeTcTBeHHO. Ha ocHOBa-
HUY TTOKa3aTesel JUHAMOMETPUH ITPOBOJIHIICS pac-
YeT CHUJIOBBIX MHEKCOB Mo dpopmyaam: Cuia Bemy-
e kuctH (kr) / Macca tesa (xr) x 100 % (kucreBast
nuaamometpus); CranoBas cuia (kr) / Macca Tesna
(xr) x 100 % (cTaHOBasA JUHAMOMETPHST).

Il cTaTUCTHYEeCKOW 0OpaboTKU Ppe3yJIbTaToOB
HCIIOJIB30BAJICS CTAHAAPTHHIA TAKeT IMPUKJIIAIHBIX
mporpamm Statistica 10.0. PesysibraThl mpezcTaB-
JIEHBI B BH/ie aDCOJIIOTHBIX M OTHOCUTEIBHBIX (%) 3Ha-
veHud, meguansl (Me), 25-TO U 75-TO TIPOIEHTHIIEH.
JI7151 OTI€HKY 3HAYNMOCTH PaCIIpe/iesIeHUsT KaUeCTBEeH-
HOTO ITPU3HAKA MEK/Ty TPYIIIaMy TPUMEHSITA KpUTe-
puti xu-kBagpar (x2). JIoCTOBEpHOCTh MEKIPYIIIIOBBIX

performed using a mechanical portable spirometer
SSP, as well as lung vital capacity. In order to assess
the muscle strength of the right and left hands as well
as the back extensors, hand-held and back dyna-
mometry were performed using a mechanical hand-
held dynamometer DK-140 and a mechanical back
dynamometer DS-200, respectively. Based on the
dynamometry results, strength indices were calcu-
lated using the formulas: Strength of the dominant
hand (kg) / Body weight (kg) x 100% (hand-held
dynamometry); Back strength (kg) / Body weight
(kg) x 100% (back dynamometry).

For statistical processing of the results, the standard
software Statistica 10.0 was used. The results are pre-
sented as absolute and relative (%) values, the median
(Me), 25" and 75™ percentiles. To assess the significance
of the distribution of a qualitative variable between the
groups, the chi-square test (%) was used. The signifi-
cance of between-group differences in non-normally dis-
tributed variables was assessed using the non-paramet-
ric Mann-Whitney test. Differences between the results
were considered significant at p < 0,05.

RESULTS AND DISCUSSION

The study revealed significant differences in the
parameters of physical development of first-year stu-
dents aged 16—17 who studied during the 2025/26
academic year and 11 years ago (Table 1). Over the
11-year period, the number of first-year students
with normal physical development decreased by 1,3
times (p < 0,05). For example, in the 2014/15 aca-
demic year, normal physical development was found
in more than one-third of first-year students, whereas
in the 2025/26 academic year — only in one-quarter.
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passiuuuii okasaresel B ciIydae UX pacipesiesieHus,
OTJINYHOTO OT HOPMAJIBHOTO, OLICHUBAIACH 110 Hela-
paMerpudeckoMy kpurtepuro Mansa — YurtHu. Pasiu-
41 MEXKY Pe3yJIbTaTaMH CUUTAINCH JOCTOBEPHBIMU
IIpH p < 0,05.

PE3YJIBTATDBI 1 OBCYXKJAEHHNE

IIpoBesieHHOE HCCAEAOBAHNE BBIABUIO 3HAUU-
MbI€ pPa3JINYMsl MOKasaTesield (U3UYECKOrOo pa3BU-
THS IEPBOKYPCHUKOB B Bo3pacre 16—17 JieT, 00yJaB-
IIUXCA B 2025/26 y4. roay u 11 JieT Hazay (tabi. 1).
3a 11-7IeTHUH TIEpUOJ] YMEHBIIWIOCHh KOJIUYECTBO
CTYZIEHTOB IIEPBOTO Kypca C HOPMaJIbHBIM (U3HYe-
CKHM pa3BUTHEM B 1,3 paza (p < 0,05). Tak, B2014/15
V4. TOZly HOpMaJibHOe (hU3UYECKOe PA3BBUTHE BBISB-
JIsI0Ch OoJiee 4eM y TPETH HEPBOKYPCHUKOB, TOTZA
KakK B 2025/26 y4. TOJTy — TOJIbKO y YETBEPTH, IIPHU
5TOM 3a 11-JIETHUU TIepUO07] ObLJIO BBISBJIEHO JIOCTO-
BEPHOE yBEJIMUEHHE KOJIMYECTBA CTYJ/IEHTOB C OXKH-
pennem I crenenu (p < 0,01) 3a CYET YMEHbBIIEHUS
YHCIIa UCCIeAyeMBIX ¢ lepuiuTom Macebl Tesa I cre-
esu (p < 0,05). JlaHHbIE U3BMEHEHUS YAIlle BBISBIIA-
Juch y fmeByiek. Cpemn o0ydyaroIiuxcs Ha IEPBOM
Kypce B 2025/26 y4. rofy He ObUIO BBISIBJIEHO HU
OTHOTO cTyJleHTa ¢ Aedururom macesl tena II cre-
MeH’, B OTJIMYME OT 2014/15 y4. rojia, KOrja HX
KOJIMYECTBO COCTABUJIO 2,7 %.

HccieqoBanne mokasaTesied KUCTEBOU JHMHAMO-
METPUH Y CTYZEHTOB IIEPBOTO Kypca B BO3pacTe
16—17 JIeT He BBISIBUJIO CyIIECTBEHHBIX U3MEHEHUN
CpeIHUX 3HAUYEHUU 3a 11-JIeTHUH epuoy (puc. 2).
MenuaHa CHJIbI MBIIII IPABOH KHUCTH y COBPEMEH-
HBIX TEPBOKYPCHUKOB U CTY/IEHTOB, MOCTYITHBIINX
Ha IEPBBIN KypcC B 2014/15 y4. TOJy, cCOCTaBWIA 30,0
U 31,0 KI' COOTBETCTBEHHO, MeJUaHa CHJIbI MBbIIII]
JIEBOM KHCTH — 27,0 U 29,0 KI' COOTBETCTBEHHO.
OHako aHAIN3 MMOKa3aTesell KUCTeBOU JUHAMOMe-
TPUH B 3aBUCUMOCTH OT IT10JIa ITOKa3aj CHUKEHHE

At the same time, over the 11-year period, a signifi-
cant increase in the number of students with class I
obesity was revealed (p < 0,01) due to a decrease in
the number of subjects with mild underweight
(p < 0,05). These changes were more often identified
in girls. Among first-year students of the 2025/26
academic year, no cases of moderate underweight
was revealed, in contrast to the 2014/15 academic
year, when their number was 2,7%.

Analysis of the data of hand-held dynamometry
in first-year students aged 16—17 did not reveal sig-
nificant changes in mean values over the 11-year
period (Fig. 2). The median of muscle strength of the
right hand in modern first-year students and stu-
dents of the 2014/15 academic year was 30,0 and
31,0 kg, respectively; the median of muscle strength
of the left hand was 27,0 and 29,0 kg, respectively.
However, analysis of hand-held dynamometry val-
ues depending on sex showed a decrease in mean
values of the muscle strength of the right and left
hands in female students by 1,2 times (p < 0,05),
whereas in male students, this parameter did not
change significantly.

Over the 11-year period, significant changes were
revealed in the values of back dynamometry (Fig. 3).
The mean value of the back strength in modern
first-year students aged 16—17 decreased by
1,3 times (p < 0,05) compared with first-year stu-
dents 11 years ago. It should be noted that the
decrease in the parameter was observed in both
female students — by 1,2 times (p < 0,05), and male
students — by 1,3 times (p < 0,01), but was more
pronounced in male students.

Over the 11-year period, negative changes were
revealed by the strength index calculated from the
results of back dynamometry. Its values were 88,7%
[60,5; 112,9] in the 2025/26 academic year, and
101,5% [76,3; 134,2] in the 2014/15 academic year.

Ta6/mua 1. XapakTepucTrka GU3NUeCKOT0 PAa3BUTHSA CTY,eHTOB-IIEPBOKYPCHUKOB B Bo3pacTe 16-17 sieT, 06y4aBILUXCA B

2025/26 1 2014 /15 y4. rogax, a6ce. (%)

Table 1. Characteristics of the physical development of first-year students aged 16-17 of the 2025/26 and 2014/15

academic years, abs. (%)

OuneHka ¢pU3U4eCKOro pa3sBUTUA 2025/26 2014/15
Assessment of physical development (n=115) (n=110)
HopmanbHoe ¢usnyeckoe pazsutue / Normal physical development 33(28,7) 41 (37,3)*
OTkJioHeHUs B pusuveckoM pa3sutuu / Deviations in physical development: 82 (71,3) 69 (62,7)
HU3KUH pocT / short stature 8(7,0) 8(7,3)
oxxupeHue | crenenu / class I obesity 40 (34,8) 8 (7,3)**
oxxupenue Il crenenu / class Il obesity -(0) -(0)
nedunut maccel | ctenenu / mild underweight 34 (29,6) 50 (45,5)*
nebuuut maccol Il crenenu / moderate underweight -(0) 3(2,7)*

[IpruMedaHue. [JoCcTOBepHOCTb pa3JUUUN Mexy IToKa3aTesiMu rpynmn: * p < 0,05; ** p < 0,01.

Note

. Between-group differences are significant: * p < 0,05; ** p < 0,01.
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[IpaBas kucts / Right hand

kr 60 JleBas xucts / Left hand
k max 52,0 kr 50
g 50 max 50,0 | ke max 42,0 max 46,0
40
30
28,0
20 | : 20 25% | 22,0 )
10 min 16,0 min 20,0 10 min 14,0 min 19,0
0 0
2025/26 2014/15 2025/26 2014/15

max — MaKCHMaJbHOC 3HaueHne / maximum value
75% — 75-i npouenTmiis / 75th percentile

Me — menuana / median

25% — 25-it npouenTib / 25th percentile

min — MUHMMaJIbHOE 3Ha4eHre / minimum value

Puc. 2. ITokasarenn KUCTEBOI TUHAMOMETPHH y CTY/I€HTOB-IIEPBOKYPCHUKOB B Bo3pacre 16—17 jieT
B 2025/26 y4. TOly B CPABHEHUU C 2014/15 y4. TOJIOM
Fig. 2. Results of hand-held dynamometry in first-year students aged 16—17 in the 2025/26 academic year
in comparison with the 2014/15 academic year

CpeTHUX 3HAUEHWM CUJIBI MBIIII, ITPABON U JIEBOU
KHCTEN Y JIEBYIIEK B 1,2 pa3a (p < 0,05), TOI/Ia KaK y
IOHOIIeH JTaHHBIHM MoKa3aTesnb JOCTOBEPHO He U3Me-
HUWICS.

3HauMMble W3MEHEHHUs 32 11-JIETHUU IepUuof
OBLTN BBIABJIEHBI 110 MTOKA3aTeJIIM CTAaHOBOH JIMHA-
momerpuu (puc. 3). CpeaHuii TOKazaTeab CHJIBI
MBIIII-pa3rubaTesiell y COBPEMEHHBIX ITEPBOKYpPC-
HUKOB B Bo3pacTe 16—17 jieT YMeHBIINICA B 1,3 pasa
(p < 0,05) IO CpPaBHEHUIO CO CTYIEHTAMU JIAHHOU
BO3PACTHOH TPYyHIIbl, OOyYaBIIMMHUCS HA IIEPBOM
Kypce 11 jeT Ha3aJl. CTOUT OTMETUTD, UTO CHUKEHHE
IOKa3aTeJsisi OTMEYAJIoCh U Y JIEBYIIEK — B 1,2 pasa
(p < 0,05), 1 y wHOWIEH — B 1,3 pa3a (p < 0,01),
0JTHaKO OBLIO 60JIee BBIPAXKEHO Y IOHOIIIEH.

The results obtained indicate that in modern first-
year students aged 16—17, the mean value of the
index decreased by almost 1,2 times compared with
first-year students who studied 11 years ago
(p < 0,05). The unfavorable dynamics revealed, as in
the case of back dynamometry, was more pronounced
in male students. Regarding the strength index
determined by the results of hand-held dynamome-
try, no significant changes were revealed over the
11-year period: 42,0% [33,4; 47,6] (2025/26 aca-
demic year) and 45,4% [35,5; 49,5] (2014/15 aca-
demic year), respectively.

Analysis of the data of chest circumference during
inspiration and expiration did not reveal significant
differences between the group of students aged 16—17

max — MaKCUMaJIbHOC 3HAYCHUC

maximum value

75% — 75-it npouenTuib / 75th percentile
Me — mennana / median

25% — 25-it npouenTuib / 25th percentile
min — MHHIMabHOE 3HAYCHUE

kr 180

k;

g 160 max_156,0
140 max 130,
120
100 75%| 85,0

25%1 55,0

minimum value

40 25% | 45.0 s
min 46,
20 min 30,0
0
2025/26 2014/15

Puc. 3. [TokazaTeu CTaHOBO IUHAMOMETPHHY Y CTY/IEHTOB-IIEPBOKYPCHUKOB B BO3pacTe 16—17 JIeT B 2025/26 y4. rozy
B CPaBHEHUHU C 2014/15 y4. rofioM (¥I0CTOBEPHOCTh PA3JIMUNI MEK/Ty II0Ka3aTeJIsIMU TPYIIIL: P < 0,05)
Fig. 3. Results of back dynamometry in first-year students aged 16—17 in the 2025/26 academic year in comparison
with the 2014/15 academic year (*between-group differences are significant, p < 0,05)
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Ta6una 2. 3HaueHUs1 OKPY>KHOCTH I'PYJHOU KJIETKHU y CTYZeHTOB IIepPBOTOo Kypca B Bo3pacte 16-17 et B 2025/26 yu. rony

B cpaBHeHuH ¢ 2014/15 y4. romom, Me [25%; 75%)]

Table 2. Values of chest circumference in first-year students aged 16-17 during the 2025/26 academic year in comparison

with the 2014 /15 academic year, Me [25%; 75%]

OKpy>KHOCTb rpyaHoii ki1eTkH / Chest circumference

2025/26

2014/15

Brox, cM / During inspiration, cm
Bo1g0x, cM / During expiration, cm
JKCKypcus rpyaHoi kaeTky, cM / Chest excursion, cm

93,0 [88,0; 98,0]
85,0 [82,0; 90,0]
6,5 [4,0; 8,5]

92,0 [89,0; 99,5]
83,0 [81,0; 90,5]
8,8[7,5; 9,5]*

[IpumMeuaHnue. J[oCTOBepHOCTb PA3JUINM MeX/y ToKa3aTe MU rpyni: * p < 0,05.

N o t e . Between-group differences are significant: * p < 0,05.

HeraTuBHble M3MeHEHHs 3a 11-JIETHUH TEPHO/T
OBLIH BBISABJIEHBI B OTHOIIIEHUU CHJIOBOTO HHEKCA,
PpaccCUUTaHHOTO IO Pe3ysIbTaTaM CTAHOBON JUHAMO-
metpuu. Ero 3Hauenus coctapuiau 88,7 [60,5; 112,9]
% B 2025/26 y4. Tony 4 101,5 [76,3; 134,2] % B
2014/15 y4. rozy. IloslyueHHBIe pe3yIbTaThl yKa3bI-
BaIOT HA TO, UTO Y COBPEMEHHBIX ITEPBOKYPCHUKOB B
Bo3pacre 16—17 JIeT cpefHee 3HAYEHHE WHEKCA
YMEHBIINIIOCHh IIOYTH B 1,2 pa3a IO CPAaBHEHUIO CO
CTy/IEHTaMH JJAaHHOU BO3PACTHOU TI'PYIIIbI, O0yJaB-
muMucs 11 Jiet Hazay (p < 0,05). BeiaBieHHast
HeOsaronpusATHASA JUHAMHUKA, TaK JKe KaK U IIPU cTa-
HOBOH JIMHAMOMETpUH, Oblia OoJjiee BBIpaXKeHa Y
IOHOIIEH. B OTHOIIEHNY CHITOBOTO MHAEKCA, OTIpeie-
JIsIEMOTO I10 pe3yJibTaTaM KHCTeBOU JUHAMOMETPUH,
3HAYMMBIX W3MEHEHHWH 3a 11-JIETHUH MEPUON He
BBISIBJIEHO: 42,0 [33,4; 47,6] % (2025/26 y4. ron) u
45,4 [35,5; 49,51 % (2014/15 y4. ronm) coorBer-
CTBEHHO.

AHanun3 3HAYeHUH OKPYKHOCTU TPYJHOHN KIJIETKHU
Ha B/IOX€e U BBbIIOXEe He BBIABUJI CyIIeCTBEHHBIX pas-
JUYUM MeXAy TPYIIOH CTYZEHTOB B BO3pacTe
16—17 JIeT, TOCTYNHBIINX HA TIEPBBIA KypCc B
2025/26 y4. TOAy U IPYNION IEPBOKYPCHUKOB aHa-
JIOTHYHOTO BO3pPAcTa, 0OyJaBIIUXCA B 2014/15 V4.
rogy (tabis. 2). JlocToBepHBIE PA3INYUSA yCTAHOB-
JIEHBI /IJIA TI0Ka3aTesIs SKCKYPCUH I'PYIHON KJIETKH,
KOTOPBIN B 1-U TpyIine ObLI JIOCTOBEPHO HIDKE II0
CPaBHEHMUIO €O 2-U Ipynmou (p < 0,05).

B 1-ii rpynme 3HAUYMTEBHO 4Yallle, YeM BO 2-H
rpyIIe, KaK y AeBYIIeK, TaK U y IOHOIIEH, BBISBIISI-
JINCHh 3HAYEHUS DKCKYPCUU TPYAHOU KJIETKH, KOTO-
pble COOTBETCTBOBAJIM YPOBHIO HIXKE CpeLHEero
(p < 0,01) ¥ TOCTOBEPHO pe’Ke 3HAUEHUsI, COOTBET-
CTBYIOIIIIE CPENHEMY U BBIIIE CPETHETO YPOBHAM
(p < 0,05) (puc. 4).

[TosyueHHBIE HaHHBIE IOATBEPIKIAIUCH PE3YJIb-
TaTaMH COIUPOMETPUH, COIJIACHO KOTOPBIM Y COBpe-
MEHHBIX IEPBOKYPCHUKOB 16—17 JIET JOCTOBEPHO
pexe, MO CPaBHEHUIO CO CTY/IeHTaMH-CBEPCTHU-
KaMu, OOydYaBIIMMUCA 11 JIET HA33Jl, BBIABJISIICA
CpelHUI YpOBEeHb KU3HEHHOW €eMKOCTU JIETKHUX

who entered the university in the 2025/26 academic
year and same age first-year students who studied
during the 2014/15 academic year (Table 2). Signifi-
cant differences were found for the parameter of
chest excursion, which was significantly lower in
group 1 compared with group 2 (p < 0,05).

In group 1, significantly more often than in group
2, in both female and male students, chest excursion
values corresponding to the level below average were
revealed (p < 0,01), and significantly less often val-
ues corresponding to the average level and above
average (p < 0,05) (Fig. 4).

The data obtained were confirmed by the results
of spirometry: in modern first-year students aged
16—17, the average level of lung vital capacity was
registered significantly less frequently compared
with first-year students who studied 11 years ago
(p < 0,05), and the level of below average was
revealed significantly more frequently (p < 0,01)
(Fig. 5). At the same time, the negative changes were
found in both female and male students.

The results obtained suggest a decrease in lung
vital capacity over the 11-year period, indicating
lower functional capabilities of the respiratory sys-
tem in modern first-year students compared to those
who were first-year students 11 years ago.

CONCLUSION

In our study, a negative trend of the parameters
of physical development and functional status of
first-year students aged 16—17 was revealed over the
11-year period.

Compared with the 2014/15 academic year, in the
2025/26 academic year the number of first-year stu-
dents (especially among female students) with nor-
mal physical development decreased, and the num-
ber of first-year students with deviations in physical
development due to class I obesity increased. These
changes were accompanied by a decrease in upper
limb muscle strength in female students, back mus-
cle strength and functional capabilities of the respi-

Journal homepage: http://jsms.ngmu.ru

119



Hexckuna H.H. u dp. / Journal of Siberian Medical Sciences T. 10, N? 3 (2026)

% 100 I VpoBeHb BIIIE CPETHETO
Above average
393 B Cpennuit ypoBeHb
80 - Average
B VYpoBeHb HUKE CPETHETO
Below average
60 -
42,9
40 ~
20 ~
17,9
0 -

2025/26

Puc. 4. PacupezienieHre CTyI€HTOB-IEPBOKYPCHIKOB B BO3pacTe 16—17 JIeT B 2025/26 y4. Toxy
B CPABHEHUH C 2014/15 y4. TOIOM I10 TOKA3ATEJISAM SKCKYPCHUU TPYAHOM KIIETKH
(JtocTOBEPHOCTH PA3IMYNI MEXKY IOKa3aTeIAMH IPYIIL: *p < 0,05; **p < 0,01)

Fig. 4. Distribution of first-year students aged 16—17 in the 2025/26 academic year in comparison
with the 2014/15 academic year by values of chest excursion
(*between-group differences are significant: *p < 0,05; **p < 0,01)

2014/15

(p < 0,05) U 3HAYUTEJHHO Yallle YPOBEHb HIDKE
cpeauero (p < 0,01) (puc. 5). [Ipu 5TOM HeraTUBHbIE
“3MeHeHUs: ObLIN OUHAKOBO BBIPAYKEHBI Y IEBYIIIEK
¥ FOHOIIIEH.

ITosyueHHbIE pe3yJIbTaThl YKa3bIBAIOT HA CHIKE-
HHe >KU3HEHHOH €MKOCTU JIETKMX 3a 11-JIETHHH
IepUO/i, UTO CBUJETEJILCTBYET O 00Jlee HUBKHUX

% 100 -

80

60

40 -

20 ~

ratory system in both male and female first-year stu-
dents.

The data obtained should be taken into account
when organizing the system of physical education at
a university, which is part of the educational process
in the junior years. Appropriate selection of means of
physical education will help correct the disorders

0 YpoBeHb BBIIIE CPETHETO
Above average
25,0 B Cpenuuii ypoBeHb
Average
B VposeHsb HIKE CPEITHETO
Below average

68,7

6,3

2025/26

Puc. 5. Pactipeniesnienue cTy/IeHTOB-IIEPBOKYPCHUKOB B BO3pacTe 16—17 JIeT B 2025/26 y4. TOxy
B CPaBHEHUHU C 2014/15 y4. FO/IOM I10 TIOKA3ATEJISIM KU3HEHHON EMKOCTH JIETKUX
(ToCTOBEPHOCTD pa3IMUni MEXKY [TOKa3aTes MU IPYHIL: *p < 0,05; **p < 0,01)
Fig. 5. Distribution of first-year students aged 16—17 in the 2025/26 academic year in comparison
with the 2014/15 academic year by values of lung vital capacity
(between-group differences are significant: *p < 0,05; **p < 0,01)

2014/15
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(pYHKIMOHAJIBHBIX BO3MOXKHOCTAX JbIXaTeJIbHOU
CHCTEMBI Y COBPeMEHHBIX CTYZIeHTOB IIepBOTo Kypca,
[0 CPaBHEHHUIO C IMEPBOKYPCHUKAMU, OOYyJaBIIU-
MucA 11 JIeT Ha3aj.

3AK/IIOYEHUE

B xo/ie MpOBEZEHHOTO UCCIEOBAHUS BhISBIEHA
HeTaTUBHAs JUHAMUKA TOKa3aTesiell (PU3nIecKoro
pasBUTHA U PYHKIMOHATIBHOTO COCTOSTHUS CTY/IE€H-
TOB-IIEPBOKYPCHUKOB B BoO3pacre 16—17 JieT 3a
11-JIETHUH TIEPUO/T.

ITo cpaBHEHMIO € 2014/15 y4. TOZIOM B 2025/26
V4. TOJTy YMEHBIITUIOCh KOJIMYECTBO O0YJaIOIUXCs
mepBoro Kypca (0co0eHHO Cpeiu JEeBYIIEK), UMelo-
[IUX HOPMAaJIbHOE (PUBUUYECKOE PA3BUTHE, U YBEJIU-
YHUJIOCH KOJIMYECTBO MEPBOKYPCHUKOB C OTKJIOHEHU-
MU B (HUBUYECKOM PA3BUTHHU 34 CUET OKHUPEHUS
I crenenu. /laHHble U3MEHEHUS COIPOBOXKIAJINCH
CHIKEHHEM CHJIBI MBIIII] BEPXHUX KOHEUHOCTEH Y
JIEBYIIIEK, CHJIBI MBIIIII] CIUHBI U QYHKIIMOHATHLHOTO
COCTOSTHUS JIBIXaTEJTbHON CHUCTEMBI, KaK y FOHOIIIEH,
TaK U JIEBYIIIEK, OOYUaBIITHXCSA HA TIEPBOM KypCe.
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revealed in first-year students, maintain and pro-
mote their health, improve physical and cognitive
performance, which is necessary for their future pro-
fessional activity.
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CoBpeMeHHBbIE MOXX0/IbI K TEPANEBTHUYECKOMY BeJI€HUIO
MaIMEeHTOB I0cJIe 0apuaTpUuYeCKUX onepanui
(0630p JauTEpPaTYPHI)
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AHHOTAIIMUA

PaCHpOCTpaHeHHOCTL OXXUPpEeHUs IMPOoaoJIXKAEeT paCTu BO BCEM MHPE, UYTO OGYCJ'IOBI[I/IBaeT HOTpe6HOCTb B Z[efICTBeHHI)IX u
JI0JITOBPEMEHHBIX METOAaxX JICHEHUA. BapI/IanI/I‘{eCKI/Ie onepanuy rnoka3ajnu CBOXO Sq)(i)eKTI/IBHOCTb B CHM2KE€HHNH MacCChI
TeJia, a TAKXKe YCTAHOBJICHO YMEHBbIIIEHNE HpO}IBJ'[eHI/Iﬁ 3a6011eBaH1/11?1, KOTOpPBI€ HEIIOCPEZCTBEHHO CBA3AaHBI C O2KUPDEHUEM.
Ho HecMOTps Ha 3TO OTMeYeHbI U T000UHbIE 3(PDEKTHI TAHHBIX ONEPAIHi, KOTOPbIE BIUSIOT HA KAYECTBO U MPOJIOJIKHU-
TEJIBHOCTD KU3HU U MOTYT CYIECTBEHHO pa3/Inv4aTbCA B 3aBUCUMOCTHU OT BH/la OII€EPATUBHOI'O BMEIIaTe/IbCTBA. B cBssu ¢
STHUM IaIlieHTaM HeoOX0AUMO IOXKU3HEHHOe HabIIoieHHe, YTOObI CHU3UTD PUCK OCTIOKHEeHUH U popMupoBanus fedu-
IIUTOB IIMTATEJIBHBIX BEIIECTB. O[[HaKO OCBEJOMJIEHHOCTDb O BO3MOXHOCTAX 6apI/IanPI‘~IeCKOﬁ XHUpypruu, BeICHUU I1alu-
€HTOB I10CJI€ TAKUX OII€EPATHUBHBIX BMEUIATE/ILCTB OCTAECTCA HUBKOH cpenu Bpaqeffl OOJIBIITMHCTBA CHeHHaJIbHOCTGfI.
Kaouessle crosa: bapuarpudeckasi XUpyprus, 3G GeKTHBHOCTD, OCJIOKHEHHUS], JKeTy/IOYHOE IIIyHTUPOBAHNE, PYKaBHAS
Pe3eKIUA XKelyaKa.
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Modern approaches to the management of patients
after bariatric surgery (literature review)
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ABSTRACT

The prevalence of obesity continues to rise worldwide, necessitating the development of effective and long-term treat-
ments. Bariatric surgery has shown its effectiveness in reducing body weight and the manifestations of diseases that are
closely related to obesity. But there are side effects of these operations that affect the quality of life and life expectancy and
can vary significantly depending on the type of surgery. Therefore, patients require lifelong follow-up to reduce the risk of
complications and nutritional deficiencies. However, the awareness of the bariatric surgery potential and management of
patients after bariatric surgery remains low among physicians in most specialties.
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BBEJAEHHNE

OsxupeHUe IIpesiCTaBIIseT Cepbe3HyIo MpobieMy
JUISL 3/I0POBbsI HAceJeHUs, TaK KaK CYIIECTBEHHO
VBEJIMIUBAET PHUCKU IO PsAAy 3a00J€BaHUM, TaKUX
Kak caxapHblii auaber 2 tuna (CH2), xuposas
00JIe3Hb TIeUeHH, apTepuasbHas runeprensus (Al),
nHGAPKT MUOKAP/a, UHCYJIbT, JEMEHIIN, OCTe0ap-
TPUT, CHUHAPOM OOCTPYKTHBHOIO aIllHO3 BO CHE
(COAC) 1 HEKOTOPBIX BUOB OHKOJIOTUUECKUX 3200-
JIEBAaHUU, TEM CAMBIM CIOCOOCTBYS CHIKEHHIO KaK
Ka4yecTBa, TaK M IMPOJOIKUTEIBPHOCTH JKU3HU. 3a
MOCJIeZIHYE 50 JIET PACIPOCTPAHEHHOCTh OXKUPEHUS
3HAYNTEJIHO BO3POCJIA BO BCEX CTPAHAX U IPUHSIA
xapakrep manzemuu. Oxupaercsa, 4To K 2030 T.
oXkupeHue OyzeT y 1,02 MJIH B3pocibix Jnil. 1o
pe3yapTaTaM KpYIHEUIIero POCCUHCKOTO HCCIIE0-
BaHusA NATION, pacripocTpaHEHHOCTh OKUPEHUS B
Halllell cTpaHe AOCTUTJIA 30 % — MPUMEPHO 40 MJIH
yesioBex [1].

Jlo cux mop crpaTeruui TpopUIaKTUKU U Jiede-
HUS OKUPEHUs KaK Ha UHIUBUAYAJIHLHOM, TaK U Ha
MOIYJ/IIFIOHHOM YPOBHE B ZIOJITOCPOYHOH IEPCITeK-
THBe He IIPHHeCTN ycrmexa. MeToasl KOppeKIHu
obpasza JKH3HU W IIOBE/IEHUs, HaIpaBJIEHHbIE Ha
CHIDKEHHE TIOTpeOJIeHHNs KaJIOpUil U yBeJIMYeHHe
pacxosia 3HEPTrUM, UMEeIOT OTpaHUYeHHYI0 3(dek-
TUBHOCTH, MTOCKOJIBKY CJIOJKHBIE M CTOUKHE TOPMO-
HaJIbHBIE, MeTA0OJIMYecKue U HEeHPOXUMHUYECKIE
MeXaHU3MBI aJJalTalllK 3aIUINAI0T OT IIOTEPH Beca
U CIIOCOOCTBYIOT €ro IIOBTOPHOMY Habopy. 3a
MIOCJIEIHYE JIECSATUIIETUS Pa3pabOTaHO HECKOJIBKO
3(pdEeKTUBHBIX IOJIXO/I0B K JIEUEHHUIO OXKUPEHUH,
MPOJIOJIKAIOT TOSBJIATHCA HOBBIE JTAHHBIE O MeXa-
HU3Me JIeHCTBUSA, IPENMYIIECTBAX U J0JITOCPOIHOMN
s dexTuBHOCTH GapuaTpUUECKOH Xupypruu [2].

BapuaTtpuueckas 1 MeTaboTMYeCcKast XUPYPrUs —
OAUHAMUYHAs W  IIOCTOSHHO  Pa3BUBAIOMIAACS
o6J1acTh, 3apeKOMeH/I0BaBIIasA ceds KaK BHICOKOA(-
(exTUBHAA Tepamus OXKUPEHUS U COIYTCTBYIOIIHX
3a00J1€BaHNI, CBSA3AHHBIX C OKUpeHneM [3]. dddek-
TUBHOCTB OapUaTPUUYECKUX Olleparuii IoKkasaHa Kak
B KPaTKOCPOYHOH (CHUKEHHE MacCChl TeJla), TaK U B
JIOJITOCPOYHOU TIEPCIIEKTUBE.

ITokazaHUAMH K OapuaTpPUUECKUM OIlepaIfisiM
sBysieTcs uHAeke Macenbl Tesa (MIMT) 6osiee 40 kr/
M2 win OoJiee 35 KI/M? IPU UMEIOIINXCS COITyTCTBY-
IOIUX 3200J1€BaHUAX, CBA3AHHBIX C OKUDEHHEM.
B Hacrosiiee BpeMs MOSIBJISIETCS Bee OOJIbINE TaH-
HBIX 00 9G(PEKTUBHOCTH JJAHHOTO BUAA JIEUEHUS Y
maruenToB ¢ C/12 nmpu UMT ot 30 70 35 Kr/M? ipu
HEKOHTpOJIMpyeMoi runepriaukemuu [3]. Hacuurel-
Baercs Oosiee 50 BADHAHTOB Pa3INYHBIX OapuaTpH-
YecKUX mporeayp. Takke pacTeT yacToTa UX IpoOBe-
JIeHUs: TakK, B 2019 T. B MHUpe ObLIO NPOBEAEHO

INTRODUCTION

Obesity poses a serious public health problem, as it
significantly increases the risk of a number of dis-
eases, including type 2 diabetes mellitus (T2DM),
fatty liver disease, hypertension, myocardial infarc-
tion, stroke, dementia, osteoarthritis, obstructive
sleep apnea syndrome (OSAS), and certain types of
cancer, thereby reducing both the quality of life and
life expectancy. Over the past 50 years, the prevalence
of obesity has increased significantly in all countries
and has reached pandemic proportions. By 2030, it is
expected that 1,02 mln adults will be obese. According
to the results of the largest Russian study, NATION,
the prevalence of obesity in our country has reached
30% — approximately 40 mln people [1].

To date, strategies for prevention and treatment of
obesity at both individual and population levels have
failed to achieve success in the long term. Lifestyle and
behavioral interventions aimed at reducing caloric
intake and increasing energy expenditure have limited
effectiveness, as complex and persistent hormonal,
metabolic, and neurochemical adaptation mechanisms
protect against weight loss and promote weight regain.
Several effective approaches to obesity treatment have
been developed in recent decades, and new data on the
mechanism of action, benefits, and long-term effective-
ness of bariatric surgery continue to emerge [2].

Bariatric and metabolic surgery is a fast develop-
ing field that has proven to be a highly effective treat-
ment for obesity and obesity-related comorbidi-
ties [3]. The effectiveness of bariatric surgeries has
been demonstrated in both the short term (weight
loss) and long term.

Indications for bariatric surgery include a body
mass index (BMI) over 40 kg/m? or over 35 kg/m? in
the presence of obesity-related comorbidities. There
is growing evidence on the effectiveness of this treat-
ment in patients with T2DM with a BMI of 30 to
35 kg/m? and uncontrolled hyperglycemia [3]. There
are over 50 different bariatric procedures. Their fre-
quency is also increasing: in 2019, 833 687 opera-
tions were performed worldwide [4]. The choice of
modality of bariatric surgery depends on the patient’s
age, degree of obesity, treatment compliance, psy-
chological type, and many other factors. The most
commonly used modalities are sleeve gastrectomy
(SGE), Roux-en-Y gastric bypass (RYGB), and bilio-
pancreatic diversion, but other bariatric surgery
interventions also exist.

AIM OF THE RESEARCH

To analyze the characteristics of long-term effects
in some types of bariatric surgical interventions.
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833 687 onepanutii [4]. Beibop BapuanTa 6apuaTpu-
YeCcKO! OIlepanuy 3aBUCUT OT BO3pAacTa, CTEIeHU
OJKUPEHUs, TPUBEPKEHHOCTH MAI[MEHTa JIEUeHHIO,
€ro MCUXOTHUIIA ¥ MHOTHUX JIpyrux dhakTopos. Haubo-
Jjlee YaCTO WUCIOJIB3YIOTCA METOJbI PYyKaBHOMU
ractpakromun (PI'9), mIyHTUpOBaHUE KeJIyAKA II0
Py (IIDKP) u OGrmonaHKpeaTHYecKoe IIyHTHPOBa-
HUe, OZTHAKO CYIIECTBYIOT U JIPYTHe MeTO/ bl bapua-
TPUYECKHUX OTEPaIni.

ITEJIb UCCJIEJIOBAHUSA

[Tpoananu3upoBaTh OCOOEHHOCTH OTHAJIEHHBIX
3¢ (peKTOB IPU HEKOTOPHIX BapHaHTaX OapuaTpuye-
CKUX OIIEPATUBHBIX BMEIIATETbCTB.

MATEPUVAJIBI 1 METO/IbI

ITpoBesieH IOWCK IyOJMKAIMA HAa PYCCKOM U
AHIVIMMCKOM fA3BIKE 3a 2015—2026 roisl B 0Oaszax
manaeix PubMed u eLIBRARY c ucIoib30BaHUEM
KJIIOUEBBIX CJIOB «0apuaTpuyeckass XUPYPrus»,
«2(HEKTUBHOCTh», «OCJOKHEHUS», «IKEIYI0UHOE
IIYHTUPOBAHUE» U «PYKABHASA PE3EKIUS KEJTyKa» .

PE3YJ/IBTATDBI

bapuarpuueckue omepanuu IIpd caxap-
HOM muaGere. OquuM u3 3¢bdekToB bapuarpuye-
CKHUX OIepaIui sIBJISIeTCS YJIydIlleHHe TINKeMude-
ckoro koHTposis mpu CJI wim nake pemuccus 3a60-
JIeBaHUsA, KOTOpble OTMedYalTcsi y 33—-90 %
MaIeHTOB MMOCJIE€ XUPYPTrUYeCcKOr0 BMeIaTe/IbCTBa,
TaK KaK IPOUWCXOJIUT IOBBIIIEHWE UYBCTBUTEIHHO-
CTH K HHCYJIMHY 3a CUeT CHHKEHHs MaccChl TeJa.
Takke yCTaHOBJIEHO yBEJIWUYEHHE Pa3zHOOOpasus
MHUKPOOHOTHI KHIIIEYHUKA IMPUMEPHO uepe3 3 Mec
kak mocie II2KP, Tak u PI'9; oTMeueHOo IMOBbBIIIIEHE
MTOCTIPaH/INAIbHBIX YPOBHEH TJTFOKarOHOIOI00HOTO
nentuga-1 (I'TII-1), 9TO TPUBOAUT K YIYUIIEHUIO
YYBCTBUTEJILHOCTH 0eTa-KJIETOK K TJIIOKO3e U CHU-
JKEHUIO TTOCTIIPAHUATbHOM TJTI0KO3bI B KPDOBU. YPO-
BEHb JIDyTUX TOPMOHOB, TaKWUX Kak mentuj YY ©u
OKCHUMO/IYJINH, TAaK)Ke YBEJIMUMBAETCS ITocie bapua-
Tpuueckux oneparuii [5]. IIpu ananuse 12 KINHU-
YEeCKHUX  PaHJOMU3HPOBAHHBIX  HCCJIEJOBAaHUMU,
IeJIbI0 KOTOPOTO ObLIa OIleHKa BJIUSAHUA OapuaTpu-
JecKUX onepalnuil Ha nporpeccupoBanue C/12 cpenu
MMAIMEHTOB CTapIINX BO3PACTHBIX TPYII, YCTAHOB-
JIEHO TOBBIIIEHNE IIAHCOB Ha 3 (PEeKTUBHBIN Kpa-
TKOCPOYHBIN U JIOJITOCPOYHBIH KOHTPOJIb TJINKEMUH,
CHIDKEHHWE PHCKAa MaKpo- U MHUKPOCOCYAUCTHIX
OCJIO’)KHEHUH, a TAaKKe CMEPTHOCTH I1OCJIE OTIEPAaTUB-
HOTO BMelaTesbcTBa. HabimroneHrne mpo/10mKanioch
oT 5 710 8 j1eT mocJie BMemareabersa [6]. B ucciemo-
Banue A. Elbahrawy et al. Bouwiu 115 marueHTOB
MMOKHIJIOTO Bo3pacra (63,3 + 2,6 roga, cpeauuit UMT

MATERIALS AND METHODS

A search of Russian and English language publi-
cations for 2015-2026 was performed via the
PubMed and eLibrary databases using the keywords

“bariatric surgery”, “effectiveness”, “complications”,
“gastric bypass”, and “sleeve gastrectomy”.

RESULTS

Bariatric surgery for diabetes. One of the
effects of bariatric surgery is improved glycemic con-
trol in diabetes mellitus or even remission of the dis-
ease, which is observed in 33—90% of patients after
surgery, as it enhances insulin sensitivity due to
weight loss. An increase in the diversity of gut micro-
biota as well as in postprandial glucagon-like pep-
tide-1 (GLP-1) levels was also found approximately
3 months after both RYGB and SGE, which leads to
improved of beta-cell glucose sensitivity and a
decrease in postprandial blood glucose values. The
level of other hormones, such as peptide YY and oxy-
modulin, also rises after bariatric surgery [5]. An
analysis of 12 randomized clinical trials aimed at
assessing the effect of bariatric surgery on the T2DM
progression among older patients found an increased
chance of effective short-term and long-term glyce-
mic control, a reduced risk of macro- and microvas-
cular complications, and mortality after surgery. The
follow-up lasted from 5 to 8 years after the interven-
tion [6]. A study by Elbahrawy et al. included
115 elderly patients (63,3 + 2,6 years, average BMI
51,7 + 8,1 kg/m?) who underwent bariatric surgery
(11 patients underwent 2 procedures), of which 74%
of patients had SGE, 16 % — RYGB, 8% — biliopancre-
atic diversion with duodenal switch. 42 + 19 months
after the intervention, target blood pressure (BP)
was achieved in 26% of patients, the glycemic profile
in T2DM patients was improved in 44%, and remis-
sion of obstructive sleep apnea — in 38% [7].

However, the long-term clinical studies focusing
on the analysis of micro- and macrovascular out-
comes are needed, especially comparing the results
of bariatric surgery with the outcomes in patients
treated with sodium-glucose cotransporter-2 and
GLP-1 inhibitors, which appear to have a greater
impact on the cardiovascular system and morta-
lity [8]. Two randomized trials did not reveal a sig-
nificant difference between the SGE and RYGB
effects on T2DM outcomes — weight loss and glyce-
mic control in diabetes after 5 years [8].

Surgical intervention at earlier stages of T2DM
has been shown to be associated with a higher likeli-
hood of both short-term and long-term disease
remission, taking into account characteristics such
as gender, age, glycated hemoglobin, insulin, and
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51,7 + 8,1 Kr/M?), KOTOPBIM BBIIIOJTHEHBI OapHaTPH-
Yeckue orepanuu (11 marueHToB MPOIIIN 2 TPOoIle-
Iypbl), U3 HUX 74 % MalueHTOB IpoBefeHa PI'D,
16 % — III2KP, 8 % — GutnonaHKpeaTuIecKasi TUBep-
CUs C TEPEKTIOYEHHEM JIBEHAAIATUIIEPCTHOU
KUK, Yepes 42 + 19 Mec I0ocje BMENIaTeIbCTBa
OTMEYAJIOCh IOCTUKEHHE I1eJIEBOTO YPOBHSA apTepH-
aypHOTO maBieHus (All) y 26 % manueHTOB, yIyd-
IeHre IIuKeMudeckoro npoduisa npu CA2 y 44 %
U HOPMa/IM3allUs JbIXaTeJIbHOTO TIaTTepHa ¥y
38 % [71].

Bmecte ¢ TeM HEOOXOAUMBI JTIOJITOCPOYHbBIE KJIH-
HUYECKHWE WCCJIEJIOBAHUS C aHAJIN30M MHUKPO- H
MAaKpPOCOCY/TUCTBIX HCXOJIOB, OCOOEHHO CpaBHEHHE
pe3ybTaToB GapuaTpUYEeCKOW XUPYPTHU C HCXO-
JlaMH y TTaIl[AEeHTOB, TOJIyYaBIINX JIeUeHHe HHTHOU-
TOpaMH HATPHUU-TJIIOKO3HOTO KOTPaHCIIOPTEpa-2 U
I'TITI-1, KOTOpbIE, TTO-BUIUMOMY, OKa3bIBAIOT OOJIb-
1Ilee BJIUSHUE Ha CEPAEYHO-COCYAUCTYIO CUCTEMY H
cMepTHOCTS [8]. /IBa paHAOMU3UPOBAHHBIX HCCIIE-
JIOBAaHUSI He BBIABWIN CYIIECTBEHHOH pa3HUIIbI
mexay PI'D u HI7KP Bo Biusanum Ha ucxoasl CA2 —
CHIDKEHUE MaCChI TeJla U TVIMKEMUYECKUH KOHTPOJIh
npu CJI uepes 5 jet [8].

[ToxazaHo, YTO ITPU XUPYPTUUECKOM BMeIIaTeTh-
cTBe Ha Oosiee panHmx craausax Cll2 ¢ OGosbirei
BEPOSITHOCTHI0O MOJKHO OKHJIaTh KaK KPaTKOCPOY-
HOU, TaK U JJOJITOCPOYHOI peMUuCCHU 3a60J1€BaHuUs, C
VYETOM TaKHUX XapaKTEPUCTUK, KaK I0JI, BO3PACT,
YPOBEHb TJIMKUPOBAHHOTO TeMOTIO0NHA, MHCYJINHA,
C-ntenrtuzia. JlaHHBIEe pe3yJsIbTaThl MOTYT CBUJIETE/Ib-
CTBOBAaTh O HEOOXOJIMMOCTH IPOBEJIEHUs XUPYPIH-
YeCKOT0o BMeIllaTeJIbCTBAa B 6oJiee paHHUE CPOKH, HO
BMECTe ¢ TeM TpeOyITCs paHIOMU3UPOBAHHBIE
HCCIIEZIOBAHUSA JJIsI OLIEHKH JIOJITOCPOYHBIX ITPEUMY-
IeCTB U 6€30I1aCHOCTH PAHHETO BMeIaTeIbCTBa [9].

B cucremaTuueckom 0630pe X. Wei et al. 2025 1.,
BKJTIOUABIIIEM 39 HCCIIEIOBAHUM (3855 YIACTHUKOB),
BBISIBJIEHO, UTO YPOBHU TJIMKUPOBAHHOTO T'€MOTJIO-
OWHA CTaTUCTUUYECKH 3HAYMMO He CHIKAJIUChH ITOCTIE
OIIEPATUBHOTO JIEUEHUs 110 CPABHEHUIO C ITOKa3aTe-
JsaMu 10 JedeHus. OZHAKO MPU KCIOJIB30BAHUU
trim-and-fill anasu3a mokazaHo CyIeCTBEHHOE CHU-
JKeHHe mokasaresist — Ha 3,99 % [10].

Bapuarpuuyeckue omepanuyd W JUCTUIHI-
nemusn. bosee 64 % B3POCIBIX C TSIKEIIBIM OXKHUPE-
HHEM, KOTOPHIM IIOKa3aHbl OapuaTpUUECKHE BMe-
IIaTeJIbCTBA, CTPANAIOT [IHUCIUNHUAEMHEH, B TOM
YHCJIE C BBICOKUM YPOBHEM JIMIIOITPOTEMHOB HU3KOH
IUIOTHOCTH, TPUIJIUIEPUJIOB M HU3KUM YPOBHEM
JIMTIONPOTENHOB BHICOKOH IUIOTHOCTH [11]. B MHOTO-
IIEHTPOBOM OTKPBITOM PaHOMU3UPOBAHHOM HCCIIe-
JIOBAaHWUH, IPOBOJIMBIIEMCS € 2008 Mo 2010 T.,
HaOJIIOAIN 240 TAIMEHTOB C TSIKEJIBIM OXKUpe-

C-peptide levels. These results may support the need
for earlier surgical intervention, but randomized tri-
als are required to evaluate the long-term benefits
and safety of early intervention [9].

A systematic review by Wei et al. (2025), which
included 39 studies (3855 participants), found that
glycated hemoglobin levels did not statistically sig-
nificantly decrease after surgery compared to values
at baseline. However, a trim-and-fill analysis showed
a 3,99% significant reduction for this parameter [10].

Bariatric surgery and dyslipidemia. More
than 64% of severely obese adults who are candi-
dates for bariatric surgery have dyslipidemia, includ-
ing high levels of low-density lipoproteins, triglycer-
ides, and low levels of high-density lipoproteins [11].
In a multicenter, open-label, randomized study con-
ducted from 2008 to 2010, 240 patients with severe
obesity were followed-up. At baseline, 84 patients
(35%) had dyslipidemia. After 10 years, dyslipidemia
remission in the absence of treatment was observed
in 19% of patients after SGE and 35% — after
RYGB [11].

In a cohort study involving 6176 patients with
dyslipidemia (3999 of whom underwent SGE and
2168 underwent RYGB), the rate of dyslipidemia
remission 4 years after surgery was 38% in patients
after RYGB and 28% — after SGE. However, relapse
of dyslipidemia was observed in 21% of patients after
RYGB and 28% of patients after SGE during the
4-year follow-up, indicating that bariatric and meta-
bolic surgery alone does not guarantee normaliza-
tion of the lipid profile in patients. Future studies
should be aimed at establishing the mechanisms of
dyslipidemia relapse after weight loss surgery [12].

Bariatric surgery and hypertension. Among
obese patients seeking bariatric surgery, approxi-
mately 68% have hypertension [13]. A number of
reviews have shown that bariatric surgery leads to
blood pressure stability within 1 year after the inter-
vention in 43-83% of patients [13]. In the random-
ized GATEWAY study (the effect of bariatric surgery
on hypertension control and remission in obese
patients), a decrease in the number of antihyperten-
sive drugs (0,8 per person after 5 years of follow-up)
and the absence of resistant forms of hypertension
were noted 1, 3, and 5 years after surgery, compared
with the group of patients receiving only pharmaco-
logical therapy. However, the study had limitations:
it was a single-center, only RYGB was performed
among bariatric surgeries, and the long-term results
of the surgery remained unknown [13].

Bariatric surgery for obstructive sleep
apnea syndrome (OSAS). Several studies have
evaluated the impact of bariatric surgery on OSAS,
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HueM. McxomHo y 84 marueHToB (35 %) BBIABIAIACH
qucaunueMus. Yepes 10 JieT HopMaau3anus moKa-
3aTesied JINTUAHOTO OOMeHa IPU OTCYTCTBHUU Jieue-
HUA HabJoatack y 19 % mociae PI'D u 35 % mocie
IIIKP [11].

B KOropTHOM HCCIEAOBAHUU C Yy4YaCTHEM
6176 MaIeHTOB ¢ AUCTUNHAeMUel (U3 HUX 3999
npoBejsieHa PI'd u 2168 — IIKP) yacrora HOpMaIH-
3ally TOKas3aTeJied JIMMUIHOTO Mpoduiis depes
4 Toma TOCJIe omepamuu cocraBmwiaa 38 % mocie
II7KP u 28 % nociie PT'D. Tem He MeHee y 21 % maru-
enToB nocsie [IIKP u y 28 % nanuenTtos nocyie PI'D B
TeUeHHe 4-JIETHETO Iepuozia HaOJIO/IeHUs OTMe-
JaJICsl PEIUJIUB TUCTUIIHIEMUN, UTO YKa3bIBAaET Ha
TO, UTO Obapuarpuueckas U MeTaboinuecKas XUpyp-
rus cama 1o cebe He TapaHTHPYET HOPMAJIH3AIIHI0
JIMIIATHOTO CIIEKTpa y namueHTta. [lociemyromue
HCCJIeTOBAHUSA JOJI?KHBI OBITh HAIIPABJIEHBI HA yCTa-
HOBJIEHHE MEXaHU3MOB PEIUINBA JTUCTUIIHIEMUHN
TI0CJIe OTIePAITUHU 110 CHUKEHHUIO Beca [12].

bapuarpuueckue onepanuu u AI'. Cpenu
MAI[MEeHTOB C OJKUPEHHEM, O0paraomuxcsa kK 6apu-
aTpU4YeCcKUM Xupypram, okoso 68 % umerot AT [13].
B pszme 0630poB mokazaHo, 4yTo GapuaTpuyeckas
XUPYPTHUS BeZeT K HopManusanuu A/l B TeueHHe
1 rojia mocje BMeIlaTeabCcTBa ¥ 43—83 % marueH-
ToB [13]. B paHIOMU3UPOBAHHOM HCCIIENOBAHUU
GATEWAY (BnusHue 6apuaTpUYeCKOTO XUPYPrH-
YECKOT'O BMEIIATEJIhCTBA y MAIUEHTOB C OXKHpe-
HUeM Ha TeueHue Al') uepes 1, 3 ro/ia U 5 JIET IOCTIE
omepanuu OTMEYEHO CHIIKEHHe MpHueMa aHTHUTH-
MEPTEH3UBHBIX IHpenapaTtoB (0,8 Ha 1 YeJyioBeKa
yepes 5 JieT HabJII0/IEHNs) U OTCYTCTBUE PE3UCTEHT-
HbIX (popMm AT o cpaBHEHUIO ¢ TPYIIION IalueH-
TOB, TTOJIyYaBIIUX TOJHKO MEeTUKAMEHTO3HYIO TEpa-
nuio. Bmecre ¢ TeM B uccienoBaHUM OBLIU Orpa-
HUYEHUs: OHO OBUI0  OJHOIIEHTPOBOE, U3
OapuaTpUYECKUX OINEepanuid MPOBOJAMIIACH TOJBKO
[I7KP, Takke HEU3BECTHHI OTJAJIEHHbIE pe3yJib-
TaThl onepanuu [13].

Bbapuarpuueckue omepanuu npu COAC.
B HECKOJIBKUX HCCJIEIOBAHUSIX OIEHUBAIOCH BJIMSA-
Hue OapuaTtpudeckor xupyprum Ha COAC, HO
Ppe3yJIbTaThl OKa3aJINCh IMPOTUBOPEUYNBHIME. MeTa-
ananu3 A.M. Wong et al. 2018 r. (15 ucciemoBanmii)
BBISIBUJI CHIDKeHUe mocie omnepanuii [IIPKP u PTD
HWH/IEKCA alTHO3-THUIIOIHO3 € 39,3 COOBITHA B Yac JI0
oreparuu 1o 12,5 COOBITUA B Yac B IOCI€OTIEpaITU-
OHHOM ITlepuojie; OoJiee BBIPaKEHHBbIE W3MEHEHUs
HAOJIFOTATUCh Y MAIMEHTOB C TSDKEJIbIM TeUueHUEeM
COAC [14].

B meraananmuze K. Al Oweidat et al. (32 uccaeno-
BaHUs, 2310 NAIMEHTOB) YCTAHOBJIEHO, YTO Oapwa-
TpUUYECKHE BMEIIATEThCTBA ACCOIIMMPOBAHBI CO 3HA-

but the results have been inconsistent. A 2018 meta-
analysis by Wong et al. (15 studies) found a reduction
in the apnea-hypopnea index after RYGB and SGE
from 39,3 events/h preoperatively to 12,5 event/ h
postoperatively; more pronounced changes were
observed in patients with severe OSAS [14].

In a meta-analysis by Al Oweidat et al. (32 stud-
ies, 2310 patients), bariatric interventions appeared
to be associated with a significant reduction in BMI
(weighted mean difference (WMD) = —11,9; 95%
confidence interval (CI): —13,4; —10,4), apnea-
hypopnea index (WMD = -19,3; 95% CI: —23,9,
—14,6), and respiratory disturbance index
(WMD = —33,9; 95% CI: —42,1, —25,7). The rate of
OSAS remission after surgery was 65% (95% CI:
0,54, 0,76) [15]. However, long-term monitoring of
patients with OSAS after bariatric surgery is required
to assess the need for specific treatment of residual
clinically significant manifestations of the condition.

Bariatric surgery for joint diseases. Analy-
sis of a number of observational studies has shown
that many patients with severe obesity report a
reduction in knee pain and improved joint function
in the first 6—12 months after bariatric surgery [16].
The incidence of osteoarthritis and arthroplasty of
hip and knee joints were studied in a prospective,
non-randomized study conducted in Sweden using
data from the National Swedish Patient Registry.
The follow-up time was approximately 20 years.
Bariatric surgery did not reduce the risk of develop-
ing knee and hip osteoarthritis in obese patients,
but were associated with an increased frequency of
knee arthroplasty compared with the control
group [17].

Bariatric surgery for urinary inconti-
nence. Obesity is one of the factors for urinary
incontinence in women. An observational study of
108 women showed a significant reduction in urinary
incontinence symptoms 3, 6, and 12 months after
bariatric surgery, which correlated with a decrease in
BMI [18]. Waeckel et al. observed 83 women who
suffered from stress urinary incontinence or overac-
tive bladder disorders before bariatric surgery. The
reduction in stress bladder symptoms persisted for
6 years: the Urinary Symptom Profile questionnaire
score decreased from 3 [1; 7] before surgery to o
[0; 1] (p = 0,0010) 1 year after surgery and remained
at the level of 0 [0; 0] (p = 0,0253) 6 years after sur-
gery. A decrease in the severity of overactive bladder
symptoms was statistically significant: 3 [1; 7] before
surgery versus 2 [0; 5] 6 years after surgery
(p = 0,0150). However, this improvement was sig-
nificantly less expressed after 6 years than after
1year: 0 [0; 1] (p = 0,002) [19].
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YUTeJIbHBIM cHIbKeHueM VIMT (B3BellleHHasi pas-
HocTh cpeqaux (BPC) = —11,9, 95% J0BEpUTETHHBIA
unrepBan ([JUN): -13,4, —10,4), HUHIEKCA AamTHO3-
rumnonHod (BPC = -19,3, 95% [U: —23,9, —14,6) u
uHJIeKca HapyuieHus apsixanus (BPC = —33,9, 95%
OU: —42,1, —25,7). YacTtoTa HOpMAaIU3aIliU JbIXa-
TeJILHOTO MAaTTepPHA I0CJIe OIIEPAIIUH COCTaBUIIA 65 %
(95% JIU: 0,54, 0,76) [15]. Bmecte ¢ Tem Tpebyercs
JIOJITOCPOYHBI MOHUTOPUHT marueHToB ¢ COAC
mocsie GapuaTpUIEeCKIX OIepaIiuii It OIleHKU HeoO-
XOZIUMOCTH CIIEIU(PUIECKOTO JIEUEHUS OCTATOYHBIX
KJIMHUYECKHU 3HAUUMBIX ITPOSIBJIEHUH COCTOSHUS.

BapuaTtpuueckue omepaiuyd npu 3adoJie-
BaHUAX CycTaBOB. [Ipu aHaimse psaga HabIIOMA-
TeJIbHBIX MCCIEOBAHUN YCTAHOBJIEHO, YTO MHOTHE
MaleHThl € TSKEJBIM OKUPEHWEM OTMeuaroT
YMeHbIIIEHUEe 00JIEN B KOJIEHSX U YIydllieHne GyHK-
IIMOHAJIBHOTO COCTOSIHUSI CYCTaBOB B IIE€PBBIE
6—12 Mec mocje GapuaTpUYecKol omepamuu [16].
3ab0J1eBaeMOCTh OCTE0APTPUTOM U IIPOBEJIEHUE
apTPOIUIACTUKHU U3y4YaJid B MPOCIEKTUBHOM HepaH-
JIOMU3UPOBAHHOM Hccie/loBanuu B IlIBeruu 1o
JlaHHBIM HallmoHaIbHOTO peecTpa NaueHTOB, JIJI1-
TEJIbHOCTh HAOJIIOIEHUsI COCTaBUJIa OKOJIO 20 JIET.
BapuaTtpuueckue BMeNIaTeIbCTBA HE CHIKAJIA PUCK
Pa3BUTHSA OCTE0APTPUTA KOJIEHHOTO M Ta300epeH-
HOTO CyCTaBOB Y IAI[UEHTOB C OKUPEHUEM, HO acco-
IUUPOBAJINCH C YBEJIUYEHHEM YaCTOTHI apTpOILIa-
CTUKH KOJIEHHOTO CycTaBa II0 CPaBHEHHIO C KOH-
TPOJIBHOU TPyIoi [17].

BapuaTpuyeckue omepanmuy nNpu Heaep-
KkaHUU MOYHU. OXUpEHUE SIBJISIETCS OJHUM W3
dakTOpoB Hemep:KaHUS MOUYH Yy JKEHIHH.
B HabsoaTeIbHOM HCCJIEJOBAHUU € y4aCTHEM
108 KeHIWH MMOKAa3aHO 3HAYUTEIbHOE YMEHbIIIe-
HHUE CUMIITOMOB HeJlepXKaHUs MOYHU uepe3 3, 6 U
12 Mec mocje OapuaTpUYECKOU OIepamuu, 4YTo
KoppesimpoBasio co cHmkenunem HWMT [18].
T. Waeckel et al. nabatoganu 83 KeHIUH, CTpa-
JIABIIIUX CTPECCOBBIM HeAepKaHUeM MOYU WJIH
TUIEPPEAaKTUBHBIM MOYEBBIM ITy3bIpEM 710 Oapua-
TPUYECKUX OIepanuii. YMeHbIIeHHe CUMIITOMOB
CTPECCOBOTO MOUYEBOTO ITy3bIPsS COXPAHSJIOCH B
TedeHue 6 JieT: 6ayur mo ompocHuKy IIpoduib
CUMITOMOB MoueBbIBoAAmux mnyred (Urinary
Symptom Profile) causuics ¢ 3 [1; 7] nepen ore-
panmeit o o0 [0; 1] (p = 0,0010) uepes 1 roj ocyae
omeparuu W OCTajIcsi Ha ypoBHe O [0; O]
(p = 0,0253) uepes 6 jer. CHUIKEHHE BhIPA’KEHHO-
CTH CHMIITOMOB THUIIEPPEAKTUBHOTO MOYEBOTO
My3BIPSI OCTABAJIOCH CTATUCTUYECKH 3HAUYUMBIM: 3
[1; 7] Ganma mepen omepamuedr mpoTus 2 [0; 5]
O6ay1oB yepes 6 JjeT (p = 0,0150). OmHAKO 3TO
yiydllieHue ObLIIO0 3HAYUTEJTHbHO MeHee BbhIpajKeH-

In another study of 43 women after bariatric sur-
gery, a 72,7% reduction in stress urinary inconti-
nence was observed (p = 0,021). Predictive factors
for preoperative diagnosis of stress urinary inconti-
nence were age (p = 0,024) and waist circumference
(p = 0,048). Urinary symptoms, especially nocturia
(p = 0,001) and stress urinary incontinence
(p = 0,026), improved after weight loss. Menopause
was the most significant predictive factor for persis-
tence of stress urinary incontinence 6 months after
bariatric surgery (p = 0,046) [20].

A meta-analysis by Lee et al. (33 cohort studies,
2910 patients, median follow-up 12 months) showed
that bariatric interventions led to improvement or
resolution of any urinary incontinence in 56% (95%
CI: 48-63%), stress urinary incontinence in 47%
(95% CI: 34—60), and urgency urinary incontinence
in 53% (95% CI: 32—73) of patients. In addition, bar-
iatric surgery significantly reduced symptom severity
(p < 0,001) according to the Urogenital Distress
Inventory (by 13,4 points (95% CI: 7,2—19,6), accord-
ing to the International Consultation on Inconti-
nence Questionnaire by 4,0 points (95% CI: 2,3—-5,7),
and according to the Incontinence Impact Question-
naire (IIQ) by 5,3 points (95% CI: 3,9—6,6). How-
ever, worsening or recurrence of urinary inconti-
nence was observed in 3% of patients. Further long-
term comparative studies are needed to confirm the
effectiveness of bariatric surgery in the treatment of
urinary incontinence [21].

The impact of bariatric surgery on repro-
ductive function. A systematic review and meta-
analysis that included 8 studies on reproductive-age
women with postoperative follow-up from 7 months
to 9 years showed that, despite heterogeneity in
changes, irregular menstrual cycles became signifi-
cantly less frequent in patients who underwent
bariatric surgery (p = 0,01, odds ratio (OR) = 0,22;
95% CI: 0,06—0,74). Furthermore, the results of the
study demonstrated that bariatric surgery reduced
the level of infertility significantly (p = 0,00001;
OR = 0,55; 95% CI: 0,45—0,68), the rate of miscar-
riages (p = 0,01; OR = 0,51; 95% CI: 0,30—0,86), and
the number of congenital malfunctions, but the effect
was not statistically significant (p = 0,16; OR = 0,39;
95% CI: 0,10—1,45). Most likely, weight loss improves
ovulatory dysfunction and reduces irregular men-
struation, while boosting spontaneous concep-
tion [22].

The impact of bariatric surgery on the
development of cancer. To assess the impact of
bariatric surgery on cancer incidence, Wiggins et al.
performed a meta-analysis of eight population-based
studies, which included 635 642 people (114 020
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HBIM 4uepe3 6 jier, ueM uepe3 1 roa: 0 [0; 1] (p =
0,002) [19].

Eltle B OTHOM HCCIIEZIOBAHUU 43 KEHIINH MOCTIe
OapraTpUYECKUX OIlepamuil HaOJII0JaJIoCh CHIKE-
HHE CTPECCOBOTO HEAEPKaHWsA MOYH Ha 72,7 %
(p = 0,021). IIpornocTuueckuMu haKTOPaMH A0O0TIe-
PAaIOHHOU JUaTHOCTUKYU CTPECCOBOTO HEJIepIKaAHUS
Moun ObUTH BoO3pacT (p = 0,024) U OKPYKHOCTH
tanuu (p = 0,048). CUMITOMBI HAPYIIIEHHOTO MOYe-
HCITyCKaHUsl, 0cOOeHHO HUKTypus (p = 0,001) U
CTpeCccoBOe Henlep:kaHue MouH (p = 0,026), yMeHb-
[IWJIUCH TI0CIe CHIKEHUST Macchl Tesia. MeHomaysa
6pL1a HanboJIee 3HAYNMBIM ITPOTHOCTUYECKUM (haK-
TOPOM COXPaHEHHUs CTPECCOBOTO HEJEPIKAHUA MOYHU
B Te€UYEHUE IIECTH MECSIEB MOcyie GapuaTpudecKoi
omnepanuu (p = 0,046) [20].

Mertaananus Y. Lee et al. (33 KOrOpTHBIX Hcce-
JTOBaHUsI, 2910 HAIEHTOB, CPEAHU Tepuo HabJIro-
JIEHUsI 12 Mec) IoKa3ajl, uTo OapuaTpudyecKre BMe-
[IaTeJIbCTBA MMPUBOMIIHA K YIYUIIEHHUIO HJIU paspe-
IIIEHUIO JIF0O0TO HeslepKaHusa Mouu y 56 % (95% U
48-63 %), cTpeccoBOrO HeZEPKAaHUsA MOYHU Y 47 %
(95% JI1: 34—60) B UMIIEPATUBHOTO HEJEPIKaHUA
Mouu vy 53 % (95% JAW: 32—73) GonbHBIX. Kpome
TOT0, bapuaTpUUECKUE OTIePAIIUY 3HAUUTETHHO CHU-
JKaJId BBIPAKEHHOCTh CHUMIITOMOB (p < 0,001) IO
OmnpocHuKy paccrporictB Movencyckanus (Uroge-
nital Distress Inventory) — Ha 13,4 6ayuta (95% JH1:
7,2—19,6), 10 MexXIyHApOHOM aHKETE I10 HeJleprKa-
Huo mouu (International Consultation on
Incontinence Questionnaire) — Ha 4,0 6amia (95%
JIN: 2,3-5,7) 1 1o OUIPOCHUKY BIIUSHUS HeJeprKa-
Hus moun (Incontinence Impact Questionnaire) —
Ha 5,3 6asta (95% JI1: 3,9—6,6). Bmecte ¢ TeM yxyz-
[IeHUE WJIN PENUUB HeJlep:KaHUs MOYH HaOJII0/1a-
Jock y 3 % mamueHToB. A TOATBEPIKAEHUA
a(pdexTUBHOCTH HapUATPUUECKON XUPYPTHH B JIeue-
HUU HeJEPKaHUs MOYU TPeOyITCS JaJbHEUIIre
JTOJITOCPOYHBIE CPABHUTEIbHbIE UCCIEIOBAHMA [21].

Bimmsinue GapuaTpuYecKux omepanuii Ha
penpoaykTuBHyl0 GyHkmuw. Cucremaruye-
CKU 0030p U MeTaaHan3, B KOTOPble OBLIIN BKJIIO-
YeHbl BOCEMb HCCJIEIOBAHUM JKEHIIUH PEmpOIyK-
THBHOTO BO3PACTa, C IIEPHOJIOM HAOJIIOZEHUS TOCTIe
OGapuaTpUYECKHUX BMEIIATEILCTB OT 7 MeC JI0 9 JIET,
MMOKa3aJIx, YTO, HECMOTPS Ha FreTEPOTEHHOCTh U3Me-
HEHUU, HeperyJIsipHble MEHCTPYAJIbHBIE [TUKJIbI 3HA-
YUTEJIbHO COKPATWINCH Y MAIMEHTOK, IePEeHeCITuX
OapuaTpUYeCcKyr omepanuio (p = 0,01, OTHOIIIEHHE
mancoB (OII) = 0,22; 95% AU1: 0,06—0,74). Kpome
TOTO, Ppe3yJIbTaThl HCCJIEJOBAHUM IIOKA3aad, YTO
MpUMEeHeHNe JJAHHOTO MEeTO/a JIEYEHHs MTPUBEJIO K
3HAYUTEJIPHOMY CHIDKEHHIO VPOBHA Oecruromus
(p = 0,00001; OIl = 0,55; 95% AU: 0,45-0,68),

patients underwent bariatric surgery (RYGB -
69 740, SGE — 7,519, gastric band — 13 609, gastro-
plasty — 8,632, alternative procedure or undeter-
mined - 14,520). There were 521 622 control
patients. Bariatric surgery was found to be associ-
ated with a significant reduction in both overall can-
cer incidence (OR = 0,72; 95% CI: 0,59—0.87;
p = 0,0007) and obesity-related morbidity
(OR = 0,55; 95% CI: 0,31-0,96; p = 0,04), and also
contributed to a reduction in the risk of breast cancer
(OR = 0,50; 95% CI: 0,25-0,99; p = 0,045). How-
ever, further studies are required to determine the
underlying mechanism responsible for the antican-
cer effect of bariatric surgery [23].

The SPLENDID study [24] included
30 318 patients (mean age 46 years, mean BMI 45,
77% women, 73% Caucasian, mean follow-up
6,1 years). The mean difference in body weight
between groups at 10 years was 24,8 kg (95% CI:
24,6—25,1) or 19,2% (95% CI: 19,1-19,4), greater
weight loss in the bariatric surgery group. During
follow-up, obesity-related cancer was diagnosed in
96 patients in the bariatric surgery group and
780 patients in the non-surgical control group (inci-
dence rate of 3,0 events vs. 4,6 events per 1000 per-
son-years, respectively). The cumulative incidence of
the primary endpoint at 10 years was 2,9% (95% CI:
2,2—3,6) in the bariatric surgery group and 4,9%
(95% CI: 4,5—5,3) in the non-surgical control group
(absolute risk difference, 2,0% (95% CI: 1,2—2,7%);
adjusted risk ratio, 0,68 (95% CI: 0,53-0,87);
p = 0,002).

Cancer-related mortality occurred in 21 patients
in the bariatric surgery group and 205 patients in the
control group (incidence rate of 0,6 events versus
1,2 events per 1000 person-years, respectively). The
cumulative incidence of cancer-related mortality at
10 years was 0,8% (95% CI: 0,4—1,2) in the bariatric
surgery group and 1,4% (95% CI: 1,1—1,6) in the non-
surgical control group (absolute risk difference, 0,6%
(95% CI: 0,1—1,0), adjusted hazard ratio 0,52 (95%
CI: 0,31—0,88; p = 0,01). Lower cancer-related inci-
dence and mortality were observed among obese
adults who underwent bariatric surgery [24].

Complications of bariatric surgery. Despite
the ongoing evolution in bariatric surgery techniques
and a low mortality rates, patients may still experi-
ence both early and late (up to 3 months after the
procedure) complications. Furthermore, the devel-
opment of the most serious potential medical, surgi-
cal, and psychological complications may call into
question the overall benefits of such surgeries. Com-
plications of bariatric surgery include reoperations,
frequent hospitalizations, severe nutritional defi-
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YaCTOThI CJIyYaeB HEBBIHAIIMBAHUA OepeMEHHOCTU
(p = 0,01; OIII = 0,51; 95% JIW: 0,30—0,86), a TaK:Ke
KOJIMYECTBA BPOKIEHHBIX aHOMAJIUH, OJTHAKO BBISB-
JIeHHBIU 3¢ PeKT He ObLT CTATUCTHYECKH 3HAYUMBbIM
(p = 0,16; OIII = 0,39; 95% JIN: 0,10—1,45). Ckopee
BCEro, CHIKEHUE MAacChl Tejla YIy4IlaeT OBYJIATOP-
HyI0 JUCPYHKIIUIO W yMEHBIIAET HeperyJspHbIe
MEHCTPYalli, OJHOBPEMEHHO CTHMYJIHPYs CIIOH-
TaHHOE 3auaTue [22].

BiausiHue GapuaTpUYecKUX Ooleparaii Ha
pasBUTHE OHKOJIOTUYECKHX 3a00/1eBaHUId.
YUTOOBI OIEHUTDH BIIMSHHME OApUATPUUECKON XUPYP-
ruu Ha 3abosieBaemoctb pakom, T. Wiggins et al.
MPOBEJIM MeTaaHa/lN3 BOCHMH IOMYJISIIIHOHHBIX
WCCIIEZIOBAHUN, B KOTOpble OBLIO BKJIIOUEHO
635 642 yes. (114 020 HanKeHTaM IIPoBeJieHa bapu-
atpuueckas omepanus (IIHKP — 69 740, PT'D — 7519,
OaHZG)KMPOBaHHE JKeyJIKa — 13 609, racTporuia-
cTuka — 8632, aJibTepHATUBHASA WU HEYCTAHOBJIEH-
Has MPOIeypa — 14520), B KOHTPOJIBHOHN TPYyIIIIe
ObLIO 521 622 malueHTa. YCTaHOBJIEHO, UTO bapua-
TPUYECKHE XHPYPIHUYECKHIE BMEIATEIHCTBA ACCOIH-
WPOBAHBI CO 3HAYUTETHbHBIM CHUKEHHEM KaK OHKO-
Jiornueckor 3aboaeBaemoctd B 1esiom (O = 0,72;
95% JI1: 0,59—0,87; p = 0,0007), Tak u 3ab60eBae-
MOCTH, cBsi3aHHOI ¢ oxkupennem (OIIl = 0,55; 95%
JIN: 0,31—0,96; p = 0,04), a TaKKe CIIOCOOCTBYIOT
CHIDKEHHIO pHCKAa Ppa3BUTHUSA paka MOJOYHOU
sxenespl (O = o0,50; 95% JU: 0,25-0,99;
P = 0,045). BmecTe ¢ TeM HEOOXOIMBI JTATbHEHTITHE
HCCIIEZIOBAHUS, UTOOBI OIIPEIETUTh OCHOBHON Mexa-
HHU3M, OTBETCTBEHHBIH 32 MPOTUBOPAKOBBIN 3 HEKT
bapuaTpuyeckoi xupypruu [23].

B wucciemosanne SPLENDID [24] Bomuin
30 318 manueHToB (CpeaHUE BO3pacT 46 JIeT, cpea-
aul UMT 45, 77 % XeHIIUHBIL, 73 % €BPOIEOUIHI,
cpeaHUN cpok HaboieHus 6,1 roaa). CpeaHssa pas-
HHUIIA B Macce Tejla MeXAy TPyIIIaMu dyepes 10 JIEeT
cocraBuia 24,8 kr (95% AU: 24,6—25,1), uiu 19,2 %
(95% JIU: 19,1-19,4), ¢ GOJIBIIEH MOTEPENU MaCChI
TeJia B TpyIIiie 6apuaTpUUIeCcKOi XUPYPruu. 3a BpeMs
HaOJTI0IeHYs y 96 MaI[ieHTOB B IpyIie bapuarpuye-
CKOU XUPYPrUH Uy 780 MaIlMeHTOB B HEXUPYpPrude-
CKOM KOHTPOJIbHOH TPYIIIlEe BBHISABJIEH pakK, CBA3aH-
HBIH C OXUpeHuWeM (Jactota 3ab0JieBaeMOCTH —
3,0 ciIydasi MPOTUB 4,6 CJIydasi COOTBETCTBEHHO Ha
1000 4YeaoBeKo-IeT). KymMyisTUBHAs yacToTa Imep-
BUYHOM KOHEUHOM TOUKH 3a 10 JIET COCTaBuiIa 2,9 %
(95% IU: 2,2—3,6) B rpyImrme 6apuaTpUIECKUX BMe-
[IaTeNbCTB U 4,9 % (95% /AU, 4,5—5,3) B HEXUPYPIH-
YeCKOU KOHTPOJILHOM Tpyiiie (a6CoTI0THAS PAa3HUIIA
pUCKOB — 2,0 % (95% JIU: 1,2—2,7%; CKOPPEKTHUPO-
BaHHOE OTHOIIIEHNE PUCKOB — 0,68 (95% /I1: 0,53—
0,87); p = 0,002).

ciencies, and mental and psychological disorders.
Late complications after SGE include pyloric steno-
sis and gastroesophageal reflux disease (GERD).
Patients who have undergone RYGB may develop
chronic marginal ulcers, strictures or dilation of the
gastrojejunal anastomosis, and gastric fistulas. Bili-
ary tract pathologies (choledocholithiasis), chronic
abdominal pain, and weight regain are also possi-
ble [25].

GERD. Two major randomized controlled trials
assessed the rates of remission and new onset of
GERD after SGE and RYGB. The SM-BOSS study
found a 5-year remission of GERD in 25% of patients
after SGE compared to 60,44% of patients who
underwent RYGB [26]. Meanwhile, de novo GERD
occurred in 31,6% of patients after SGE compared to
10,7% of patients after RYGB. The study also showed
that 9% of patients who underwent SGE were
required to undergo RYGB due to the development
of GERD.

In the SLEEVEPASS study, a conversion from
SGE to RYGB was observed in 6% of patients due to
the development of GERD [11]. The French Society
for the Surgery of Obesity and Metabolic Diseases
(Société Francaise et Francophone de Chirurgie de
I'Obésité et des Maladies Métaboliques) recom-
mends esophagogastroduodenoscopy 6 months
before surgical procedures to determine the type of a
surgical modality, as well as close monitoring for the
development of Barrett’s esophagus and esophageal
adenocarcinoma and conservative therapy in occur-
ring GERD [27].

Dumping syndrome and postprandial hyper-
and hypoglycemia. Following procedures involving
partial gastrectomy or gastric bypass, carbohydrates
enter the small intestine too quickly, which can lead
to dumping syndrome, that is manifested by abdom-
inal symptoms such as nausea, diarrhea, feeling of
abdominal fullness, and abdominal pain, as well as
vasomotor symptoms including palpitations, sweat-
ing, weakness, flushing, and dizziness. A distinction
is made between early dumping syndrome, which
develops within 1 hour after a meal and is usually
caused by the rapid entry of food into the small intes-
tine, and late dumping syndrome, which is charac-
terized by symptoms of hypoglycemia (weakness,
loss of consciousness, fainting, hunger, sweating,
tremors, and irritability), occurring 1—3 hours after a
meal. A number of studies have shown that late
dumping syndrome, detected by continuous glucose
monitoring, develops in 50% of patients after RYGB
or SGE [28]. Some authors distinguish between the
concepts of postprandial hypoglycemia (develops
several months after bariatric surgery) and late
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CMepTHOCTh OT paka HabJrofanach y 21 Iaru-
eHTa B Tpyllle 0OapUaTPUYECKOTO JIEYEHUST U Y
205 TalMeHTOB B KOHTPOJIBHOH TpyIine (dacrora
3abosieBaeMoCT! 0,6 COOBITHS IIPOTHB 1,2 COOBITHS
COOTBETCTBEHHO Ha 1000 4eyioBeKo-jeT). COBOKyI-
Has JacToTa CMEPTHOCTH OT paka 3a 10 JIET cOCTa-
Buia 0,8 % (95% JI: 0,4—1,2) B TpyIIIle XUPyprude-
ckoro jedenus u 1,4 % (95% JU: 1,1—-1,6) B HEXU-
PYPTHYECKOW KOHTPOJIBHOU Tpymnne (abcosoTHasd
pasHuIa puckos — 0,6 % (95% JIU: 0,1-1,0), CKOp-
PEKTUPOBAHHOE OTHOIIIEHHE PHCKOB — 0,52 (95%
IIU: 0,31—0,88; p = 0,01). Cpeqiu B3POCIIBIX MAI[AEH-
TOB C OKMPEHWEM, IepeHEecIInx OapuaTpuuecKue
XUPYpPrU4yecKre BMeIIaTeIbCTBa, HaOII0AaIach
6osiee Hu3Kasg 3a607€Ba€MOCTb M CMEPTHOCTH OT
OHKOJIOTHYECKHUX 3a00JieBaHuii [24].

Ocy10kHEeHusA OapuaTpUYecKHX oIepa-
muii. HecMoTpsA Ha TPOJOJDKAIOIIEecs pPa3BUTHE
TeXHUKU MPOBeJIeHUs 6apuaTpUIeCKUX Oepanui u
HUBKYI0 4YacTOTy CMEPTHOCTH, Yy IaI[UeHTOB
MO-TIPE’KHEMY MOTYT BO3HHUKATh KaK paHHUE, TaK
mo3gHue (4epes 3 Mec IIOCTE€ BMEIIATEhCTBA)
ocyioxkHeHusi. Kpome Toro, pasBuTue Haubosee
CEpPhe3HBIX MOTEHITUATBHBIX MEAUIIMHCKUX, XUPYP-
TUYECKUX U TICUXOJOTHYECKUX OCJIOKHEHUH MOTYT
IOCTABUTh BOMIPOC O TMOJOKUTETbHOM 3ddeKrTe
Takux omepanuii Boobie. K ocnoxxkHenusim 6apua-
TPUYECKON XUPYPTHUU OTHOCAT IIOBTOPHBIE OIepa-
[MY, YaCThIE TOCITUTATU3AINH, TSKEIYI0 HyTPUTHUB-
HYIO HEJIOCTAaTOYHOCTb, IICUXUYECKHE U TICUXOJIO0TH-
YecKWe  paccTpoiictBa. B uywmcio  mo3gHUX
OCJIOXKHEHUH Tocsie PI'D BXOAAT MHUJIOPOCTEHO3 W
ractpossodareanbHass  pedJoKcHas — 00se3Hb
(I'9PB). ¥V nanwmentos, mepenecmux [IXKP, moryt
BO3HHUKATh XPOHUUYECKHE MaprHHAJIbHbBIE s3BBI,
CTPUKTYPHl WU pACIIMPEHUE TacTPOEIOHATIHHOTO
aHACTOMO3a U KeJyAouHble QucTysibl. Takke BO3-
MOKHBI Pa3BUTHE IIATOJIOTHU KEJTUEBBIBOIAIIIX
myTell (X0JIeTOXOJIUTHA3), XPOHUYECKOH abaoMu-
HaJIbHOM 00JIH, TOBTOPHBIN Habopa Macchl Tesa [25].

I'9Pb. B nBYX KPYyITHBIX PaH/IOMU3UPOBAHHBIX KOH-
TPOJIUPYEMBIX HCCJIEZIOBAHUAX OIEHUBAJIACh YacTOTa
peMuccny 1 HoBOro Bo3HukHOBeHUs ['OPB nocie PT'D
u IIIDKP. B uccinemoBannu SM-BOSS BbIsIBIIeHA 5-JIET-
Hss peMuccrs paHee uMmesttelicsa ['9PB y 25 % maru-
eHTOB 110cJIe PT'D B cpaBHEeHUU ¢ 60,44 % TAIUEHTOB,
niepeneciux [IIKP [26]. B To ske BpeMsi BHOBb pas-
puBmasics ['OPD BeIABIeHa y 31,6 % MaIlEHTOB MOCTIE
PT'S B cpaBHeHuwm c 10,7 % nanueHTtoB mnocie ITIKP.
Taxske B MCCIEIOBAaHUU MTOKA3aHO, YTO 9 % TallleH-
TOB, TIepeHecIx PI', BeiHyxAenHs! nmpoiitu IIIKP mo
npuunHe pa3putua [OPb.

B uccnenosanuu SLEEVEPASS ormeuasics nepe-
xon ¢ PI'D na III’KP y 6 % mainueHTOB BCJIEACTBUE

dumping syndrome (occurs several weeks after sur-
gery) [29]. The incidence of dumping syndrome
largely depends on the type of surgery: early dump-
ing syndrome occurs more often after SGE (in 41% of
cases compared to 26% in RYGB), and with a combi-
nation of RYGB and SGE, 31% of patients report the
development of dumping syndrome symptoms [30].
Late dumping syndrome occurs significantly less fre-
quently (in 11% of patients after RYGB and in 6,7%
after SGE). Patients who had undergone RYGB after
gastric banding are significantly more likely to
develop late dumping syndrome compared to pri-
mary RYGB, probably due to frequent damage to
parasympathetic nerve fibers during the second
intervention [31].

In the treatment of the described syndromes,
dietary interventions, acarbose, somatostatin ana-
logues, or, in refractory cases, reoperations are
used [32]. In addition, new management strategies
for this group of patients are being developed, includ-
ing GLP-1 agonists or sodium-glucose cotransporter
type 2 inhibitors [32]. Endoscopic transoral outlet
reduction is successfully used to treat dumping syn-
drome in patients with weight regain due to dilation
of the gastrojejunal anastomosis. This method is also
used for gastroesophageal reflux following bariatric
surgery [33].

Nutritional deficiency. Micronutrient deficien-
cies after surgery are largely due to pre-existing defi-
ciencies and the type of surgery. Due to their restric-
tive nature, laparoscopic adjustable gastric banding
and SGE can affect the absorption of iron, selenium,
and vitamin B12, whereas RYGB and jejunoileal
bypass have more significant effect on the absorption
of vitamins, minerals, and micronutrients. Such defi-
ciencies can manifest clinically as anemia, ataxia,
hair loss, and Wernicke’s encephalopathy [34]. After
gastric bypass, most of the stomach and minor por-
tion of the small intestine are not connected to food
passage, which affects the absorption of iron, cal-
cium, folate, vitamins A, Bi, Bi2, and D [35].
Although many patients receive nutritional supple-
ments after surgery, nutritional disorders are 5 times
more common among them than in non-operated
patients [36, 37]. A study by Johansson et al. showed
that the risk of developing manifest anemia due to
iron or vitamin B12 deficiency after bariatric surgery
increases almost 3-fold compared to non-operated
patients. The incidence of anemia 20 years after gas-
tric bypass was 64 cases per 1000 person-years, after
vertical-banded gastroplasty — 23 cases, and after
gastric banding — 26 cases per 1000 person-years,
compared to the control group (13 cases per
1000 person-years) [38].
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pasButuss '9PB [11]. ®paniysckoe 0OIIECTBO IO
XUPYPIUU OKUPEHUS U META0OJIMYECKHUX 3a00JIeBa-
Huii (Société Francaise and Francophone de
Chirurgie de I’Obésité et des Maladies Métaboliques)
peKoMeHiyeT 330 aroracTpoyoZIeHOCKOIIHIO 32
6 Mec JT0 IIPOBEIEHUSI XUPYPTHUECKUX MPOTIEAYP JJIs
BBIOOpPA BH/A OIIEPATHUBHOTO BMEIIATEILCTBA, a
TaKIKe TINATeTbHOE HAOJII0/IeHIe Ha ITPeMET Pa3BU-
THs nuieBosa bappera u aieHOKapIMHOMBI MTHIITE-
BO/JIa W TIPOBEZIeHNEe KOHCEPBATHUBHON Tepamuu B
ciayyae BosHuKHOBeHUs ['OPB [27].
Jlemnune-cunopom u  nocmnpaHouaabHvle
aunep- u 2unozauxemus. Ilocse nponenyp, BKIOYa-
IOIHUX YACTUYHYIO PE3EKITUIO KEeJTy/Ka WJIN [IyHTH-
poBaHuUe, YIIeBO/IbI CIUIIKOM OBICTPO MOCTYIAIOT B
TOHKHWM KHUIIIEYHHK, YTO MOKET BBI3BATh Pa3BUTHE
JIEMIIUHT-CHHJIDOMA, KOTOPBIA IPOSBJISAETCA abmo-
MUHAJIHHBIMHM CUMIITOMaMH, TAKUMU KaK TOIIHOTA,
Zapesi, YyBCTBO IEPENOTHEHU KeIyaKa, 60Ib B
JKUBOTE, a TaK)Ke Ba30MOTODHBIMH CHMIITOMAaMH,
BKJIIOYAIOIIMMU yUallleHHOe cep/lebrnenue, moTIu-
BOCTh, C€Ja0OCTh, TPWINBBI U TOJIOBOKPYKEHUE.
BoiiesisiloT paHHUHA JIEMITHHT-CUHAPOM, KOTOPBIU
pa3BHUBaeTCs B TEUEHHE 1 Yaca IOocJie pueMa MUIU
U OOBIYHO OOYCJIOBJIEH OBICTPHIM IIOCTYILIEHHEM
MMUINY B TOHKUH KUIIEYHUK, U ITO3JHUN JEeMIIMHT-
CUHZIPOM, TIPOSIBJISIONIUICA CUMIITOMAMHU THIIOTJIH-
kemMuu (c1abocTh, IMOTEPsA CO3HAHUS, OOMOPOKH,
YyBCTBO T'OJIO/IA, IOTJIUBOCTh, TPEMODP U Pa3/IPKU-
TEJIbHOCTh), BO3HUKAIOIIUMU uepe3 1—3 U IMOcCje
ImprueMa MHINH. Psj wmccaegoBaHWN IOKA3asl, YTO
MO3IHUH JIEMITMHT-CUHAPOM, BBISBJISEMBIA IIPHU
HEINpPePHIBHOM MOHUTOPUPOBAHUHU TJIIOKO3bI, PA3BU-
Baercay 50 % naruenTtos nocye IIKP nu PT'3 [28].
HexoTopble aBTOPHI Pas3/esIsOT MOHATHS TOCTIIPAH-
MUQIBHON TUIOTINKeMuu (pa3BUBaeTCs uepe3
HECKOJIBKO MeCAIIEB I0ciie HapuaTpHUIECKUX OIepa-
OHH) U TO3IHETO JEMITUHT-CHHApPOMa (BO3HHUKAET
Yyepes HECKOJIPKO HeJIe b ITOCJIe OTIEPATUBHOTO Jieue-
HUA) [29]. YacroTa pasBUTHs JAEMIIHMHT-CUHAPOMA
BO MHOTOM 3aBHCHUT OT BH/Ia OIIEPATUBHOTO BMeIIIa-
TeJIbcTBA: Tocsie PT'D vare BoO3HUKAET paHHUH 1eM-
MIUHT-CUHAPOM (B 41 % cirydaeB B cpaBHeHnH ¢ [IIKP
— B 26 %), a npu xombuHanuu III2KP u PI'd 31 %
MaleHTOB OTMEYAIOT PAa3BUTHE CHUMIITOMOB JEM-
nUHT-cuHApoMa [30]. Tlo3gHuH AeMIIMHT-CHHAPOM
BO3HHKAET 3HAYUTEIBHO pexke (y 11 % manueHTOB
mocse IIDKP u y 6,7 % — nocae PI'D). Y manueHTOB
npu nposeneHuun IIKP mociie mpepmecTByomero
OaHIAKMPOBAHMSA JKEJTyIKa 3BHAYUTEIBHO Yallle pas-
BUBAETCS TO3HUM JEMIIMHT-CUHPOM B CPABHEHUH
¢ neppuyHbIM III7KP, BepOATHO B CBA3M C YaCTBIM
MOBPEXK/IEHUEM  IMapacUMIIATUYECKUX  HEPBHBIX
BOJIOKOH BO BpeMsI BTOPOTO BMeIIaTeIbCTBa [31].

Rapid weight loss and impaired calcium and vita-
min D absorption can lead to decreased bone min-
eral density and the development of osteoporosis,
which increases the risk of bone fractures [39].
Among 104 patients examined 5 years after RYGB,
the incidence of 25(OH)D deficiency was 25%, with
factors contributing to this deficiency including the
discontinuation of the health care, higher BMI, vita-
min D deficiency, and lower individual UVB radia-
tion levels [40].

Another study found that the incidence of frac-
tures was the highest after gastric bypass (22,9 cases
per 1000 person-years) and also significantly higher
than in the control non-surgery group (9,3 cases per
1000 person-years) after SGE (10,4 cases per
1000 person-years) and gastric banding (10,7 cases
per 1000 person-years) [41]. The use of a structured
lifestyle modification program (low- and very low-
calorie Mediterranean diet in combination with aer-
obic and resistance training) in the early stages of
preparation for RYGB was shown to promote weight
loss and a positive effect on micronutrients such as
vitamin D, phosphorus, and folate [42]. Lourensz et
al. showed that after biliopancreatic diversion with/
without duodenal switch, during long-term follow-
up, nutritional deficiency developed in 80,4% of
patients; the most common was vitamin D deficiency
(59,8%), followed by zinc (51,9%) and ferritin (43,1%)
deficiency; iron deficiency was observed in 35% of
patients; severe nutritional deficiency requiring hos-
pitalization and parenteral nutrition was detected in
9,8% of patients [43]. A multicenter retrospective
study by Schiavo et al. demonstrated that the use of
bariatric-specific multivitamins, namely vitamin B12
at a dosage of 500 pg/day, folic acid — 15 mg/day,
iron — 105 mg/day, zinc — 30 mg/day and vita-
min D — 10 ooo IU/day, before surgery is effective
for the prevention of nutritional deficiency after the
operation [44].

Gallstone disease. A Swedish study of obese indi-
viduals revealed an increased risk of developing gall-
stone disease (GSD) during the 20-year follow-up of
patients after bariatric surgery — gastric bypass, gas-
tric banding, and vertical-banded gastroplasty [45].
In addition, the incidence of symptomatic GSD one
year after surgery was found to be the highest after
RYGB (14,5% of patients) compared to SGE (4,4% of
patients), laparoscopic gastric banding (4,1% of
patients), and mini-gastric bypass (7,5% of
patients) [46].

Currently, the use of ursodeoxycholic acid
(UDCA) and the choice of its dosage in patients who
have undergone bariatric surgery are widely dis-
cussed. A meta-analysis of 10 placebo-controlled
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B JjleueHUM OMUCAHHBIX CUHAPOMOB IPUMEHS-
IOTCSl JUeTUYEeCKUe MepONpUATH:A, akapbosa, aHa-
JIOTH COMAaTOCTaTHUHA WU, B pedpPaKTePHBIX CIIy-
YyasgxX, IOBTOPHOE XHUPYPrHUYECKOe BMeIaTeslb-
ctBO [32]. [ToMmuMoO 3TOTO, pazpabaThIBAIOTCS HOBBIE
CTpaTeruu BeieHUs MAIlUEHTOB, C BKIIOUEHHUEM aro-
HuctoB I'TII-1 win MHIUOUTOPOB HATPUH-TIIIOKO3-
HOT'O KOTpaHcHopTepa 2-ro Tuma [32]. [l iedeHus
JIEMIINHT-CUHIPOMA Y TAIMeHTOB C IOBTOPHBIM
HAbOpOM Macchl Tejia BCJIEICTBUE PpACIIUPEHUS
racTPOEIHAIBFHOTO aHACTOMO3a YCIEITHO IPUMeHsI-
erca TpaHcopanbHaa ¢yHpomwtukamua (TORe).
Takske 9TOT METOZ IPUMEHSIETCS TP TacTpos30da-
reaytbHOM pedJIiokce, BO3HUKIIIEM IIOCTIE IIPOBEZIEH-
HBIX OapuaTPpUYECKUX onepanui [33].

Hympumuenas HedocmamouHocms. Jedu-
IHUT MHUKPO3JIEMEHTOB IIOCJIE OIIEPATUBHOTIO Jiede-
HUs BO MHOTOM OOBSCHSETCS YK€ HUMEIIHMCS
neUITUTOM JI0 OTIePAI[UH U BUIOM OIlepanuu. 3a
CYET CBOEro PECTPUKTUBHOI'O XapaKTepa Jamapo-
CKOIIMYECKOe peryjupyeMoe OaHIaKUPOBaHUE
xkenyaka m PI'D MoryT BauUATH HA BCachlBaHUE
JKeJsiesa, cejeHa, ButTaMuHa B12, Torga kak III2KP u
€IOHOWJIEJTbHOE  IIYHTUPOBAaHWE  OKa3bIBAIOT
OoJiee 3HAUMMOE BJIMSHUE HA BCACHIBAaHHE BUTA-
MHHOB, MUHEPAaJIOB U MHKPO3JIeMeHTOB. Takoi
eUITUT MOKET IMPOSABIATHCA KITUHUYECKU B BUJE
aHEeMWH, aTaKCUU, BBINAJIEHUs BOJIOC, dHIIedao-
natuu BepHuke [34]. ITocie mpoBe/ieHUs ITyHTH-
poBaHUsA KeayaKa OOJbIIAas YaCTh JKeJyAKa Hu
HebOOJIbIIasA YaCcTh TOHKOTO KHINEYHUKA HE CBS-
3aHBI C ITaccakeM ITHUIIH, YTO BIIUSET HA BCACHIBA-
HUE jKeJie3a, KaJbIusd, (GoIaToB, BUTAMUHOB A, B1,
B12, D [35]. XoTss MHOrHMe MaIlMEHTHI MOJIYyYalOT
MUIIEeBble TOOABKH IOCJIe TEPEHECEHHOU oIlepa-
WU, HYTPUTHUBHBIE pACCTPONCTBA CpeaU HUX
BCTpEvaloTCs B 5 pa3 yalle, YeM Y HeollepUpPOBaH-
HBIX HarueHToB [36, 37]. UccienoBanue, mpoBe-
nennoe K. Johansson et al., mokasaso, 4To puck
pa3BuTuA MaHU@ECTHOH aHEeMUH BCJIEJCTBUE
neduiura xesesa Wil BUTaMuHa B12 nocie 6apu-
aTpUYECKUX Ollepal[uil BO3pacTaeT MOUTH B 3 pasa
[0 CPAaBHEHWIO C HEOIePUPOBAHHBIMU MAaI[UeH-
tamu. YacToTa aHeMUHU yepes 20 JIET [Ocse IIyH-
TUPOBAHUS JKeJyAKa cocCTaBWja 64 ciaydas Ha
1000 YeJIOBEKO-JIET, ITOCIe BEPTUKAIBLHOU OaH/a-
JKUPOBAHHOU TacCTPOIJIACTUKH — 23 ciaydas u
mocsjae OaHIAKUPOBAHUsA JKeIyJKa — 26 cIydaeB
Ha 1000 YeJIOBEKO-JIET B CPABHEHUH C KOHTPOJIb-
HOHU rTpymnmo¥ (13 ciyyaeB Ha 1000 YeJIOBEKO-
aer) [38].

BricTpoe cHMIKeHME MacChl Tejla U HapylIeHue
BCACBHIBAHUA KaJIbIUA U BUTaMHHA D MOKeT mpu-
BECTH K CHIDKEHUI0 MHUHEPAJbHOU IJIOTHOCTH

studies including 2583 patients showed that UDCA
at a dosage of more than 600 mg/day significantly
reduced the risk of developing asymptomatic and
symptomatic GSD after bariatric surgery [47]. How-
ever, not all studies have proven the effectiveness of
UDCA in the prevention of GSD. Thus, according to
the results of the UPGRADE trial, the use of UDCA at
a dose of 900 mg for six months in 492 patients com-
pared to placebo (493 people) did not show a signifi-
cant reduction in the incidence of symptomatic GSD
in patients after bariatric surgery, but decreased the
incidence of GSD in patients without gallstones after
RYGB [48]. In addition, probiotics have been used to
prevent the development of GSD in patients after
bariatric surgery, and in a number of studies, after
6 months of use, they have shown to be no worse
than UDCA [49]. However, the need for prophylactic
cholecystectomy in patients who have undergone
bariatric surgery is questionable [50].

Mental illnesses and addictions. Significant com-
plications following bariatric surgery include psy-
chological problems, psychiatric disorders, and sub-
stance addictions. Between 20% and 50% of patients
already have psychiatric/addictive disorders before
bariatric surgery, and approximately 30-75% of
patients have had such disorders during their life-
time [51]. A meta-analysis by Brunault et al. showed
that obese patients experience depressive and anxi-
ety disorders, eating disorders, and cognitive impair-
ment. Furthermore, the incidence of alcohol use is
significantly higher in patients who have undergone
RYGB compared to the control group [52].

A review of the literature revealed that abdominal
pain is the most common complication of bariatric
surgery, occurring in 3—61% of patients. This pain
can be explained by behavioral, anatomical, and/or
functional disorders. Therefore, according to inter-
national researchers, approximately 4-14% of
patients continuously use opioids for 1—7 years after
surgery. The continuous use of opioids is associated
with severe pain and is more common among indi-
viduals with low socioeconomic status. Impaired
absorption and drug distribution after bariatric sur-
gery can influence the effects of opioids and increase
the risk of adverse events and addiction develop-
ment [53].

The suicide-related mortality rate among surgical
patients is 3 times higher than in obese non-surgical
patients [54]. A retrospective cohort study of
1713 veterans who underwent bariatric surgery found
that patients with a history of depression received
more antidepressant medication over 5 years com-
pared to matched non-surgical controls. Among
individuals without a history of depression at base-
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KOCTH W Pa3BUTHIO OCTEOIOPO3a, UTO IOBBIIIAET
pHCK mepeyioMoB Koctel [39]. Cpenu 104 06c¢ieo-
BAHHBIX MMAI[UEHTOB Uepe3 5 JIET IMOocJie IPOBEe/IeH-
Horo IIIDKP wacrora medumura 25(0OH)D cocra-
BWJIA 25 %, mpH 3TOM (QaKTOPHI, 00YCIOBIUBAIO-
mue 3TOT JedUIUT, BKIYAIU MpeKpalleHne
HaOomeHust y Bpada, Oosiee BbIcOKMU VIMT,
HeJ0CTaTOK BUTamMuHA /| U yabTpaduosieToBoro
obayuenus [40].

B papyrom wuccienoBaHUM OOHApY:KEHO, YTO
YacTOTa Pa3BUTHA IEPEJIOMOB Hambosiee BBICOKA
mmocJjie IMIYHTUPOBAHUS JKeJy/iKa (22,9 ciyuyaeB Ha
1000 YeJIOBEKO-JIET) U TaK)Ke JOCTOBEPHO BBIIIE
[0 CPAaBHEHUIO C KOHTPOJILHOU TPyIIou 6e3 orre-
patuBHOTO JeueHus (9,3 ciaydas Ha 1000 YeJiO-
Beko-JjieT) nocie PI'D (10,4 ciaydas Ha 1000 4eJo-
BEKO-JIeT) U OaHKUPOBAHUA KeJyaka (10,7 ciry-
yasg Ha 1000 4dejoBeko-yer) [41]. ITokasaHo, 4TO
KCIIO0JIb30BaHUE HA PAHHUX CTAUAX MOATOTOBKHU K
IIIKP cTpyKTYypUpOBAaHHON MPOrpaMMbl MOTU(U-
Kanuu obpasa Ku3HU (HU3KO- U OUeHb HU3KOKa-
JIOpUHHAs Cpeu3eMHOMOPCKas JAUeTa B coueTa-
HUHU € a3pOOHBIMU U CHJIOBBIMH (DU3UYECKUMHU
VIPaKHEHUSMH) CIIOCOOCTBYET CHUIKEHUIO MACChI
TeJa M HOPMAaJIM3aluUu HTPOPUIA MHUKPO3JIEMEH-
TOB, TaKUX Kak BuTaMuH D, ¢ocdop u dosueBas
kucaora [42]. K. Lourensz et al. mokasaju, uro
rmocJie OMJITMOMMAaHKPEATHYECKOTO IITyHTHPOBAHHUS C
BBIKJIIOUeHHEeM / 0e3 BBIKJIIOUEHHs JBEHAaIlaTH-
MEePCTHON KUIIKU MPU JJIUTETbHOM HaOJII0IeHUH
HYTPUTHUBHAs HEJOCTATOUYHOCTbh pa3BUBAJaCh ¥y
80,4 % manueHTOB; HanboJIee YacTeIM ObLI Aedu-
uut ButamuHa D (59,8 %), 3aTeM nedUIIAT ITUHKA
(51,9 %) u dpepputuna (43,1 %); nepuur xKenesa
OTMeyvaJICs y 35% MaIUEHTOB; TsKeasi HyTPUTHB-
Has HEJOCTATOYHOCTh, TPEOYIOIas TOCIUTAIN3a-
MU U MapEeHTEePaJbHOTO MUTAHUS, BBIABJISIACD Y
9,8 % mamueHTOB [43]. MHOTrOIEHTPOBOE pPETPO-
cnekTuBHOe uceaegosanue L. Schiavo et al. moka-
3aJ10, UTO IPUMEHEHHE CIIeIUMUUHBIX /I Gapua-
TPUUYECKHUX omepanuid 100aBOK, a UMEHHO BHUTa-
MuHa B12 B 103UpOBKe 500 MKT/CYTKHU, (PoIneBoit
KHUCJIOTHI — 15 MT/CYTKH, KeJjie3a — 105 MT/CyTKH,
OUHKAa — 30 Mr/CyTKH W BHTamMuHa D -
10 000 ME/cyTku, A0 ONEPATHUBHOTO JIEUEHWUS
apssgerca 3QdeKTUBHON Mepod HpodUIaKTHUKU
HYTPUTHUBHOU HEJIOCTATOYHOCTH IIOCJIE OIEPATHB-
HBIX BMEILIATeJbCTB [44].

Keaunoxamenmnas 6oaesns. IllBeackoe uccie-
JIOBaHUE JIUII C OKUPEHUEM BBISBHJIO YBEJIMYEHUE
pHUCKa pa3BUTUsA JKEJTUYHOKAMEHHOU 00JIe3HU
(PKKB) B TeueHure 20 JieT HaOJIIOEHUS TTOCIIE TTepe-
HECEHHBIX 0apHaTpUYECKUX ONlepaIUil — IIYHTHPO-
BaHUS U OaHJAKUPOBAHUS JKEJY/IKA, BEPTUKAIb-

line, bariatric surgery was associated with a higher
rate of antidepressant use (post-RYGB OR = 1,34;
95% CI: 1,17-1,53) [55].

An analysis of the registry of 17 026 patients who
underwent bariatric surgery in the state of Utah,
compared with 34 052 non-surgery patients, showed
that the incidence of postoperative dementia was sig-
nificantly higher than in the non-surgical group.
However, long-term data are needed to confirm this
association [56].

Social support, which can take various forms,
plays an important role in improving quality of life
and preventing mental disorders [57]. It has been
shown that the presence of social support in patients
after bariatric surgery is associated with a lower inci-
dence of depression and weight regain [58]. Such
support can be provided through both social media
groups [59] and online forums [60].

CONCLUSION

The effectiveness and safety of bariatric surgeries
depend on many factors and require a comprehen-
sive preoperative assessment of the patient’s health,
careful preparation for the procedure, reasonable
choice of the operative technique, as well as detailed
diagnosis and determination of management in com-
plications that may occurr. The most favorable out-
come for the patient is achieved through active col-
laboration between physicians of various specialties,
including general practitioners, endocrinologists,
and surgeons.

Conflict of interest. The authors declare no
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HOU OaHJaKUPOBAHHOM TacTPOILIACTHKHU [45].
Kpome Toro, o6Hapy»KeHO, YTO YacTOTA Pa3BUTHA
JKKB, compoBoKIamnencss KIMHUYECKUMH CHM-
IITOMaMH, depe3 TOj MOcje omepanuu Haunbosee
BbIicoka mocse [IKP (14,5 % namueHTOB) B CpaBHe-
Huu ¢ PI'I (4,4 % manmueHTOB), JIalTapOCKOIIHYE-
CKUM OaHJIaKUPOBaHUEM JKeJTynKa (4,1% manueH-
TOB) W MUHHU-IIYHTHpPOBaHUEM 3Keayaka (7,5 %
nmarnueHToB) [46].

B HacTosaI1Iee BpeMs MIUPOKO 0OCYKAAETCS IPHU-
MeHEeHHe ypco/ie30KcuxoieBoi kucyotel (YIXK) u
BBIOOD €€ JO3UPOBKH Yy IMAIUEHTOB, IMEePEHECITNX
bapuaTpuyuecKkue oOllepalliu. B  MeraaHaiuze
10 1Ianebo-KOHTPOJIUPYEMBIX — HCCIEN0BAHUH,
BKJIIOYABIINX 2583 MIaIlMEeHTOB, OBLIO MOKAa3aHO,
uyro Y/IXK B /03e 6osiee 600 Mr B CyTKU Cylile-
CTBEHHO CHU’KaJIa PUCK Pa3BUTHUS OECCUMITOMHOM
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u cumnromuoi YKKB mociie 6apuaTpuuecKux orme-
pauuii [47]. OmHAKO HEe BO BCeX HCCJIETOBAHUAX
nokazaHa s¢dextuBHOCTh Y/IXK B npodunakTruke
KKB. Tak, corsacHO pe3yabTaTaM UCCIeSOBAHUA
UPGRADE, npumenenue Y/IXK B /103e 900 MT B
TeYeHHe MOJIyTo/Ia y 492 MAIUEeHTOB B CPABHEHUH C
mwianebo (493 yes.) He IOKA3aJi0 JIOCTOBEPHOTO
cHIKeHUs yacToTel cumnToMHou JKKB y namuen-
TOB MOCJe OapuaTpUYECKUX OIepaluii, HO CHU-
kano yacroty pasButusa KKDb y mamueHTOB
paHee OTCYTCTBOBAaBIIMM 3a00JI€BaHHEM IIOCTIE
[I2KP [48]. Kpome Toro, a1 mpodUIaKTUKU pas-
Butus JKKB y manueHToB mociie 6apuaTpuyecKux
oreparuil UCIOJIb30BAIUCHh TPOOHUOTHKH, KOTOPBIE
B psjie UCC/IEeIOBAaHUM uepe3 6 MecC NMPUMEHEHUs
nokasanu cebs He xyxke, ueM Y/IXK [49]. Bmecte ¢
TeM HeOOXOJMMOCTh IIPOBEJIEHUsT TPODUIIaKTHYE-
CKOU XOJIEIUCTIKTOMUH Y TIAI[UEHTOB, IEPEHECIIINX
OapuaTpuyecKue OIeparuy, BHI3BIBAET COMHeE-
Hus [50].

Icuxuampuueckue 3a60.1e8aHUA U 3ABUCUMO-
cmu. K cymecTBEHHBIM OCJIOKHEHUSIM IOCTIE
IepeHeCeHHbIX DapuaTPUYECKHUX OIlepamui OTHO-
CATCST TICUXOJIOTHYECKUE MPOOJIeMbI, IICUXUATPHU-
YeCcKHe PAacCTPOHCTBA M XUMHUYECKHE 3aBHCHUMO-
ctu. OT 20 70 50 % MmaAmUEHTOB Iiepes; OGapu-
aTpUYECKUMU omeparusIMu yKe UMEIOT
IICUXUATPUUECKHNEe PACCTPONCTBA WMJIM 3aBUCHMO-
CTH, W MPUMEPHO 30—75 % MAIMEHTOB HMEJH
Takue MpobJeMbl B TeueHUe KU3HHU [51]. Mera-
aHaus, mpoBesieHHbIH P. Brunault et al., mokasau,
YTO y NAIUEHTOB C OKHUPEHHEM OTMEeUYaroTCs
JleIPeCCUBHBIE U TPEBOXKHBIE PACCTPOKCTBA, pac-
CTPOMCTBA MUIIEBOTO MOBEJEHUS U KOTHUTHUBHbBIE
HapyIlieHus. Kpome Toro, yacrora pa3BUTHS aJIKO-
TOJIbHOU 3aBUCHMOCTH 3HAUKMMO BBIIIIE y MaI[heH-
TOB, nepeHecmux IIIKP, mo cpaBHeHUIO C KOH-
TPOJILHOU Tpymmou [52].

[Tpu aHasM3e JTUTEPATYPHI BBISIBJIEHO, UTO 6OJIb
B JKUBOTE SBJISETCS HAMOOJIee YaCTHIM OCJIOXKHE-
HuEeM OapHUaTPUUECKHUX OINlepaIliil U Pa3BUBAETCA Y
3—61 % marueHToB. dTa 60JIb MOXKET O0BICHATHCA
MMOBEIEHYECKUMHU, aHATOMUYECKUMHU U/ UK GyHK-
UOHAJLHBIMU HapYIIEHUAMHU. B CBA3U ¢ 3TUM, 11O
JIAaHHBIM 3apy0Oe’KHBIX HCCJIe/IOBATeNel, OKOJIO
4—14 % TAIUEHTOB MOCTOSTHHO HCIOJIB3YIOT OIHO-
HUJIbI B TEUEHHE 1—7 JIET IIOCJIE OIIEPATUBHOTO JIeue-
Hus. [TocTOsTHHOE TPUMeHEHNEe OMTMOUIHBIX ITpera-
paToOB acCONMUPOBAHO C BBIPAXKEHHBIM OOJIEBBIM
CUHPOMOM H 00Jiee pacIpoCcTpaHEHO CPEIH JIUI] C
HUBKUM COIMAJIbHO-OKOHOMHYECKUM CTaTyCOM.
Hapymienus BcacslBaHUS U pacIpesiesieHre mpera-
paToB Tmociie GapUaTPUUECKHX OIepaliidi MOKET
MOBJIUATh HAa 3(PEEKTH OMHOUIOB U IOBBIIIATH

PUCK HeXKeJIaTeJIbHBIX SBJIEHUH U Pa3BUTHS 3aBU-
cuMmoctH [53].

YacToTa CMepTH BCJIEACTBUE CYHUIUAA CPEIU
ONIEPUPOBAHHBIX MMAIUEHTOB B 3 Pa3a BBIIIIE, UEM Y
MIAI[MEeHTOB C OXKUpeHneM 0e3 OIePaTUBHOTO Jiede-
HUA [54]. B peTpoCIIeKTHBHOM KOTOPTHOM HCCJIe-
JIOBAaHUU 1713 BETEPAHOB, IepeHeCIINX GapuaTpu-
JecKHe OIEepaluy, BBIABIEHO, UTO IAIHEHTHI C
UMeBIIIEHCS paHee Jlepeccueidl B TeYeHHe 5 JIeT
IIOJTy4aroT OOJIbIlle AHTUEIPECCUBHBIX CPEICTB B
CpaBHEHUH C KOHTPOJIbHOU IPYIIION Oe3 orepaTUB-
Horo Jieuenus. Cpeau jui, 6e3 UCXOHOM Jierpec-
CHUU COCTOSIHUS TOCJIe DapHaTPUUIECKUX OIepaIlnil
CBS3aHBI ¢ 60JIee BRICOKON YacTOTOH ITpreMa aHTH-
nenpeccantoB (mocsie IIIKP OII = 1,34; 95% JU:
1,17-1,53) [55].

Ananus peructpa u3 17 026 HaIUeHTOB, Iepe-
Heclux bapuarpuyeckue onepanuu B mrare FOta, B
CpPaBHEHHH C 34 052 HaleHTaMu 0e3 Xupypruue-
CKHX BMeNIaTeJIbCTB IIOKAa3aJsl, YTO YACTOTAa PA3BUTHA
JIEMEHIIUN TI0CJIe OIEepalii y TAaIlMeHTOB ObLia
JIOCTOBEPHO BBIIIE, YeM B KOHTPOJIBHOH TpymIe —
0e3 oIepaTUBHBIX BMEIIATEIbCTB. TeM He MeHee /11
MIOATBEPIK/IEHUST TAaKOH B3aMMOCBA3U TPeOYIOTCS
JIOJITOBpEMEHHBIE JJAaHHBIE [56].

BaxHyio poJsib B yIydIIeHUN KauyecTBA JKU3HU
u npoduiakTuke TpobsieM B ICUXUIECKOH cdepe
UTpaeT coIuasabHasa MOAAep:KKa, KOTOPAs MOKET
BKJIIOUATh pasyimuHble dopmbl [57]. TlokasaHo,
YTO HAJIMYKE COIUATbHOMN MOMIEPIKKY Y Tal[UeH-
TOB IIOCJIe HapuUaTPUUECKUX OMEePAllU CBA3AHO C
MEHBIIIEW YAaCTOTOH JIENPECCHU U IOBTOPHOTO
Habopa wmaccel Tena [58]. Takasa mopmep:kka
MOJKET OCYIIECTBJIATHCA KaK 4Yepe3 TPYNIBl B
COIMAJIPHBIX CETAX [59], Tak W Uepe3 OHJANH-
dopywmsr [60].

3AK/IIOYEHUE

AddexTuBHOCTS U 6€30MACHOCTH OapuaTpuye-
CKHX BMEIIATEJbCTB 3aBUCUT OT MHOXeCTBa (hak-
TOPOB U TpebyeT UCUEPIIBIBAIOIIEH OI[EHKU COCTO-
SIHUS 3/I0POBBs NMAI[MEHTA [Iepe/] Ollepaluei, Tia-
TeJIBHOU IO/ITOTOBKH K OIlepaniuu, 060CHOBAHHOTO
BBIOOpA XapaKTepa XUPYPTrUUECKOTO BMEIIATeThb-
CTBa, a TAK}Ke TIIATEJIbHON JMATHOCTUKU U OIpe-
JleJIeHUsA TAKTUKU BeJeHUS IPU DPa3BUBIIUXCA
OCJIOKHEHUAX. Hawnyuymwuil i mamueHTa
pe3yJIbTaT BO3MOXKEH MPU aKTHUBHOM B3aUMOJIEN-
CTBUM Bpavyell pa3JIUYHBIX CIEIUATbHOCTEH, a
UMEHHO  TepaleBTOB, JHJAOKPUHOJIOTOB U
XUPYPIOB.

KoH@uaukT HHTEPECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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JlenmpeckpaliOMHT aHTUTUIIEPTEH3UBHOM Tepalnuu y JIHI]L
CO CTapYecKOH acTeHuen

H.B. 3amoskepoBa, A.A. ITonos, JI.1. Kaguukos, M.B. AitmmbekoB, /[.A. ManbreBa
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AHHOTAIIUA

BBeneHue . JleueHue apTepHabHON rutiepTeH3uH (Al') y MalleHTOB IOKUIIOTO BO3PACTa OCIIOXKHSIIETCS BBICOKOU pac-
MIPOCTPAHEHHOCTHIO CHH/IpOMa cTapueckoii actenun (CA) U BO3pacTHBIMU M3MEHEHUSIMU TeMOAMHAMUKH, YTO TPeOYeT 0co-
60ro 1oAX0/1a K OIIPeZieIEHHIO IIeJIeBBIX YPOBHEN apTepuaybHOro JasieHus (ALl). UpeamepHoe cHikeHHe Al y «XPYIIKUX»
MIAI[UEHTOB aCCOIMUPOBAHO C ITOBBIIIEHUEM PHUCKA O0LIEH CMEPTHOCTH, YTO AUKTYET HEOOXOUMOCTb OTKa3a OT JKECTKUX HOP-
MATHBOB B IIOJIb3Y CTPOTOH MHIAVBH/IYJIM3AIIH TEPAIINU. B CBA3M ¢ 3TUM KOHIIEIINA IeIIPeCKPAlONHTa — 3aIUIAHUPOBAH-
HOTO CHIKEHUS JT03bI HJIU OTMEHBI IPENapaToB, KOTZa IIOTEHINAIbHBINA BPE/] IPEBBINIAET 02KUIAEMYIO II0JIb3Y, — CTAHOBUTCS
KJIIOUEBBIM HHCTPYMEHTOM MUHUMU3AIINU ITPOT€HHBIX PUCKOB U YJIy4IIIeHUs KauecTBa JKU3HU JTAHHOU KaTeroOpuu OOJIbHBIX.
IT e 1 5 . IIpoaHasM3UPOBATh U CUCTEMATU3UPOBATD JJAHHBIE JIUTEPATYPHI 0 6E30IIACHOCTH U KJIMHUYECKOU 3 dEKTHB-
HOCTH JIenTpecKpaiiouHra anTurunepren3suBHou tepanun (AI'T) y manuenTos ¢ CA.

MaTepuaas U MeTOoJ bl .IIpoBeJeH MONCK U AHAIN3 PEeLleH3UPYEeMbIX HAYUHBIX IyOIHMKanui B 6a3ax gaH-
HbIX eLibrary.ru u PubMed 3a nmepuoz ¢ 2016 o 2026 T. (¢ IpUBJIeYeHNEM JAHHBIX 2009 T.).

PesyanbTarsbl . Jenpeckpailourr AT'T y mOKUIbIX marueHToB ¢ CA sIBJIsieTCsl BaXKHEN e CTpaTeruell CHIKEHU st
MIOJIUIIPArMa3uu U MPOMHIAKTUKY ITPOT€HHBIX OCI0OKHEHUH, TAKUX KAK OPTOCTATHUECKAsI TUIIOTEH3UsI, TIa/IEHUsI U TUIIO-
nepdy3us opraHoB-MullieHei. [IprMeHeHne KOPPEKTHO BBICTPOEHHBIX AJTOPUTMOB JENpPecKpalOMHTa ¢ MO3TATHOM
OTMEHOH IIpenaparoB ABJsAeTcs Oe30MacHBIM U He IPUBOJNT K YXyZIIeHUI0 KOHTposiA A/l. Hanuuue Tskesoit koMopOus-
HOU TIATOJIOTHH, BKJIIOUAsi XPOHUUECKYIO OOJIE3HD IMOYEK U XPOHHUYECKYIO CEPEYHYI0 HEIOCTATOYHOCTh, TpeOyeT 0co60
B3BEIIIEHHOU TAKTUKHU: HAIIPUMep, OTMeHa 6eTa-aipeH00I0KaTOPOB MOKET YIIYUIIUTh QYHKITHOHATBHBIN CTATYC IIPU XPO-
HUYECKOH CepIeuHOM HeZIOCTATOUHOCTH C COXPAaHHOH (pakIiueli BBIOpoca, HO He PeKOMEeH/IOBaHA IIPH €€ CHUKEHUH.
3axknioueHHue. [enpeckpaitbunr AI'T y manreHToB ¢ CA siBisieTcst 6€301acHOMN U KIIMHUYECKH 000CHOBAHHOM CTpa-
TerueH, Mo3BOJIAI0IIEe MUHUMH3UPOBATh PUCKH MOJTUIIPArMAa3UU U YJIYUIITUTD Ka4eCTBO Ku3HU. OIHAKO OTMEHA Tpernapa-
TOB TpeOyeT CTPOroi MHANBUYIU3AINH, CTYIIEHUATOT0 IIOIX0/A U TIIATEIBHOTO FeMOJUHAMUYEeCKOT0 MOHUTOPHHTA C yue-
TOM COITYTCTBYIOIIEH TIATOIOTHH. [IJ11 ONTUMU3AIUN TAKTUKHU BeJIEHUS IAHHON KaTeropuu 60JIbHBIX HEOOXOUMBI TaJIbHEN -
IIIMe UCCIIe0BAHM A, HAIIPABJIEHHbIE HA YTOYHEHNE KPUTEPUEB 0TOOPA U OI[EHKY JOJITOCPOYHBIX KJIMHIYECKUX UCXO/IOB.
Kaouesnble cao8a: aHTUTHIIEPTEH3UBHAS TePAINs, JePeCKPaiOUHT, CTapyecKas acTeHust, 6e3011acHOCTh JIEKAPCTBEH-
HOH Tepanuu, apTepruaabHas TUIepTeH3HsI.

OoO0paszen murtupoBaHus#Aa: lsmoxeposa H.B., IToros A.A., Kasiaukos JI.U., Aiumbeko M.B., Maibnesa /[.A.
JlerpecKpaiiOMHT aHTUTUIIEPTEH3UBHOMN TEPAIINH Y JIUI] CO cTapuecKoi acreHueii // Journal of Siberian Medical Sci-
ences. 2026;10(3):141-156. DOI: 10.31549/2542-1174-2026-10-3-141-156

Deprescribing antihypertensive medication in older people
with frailty

N.V. Izmozherova, A.A. Popov, L.I. Kadnikov, M.V. Alimbekov, D.A. Maltseva

Ural State Medical University, Yekaterinburg, Russia

ABSTRACT
Introduction. Thetreatment of arterial hypertension (AH) in elderly patients is complicated by the high preva-
lence of frailty syndrome and age-related hemodynamic changes, which requires a special approach to determining blood
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pressure (BP) targets. Excessive lowering of BP in frail patients is associated with an increased risk of all-cause mortality,
which dictates the need to abandon rigid standards in favor of highly individualized therapy. In this regard, the concept of
deprescribing — a planned dose reduction or drug discontinuation when the potential harm exceeds the expected benefit —
is becoming a key tool for minimizing iatrogenic risks and improving the quality of life of this population of patients.

A i m . Toanalyze and summarize the literature data on the safety and clinical effectiveness of antihypertensive medica-
tion deprescribing in patients with frailty.

Materials and meth od s .Asearchand analysis of peer-reviewed scientific publications from eLibrary.ru
and PubMed databases was carried out for the period from 2016 to 2026 (using data from 2009).

Results. Deprescribing antihypertensive medication in elderly patients with frailty is a crucial strategy for reducing
polypharmacy and preventing iatrogenic complications, such as orthostatic hypotension, falls, and target organ hypoperfu-
sion. The use of appropriately designed deprescribing algorithms with step-by-step drug discontinuation is safe and does
not lead to deterioration of BP control. The presence of severe comorbidities, including chronic kidney disease and chronic
heart failure, requires a particularly judicious approach: for example, the withdrawal of beta-blockers can improve the
functional status in chronic heart failure with preserved ejection fraction, but is not recommended in heart failure with
reduced ejection fraction.

Conclusion. Deprescribing antihypertensive medication in patients with frailty is a safe and clinically appropri-
ate strategy to minimize the risks of polypharmacy and improve the quality of life. However, drug discontinuation requires
strict individualization, a step-by-step approach and careful hemodynamic monitoring, taking into account concomitant
diseases. To optimize management strategies for this population of patients, further research is needed to clarify selection
criteria and evaluate long-term clinical outcomes.

Keywords: antihypertensive therapy, deprescribing, frailty, safety of drug therapy, arterial hypertension.

Citation example: Izmozherova N.V., Popov A.A., Kadnikov L.I., Alimbekov M.V., Maltseva D.A. Deprescrib-
ing antihypertensive medication in older people with frailty. Journal of Siberian Medical Sciences. 2026;10(3):141-

156. DOI: 10.31549/2542-1174-2026-10-3-141-156

BBEJAEHUE

CrapeHne opraHu3Ma COIPOBOKJAETCSA PAAOM
M3MeHEeHUH CO CTOPOHBI OPTAaHOB U CUCTEM, KOTOPbIE
OTIPEJIEJIAIOT OCOOEHHOCTH apTEpUIBHOU THUIIEp-
TeH3uH (Al") y HOKUIIBIX OOJIBHBIX, 8 TAKXKE U3MeEHe-
HUS MeTaboIM3Ma aHTUTHUIIEPTEH3UBHBIX IIpernapa-
ToB (AI'TI). Ha cerogHAIIHNI JeHb OCHOBHbBIE MeXa-
HU3MBI pa3zButus Al y jiuIy crapime 70 JeT CBA3aHbI
C YBeJINUEHUEM PUTUTHOCTH COCYAOB, U3MEHEHHEM
dyukMU OapopenenTopoB, AUCHYHKIMEH aBTO-
HOMHOUW HEPBHOU CHCTEMBI. AHTUTHUIIEPTEH3UBHAs
tepanus (AI'T) mpenoTBpalaer pucku HHCYJIHTOB U
CEepIEYHO-COCYAUCTHIX OCJIOKHEHUU Ja)ke B BO3-
pacre 80 ser [1].

¥ noxkubix sitogiedt AI' Berpeuaercs moutu B 80%
cryaaeB. Cama 1o cebe A" MOXKET YCKOPUTD BpEMSI
nosiByieHus crapuyeckoin acremmu (CA), a Taxke
SIBJIsIETCS OEeCCIIOPHBIM HE3aBUCUMBIM (PaKTOpOM
pucka pasBUTHA 3a00JIEBAaHUU CEPJIEUHO-COCYU-
CTON cucreMbl U cMepTHOcTH. K dakxropam pucka
passButusi CA OTHOCAT cTapuecKUi BO3PacCT, COIU-
asibHble (AKTOPHI (HU3KUH YPOBEHD 10X0/1a, OJUHO-
KO€ ITPO’KMBaHKe, HU3KUH ypOBEHb 00pa30BaHMUA), a
TakyKe HU3KUH YPOBEHb (PUBUUECKON AKTUBHOCTH,
ZETIPECCUI0, HEIOCTaTOYHOEe U HeKaueCTBEHHOe
MMUTaHUeE, TTOJIUIPArMasuio [2].

INTRODUCTION

The aging of the body is accompanied by a num-
ber of changes in organs and systems that determine
the characteristics of arterial hypertension (AH) in
elderly patients, as well as changes in the metabo-
lism of antihypertensive drugs (AHD). Today, the
main mechanisms for the development of hyperten-
sion in people over 70 years of age are associated
with increased vascular stiffness, changes in barore-
ceptor function, and autonomic nervous system dys-
function. Antihypertensive therapy (AHT) prevents
the risks of strokes and cardiovascular complications
even at the age of 80 years [1].

In older people, AH occurs in almost 80% of
cases. AH itself can accelerate the onset of frailty in
older patients, and is also a strong independent risk
factor for cardiovascular disease morbidity and mor-
tality. Risk factors for frailty in older patients include
old age, social factors (low income, living alone, low
level of education), as well as physical inactivity,
depression, malnutrition and consumption of poor-
quality food, and polypharmacy [2].

On the other hand, there is evidence that a sig-
nificant decrease in blood pressure (BP) may lead to
a higher risk of all-cause mortality. Therefore, exist-
ing recommendations for the treatment of AH
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C pyroil CTOpOHBI, UMEIOTCS JIaHHbBIE, CBUJIE-
TEJILCTBYIOIIHE O TOM, UTO 3HAUUTEIbHOE CHIJKEHHE
apTepuabHOTO aBaeHus (AJ]) MoKeT IPUBOIUTH K
Oojiee BBICOKOMY PHCKYy OOIIEd CMEpPTHOCTH.
[ToaToMy CyllecTBYIOIIE PEKOMEHAAIUU I10 Jieue-
Huio A" onpeiesisioT 0cobble TTOAXO0/IbI K BEJEHUIO
MMAIMEeHTOB CTAPIINX BO3PACTHHIX TPYIIN, B PaMKax
KOTOPBIX IleJieBble YPOBHH A/l ompejesisiioTcsi He
TOJIBKO BO3PACTOM M COIYTCTBYIOIIUMH 3a00JieBa-
HUAMU, HO B HanuuueM cuHapoma CA [1], mpuuem
oTMedaeTcs HeoOXOAUMOCTh OTCAEKMBAHMSA JUHA-
MuKHU mokaszaresiedi CA (comuasibHOTO, (QYHKIIHO-
HaJIbHOTO, KOTHUTUBHOTO W IICHXHYECKOTO CTaTyca
marrenTa), Tak Kak uX yXy/IlIeHHne MOKeT IToTpebo-
BaTh u3MeHeHHsa TakTUKU AI'T (CHMKEHHs 03I,
OTMEHBI WJIN 3aMEHBI JIEKAPCTBEHHOTO CPEJICTBA) U
U3MeHEeHHs 1esIeBbIX ypoBHen A/l [1].

Kontposnpr AJl y nmoxuiblx nmanueHToB ¢ CA —
CJI03KHAs 3371a4a, TPeOyoIas yJacTus CaMUX HaIu-
€HTOB, UX CEMeH U JIUI], OCYIIECTBJISAIOIINX YXOJI,
4TOOBI IUIAH JiedeHus ObLI 000OCHOBAHHBIM M COOT-
BETCTBOBAJI OTPEOHOCTSM IarienTa [3].

Jlegenue AT 1103BOJIAET CHU3UTH PUCK CEP/IEUHO-
COCYJIUCTBIX OCJIO)KHEHUU ¥ CMEPTHOCTh, OJTHAKO Y
marueHToB ¢ CA OHO 3aTPY/IHEHO BBUY X BBICOKOH
YyBCTBUTEJIBHOCTH K MOOOYHBIM 3¢ deKTaMm Jekap-
CTBEHHBIX IPENapaToB. B cBsA3M ¢ 3TUM B MOCIETHIE
ro/bI Bce O60JIbIIIee BHUMAHUE Y/IEJISIETCS KOHIETTHH
JleTpecKpaiibrHra — 3aIlJIaHMPOBAHHOTO U KOHTPO-
JIUPYEMOTO TIPOoIlecca CHUKEHUS JJ03bI, OTMEHBI WU
3aMeHbI Iperapara B CJIydasiX, KOTJa MOTEHIHaIb-
HBIHA BpeJ OT ero MpHUMeHEHHsI IPEBHIIIAET 0XKUIAe-
MyI0 IIOJIb3y. VICIOJIb30BaHHE JelpecKpaiOuHra
AT'TI y mareHTOB HOKUJI0TO Bo3pacta ¢ CA 1mo3Bo-
JISIeT MUHUMHW3UPOBATh SITPOTEHHBIA BPEA W YIyd-
IIATh KA4ecTBO JKU3HU. TakuM 00pasoM, JJaHHBIH
IIO/IXOJT MOKET PACCMaTPUBATHCA B KAUECTBE JIOTOJI-
HUTEJIPHOTO WHCTPYMEHTA JJIST WHAUBUAYATU3AIIUN
1eJIeBbIX 3HaUeHuU A/l y siurl crapiiero Bo3pacra [3].

ITEJIb UCCJIEJIOBAHUSA

ITpoaHanu3upoBaTh U 0OOOUIUTH JIAHHBIE JIUTE-
patypsl 0 6€30ITaCHOCTH U KJIMHUYECKOH 3(pPeKTHB-
Hoctu Aenpeckpaiiounra AI'T y manuenTos ¢ CA.

MATEPUAJIBI 1 METO/bI

ITouck u oTOOP HAYUHBIX MYyOJHUKALIMH IMTPOBO-
JIAJICSI B DJIEKTPOHHBIX Oazax faHHBIX eLibrary.ru u
PubMed 3a nepuoz ¢ 2016 1o 2026 T. (C IpUBJIEYe-
HHUEM JIaHHBIX 2009 T.). Kpurepusamu BKJIIOUEHUS
SIBJISUTACH: TIOJTHOTEKCTOBbIE OPUTHHAJIBHBIE HCCIIE-
JIOBaHUSA, CUCTEMAaTHUECKHEe 0030pPbI, MeTaaHAN3bI
U KINHUYECKHE PEKOMEHAIUN, IOCBSIIIEHHbIE
nemnpeckparibunary AI'T y nmanuentoB ¢ CA. Kpure-

determine special approaches to the management
of older patients, in which BP targets are deter-
mined not only by age and concomitant diseases,
but also by the presence of frailty syndrome [1], and
the need to monitor the dynamics of frailty indica-
tors (social, functional, cognitive and mental status
of the patient) is noted, since their deterioration
may require changes in AHT tactics (dose reduc-
tion, drug discontinuation or replacement) and
changes in BP targets [1].

BP control in elderly patients with frailty is a
complex task that requires the participation of
patients, their families and caregivers to ensure that
the treatment is reasonable and meets the patient’s
needs [3].

Treatment of AH can reduce the risk of cardiovas-
cular complications and mortality, but in frailty
patient it is difficult due to their high vulnerability to
the side effects of drugs. In this regard, in recent
years, increasing attention has been paid to the con-
cept of deprescribing — the planned and controlled
process of dose reduction, drug discontinuation or
replacement in cases where the potential harm from
its use exceeds the expected benefit. The use of AHD
deprescribing in elderly patients with frailty can
minimize iatrogenic harm and improve quality of
life. Thus, this approach can be considered as an
additional tool for individualizing the BP targets in
older people [3].

AIM OF THE RESEARCH

Analyze and summarize the literature data on the
safety and clinical effectiveness of AHD deprescrib-
ing in frail patients.

MATERIALS AND METHODS

The search and selection of scientific publications
from eLibrary.ru and PubMed databases for the
period from 2016 to 2026 was carried out (including
data from 2009). Inclusion criteria were: full-text
original researches, systematic reviews, meta-analy-
ses and clinical guidelines on AHD deprescribing in
frail patients. Exclusion criteria were: publications
based on the results of animal studies, articles with-
out access to the full text, letters to the editor, and
presentations of clinical cases without systematic
analysis.

A total of 486 publications were identified as a
result of the primary search, of which, after remov-
ing duplicates, 342 remained, and after screening
by titles and abstracts, 123 full-text articles
remained. 31 sources met all inclusion criteria and
were used in the final review (including data from
2009).
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pUM UCKITIOUEHUs: MyOJIUKAIUU IO pe3ysabTaTaM
HCCIEZIOBAaHUN Ha J1aOOPAaTOPHBIX KUBOTHBIX, CTa-
Thu 6€e3 J0CTyIa K IMOJIHOMY TEKCTY, MIChMa PelaK-
TOPY, OIIMCAHUS KIMHUYECKUX CIIydaeB 6e3 cucreM-
HOTO aHAJIN3a.

Bcero B pe3ysbTaTe IEPBUYHOTO ITOUCKA UIEHTH-
dunuposano 486 mybGuKaIuii, U3 KOTOPBIX HOCTIE
yJajeHus ay0IuKaToB OCTAJIOCh 342, a TOC/Ie CKPU-
HUHTA 110 HA3BAHUAM U aHHOTAIUAM — 123 IIOJIHO-
TEKCTOBBIE CTAaThU. 31 HCTOUYHHUK COOTBETCTBOBAI
BCEM KPHUTEPUSM BKJIIOUEHUS U ObLT UCIIOJIb30BaH B
UTOTOBOM 00630pe (BKJIIOUAsi JAHHBIE 32 2009 T.).

PE3YJ/IBTATDBI 1 OBCY KIAEHWUE

Jlosiroe BpeMsi B MEJIMITUHCKOW cpezie OBhITOBAJIO
MHeHUe, YTO BO3pacTHOe noBblieHne A/l — 3To ecre-
CTBEHHBIN U Jla’ke HEOOXOUMBIH KOMITEHCATOPHBIH
poIiece, 00eCIIeYnBAIOINN aJIEKBaTHYIO TIEPDY3HI0
’KMU3HEHHO Ba)KHBIX OpraHoB. CUUTAIOCh, UTO CHIKE-
Hue AJl Ha QOHe TepamTuy MOKET IIPUBECTU K IaJie-
HUIO Tepdy3NOHHOTO JABJIEHIS U Pa3BUTHUIO UIIEMU-
YecKHUX OCJIOKHeHuH. OfHAaKO HadyWHasg ¢ 1990-X
TOZIOB PsAJT KPYITHBIX MHOTOIEHTPOBBIX PAHIOMU3U-
POBaHHBIX KOHTPOJIUPYyeMBIX ucciienoBanuil (SHEP,
1991; STOP-Hypertension, 1991; MRC, 1992; Syst-
Eur, 1997; HOT, 1998; HYVET, 2008) [4] HEonpoBep-
JKMMO JIOKA3aJId, YTO AKTHUBHAsS AHTUTUIIEPTEH3UB-
Hasg Tepanusa Al' y HOXWIBIX IAIlUEHTOB liejie-
coobpasHa u Heobxouma. Takas Tepamus y Jirofei
cTapuecKoro Bospacra, He crpazgatoiiux CA, nocro-
BEPHO IIPeJIOTBpAIIAET CepAeUHO-COCYIUCThIe KaTa-
crpodbl (MHOAPKT MUOKAp/a, UHCYJIBT, CEPIEUHYIO
HEZIOCTaTOYHOCTD), KOTOPBIE MTOTEHIINAJIBHO BEAYT K
IoTepe caMocToATeIbHOCTH U pa3BuTuio CA [1]. B To
3ke BpeMs 3((GEKTUBHOCTh U 0€3011aCHOCTh AHTUTH-
[IEPTEH3UBHOTO JIEYEHM Y AI[HEHTOB C YK€ Pa3BHUB-
mieticsa CA B OTHOIIIEHUH COXpaHEeHUA QYHKITNOHAb-
HOTO CTaTyca U3y4eHa B MEHbIIIEN CTETIEHN.

s HavanbHOU U noaiepsxkuBaroriei AI'T moryT
HCII0JIB30BaThCA IATh OCHOBHBIX KJIACCOB IIpernapa-
TOB: TUA3U/THbIE JUYPETHUKY, QaHTAaTOHUCTHI KAJIBIIH,
WHTHOUTOPHI AaHTUOTEH3WHIIpeBpamamoiero ¢ep-
MeHTa (MAIID), 6JI0KATOPHI PEIENTOPOB K AHTUO-
tensuny II (BPA) u B-agpeno6ioxatopsl (B-AB).
IIpu Ha3zHAUEHUU JJAHHBIX AHTUTUIEPTEH3UBHBIX
CPeJICTB MOXKUJIBIM IaIeHTaM HeoOX0MMO YUNUTHI-
BaTh IPOUIB COMYTCTBYIOIUX 3a007I€BAHUH U PUCK
nonunparmasuu [3, 5]. Kpome Toro, BaskHewIee
3HaueHNe MMeIOT BO3pacTHble M3MeHeHUsA dapma-
KOKWHETUKU U (hapMaKOAMHAMUKHY, BJIMSIONINE HA
3¢ PexkTUBHOCTD U 6€301IaCHOCTH ITPENapaTOB: U3Me-
HEeHUEe CeKpeTOpHOU U MoTopHou ¢yHkmuu KKT
(nmoBbieHre pH IKeJyIOYHOTO COKA, CHUKEHUE
CKODOCTH OIIOPO’KHEHHs JKeJIylAKa U abcopOiumn);

RESULTS AND DISCUSSION

For a long time, there was an opinion in the med-
ical community that an age-related increase in BP is
a natural and even necessary compensatory process
providing adequate perfusion of vital organs. It was
believed that a therapy-induced BP decrease could
lead to a drop in perfusion pressure and the develop-
ment of ischemic complications. However, since the
1990s, a number of large multicenter randomized
controlled trials (SHEP, 1991; STOP-Hypertension,
1991; MRC, 1992; Syst-Eur, 1997; HOT, 1998;
HYVET, 2008) [4] have irrefutably proven that
active antihypertensive treatment in elderly patients
is appropriate and necessary. Such therapy in elderly
people without frailty reliably prevents cardiovascu-
lar events (myocardial infarction, stroke, heart fail-
ure), which potentially lead to loss of independence
in daily living and the development of frailty [1]. At
the same time, the effectiveness and safety of the
antihypertensive treatment in frail patients in the
terms of maintaining functional status have been
studied a lesser degree.

Five main classes of drugs can be used for initial
and maintenance AHT: thiazide diuretics, calcium
antagonists, angiotensin-converting enzyme inhibi-
tors (ACEIs), angiotensin II receptor blockers
(ARBs), and p-blockers. When prescribing these
antihypertensive medications to elderly patients, it is
necessary to take into account the comorbidity pro-
file and the risk of polypharmacy [3, 5]. In addition,
age-related changes in pharmacokinetics and phar-
macodynamics are of utmost importance, affecting
the effectiveness and safety of drugs: changes in gas-
tric secretory and motor functions (increased gastric
juice pH, decreased rate of gastric emptying and
absorption); decreased activity of liver enzymes and
the microsomal oxidation system, which inhibits
drug metabolism; decreased serum albumin levels; a
reduction in renal blood flow, glomerular filtration
rate and renal clearance; sarcopenia (loss of skeletal
muscle mass) and increased proportion of adipose
tissue; a decrease in intravascular fluid volume, as
well as in the sensitivity and activity of f-adrenergic
receptors [6].

To provide the safety of AHT in the elderly, a
number of basic rules must be observed: treatment
should begin with low doses of drug (usually half the
standard therapeutic dose for adults); titration
should be slow and gradual, with mandatory BP
monitoring in sitting and standing positions for
timely detection of orthostatic reactions; as first-
choice drugs, should avoid prescribing drugs with a
high risk of developing orthostatic hypotension (pri-
marily a-blockers and central a_-agonists) [1].
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CHIDKEHUE aKTUBHOCTU IE€YEHOUHBIX (DEPMEHTOB U
CHUCTEMBI MUKPOCOMAJIBHOTO OKHCJIEHHU S, YTO 3aMe/I-
JisieT MeTaboM3M JIEKapCTB; CHUJKEHUE YPOBHA
CBIBOPOTOYHOTO AJIbOYMUHA; yMEHBIIEHHE IoYed-
HOT'O KPOBOTOKA, CKOPOCTH KJIyOOYKOBOU (hHIIbTPa-
MU U TIOYEYHOTO KJIMPEHCA; CapKOIeHus (CHUKe-
HUe MBIIIEYHON MacChl) U YBEJTHUEHHUE JOJIU KUPO-
BOU TKaHU; CHIDKEHHE O00BbeMa BHYTPHCOCYIUCTOU
JKHUJIKOCTH, a TAKKE CHI)KEHVE UYYBCTBUTEILHOCTH U
aKTUBHOCTH [3-aJ[peHOpenenTopos [6].

s 6e3onacHoro npoBeaenus AT y ur moxu-
JIOTO BO3pacta HeoOX0oAMMO coOJoieHre psa
MIPUHITUITHAIBHBIX IPABUJI: JIEUEHUE CIIEYET HAUU-
HATh C HU3KUX /103 ITpenapaTa (Kak IIpaBuIo, C IoJio-
BUHBI CTaHJJAPTHON TepareBTUYECKON O3B ISk
B3POCJIBIX); TUTPOBAHUE IOJKHO OBITH MEIJIEHHBIM
U TIOCTEIIEHHBIM, ¢ 00s13aTeJIbHBIM KOHTpoJIeM A/l B
MIOJIOJKEHUSAX CUZAS U CTOS JJIA CBOEBPEMEHHOTO
BBISIBJIEHUS] OPTOCTATUUECKUX PEAKI[UN; B KAUeCTBE
IpernapaToB IIEpBOrO BbIOOpa cieayeT u30eraTh
Ha3HAUYEHUs CPEJICTB C BBICOKUM PHUCKOM Pa3BUTHUS
OPTOCTATUYECKOH TUIOTEH3UU (B IEPBYIO OUepeab
0-3JIpeHOOJIOKATOPOB U IEHTPAJIbHBIX O2-arOHUC-
TOB) [1].

CorylacHO KJIMHUYECKUM PEKOMEH/IAIIAM, TIOPO-
ropeiMH 3HaueHusAMu AJl pas Hauvama AI'T cumra-
FOTCS: Y TTOKUJIBIX TTAUEHTOB (65—79 JieT) >140/90
MM PT. CT., y OU4eHb ITOKWIBIX (=80 jeT) 2160/90 MM
prt. cT. LleneBnie 3Hauenusn A/l rakxke quddepeH-
POBaHBI: JJIsI HAIUEHTOB 65—79 JIET OHU COCTABJISIOT
130—139/70—79 MM PT. CT., & [/ OUE€Hb MOKUIIBIX —
140—150/70—79 MM PT. CT. IIPH YCJIOBHUU XOPOIIEN
[IepEHOCUMOCTH JieueHusI [7].

IIpu newennn AI' y manueHTOB CTapliero BO3-
pacra B psijie CIyJ4aeB IMPeIOUYTUTEIbHA MOHOTEPA-
nusi, OHAKO COBPEMEHHbIE PEKOMEHJAIUU JIOILy-
CKAIOT U HU3KO/I030Bble KOMOMHUPOBAHHBIE CXEMBI.
Y oueHb MOXKUJIBIX NAIIUEHTOB HAa3HAUEHHE JaXKe
nByx AT'TI B CTaHIAPTHBIX 103aX MOKET CIIOCOOCTBO-
BaTh Pa3BUTHIO TUIIOTEH3UU, IIOCKOJIBKY C BO3pac-
TOM HApYIIAIOTCA MEXaHU3MBbI MOJIJIEPKAHUS A/IEK-
BaTHOTO KpoBOTOKa. KomOuHamus AByX u 06osee
JIEKaPCTBEHHBIX CPE/ICTB 3HAUUTEIHHO YBETUUNBAET
PHCK JIEKAPCTBEHHBIX B3aUMOJIEWCTBUI U HeEXKesa-
TEJIbHBIX PEAKIUH y JIMI] CTapIINX BO3PACTHBIX
TPy BCJIEJICTBHE COYETAHUS CEPAEIHO-COCYAU-
cTeix 3aboseBanuii (CC3) ¢ marosorued Apyrux
OpraHoB u cucteM [8, 9].

CA yacTo mpoTekaeT COBMECTHO C IIEJIBIM KOM-
IUIeKcoM 3aboJieBaHUM, BKJIIOYasl IMOpPaKEHUs
JIbIXaTeJIbHOH, OTIOPHO-ABUTATEIPHON U CEPIEUHO-
COCYIUCTON CHCTEM, a TaKXKe OHKOJIOTHYECKUE
natosioruu. Ilpu stom CC3 3aHUMAIOT Beayllee
MECTO B CTPYKTYPE COIYTCTBYIOIIEN IaTOJIOTHH,

According to clinical guidelines, the threshold BP
values for starting AHT are: in elderly patients (65—
79 years) >140/90 mm Hg, in the very elderly (=80
years) >160/90 mm Hg. BP targets are also differen-
tiated: for patients 65—79 years old — 130—139/70—
79 mm Hg, and for the very elderly — 140—150/70—
79 mm Hg provided that the treatment is well toler-
ated [7].

When treating AH in older patients, in some
cases, monotherapy is preferable, but current recom-
mendations also allow low-dose combination regi-
mens. In oldest-old patients, the administration of
even two AHD in standard doses can contribute to
the development of hypotension, since the mecha-
nisms of maintaining adequate blood flow are
impaired with age. The combination of two or more
drugs significantly increases the risk of drug-drug
interactions and adverse reactions in older patients
due to the combination of cardiovascular diseases
(CVD) with other pathologies [8, 9].

Frailty often occurs in conjunction with a whole
range of diseases, including disorders of the respira-
tory, musculoskeletal and cardiovascular systems, as
well as malignancies. At the same time, CVD occupy
a leading place in the structure of concomitant
pathology, which suggests the presence of common
pathophysiological mechanisms and risk factors
with frailty. Systolic blood pressure (SBP) increases
with age, at least until the age of 80 [6]. As the body
ages, vessel wall rigidity, including the aorta,
increases; accordingly, the pulse wave velocity
increases and the reflected wave from the peripheral
vessels returns to the aorta during early systole,
which leads to an elevation in SBP in the aorta. High
pulse pressure in isolated systolic hypertension
(ISH), due to elevated SBP, increases the load on the
left ventricle and the myocardial oxygen demand. A
decrease in diastolic blood pressure (DBP) with high
SBP worsens coronary perfusion and also negatively
affects myocardial blood supply. There is evidence
that DBP levels below 70 mm Hg are associated with
an increased risk of mortality [2].

The most important mechanisms for the AH
development in older age groups include: decreased
aortic distensibility — the main mechanism for the
development of ISH; the formation of nephrosclero-
sis — the occurrence of volume-dependent increases
in BP; increased salt sensitivity — increased vasocon-
striction; decreased taste sensitivity to salt -
increased salt consumption [1].

Frailty syndrome is a marker of biological vulner-
ability that allows identifying patients at high risk of
adverse outcomes even with minor stress exposure.
According to Veronese et al. (2017) [10], frail and
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YTO TO3BOJISET IPEJIOJIOKUTh HAJIWJHE OOIIuX
naTopU3N0JIOTUIECKUX MeXaHU3MOB U (aKTOpPOB
pucka ¢ CA. C Bo3pacroM HabJII0OIaeTCs MOBbIIIIE-
HHE CHUCTOJIMYECKOTO apTepUaIbHOTO JaBJIeHUSA
(CAI) mo menbiied mepe 710 80-JIETHETO BO3-
pacra [6]. ITo Mepe cTapeHUs] OpraHU3MAa YBEJTHIHU-
BaeTCAd PUTUIHOCTb COCYAUCTONH CTEHKHU, B TOM
YuCJie a0OpTHI, COOTBETCTBEHHO BO3PACTAE€T CKO-
pOCTh IYJILCOBOW BOJIHBI M IPOUCXOJUT BO3BpAT
OTPaKEHHOU BOJTHBI U3 NMepUdEPUIECKUX COCY/IOB
B A0PTY B PAHHIOIO CUCTOJIY, YTO IPUBOJUT K IOBBI-
menuo CAJl B aopte. Bricokoe TyJsIbCOBOE /1aBJjie-
HHe IIPU U30JIMPOBAHHOM CUCTOJIMYECKOHN apTepu-
aspHOU TrnepreH3un (MCATY) 3a cueT MOBBIIIIEHUS
CA/l yBenuumBaeT HArpy3Ky Ha JIEBBIH JKeIy0UYeK
U TOTPeOHOCTh MUOKapAa B Kucjioposie. CHIKeHIe
JINACTOJTNUECKOTO apTepruaabHOro Aapaenus (JIA)
pu BeicokoM CA/] yXy/imaeT KOpoHapHYIO mepdy-
3UI0 U TaKXKe HETAaTHUBHO BJIUsET HA KPOBOCHAOXKe-
HUe MHOKap/a. IMeroTcs JaHHbBIE O TOM, UTO ypO-
BeHb JIA]l HUKe 70 MM PpT. CT. B3aUMOCBA3aH C
MTOBBIIIIEHHBIM PUCKOM CMepPTH [2].

BaxkHelmue mMexaHus3mbl GopmupoBanus Al' B
CTapIIHUX BO3PACTHBIX I'PYIIIaX BKJIOUYAIOT: CHIKe-
HHUE PACTKUMOCTU aOPThl — OCHOBHON MeXaHU3M
pasButusa UCAT'; dopmupoBanue Hedpockiepo3a —
BOBHUKHOBEHUE O0BEM3AaBUCUMBIX MOABEMOB AJl;
MIOBBIIIIEHNE COJIEUYBCTBUTEJIBHOCTU — yBeJIMUEHUE
BAa30KOHCTPUKINH; CHIJKEHHE BKYCOBON UyBCTBH-
TEJIPHOCTU K TOBAPEHHOU COJIM — YBEJIHMYEHHE ee
notpebsienus [1].

CA (cuHAPOM «XPYIIKOCTH») — MapKep OHOJIOTH-
YeCKOH ysI3BUMOCTH, TIO3BOJISIONINI BHISIBUTD TAIU-
€HTOB C BBICOKMM PHCKOM Pa3BUTHUS HEGJIATOTIPUSIT-
HBIX HCXOJIOB JIa’Ke IIPU He3HAUUTEJIbHBIX CTPecco-
BbIX Bo3zencrsuax. CoracHo gaHusIM N. Veronese
et al. (2017) [10], «XpymKue» U «MIPeIXPYIIKUE»
MaIeHThl UMEIOT 00Jiee BBHICOKUHM PHICK Pa3BHTHUS
CC3, uem jyinna 6e3 npusnakoB CA. AHanu3 Hayd-
HBIX JIaHHBIX II03BOJIAET cZejlaTh BBIBOJ, uTOo CA
MIpEeJICTaBJIsIET COOOM HE3aBUCUMBIN IIPEUKTOP CEP-
JIEYHO-COCYTUCTOM MATOJIOTUH Y JIUIL TIO3KUJIOTO BO3-
pacra, accoIMUPOBAHHBIA C O0Jiee BHICOKOHM YacTO-
TOH OOOCTPEHWM W JIETAJIbHBIX KCXOJIOB KaK IPHU
OCTPBIX COCTOSTHUSAX, TaK U MIPHU XPOHUYECKUX 3a00-
neBaHuAX. Pasputne CA COIPOBOXKJAETCA CHUXKE-
HUEM (QU3UUECKOH W (PYHKIIMOHAJIBHOW aKTUBHO-
CTH, aJalTallMOHHOTO W BOCCTAHOBUTEJIHHOTO
pe3epBa opraHu3Ma, MOBBIIIAET PUCK HeOJIATOMPH-
SITHBIX MICXOZIOB: PUCK TOCHUTAIN3AlNHI BO3PaCTaeT
B 1,2—1,8 pasa, pa3BuTusa QYHKIIMOHATHHBIX Jedu-
nuToB — B 1,6—2,0 pasa, cMepTu — B 1,8—2,3 pasa,
(puBHUeCKUX OrpaHUYEeHU’ — B 1,5—2,6 pasa, naje-
HUH u mepesomoB — B 1,2—2,8 pasa. K dakropam

pre-frail patients have a higher risk of CVD than non-
frail individuals. Analysis of scientific data allows to
conclude that frailty is an independent predictor of
cardiovascular diseases in the elderly, associated
with a higher frequency of exacerbations and fatal
outcomes in both acute conditions and chronic dis-
eases. The development of frailty is accompanied by
a decrease in physical and functional activity, the
reserve for adaption and regeneration of the body,
and increases the risk of adverse outcomes: risk of
hospitalization elevates by 1,2—1,8 times, functional
deficits — by 1,6—2,0 times, death — by 1,8—2,3 times,
physical limitations — by 1,5—2,6 times, falls and
fractures — by 1,2—2,8 times. Risk factors for frailty,
in addition to age, include: physical inactivity, poor
nutrition, depression, polypharmacy, social factors
(low income, living alone, low level of education) [11].
The progression of frailty occurs gradually, yet a frail
patient may experience a rapid decline in functional
activity. Under stress conditions (infectious process,
hospitalization, change in pharmacological therapy,
etc.), such patients have a high probability of deve-
loping or increasing the dependence on external
assistance, recovery and rehabilitation occur more
slowly than in patients without frailty, and often
functional activity does not return to the initial level.
The development of frailty is preceded by pre-frailty,
characterized by the presence of individual signs that
are quantitatively insufficient to make a diagnosis of
frailty. Frailty is considered a potentially reversible
condition but is more likely to progress than regress
[2]. Frailty is not an integral part of the aging pro-
cess, but is considered as an unfavorable variant of it.
With the development of frailty, the vulnerability of
older people to adverse factors, which can be acute
illness, injury, change in treatment, or surgery, sig-
nificantly increases [2].

To improve the quality of life in people with
frailty, it is recommended to reduce the intensity of
AHT, up to the complete withdrawal of AHD, in the
following cases: when SBP is below 130 mm Hg or
when orthostatic hypotension occurs. Such
approach is aimed at preventing further functional
decline. This is due to the increased sensitivity of
frail elderly patients to antihypertensive drugs:
even standard doses can lead to an excessive
decrease in BP, which is especially dangerous in
frailty and increases the risk of the further decrease
in muscle strength [12].

Deprescribing is especially important for older
patients who need to reduce their drug load due to
the high risk of polypharmacy-related adverse reac-
tions, as well as in situations where the potential
benefit of AHT is not obvious. Deprescribing is a part
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pucka pazsutua CA, TOMUMO BO3PacTa, OTHOCATCSA:
HUBKHUU YPOBEHb (PU3HMYECKON aKTUBHOCTH, ILJIOXOE
MUTaHUeE, AETPECCHs, TOJTUTIPArMa3us, COIUAJIbHbIE
akTops! (HU3KUH YPOBEHD JOX0/A, OAMHOKOE IIPO-
JKUBaHUe, HU3KUH YPOBEHb oOpas3oBanust) [11]. Pas-
puTHe CA IPOUCXOJIUT MMOCTENIEHHO, OTHAKO CHIDKeE-
HHe PYHKIMOHAJIBHON aKTUBHOCTHU Y naruenTa ¢ CA
MOKET MPOU30UTHU JOCTATOYHO ObICTPO. B cTpecco-
BOH cutyaruu (MHQEKIIMOHHBINA MPOIIeCe, TOCIUTA-
JIM3aIys, CMeHa JIEKApCTBEHHON Tepanuu U Ap.) Y
TaKUX MallIEHTOB BBICOKA BEPOSTHOCTD IOSBJIEHUS
WIN HapacTaHUsA 3aBUCHMOCTH OT IIOCTOPOHHEH
IIOMOIIY, BBI3/IOPOBJIEHNE U BOCCTAHOBJIEHUE IIPO-
HUCXOJAT MeJJjIeHHee, ueM y manueHToB 6e3 CA, u
Hepeiko QYHKIIMOHAIbHAS aKTUBHOCTh HE BO3Bpa-
IaeTcsa K UCX0AHOMY ypoBHIO. Pazsutuio CA npen-
IIECTBYeT IPEAXPYNKOCTb, XapaKTePU3YIOMIAsCs
HAJIWYUEM OT/IeJIbHBIX €€ MPHU3HAKOB, KOJIMYe-
CTBEHHO HEJIOCTATOYHBIX JIJI YCTAaHOBJIEHUS Jiha-
rHo3a CA. CA cuuTaercs MOTEHIHAIBHO 00paTUMBIM
COCTOSIHHEM, HO Yallle IPOTPeCcCUpyeT, YeM perpec-
cupyert [2]. CA He sBJIeTCA HEOTHEMIIEMOU YACTHIO
Iporiecca CTapeHHs, a paccMaTpPUBAETCs KaK ero
HeOsaronpuATHBIM BapuanT. IIpum passutuum CA
3HAUYUTEJIBHO IOBBIIIAETCH YA3BUMOCTD ITOXKUJIBIX
JTIOZIEN K JIEUCTBUIO HEOJIAarONPUATHBIX (PAKTOPOB, B
KayecTBe KOTOPBIX MOTYT BBICTYIIATh OCTPOeE 3a00J1e-
BaHUe, TPaBMa, CMeHa JieYeHUs WU OIepaTUBHOE
BMeIIIaTeJIbCTBO [2].

Jns ynydieHusa KadecTBa KU3HU y Jul] co CA
peKOMeHIyeTcs CHUDKeHWe HWHTeHCUBHOCTH Al'T,
BILIOTH JI0 TTOJTHOM oTMeHbI AT'TI, B citeytonux ciy-
yasx: npu cHrkeHun CAJl Huke 130 MM PT. CT. JTU0O
IIpU PpPa3BUTUH OPTOCTATUYECKOU THUIOTEH3UH.
Takoil moaxo/; HapaBjeH Ha TPOPUIAKTHKY J1aTb-
Helinrero pyHKITMOHAJIBHOTO yracaHusA. TO CBSA3aHO
C TOBBIIIEHHOU YyBCTBUTEJIBHOCTHIO ITOXKUJIBIX
nmanueHToB ¢ CA K aHTUTUNEPTEH3UBHBIM Cpe-
CTBaM: Jla’Ke CTaHZ@PTHBIE I03bI MOTYT IIPUBOIUTH K
U30BITOYHOMY CHIDKEHUIO AJl, UTO 0COOEHHO OITaCHO
Ha (poHe acTeHUU U MOBBIIIAET PUCK JATHHENIIIETO
CHUPKEHUS MBIIIIEYHOH CHJIBI [12].

JlenipeckpaliOUMHT O0COOEHHO BaKEH I ITOKU-
JIBIX TAI[IEeHTOB, KOTOPBIM HEOOXOJMMO CHUKEHUE
JIEKAPCTBEHHOW HATrPy3KH B CBA3HU C BBICOKUM
PHUCKOM HeKeJIaTeJbHBIX MOOOUYHBIX PEeaKIui Ha
(oHe mosmIIparMasuy, a TAaKXKe B CUTyaIUsAX, KOTAa
MoTeHIUaIbHasdA MmoJsib3a OT AI'T He oueBHAHA.
JlenipeckpaliOHHT SIBJISIETCS YAaCThIO pAIllOHATIBHON
(apmakoTepanuy U MO3BOJISIET BECTU MAINIEHTOB C
AT crapueckoro Bospacta u/uiu ¢ HamuuueMm CA,
n3beras MOTEHIIMAIBFHOTO BPeZa /ISl MX 3/T0POBbS U
yJIydinasi KauecTBO KU3HU NAIEeHTOB CTapIINX BO3-
pactHbIX rpyn [13].

of rational pharmacotherapy and makes it possible
to manage older patients with AH and/or frailty,
avoiding potential harm to their health and improv-
ing the quality of life of the older patients [13].

According to studies by Russian scientists, in AH
in patients aged 80 years and older, as well as in
patients with frailty, a reduction in doses of AHD is
indicated, up to their discontinuation when SBP
reaches the level of <130 mm Hg. In patients over
80 years of age who are in good physical and mental
condition, tactics may be more active. It is also
emphasized that when the signs of frailty appear in
patients over 60 years of age, correction of the treat-
ment strategy is needed [14].

Before AHD withdrawal, it is necessary to assess
the presence of additional indications for its use
related to concomitant diseases (for example, atrial
fibrillation, chronic heart failure (CHF), etc.).

The algorithm for discontinuation is as follows
(Table 1). For monotherapy regimen:

Calcium channel blockers (CCBs), ACEIs, ARBs
or diuretics are discontinued immediately.

[-blockers monotherapy is discontinued gradu-
ally: first, the dose is halved, and then, after a week,
the drug is completely discontinued [15].

In the case of combination AHT with two drugs, a
doctor, based on the results of the examination,
chooses which AHD should be discontinued first; a
dose of the second drug is first reduced by half, and
then, after a week, completely discontinued [5, 16].

In combination therapy with three AHD, two
drugs are discontinued immediately, the third drug
is continued without dose reduction for 2 weeks.
Then the dose of the third drug is halved and subse-
quently completely discontinued [5, 17].

AHD discontinuation, taking into account the
drug class, is carried out in the following order of
preference (from most to least preferred for discon-
tinuation): centrally acting agents, a-blockers, loop
diuretics, Ca channel blockers, [-blockers, ARBs,
ACEIs, thiazide diuretics, dihydropyridine
CCBs [14].

The dose of B-blockers is reduced gradually: by
half during the first 7 days. Then, if the patient does
not have clinical symptoms that would prevent com-
plete withdrawal, the drug is discontinued com-
pletely. If the patient is taking two drugs belonging to
the same class, one of them is discontinued. For
safety reasons, an additional visit is scheduled a week
after any visit during which medication was adjusted
to promptly detect any potential side effects [18].

Polypharmacy (use of multiple medicines simul-
taneously) is frequently seen in older patients, par-
ticularly those with frailty, which increases the risk
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CorsiacHO MCC/IeIOBAaHUSAM POCCHUCKUX yUEHBIX,
npu Al' y manieHTOB B Bo3pacTte 80 JieT U cTapile, a
Takke y nanueHToB ¢ CA Moka3aHO yMeHbIIeHUe /103
AT'TI BILTIOTH /10 X OTMEHBI ITPU IOCTUKEHUU YPOBHS
CA]Jl <130 MM pT. cT. Y maiueHToB crapiie 80 JieT,
HaXOJAMIUXCA B XopolieM (pU3UIECKOM U IICUXude-
CKOM COCTOSTHH Y, TAKTUKA MOKET OBITh O0JIee aKTHB-
Ho. Takke MOAYEPKUBAETCS, YTO MPU MOSABIEHUHN
npu3HakoB CA y manueHToB crapiie 60 JIeT Heo6X0-
JIIMa KOPPEKITHS CTPATETHH JIeueHus [14].

IIpexxne uem ormenuth AI'TI, HeoOXoauMO oOlle-
HUTHh HUINYHE JIONOJTHUTEIBHBIX IOKa3aHUU 11 €T0
MPUMEHEHUS, CBSI3aHHBIX C COMYTCTBYIOIINMU 3a00-
JieBaHUAMHU (Hanpumep, GuOPULIANNS IPEACEPIUT,
XpOHUYECKAs cep/ieTHast HeTOCTaTOYHOCT U JIp.).

Anroputm otmeHbl AI'T cienyromuit (tabsa. 1).
IIpu MmoHOTepanuu:

» IIpemapars! kyacca 6JI0KATOPOB KAJIBITHEBBIX

kaHanoB (BKK), uAIl®, bPA win guyperu-
KOB OTMEHSIOTCSA Cpasy.

of drug-drug interactions and adverse reactions. The
priority of discontinuation order (by drug class),
when choosing which drug to discontinue first (for
mono- or combination therapy), is presented in
Table 2.

The concept of deprescribing has become firmly
established in geriatric practice and is considered an
integral component of rational pharmacotherapy in
older adults. However, its use is not limited to frail
patients. A special, more complex population is
patients with frailty and CHF, for whom AHT de-
escalation requires a markedly different, more bal-
anced approach.

CHF is a clinical syndrome characterized by cur-
rent or past symptoms (shortness of breath, increased
fatigue, edema of lower legs and feet) and signs
(increased jugular venous pressure, pulmonary rales,
peripheral edema) due to alterations in the cardiac
structure and/or cardiac dysfunction, leading to
decreased cardiac output and/or increased cardiac

Ta6smna 1. AnroputM genpeckpai6unra AI'T y jini, co cTapyeckoi acTeHUuel
Table 1. The algorithm for antihypertensive drugs deprescribing in people with frailty

IIpenapatsl / Drugs TakTuka / Tactics

Monomepanusi / Monotherapy

BiiokaTops! Ca-kaHa/10B
Ca channel blockers

uAIl® / ACEls
BPA / ARBs

JuypeTuku (THasugHbIe)
Diuretics (thiazide)

BeTa-aipeH06/10KaTOpPkI
Beta-blockers

CtyneH4yarasi OTMeHa:
1) yMeHbBIIUTD 03y BJIBOE;

Pe3kas otmena / Acute drug discontinuation

Pe3skas ormeHa / Acute drug discontinuation
Pe3kas otmena / Acute drug discontinuation
Pe3kas ormena / Acute drug discontinuation

2) yepe3 7 AHENH OTMEHUTD NOJHOCTBIO

Gradual discontinuation:
1) reduce the dose by half;

2) discontinue completely after 7 days

Kom6uHuposaHHas mepanusi / Combination therapy

2 mpemnapara
2 drugs

Bb160p nepBoTro npenapara AJjisi OTMeHbI — [0 Pe3yJIbTaTy 06c/1e0BaHUH
Choice of the first drug to be discontinued is based on the results of examinations

Jl03y nepBOro OTMEHsSIEMOr0 penaparTa yMeHbIIUTD B /IBa pa3a — 4epe3 HeJlesIl0 OTMEHUTD
HOJTHOCTBIO
Reduce the dose of the first by half and discontinue it completely after a week

Jlo3y BToporo npenapara Ha IepBOM 3Talle He MEHSATb, 3aTeM (I0cJe HOJTHOH OTMEeHbI
[IepBOT0) MOXKHO CHMKaTb M03TAIMHO [j03y BTOPOr0O

Initially, do not change the dose of the second drug, then (after completely discontinuing the
first drug), gradually reduce the dose of the second drug

3 npenapara
3 drugs

/lBa mpenapara (BbIGpaHHbIE 10 pe3yJibTaTaM 06CaeJo0BAaHUN) — OTMEHUTD CPasy

Two drugs (selected based on examination results) discontinue immediately

TpeTuii mpenapar npoJo/nKaTh B NpeXxHeH J03e B TeyeHUe JIBYX He/lelb

The third drug takes at the same dose for two weeks

3aTeM 03y TPETbero npenapaTa yMeHbUIUTb BABOE — Yepe3 HEKOTOPOe BpeMsi OTMEHUTh
HOJIHOCTBIO

Then reduce the dose of the third drug by half and after a while discontinue it completely

[IpumMevyaHUue.
Abbreviations:

HUAIID - HHrHGUTOPBI AHTHOTEH3WHIPeBpaliallero ¢pepMenTa; BPA - 610kaTOpbI peLenTOPOB K aHTHOTeH3UHY 1.
ACEIs - angiotensin-converting enzyme inhibitors; ARBs - angiotensin II receptor blockers.
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e Momnorepanus 3-Ab mpekparaercs CTyIeH-
yaro: cHavasa /1032 yMeHBIIaeTcs BJIBOeE, a
3aTeM, uepe3 HeJesI0, IpernapaT OTMEHIeTCs
IIOJIHOCTBIO [15].

B ciiyaae kombunupoBanHoi AI'T nByMms mpema-
paraMu Bpad 1o pe3yJsibTaTaM 00ciieZlOBaHuUsI BBIOU-
paert, kakoit AI'TI cjexyeT OTMEHUTH B IEPBYIO OUe-
pezp; 03y BTOPOTo IIpeliapaTa BHAYajle YMEHbIIAOT
B 2 pa3a, a 3aTeM, 4epe3 HeJIEJTI0, IIOJTHOCTHI0 OTMe-
HAIOT [5, 16].

IIpu xomOuHMpoOBaHHOU Tepanuu Tpems AITI
JIBa Tperapara OTMEHSIOTCS Cpasy, IIPUEM TPEThEro
mposonkaeTcss 6e3 CHIDKEHHS 03Bl B TeUeHHe
2 Heflesb. 3aTteM /103y Tperhero AI'Tl ymeHbIIaOT B
2 pasa, a BIIOCJEACTBUH IIOJTHOCTBIO OTMEHSIOT
(5, 171].

Otmena AI'T ¢ yueToMm KJjtacca mperaparta mpoBo-
JIUTCS B CIIEAYIOIIEM MTOPAKE IPEATIOYTUTETHHOCTH
(or HAMOOJIEE K HAUMEHEee ITPEATIOYTUTETLHOMY IS
OTMEHBI): TpernapaTrbl IeHTPAJIBHOTO JIEHCTBUS,
a-azpeHo6I0KaTOphI, meTeBble auypetuku, BKK,
B-AB, BPA, uAIl®, THasuHbIE AUYPETUKU, TUTH-
nponupuauHoBble BKK [14].

Jlo3a B-AB cHMKaeTcs OCTENEHHO: HATIOJIOBUHY
B TeUeHUe MEePBBIX 7 AHeH. [locse aToro, Ipu OTCyT-
CTBUU y TaIleHTa KJIMHUYECKUX CUMIITOMOB, IIpe-
MATCTBYIOIIUX IIOJIHOU OTMEHE, IIperapaT OTMEHSIIOT
OJTHOCTRIO. ECyiu manuieHT MPUHUMAET [[BA Ipemna-
para, OTHOCAIIUXCS K OJTHOMY KJIACCy, OAUH U3 HUX
OTMEHSAIOT. B 1essix 6e30mMacHOCTH JOMOJTHUTEb-
HBI BU3WUT TIPOBOJUTCS 4Yepe3 HENEeI0 II0Cye
JII060TO OOpAaIleHusi, B X07e KOTOPOTO U3MEHIach
MeJIUKaMeHTO3Has TepaIus, — JJIs1 CBOEBPEMEHHOTO
BBISIBJIEHUS] BO3MOKHBIX TTOO0UYHBIX 3pdekToB [18].

¥ mOXWJIBIX TAIIIEHTOB, 0OCOOEHHO IIPU HATUYUH
CA, uvacto Habiomaercs mosunparmasus (Ipuem
HECKOJIBKUX JIEKAPCTB OJHOBPEMEHHO), UYTO IIOBBI-
IIaeT PUCK MEKJIEKAPCTBEHHOTO B3aNMO/IeHCTBUS U
Pa3BUTHSA HEXKeJIaTeTbHBIX peakiuii. Ilopsaaok mpu-
OPUTETHON OTMEHHI (10 KJIaccy mpemapara), Koraa
HY’KHO BBIOpaTh, KaKOH IpernapaT OTMEHATh Iep-
BBIM (J1J1s1 MOHO- WJIM KOMOMHUPOBAaHHOM TepaInn),
TIpeJiCTaBJIeH B Ta0JI. 2.

KoHnemnmus nenpeckpaiibuHra MpoYyHO BOIILJIA B
apceHaJsI TepUaTPUYECKON MTPAKTUKU U paccMaTpH-
BaeTCsl KaK HEOThEMJIEMBIH KOMIIOHEHT paIfuo-
HQIBPHON (apMaKoTepamuy y JIUI] CTApLIUX BO3-
pactubix rpymni. OTHAKO ee MpUMeHeHUe He OoTpa-
HUYMUBaeTcs namueHTamu TosibKo ¢ CA. Ocobyio,
HauboJiee CIOKHYI0 KaTErOPHUI0 COCTABJISIOT OOJIb-
Hble ¢ CA ¥ XpOHUYECKOU cep/leuHON He0CTaTOY-
HocThi0 (XCH), y KOTOPBIX BOIIPOCHI JIeaCKaIaIl[uu
ATI'T TpebGyIOT MIPUHITUITUAIILHO HHOTO, O0JIee B3Be-
IIIEHHOTO MTOIX0/1A.

filling pressure at rest or under stress test, and/or
increased levels of natriuretic peptides [19]. Several
groups of medications are used in the treatment of
CHF, which increases the risk of adverse drug reac-
tions, especially in elderly and senile patients.

The general concept of AHD deprescribing in
patients with CHF includes [20, 21]:

1. Discontinuation of the drug, which can be car-
ried out either immediately or by gradually reducing
the dose.

2. Reduction of the dose to the minimum effective
dose or to a dose recognized as “low” (based on clini-
cal studies), also in a gradual reduction mode.

3. Replacement with a safer class of drugs.

In the context of CHF, a special place in the depre-
scribing strategy is occupied by the revision of
[B-blocker therapy. According to the results of mod-
ern meta-analyses, in patients with CHF with a mod-
erately reduced (intermediate) left ventricular (LV)
ejection fraction (EF), B-blocker therapy is associ-
ated with a 52% reduction in the risk of cardiovascu-
lar mortality [22]. At the same time, in patients with
CHF and preserved LV EF, -blocker administration
does not affect the risk of all-cause and cardiovascu-
lar mortality, the frequency of hospitalizations for
CVD, or the achievement of composite endpoints
[22, 23].

These data are confirmed by the results of the
CHS study: among 342 patients with CHF and LV EF
>40%, the use of B-blockers did not reduce the risk of
all-cause mortality. Moreover, [-blocker therapy in
CHF with preserved EF does not improve the clinical
condition and quality of life of patients. For example,
in the ELANDD study, in patients with LV EF >45%,
receiving nebivolol, no benefits compared to the pla-
cebo group were found in such parameters as the
6-minute walk test distance, peak oxygen consump-
tion and quality of life. Studies that included exclu-
sively patients with LV EF >50% showed either no
benefits of (-blockers or their potentially adverse
effects [23].

Moreover, (3-blockers discontinuation in individ-
uals with CHF and preserved EF may be accompa-
nied by improvement in the clinical condition of
patients. After withdrawal of therapy, an increase in
peak oxygen consumption (14,3 vs. 12,2 ml/kg/min;
p < 0,001) and peak exercise heart rate (127 vs.
97 bpm; p < 0,001) were observed, indicating a bet-
ter physiological response to exercise. Improvement
in quality of life parameters and a decrease in LV
end-diastolic pressure according to echocardiogra-
phy were also recorded [12, 24].

In elderly patients with frailty, the cardiovascular
system is characterized by reduced arterial elasticity,
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Ta6suna 2. [IpuopuTeTHOCTD Aenpeckpaiioudra AI'T y i co cTapuyecKkoi acTeHUuel
Table 2. Priority of antihypertensive drugs deprescribing in patients with frailty

O4depeab OTMEHBI IIpenapaTsl
Priority of deprescribing  Drugs
1 [IpenapaTs! neHTpasapHoro feiictBus / Centrally acting agents

BPA / ARBs
uATI® / ACEIs

O NN O Ul A W

Anbda-agpenobsokatopsl / Alpha blockers
[leTsieBble auypeTuku / Loop diuretics
Boiokatops! Ca-kananoB / Ca channel blockers
BeTa-agpeHno6iokaTopsl / Beta blockers

Tuasugsble quypetuku / Thiazide diuretics

MedaHUe. BPA-0610KaTopbl pelleNTOPOB K aHrHoTeH3UHY II; MAIID - UHrHGUTOPBI aHTMOTEeH3UHIIpeBpalaIlero gepMeHTa.

Mpu
Abbreviations:

XCH - 3TO KJIMHUYECKUH CUHIPOM, XapaKTepH-
3YIOIIUNCA TEKYIIUMU UIN IepeHeCEeHHBIMU CHUM-
nroMaMu (OZIBIIIKA, TOBBIIIEHHAs YTOMJISIEMOCTD,
OTEKU TOJIEHEH U CTOII) U TPU3HAKaAMH ([TOBBIIIEHIE
JIaBJIeHUS B IPEMHBIX BEHAX, XPUIIBI B JIETKUX, IT€PH-
(depuueckue oTeKu) BCIE/ICTBHE HAPYIIIEHUS CTPYK-
TYPBI U/ in GYHKINY CEPALIA, TPUBOISAIIETO K CHU-
JKEHHIO CepJIeYHOT0 BhIOpOCa H/WJIN TOBBIIIEHUIO
JlaBJICHUsI HATIOJIHEHUs CepAIla B IOKOe WJIN MPHU
HarpysKe, 1/ WIN YBeJIMUEHUIO YPOBHEN HATPUIYpe-
THUecKux nentusoB [19]. B meuenun XCH ucnosib-
3yeTcsl HECKOJIBKO TPYIIl JIEKAPCTBEHHBIX CPEJCTB
(JIC), uTO TIOBBINIAET PUCK PA3BUTHS HEXKeJIATe b
HBIX JIEKAPCTBEHHBIX PEAKIINI, 0COOEHHO y ManueH-
TOB IIOKUJIOTO U CTAPUYECKOT0 BO3PacTa.

O61as koHnennus aenpeckpaiounra AT y siuig
¢ XCH Bxittouaer [20, 21]:

1. OTMeHy npemapaTa, KOTOpas MOXKeT OBITh
BBITIOJTHEHA KAaK OJTHOMOMEHTHO, TaK U B PEXKHUME
IIOCTEIIeHHOTO CHUKEHUA JI03bI.

2. CHIKeHue JI03bI 0 MUHUMAJIbHO 3(PheKTHB-
HOU WJIM JI0 IPU3HAHHOU «HUBKOU» (110 JTaHHBIM
KJINHAYECKUX HCCJIeZIOBAHUM), TakKe B PpeXuMe
MIOCTENIEHHOTO CHIKEHUS.

3. 3ameHy Ha O0J1ee 6€30TIACHBIH KJIacC IIPEnapaToB.

B xonrtekcre XCH ocoboe MecTo B CTpaTeruut
JleTIpecKpaiibuHra 3aHUMAaeT I[EePeCMOTp Teparuu
B-AB. CorsiacHO pe3y/bTaTaM COBPEMEHHBIX MeTa-
aHaIN30B, y nanueHToB ¢ XCH ¢ yMepeHHO CHIKeH-
HOHU (mpoMeskyTouHOM) ¢pakiueli Bbiopoca (DB)
JsieBoro xesynouka (JIXK) repanus f-Ab acconuupo-
BaHA CO CHIDKEHUEM PHCKa Cep/euyHO-COCYUCTOH
CMePTHOCTH Ha 52 % [22]. B To e BpeMsi y 60JTbHBIX
¢ XCH u coxpaunoit ®B JI)K npuem (3-Ab He Biusier
Ha PUCK OOIEN U cepledHO-COCYIUCTON CMEPTHO-
ctu, yactoty rocnutanusanuii mo CC3, a Takke Ha
ZIOCTIDKEHNE KOMOWMHUPOBAHHBIX KOHEUHBIX TOYEK
[22, 23].

ARBs - angiotensin Il receptor blockers; ACEls - angiotensin-converting enzyme inhibitors.

impaired baroreflex regulation, decreased cardiac
output (CO), and altered sensitivity to antihyperten-
sive drugs [12]. These age-related changes are par-
ticularly critical in patients with CHF, whose initially
reduced cardiac output makes the body extremely
vulnerable to any fluctuations in hemodynamics.
Aggressive reduction of BP to target levels recom-
mended for the general population in patients with
frailty and concomitant CHF is associated not with
benefit, but with serious adverse outcomes.

In elderly frail individuals, baroreflex reactivity is
reduced, circulating blood volume decreases, and
autonomic dysfunction is often present. Antihyper-
tensive agents (especially diuretics, ACEls, calcium
antagonists), which are widely used in AH and CHF,
exacerbate this deficit, ultimately leading to ortho-
static hypotension [12]. Of particular concern is a
decrease in SBP below 100—110 mm Hg, which is
especially common after meals (postprandial hypo-
tension) or at night. This effect is enhanced by a com-
bination of vasodilators and diuretics [18].

The consequences of excessive BP reduction
include myocardial ischemia (especially with coro-
nary artery stenoses, which is crucially in the isch-
emic etiology of CHF), cerebral hypoperfusion with
the development of transient ischemic attacks and
acute cerebrovascular event [25].

Acute kidney injury and progression of chronic
kidney disease occur due to an excessive reduction in
BP, which leads to a decrease in glomerular perfu-
sion pressure. This is especially dangerous in patients
with an initial reduced glomerular filtration rate
(GFR), renal artery stenosis, or those taking a combi-
nation of ACEls/sartans with diuretics and nonste-
roidal anti-inflammatory drugs (the dangerous
trio) [26]. In patients with CHF, who often have con-
comitant renal dysfunction (cardiorenal syndrome),
these risks increase significantly. Clinically, this is
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OTHU [aHHBIE TOATBEPIKJIAIOTCA pe3yabTaTaMu
uccnenoBanusa CHS: cpenu 342 naruentos ¢ XCH u
@B JIXK >40 % npuMmenenue 3-Ab He cHIXaI0 pUCK
CMepTH OT BCex MpUYHuH. Bosee Toro, Tepamnus -Ab
npu XCH c coxpanuoit ®B He yiydiaer KIuHHYE-
CKO€ COCTOSTHHE U KaUeCTBO KU3HU NanueHToB. Tax,
B uccaenoanu ELANDD y manuenTtoB ¢ @B JIZK
>45%, MOJIy4aBIIUX HEOUBOJIO, HE OBLIO BBISABJIEHO
MIPENMYIIIECTB Tepe] IIanedo Mo TaKUM IToKa3are-
JISIM, KaK JUCTAHIIUS B TeCTe 6-MUHYTHOH XO/IbOBI,
[IUKOBOE TIOTpebJyieHne KHCJIOpoZa U KadecTBO
JKU3HU. B mccaegoBaHUAX, BKIIOYABIIUX UCKITIOUHU-
TeapHO nanuenTos ¢ ®B JIK >50%, nokasaxo aubo
OTCYTCTBHE IOJIOKUTETbHOTO 3dderrta B-AB, nmubo
UX MTOTEHITNAJIbHO HeOIaTONpUATHOE BausHue [23].

Bosee Toro, ormena 3-AB y sur ¢ XCH u coxpaH-
HOoU @B MOKET COIPOBOKIATHCS YIYUIIIEHUEM KJIH-
HUYECKOTO COCTOsTHUA marueHToB. [locie mpekpa-
[[eHUA TePAllNy OTMEYaINCh YBeJIUUeHre TNKOBOTO
rotpebyieHust Kucjiopoya (14,3 mpoTus 12,2 Mut/Kr/
MUH; p < 0,001) U YUCJIA CEPAEYHBIX COKpPAIeHUI
IIpU MHUKOBOH HAarpyske (127 MPOTHB Q7 V./MUH;
P < 0,001), UTO CBU/IETEJIbCTBYET O JIydIlieM GU3U0-
JIOTUYECKOM OTBeTe Ha (HUBHUYECKYI0 HATrPYy3Ky.
Taxxe ¢duKcHUpoBajIuch yJIydllleHHe I1apaMeTpOB
Ka4yecTBA JKU3HU U CHIKEHHE KOHEUHO-IHACTOJIU-
yeckoro mpaBiieHus B JIXK o JaHHBIM 9X0KapAuorpa-
dum [12, 24].

Y noxuibix nanueHToB ¢ CA cep/iedHO-COCYAN-
cTas CHCTEMa XapaKTepU3yeTcs CHUKEHHOU diia-
CTUYHOCTBIO apTepuii, HapyleHueM OGapopedIiex-
TOPHOU peryJAluy, yMeHbIIEHUEM CepIeYHOr0o
BhIOpOCAa ¥ HU3MEHEHHOW YyBCTBUTEJIHHOCTHIO K
TUIIOTEH3UBHBIM IIpemnaparam [12]. 9Tu Bo3pact-
Hble U3MeHeHUsI 0COOeHHO KPUTHUUHBI Y TAIIHEHTOB
¢ XCH, y KOTOPBIX MCXOJHO CHUKEHHBIN cepaed-
HBIA BBIOPOC JIeJIaeT OpTaHU3M KpaiiHe YA3BUMBIM
K JIIOOBIM KOJIEOAHUSAM reMOJIHHAMUKH. ArpeccuB-
Hoe cHmKeHHe AJl 10 1es1eBbIX YPOBHEHN, pEKOMEH-
JIOBAHHBIX /IS OOIEN MOMYJIAIUN, Y TAIlHEHTOB C
CA u comyrcrByromein XCH accoruupoBaHo He ¢
MOJIb30H, a C CEepPbe3HBIMU HeOJIATONPUITHBIMHU
HUCXO0/IaMH.

Y noxwuibix sun ¢ CA cHUXKeHa peakTUBHOCTD
6apopedIeKTOPHON [yTH, yMeHbIIaeTcs 00beM
OUPKYJIUPYIOIEH KPOBH M YAaCTO HabJIomaercs
BeretraTuBHas JAUCPYHKIUA. AHTUTUIEPTEH3UB-
Hble cpencTtBa (ocobeHHO nauypeTwku, HUAIID,
AHTAaTOHUCTHI KAIBIINSA), KOTOPbIE IIIHPOKO IPUMe-
usatoresa npu Al' u XCH, yecunusaiot aToT e UIUT,
4TO B KOHEYHOM CYETEe NMPUBOJUT K OpPTOCTaTHYe-
ckoii rumnoreH3uu [12]. Ocoby0 OMmacHOCTh Mpea-
craBasger cHumkenue CAJl HIKe 100—110 MM
PT. CT., UTO 0cOOEHHO YacTo HabJIoZaeTcs IMmocsie

manifested by an increase in serum creatinine by
30-50% or more and oliguria, which requires tem-
porary or final discontinuation of therapy. In the
long term, an accelerated decrease in GFR and an
increased risk of end-stage renal failure are observed
[27].

Thus, deprescribing in CHF is most appropriate
in the following groups of patients (Table 3):

1. Elderly polymorbid patients with frailty and
severe polypharmacy.

2. CHF patients with preserved EF.

3. Patients with progressive chronic kidney dis-
ease.

The success of deprescribing and minimizing the
risk of adverse reactions directly depends on adher-
ence to safety principles. Violating these principles
significantly increases the risk of complications.

The greatest danger comes from rapid discontin-
uation of medications, particularly beta-blockers,
which can trigger withdrawal syndrome with the
development of tachycardia, BP fluctuations, and
even ischemic events. Similar risks arise when dis-
continuing multiple medications simultaneously —
this approach not only increases hemodynamic
stress in the body but also makes it impossible to
assess the contribution of each specific drug to the
development of adverse reactions [12, 28].

A critical element of safe deprescribing is the ade-
quate patient’s monitoring. Insufficient dynamic
monitoring of BP, heart rate, and laboratory param-
eters (creatinine, electrolytes) after drug discontinu-
ation or dose reduction may lead to delayed detec-
tion of decompensation.

A particularly high-risk group includes patients
with severe comorbidities, primarily CHF, atrial
fibrillation, and chronic kidney disease [29]. These
conditions make the patient’s body extremely vul-
nerable to any hemodynamic shifts and fluctuations
in water and electrolyte balance, requiring a highly
cautious and individualized approach to revising
pharmacotherapy.

Thus, AHD deprescribing in frail patients should
be carried out under the the doctor’s care in the com-
munity based setting or on a planned inpatient
basis [18]. The key principle is a balance between the
need to reduce polypharmacy and ensuring an indi-
vidualized approach to the care of frail patients
[30, 31].

CONCLUSION

Frailty syndrome is a key factor modifying the
management of patients with AH. Standard BP tar-
gets recommended for the general population are
not applicable to this group without a comprehen-
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mpueMa MUy (MOCTIPaHANAIbHAS THUIIOTEH3HA)
WU B HOUHBIE Yachl. ITOT 3(PGEKT ycUuInuBaeTcs
Ipy KOMOWHAIIMU Ba30JUJIATATOPOB U JTUYPETH-
kxoB [18].

[TocyiesicTBUSL  UPE3MEPHOTO CHUIKeHUs A]l
BKJIIOYAIOT WIIEMHIO MHOKapja (ocobeHHO mHpu
CTEHO3UPYIOIUX MOPAKEHUAX KOPOHAPHBIX apTe-
pHi, 9TO 0COOEHHO aKTyaJIbHO IIPU HIIIEMUYECKON
stnonoruu XCH), nepebpasnbHyio runonepdysuio
C Pa3BUTHEM TPAH3UTOPHBIX UIIEMUYECKHUX aTaK U
OCTPOTO HapyIIeHUs MO3TOBOTO KpoBooOparie-
Hus [25].

OcTpoe TOBpeX/ieHre MTOYEK U IIPOrpecCcupoBa-
HUe XPOHMYecKoU 00JIe3HH ITOUYeK BO3HUKAET M3-3a
U30BITOYHOTO CHIDKEHUs AJl, YTO IPUBOAUT K CHU-
JKeHHUIO Tep(y3UOHHOTO [aBJeHUs B KIyOOUKax.
IT0 0cOGEHHO OTACHO Y TAI[UEHTOB C UCXO/HO CHU-
JKEHHOHM CKOPOCThIO KJIyOOUKOBOU (DUIBTpAIIUU
(CK®), cTreHO30M IOUYEUYHBIX apTEPUN WM MPUHU-
Maronux komouHamuo HAII®/capTaHoB ¢ TUypeTH-
KaMd U HECTEPOUIHBIMU MPOTHUBOBOCIAIUTEb-
HBIMU CpeJICTBaMHU («ormacHoe Tpuo») [26]. Y manu-
eHToB ¢ XCH, KOTOpbIe YaCTO UMEIOT COITYTCTBYIOIIYIO
MIOYEUHYI0 MUCPYHKINIO (KapAuOpeHaJTbHbINH CHH-
ZIPOM), 5TH PUCKU MHOTOKPATHO Bo3pacTaroT. K-
HUYECKU 3TO IPOSIBJISETCS IOBBIINIEHUEM KpeaTh-
HUHA CBIBOPOTKH Ha 30—50 % U OoJiee, OJIUTypUEH,
4YTO TpeOyeT BpPEMEHHOTO HJIH IIOCTOSTHHOTO IIPeKpa-

sive geriatric assessment. Deprescribing antihyper-
tensive medication in frail patients is a clinically
proven and safe strategy aimed at preventing poly-
pharmacy, reducing the incidence of adverse drug
reactions, and improving quality of life. At the same
time, drug discontinuation should be carried out
according to a tailored algorithm, preferably in a
step-by-step manner, with the close monitoring of
BP at rest and during the standing test. Further
research is needed to refine the criteria for selecting
patients with frailty for deprescribing antihyperten-
sive medication, optimize the discontinuation
sequence for different classes of AHD, and evaluate
long-term outcomes.

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

IEeHUsT Tepanuu. B OTJaJIeHHOW IIepCIIEKTHBE
HabsromaeTcs yckopernHoe cumkenne CK® u yBenn-
JeHUe pUCKA TePMUHAIBHON IIOYEYHOU HeJoCTa-
TOUYHOCTH [27].

Taxkum ob6pasom, naenpeckpaiibunr npu XCH
Hanbosiee TPUMEHHUM B CJIEAYIONINX TPYIIIaX Iaru-
enToB (TabJ1. 3):

Ta6smmna 3. OtMeHa AI'T y Jsiv1 ¢ XpOHUYECKOU CepAeYHON HeJ0OCTaTOYHOCThIO
Table 3. Discontinuation of antihypertensive drugs in patients with chronic heart failure

IIpenapats! / Drugs

TakTuka / Tactics

B-6s10kaTopsl (XCH c coxpannoit @B JIXK)
-blockers (CHF with preserved LV EF)

,Z[enpecxpaﬁﬁuﬂr peKoMeH/J0BaH, BO3MOXHO yJIydllieHHe Ka4eCTBa XXU3HU U
NNepeHoCuMOoCTU CI)I/I3I/I‘{ECKI/IX Harpys3ok. OTMeHa no3TarHas, IoCTeneHHoe

CHM>KEeHHe JI03bl IIpenapara
Deprescribing is recommended; it may improve quality of life and exercise
tolerance. Withdrawal should be gradual, with a gradual reduction in dosage

B-6s0xaTopsl (XCH co cHmxkenHou @B JIXK) /lenmpeckpallGUHT He peKOMEH/I0BaH, BBICOKUH PUCK AEKOMIIEHCAIUH U

B-blockers (CHF with reduced LV EF)

yXyAlleHUud Ka4eCTBa XKU3HU

Deprescribing is not recommended due to the high risk of decompensation
and deterioration in quality of life

uAIl® /BPA
ACEIs/ARBs

[ToaTanHas OTMeHa penapara, OCTeEHHOe CHUXKEHHE /103bl,
paccMaTpuBaeTcs y naureHToB ¢ XBII i npejoTBpalleHUs JaIbHENIIero

NMOBpeXAEHUA IOYEK. Ectb PUCK BO3BpaTa CUMIITOMOB cep,ueln—loﬁ

HeJOCTAaTOYHOCTH

A protracted drug discontinuation, with a gradual dose reduction, considered
in patients with CKD to prevent further kidney damage. There is a risk of
recurrence of heart failure symptoms

Juypetuku
Diuretics

Jlenpeckpait6unr pekomMeHgoBaH npu XCH c coxpanHoit @B JIXK. Puck
BO30OHOBJIEHHUS] CHMIITOMOB Cep/IeYHON HEeJOCTAaTOYHOCTH U UX yXyALIeHHe

Deprescribing is recommended for CHF with preserved LV EF. Risk of
recurrence and worsening of heart failure symptoms

IIpumeuvanue.

XCH - xpoHundveckas cepfiedHasi HefocTaTouHOCTb; @B JIXK - ¢dpakuus Bei6poca JieBOro »xkeaynouka; HAND -

WHTUOUTOPBI aHTMOTEeH3WHNpeBpalatero ¢pepmenta; BPA - 6y0kaTops! penentopoB K auruoteHsuny II; XBII - xpoHudeckasi 60J1e3Hb

MoYex.
Abbreviations:

CHF - chronic heart failure; LV EF - left ventricular ejection fraction; ACEls - angiotensin-converting enzyme

inhibitors; ARBs - angiotensin II receptor blockers; CKD - chronic kidney disease.
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1. [Toxkuapie moTUMOpOUAHbIE TTarueHThl ¢ CA U
BBIPYKEHHOU TMOJTUIIParMasuei.

2. [TaruenTst ¢ XCH ¢ coxpannoit ®B.

3. [TanueHTHI ¢ Iporpeccupyoiel XxpOHUIeCKON
00JIE3HBIO TIOYEK.

Vemex pmenpeckpaiibvHra W MHUHUMH3AIUS
PHCKOB HeXeJIaTeJTbHBIX PEAKITNN HATIPSAMYIO 3aBHU-
CAT OT COOJIIOJIEHUs TPHUHITUIIOB 0e301acHOCTH.
Hapy1ieHve 3TUX NPUHITUAIIOB CYIIECTBEHHO MOBBI-
IIIAeT BEPOATHOCTD OCJIOKHEHUH.

Hau0oJipliryo ormacHOCTh IPEJICTaBIISAET pe3Kast
OTMeHa IIpenaparoB, B ocobeHHOCTH [3-azpeHobJ1o-
KaTOPOB, KOTOPAst MOKET CIIPOBOIIMPOBATH CUHIPOM
OTMEHBI C PpAa3BUTHEM TaXUKApPJIUH, KOJIeOAHUH
apTepUAJIbHOTO JaBJEHUS U JaXKe HIIEMUYECKHX
coObITHi. CX03KHMe PUCKU BO3HUKAIOT IIPU OJTHOBpE-
MEHHOU OTMeHe Cpa3y HECKOJIbKUX JIEKaPCTBEHHBIX
CPEeJICTB — TAKOH MO/IXO7] HE TOJIBKO YCUJIMBAET T€MO-
MTUHAMUYECKHUH CTpece /IS OPTaHU3Ma, HO U JIeJIaeT
HEBO3MOXKHBIM OIIEHKY BKJIaJIa Ka’KJOTO KOHKpPET-
HOTO Tperaparta B Pa3BUTHE HeKeJIaTeJIbHBIX PeaK-
i [12, 28].

Kputnyecku Ba;KHBIM 3JIEMEHTOM O€30IIaCHOTO
JlenpecKkpaiibuHra siBJIsieTCs aIeKBAaTHBIH MOHUTO-
PUHT COCTOSIHUSA manueHTa. HemocTaTOUHBIN
JUHAMUUYECKUU KOHTPOJb AJl, yacToTsl ceppaed-
HBIX COKpAaIlleHUH, a TakKe J1abopaTOPHBIX MOKa-
3aTesiell  (KpeaTWHWH, 95JIEKTPOJIUTHI)  IOCJIE
OTMEHBI WJIU CHUKEHHs JI03bI IpernapaTa MOMKET
NPUBECTH K HECBOEBPEMEHHOMY BBISIBJIEHUIO
JIEKOMIIEHCAITUH.

Oco0yto TpymIly pUCKa COCTABJIAIOT IMAIUEHTHI C
TSKEI0U KOMOPOUIHOM MaTOIOTHEH, B TIEPBYIO OUe-
pexns ¢ XCH, dubpuwisanueis npeacepauii U XpoHU-
yeckol 06oJie3HbI0 ITouek [29]. Hannune sTux 3a60-
JIeBaHUM JleJlaeT OPTaHU3M MalleHTa KpaiHe ys3-
BUMBIM K JIIOOBIM T€MOAWHAMUYECKUM CABUTAM U
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Bonpockl (pOpMHUpPOBaHUs U TEYEHHS apTEPUATIBHON
TUIIEPTOHUH B TOKWJIOM KU CTapuyeckoM Bospacre //
CoBpemeHHBIe NpOOJIEMBI HAYKH K 0O0Opa30oBaHUA.
2016;6. URL: https://science-education.ru/ru/article/
view?id=25458 (maTa obpaieHnus: 09.04.2026).

4. McGuinness B., Todd S., Passmore P., Bullock R.
Blood pressure lowering in patients without prior

KoJIeOaHUSIM BOJHO-3JIEKTPOJIUTHOTO OasiaHca, u4To
TpebyeT MaKCUMaIbHO OCTOPOKHOTO U MHUBU/Iya-
JIN3UPOBAHHOTO TOJIX0/Ia K MEPECMOTPY (apmaxo-
Tepamuu.

Takum obpaszom, aenpeckpailbunr AI'T y manu-
eHToB ¢ CA J0/KEH MPOBOJUTHCA TOJ] KOHTPOJIEM
Jledariero Bpadya — aMm0yJIaTOPHO WJIM B IIAHOBOM
nopsiike B cranuoHape [18]. KiroueBbIM MpUHITH-
IOM sBJSIETCA OaylaHC MeXKIy HeoOXOAHUMOCThIO
CHIDKEHUS TTOJIUIIParMa3uy U obecriedeHueM WHIU-
BUIyIM3UPOBAHHOTO IIOJIX0/Ia K BEAEHHIO OCJa-
0JIEHHBIX MaIKeHToB [30, 31].

3AK/IIOYEHUE

Cunzpom CA sABigercsa KIIIOYEBBIM (HaKTOPOM,
MOAUDUITUPYIONUM TaKTHUKY BeZleH!s MalleHTOB ¢
AT'. CrangapTHble 1iesieBble ypoBHU AJl, peKOMeH0-
BaHHBIE I O0IIeHd MOMyJIANNH, HEIPUMEHUMEBI K
JIAaHHOM TpyIiie 6e3 KOMIUIEKCHOUM TepuaTpuuecKoi
orieHku. Jlenpeckpaii6buur AI'T y mamuentoB ¢ CA
IpeJicTaBIsieT cOO0H KIMHUYECKU 0O0OCHOBAHHYIO U
0e30I1aCHyYIO CTPATErnIo, HAIIPABJIEHHYIO Ha MIPE/IOT-
BpallleHue IIOJIUIparMasuy, CHUKEHUE YacCTOThI
He’KeJIaTeJIbHBIX JIEKAPCTBEHHBIX PEAKIUH U yIIyd-
IeHYe KadecTBa >KU3HU. [Ipu 3TOM OTMeHa Ipena-
paToB JOJIKHA IIPOBOAUTHCA IO WHJIUBUJLyATIBHO
paspaboTaHHOMY aJTOPUTMY, IPEUMYIIECTBEHHO
CTyIIeHYaTo, C TIIATeJbHBIM MOHUTOPHUHTOM AJl B
IIOKOE U IIPU OPTOCTAaTHUECKOU mpobe. [[Jis yTouHe-
HUSA KputepueB oTbopa mamueHToB ¢ CA /1 erpe-
ckpaiibunra AI'T, onTuMH3anuy MoCIe0BaTeIbHO-
CTH OTMEeHBI pas3ynuHbIX KyaccoB AI'Tl u oreHku
JIOJITOCPOYHBIX UCXOJIOB HEOOXOIMMBI JTaJIbHEHIITTE
Hcce/IoBaHus.

KoH@uaukT mHTEpECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUHU KOH(INKTA HHTEPECOB.
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MeTabonuecKkas reTeporeHHOCTh CUHpoOMa
IOJIMKMCTO3HBIX AUYHUKOB: OT NaTO(PU3NOJI0OTUH
K hpeHOTUIINUECKOU cTpaTU(dUKAIIUU
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AHHOTAIIMUA

BBepngeHnue. CuagpoMm nonukucro3Hbix sudHukoB (CITKA) oTHocuTes K 4uciay Hanbosiee PacIpOCTPaHEHHBIX
SHZIOKPUHHBIX HApYIIEHUN Y JKEHIITUH PEPOAYKTUBHOTO BO3PACTa, OHAKO €r0 KJIMHUYeCKas TeTepOreHHOCTh 3aTpy/l-
HsET CBOEBPEMEHHYIO CTPAaTU(MUKAIIUIO JIOJITOCPOYHOTO KapAHOMeTaboImuecKkoro pucka. OTCyTCTBUE OOIIENPUHSATOTO
asroput™a AuddepeHInPOBAaHHOTO IOAX0A HA ATalle MEPBUYHON JUATHOCTUKHY OIIPEZIeJIseT aKTyaJIbHOCTh Pa3paboTKU
JIOTIOJTHUTEJIbHBIX KDUTEPUEB OIIEHKH, II03BOJIAIONINX IIEPCOHAN3UPOBATD IIPOTHO3 M TAKTUKY BeZIEHUS AI[EHTOK.

Il e 1 b . AHaJIU3 COBPEMEHHBIX IpeJicTaBIeHni o natodpusunonoruu CITKSA u obocHOBaHME HEOOXOAMMOCTH METab0TH-
4yeckoro GeHOTUIIMPOBAHUSA KaK I1ePBOTO IlIara 1ocje yCTaHOBJIeHUA AUarHo3a.

MaTepuasnb U MeTO/Bbl. IIpoBeleH HAPPATUBHBIN 0030D JIUTEPATYPHI, TPEICTABIEHHOMN B 6a3aX JAHHBIX
PubMed u eLibrary.ru 3a nepuoj; 2016—2026 rr. JTuaraos CITKS Bo BK/IIOUeHHBIX paboTax OCHOBbIBaJICS Ha PoTrepaam-
CKUX KpUTEPHSX (2003). IIOUCK OCYIIECTBIISIICA IO KJIIOUEBBIM CJIOBAM: «CHHPOM IOJIHUKHCTO3HBIX IMIYHUKOB», UHCY-
JIMHOPE3UCTEHTHOCTb», «(DEHOTHITPOBAHUE» , «CEPIEUHO-COCYIUCTHIE HCXO/IbI», TUIIEPAH/IPOTEHNUS, «KapAHOMEeTab0IIH-
yeckuit puck» (anmi.: PCOS, insulin resistance, metabolic phenotype, cardiometabolic outcomes, hyperandrogenism,
cardiometabolic risk).

PesyunbTartsl . CIIKA xapakrepusyercs BbIpaXKEHHOH MeTab0IMUECKOH reTepOreHHOCThI0. PacpocTpaHeHHOCTh
WHCYJIMHOPE3UCTEHTHOCTH BAPHUPYET OT 50 JI0 70 %, B TOM YHUCJIE y YACTHU MMAIIMEHTOK Ha (pOHE HOPMAIBHON MaCCHhI TeJa.
Puck passutus caxapHoro fuabera 2 Tana (C2) y xxermuH ¢ CITKA npeBblaeT NOMyJIANNOHHbIE TOKA3aTeN B 4 pasa.
B 3aBHCHMOCTH OT BeJyIero MaTOreHeTHYECKOr0 MeXaHU3Ma BBIZIEJIEHBI JIBA OCHOBHBIX (DEHOTHIA: 1) WHCYJINHOPE3H-
creHTHBIN (P-peHOTHIT), XapaKTEPUBYIONTUNCA BUCIEPATILHBIM OKHUPEHUEM, THIIEPUHCYTMHEMUEHN, JUCTUITUAEMUEH 1
BBICOKUM puckoM C/I2, MeTaboInyecKy acCOLMUPOBAHHOM JKUPOBOI 00JIe3HU ITeYeHH U CepeUHO-COCYAUCTBIX COOBITHIH;
2) penpoayKTUBHBIN (P-beHOTHIT) — ¢ HOPMAJIBHOU Maccoi Tejia, H30JIUPOBAHHON THIIepaHIPOT€HUEN IPU OTCYTCTBUM
CUCTEMHBIX MeTAa00IMUEeCKUX HAPYIIIEHUH U OOIIENOMY IAIIMOHHBIM CEPAEYHO-COCYAUCTHIM PUCKOM.

JOubdepennuanys GeHOTHIIOB ONIPeEISeT CTPaTeruio HabmoneHus: it VIP-deHoTuna noka3aHo IpoBe/ieHue PacIn-
PEHHOT0 MeTab0JINYECKOTO CKPUHUHTA, ITPU P-deHoTure HabII0/IeHre coCpeIOTOUeHO0 Ha PEIIPOAYKTUBHOH cdepe.
3akimwueHUe. Bepubukamusa merabosmdeckoro (peHOTHIIA TO3BOJIAET M30eKaTh KaK M3OBITOUHON JTUATHO-
CTHUKH y MAIIUEHTOK ¢ OIarONpUATHBIM IIPOTHO30M, TaK U HEIOOIEHKH BBICOKOTO KapAMOMeTab0IN4YeCcKOT0 PUCKA Y XKeH-
muH ¢ IP-genorumnom.

Knaouesnble cao6a: CUHAPOM HOJIUKUCTO3HBIX AMUHUKOB, CITKS, runepaniporeHus, WHCYJTHHOPE3UCTEHTHOCTD, O3KHU-
peHue, MeTaboIMYeCKUH PUCK, DEHOTHIIBI, CEPAEIHO-COCYACThIE UCXO/IBI.

O6pazen nutupoBaHua: Kosapeako M.A., Pyarkuna JI.A., Camoiinosa 10.I'. Merabosmueckas reTeporeH-
HOCTh CUH/IPOMA ITOJTUKMCTO3HBIX IMYHUKOB: OT MaTOMU3HOIOTHN K (EeHOTUITHUECKOH cTpaTudukanuu // Journal of
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Metabolic heterogeneity of polycystic ovary syndrome:
from pathophysiology to phenotypic stratification
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Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State University, Novosibirsk, Russia

ABSTRACT

Introduction. Polycysticovary syndrome (PCOS) is one of the most prevalent endocrine disorders in women of
reproductive age; however, its clinical heterogeneity complicates timely stratification of long-term cardiometabolic risk.
The lack of a generally accepted algorithm for a differentiated approach at the initial diagnostic stage highlights the need
for developing additional assessment criteria to enable personalized prognosis and patient management strategies.

A i m . To analyze current concepts of the pathophysiology of PCOS and to substantiate the necessity for metabolic phe-
notyping as the first step after diagnosis.

Materials and methods. Anarrative review of the literature presented in PubMed and eLibrary.ru
databases for the period 2016—2026 was conducted. The diagnosis of PCOS in the included studies was based on the Rot-

» «

terdam criteria (2003). The search was performed using the keywords: “polycystic ovary syndrome”, “insulin resistance”,
“phenotyping”, “cardiovascular outcomes”, “hyperandrogenism”, and “cardiometabolic risk”.

R esults. PCOSis characterized by significant metabolic heterogeneity. The prevalence of insulin resistance ranges
from 50 to 70%, including in some patients with normal body weight. The risk of developing type 2 diabetes mellitus
(T2DM) in women with PCOS is four times higher than the rate in the general population. Depending on the leading patho-
genetic mechanism, two main phenotypes have been identified: 1) the insulin-resistant phenotype (IR-phenotype), charac-
terized by visceral obesity, hyperinsulinemia, dyslipidemia, and a high risk of T2DM, metabolic dysfunction-associated
steatotic liver disease, and cardiovascular events; 2) the reproductive phenotype (R-phenotype), with normal body weight,
isolated hyperandrogenism in the absence of systemic metabolic disorders, and a population-level cardiovascular risk.
Phenotype differentiation determines the follow-up strategy: the IR phenotype requires extended metabolic screening,
whereas monitoring of the R-phenotype is focused on the reproductive system.

Conclusion. Verification of the metabolic phenotype helps avoiding both overdiagnosis in patients with a favor-
able prognosis and underestimation of high cardiometabolic risk in women with the IR-phenotype.

Keywords: polycystic ovary syndrome, PCOS, hyperandrogenism, insulin resistance, obesity, metabolic risk, pheno-
types, cardiovascular outcomes.
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BBEJIEHUE

CUHIpOM TTOTUKHCTO3HBIX AudHUKOB (CITKA) —
OTHO M3 HamboJIee pacIpoOCTPAaHEHHBIX U IaTOTeHe-
THUYECKU T€TEPOTEHHBIX SHAOKPUHHBIX PACCTPONCTB
V JKEHIIUH PEeNpoyKTUBHOIO Bo3pacra. HecmoTps
Ha TO, UTO PoTTep/iaMCK1e TUarHOCTUYECKUE KPUTeE-
puu (2003) YETKO OIPEJIEIISIOT KJIACCUUECKHE THHE-
KOJIOTHYECKUE TIPOSBIEHUS CUHAPOMA, TPAEKTOPUH
JIOJITOCPOYHOTO  3/I0OPOBbsSI  HAIIUEHTOK  MOTYT
3aMEeTHO OTJINJaThesA. KUIMHUYEecKas MpaKTHKa
JIEMOHCTPHUPYET [Ba MPUHIUIINAIBHO Pa3TMUHBIX
CIleHApHs: Y OJHOH YaCTH MAIUEHTOK JOMUHUPYIOT
U IIPOTPECCUPYIOT KapAuoMeTab0TnuecKie HapyIie-
HUA (OXKUpeHHne, WHCYJIUHOpe3ucTeHTHOCTh (HP),
caxapHbIU AuabeT 2 TUIA), B TO BpeMs KaK Y IPYTHX
MMAIMEHTOK CHUMIITOMBI OTPAHUYUBAIOTCA ITPEUMY-

INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the
most common and pathogenetically heterogeneous
endocrine disorders in women of reproductive age.
Although the Rotterdam criteria (2003) clearly
define the classic gynecological manifestations of the
syndrome, the long-term prospects for health of
female patients can vary significantly. Clinical prac-
tice demonstrates two essentially different patterns:
in some patients, cardiometabolic disorders (obesity,
insulin resistance (IR), type 2 diabetes mellitus
(T2DM)) predominate and progress, while in others,
symptoms are limited primarily to reproductive dis-
orders without significant metabolic risk. This
dichotomy reflects the pathogenetic heterogeneity of
PCOS, which is not fully explained in the context of
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[[ECTBEHHO PENPOAYKTHBHBIMU HApYIIEHUAMH 0e3
3HAYUMOTO MeTabOJIMUYeCKOTO PHCKa. DTa JUXOTO-
MU OTparkaeT MaTOreHeTUYeCKYI0 HeOTHOPOJHOCTh
CIIKA, koTopas He HaXOUT IIOJTHOTO OOhSICHEHUS B
pamMKax TPaJIMIIMOHHOIO IOAX0/a, PacCMaTpPHUBAIO-
mero CITKA kak THHEKOJIOTUUECKYIO HaTOJIOTHIO.

I MOHUMAaHUS TPUYHMH 3TUX Pa3InIui HeoO-
xoauMo pacematpuBath narorenes CIIKSA 3a npepe-
JIaMU PeNpoiyKTUBHOM chephl. HakanmuBaromnuecs
SIUIEMUOJIOTHYECKHE U  MaTO(PU3HOIOTHUECKHE
JlaHHbIe M03BOJIAIOT paceMarpuBarh CITKA kak mpo-
SIBJIEHWE CUCTEMHOW MeTabOJINUeCKOW JuCperyJis-
MY C CeKC-CeupUIHON KIMHUYECKOH Mpe3eHTa-
nuert. OCHOBHYIO POJIb B 3TOM KOHTEKCTe urpatot V1P
U KOMIIEHCATOPHAs TMIIEPUHCYJIMHEMUs, BBICTyIIa-
IOIlFie B KAYECTBE MAaTOTE€HETUUYECKOTO0 MEXaHU3Ma,
00BEIUHSIONIET0 PENPOAYKTUBHBIE U MeTabonue-
CKHe TpOSsIBJIEHUsI 3a00JIeBaHUA: Y 50—70 % KeH-
muH c¢ CIIKA BbifgBAseTCS WHCYJIUHOPE3UCTEHT-
HOCTh HE3aBHCHMO OT Macchl Tesa [1], a puck pas-
BUTHS caXapHOro auabera 2 THIa B YeThIpe pasa
BBIIIIE, YEM y WX CBEPCTHUI[ 6e3 3TOro 3aboJieBa-
Husa [2]. OmHAKO KJIMHHYECKas TeTepOreHHOCTh
CIIKA ocraercsa HepocTaTOUHO (hOPMAJTM30BAHHOMU:
OTCYTCTBYeT OOIIENPUHATHIA QJITOPUTM, KOTOPBIH
IIO3BOJISLT OBbI BBIIEJIATH U3 OOIIEl IPYIIIIbI MallieH-
TOK C BBICOKUM KapAHOMETA0OJIIYECKUM PUCKOM B
OTJIMYHE OT KEHIIUH C 0JIarOIPUATHBIM MeTab0JIH-
YEeCKHUM IIPOTHO30M.

ITEJIb UCCJIEJIOBAHUSA

AHau3 COBPEMEHHBIX IPEICTaBJIeHUN O MaTo-
dusuonoruu CIIKA u obocHOBaHME HEOOXOIUMO-
CTH MeTaboInuecKoro GbeHOTHIIUPOBAHUS KaK Iep-
BOTO Ilara IIOCJI€ YCTaHOBJIEHHA auarHosa. MbI
mpezjiaraeM IPaKTUYECKyI0 CTpaTuHUKAIUIo Ha
uHCcyauHOope3ucTeHTHbIN (MP) M oBapuaibHO-TH-
IepaHpPOreHHbIH — penpoaykTuBHbIA ( P) deno-
TUIBI B KAUeCTBE MHCTPYMEHTA OI€HKU WHIUBULY-
JIBHOTO MPOTHO3a U IMOCJIEAYIONIEro MepCOHATU3U-
POBAHHOI'O BEIEHUA.

MATEPUAJIBI 1 METO/bI

Hacrosmuii HappaTUBHBIH 0030p MOJITOTOBJIEH
Ha OCHOBE aHAJIN3a JINTEPATYPBI, IIPEICTABIEHHON B
6azax manueix PubMed u eLibrary.ru 3a mepuop
2016—2026 rr. Jlmarmo3 CIIKfl Bo BKJIIOUEHHBIX
paborax OCHOBBIBAJICS Ha POTTEpaMCKUX KpHTe-
pusix 2003 T. (HaTHyue Kak MUHUMYM 2 U3 3 KpUTe-
pHEB: OJIUTO- WJIM AHOBYJISIIMSA, TUIIEPAHAPOTEHUS,
[TOJTUKUCTO3HAsA MOP(QOJIOTHUsST SUYHUKOB). Ilowck
MIPOBEZIEH C UCIOJIb30BAaHUEM CJIEAYIOMINX KJIIoUe-
BBIX ¢J10B ¥ X KomOuHatuii: PCOS, polycystic ovary
syndrome, insulin resistance, hyperandrogenism,

traditional approach of viewing PCOS as a gyneco-
logical pathology.

To understand the reasons for these differences,
it is necessary to consider the pathogenesis of PCOS
beyond the reproductive system. Accumulating epi-
demiological and pathophysiological data allow to
consider PCOS as a manifestation of systemic meta-
bolic dysregulation with a sex-specific clinical pre-
sentation. In this context, IR and compensatory
hyperinsulinemia play a key role, acting as a patho-
genetic mechanism that unites the reproductive
and metabolic manifestations of the disease:
50—70% of women with PCOS exhibit insulin resis-
tance, regardless of body weight [1], and the risk of
developing T2DM is four times higher than in their
non-PCOS peers [2]. However, the clinical hetero-
geneity of PCOS remains insufficiently formalized:
there is no generally accepted algorithm that would
allow us to distinguish patients with high cardio-
metabolic risk from women with a favorable meta-
bolic prognosis.

AIM OF THE RESEARCH

To analyze current concepts of the PCOS patho-
physiology and to substantiate the need for meta-
bolic phenotyping as the first step after diagnosis.
We propose a practical stratification into insulin-
resistant and reproductive phenotypes as a tool for
assessing individual prognosis and subsequent per-
sonalized management.

MATERIALS AND METHODS

This narrative review is based on the analysis of
literature presented in PubMed and eLibrary.ru
databases for the period 2016—2026. The diagnosis
of PCOS in the included studies was based on the
2003 Rotterdam criteria (the presence of at least 2
of 3 criteria: oligo- or anovulation, hyperandrogen-
ism, polycystic ovarian morphology). The search
was conducted using the following keywords and
their combinations: “PCOS”, “polycystic ovary syn-
drome”, “insulin resistance”, “cardiovascular out-
comes”, “hyperandrogenism”, and “cardiometa-
bolic risk”. Additionally, the reference lists of the
selected papers were analyzed to identify relevant
but non-indexed in the databases publications, as
well as original studies containing validated diag-
nostic cutoffs for assessing insulin resistance, dys-
lipidemia, and hyperandrogenism. The review
included original studies, meta-analyses, system-
atic reviews, and clinical guidelines published in
English and Russian. Ninety-four publications were
analyzed, selected based on relevance and scientific
significance.
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cardiometabolic risk — m1s1 aHIIOA3BIYHBIX TyOTH-
kanui; «CITKA», «CHHAPOM HOJMKUCTO3HBIX SHY-
HUKOB», «HHCYJIMHOPE3UCTEHTHOCTh», «THUIEpaH-
JIDOTEHUSI», «KaPAHUOMETAOOIMIECKUH PUCK» — JIJIST
PYCCKOSBBIYHBIX UCTOUHUKOB. J[OTIOJTHUTETLHO aHA-
JINBUPOBAINCH CIIUCKU JIUTEPATYPHI B OTOOPAHHBIX
paboTax Ji7isl BBISIBJIEHUs PeJIEBAHTHBIX UICTOYHUKOB,
HE WHJIEKCUPYEMBIX B 0a3ax IIOUCKA, a TAKIKE OPUTH-
HaJIbHBbIE HCCJIEZIOBAHUsS, COZEpIKAIllie BaIUIUPO-
BaHHbBIE JUATHOCTHYECKHE IIOPOTH ISl OIEHKH
WHCYJIUHOPE3UCTEHTHOCTH,  JUCTUNHAEMUAN  H
THIEPAHAPOTeHUuN. B 00630p BKJIIOUAINCH OPUTH-
HaJIbHbIE WCCJIEOBAHUSA, MeTa-aHAJIU3bI, CHCTEMa-
THYECKHE 0030phl U KJIMHUYECKHE PEKOMEHAIIHH,
OIyOJIMKOBAaHHbBIE HA AHTJIUHCKOM U PYCCKOM SI3bI-
kax. [IpoaHaIMBUPOBAHO 94 HMCTOUYHHKA, OTOOpaH-
HBIX II0 KPUTEPHUAM PEJEBAHTHOCTH TEMAaTUKE H
HAYYHOH 3HAYMMOCTH.

PE3YJ/IBTATDI

Kparkasa wucropusa KpurepHueB: OT CHH-
apoma Illteiina — JleBenTana k Porrepmam-
ckomy koHceHcycy. CITKS BnepBble ObLT Omucan
B 1935 I. aMepUKAaHCKUMHU TmHeKosjoramu VpBuH-
rom IlITeiinom u Maiikiom JleBeHTasieM Kak CUM-
MITOMOKOMILJIEKC, BKJIIOUAIOIIUH OJIUTOMEHOPEIO,
TUPCYTU3M U MOP(}OJIOTUYECKH U3MEHEHHbIE TTOJTH-
KHCTO3HBbIE SSUYHUKY, BBIABJIsIEMbIE IIPU JIANIapOTO-
MuH. J[oaroe BpeMs JUarHO3 YCTaHABIUBAJICA IIpe-
HMMYyIIEeCTBEHHO Ha OCHOBAHUU 3TUX IPU3HAKOB, UTO
CY’KaJIO CIEKTp 3a60s1eBaHuA U HOKYCHPOBAJIO BHU-
MaHHe UCKJIIOUUTEJIbHO HA PENpOAYyKTUBHOU JHC-
dyHKIIUN.

CymectBeHHBIH nepecmoTp noHumanus CITKA
MIPOU3OIIEN B 2003 T. HA KOHCEHCYCHON KOH(pepeH-
nuu European Society of Human Reproduction and
Embryology (ESHRE) / American Society for
Reproductive Medicine (ASRM), 3aBepuiusIierics
npuHATHEM POTTEpAAMCKIX JUAaTHOCTUYECKUX KPH-
Tepues [3]. DTH KpuTEepUH, AEUCTBYIOIIHE U B HACTO-
siee BpeMs, PACIIUPUIIA JUATHOCTUYECKHIE PAMKHU:
IV YCTAHOBJIEHUSI JAMArHO3a JOCTATOYHO JIIOOBIX
JIByX U3 TpeX MPHU3HAKOB: OJIUTO- WU aHOBYJIALUA,
KJIMHUYECKHe W/ OUOXUMHUYECKHE NPU3HAKHU
THIEPAHPOTEHUH, a TaKXKe ITOJUKICTO3HBIE SMY-
HUKU II0 JAHHBIM YJIBTPA3BYKOBOTO HCCJI€JIOBAHUS.
BaXKHBIM yCJIOBHEM CTAJI0 HCKJIIOYEHUE JPYTHX
SHJIOKPUHOIIATHH (THIEPIPOJIAKTHUHEMUS, BPOK-
JleHHasl TUIepIIa3us KOPBI HAJIIOYeYHUKOB, CHUH-
npom Urnenko — Kymuara). Porrepmamckas koHbe-
pennusa npusHasa rereporensocts CITKA u npensio-
JKIJIa YeThIpe OCHOBHBIX deHoTHIA (A, B, C, D). 9T0
CTQJIO CYIIECTBEHHBIM OTJIMUMEM IO CPABHEHHUIO C
6ostee sxecTkuMu KpuTepusamu National Institutes of

RESULTS

A brief history of the criteria: from Stein-
Leventhal syndrome to the Rotterdam Con-
sensus. PCOS was first described in 1935 by Amer-
ican gynecologists Irving Stein and Michael Leven-
thal as a set of symptoms including oligomenorrhea,
hirsutism, and morphologically abnormal polycys-
tic ovaries detected during laparotomy. For a long
time, diagnosis was based primarily on these symp-
toms, which narrowed the spectrum of the disease
and focused exclusively on reproductive dys-
function.

A significant revision of the PCOS understand-
ing occurred in 2003 at the consensus workshop of
the European Society of Human Reproduction and
Embryology (ESHRE) / American Society for
Reproductive Medicine (ASRM), culminating in the
adoption of the Rotterdam diagnostic criteria [3].
These criteria, still in force today, expanded the
diagnostic frameworks: any two of three signs are
sufficient to establish a diagnosis: oligo- or anovula-
tion, clinical and/or biochemical evidence of hyper-
androgenism, and polycystic ovaries confirmed by
ultrasound examination. An important condition
became the exclusion of other endocrinopathies
(hyperprolactinemia, congenital adrenal hyperpla-
sia, Cushing’s syndrome). The Rotterdam confer-
ence recognized the heterogeneity of PCOS and pro-
posed four main phenotypes (A, B, C, D). This was a
significant difference from the more stringent 1990
National Institutes of Health criteria, which
required the presence of both hyperandrogenism
and anovulation for diagnosis. However, the pro-
posed criteria did not include metabolic disorders,
which cemented the perception of PCOS as a gyne-
cological condition and impacted treatment strate-
gies (correction of menstrual irregularities and hir-
sutism as well as fertility restoration).

From reproductive disorders to metabolic
complications. Modern epidemiological and lon-
gitudinal studies have allowed for a reevaluation of
the understanding of PCOS, demonstrating that it is
associated with a lifelong increased risk of a range of
metabolic and cardiovascular diseases.

According to Kisiala et al. (2026), carbohydrate
metabolism disorders in PCOS have a complex
molecular nature, involving the IRS/PI3K/AKT sig-
naling pathways. It has been shown that already at
the prediabetes stage, women with PCOS develop a
vicious circle of hyperinsulinemia and hyperan-
drogenism; meanwhile, the incidence of PCOS in the
group with impaired glucose tolerance amounts to
24% [4]. The effect is realized regardless of body
weight [5] and is accompanied by a significantly ear-
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Health 1990 1., KOTOpBIE TPEOOBAIH JJIS TUATHO3A
00513aTe€JIPHOTO HAJWYMSA W THUIIEPAHJAPOTEHUH, U
anoBysiAun. OJTHAKO MPEJJIO’KeHHbIEe KPUTEPUU He
BKJIIOYMJIN MeTaboJIMuecKue HapYIIeHUs, YTO
3akpenwio Bocupusatue CITKA kak ruHekosioruye-
CKOI IIPO0JIEMBI U OTPA3UIIOCHh HA TEPATIEBTUYECKOM
TakTuKe (KOPPEKIVsS MEHCTPYaJIbHOTO LIMKJIA, THP-
CyTH3Ma M BOCCTAHOBJIEHUE (DEPTHUILHOCTH).

OT penpoayKTUBHBIX HAPYIIEHUH K MeTa-
OosimueckuM OCJIO:KHeHuAM. CoBpeMeHHbIe
SIUIEMUOJIOTHYECKHE U JIOHTUTIOTHBIE HUCCIET0BA-
HUS TO3BOJIJIM TIEPECMOTPETh IpeZCTaBieHne 00
CIIKA, mpoaeMOHCTPUPOBAB, YTO S5TO COCTOSAHUE
COTIPSKEHO C TTOKU3HEHHBIM TOBBIIIIEHUEM PHCKA
LIEJIOTO PsA/ia MeTabOINUECKUX U CePAEeTHO-COCYIU-
CTBIX 3a00JI€BaHUH.

Coracuo manaeiM M. Kisiala et al. (2026), mapy-
meHus yriaeBogHoro obomena mpu CIIKA umetot
CJIOXKHYIO MOJIEKYJIIPHYIO IIPUPO/Y, BOBJIEKAIOIIYIO
curHasibHble TyTH IRS/PI3K/AKT. IlokazaHo, 4To
yKe Ha cTaauu npeauabera y :xennun ¢ CITKS dop-
MHUPYETCSI TMOPOYHBIH KPYT THIIEPUHCYJIUHEMUH H
TUIIEpAHPOTEHNH, IIPU 3TOM YaCTOTa BBISBJIEHUS
CIIKA B rpy1me ¢ HapylIeHHOW TOJIEPAHTHOCTHIO K
IJIIOKO3€ JIocTuraeT 24 % [4]. dddext peanusyercs
HE3aBHCHUMO OT Macchl TeJsa [5] ¥ compoBoK/iaeTcs
CylllecTBEHHO 06ojiee paHHUM JebroToM 3abosieBa-
HUS: MeJVMAHHBIA BO3PACT YCTAHOBJIEHUS IMATHO3a
Cl2 y xkenmus ¢ CITKA cocrasisier 33 roga mpoTUB
62 J1eT B KOHTPOJIbHOH rpy1ie [6].

Mera-aHaau3bl TTOKA3bIBAIOT, UTO PUCK HHOpAP-
KTa MHUOKap/a, HHCYJIbTa 1 KOPOHAPHOU PEBACKYJIS-
pu3anuy IMOBBINIEH B 2—3 pasa [7], mpuyem cep-
JIEIHO-COCYZUCThIE COOBITHS Pa3BUBAIOTCA B Oosiee
MOJIOZIOM BO3pacTe.

PacmpocTpaHeHHOCTh MeTabOJTUYECKU aCCOIUU-
poBaHHOI kuUpoBoU Gosie3nu meuenu (MAXKBII) y
nanueHTok ¢ CITKA cocraBisieT okoy10 34—70 %, 4TO
3HAYUTEJILHO BBIIIE, YeM B 001el momyssauu (14—
34 %) [8]. Maxke mocyie KOPPEKTUPOBKH Ha WHJIEKC
Macchel Tesna, pacrnpocrpaHeHHocTh MAMKBII mpu
CIIKA ocraercsa B 2,2—4,3 pasa BbIllle, YeM B KOH-
TposibHOU Tpymme [9]. Cpequ OCHOBHBIX MeXaHU3-
MOB pAa3BUTHS CTEATOreIaTo3a, COIYyTCTBYIOIIETO
CIIKA, paccmaTpuBalOT HHCYJIMHOPE3UCTEHTHOCTh
U TUIEPAH/IPOTEHUIO, & TAKXKe HAPYIIEeHUs YIJIEBO-
HOTO 0OMeHA, JUCTUITUIEMUIO, O’KHPEHNE U XPOHH-
yeckoe Boclasienue [10].

Kpome TOrO, 0TMeuaercs MOBBIIIEHHAS YaCTOTA
0OCTPYKTHUBHOTO aITHO3 BO CHE, JIEIIPECCHH, TPEBOXK-
HBIX PACCTPOMCTB U paKa dHIOMETPHUsA. ITU JaHHbIE
VKa3bIBAIOT HA TO, YTO THHEKOJIOTUUECKHE CHM-
IITOMBI SBJISIOTCSA OJTHUM U3 IPOSIBJIEHHN CHCTEM-
HBIX MeTaboInYecKux HapyuieHui. [IoaToMy coBpe-

lier onset of the disease: the median age at diagnosis
of T2DM in women with PCOS is 33 years versus
62 years in the control group [6].

Meta-analyses show that the risk of myocardial
infarction, stroke and coronary revascularization is
increased by 2—-3 times [7], with cardiovascular
events occurring at a younger age.

The prevalence of metabolic dysfunction-associ-
ated steatotic liver disease (MASLD) in patients with
PCOS is approximately 34-70%, which is signifi-
cantly higher than in the general population (14—
34%) [8]. Even after adjustment for body mass index,
the prevalence of MASLD in PCOS remains 2,2—4,3
times higher than in the control group [9]. Insulin
resistance and hyperandrogenism as well as carbo-
hydrate metabolism disorders, dyslipidemia, obe-
sity, and chronicinflammation are considered among
the main mechanisms for the development of PCOS-
associated steatohepatosis [10].

Furthermore, an increased incidence of obstruc-
tive sleep apnea, depression, anxiety disorders, and
endometrial cancer has been observed. These data
indicate that gynecological symptoms are one pre-
sentation of systemic metabolic disorders. There-
fore, the modern definition of PCOS is increasingly
being formulated as the sex-specific form of meta-
bolic syndrome, manifesting during reproductive age
[11, 12].

The correlation between PCOS and higher long-
term risk of cardiovascular disease (CVD) remains
controversial, despite the growing body of evidence
linking PCOS with adverse cardiovascular out-
comes [13].

The role of insulin resistance and hyperin-
sulinemia as a central pathogenetic mecha-
nism. Insulin resistance and compensatory hyper-
insulinemia are recognized as the central element of
the PCOS pathogenesis, combining reproductive and
metabolic disorders into a single pathological pro-
cess (Fig. 1).

Recently, it has been established that insulin
resistance in PCOS has a multilevel nature, including
both divergence in post-receptor signaling pathways
(in particular, in the IRS/PI3K/AKT and MAPK cas-
cades) and intracellular disorders — dysfunction of
GLUT4 glucose transporters, mitochondrial dys-
function, chronic low-intensity inflammation, as well
as epigenetic dysregulation [14]. Compensatory
hyperinsulinemia has multiple pathogenic effects: it
stimulates steroidogenesis in the ovaries via insulin
and IGF-1 receptors [15], suppresses the synthesis of
sex hormone-binding globulin (SHBG) [7], and pro-
motes the accumulation of visceral fat. Androgens, in
turn, aggravate IR, forming a vicious circle (IR —
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meHHoe onpesenenne CITKA Bce wame popmynupy-
eTcsi Kak cekc-cuenuduyeckas ¢opma (aHIIL.
sex-specific form) wMeTabOJINYECKOTO CHHAPOMA,
MaHUbecTUpyOIlasd B PENpOAYKTUBHOM BO3pacTe
[11, 12].

Koppensamusa mexzay CIIKS u 6Gosiee BBHICOKHUM
JIOJITOCPOYHBIM ~ PUCKOM  CepAEeYHO-COCYAUCTHIX
3abosieBanuii (CC3) 710 cux MOp OCTaeTcs MpeiMe-
TOM JIUCKYCCHUH, HECMOTPS Ha pacTylee KOJIUIeCTBO
JaHHbIX, cBsasbiBaomux CIIKA c¢ HebGiarompusr-
HBIMU CEPJIEUHO-COCY/TUCTHIMH HCX0/1amMu [13].

PoJib MHCYJIMHOPE3UCTEHTHOCTHU U TUIep-
MHCYJIMHEMHUU KaK IeHTPAJIbHOIO IIaToreHe-
THYECKOTO MeXaHu3Ma. VIHCYJINHOPE3UCTEeHT-
HOCTb ¥ KOMIIEHCATOPHAs TUIIEPUHCYIMHEMHUSA IIPH-
3HAHBl IIEHTPAJIbHBIM 3BeHOM maToreHe3a CITKA,
OOBETMHSAIONTAM PENPOAYKTUBHBIE U MeTaboJImye-
CKHe HapylIeHUs B €IUHBIN MMaTOJIOTHYECKUH TPO-
necc (puc. 1).

B Hacrosee BpeMs yCTaHOBJIEHO, YTO WHCYJIU-
HopesucreHTHOCTD Ipu CITKA nmeeT MHOroypoBHe-
BBIM XapakTep, BKJIIOYAIOLIUN KaK IOCTPEIENTOp-
Hble /leQeKTHl Iepesiadyn CUrHaja (B YacTHOCTH, B
kackagax IRS/PI3SK/AKT u MAPK), Tak u BHyTpH-
KJIETOUHBIE HapyIleHUsa — JUCHYHKIHUIO TPAHCIIOP-
TepoB r1ok03bl GLUTY4, MUTOXOHAPUATBHYIO AVC-
(GyHKIHMIO, XPOHHWYECKOE BOCIAJIEHHE HU3KOU
WHTEHCUBHOCTH, a TaKXKe SIIUTeHeTUYECKYIO Aucpe-
rynamnuo [14]. KommeHcaTopHas TUNepUHCYIWHE-
MU OKa3bIBaeT MHOXKECTBEHHOE IATOTeHHOE JIei-
CTBUE: CTUMYJIUPYET CTEPOU/IOreHe3 B SANYHUKAX
yepe3 pernenTopbl HCysuHA 1 UDP-1 [15], moga-
BJISIET CUHTE3 IVIOOYJIMHA, CBA3BIBAIOIIETO TIOJIOBBIE
ropmonsl (['CIIT) [7], crmocoOGCTByeT HAKOIJIEHUIO
BHCIIEPAJIBHOTO KUPA. AHJIPOTEHBI, B CBOIO OU€EPEIb,
yeyryossior VP, dpopmupys nopounsrii kpyr (P —
TUIIEPUHCYJINHEMUS — THIIEpAaH/IPOreHUs — IIpo-
rpeccupoBanue 1P).

Takum obpazom, CITKA Gosbllle He paccMaTpu-
BaeTcsA KaK U30JIMPOBAaHHAA IATOJIOTUA AUYHUKOB.
B HacTosimee BpeMs €ro OTHOCAT K CHCTEMHBIM
MeTaboJIMUeCKM PacCTpOMCTBAM € MHOTrooOpas-
HBIMU BHETOHA/THBIMU IIPOSIBIEHUSMHU.

®enoTunuueckas crparudurkanua CITKA
Kak OCHOBa /I IHEPCOHAJIU3NPOBAHHOTIO
noaxoxa. Kimnauueckasa rereporeHHocTh CITKA
CTAaHOBUTCS OCHOBOM IePCOHATU3UPOBAHHOTO IIOJ-
X0Zla K BEJIEHUI0 MAIlMeHTOK. YHU(DUIUPOBAHHOE
Ha3HaUeHNe KOMOMHUPOBAHHBIX OPAJIBHBIX KOHTpPA-
LENITUBOB U MeTHOPMUHA, JJIUTETHHOE BPEMs pac-
cMaTpUBaBIlleecss KaK CTaHJApTHAsA CTpaTerus, He
VUIUTBHIBAET B IIOJIHOM Mepe pas3jinyusa B IaTOreHes3e
U JIOJTOCPOYHBIX PHUCKAX Yy pa3HbIX (HEeHOTHIIOB
CIIKA. 9To MOXeT orpaHNYUBaTh 3PPEKTHBHOCTH

hyperinsulinemia — hyperandrogenism — IR pro-
gression).

Thus, PCOS is no longer considered an isolated
ovarian disorder. It is now classified as a systemic
metabolic disorder with multiple extragonadal mani-
festations.

Phenotypic stratification of PCOS as a
basis for a tailored approach. The clinical het-
erogeneity of PCOS is becoming the basis for a tai-
lored approach to the management of such patient.
The standardized prescription of combined oral con-
traceptives and metformin, long considered as con-
ventional strategy for a long time, does not fully
account for the differences in pathogenesis and long-
term risks among different PCOS phenotypes. This
may limit the effectiveness of therapy for a signifi-
cant proportion of patients and create a risk of
adverse effects [16].

Rotterdam phenotypes as a diagnostic
basis. The four Rotterdam phenotypes (A, B, C, D)
were proposed to standardize diagnostics. However,
these phenotypes do not directly determine specific
therapy and have limited prognostic value for long-
term metabolic risks. For example, phenotype A (oli-
goanovulation, hyperandrogenism, polycystic ovar-
ian morphology) can occur in both a woman with
severe obesity and IR and in a normal-weight patient
without metabolic disorders. The prognosis and
therapeutic strategy in these two cases will be essen-
tially different, although formally they are the same
phenotype A [15].

Therapeutic and prognostic stratification
based on a two-phenotype model. A binary
model is proposed that classifies patients based on
the primary pathogenetic mechanism: insulin resis-
tance (IR-phenotype) or isolated ovarian abnormali-
ties, including hyperandrogenism (R-phenotype).
This factor determines lifelong cardiometabolic risk
and treatment decisions. The proposed model does
not replace, but rather complements, the Rotterdam
criteria by adding metabolic stratification (Table 1).

IR-phenotype — metabolic disorders associated
with dysfunction of adipose tissue. Clinical profile:
overweight or obesity (body mass index (BMI)
>27 kg/m2) with visceral fat distribution (waist cir-
cumference >80 cm), often with a family history of
T2DM and CVD. Long-term risks: high lifelong car-
diometabolic risk with predictable progression from
obesity and prediabetes to T2DM, MASLD, hyper-
tension, and early cardiovascular events. Long-term
complications associated with this phenotype also
include endometrial cancer [17].

R-phenotype — ovarian hyperandrogenism in the
absence of systemic metabolic disorders. Clinical pro-
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WHCcynnHOPE3NCTEHTHOCTD NepruepruuecKuX TKaHEeH
(T1eueHb, MBIIIIIBI, )KUPOBAsI TKAHb)
Insulin resistance in peripheral tissues
(liver, muscle, adipose tissue)

'

KoMrieHcaropHasi TUIEPHHCYTHHEMUST
Compensatory hyperinsulinemia

'

[Mpsimast CTUMYIISIAST
TeKa-KJIETOK SHYHHUKOB
Direct stimulation

1 range of LH release

| SHBG synthesis in the liver

1 ammuuTyas! BeIOpoca JII' ‘ | cunresa I'CIII" B neyenu

of ovarian theca cells

J
* \i

1 CHHTEe3a aHJPOTeHOB (TECTOCTEPOH, AHIPOCTEH IUOH)
1 synthesis of androgens (testosterone, androstenedione)

'

\i

1 cBOOOJHOTO OGUOJOrMYECKH aKTUBHOTO TECTOCTEPOHA
1 free biologically active testosterone

'

e N
ITopounsrit kpyr CITKS Merabonnueckue HapyIIeHUst
Hapymenue posumkynorenesa, The vicious circle of PCOS 4{ Metabolic disorders
MHOXXECTBEHHas aTpe3usi L J
(dommkynos *
Impaired folliculogenesis,
multiple follicular atresia T'unepanaporenns
Hyperandrogenism
Y i Y
[lonmuKuCTO3HBIE AUYHUKH, (" T'upcyrusm, h Bucnepansnoe oxxupenue, 1 pucka C/12,
AQHOBYJISILIMS, OJIMTOMEHOPES aKHE, alloNeLHs nucnunuaemun, MAXKBIT
Polycystic ovaries, Hirsutism, Visceral obesity, 1 risk of T2DM,
anovulation, oligomenorrhea acne, alopecia dyslipidemia, MASLD

J

Puc. 1. [TaToreHeTnueckasi poyib THIEPUHCYIMHEMHUU IIPH CUH/IPOME TIOJIMKUCTO3HbIX AnYHUKOB (CITKS)

(JIT — motennusupyromuii ropmos; I'CIIT — r7106ysiuH, CBA3BIBAIOIINI T0JI0BbIe TOpMOHBL; C/[2 — caxapHbIH AuabeT
2 tuna; MAYKBII — MmeTaboinyecKy acCoIMUpPOBaHHAas JKUPOBast 60JIE3Hb ITeYeHH; | — MOBBIIIEHNE; T — CHUKEHIE)
Fig. 1. Pathogenetic role of hyperinsulinemia in polycystic ovary syndrome (PCOS) (LH — luteinizing hormone;
SHBG - sex hormone-binding globulin; T2DM - type 2 diabetes mellitus; MAFLD — metabolic dysfunction-associated
steatotic liver disease; 1 — increase; | — decrease)

Tepanuu ]I 3HAYUTEJIbHON YacTU MAIeHTOK U
CO3/1aBaTh PUCKH HEXKEIIATEIbHBIX 3 HEKTOB [16].
Porreppamckue (peHOTHNBI KaK JUarHoO-
cruyeckasa ocHoBa. Yereipe PorreppaMmckux
denorumna (A, B, C, D) 6p11H cO31aHbI /I CTaHAAP-
TH3alUU JAUATHOCTUKH. OAHAKO 5TH (PEeHOTHUIIBI
HAIIpSAMYIO He OIIpesiesIfi0T KOHKPETHYIO Tepaluio
U UMeIOT OTPAHUYEHHYI0 IIPOTHOCTUYECKYIO IIeH-
HOCTh B OTHOIIIEHUHU JOJITOCPOYHBIX MeTabosmye-
ckux puckoB. Hapumep, benorun A (0JTUr0aHOBY-
JIANWsA, TUNEPAHAPOTeHUs, MOJUKUCTO3HbIE SNY-
HUKH) MOXKET BCTpPEYaThCs KaK Y JKEHIIUHBI C
TSAXKeIbIM OkupeHueM U VP, Tak u y narueHTKH C
HOpMaJIPHO Maccod Teyia 6e3 MeTabOoJUUeCcKUX
HapyuieHud. [IporHO3 U TepanmeBTHYecKas cTpaTe-

file: normal body weight (BMI <27 kg/m?2), symp-
toms of hyperandrogenism (acne, hirsutism, alope-
cia). The menstrual cycle may be regular, but with
anovulation. Laboratory tests reveal elevated testos-
terone levels with normal metabolic parameters
(glucose, HOMA-IR, lipid profile). Cardiometabolic
risk does not exceed the general population level in
the absence of additional factors [7]. The main long-
term problems are related to the reproductive sys-
tem (infertility, endometrial hyperplasia) and quality
of life.

Phenotype D, despite the absence of hyperan-
drogenism, is classified as the R-phenotype
because its metabolic profile (absence of IR, nor-
mal body weight, low cardiometabolic risk) corre-
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Ta6smua 1. CootHoweHre PoTTepgaMcKuX GEeHOTUIIOB U ABYXPEHOTUITHOM MoZenn

Table 1. The interrelationship of the Rotterdam phenotypes and the two-phenotype model

PoTTrepaamckuii peHoTHI
Rotterdam phenotype

Pacnpepenenue no
ABYX($EeHOTUITHOH MO e/ N
Classification according

to the two-phenotype model

Kpurepuii pacnpepeieHus
Criterion for classification

A (0/1MroaHOBYJISILMSA + TUIIEPAH/POTEHUS +
MOJIMKUCTO3HAst MOPDOJIOTHS SUYHUKOB)
Knaccnyeckuit

A (oligoanovulation + hyperandrogenism + polycystic
ovarian morphology)

Classic

UP-deHoTH MM
P-denotun
IR-phenotype or
R-phenotype

Hannuue/orcytcrue UP,
BUCL[EPAJIbHOT'O OXKHUPEHUSsI
Presence/absence of IR, visceral
obesity

B (otMroaHoByIsIUs + rUNEpaHPOTeHNs)

UP-denoTun

Bricokast yactoTa

AHOBYJIATOPHBIA IR-phenotype MeTaboUYECKUX HApYLIEHU N
B (oligoanovulation + hyperandrogenism) High incidence of metabolic
Anovulatory disorders

C (runepaHAporeHus + MOJUKUCTO3HasA MOposIorus P-denotun MeTabosinyecKu

SINYHUKOB) R-phenotype 6J1aronpUsATHLIN poduib
OBy/IITOPHBIHI Metabolically favorable profile

C (hyperandrogenism + polycystic ovarian morphology)
Ovulatory

D (01MroaHoByIALMSA + MOJUKUCTO3HAsA MOPGOIOTUs
SUYHUKOB)

HeaHgporeHHbIi

D (oligoanovulation + polycystic ovarian morphology)
Non-androgenic

P-penorun
R-phenotype

OTcyTCTBUE 3HAUUMBIX
MeTab0JIMYeCKUX HapyIeHUH
Absence of significant metabolic
disorders

[IpumMmevyaHnue.

Abbreviations: IR-insulinresistant; R - reproductive.

rus B 9THX JIBYX CJIyYasax OyAyT TPUHIIUIIHAIBLHO
pasHBIMU, XOTA (OPMAJIBHO 3TO OJUH U TOT XKe
denorum A [15].

TepanmeBTHUecKass H HPOTHOCTHYECKAaA
crpatuduKkanmusa Ha OCHOBe AByxdeHOTHII-
HOU Mmopgenu. [IpenioxkeHa OWHApHAs MOJEND,
KOTOpAsi AeTUT NAIUEeHTOK 10 BeAyIeMy ITaToreHe-
TUYECKOMY MEeXaHU3MY: WHCYJINHOPE3UCTEHTHOCTD
(UP-penoTHIT) MJIK U30JTUPOBAHHBIE OBAPUATHHBIE
HapylIeHus, BRJTIOYAs THIIEPAHAPOTEHUIO
(P-dpenorum). imeHHO 3TOT (AKTOp OIpEEAET
MMOKU3HEHHBIA KapANOMeTabOJIMUeCKUH PUCK U
TaKTUKY JedeHus. [Ipemyaraemas Moelb He 3aMe-
HAET, a JlomoJyiHsAeT PoTTeppamcKkue KpUTEPHH,
JI06ABJISISI K HUM METab0JTNYECKYIO CTPAaTU(DUKAIIUIO
(tabir. 1).

HP-genomun — memaboauueckue HapyuleHus,
8 0CHOBe KOMOPbLX /Nexcum Juc@yHKYUS HuUposotl
mxkaHu. Kimamdeckuil mopTper: H30BITOYHAS Macca
Teyla win oxkupeHue (mHAEKCe macchl Tena (MMT)
>27 KI/M2) ¢ BUCIIEPAIBHBIM PaCIIpe/ieJIEHUEM JKUPA
(OKpy»KHOCTB TasTuu >80 CM), HEPEIKO OTATOIEHHAS
HacsencrBeHHOCTh 1o Cll2 u CC3. [lonarocpounbie
PHCKU: BBICOKHH IOXKU3HEHHBIH KapIUOMeTabosIu-
YeCKUU PUCK C 3aKOHOMEPHBIM ITPOTPEeCCHPOBAHUEM
oT oxkupeHus u npenuabera k C/12, MAXKBII, apre-
puasbHasI THIEPTEH3US U PAaHHUE CEP/IETHO-COCY/TU-

WP - nHCYyIMHOpE3UCTEeHTHBIH (peHoTun); P - penpoayKTUBHBIH (beHOTH).

sponds to this group. Pathogenetically, this pheno-
type is likely associated with local folliculogenesis
disorders rather than systemic hyperandrogenism.
However, in terms of monitoring strategy, this
phenotype requires the same approach as other
metabolically favorable variants of PCOS (with
focus on the reproductive system rather than met-
abolic correction).

The Rotterdam phenotypes and the proposed
two-phenotype model address different tasks. The
Rotterdam classification focuses on diagnostic
issues — whether the patient has PCOS and what a
set of symptoms she has. The proposed model
focuses on strategic questions — what is the under-
lying pathophysiological mechanism and which
therapeutic strategy (metabolic or reproductive) to
choose.

Phenotyping reduces the risk of two clinical
errors: missing high cardiometabolic risk in patients
with the IR-phenotype and overdiagnosis and undue
treatment in women with the R-phenotype. Prescrib-
ing medications for hyperandrogenism correction in
patients with the IR-phenotype masks clinical mani-
festations but does not affect the progression of IR or
metabolic disorders. On the other hand, metabolic
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crble coObITHA. K uneiry oTjaieHHBIX OCJIOKHEHUH,
aCCOITMMPOBAHHBIX C JIJAHHBIM (EHOTUIIOM, TaKKe
OTHOCHTCS paK 3HJIoMeTpus [17].

P-gpenomun — osapuanrvHas 2unepaHopoz2eHus
npu omecymemseuu CucmemMHuslx Memaboauveckux
HapyweHull. KIMHUYECKUH MOPTPET: HOpMasbHAsA
macca tesia (MMT <27 Kr/mM2), CHMIITOMBI THITEpaH-
JiporeHuu (akHe, TUPCYTHU3M, ajionenus). MeHCTpy-
JIBHBIN ITUKJI MOXKET ObITh PEryJISIPHBIM, HO C aHO-
BysAnued. JlabopaTopHO OTMeYaeTcs IOBBIIIEHHE
YPOBHS TECTOCTEPOHA IIPU COXPAHHBIX MeTaboIIIe-
CKUX rokasaressx (rioxko3a, HOMA-IR, TunuaHbIii
npodwrib). Kapaunomerabosndeckuii puck He Ipe-
BBIIIAET OOINENONY/IAIMOHHBIA MPU OTCYTCTBUH
JIOTIOJTHUTEJIBHBIX (aKkTopoB [7]. OCHOBHBIE JI0JITO-
CpPOYHBbIE TPOOJIEMBI CBA3AHBI C PEMPOAYKTHUBHOM
chepoit (becrutogue, rurnepias3us SHIOMETPUSI) U
Ka4yeCcTBOM JKU3HHU.

Q®enotun D, HecMOTpsA Ha OTCYTCTBHE THUIle-
paHIporeHnH, OTHECEH K KaTeropuu P-¢enoruna,
IIOCKOJIBKY ero MeTabosndeckuil mpoduap
(orcyrcTtBue VP, HOpMasibHasi Macca Tejla, HU3-
KUHA KapAuoMeTaboJUYEeCKHUA PHUCK) COOTBET-
CTByeT JaHHOU rpymie. [laTOreHeTUYeCKHd 3TOT
(deHOTHUI, TO-BUIUMOMY, CBA3aH C JIOKAJTbHBIMH
HapylmeHUAMH QOJINKYJI0TeHes3a, a He C CHCTeM-
HOU TUINepaHAPOTeHUEeH, OTHAKO C TOYKU 3PEHUS
cTparternu HaOJIOZEHUA OH TpebyeT TOro 3xe
IMO/IX0/1a, UTO WU JAPyrue MeTabosdecKu Ojaro-
npusatHele BapuaHThl CIIKA (akieHnTa Ha penpo-
IYKTUBHOU cdepe, a He HA MeTaboJIMIeCKONl KOp-
peKIum).

OBCYKJIEHUE
Porrepnamckue QeHOTUNIBI U IIpeajaraeMas
IByx(deHOTUIIHAA MOJesb pellaloT pa3Hble

3ajaun. Porreppamckas kiaaccudukanus OTBe-
YaeT HA BOIPOC AUATHOCTUKH — €CTh JIU y TaIlu-
eatkn CIIKA u kakoll y Hee HAGOp CHMIITOMOB.
[TpensokeHHass MOZEJIb OTBEYAET HA BOIPOCHI
CTpaTeruu — UTo SIBJISETCS OCHOBHBIM MaTOMU3UO-
JIOTUYECKUM MEXAaHU3MOM U KaKyl0 TepaleBTHYe-
CKYIO CTpaTeruio BhIOpaTh (MeTaboJHMUYeCKYIO HIJIH
PENPOAYKTHBHYIO).

DeHOTUITUPOBAHKE CHUKAET PUCK JIByX KIUHU-
YECKUX OIINOOK: YIyIIieHHe BBICOKOTO Kap/IHOMeTa-
0OJIMYECKOTO PUCKA y TanueHTok ¢ UP-deHoTUIOM
U u30BITOYHOE OOCIeOBAHUE U HEOIPaBJIAHHOE
JleyeHue y KeHIUH ¢ P-denorunom. HasHaueHnue
npu MP-¢deHoTHIIe ITpenapaToB, HAIIPABJIEHHBIX HA
KOPPEKITUIO TUIIEPAH/IPOTEHUHN, MACKUPYeT KJIMHU-
YecKUe MIPOSABJIEHH A, HO He BIUAET Ha IPOTPECCUPO-
Banue VP u metabomuueckux HapymieHun. C Ipyrou
CTOPOHBI, MeTab0INUYecKas TePAIHs y HAI[UEHTOK C

therapy in patients with R-phenotype is unjustified
and does not solve the main problem — ovarian dys-
function.

The purpose of follow-up for the IR-phenotype
is the assessment and monitoring of cardiometa-
bolic risks (screening for carbohydrate metabo-
lism disorders, MASLD, dyslipidemia); for the
R-phenotype, monitoring of the menstrual cycle is
sufficient.

Thus, the stratification proposed personalizes the
approach to PCOS management, allowing resources
to be focused on clinically significant outcomes for
the individual female patient.

Controversial issues. An important issue
remains the problem of overdiagnosis when using
the Rotterdam criteria, especially in adolescents, in
whom physiological IR and pubertal anovulatory
cycles can simulate PCOS [18]. International con-
sensuses recommend deferring the diagnosis of
PCOS in adolescents until 2—3 years after the men-
arche in the absence of pronounced hyperandrogen-
ism [19]. A similar approach is accepted in the Rus-
sian clinical guidelines of the Russian Association
of Endocrinologists (RAE) / Russian Society of
Obstetricians and Gynecologists (RSOG) (2025),
which emphasize the need for caution in the inter-
pretation of polycystic ovarian morphology in ado-
lescence [20]. The interpretation of polycystic ovar-
ian morphology in young women with regular cycle
also remains a subject of debate. Current data show
that polycystic ovarian morphology is detected in
16—25% of healthy women of reproductive age and
is not a marker of PCOS in the absence of hyperan-
drogenism and cycle irregularities. In a Russian
population-based study, the incidence of polycystic
ovarian morphology without metabolic and endo-
crine disorders reached 25% in women aged
18—44 years, confirming the need for a cautious
approach to the interpretation of this ultrasound
criterion [21]. Ethnic and population differences
also require consideration in the distribution of
phenotypes. In women of South Asian descent, the
IR phenotype occurs at lower BMI values
(=23 kg/m2), which is due to a genetically deter-
mined predisposition to visceral obesity [15].

The debate on the priority of the pathogenetic
defect is continuing: whether IR is a genetically
determined disorder preceding ovarian dysfunction,
or the ovarian hyperandrogenism is primary, and
secondarily induces metabolic abnormalities? Data
from longitudinal studies of girls from families with
PCOS indicate the early (before puberty) develop-
ment of IR, which indirectly supports the hypothesis
that it is primary in the IR-phenotype [22].

Journal homepage: http://jsms.ngmu.ru



Kosapenxo M.A. u dp. / Journal of Siberian Medical Sciences T. 10, N? 3 (2026)

P-penoTunom He ompaBaaHa u He PEIIaeT OCHOBHOM
po06JIEMBI — OBapUATTbHOM TUCHYHKITUH.

[espto HabGIO/IeHMS /171t VIP-beHOTHIIA SIBIISIETCS
OIleHKA ¥ MOHHTOPHHT KapAUOMeTa00INIECKIX
PUCKOB (CKpHHUWHT HapyIIEeHUH YIJIEBOJTHOTO OOMEHA,
MAXKBII, gucaunuaemun); s P-pernoruna gocra-
TOYHO KOHTPOJISI MEHCTPYQIBHOTO ITUKJIA.

Takum oO6pasom, mpesiaraeMas cTpaTu@uKaIs
nepcoHudunupyer mnoxaxox K BexeHuto CIIKA,
IIO3BOJISAS COCPEIOTOUYNUTD PECYPCHI HA KIMHUUECKH
3HAYMMBIX UCX0JIaX JJIs1 KOHKPETHOH MaI[ieHTKH.

CriopHbI€ BOIIPOCHI. BaXKHBIM BOIIPOCOM OCTa-
eTcsi mpobsieMa THIEPINATHOCTUKY 110 Porrepmam-
CKUM KPHUTEPUSAM, OCOOEHHO Y IOJPOCTKOB, Y KOTO-
ppix dusnosmornueckass MNP u aHOBYJIATOpHbBIE
IUKJIBI mybepTaTa MoryT cumysupoBaTts CITKS [18].
MesxtyHapOAHBIE KOHCEHCYChI DPEKOMEHYIOT OTCPO-
unTh fuardoctuky CIIKA y moppocTkoB 710 2—3 €T
[ocjie MeHapxe TIPH OTCYTCTBUU BBIPAIKEHHOM
TUIIEPpAHAPOTEHUN [19]. AHQJIOTUYHBIA IOJXOJ
3aKpeIUIeH B POCCUNCKIX KIMHUYECKUX PEKOMEH Ia-
nusax Poccuiickoidl accoruanuy SHAOKPUHOJIOTOB
(PA3) / Poccuiickoro obimecTBa aKylepoB-rHHEKO-
soroB (POAT) (2025), rie moiuepKkuBaeTcs: Heo6Xo-
ZIMOCTH OCTOPOXKHOCTHU IIPU MHTEPIIPETALINH II0JTH-
KHCTO3HOH MODPGOJIOTHU SUYHUKOB B IOJPOCTKO-
BOM Bo3pacre [20]. TpakToBKa ITOJIMKHUCTO3HON
MOPGHOIOTUN SUYHUKOB Y MOJIOABIX JKEHIIIHIH C Pery-
JIIPHBIM ITUKJIOM TaK»Ke OCTAEeTCS IIPEIMETOM JIHC-
kyccuii. CoBpeMeHHbIe JaHHbIE MMOKA3bIBAIOT, UTO
MIOJTUKUCTO3HAsA MOP(QOJIOTUS SUYHUKOB BBISABIISA-
ercs y 16—25 % 3/10pOBBIX KEHIIUH PENpPOJAYKTUB-
HOTO BO3pacra U caMa 1o cebe He sIBJIseTCs MapKe-
pom CIIKA mpu OTCyTCTBUM THUNEPAHAPOTEHUU M
HapyIIeHnH nuKiIa. B poccuiickoM NOMy IsIIIMOHHOM
HCC/IeTOBAHUH YacCTOTa MOJTUKHCTO3HOU MOpPQOJIo-
THU SIMYHUKOB 6e3 MeTaboJHMYecKUX U IHIOKPHUH-
HBIX HapyIIeHUU JIOCTUTasa 25 % Yy KeHIIUH 18—44
JIeT, YTO TOATBEPIKAAeT HEOOXOAUMOCTb OCTOPOK-
HOTO IIOAX0/]a K UHTepupeTranuu 3toro Y3U-kpure-
pus [21]. ATHUYECKHE U TIOMYJISIIIHOHHBIE PA3THYUS
TaKKe TPeOYIT ydyeTa B pacipenesieHnu (HeHOTHU-
MOB. Y JKEHINWH [0JKHOA3WATCKOW TOMYJISAIIUN
NP-deHoTH BeTpeuaercs mpu 60siee HUBKUX 3Ha-
yenusx UMT (=23 kr/m2), uto 006yCJIOBJIEHO TeHe-
TUYECKH JEeTEPMHUHUPOBAHHOU IIPEIPACIIOIOKEH-
HOCTBIO K BUCIIEPAJIBHOMY OKUPEHUIO [15].

[TpomosKaeTest IUCKYCCHs O IEPBUYHOCTHU ITaTOTe-
HETHUYECKOTO JiepeKTa: SIBJIAETCA JIM HMHCYJIHMHOPE3U-
CTEHTHOCTb T€HETUYIECKHU JIETEPMIHIPOBAHHBIM HAPY-
IIIeHeM, TIPEIIIECTBYIOIINM OBapUAIbHOU JUCHYHK-
WY, WK T[EepPBUYHA WMEHHO OBapHaJIbHAs
TUIIePaH/IPOTeHUs], KOTOpas BTOPUYHO HH/YIIUPYET
MeTaboTyecKye HapyiieHus. J[aHHbIe IOHTUTIOTHBIX

In international guidelines, there are no uni-
form criteria for mandatory metabolic phenotyp-
ing when diagnosing PCOS. The Russian Clinical
Guidelines of the RAE/RSOG (2025) propose an
algorithm that includes oral glucose tolerance test-
ing and lipid profile assessment in all women with
PCOS, regardless of BMI and other risk fac-
tors [20], but this approach has not yet received
widespread international recognition. The prog-
nostic value of biomarkers (adiponectin, leptin,
visceral indices) for mass screening of the IR-phe-
notype has not been sufficiently studied [15].
A promising direction is to explore the prognostic
value of stratification into IR- and R-phenotypes
in prospective cohort studies assessing long-term
cardiometabolic outcomes.

CONCLUSION

Current data allow to consider PCOS as a hetero-
geneous systemic metabolic disease with divergent
risk trajectories. The Rotterdam criteria, being a
conventional diagnostic standard, do not reflect met-
abolic risk and do not directly determine the choice
of pathogenetic therapy.

The review results suggest that metabolic phe-
notyping, which distinguishes two essentially dif-
ferent variants of PCOS: insulin-resistant, with
high lifelong cardiometabolic risk, and ovarian-
hyperandrogenic, with predominantly reproduc-
tive manifestations and a favorable metabolic
prognosis, could form the basis for tailored man-
agement. Implementation of the proposed
stratification requires validation in prospective
studies.
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uccsiefioBaHui fieBouek u3 cemeii ¢ CITKSA ykaspiBaioT
Ha paHHee (710 myOepTaTa) GOpMUPOBAHUE HHCYJIMHO-
PE3UCTEHTHOCTH, YTO KOCBEHHO TO/IZIEP>KUBAET THIIO-
Tesy ee iepBuIHOCTH Yy TP-(heHoTHTIA [22].
OTCYTCTBYIOT €IUHbIe KDUTEPHUU JJ11 003aTETh-
HOTO MeTaboInYecKoro (EeHOTUITUPOBAHUS IIPHU
nocranoBke auar"osza CIIKA B MexayHapogHBIX
pekoMenanuax. Poccuiickue KJIMHUYECKHE PEKO-
menpanuu PA3/POAT (2025) mpejiaraloT ajro-
PUTM, BKJIIOUAIOIIUM IIpOBe/leHNEe IIePOPATIBLHOTO
[JIIOKO30TOJIEPAHTHOTO TeCTa M OLIEHKY JIUIIHU/THOTO
criekTpa y Beex ;xkeHIuH ¢ CITKS, BHe 3aBucumMocTu
or UMT u npyrux ¢axTtopoB pucka [20], omHako
STOT MOZXO/]] TIOKA He MOJIyYUJI IITTPOKOTO MeXK/TyHa-
poaHoro mpusHaHuA. HemocTtaTouHO M3ydyeHA MPO-
THOCTHYECKAsI IIEHHOCTh OMOMapKepoB (aUITOHEK-
TUH, JIENITUH, WH/AEKChl BUCIEPATHHOCTU) JIA
maccoBoro ckpuHuHra VIP-¢enoruna [15]. Ilep-
CIIEKTUBHBIM HalpaBJIeHUEM IIpe/iCTaBsAeTcs U3y-
YeHUe IIPOTHOCTHYECKOH IIEHHOCTU CTPAaTU(MUKAITIN
Ha UP- u P-deHOTUNIBI B IPOCHEKTUBHBIX KOTOPT-
HBIX UCCJIEZIOBAHUAX C OLIEHKOU JI0JITOCPOYHBIX Kap-
ZIMOMeTa00TNIECKUX UCXO/I0B.

3AK/IOYEHUE

CoBpeMeHHbIE JTaHHBIE ITO3BOJIIOT PacCMaTpPH-
Barb cunzpoMm CIIKA xak rereporeHHoe crcTeMHOE
MeTabomueckoe 3abosieBaHUE C JMBEPIEHTHBIMU
TPaeKTOPUAMHU pHCKa. PoTTepsaMckue KpHUTepUU,
Oymydn OOIIENPUHSITHIM CTAaHZAPTOM JUATHOCTHUKH,
HE OTPKAIOT MEeTabOJIMYECKUH PHUCK M He OIperie-
JISTIOT HAITPSIMYIO BBIOOD ITATOT€HETHIECKOH TEPATTHH.
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pellleHre BOIPOCOB, CBA3AHHBIX C TOUHOCTHIO UJIN
JI0OPOCOBECTHOCTHIO JIIOOOH YacTu pabOTHI.

KoH@uaukT uHTEpPECOB. ABTOPHI 3agBJISIOT 00
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) ny6iuKyIOTCs HayYHbIE 0030PbI U CTAThH 10
MEJIUITMHCKUM HayKaM, IMOATOTOBJIEHHbBIE TI0 MaTe-
puajiaM OpUTHHAJIBHBIX HAyYHBIX HCCJIEJOBAHUU.
JSMS BBIXOAUT 4 pasa B rof.

TpeboBaHus, TpeabABIsIEMble K MIyOJTUKAIUAM
B JSMS, chopmysimpoBaHbl ¢ yueToM TpeboBaHUM,
MIPENbSABIISIEMbIX K PEIleH3UPYEMbIM HAyUYHBIM H3-
JIaHUSAM, B KOTOPBIX JIOJI’KHBI OBITH OMYyOJIMKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl UCCEPTAI[UI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTbH, OTIIpABJIEHHbIE aBTOPAMU B JIPyTHe W3-
JIaHUs W/UJIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy omnucaHWM HAYYHO-UCCIIEN0BATEIHCKHUX
KJIMHUYECKUX paboT ¢ MHpHUBJIEYEHUEM YesIOoBeKa
B KauecTBe OObEKTa MCCJIEZIOBAHUS aBTOPBI JTOJIXK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHHU MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUIMYECKUX U DTUUECKUX MPUHITUIIAX MEIUKO-
OUMOJIOTUUECKUX UCCIIeIOBAaHUH Takoro poja. He mo-
IYCKAETCS HCIOJIb30BaHUE (PaMUJINUA, WHUIIAATIOB
OOJIBHBIX M HOMEPOB ucTopuil Oose3nu. IIpu omu-
CaHUM HKCIIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOIHMO
yKazaTh, COOTBETCTBOBAJIO JIU COJEPKAHUE U HC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAINAM HaIlu-
OHAJIBHOT'O COBETA II0 HUCCJIEIOBAHUIM, HAI[HOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa coOTI0AAI0TCSA B COOTBETCTBUH
¢ I'paxkganckum kogexkcoMm Poccutickon ®enepariuu
(4. 4) ¥ APpYTUMH JAEUCTBYIOIIUMH HOPMATHUBHBIMU
JIOKyMeHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 3a COJIEp>KaHUE CTaTen.

B penmaknuo JSMS aBTOpBI IOJKHBI TIPEOCTA-
BUTb:

1) 2/1eKMPOHHYIO 8epculd CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOpM-
JIEHUIO CTaTeH, U3JI0’KEHHBIMU HUXKE;

2) Opu2UHA cCMambu B IIEUaTHOM BH/JIE C yKa3a-
HUEM TOPOJia, IaThl, GaMUIUU C TOAIIHUCHIO KaKI0TO
aBTopa (Ha IocJIe/THEH CTpaHuIEe), Bu3ou «B meyaTp»
Y MOANHUCHI0 (Ha TIEPBOM CTPAHHUIE) 3aBEAYIOIIErO
kadeapoi NI UHOTO IOJI>KHOCTHOTO JIUTA OPTaHU-
3aruu, Ha 6a3e KOTOPOH BBITIOJTHEHO HCCIIE/IOBAHUE.
ABTOpBI IIPEIOCTABIISIIOT CTAThU B PEIAKITAIO JIMUHO
WJIH 110 TIOUTE;

3) coenacue Ha TyOJMKaANUoO cTathu B JSMS
u 00paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmuoe
3axaroveHue OTAesa KOOpAWUHAINH deaepabHbIX
IIPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHUs II0 HayKe, HHHOBAI[U-
aM 1 uHbopmaruzanuu HCMY (cm. www.ngmu.ru);
JULsT CTODOHHUX aBTOPOB — HanpasaeHue Ha onyo-
AuxosaHue Ha (pupMeHHOM OJIaHKE OpraHH3aIlUH,
Ha 6a3e KOTOPOH BBITIOJIHEHO OPUTHHAJIPHOE Hayd-
HOE€ HCCJIeJIOBAHME, 3a IOJIUCHI0 OTBETCTBEHHOIO
JIOJIZKHOCTHOTO JIIIA.

IIPABUJIA O®OPMJIEHH A PYKOITUCEN

1. TexcT craTpu HAOUPAETCA B TEKCTOBOM PeIaK-
Tope Microsoft Word, Open Office u ap., Bce moss
2 cMm, mpudt Times New Roman, keritp 12, Mex-
CTPOUYHBIN HHTEPBAJ 1,5. TekeT cTaThul HEOOXOAMMO
HampaBuUTh B pefaknuio JSMS B BUJie OTAETBHOTO
daiina ¢ ykazanuem ®10 nepBoro aBropa — MBa-
woB U.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
J10B B popmaTtax doc, docx.

2. ®MIO aBTOpOB HAabWpaeTCs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha DPYCCKOM fA3blKe. VHUIMabI
rnoMenaoTcs nepexa dbamuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIPEEIAETCS
HUX COBMECTHBIM peIlleHUeM.

3. Topon u HazBaHume MecT pabOTHI aBTOPOB
oopMIsIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha PyCCKOM fA3BIKe.

4. CraTbs [IOJDKHA COJEp:KaTh AaHHOTAIIHIO
Ha PYCCKOM f3bIKE. B aHHOTAIUM MIOJKHBI OBITH
U3JIO’KEHBI 11eJIU UCCJIe/IOBaHUs, OCHOBHBIE IIpOIle-
JIlypbl, pe3yJIbTaThl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJIBL. [10J1 aHHOTAIIMEN TTOMeEIaeTcs moI3aro-
JI0BOK «KJTtoueBbIe cjioBa», MOCJA€E HEro A0 10 KO-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh TPABUJIBHOMY WHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTeMaxX U cHUCTeMaX IIUTH-
poBaHMsA. AHHOTAIUI0O HEOOXOJUMO HAIPaBUTh
B pejaknuo JSMS BMecTe ¢ TEKCTOM CTaThU B BUJIE
otzenbHOTO daiiia ¢ ykazanuem ®1O mepBoro aB-
topa — MBanoB W.1. annoranus.doc. Tak»ke mpezo-
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CTaBJIAIOTCA CBEJIEHUS O KaXK0M U3 aBTOPOB: haMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, IOJKHOCTh, MeCTO paboThl, pabounii TeaedoH
U azapec deKTpoHHOU mouThl (e-mail). CBemeHust
HEeOOXOAUMBI /i1 06paboTKH ImyOsnKanui B 6asze
JIAHHBIX POCCUIICKOTO MH/IEKCA HAYYHOTO IIUTUPOBA-
HUSA U JPYTUX CHCTEMAaX IUTHPOBAHUA. AHHOTAIUS,
KJIIOUeBBbIe CJI0Ba, MH(popMarus o6 aBTopax U Ha-
3BaHNE YUPEKIEHUN TOJDKHBI OBITh TaKiKe IMpero-
CTaBJIEHBI HA AHIJINACKOM SI3BIKE.

5. TabauIpl TOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCIIETOBATETHHO
B COOTBETCTBUU C IIOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, Tabir. 1, Tabit. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IIPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg wiu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHKU mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CUM-
BOJIBI HA HUX JIOJI?KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKU, peHTreHorpaMMbl, (HOTo-
rpaduu win J1o0ble Ipyrue rpadpudeckre 0ObeKTHI.
dotorpadun sioziell He JOJKHBI ObITh Y3HABAEMBbI-
MH, JINOO K HUM JIOJI?KHO OBITh IPUJIOKEHO ITHCH-
MEeHHOe paspellleHre Ha UX IIyOauKauo. PUucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykasblBaeTcA
CTEIeHb YBeJTMUEHU U CII0COO OKPACKHU.

7. B TexcTe CTaThbU UCIOIB3YIOTCS CJIEYIOIINE
3arOJIOBKU: BBeJIEHUE, IIeJIb UCCJIe/IOBAHN S, MATEPHU-
aJIpl U METO/BI, PE3YJIBTATHI U 00CYK/IeHUe, 3aKJTI0-
YeHUe, CITUCOK JIUTEPATYPBL.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MIPUHSATHIE COKpaleHus (abopeBuatypsl). He mpume-
HSIOTCs COKpAIleHUs B Ha3BaHUM CTaThbU. [OTHBIH
TEPMUH, BMECTO KOTOPOTO BBOJIUTCS COKpAIIEHUE,
JIOJIZKEH TIPeJIIIECTBOBATH IEPBOMY HCIIOJIb30BAHUIO
3TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CChIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJIHOM COOTBETCTBHU C HyMepalleul CIIu-
cka suTeparyphl. CCHIIIKUA B TEKCTE CTAThU JIOJIKHBI
JlaBaThCsl TIOCJIEZIOBATENILHO 10 BO3pacTaHuio: [1]...
[2]...[3]... 1 T.n. Pa3BepHyTOE OmMMCaHUE UCTOYHUKA
B CIIMCKe JINTeparypsl npenocrtasisaioTes no 'OCT
7.0.5-2008. CIIUCOK JInTepaTy bl I0JI2KEH COZlepKaTh
myOJIMKAIIIY 32 TIOCJIeTHIE 5 JIeT. B crimicke sutepa-
TYypBl Bce MH(POPMANNOHHBIE UCTOUHUKH II€PEYC-
JISTIOTCS B TIOPS/IKE UX ITUTUPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebs mprcBOeHHE
KaXK/Iol mybsinKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTAaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IMOPAJOK PEITEH3MMPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIUBIINX B PEJAKITHIO,
HAIPABJIAIOTCA IS PEIEH3UPOBAHUSA UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUs TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuiccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEAOMIIAIOTCA O TOM, UTO B IIEJIAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IAIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUIO. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HATIpABJIEHUU Ha PelleH3UPOBAHUE
IIPe/ICTaBJIEHHON aBTOPOM PYKOITHUCH PEJIaKIvs Ha-
IIpaBJjIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHBMEHHOMY 3aIlpOCy
HAIpaBJIsIET aBTOPAM pEIEeH3UN HA IOCTYIHUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTAThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuonHas KoOJUIETHsI MPUHUMAET DellleHue
0 BO3MOXKHOCTHU IYOJIMKAITUU CTAThU UJIM OTKJIOHS-
€T ee I10 pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCs B PeIaKIINU JKypHAJIa B Te-
YyeHUe 5 JIET C MOMEHTa Iy OJINKaIIH.

2. Pefaknipieit He IOMTYCKAIOTCA K Ty OJIMKATIAH:

— CTaThHU, TEMATHKA KOTOPHIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPHIX OTKA3BIBAIOTCSA OT
TEXHHUYECKOH JOpabOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaThbU
U He IPEI0CTaBUIIN MOTHUBHPOBAHHBIN OTBET O HECO-
IJIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThU PEJAKIIN S HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIHCH, HE IPUHATHIE K IT€YaTHU.
Pykomucu, mpuHATHIE K IyOJIMKAINK, HE BO3Bpa-
IAI0TCA.

Journal homepage: http://jsms.ngmu.ru
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