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ComepxaHne pacTBOPMMON (OPMb!

MONEKY/bl TPAaHCMEMOPaHHOW afire3nun
P-kaarepuHa B CbIBOPOTKE KPOBU 3,0POBbIX
YEHLLMH, OONIbHbIX 3/10KaY€CTBEHHbIMMU

M 0,0OPOKaYeCTBEHHBIMU OMYXONAMM SUYHUKOB

KywnunHckmn H.E." 2« Kosanesa O.B." « paues AH." « Kynukosa CE#? « TyrHmH O.A2 -
HexxpaHosa C.HO.2 « LlekatyHoB [1.A.* « PoixxaBckaa .b.* « KywnuHckum O.H.?
3bibuHa HH.6 « TepwTtenH EC." « Ctunman N.C!

AKTyanbHoCTb. KagrepurHbl npeacTaBnsaoT cobom
KanbLunn-3aBUCMMble TpaHCMeMOpPaHHbIe FNKO-
npoTeunabl, BHEKJIETOYHbIE JOMEHbI KOTOPbIX OCY-
LWeCTBAAIOT roMOdUSIbHbIE MEXKKNETOUHbIe B3an-
MozencTBuA. PacTBoprmble GOpMbl KaArepuHoB,
obpasyolnecs BCeACTBME NPOTEONIUTAYECKOTO
pacuienneHns TpaHCMeMOpaHHbIX 6enKoB nnm
anbTepHaTuBHOro cnnancuHra MPHK, He 3akpen-
NeHbl B KNIETOYHOW MeMbpaHe 1 LUpKynnpyT
BO BHEKJIETOYHOM MPOCTPAHCTBE Unn B nepude-
puyeckom KpoBu. B KOHTeKCcTe KaHueporeHesa
ponb P-kagrepuHa octaeTca npegMeToM ANCKYC-
CUI: O[HWN nccnefoBaTenn CBA3bIBaloT P-KagrepuH
C nojaBneHrem OnyxoneBoro pocTa, Toraa Kak apy-
rve yKasblBaloT Ha €ro onyxosib-npomoTupyoLne
cBoucTBa. [y6nuKaumm, NoCBALIEHHbIE 3HAYEHMIO
pactBoprMol Gopmbl P-KagreprHa npu pasHbix
naTonornax, eAUHNYHbI.

Llenb — cpaBHUTENbHbIN aHaNU3 COAepKaHnA pac-
TBOPMMOW GopMbl P-KagrepriHa B CbIBOPOTKE KPOBU
3[0POBbIX XEHLLNH, 6ONbHbIX 3/10KaYeCTBEHHbIMY
1 [OOPOKAYeCTBEHHBIMU OMYXONAMY AUYHUKOB ANs
OL€HKM NOTEHLNANIbHOTO KNMHUYECKOrO 3HaYeHnA
[aHHOro Mapkepa.

MaTtepuan n metopbl. B peTpocneKTnBHOE nccne-
[lOBaHWe BKJIloUeHbl 56 60/bHbIX SNUTEeNNanbHbIMU
3/10Ka4YeCTBEHHbIMI OMYXONAMU ANYHUKOB (Mean-
aHa Bo3pacTa — 57 ner), 10 naumeHToK ¢ fobpoKa-
YeCTBEHHbIMMN ONYXONAMU ANYHUKOB (MeamnaHa
BO3pacTa — 55 nieT) n 11 NpakTUYecKn 300POBbIX

>KEHLWWH (MefmaHa Bo3pacTta — 56 neT), NpoxXoaunBs-
Wwrx B nepuog c 2023 no 2024 r. obcnenoBaHne
1 NleyeHme B Tpex crneLmnann3mpoBaHHbIX OHKOMO-
rMYeCcKmX KNMHMKax. KoHLeHTpaLmio pacTBoprMo
dopMmbl P-KafireprHa B CbIBOPOTKe KPOBY A0 Hauana
cneynduryeckoro neyeHus onpeaensnmn c Nomo-
bto Habopa peareHToB Human P-Cadherin ELISA
Kit (RayBiotech, CLLIA).

PesynbTatbl. B rpynne 605bHbIX paKoM ANYHIKOB
npeob6nagany naumeHTKM c ceposHoi dopmoi ony-
xonu (n = 46, 82%), c llI-IV ctagnen 3abonesaHns
(n = 45, 80%), c onyxonbto ctagnmn T3-T4 (n = 42,
75%), NnpenmMyLLecTBeHHO 6e3 pernoHapHbIx (NO:
n =41, 73%) n oTaaneHHbix meTactasoB (M0: n =43,
77%). MefnaHa cofeprkaHna pacTBOp1MMoi Gopmbl
P-kagrepuHa B CbIBOPOTKE KPOBU 6OMbHbIX Ppakom
ANYHMKOB Oblla CTaTUCTUYECKN 3HAaUYMMO Bbllle
Nno CpaBHEHUIO CO 340POBbIMY JOOGPOBONbLAMY
(7,97 npotuB 1,44 Hr/mn, p = 0,0045), HO He ¢ 6051b-
HbIMV [OGPOKaYeCTBEHHBIMI OMYXONsAMU ANY-
HUKOB (7,97 npoTue 3,41 Hr/mn, p = 0,354). B xone
ROC-aHanu3a BbIABNEHO, YTO YPOBEHb PacTBOPU-
Mol dopMbl P-KagrepriHa He MOXKeT 6bITb NCMosb-
30BaH B KayeCTBe HaleXKHOro ANarHoCTMYeCckoro
KpUTepus 3/10KayeCTBEHHbIX ONyXonen ANYHN-
koB: nnowagb noa ROC-kpueon (AUC) coctaBuna
0,793 (poBepuTenbHbI MHTepBan 0,671-0,915;
p = 0,002). Mpn onTUManbHOM NMOPOroBOM 3Ha-
yeHumn 3,01 Hr/mMn YyBCTBUTENbHOCTb U Cneuu-
drYHOCTb TecTa 6bInn 77 N 73% COOTBETCTBEHHO.

CbIBOPOTOUHbIN YPOBEHb pacTBOPMMON GopMbl
P-KaprepuHa cTaTyCTMYECKM 3HAaUMMO He 3aBucen
OT K/toYeBbIX KIIMHNKO-MOPHONOrnyeckmnx xapak-
TEPUCTUK paKa ANYHNKOB.

3aknioveHue. Y 60JbHbIX 3/I0Ka4eCTBEHHbIMM
OMNyXONAMU ANYHUKOB MOBbILIEH CbIBOPOTOYUHbIN
ypoBeHb pacTBopumon ¢popmbl P-kagrepuHa.
MpepcTaBnaetca yenecoobpasHbiM fanbHenwee
nccnefoBaHue 3TOro rMKonpoTenaa AN ycTaHoB-
NeHVIA ero posn B NporHose 3aboneBaHua n 3pdek-
TUBHOCTW XMMUOTEPanumu.

KnioueBble cnoBa: pak AnYHMKOB, P-kagrepuH,
CbIBOPOTKa KPOBU

Ana yntnposanma: KywnuHckuin HE, Kosanesa OB,
[paues AH, Kynukosa CE, Tyrimnn ®A, HexxpgaHosa CIO,
LlekatyHoB [A, Poixasckaa Wb, KywnuHckuin OH,
3bibuHa HH, fepuwteind EC, Ctnavan UC. ConepkaHue
PacTBOPUMON GOPMbI MOMIEKY bl TPAHCMEMOPAHHOW
aare3nm P-kagrepyHa B CbIBOPOTKE KPOBM 3[40POBbIX
MKEHLLMH, 60/bHbIX 3/10KaYeCTBEHHbIMM 1 AOBPOKaye-
CTBEHHBIMI OMYXONAMU AVYHWKOB. AflbMaHax KIMHW-
yeckom meauLmHbl. 2025:53(1):1-8. doi: 10.18786/2072-
0505-2025-53-001.

Moctynuna 12.01.2025; popabotaHa 30.01.2025; npu-
HATa K my6nmkaumm 07.02.2025; ony61MkoBaHa OHMariH
17.02.2025
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aK ANYHUKOB 3aHMMAET OFHO M3 BeAYIIUX

MECT Cpefy IPUYNH CMEPTU OT OHKOJIO-

IMYeCcKUX 3a60eBaHNIT Y JKEHIUH, [TIaB-

HBIM 00pa3oM 13-3a MO3[{Hell TUArHOCTH-
K11 3a6071eBaeMOCTh COCTaBIsIeT OKOMO 11 cnydaeB
Ha 100 ThIC. )K€HIIIMH B TOJ], & MATUIETHASA BbIKIU-
BAeMOCTb He npeBbimaeT 49%, 4TO CBA3aHO C BbICO-
KOJI CKJIOHHOCTBIO OIIYXO/IU K MeTaCTa3MpOBaHMIO [1].
K k/1104eBBIM MO/IEKY/ISIPHBIM MeXaHM3MaM, CII0Cc006-
CTBYIOI[UM Pa3BUTHUIO U IIPOrpeccunt GOMbIINHCTBA
COMMIHBIX OIYXOJIeil, B TOM 4YMC/Ie paKa AUYHUKOB,
OTHOCST HapyleHue paboTbl 6eNKOB ceMeiiCTBa Kaf-
TePUHOB, KOTOPbIE PEI'YIUPYIOT KJIETOYHYIO a[Te3II0
U TIOfiep>KaHme TKAaHEeBOI CTPYKTYPHI.

KagrepnHbl npefcTaBadioT co00ii KanbIuii-3a-
BUCUMBbIe TPaHCMeMOpaHHbIe MONEKY/IBl afre3nn.
Ha ocHOBe cXO[CTBa IIOC/Ie0BATENbHOCTEN OHM OBIIN
paspeneHbl Ha MATH MOACEMENCTB: KIaccuiecKue
tunsl I u II (E-, P-, N- n VE-kagrepunsr), aTunmnd-
uble (T-KagrepuHsl), leCMOCOMaTbHBIE (JI€CMOTTIENHBI,
JIeCMOKOJUIMHBIL), IPOTOKAATePUHBI U POCTBEHHbIE
KajrepuHam 6enku [2, 3].

Knaccuyeckoe ceMeiicTBO KarepiMHOB BK/IIOYAET
HECKO/IbKO TUIIOB 6enkoB: E-kanrepnH (anmrennab-
Hb1i1), N-Kagreput (HeiipoHHbIiT), P-kagrepuH (rareH-
TapHbIlL), VE-Kanrepus (CocymucTo-sHA0Te/aIbHBbIIT),

R-xagrepun (peruHanbHbln) 1 K-xaprepun (moved-
HbI1). Cpey KIacCu4YecKoro ceMeiicTBa KafTepu-
HOB BBIJIE/IAI0T P-KagrepuH, KOTOPBIN GBI ONMCAH
B 1986 r. Kak npefCTaBUTEIb HOBOTO KJIacca KajJi-
TepUHOB, IPUCYTCTBYIOLINII B KI€TKaX I/IalleHThl,
eV IyaTbHOi 000/I04Ke MaTKM M YYaCTBYIOL NI
B HOpMUPOBAHNM ITAIlEHTAPHBIX CTPYKTYP, 0bec-
ne4yyuBasg TPAHCIOPT BEIIECTB MEXJAY MaTepblo
u mionoM [4]. P-kagrepun unMeeT 0Kono 67% romo-
noruy ¢ E-kafirepuHOM, HO OT/IMYAETCA B OCHOB-
HOM CTPYKTYpPOJ BHEK/IETOUHOTO JJOMEHA 1 U3y4YeH
B 3HAYMTENbHO MeHblleil crenenn [5]. JJanubiin 6e-
JIOK TaK>Ke IPUCYTCTBYET BO MHOTMX TKaHAX B3POC-
JIOTO OpraHM3Ma, Ijfje 0OBIYHO KOIKCIPeCCUPyeTcs
¢ E-xaprepunom, BkIouas 6a3anbHbBIN C/I0I SIU-
JepMIuca, MOTIOYHYIO XKeJle3y, IPOCTaTy, Me30TeNnii,
AWYHUKH, HIEHIKY MaTKU, BOIOCAHBIE (OIINKY/IDI
u fip. [6]. Kpome cBoelt pony B moaiep>KkaHUY TKaHe-
BOJI CTPYKTYPBbI, P-Kajjrepns y4acTByeT B pasBUTUM
pAMia MaTONOTUIl — HAC/IeACTBEHHBIX FeHeTUYeCKMX
CUHIPOMOB, ayTOMMMYHHBIX M OHKOJIOTMYECKUX
3abonesanuii [7-10].

PactBOpuMbIe pOpMBI KaiTepUHOB (S-KaATePIHBI)
He 3aKpeIUIeHbI B KJIETOYHOI MeMOpaHe ¥ LUPKYIUPY-
I0T BO BHEK/IETOYHOM IIPOCTPAHCTBE M/ B Tlepudepu-
4eCKOoIt KpoBI. D11 GOPMBI 06PA3YIOTCs BCIEACTBIE

OpmrMHaanue CTaTbW
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HPOTEONUTUYECKOTO pacIlel/IeHNs TpaHCMeMOpaH-
HBIX 0€/IKOB M/IM a/IbT€PHATVMBHOTO CIIAMICHHTA MX
MPHK [11].

B xoHTeKcTe KaHIIeporeHesa ponb P-kagrepuna
OCTaeTcs MpeMETOM JUCKYCCUII, IIOCKONBKY €ro
GYHKI[MOHAIPHOE 3HAUYEHNUE Pa3InyaeTcs B 3aBU-
CUMOCTY OT HO30JIOTUM OIyXOJIM U €€ MONEKYNIAp-
HBIX ocobeHHOCTeill. HanpuMmep, B cydae MellaHOMBI,
HEMEJIKOK/IETOYHOTO paKa JIETKOTO, MJIOCKOK/IeTOY-
HOTO pakKa IIOJIOCTY PTa ¥ TeHaToLe/NNI0NAPHON
KapLMHOMBI P-KaJirepiH NposABIAET CBOVICTBA, CXO-
Xue ¢ E-KagrepuHoM, OfIaBAs OIyXO/NeBbIN POCT.
OnHaKo B HEKOTOPBIX OITYXO0/IEBbIX MOJIE/IAX, TAKMX
KaK paK MOY€BOTO IY3bIPs, HIPOCTAThI ¥ TOJNCTOM
KMIIKM, HAOMIOAI0TCs IPOTUBOPeUBbIe 3P (EKTEI.
Takum 06pa3oM, OFHM MCCETOBATENN CBA3BIBAIOT
P-kanrepuH c mogaBieHMeM OMyX0/IeBoro pocra [12],
TOIJa KaK JpyTie YKa3bIBalOT Ha €r0 OMyXO/Ib-IIPO-
MOTUPYIOLIYIO ponb [13-15]. DTn pasnudus, Bepo-
SITHO, 0OYC/IOB/IEHBI MCIIOIb3yeMbIMI K/IETOUHBIMIU
MOJIeTAMM, METOIAMM UMMYHOJeTeKIIMN M PyHKILIU-
MM, IPUINChIBaeMbIMU P-KafrepuHy B MeMOpaHe
VIV HUTOIIIa3Me KIeTKH. ViccnenoBanus, MOCBSAIIEH-
Hble 3HAYeHNI0 pacTBOpUMOIl popmer P-kagrepnna
NP pa3lIMYHBIX NAaTONOTUAX, B TUTEpaType efu-
HIUYHBI.

Ilenp faHHON pabOTHI — CPABHUTEIBHBII AHAIN3
Cofiep>KaHUA pacTBOpuUMOIl Gopmbl P-kaarepuHa
B CBIBOPOTKE KPOBU 3JOPOBBIX XKEHIIVH U IaljeH-
TOK CO 3/I0Ka4eCTBEHHBIMU 1 OOPOKayeCTBEHHbIMMI
OIIyXO/AMU AMYHUKOB JI/1 OLleHKY OTeHIIMaIbHOTO
KJIMHMYECKOTO 3HaY€HN A JaHHOTO MapKepa.

MaTepman 1N Mmetoabl

B perpocmekTuBHOE MCCIeJOBAHNE BKIIOYEHBI
56 GOIbHBIX SMUTEANATbHBIMI 37I0KA4eCTBEHHBIMU
OIIyXONIAMM AMYHMKOB (MefjuaHa Bo3pacra — 57 j1er),
10 manueHTOK ¢ JOOPOKAYECTBEHHBIMIU OMYXO/LSIMU
SAMYIHUKOB (MefyaHa Bo3pacrta — 55 net) u 11 mpak-
TUYECKY 3[OPOBBIX XKEHINVH (Me#yaHa BO3pacTa —
56 net), mpoXopMUBIINX B mepuop ¢ 2023 mo 2024 r.
ob6cnemoBanue u nedenue B PI'BY «HaumoHnanbHbIN
MeJUIMHCKUI UCCIe[l0BaTe/IbCKUI IEHTP OHKOJIO-
run um. H.H. broxuna» Muusgpasa Poccun (PI'BY
«HMML] onkonoruu um. H.H. broxnna» Munsppasa
Poccun), KBY3 «KpaeBoit KnInHM4YeCcKMit LIeHTP OH-
Konmoruy» Mun3sgpasa Xabaposckoro kpast u ['BY3
. MockBbl «MOCKOBCKasi TOPOficKasl OHKOJIOI4ecKas
6onpHMIA Ne 62 JlemapTaMeHTa 3[paBOOXPaHEHN S
ropozia Mocksbl». KnnHn4Yeckuit A1ardo3 y Bcex Ia-
IIVIEHTOK MMOATBEP>KAeH TaHHBIMM MOP(]OIOrTyecKoro
UCCIefoBaHNA oIyxomu cornacHo «Kmaccupukanun
BO3: onyxonu >keHCKMX [OMOBBIX OPraHOB» (5-¢ u3-
nanue) [16].

KywnuHckul H.E, Koganega O.B, Ipayes A.H., Kynukosa C.E., [yeHuH ®.A., Hexdarosa C.fO., LlekamyHos [].A., Peixxaackas U.b., Kywinurckudi .H., 3bi6uHa H.H.,
fepwmetit E£.C, Cmusnudu M.C. ConepkaHivie pacTBOPUMOI GOpMbI MONEKYIIbI TPAHCMEMOPAHHON afre3nm P-kaarepurHa B CbIBOPOTKE KPOBM 300POBbIX XEHL{MH,
60bHbIX 3710KaUECTBEHHbIMY 1 JOOPOKaYECTBEHHBIMM OMYXONAMM ANYHIKOB

KoHnmeHTpaunio pacTBopuMoit ¢GopMbl
P-xaprepnna onpepensnmm B CbIBOPOTKE KPOBH, I10-
Ty4eHHOII 110 CTAaH/IaPTHOI MeTOMKeE JI0 HavajIa Jie-
4eHMsI, C TOMOII[bI0 HabOpa PeaKTUBOB AJIs UMMYHO-
¢depmentHoro ananusa Human P-Cadherin ELISA Kit
(RayBiotech, CIIIA) B cOOTBETCTBUM C MHCTPYKIIMA-
MU IpoM3BOAUTeNA. V3MepeHns NpOBOAN/IN Ha aB-
TOMAaTU4YeCKOM UMMYHO(pEpPMEHTHOM aHaIM3aTope
BEP 2000 Advance (Siemens Healthcare Diagnostics,
Tepmanst). ComepskaHne MapKepa BbIPa)kalu B HaHO-
rpaMMax (HT) Ha 1 MJI CBIBOPOTKY KPOBIL.

[IpoBeeHye TaHHOTO UCCIEOBAHUA Of0OPEHO
atudeckum komureromM OI'bY «HMMUL] onkonorum
um. H.H. Broxuna» Munsppasa Poccun (mporoxon
Ne 9 ot 25.09.2024).

ITony4eHHBIe JaHHBIE 06pabATHIBAIIN C IOMOIIBIO
nporpammsl GraphPad Prizm 10.0. [Tpu cpaBHeHUM
[MOKasaTeseN  aHaau3e UX B3aMOCB3€N UCTIONb30-
Ba/IM HeTlapaMeTpyyecKue Kpurepuu MaHHa — YUTHH,
Kpackena — Yomnuca, k09 QuUIeHT PaHTOBOIT KOpP-
penanuyu CnyupmeHna. AHanu3 MHPOPMATUBHOCTH
AMArHOCTMYECKOTO METOJa C IIOMOIIBIO0 OLIEHKMU eTo
YYBCTBUTEIBHOCTY Y CIIEUUIHOCTU IIPOBORVIN
¢ nomobio noctpoeHnss ROC-KpuBBIX U BBIYUCTIE-
HVA TIOMAAu o HuMu (aHrT. area under the curve,
AUC). Pasnuuus 1 KOppensALun CUNTaau CTaTUCTU-
4ecKy 3HaumMbIMu 1ipu p < 0,05.

Pe3ynbratbl

WccnepyemMyto KOTOpTy COCTaBUIN 56 MEePBUYHBIX
60/IbHBIX 37I0KaYeCTBEHHBIMI ONYXOISAMU SAUIHU-
KoB. IIo rucromorndeckomMy Tuiy B BBIOGOpKe Impe-
obmagana ceposHas popma onyxonu — y 46 (82%)
manueHToK. [lepBas u BTOpas cragum 3aboneBa-
Hus O6butn y 11 (20%) manmenTox, [II-1V cragun —
45 (80%). ITo xnmaccudpukanum TNM (anra. tumor,
nodus, metastasis — orryxonb, 1uM}Oy3Ibl, MeTacTa-
3bl) Y GOIBIINHCTBA MAI[MEHTOK JUATHOCTUPOBAHA
onyxonb T3-T4 (8 42 (75%) cny4asx), HO IpeuMYylLe-
cTBeHHO Oe3 pernonapubix (NO - B 41 (73%) ciayuae)
U OTJa/IeHHBIX MeTacTa3oB (MO — B 43 (77%) cny4asx).

Mepnana (Me [Ql; Q3]) comep)xaHus pactBopu-
Moit Gopmel P-kajirepuHa B CBIBOPOTKE KPOBM 3710~
POBBIX XKeHIMH cocTaBuna 1,44 ur/mn [0,73; 6,16],
B rpymiie f06pOKaYeCTBEHHBIX OMYXO/Iel SIMYHIKOB —
3,41 ur/mn [1,95; 6,66], a B rpymiie 60JIbHBIX 370Kaye-
CTBEHHBIMM OITyXOJLAMU AUYHUKOB — 7,97 Hr/MI [3,09;
17,41]. Kak BUJJHO U3 HaHHBIX pUC. 1, ypOBeHb pac-
TBOpUMOIt HopMBI P-KafireprHa B CBIBOPOTKE KPOBK
6OJTBHBIX 37I0KA9€CTBEHHBIMIL OITYXOJLSIMIU SIMIHIKOB
OBUT CTATUCTUYECK] 3HAYMMO BBILIE, YeM Y 3T0PO-
BBIX )KEHIIVH I'PYIIBI KOHTpoA (p = 0,0045), a Takke
BIBOE IIpeBbILIaJI I0KA3aTe/b MALMeHTOK C TOOpoKa-
4eCTBEHHBIMU OIYXO/ISMI SIMIHUKOB, HO Pas/Inamsi
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Puc. 1. CpaBHUTENbHbIN aHaN13 COAePXaHNA PaCTBOPUMON
bopmbl (s) P-kagrepunHa y 60nbHbIX JobpokadecTseHHbIMM ([OA)
1 3n10KaYeCTBEHHbIMI (30f) ONyXONAMN ANYHWUKOB 1 30POBbIX
[IOHOPOB

CTaTUCTMYECKN He 3HAUMMBbL. CTOUT OTMETUTD, 4YTO
TOJIBKO B C/Ty4ae 37T0Kau4eCTBEeHHDIX OITyX0/Iel AMIHMI-
KOB COJiep>KaH1e pacTBOpKMOIi popmel P-kanrepuHa
IIpeBbIIIAJI0 3HaYeHne 15 Hr/MIL.

ROC-kpuBas fna 3m0KayeCTBEHHBIX ONyXosel
AMYHUKOB (puc. 2A) mokasaja CpeJjHIO AYarHoc-
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THYecKyo TouHocTh Mopenu (AUC = 0,793; 95% nose-
putenbublit nHTEpBan 0,671-0,915; p = 0,002), He 10-
3BOJIAIOLIYIO MCIIONIb30BaTh YPOBEHDb PACTBOPUMOIL
¢dopmer P-kapreprHa B CBIBOPOTKE KPOBH B KaueCTBe
HafIe)KHOTO JMATHOCTMYECKOTO KPUTepUs J/Id paka
ANYHUKOB. Hamny4yine sHaueHUs 4yBCTBUTE/IbHO-
ctu u cuenuduanoctu (77 u 73% COOTBETCTBEHHO)
B C/ly4ae JMArHOCTUKM 37I0Ka4eCTBEHHBIX ONyXO-
el AMYHUKOB JOCTUTHYTHI PV IOPOTOBOM YPOBHE
3,01 Hr/Mi1, TOrfja KaK NpU MeMaHHOM IIOPOTOBOM
ypoBHe, paBHOM 7,97 HI/MJI, TecT obmagan 50% 4yB-
CTBUTETBHOCTBIO U 100% crenuduyHoCcTbIO. B cimy-
Jae 00poKavyecTBEHHBIX onyxonei Anynnkos AUC
cocraBua Bcero 0,709 (95% joBepuTENBHBII MHTEP-
Basn 0,478-0,939; p = 0,105) (puc. 2B), 4To ykaspiBaeT
Ha HeyJOBJIeTBOPUTENbHYIO JUATHOCTIIECKYIO TOU-
HOCTb MOJIETIN.

CraTucTnyecKy 3HaYMMBbIX PasIN4Nil ypOBHEN
pacTBOpMMOIT popMbI P-KafrepyHa B 3aBUCUMOCTH
0T 6O/IBIIMHCTBA KIMHUKO-MOP(OIOrnIecKux ma-
paMeTpoB, BK/TIOYas CTafVIO 3a00/IeBaHM A, HaMn4ne
MEeTacTa30B, CTENEeHb 3/I0KaYeCTBEHHOCTM, aCIIUT
U JIOKa/IM3aLMI0 ONYXOJIY, He 0OHapyXeHo (Tabmu-
11a). MO>KHO JIMIIb OTMETUTD, YTO Hanbosee 6IM3KIM
K 3HAUMMOCTH SABJISIETCS pas/miryyie B HOKa3aTesAX pac-
TBOPUMOIT popMbI P-KafirepriHa B BO3PACTHBIX IPYII-
nax < 57 u > 57 net (p = 0,07), 4TO MOXKeT yKa3bIBaTh
Ha BO3PacTHbIE 0COOCHHOCTI CEKPeLIMy PacTBOPUMOIL
(b opMBI 9TOrO IIPOTENHA.
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Puc. 2. ROC-aHanwu3 ana pactBoprmMon Gopmbl P-kaarepurHa y 00mbHbIX CO 310KauecTseHHbIMM (A) 1 1o6poKauecTBeHHbIMM (B) onyxonamm

ANYHNKOB

OpmrMHaanue CTaTbW



ANbMaHax KnvHuyecko meanumnbl. 2025; 53 (1): 1-8. doi: 10.18786/2072-0505-2025-53-001

CopepaHue pactBopumMon Gopmbl P-kafreprHa B CbIBOPOTKE KPOBM HONBHBIX PAKOM AUUHNKOB B 3aBUCUMOCTY OT KIMHUYECKMX

¥ MOPGONOrMYECKNX XapaKTePUCTUK

XapaKkTepucrtrka MepwnaHa sP-kagrepviHa, Hr/mn 3HaueHne p
Bospacr:
<57 net 4,47 [2,59; 14,95] 0,070
> 57 net 12,74 [4,21; 21,63]
TncTonornyeckni Tun onyxonu:
cepo3sHas 8,52 [3,26; 16,70] 0,450
apyras 3,35[1,79; 21,40]
Cragus:
1-1l 8,15 [3,29; 14,84] I-llvs 1l1 > 0,999
11l 7,591[2,59;17,36] I-llvs IV > 0,999
\% 7,97 [4,07; 24,93] llvs IV =0,979
Pasmep onyxonu:
T1-T2 6,81[2,62;14,17] 0,479
T3-T4 8,05 [3,01; 19,00]
Hanunuve permoHapHbIx MeTacTa3oB:
NO 6,60 [3,18; 15,95] 0,725
N+ 10,08 [2,20; 25,83]
Hanuuve otganeHHbix MeTacTasos:
Mo 8,59 [3,07; 16,55] 0,669
M+ 7,50[2,81; 24,03]
CTeneHb 3N10Ka4eCTBEHHOCTU:
HM3KasA 14,02 [3,35; 24,14] 0,507
BblCOKas 8,52 [3,09; 16,20]
Hanuuune acyura:
A- 11,83 [3,65; 17,41] 0,944
A+ 9,57 [2,44; 25,89]
JNokanusayus:
OfHOCTOPOHHAA 12,87 [4,04; 25,89] 0,820
NIBYCTOPOHHAA 11,11 [2,95; 19,00]

s — pacTBopvMas popma

06¢cyxpeHne

JJanHOe MccrefoBaHUe MOCBAINIEHO M3YYEHUIO
KJIMHMYECKON 3HAYMMOCTU PACTBOPUMOIL (HOPMBI
P-kagrepuna npu pake AMYHUKOB. P-kagrepuH Ha-
pany ¢ E-xkaprepuHoM n N-KafgrepuHOM OTHOCUT-
€A K TaK Ha3blBaeMbIM KJIACCMYECKUM KaJrepuHaM
I'tuma. B HopManbHBIX TKaHAX P-KafirepuH 4acTo Ko-
aKcIpeccupyerca ¢ E-KaireprHOM 1 y9acTBYeT B IIOfI-
Iep>KaHUM apXUTEKTYpbl TKaHell. TkaHeBas sKcIIpec-
cus P-kafrepmHa 4acTo NOBBIIIAETCA € IpOrpeccuent

KywnuHckul H.E, Koganega O.B, Ipayes A.H., Kynukosa C.E., [yeHuH ®.A., Hexdarosa C.fO., LlekamyHos [].A., Peixxaackas U.b., Kywinurckudi .H., 3bi6uHa H.H.,
fepwmetit E£.C, Cmusnudu M.C. ConepkaHivie pacTBOPUMOI GOpMbI MONEKYIIbI TPAHCMEMOPAHHON afre3nm P-kaarepurHa B CbIBOPOTKE KPOBM 300POBbIX XEHL{MH,
60bHbIX 3710KaUECTBEHHbIMY 1 JOOPOKaYECTBEHHBIMM OMYXONAMM ANYHIKOB

3aboneBauust. Hanpumep, ero ypoBHM yBeINIMBAIOT-
Cs IpY Ilepexofie OT paHHMX CTaJuii paKa AVNYHNIKOB
K 60s1ee To3HUM [17], a IpU paKe MOIOYHOII XKeJIe3bl
rUIepaKcIpeccus P-kagrepuHa cBsizaHa ¢ IIOXUM
IIPOTHO30M M CHIDKEHHOI BBDKMBaeMOCTbio [18].
Mexannamsl BrusiHyst P-kafirepiHa Ha IIpoLjecchl Kie-
TOYHOJI XU3HENEATeTbBHOCTHU OIMCAHBI JOCTATOYHO
noapo6uo. Tax, aHanmorndHo E-kapreprHy gaHHBI Oe-
JIOK B3aMIMOJIEJICTBYET C a-, B- ¥ Y-KaTeHMHAMM U CIO-
COOCTBYyeT Iepefiade CUTHAIOB BHYTpPb KaeTKu. [Ipn
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paKe MOJIOYHOII >Kejie3bl P-KafirepH aKTUBHO B3all-
MOJIEIICTBYeT € A6P4-MHTETPUHOM, YCU/IVMBAs aiTe3MI0
OIIYXOJIEBBIX KJIETOK K 0a3a/nbHO MeMOpaHe depes
JaMMH. DTOT MPOI[EeCC BKIIOYAET aKTUBAINIO KITHA3
FAK, Src m AKT, 4To mogTBep X IeHO MCCIeJOBAaHM MU
in vivo [19]. Kpome Toro, B 3710KaueCTBEHHOII OITy X0/
MOJIOYHOII >Ke/le3bl CUT'HAJILHBIA IIYTh OKUCY a30Ta
CIIOCOOCTBYeT 9KCIIpeccu P-kapreprHa depes akTi-
Banuio myTyt Ras/MEK/ERK [20]. ITpu pake AnyHMKOB
P-xaprepuH y4acTByeT B co3peBaHuMU Bl-MHTerpuHa
U TeM CaMBbIM CIIOCOOCTBYeT afre3nn MeTacTaTuye-
CKUX KJIeTOK K OpromnHe [21]. [JormonHuTe1bHO ObI7I0
[I0Ka3aHO, 4TO P-KaJTrepuH aKTUBNPYET MUTPALIUIO
¥ IHBA3MIO OITyXOJIEBBIX KJIETOK PaKa IVYHIKOB Yepes
petienTop nHCyInHoOnogo6HOro hakTopa pocra 1 [22].
B mMenmanoMe cHKeHMe aKcripeccrn P-kajirepuHa CBsi-
3aHO C pUOOpeTeHNneM KIeTKaMi MUTPAL[MOHHOTO
¢dbenorumna. Takum ob6pasom, P-kajrepnn sBasieTcs
K/TI0YeBBIM PEryasiTOPOM MHBa3MBHON aKTUBHO-
CTY ¥ METACTaTUYeCKOTO MOTEeHI[MAaJIa OIYXOJIeBBIX
KJIETOK, B3aMIMOJIEJICTBYS C MeTa/l/IONPOTeNHA3aM,
MHTETPUHAMMN ¥ MHOTVIMYU POOHKOT€HHBIMU CUT-
HQ/JIBHBIMU IIYTSAMM, TAKMMHU Kak Wnt/p-KaTeHUH
n Ras/MEK/ERK.

JmarHocTmnyeckasi 3HaAYMMOCTb PACTBOPUMOI
¢dopmsl P-kagrepuHa He omncana. CoOracHoO pesyb-
TaTaM JMCCIeJ0Ba NI, ITOCBAIICHHBIX U3y YeHNIO paKa
MOJIOYHOII XKeJle3bl, TUIepaKcIpeccus P-kafrepuna
CIIOCOOCTBYeT MUT'PALUY ¥ MHBA3UY OIIYXOTEBBIX
KJIETOK, a TaKXe CTUMYIUPYET CEKPeLI0 MaTPUKC-
HBIX META/IJIONPOTeNHa3 1 u 2, 4T0, B CBOIO OYepenb,
MPUBOJUT K OTIEI/IEHNIO BHEK/IETOYHOTO JIOMEHA
P-kagrepnHa 1 06pa3oBaHIIO €0 PaCTBOPUMOIL Gop-
MBI PacTBopumas ¢popma P-kaprepruna MoxKeT Takxke
YCUMBATh MHBA3KIO KIETOK it vitro [23]. MblI mokasa-
JIM, YTO YPOBEHD TAaHHOTO Oe/IKa B CBIBOPOTKE KPOBU
OONIPHBIX PAKOM AMYHUKOB BBIIIE, YeM y HaIVIeHTOK
€ B06pOKaueCTBEHHBIMY O YXO/ISIMU U 30POBBIX J0-
HOPOB. ITO MOXET CBUJIETEILCTBOBATD O €r0 BOBJIE-
YeHHOCTY B Ipo1iecc pOpMUPOBaHNUS 3T0KaIeCTBEH-
HOro )eHOTHUIIA HOBOOOPAa30BAHMI AMYHNKOB.

[IpepcTaBisieT MHTepec MCCAeZOBaHUeE
J.A. Mandeville u coaBT., KOTOpBle IOZYEPKUBAIOT
3HAYMMOCTD PasINymMil ToKaausaunuu P-kagrepuna
B LJUTOIUIa3Me 1 MeMOpaHe. Y GONBHBIX PAKOM MO-
YEeBOTO MY3bIPsl BBDKMBAEMOCTD, aCCOLMMPOBAaHHAs
C OIIYXO/IBIO, ObI/Ia BBILIIE ITPY MEMOPAHHOI 9KCIIPECCU
P-xaprepuHa o CpaBHEHMIO C AIMEHTaMI, Y KOTOPBIX
9TOT 610K Pe/IOKaIM30Ba/ICs B INTOIIa3My [24].

B nccnenoBanuu P-xaprepuna Ha Mofenu paka
SIMYHUKOB YCTAHOBJIEHO: TIOaB/IeHMe IKCIPeCCU
JaHHOTO 0e/IKa 3HAYMMO CHIDKAeT KOIMYeCTBO OIy-
XOJIeBBIX K/IETOK B aCLMTUYECKOI XXUAKOCTH [25].
O6mpem aciuta u GOpMUpPOBaHIE OITYXOIEBBIX Y37I0B
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TaK>)Ke 3HaUMTEe/IbHO YMEHDIIAIOTCA P NOJaBIeHUN
Bl-muTerpuna n P-kagrepuHa, 4TO MO3BOJINIIO ABTO-
paM OpefoNoXUTh UX y4acTye B IPOLecce afiresum
MeTacTaTMIeCKUX KIeTOK K Opromae [25]. Pormp Kaz-
TepMHOB B Pa3BUTUM paKa AMYHUKOB Ha ITO3HUX
CTafiAX, KOTJja 37I0Ka4eCTBEHHbIe KJIeTKI paclpo-
CTPaHAITCS B OPIOLIHON IIONOCTH, HesAcHa. I.S. Patel
U COABT. IPOBE/IY JIeTa/IbHBII AHA/IU3 IO TUIIOB Ka/Ji-
TepPUHOB, IIPUCYTCTBYIOIINX B HOPMa/IbHOM 3IINUTe-
MM TOBEPXHOCTYU SIMYHUKOB, B OPIOLINHE, a TAKXKe
B OITyXOJIEBBIX TKAHAX ¥ IIEPUTOHEATbHBIX BBIIIOTAX
Y KEHIIMH C MaTHO30M paka AnyHuKoB I mnm II cra-
ouu. AHAJIU3 MOCIe0BaTe/IbHOCTEI, MOy YeHHBIX
C IOMOIIBIO NTOJIMIMEPa3HO LIeITHOV peaKuu, 1I0-
Ka3ajI Ha/l4Me HeCKONbKYX ITO/ITUIIOB KaITePUHOB,
BKmo4as E-, N-, P-kagrepmun, kak B HOpMa/bHBbIX,
TaK 1 B OIyX0/IeBbIX TKaHAX. Cpeny Hux P-kaprepun
OKa3aJICsl OCHOBHBIM MOATUIIOM, OOHAPY>KEHHBIM
B HOPMaJIbHOJI OpIOIINHE, IIePUTOHEATbHBIX BBIIIO-
Tax 1 ONyXoJeBbIX y3nax mpu II cragum 3abonesa-
HuA [14]. ViccnenoBaHus IOATBEPAWIN, YTO IO Mepe
nporpeccupoBanus sabonesanns yposau MPHK
u 6enka P-xajrepyHa sHa4MTEeILHO YBEINYMBAIOT-
cs1. CormacHo pesynbTaTaM HallIero MCciefloBaHM,
He OTMeUYeHO yBeTMYeHNA CONepKaHNA pacTBOPH-
MoJi (GOpMBI JTaHHOTO 6e/Ka B IPOrpecCHpPOBAHUU
3aboeBaHMA (TeHepalIM3alyy OIIYX0JIeBOro Mpo-
Iecca), YTo CBUJIETETbCTBYET 00 OTCYTCTBUM TIPs-
MOJ 3aBUCUMOCTIU MEXJy TKaHEBOM 3KCIIpeccuen
U LUPKyIupyoleir GopMoil IpoTenHa.

3aKknyeHune

[TpoBefeHHOE HAMMU MCCIE[OBAHNE BIIEPBBIE BBIs-
BIJIO, YTO COJlep)KaHIe PacTBOPUMOI GOPMBI MO-
JIeKY/Ibl TpaHCMeMOpaHHOIT agre3un P-kajgrepuHa
CTaTUCTUYECKN 3HAYMMO BBIIIE Y GOTBHBIX PAKOM
AMYHUKOB OTHOCUTETBHO 3[J0POBBIX >KeHIIMH. [1pu
stroMm ROC-aHanus moxkasan HeJOCTATOYHYIO Aua-
THOCTMYECKYIO 3HAYMMOCTb 3TOTO MapKepa. B aroit
CBSI3M CIIEAYeT YIUTHIBATb OCHOBHOE OTPAaHUYIEHNEe
HAaCTOAIETO UCCIIelOBaHMA — HeOOIBIION pa3Mep
BBIOOPKY, KOTOpOE He I03BOJAET CAe/aTh OHO-
3HAYHBIE BBIBOJBI O BO3MOXKHOCTY IIPAKTUIECKOI
peanmsanuu pe3yabTaToB. BbImo 6bI Tak>Ke MHTe-
PECHO OLIEHNTBD JIOKAIN3ALIIO N3y IaeMOIl MOJIEKY/Ib
B KJIETKaX U COIIOCTABUTD MTONTyYEHHbIE Pe3y/IbTaThI
C MMEIOLIVMIUCS JAHHBIMU O COTEPXKAHUN €€ PACTBO-
puMOIt pOpPMBI B CBIBOPOTKE KPOBIL. BMecTe ¢ TeM MbI
TOJIaraeM, 4To MO/MydeHHbIe JaHHbIe 00/T1afjaloT OIIpe-
HeneHHOI GpyHTaMEHTAIBHON 3HAYMMOCTBIO 11 Oy Ay T
CII0co06CcTBOBATh pa3paboTKe HOBBIX 3P PeKTUBHBIX
CTpaTeruil B fMarHOCTUKe, OLjeHKe 9P PeKTUBHOCTU
JIe4eHNUA U NPOTHO3a 3/10KaYeCTBEHHBIX OIyXOJIell
AMYIHUKOB. ©
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JononHutenbHaa nHpopmaums

Guuancwposanue

Pa6ota nposefeHa 6e3 npueneyeHna JONOJIHUTENIbHOTO ¢MHaHCMpOBaHMﬂ

CO CTOPOHbI TPETBUX JINLL.

KoHdpnukT nirepecos

ABTOpr 3aABnsT 06 OTCYTCTBUMN ABHbIX N NOTEHLMANbHbIX KOH¢J1VIKTOB

VNHTEPEeCoB, CBA3aHHbIX C Ny6nvKaLmen HacToALel cTaTbU.
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Serum levels of the soluble transmembrane
adhesion molecule P-cadherin in healthy women
and in patients with malignant and benign

ovarian tumors

N.E. Kushlinskii'2« O.V. Kovaleva' - AN. Gratchev'

S.E. Kulikova?? « FA. Gugnin® « S.Yu. Nezhdanova’
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N.N. Zybina®« E.S. Gershtein' - |.S. Stilidi'

Background: Cadherins are calcium-dependent
transmembrane glycoproteins whose extracellular
domains mediate homophilic intercellular
interactions. Their soluble forms (s-cadherins),
generated through proteolytic cleavage of
transmembrane proteins or alternative mRNA
splicing, are not anchored in the cell membrane
and circulate in the extracellular space or peripheral
blood. In the context of carcinogenesis, the role
of P-cadherin remains a matter of debate: some
studies associate P-cadherin with tumor growth
suppression, while others indicate its tumor-
promoting properties. Publications on the
significance of the soluble P-cadherin in various
disorders are scarce.

Aim: To perform a comparative analysis of serum
sP-cadherin levels in healthy women and in patients
with malignant and benign ovarian tumors to assess
the clinical significance of the marker.

Methods: The retrospective study included
56 patients with epithelial malignant ovarian
tumors (median age 57 years), 10 patients with
benign ovarian tumors (median age 55 years),
and 11 healthy women (median age 56 years) who
underwent examination and treatment from 2023
to 2024 in three oncology clinics. Serum levels of
sP-cadherin before the initiation of specific
treatment were determined with the Human
P-Cadherin ELISA Kit (RayBiotech, USA).

Results: In the ovarian cancer group, the majority
of the patients had the serous type of the tumor
(n =46, 82%), stage lll to IV of the disease (n = 45,

80%), T3 and T4 tumors (n =42, 75%), mostly without
regional (NO: n = 41, 73%) and distant metastases
(MO: n = 43, 77%). The results of the ROC analysis
showed that serum levels of the soluble P-cadherin
could not be used as a reliable diagnostic criterion
for ovarian malignancies: the area under the curve
(AUC) was 0.793 (confidence interval 0.671 to 0.915;
p = 0.002). At the optimal cut-off value of 3.01
ng/mL, the test’s sensitivity and specificity were
77% and 73%, respectively. The serum sP-cadherin
levels did not show a significant correlation with
the key clinical and morphological characteristics
of ovarian cancer.

Conclusion: Patients with ovarian cancer have an
increased serum sP-cadherin level. Further research
on this glycoprotein to assess its role in disease
outcomes and chemotherapy efficacy is expedient.
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Rationale: Previous studies have examined the
relationship between noise exposure and hearing
loss with metabolic syndrome (MetS), but the
results have been inconsistent.

Aim: To assess an association between noise
exposure, hearing loss, and the status of MetS.
Methods: This cross-sectional study was carried
out in 950 employees of a textile factory in 2023.
Participants were categorized into two groups
based on their noise exposure: under 85 dB versus
85-90 dB. Hearing loss was defined as a mean
hearing threshold exceeding 25 dB in either or both
ears within the relevant frequency ranges. MetS was
diagnosed with the National Cholesterol Education
Program Expert Panel and Adult Treatment Panel 1l
criteria. Demographic, medical, and occupational
data were collected during periodic examinations.
Then, the relationship between MetS and its
components with noise exposure and hearing loss
was examined.

Results: The median age of the study population
was 33 years (IQR 28 to 38 years) and the median
work experience was 3 years (IQR 2 to 9 years).
864 (90.9%) of the subjects were male, 774 (81.5%)
were married, and 848 (89.3%) had shift work.
10.8% (n = 103) of the participants were diagnosed
with MetS, and 72% (n = 684) had exposure
to noise levels greater than 85 dB. Increased
waist circumference (odds ratio (OR) = 1.61; 95%
confidence interval (Cl) 1.20-2.17, p = 0.002),
elevated triglycerides (OR = 2.03; 95% Cl 1.36-3.02,
p < 0.001), and reduced high-density lipoprotein

(HDL) levels (OR = 1.71;95% Cl 1.28-2.29, p < 0.001)
were significantly associated with the noise
exposure. There was also a significant relationship
between MetS components and high-frequency
hearing thresholds. Specifically, hearing loss at
higher frequencies in both ears was linked to
elevated fasting blood sugar, diastolic blood
pressure, triglycerides, and low HDL.
Conclusion: Our study showed a significant
association between noise exposure and
components of MetS including increased waist
circumference, high triglycerides, and low HDL
cholesterol. In addition, based on initial analysis,
there was a significant association between MetS
and its components, including dysregulated
glucose and lipids, and elevated diastolic blood
pressure, with the median hearing threshold at
higher frequencies.

Key words: hearing loss, metabolic syndrome,
occupational noise exposure, textile factory
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etabolic syndrome (MetS) encompasses

a cluster of metabolic disorders,

characterized by central obesity, glucose

metabolism impairment, dyslipidemia,
and elevated blood pressure. Its diagnosis requires
meeting at least three of five criteria: increased waist
circumference, elevated fasting blood sugar, high
triglycerides, raised blood pressure, or decreased
high-density lipoprotein (HDL) cholesterol [1]. This
condition has emerged as a significant global health
concern, affecting approximately 20-25% of the
world's population, with our country, Iran, reporting
a prevalence of 31.02% as of 2018 [2, 3].

The development of MetS is multifactorial,
influenced by lifestyle factors such as excessive caloric
intake and physical inactivity, as well as genetic
predisposition, environmental toxins, and occupational
conditions [4, 5]. Among workplace factors, noise
exposure has been hypothesized to be as a significant
contributor to metabolic health [6].

Noise exposure produces both auditory and non-
auditory health effects. While hearing loss is the
primary auditory consequence, affecting roughly 20%
of the global population and potentially leading to
reduced quality of life through social isolation, recent
research suggests a complex relationship between
hearing impairment and MetS [7-16]. However,
the underlying pathophysiological mechanisms
connecting these conditions remain inadequately
understood.

The available evidence indicates that chronic
noise exposure may increase the risk of metabolic
disorders through various pathways. Noise pollution
triggers pathophysiological changes by activating the
hypothalamic-pituitary-adrenal axis and autonomic
nervous system, leading to elevated stress hormone
levels that can affect lipid and glucose metabolism
[17]. However, epidemiological studies have yielded
conflicting results regarding the relationship between
noise exposure and MetS. While some research suggests
that moderate to severe workplace noise exposure
contributes to MetS, other studies have found no
significant association [6, 18-22].

Given the high prevalence of MetS and the
inconsistent findings regarding its relationship with
occupational noise exposure and hearing loss, further
investigation is warranted. Previous studies have been
limited by the presence of additional occupational
hazards that could confound the relationship between
noise exposure and MetS. Additionally, specific noise
exposure levels, particularly in the 85-90 dB range,
have not been adequately studied. This research aims
to examine the impact of occupational noise exposure
and hearing loss on MetS status among textile
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factory workers, where noise represents the primary
occupational hazard.

Methods

This cross-sectional investigation was carried out among
employees (N = 1020) of a textile manufacturing facility in
2023. All workers who underwent annual periodic health
examinations during this period and met the inclusion
criterion of a minimum of one year's employment at the
facility were included in the study. The exclusion criteria
were as follows: a history of known baseline conditions
such as MetS or its components, cardiovascular diseases,
renal failure, etc. (n = 9), a history of non-occupational or
secondary job-related noise exposure (n = 12), incomplete
occupational health records (n = 45), or refusal to
participate in the study (n = 5). The final analytical sample
comprised 950 workers.

Data collection utilized a comprehensive approach
during periodic health examinations, employing
structured interviews and standardized measurement
protocols. The investigative framework encompassed
multidimensional data acquisition, including
demographic, medical, and occupational variables.
Demographic information systematically captured
participants' characteristics, including chronological age,
biological sex, anthropometric measurements, marital
status, tobacco consumption (operationalized as daily
cigarette intake exceeding one cigarette over the preceding
six-month period), and physical activity levels (quantified
as > 150 minutes of weekly engagement). Occupational
data acquisition focused on participants' professional
trajectories, encompassing work experience, shift work
patterns, use personal protective equipment regularly,
and job-related physical demands. All examinations were
conducted by a certified occupational medicine specialist,
ensuring standardized and rigorous assessment protocols.
Anthropometric and physiological measurements adhered
to the internationally recognized standardization
guidelines. Waist circumference was meticulously assessed
according to the World Health Organization's precise
anatomical definition, measuring the midpoint between
the iliac crest and lowest rib along the mid-axillary line
[23]. Biochemical parameters, including fasting blood
glucose, triglyceride levels, and HDL cholesterol, were
obtained through venous blood sampling during routine
periodic examinations, with samples collected following
a fasting state to ensure metabolic consistency.

The diagnostic criteria for MetS were established
in accordance with the National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATP III)
framework. This standardized classification system
incorporates five distinct physiological parameters:
(1) sex-specific waist circumference thresholds
(= 102 centimeters for men; > 88 centimeters for
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women); (2) elevated blood pressure readings
(= 130/85 millimeters of mercury); (3) serum
triglyceride concentrations (= 150 milligrams per
deciliter); (4) gender-specific HDL cholesterol thresholds
(< 40 milligrams per deciliter for males; < 50 milligrams
per deciliter for females); and (5) fasting blood glucose
levels (> 100 milligrams per deciliter). The presence of
MetS was confirmed when participants manifested three
or more of these defined clinical parameters.

The environmental noise exposure assessment was
conducted by a qualified occupational health technician
across various operational units within the facility.
Based on these quantitative measurements, the study
participants were stratified into two distinct exposure
categories: those with occupational noise exposure
ranging from 85 to 90 dB constituted the exposure
group, while individuals exposed to ambient noise levels
below 85 dB were classified as the non-exposure group.
Comparative analysis was subsequently performed to
evaluate the differential prevalence of MetS between
these two exposure categories.

The audiometric assessment was conducted by
a certified audiologist in a standardized acoustic
environment to evaluate bilateral air conduction
thresholds. The examination protocol encompassed
frequency-specific measurements at 500, 1000, 2000,
3000, 4000, and 6000 Hertz. Hearing threshold
calculations were stratified into two distinct frequency
ranges: low-frequency thresholds were computed as
the arithmetic mean of measurements at 500, 1000,
and 2000 Hertz, while high-frequency thresholds were
derived from the mean values at 3000, 4000, and 6000
Hertz for each ear independently. The operational
definition of hearing loss was established as a mean
hearing threshold exceeding 25 dB in either or both
ears within the respective frequency ranges.

Statistical Analysis

The analytical framework of this investigation
examined the interrelationships between MetS,
including its constituent components, and two primary
variables: occupational noise exposure (85-90 dB) and
frequency-specific hearing impairment (categorized as
high and low frequencies) in both ears.

The normality of data distribution was evaluated
using the Kolmogorov-Smirnov test. Given the non-
parametric nature of the data distribution, descriptive
statistics for continuous variables were reported as
median values with corresponding interquartile ranges
(IQR), while categorical variables were expressed as
absolute frequencies and relative percentages.

Statistical comparisons employed non-parametric
methodologies. The Mann-Whitney U test was utilized
for continuous variable analyses, while categorical

variable associations were assessed using the chi-square
and Fisher's exact tests. Variables showing significant
results in univariate analysis were further examined
using logistic regression analysis to adjust the effect of
confounding factors. Statistical analyses were performed
using SPSS, version 27.0 statistical software. Statistical
significance was established at an alpha level of 0.05,
with confidence intervals (CI) set at 95%.

Ethical Considerations

The study adhered to rigorous ethical protocols
throughout its execution. Prior to enrollment,
comprehensive informed consent was obtained from
all participants. The research protocol, including its
objectives, methodological procedures, potential risks,
and anticipated benefits, was thoroughly elucidated to
each worker to ensure informed decision-making. The
voluntary nature of participation was emphasized, with
explicit assurance that withdrawal from the study was
permissible at any stage without adverse consequences.
All data management procedures were conducted in
strict compliance with established ethical guidelines,
ensuring the preservation of participant confidentiality
and anonymity throughout the research process. The
study protocol received formal ethical approval from
the institutional Ethics Committee (approval code:
IR.IUMS.FMD.REC.1402.124) on June 3, 2023.

Results

The study population comprised 950 textile industry
workers, characterized by a median age of 33 years
(IQR 28 to 38 years). Eight hundred and sixty four (864,
90.9%) of the participants were male and 86 (9.1%) were
female. The median duration of their employment was
3 years (IQR 2 to 9 years). Regarding demographic
characteristics, the majority of the participants were
married (n = 774, 81.5%), with a smaller proportion
being single (n = 176, 18.5%). Only 1.3% of the
participants were smokers, and 89.3% had shift work.
None of the workers were using personal protective
equipment regularly. In total, 10.8% (n = 103) of the
participants were diagnosed with MetS. Additionally,
72% of participants experienced noise levels exceeding
85 decibels (Table 1).

The audiometric analysis revealed distinct patterns
of frequency-specific hearing impairment across the
study population. In the right ear, the prevalence of
low-frequency hearing loss was minimal (0.8%), while
the high-frequency hearing loss was more prevalent
(11.9%). Similarly, left ear assessments demonstrated the
low-frequency hearing loss in 1.4% of participants, with
a higher proportion (13.2%) exhibiting high-frequency
hearing loss. Aggregate bilateral hearing assessment
indicated that 1.7% of the study population manifested

K. Taheria, S. Mohammadi, M. Hosseininejad. The association between occupational noise exposure, hearing loss, and metabolic syndrome among workers 1 ]
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with low-frequency hearing impairment, whereas
a substantially higher proportion (17.4%) demonstrated
high-frequency hearing loss.

Statistical analyses revealed significant associations
between MetS and several demographic variables.
Specifically, age demonstrated a strong association
(p < 0.001), while occupational tenure (p = 0.04) and
marital status (p = 0.03) showed moderate associations
with MetS prevalence. Conversely, no statistically
significant relationships were observed between
MetS and other variables, including gender, tobacco
consumption, shift work patterns, occupational
requirements, or physical activity levels (Table 2).

The analysis of occupational noise exposure
revealed significant associations with several metabolic
parameters. Specifically, elevated triglycerides
(p < 0.001), increased waist circumference (p = 0.002),
and reduced HDL levels (p < 0.001) demonstrated
their strong associations with noise exposure. The
risk assessment analyses indicated that the noise-
exposed individuals exhibited higher prevalence ratios
for metabolic alterations: elevated triglycerides (odds
ratio [OR] = 2.03, 95% CI 1.36-3.02), reduced HDL
levels (OR = 1.71, 95% CI 1.28-2.29), and increased
waist circumference (OR = 1.61, 95% CI 1.20-2.17)
compared to their unexposed counterparts (Table 3).
In the regression analysis adjusting the effects of
contextual variables, the relationship between exposure
to noise and triglyceride, waist circumference, and HDL
remained significant (Table 4). However, no significant
associations were observed between the noise exposure

Table 1. Description of study variables

Variables Me [IQR] / N (%)
Age, years 33[28;38]
Body mass index 24[21.1; 27]
Work experience, years 3(2;9]
Systolic blood pressure, nmHg 110 [100; 120]
Diastolic blood pressure, mmHg 70 [70; 80]
Fasting blood sugar, mg/dl 80 [75; 87]
Triglyceride, mg/dl 891[67;128.2]
High density lipoprotein, mg/dl 47 [39; 53]
Waist circumference, cm 92 [86; 102]
Pack year 1.1[0.5; 2.6]
Gender:

Female 86 (9.1)

Male 864 (90.9)
12

Marital status:
Single
Married

Smoking status:
Yes

No

Noise exposure:

Yes
No

Shiftwork:

Yes
No

Work demand:
Sedentary
Light
Medium
Heavy

Physical exercise:
Yes
No

Metabolic syndrome:
Yes
No

Triglyceride:
High
Low

Fasting blood sugar:
High
Low

Systolic blood pressure:
High
Low

Diastolic blood pressure:
High
Low

Waist circumference:
High

Low

High-density lipoprotein:

High

Low

176 (18.5)
774 (81.5)

12(1.3)

938 (98.7)

684 (72)

266 (28)

848 (89.3)

102 (10.7)

32(34)
817 (86)
85(8.9)
16 (1.7)

39 (4.1)
911 (95.9)

103 (10.8)

847 (89.2)

196 (20.6)
754 (79.4)

85(8.9)
865 (91.1)

66 (6.9)

884 (93.1)

170(17.9)

780 (82.1)

308 (32.4)

642 (67.6)

628 (66.1)

322(33.9)

IQR, interquartile range; Me, median; N, patients’number
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Table 2. Comparison of demographic and occupational characteristics between two groups with and without metabolic syndrome

Variable Metabolic syndrome, Me [IQR]/ N (%) P-value OR[95% Cl]
Yes No
Age, years 36 [31;41] 33[27;37] <0.001
Work experience, years 3[2;11] 3[2;8] 0.046
Gender: 0.804 0.91[0.45-1.83]
Female 10(11.6) 76 (88.4)
Male 93(10.8) 771(89.2)
Marital status: 0.031 2.02[1.05-3.86]
Single 11(6.3) 165 (93.8)
Married 92(11.9) 682 (88.1)
Smoking status: 0.772 1.34[0.17-10.50]
Yes 1(8.3) 11(91.7)
No 102 (10.9) 836 (89.1)
Shiftwork 0.185 0.67 [0.37-1.21]
Yes 88(10.4) 760 (89.6)
No 15(14.7) 87 (85.3)
Work demand: 0.234
Sedentary 6(18.8) 26 (81.3)
Light 90 (11) 727 (89)
Medium 5(5.9) 80 (94.1)
Heavy 2(12.5) 14 (87.5)
Physical exercise: 0513 1.48 [0.44-4.89]
Yes 3(7.7) 36(92.3)
No 1101 811(89)

Cl, confidence interval; IQR, interquartile range; Me, median; N, patients’ number; OR, odds ratio

The Mann-Whitney U test was utilized for continuous variable analyses, and the chi-square and Fisher’s exact test for categorical variables.

and overall MetS (p = 0.84), fasting blood glucose
(p = 0.84), or blood pressure parameters (diastolic:
p = 0.29; systolic: p = 0.47).

Further investigations revealed a significant
association between MetS and audiometric parameters,
specifically with high-frequency hearing thresholds.
Participants diagnosed with MetS demonstrated
significantly elevated median hearing thresholds at high
frequencies in both the right and left ears compared
to those without the syndrome (p = 0.031 and 0.042,
respectively) (Table 5). However, after logistic regression
analysis has been performed, this relationship was not
significant (p = 0.335 and 0.124, respectively).

The component-specific analysis of MetS
revealed distinct patterns of association with hearing
impairment. High-frequency hearing loss in both ears
showed significant associations with multiple metabolic
parameters, including elevated fasting blood glucose,
diastolic blood pressure, triglycerides, and reduced HDL

levels. Additionally, there was a significant association
between low-frequency hearing loss in both ears and
increased waist circumference.

Demographic and lifestyle variables also emerged as
significant factors associated with the hearing function.
High-frequency hearing loss in both ears showed
substantial associations with smoking status, marital
status, chronological age, and work experience (Table 6).
These findings suggest a complex interplay between
metabolic, environmental, and demographic factors
in hearing impairment. Logistic regression analysis
revealed that the relationship between age and hearing
loss at low frequencies in the right ear (p = 0.009)
and at high frequencies in the right (p = 0.003) and
left (p < 0.001) ears was significant. The relationship
between gender and hearing loss at high frequencies in
the left ear (p = 0.023) was also significant. However,
the relationship between hearing loss and components
of MetS was not significant.
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Table 3. Comparison of metabolic syndrome and its components between two groups with and without exposure to noise

Variable Noise exposure, N (%) P-value OR [Cl 95%]
Yes No

Metabolic syndrome: 0.908 1.04 [0.66-1.65]
Yes 75 (72.8) 28 (27.2)
No 609 (71.9) 238 (28.1)

Fasting blood glucose: 0.900 1.05[0.63-1.73]
High 62(72.9) 23(27.1)
Low 622 (71.9) 243 (28.1)

Diastolic blood pressure: 0.295 1.22[0.83-1.79]
High 128 (75.3) 42 (24.7)
Low 556 (71.3) 224 (28.7)

Systolic blood pressure: 0.474 0.82 [0.48-1.40]
High 45(68.2) 21(31.8)
Low 639 (93.4) 245 (27.7)

Triglyceride: <0.001 2.03[1.36-3.02]
High 161 (82.1) 35(17.9)
Low 523 (69.4) 231(30.6)

Waist circumference: 0.002 1.61[1.20-2.17]
High 201 (65.3) 107 (34.7)
Low 483 (75.2) 159 (24.8)

High-density lipoprotein: <0.001 1.71[1.28-2.29]
High 476 (75.8) 152(24.2)
Low 208 (64.6) 114 (35.4)

Cl, confidence interval; N, patients’number; OR, odds ratio

The chi-square and Fisher’s exact test were utilized for categorical variable analyses.

Table 4. Logistic regression analysis with adjustment of contextual variables for assessment the effects of noise exposure

Variable B P-value OR [Cl 95%)]

Age -0.060 <0.001 0.94 [0.91-0.96]
Marital status -0.034 0.876 0.96 [0.63-1.48]
Work experience 0.030 0.075 1.03 [0.99-1.06]
Triglyceride 0.839 <0.001 2.31[1.50-3.54]
Waist circumference 0.522 0.001 1.68[1.22-2.31]
High-density lipoprotein 0.440 0.005 1.55[1.14-2.11]

Cl, confidence interval; OR, odds ratio

14

Articles



Almanac of Clinical Medicine. 2025; 53 (1): 9-20. doi: 10.18786/2072-0505-2025-53-002

Table 5. Relationship between hearing loss and metabolic syndrome

®

P-value Metabolic syndrome, Me [IQR] / N (%) Hearing threshold
No Yes
Right ear: 0.070
Low PTA 10[10;11.6] 10[10;10]
High PTA 16.6 [13.3; 20] 15[13.3;18.3] 0.031
Left ear: 0.188
Low PTA 10[10;10] 10[10; 10]
High PTA 16.6 [13.3; 20] 15[13.3; 20] 0.042
Total hearing loss:” 0.689
Low PTA 2(12.5) 14 (87.5)
High PTA 25(15.2) 140 (84.8) 0.054

IQR, interquartile range; Me, median; N, patients’ number; PTA, pure tone audiometry

The Mann-Whitney U test was utilized for continuous variable analyses, and the chi-square test for categorical variable.

"The total hearing loss is the mean hearing threshold exceeding 25 dB in either or both ears within the relevant frequency ranges (yes/no).

Table 6. Relationship between components of metabolic syndrome and other variables with hearing loss

Variables RLPTA RHPTA LLPTA LHPTA
P-value
Fasting blood sugar 0.120 0.003 0.553 0.023
Diastolic blood pressure 0.569 0.007 0.240 0.006
Systolic blood pressure 0.569 0.880 0.240 0.624
Triglyceride 0.214 0.010 0914 0.005
Waist circumference 0.013 0.095 0.001 0.075
High-density lipoprotein 0473 0.022 0.770 0.006
Age’ 0.021 <0.001 0.078 <0.001
Work experience™ 0.031 <0.001 0.186 <0.001
Gender <0.001 0.008 0.005 <0.001
Marital status 0.196 <0.001 0.895 <0.001
Smoking status 0.752 0.010 0.709 0.003
Shiftwork 0.447 0.810 0.859 0.436
Work demand 0.017 0.273 0.054 0.324
Physical exercise <0.001 0.601 <0.001 0.758

LHPTA, left high pure tone audiometry; LLPTA, left low pure tone audiometry; RHPTA, right high pure tone audiometry; RLPTA, right low pure tone audiometry

Here, hearing loss is considered a quantitative variable and its relationship with qualitative variables is examined through Mann-Whitney U test and with qualitative variables (age and

work experience) through correlation.

"The correlation coefficient for age and hearing loss is 0.07, 0.25, 0.05, and 0.23, respectively.

“The correlation coefficient for work experience and hearing loss is 0.07, 0.24, 0.04, and 0.22, respectively.

K. Taheria, S. Mohammadi, M. Hosseininejad. The association between occupational noise exposure, hearing loss, and metabolic syndrome among workers
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Discussion

This study examined the relationship between
occupational noise exposure, hearing loss, and MetS
among 950 textile factory workers, with 72% exposed
to noise levels exceeding 85 dB. MetS was diagnosed in
10.8% of the participants in our investigation (n = 103).
The prevalence of MetS has ranged from 17.5% to
19.8% in a variety of studies that have examined the
correlation between occupational noise exposure and
this syndrome [6, 12]. The higher prevalence rates
of MetS in other studies could be attributed to older
average ages and other lifestyle risk factors, such as
a higher prevalence of smoking among the study
populations, as well as differing conditions in the
workplace, including exposure to various substances
like metal fumes, acids/bases, and organic compounds.
Research has identified two primary mechanisms
through which noise exerts detrimental effects on
human health: a direct and an indirect pathway. The
direct pathway operates through rapid transmission
via the auditory nerve to the central nervous system,
while the indirect pathway functions through
cognitive processing of the auditory stimuli, eliciting
emotional responses. Both mechanisms converge
in their activation of the hypothalamic-pituitary-
adrenal and sympathetic nervous system, resulting in
elevated stress hormone secretion. This physiological
stress response, which can manifest either acutely or
chronically following noise exposure, may be mediated
through various pathophysiological mechanisms,
potentially contributing to MetS development [18].
Our investigation failed to demonstrate
a statistically significant association between
occupational noise exposure and MetS. The literature
on this relationship has yielded inconsistent results,
which may be attributed to variations in MetS
diagnostic criteria and differences in noise exposure
intensities. Several studies examining lower noise
exposure levels (53-62 dB) have reported no significant
association with MetS [21, 24]. However, the research
involving higher noise intensities has produced
contrasting results, with studies demonstrating
significant associations at exposure levels above 90 dB
[6, 18, 25-27]. Notably, recent research has identified
a dose-response pattern at 93.4 dB (+ 9.7), while studies
of thermal power plant workers exposed to noise
levels above 100 dB have shown strong correlations
with MetS [25, 27]. The absence of a significant
association in our study may be explained by several
demographic and occupational factors. Our population
was characterized by a relatively young median age (33
years), brief work history (median 3 years), and low
smoking prevalence (1.3%). Additionally, the workplace
environment lacked common confounding factors

16

such as exposure to organic solvents, vibration, and
heat [28]. Importantly, the maximum noise exposure
in our study was 90 dB, which may fall below the
threshold necessary to observe significant metabolic
effects, particularly given the emerging evidence of
a dose-response relationship between noise exposure
and MetS. Furthermore, the healthy worker effect may
have influenced our findings. Workers in this factory
environment tend to request transfers to less hazardous
settings due to various factors, including job demands,
low wages, and health concerns. Consequently, our
study population primarily consisted of young, healthy
workers with limited exposure duration, potentially
masking any long-term associations between noise
exposure and MetS.

Our analysis revealed significant associations
between noise exposure and several metabolic
parameters. Specifically, we observed increased odds of
elevated triglycerides (OR = 2.03; 95% CI 1.36-3.02, p
< 0.001), enlarged waist circumference (OR = 1.61; 95%
CI 1.20-2.17, p = 0.002), and reduced HDL levels (OR =
1.71; 95% CI 1.28-2.29, p < 0.001). These findings
align with existing literature on the relationship
between noise exposure and MetS components
[18, 20, 29, 30]. Particularly noteworthy is the recent
research demonstrating that prolonged exposure to
moderate noise levels (75-85 dB) over 13.5 years was
associated with the highest risk of dyslipidemia [31].
The underlying mechanism appears to involve noise-
induced stress activation of the sympathetic autonomic
nervous system and endocrine system, leading to
alterations in serum lipid metabolism [30].

Our analysis failed to demonstrate statistically
significant associations between noise exposure and
several metabolic parameters, including fasting blood
sugar, diastolic blood pressure, and systolic blood
pressure. While these findings diverge from previous
research that has established substantial correlations
between noise exposure and elevations in both blood
glucose and blood pressure, this discrepancy may be
attributed to our study population's demographic
characteristics, particularly their young age and
limited occupational exposure duration [18, 20, 29].
This interpretation aligns with the hypothesis that
blood pressure alterations during initial noise exposure
are transient, whereas sustained exposure to high-
intensity noise is necessary to induce persistent blood
pressure elevation [31].

Our investigation extended to examining the
relationship between hearing loss and MetS prevalence.
The analysis revealed that 1.7% of participants
exhibited low-frequency hearing loss, while a notably
higher proportion (17.4%) demonstrated high-
frequency hearing loss. Among individuals with
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low-frequency hearing loss, MetS was present in 12.5%
of cases, while those with high-frequency hearing
loss showed a slightly higher prevalence at 15.2%.
These findings contrast with previous research by
K. Kim et al., who reported substantially higher MetS
prevalence rates of 22.3% and 22.4% in individuals
with low-frequency and high-frequency hearing loss,
respectively [32].

Our initial analysis revealed a significant bilateral
association between MetS and elevated hearing
thresholds at high frequencies, a finding that aligns
with the existing literature [9, 16, 33]. However, after
logistic regression analysis, this relationship was not
significant. While the exact mechanistic relationship
between MetS and hearing impairment remains to
be fully elucidated, current evidence suggests that
shared peripheral vascular pathology may underlie
both conditions [16].

Further analysis of the relationship between
individual MetS components and hearing impairment
revealed significant associations between high-
frequency hearing loss in both ears and several
metabolic parameters: diastolic blood pressure,
triglyceride levels, blood glucose concentration, and
reduced HDL levels. However, logistic regression
analysis revealed that the relationship between hearing
loss and the components of MetS was insignificant.
The association between hypertension and hearing
loss, which has been documented in previous research,
appears to exhibit a bidirectional relationship [13, 16,
33-35]. The initial stress response to noise exposure
triggers elevated heart rate and blood pressure, and
chronic exposure may lead to persistent hypertension
[32]. Conversely, hypertension may contribute
to sensorineural hearing loss through multiple
pathophysiological mechanisms. These include
inner ear hemorrhage, reduced capillary blood flow
leading to oxygen deprivation, and atherosclerotic
changes resulting in diminished vascular elasticity
and narrowing of inner ear vessels [13]. However, due
to the cross-sectional design of our study, we can only
establish associations rather than causal relationships
between hypertension and hearing loss; definitive
determination of causality would require prospective
investigations.

The association between elevated fasting blood
glucose and hearing impairment has been consistently
documented across multiple investigations [10,
16, 33, 35]. The pathophysiological mechanisms
underlying this relationship appear to be multifaceted.
Hyperglycemia may induce hearing loss through
various pathways, primarily through diabetes-related
complications affecting microvascular structures
and sensory neurons. These pathological alterations

potentially impact the inner ear capillaries and
associated sensory neurons. Specifically, individuals
with diabetes and elevated blood glucose levels
demonstrate characteristic changes, including
demyelination of the eighth cranial nerve and
thickening of the stria vascularis capillaries.
Additionally, elevated plasma glucose concentrations
correlate with enhanced oxidative stress, a factor
known to contribute to noise-induced hearing loss
pathophysiology. Therefore, the augmented oxidative
stress observed in hyperglycemic individuals may
partially elucidate the mechanistic link between
elevated blood glucose and auditory dysfunction [10].

Research examining the relationship between
lipid disorders and auditory function has identified
associations between high-frequency hearing loss in
both the right and left ear and elevated triglyceride
levels, as well as reduced HDL levels [9, 14, 34].
As previously established, noise exposure can induce
alterations in lipid metabolism, potentially leading
to hyperlipidemia. Experimental studies in animal
models have demonstrated that dyslipidemia
contributes to pathological changes in auditory
structures, specifically cochlear edema and the stria
vascularis degeneration. The mechanistic pathway
appears to involve dyslipidemia-induced reduction
in nitric oxide production coupled with increased
reactive oxygen species generation. Notably, HDL's
documented anti-inflammatory and antioxidant
properties may serve a protective function against
these dyslipidemia-induced pathogenic alterations [14].
However, establishing a causal relationship between
lipid disorders and hearing loss necessitates future
prospective studies.

Our investigation presents several notable
methodological strengths. Primarily, the study was
conducted within a homogeneous industrial population
sharing comparable risk factors, enhancing internal
validity. Furthermore, our analysis extended beyond
conventional MetS variables (age, gender, marital
status, and smoking status) to incorporate occupational
factors including work experience, job demands,
shift work patterns, and physical activity levels —
a comprehensive approach infrequently adopted in
previous research. Additionally, our study uniquely
examined the specific effects of noise exposure within
the 85-90 dB range, a discrete intensity level that had
not been exclusively investigated in relation to MetS.
Finally, while most existing literature has examined
the relationship between MetS and hearing loss in
general populations, our investigation specifically
focused on occupationally noise-exposed individuals.
The high prevalence of high-frequency hearing loss in
our study strongly suggests that the observed auditory
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impairments were predominantly attributable to
occupational noise exposure.

One limitation of this study is that a single
measurement of fasting blood sugar and serum
lipid levels was available. These values can fluctuate
on different days [30]. Another limitation was the
unavailability of air pollution data, which has been
associated with MetS in various studies. Nevertheless,
the individuals studied were likely exposed to
a comparable level of air pollution, as most lived in the
same suburban area. Additionally, data regarding other
lifestyle-related factors, especially dietary habits, were
not accessible. However, most factory workers belonged
to lower and middle socioeconomic groups and did not
have significant dietary variations. This may explain
our research's low MetS prevalence. An additional
limitation pertains to the cross-sectional structure of the
investigation and potential recall bias regarding workers'
medical histories and risk factors, which may have led
to underestimation or overestimation of these risks.

To enhance our understanding of the complex
interrelationship between occupational noise
exposure, hearing loss, and MetS, future longitudinal
cohort studies with expanded sample populations are
warranted. Such investigations should incorporate
a broader spectrum of variables, including lifestyle
determinants and psychosocial factors, to provide
more comprehensive insights into these associations.
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Accounaumns Mexay Bo3neicTBUEM NPOM3BOACTBEHHOTO LWYMQ,
TYrOyXoCTbl0 U METabONMYECKMM CUHAPOMOM Y pabounx
TEKCTMIbHOW GabpUKK: MCCNEA0BaHME MONEPEYHOro TUNa

Taxepus K. « Moxammagm C." - XoccemHuHexag M.

0O60ocHOBaHuMe. Pe3ynbTaThl UCCNeOBaHUN, B KOTO-
pbIX U3yyanu CBA3b MeXAy He6NnaronprATHLIM BO3-
[e/iCTBMEM LLYMa Ha OpraH CJlyxa 1 MeTabonmyeckim
CUHAPOMOM, MPOTUBOPEYVBDI.

Llenb - oLeHNTb accoLmaLmio Mexay BO3AeNCTBreM
NPOV3BOACTBEHHOTO LUYMa, CHUXKEHVEM ClyXa 1 na-
pameTpamm MeTaboIMyeckoro CMHAPOMA.
Matepuan u meToAbl. [laHHOe cciejoBaHyie nomne-
peuHoro Tvna npoBefeHo B 2023 1. y 950 paboTHMKOB
TEKCTUNbHON GabprKuM. YUaCTHUKOB UCCNeA0BaHNA
pacnpegenvnn B ABe rpynmbl B 3aBUCUMOCTY OT YPOB-
HA Wyma — 8o 85 ab v ot 85 go 90 ab. CHuxeHne cnyxa
onpenensanun Kak cCpefHuUii clyxoBol nopor 6onee
25 nb B ogHOM nnm 0boux ylax B npegenax coot-
BETCTBYIOLUMX YACTOTHbIX JUana3oHoB. [lnarHo3 me-
TaboNMYeCcKoro CMHAPOMA CTaBWJIN B COOTBETCTBUN
C KpUTEPUAMU SKCMEPTHOM FPYNMbl MO JIEYEHNIO
B3pocsbix Il HaumoHanbHom o6pa3oBaTtenbHO NPo-
rpammbl CLLIA no xonectepury (NCEP - ATP IIl). C6op
Aemorpadnyecknx AaHHbIX, OLeHKY COCTOAHMUA 340~
POBbA 1 BPeAHOCTY YCNOBUI TPyAa MPOU3BOANIN
BO BPEMsA NepUOoANYECKMX MERNLIMHCKUX OCMOTPOB.
[llanee n3yyanu cBA3b MeXAY MeTabonnyeckm CuH-
OPOMOM 11 ero KOMMOHEHTaMM C BO3LeNCTB/EM NPO-
M3BOACTBEHHOTO LUyMa.

Pe3ynbTaTbl. MeanaHa Bo3pacTta yYaCTHUKOB Mccie-
[oBaHMA cocTaBuna 33 roga [28; 38], meamnaHa cTaxa
paboTbl - 3 roga [2; 9]. NopasnAoLwee 60/bLWMHCTBO
6b11M My>KcKoro nona (90,9%, n = 864), xeHatbl
(81,5%, n = 774), paboTanu nocmeHHo (89,3%, n = 848).
[unarHo3 meTabonunyeckoro cMHApPOMa Gbin MOCTaB-
neH 10,8% (n = 103) o6cneoBaHHbIX; 72% (n = 684)
nofBeepranncb BO3AENCTBUIO NPOV3BOACTBEHHOTO
wyma 6onee 85 ab. C BO3AeNCTBEM NPOV3BOACTBEH-
HOrO LLyMa GbININ 3HAYVIMO aCCOLMPOBaHbI yBeNmye-
HVie OKPYXHOCTU Tanuu (oTHolweHwe waHcos (OLL)
1,61; 95% poBepuTenbHbli MHTepBan (W) 1,20-2,17,

p =0,002), runeptpurnuuepugemms (OLL 2,03; 95% AN
1,36-3,02, p < 0,001) 1 CHUXKEHWE YPOBHA NUMOMNPO-
TEVHOB BblCOKoW nnoTHocTy (JIBM) (OLL 1,71;95% AU
1,28-2,29, p < 0,001). Kpome Toro, BbisiBIEHA 3HAUMMasA
CBA3b MeXAY KOMMNOHEHTaM1 MeTabonNyeCcKoro CuH-
[ POMa 1 BbICOKOYACTOTHBIMY CJTYXOBbIMU MOPOramu,
a VIMEHHO, IBYCTOPOHHEee CHUKEeHMe CiyXa Ha BbICO-
KX YacTOTax HaXOAMNOCh B accoumaumm € runepr-
NIMKEMUEN HaTOLaK, MOBbILEHHbIMU MOKa3aTeNnamu
[MacTONNYECKOrO apTePUaibHOrO AaBNEHNA U TPUT-
NNLEPUAOB 1 HU3KKUM yposHem JIBIT.

3akntoueHme. Hawe nccnefoBaHve BbIABUIO 3HAUU-
MyI0 accoLaLmio MeXkay BO3[eiCTBUEM MPON3BOS-
CTBEHHOTO LUyMa U TaKUMN KOMMOHEHTamMn MeTabo-
NINYECKOro CUHAPOMA, Kak YBENMYEeHHaA OKPYKHOCTb
Tanunn, BbICOKMNE YPOBHU TPUMNLEPULOB U HU3KME —
xonectepuHa JIBI. MNo gaHHbIM NepBOHAaYanbHOro
aHanu3a, obHapy»KeHa Tak»Ke 3HauMMas accouyaums
MeXy METaboIMYeCcKMM CMHAPOMOM U €ro KOMMo-
HeHTaMK, BKIoYas HapyLLIeHWSA YrNeBOJHOO U INNA-
HOro 06MeHa, NOBbILLEHNE JUACTONINYECKOrO apTepu-
anbHOro AaBsieHnA, C OAHON CTOPOHbI, U MefaHomn
CJIyXOBOrO NOPOra Ha BbICOKMX YacTOTax — C APYrou.

KnioueBble c/ioBa: TYyroyxocTb, MeTabonnyeckui
CUHAPOM, BO3JieCTBME MPON3BOACTBEHHOIO LUYMa,
TeKCTUIbHaAA Gpabprika

Ona untnposBaHma: Taxepua K, Moxammagn C,
XoccenHnHepkag M. Accoumauma mexay BO3aencTemem
NPOV3BOACTBEHHOIO LYMa, TYrOyXxOCTblo 1 MeTabonu-
UeCKVM CMHAPOMOM Yy Paboux TeKCTNBbHON Gabpukm:
MCCNIe0BaHVe MONePeYHOro Tmna. AfibMaHax KnvHuue-
cKon MeguumHbl. 2025:53(1):9-20. doi: 10.18786/2072-
0505-2025-53-002.

Moctynuna 08.01.2025; fopabotara 18.01.2025; npu-
HATa K MybkaLyy 13.02.2025; onyomkoBaHa oHnaiH
21.02.2025

Ouuaucuposarme

[laHHasA ny6nnkauma NoAroToBeHa B paMKax AVMNIIOMHO OpAUHATOPCKO paboTbl Mo npodnaTonorum «<AccoLyanmna Mexay
BO3[eiCTB/EM NPOV3BOACTBEHHOTO LUYMA, TYrOYyXOCTbIO 1 METaboIMUYeCKMM CUHAPOMOM Y Pabouix TEKCTUbHOM GabpuKmny»
(kop pernctpauyun IR.IUMS.FMD.REC.1402.124 ot 3 nioHA 2023 1.).

KoH$pnuKT nHtepecos

ABTOpbI 32ABNAIOT 06 OTCYTCTBUW ABHbIX U NOTEHLMANBbHbIX KOH¢J1I/IKTOB NHTEPECOB, CBA3AHHbIX C I'Iy6J'|VIKaL|Mel7| HacToALlel

CTaTbu.
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BnarogapHoctb
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KapanoBackynsapHbie Qaktopol
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PUCKA U KNIMHUKO-(PYHKLMOHANbHbIE
XapaKTepUCTUKM NALUEHTOK,
epeHecllnx KapaAnoBaCKyI0TOKCUYHOE
NPOTMBOOMYXOJIeBOE SieYeHue
Mo NOBOAY paka MOJIOYHOM Xefe3bl

BuueHa M.B." - bapuHoBa M.B." « [Torocosa H.B." - Teptepan T.A." « Kyunes [1.T."
Xpyuesa t0.B." - Tepacumosa AA." « Dunatosa AO.' « Mibparumosa H.M.! -

®ponkosa 0.0.2« Arees O.T.!

0O60cHOBaHMe. Y NaLMeHTOK, MPOieYeHHbIX Mo Mno-
BOAY paka MONoYHOW xene3bl (PMX), noBblLeH prck
Pa3BUTVIA CepAEUHO-COCYANCTbIX 3aboneBaHunin (CC3).
MepcnekTUBHbIM HampaBaeHneM NPoPUNaKkTUKM
NPeACTaBnAeTCs yuacTrie 60/IbHbIX C BbICOKMM Cep-
[eyHo-cocyancTbiM prckom (CCP) B KOMMIEKCHbIX
nporpammax KapAuosiormyeckomn peabunutaymu,
O[IHAaKO B HaCTOsALLEe BPEMSA HET MOHVMaHWs MacLuTa-
6a NoTpebHOCTM B MOAOO6HBIX Mporpammax B Poccun.
Llenb — oueHuUTb YacToTy BbisiBfeHus CC3 n nx dak-
TOPOB purcka, cymmapHbin CCP y 6onbHbIx PMX,
nepeHecLInx KapanoBacKynOTOKCUYHOE MPOTUBO-
onyxoneBoe fieYeHne, AnA onpeneneHna notTpes-
HOCTV B pa3paboTKe NporpamMmm KapAnosiornyeckomn
peabunuTauun y AaHHON KaTeropum nuy,.

MeTopabl. [lpoBegeHO OfHOLEHTPOBOE OLHOMO-
MeHTHOe uccnegoBaHue. B nepuog c 2021 no 2023 r.
B CMEeLMann3MpoBaHHO Kapanonornyeckom KnmHu-
Ke 06cneaoBaHo 90 KeHLWMH, NePEHECLUNX KapANO-
BaCKYJIOTOKCMYHOE MPOTUBOOMYXOJIeBOe NleyeHmne
no nosogy PMX. Onpepenanun Hanuune CC3 n nx
dakTopoB pucka. OueHMBann KIMHNYeECKoe Co-
CTOsIHUe, YPOBHY IMMWAOB, MIOKO3bl, KPeaTUHUHA,
C-peakTuBHOro 6enka, pu3nyeckomn akTMBHOCTU
(onpocHuk IPAQ), cTpecca (Bn3yanbHasa aHanoro-
Bas LIKasna), BblpaXeHHOCTb TPEBOTU 1 ilenpeccmm
(TocnutanbHas WwKana Tpesoru 1 genpeccun — HADS),
KayecTBo cHa (MUTTCOYPrcKmin OoNpPOoCHUK KayecTBa
CHa). BbimonHeHbl anekTpokapguorpadus (3Kr), axo-
kappaviorpadus, SKI-npoba c usnyeckoin HarpysKon,

B TOM YrCne KapAnopecnnpaToOpHbI Harpy30UHbIi
TecT (n = 53), buonmnegaHcomeTpua (n = 83).

PesynbTaTbl. MegnaHa Bo3pacTta NaLMeHTOK cocTa-
Buna 49 [46; 56] net. Bcem naumeHTkam (100%) npo-
Be[leHbl ONepaTUBHOE JIeYEHNE N aHTPALMKIINH-CO-
JepxaLuas xummotepanus. MegraHa BpemeHu nocie
3aBEPLUEHUNA aHTPALMKIIVH-COAEPKALLEN XMMUOTE-
panun coctaBuna 36 [11,8; 56,5] mecaues. Jlyyeas
Tepanua npoeeaeHa 68 (75,6%) NauMeHTKaMm, B TOM
yncne 42 60/IbHbIM Ha NIEBYIO MOJIOYHYIO XKeresy.
KypeHue BbisiBnieHo y 9 (10%), n3bbiTouHas Macca Tena
1 oxupeHue -y 52 (57,8%), abgoMmHanbHoe 0Xu-
peHve -y 37 (41,1%), aucnunugemus -y 70 (77,8%),
apTepuanbHaa runepToHua — y 42 (46,7%), caxap-
HbI Arabet -y 6 (6,7%) naumeHTok. O HegoCTaTOuU-
HOM YypOBHe $U3nYecKor akTUBHOCTU coobLwmnu
69 (76,7%) nayneHTOK. YpOBEHb Kapanopecnvpa-
TOPHOW BbIHOC/IMBOCTM OblNT CHUXKEH, MefiaHa nu-
KOBOro noTpebneHus Kucnopopa coctasuna 71%
OT pacyeTHbIX 3Ha4YeHuNn. Y 45 (50%) naumeHToK Bbl-
ABNeHa TpeBoxHas, y 16 (17,8%) — aenpeccrBHasn CnM-
nTomMaTuka, y 51 (56,7%) — BbICOKUIA YPOBEHb CTPecca,
y 80 (88,9%) — HapylieHue cHa. CepaeyHan HefocTa-
TOYHOCTb AnarHocTmpoBaHa y 11 (12,2%), nwemmye-
cKkas 6onesHb cepaua -y 1 (1,1%), napokcramanb-
HasA dopma dubpunnayum npeacepann —y 3 (3,3%)
obcnefoBaHHbIX. K KaTeropmm BbIcCOKOro / oyeHb
Bblcokoro CCP (B COOTBETCTBMM C peKOMeHAALMAMM
o KapAMooHKonoruv EBponeiickoro obLectsa Kap-
nvonoros 2022 r.) OTHOCUANCH 56 (62,2%) NaLneHTOK.

3akntoueHue. Y naumeHToK, NepeHecLlrX Kapamo-
BaCKYJIOTOKCMYHOE NPOTNBOOMYXOJIEBOE JSleyeHne
no nosogy PMK, oTMeueHa BbicoKas YacToTa dak-
TopoB pucka CC3. Hanbonee 4acTo BbiIABAAEMbIM
CC3 6bina ceppeyHan HeloCTaTOYHOCTb, [iBE TPeTn
nauuneHTok nmenu sbicokmn CCP. YunTbiBasa pacnpo-
cTpaHeHHocTb PMX B Poccuu, oueBrgHa notpe6-
HOCTb B pa3paboTKe MporpaMm KapAvionornyeckom
peabunutauun n npodunakTku CC3 y gaHHOM Ka-
Teropuu 60nbHbIX.

KnioueBble cnoBa: pak MOIOYHOW Xefe3bl, Npo-
TBOOMYXOJEBOE JIEYEHVIE, KAPANOBACKYIOTOKCMY-
HOCTb, paKTOPbl PUCKa, CEPAEUHO-COCYANCTbIN PUCK

Ana yutupoBaHua: BuueHa MB, bapuHosa VB,
[orocosa HB, TeptepaH TA, Kyunes AT, XpyLesa OB,
lepacumoBa AA, Ounatosa AtO, V6parumosa HM,
Oponkosa OO, Arees OT. KaparosackynapHble dak-
TOPbI PUCKA Y KIIMHMKO-OYHKLIMOHAbHbIE XapaKTe-
PUCTUKM NMAUMEHTOK, NEPEHECLUNX KaPAMOBACKYI0-
TOKCUYHOE MPOTMBOOMYXONEBOE NleYeHne MO MOBOAY
paka MOIOYHOM Kenesbl. AflbMaHax KAMHUYeCKon
MeauumHbl. 2025;53(1):21-33. doi: 10.18786/2072-
0505-2025-53-004.

Moctynwuna 02.02.2025; fopabotaHa 25.02.2025; npu-
HATa K ny6nurkaumm 03.03.2025; ony6n1koBaHa oHmaiH
10.03.2025
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Poccuiickaa ®epepaums
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MCK Pa3BUTUS CEPHEYHO-COCYAUCTBIX 3a-
6onmeannit (CC3) u cepredHO-COCYRUCTOI
CMepTH Y 6OIBHBIX PAKOM MOJIOYHOI YKe/e3bl
(PMJK) cymiecTBeHHO HOBBIIIEH II0 CPaBHe-
HUIO C )KEHIMHAMU 03 OHKOJIOTMYeCKUX 3aboseBa-
Huit [1, 2], 9TO sIBIsIeTCS Pe3y/NIbTATOM COUYETAHHOTO
Bo3zericTBUA dakTopoB prcka CC3 1 KapauoBacKy-
JIOTOKCUYIHBIX 9 (PeKTOB IPOTUBOOIYXOIEBOTO JIe-

venus (ITOJT) [3].

YunThiBas BRICOKYIO pacnpocTpaHeHHOCTh PMIK
Y OTHOCUTE/IPHO 6/IarONpPUSsITHBI OTHa/IeHHBIIT OH-
KOJIOTMYeCKNIT IIPOTHO3 Yy MalMeHTOoK, 6pemsa CC3
CTQHOBUTCS 3HAYMMOI MEAVIIVHCKOI ITpobeMoir [4].
9T0 puKTyeT HEoOXOAUMOCTH mpodumakTuku CC3
Kak B rporiecce nposefenns [10J], Tak 1 mocre ero 3a-
BepuieHn. [lepcrieKTMBHBIM HaIPaB/IeHVEeM CHIDKe-
HUsA cepredHo-cocyauctoro pucka (CCP) y 60mpHBIX
PMIK mpepcraBisercs BHeIPEeHME B KIMHNIECKYIO
IPAKTUKY KOMIIJIEKCHBIX IPOTPaMM KapJyoIoruye-
CKOIl peabunnranuu, MOAUPUIMPOBAHHBIX C yUe-

DauysMM [0 KapAuooHkonoruyu Espormerickoro 06-
mectBa Kappuonoros (EOK) 2022 r. npu orjenke CCP
YUUTBIBAIOTCA MHOTVE akTophl, BKmovaomye [TO],
HaJIn4ye MpOABAeHUI KapAOBacKy/IOTOKCMYHOCTH,
CC3 u ux dgaxTopos pucka [6]. B To >xe Bpemst mIKanbt
OLIEHKM PUCKa, KaK TPaJUIMOHHBIE, TaK 1 pa3pabo-
TaHHbIE JIJI5 OHKOJIOTMYEeCKMX OO/IbHBIX, HE BK/TIOYAIOT
[I0Ka3aTe/y, UMeloliye GObIIYI0 IIPOTHOCTUYECKYO

3HAYMIMOCTD, TaKJe KaK yPOBEHb KapAMOpecIpaTop-

TOM crienupuKy OHKOIOTMYecKnx 3abomeBanmit [5].

Hawu6ombirero adexra 0T y4acTus B TAKUX IPOTpaM-
Max c/IefiyeT OXMUAATh y 60/1bHbIX ¢ BICOKUM CCP,
B TOM 4MCTIe C IPOABIEHUAMU KapAMOBAaCKYIOTOK-

cmunoctu ITOJT [5].

Crparuduxanys CCP nocre okoryanns [1OJT PMJK
OCTaeTCs CTI0KHO 3ajjadell. B cOOTBeTCTBUY C pEKOMEH-
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noit BeiHOCcuBocTU (KPB) [7, 8] 1 mcuxoconanbHble
¢axropsi [9, 10].

B poccuiickoit nonynAnuy He U3yd4eHa pacrpo-
crpaneHHOCTb CC3 y 60/IbHBIX, Oy YUBIINX JIEUeHIIE
o osofy PMJK. B aT0i1 cBA3M 1IeNbI0 HACTOAIETO
UCCIelOBAaHNUsA OBIIO OLIEHUTD YaCTOTY BBIABICHUSA
CC3 u ux ¢akropos prcka, cymmapsiit CCP y 6071b-
HbIx PMDK, mepeHecmux KapamuoBacKyIOTOKCUYHOE
TITOJI, pyist onpenesieHst MOTPeOHOCT B paspaboTke
IporpaMM KapfiUOIOTMYeCKOT peabuInuTaIUN y JaH-
HOJI KaTeropun JnL,.

MaTepman 1N MmeToabl

HPOBCHCHO ONHOLEHTPOBOE MCCIEeNOBaHNE TI0IIE-
PE€IHOTO THUIIA. O6CII€,[[OBaHbI JKEHIIMHDBI B BO3pacTe

18 et n crapure, nepeHecmne KoMminekcHoe ITOJT

o nosoay PMJK, BkmiodaBiIee aHTpallMKINH-CO-
mepxamyto xuMmuorepanuio (XT) u oneparusBHOe

OpmrMHaanue CTaTbW
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JledeHue, Yy 4acTy HaleHTOK — B COYeTaHUU C JIy-
4eBOIl M/VIN TapreTHOI 1160 rOpMOHATBHOI Te-
parmmeit cornacHo JIeMICTBYIOUIUM peKOMEH Al MAM.
[TarmeHTKYM OBIIN HATIPABTIEHBI MIJTU CAMOCTOSITENIBHO
obparunuck B ®I'BY «HainoHanbHbI MEUIIMHCKII
MICCTIefJOBATEIbCK I LIEHTP KapAVOIOT MY IMEHN aKa-
nemuka E.JM. YazoBa» Muusgpasa Poccun (OI'BY
«HMMUIIK nm. ak. EJI. HasoBa» Munsgpasa Poccun)
B 2021-2023 rT. 111 006C/IeNoBaHNA U oInpejeneHns
TaKTUKU KapAMONIOIMYeCKOro BefleHNs MOcye 3a-
BepuieHns Kapauoroxkcuanoro I1OJI. Kpurepuamn
HeBKJ/IIOUEH S B MICCTIelOBaHMe ObIIN abCOMIOTHbIE
IPOTUBONOKAa3aHUA K IIPOBEJEHNIO HATPY30UHbIX
npo6. IIporokon uccnemoBaums ogobpeH He3aBU-
cuMbIM 3TndeckuM Komurterom O®I'bY «HMUIIK
uM. ak. EJ1. YaszoBa» Munsppasa Poccuu (nporo-
kom Ne 269 ot 28.06.2021). Bce manuedTKM MOAIIN-
canu fob6poBonbHOEe MHPOPMUPOBAHHOE COTIacue
Ha y4acTue B UCCIeJOBaHUN.

JJaHHbBIE O CTafuM, MOJIEKY/IAPHO-OMOIOrNYe-
ckoMm nopTune PMIK, pexxume n BpeMeHu npose-
merust ITOJI 6bIIM HONMYYEHDI U3 HPeACTaBICHHON
HalieHTKaMy MeIMIIMHCKOW JOKYMeHTallMu.
Bk/II04eHHBIM B MCCIefOBaHMe HaljMeHTKaM ObIn
MIPOBEMIEHBI OOIEKTMTHITYECKOE 0O CTIefOBAHIIE; KITH-
HUYeCKNIT aHa/Iu3 KPOBM; OMOXMMIYECKMIT aHATNU3
KPOBU C OIpefeeHNeM IToKa3aTenell TUIUTHOTO
npoduis, KOHLeHTpaLUM TTI0KO3bI, KpeaTUHIHA,
cKopocTu Ki1yboukoBoil ¢punbTpannuu (paccun-
toiBanu mo ¢opmyne Chronic Kidney Disease
Epidemiology Collaboration Formula - CKD-EPI),
BBICOKOYYBCTBUTENbHOTO C-peakTUBHOroO 6enka
(8u4CPB); anextpoxkapauorpadus (9KT') B 12 orse-
IEeHUSX C OLIEHKO KOPPUTMPOBAHHOTO MHTEpBana
QT; TpancTopakanbHas axokapauorpadus (9xoKI);
9KI-npoba c Gpusmdeckoit Harpys3Koil; OolpeeeHue
JORBIKEeYHO-TITedeBoro nHAekca (JITIN); ynbprpa-
3ByKOBOe AymiekcHoe ckanuposauue (Y3IC) 6pa-
xuonedanpHbIX apTepuit (n = 44); aHaIU3 cocTaBa
tena (n = 83). OeHNBaMIN ICUXOIOTUIECKUIT CTATYC
n KadecTBo cHa. Onpepensanu Hanuune CC3 n ux
¢dakTopoB pucka, cymmapubiit CCP.

YpoBeHb QpuU3NIECKOIT aKTMBHOCTU OL€HMBAIN
10 JaHHBIM KOPOTKOTO MEX/YHapOILHOTO OIpOC-
HUKa 10 pu3ndeckoil akTUBHOCTH — International
Physical Activity Questionnaire (IPAQ). Mupekc
maccel Tena (JIMT) paccunTbiBanu mo dpopmyie:
MMT = macca tena (xr) / poct® (m). 3Hauenus UIMT
oT 25,0 10 29,9 cOOTBETCTBOBAIN U30OBITOYHOI Macce
tena, 6onee 30,0 — oxxupennmo. [Tog abgommnuans-
HBIM OXXMpPEHMeM IOHMMAJIN M0Ka3aTelb OKPYX-
HocTu Tanuu = 80 cMm. buoxummuuecknit ananius
KpoBu BbINONHAMN Ha aHanu3atope ARCHITECT
(Abbott, CIA), 9x0KT - na anmapare Vivid E95

(GE HealthCare, CIIIA), Y3IC 6paxnouedanbHbIX
aprepuii - Ha annapate iE33 (Philips, Hugepnannsr),
JITIV onpemensinyu MeToxoM 06beMHoOI churmorpa-
¢un na npubope VaseraVS-1500N (FukudaDenshi,
Snonus). buonMnemaHcoMeTpuI0 MPOBOJUIN
Ha npubope ABC-02 «MEJACC» (OOO HTIL
«MEJJACC», Poccus). Harpysounoe TecTupoBaHie
BBINIO/THAMY Ha Benoapromerpe. [locie pasmmuuku
B TeYeHNe 1 MUHYTBI C HAarpysKoii 2 BT TecT nposo-
AVUIY TIO TIPOTOKOJIY CO CTYIIEHYAaTO HapacTalolei
Harpyskoit (25 Bt xaxxjple 2 MUHYTHI) (0 = 75) wnn
pamn-nporokony (n = 15). s xapguopecmnuparop-
Horo Harpy3souHoro tecta (KPHT) (n = 53) ncmons-
soBanu Benoaprometp Corival (Lode, Hunepnanppr)
C mpUMeHeHMeM HMPOTPAMMHOro obecrmedeHns
«[Tonmu-Crnextp.NET» xomnanun «HeitpocodpT»
(Poccms). ['a30aHanms METOROM «BLOX 3@ BOXOM»
MIPOBOAVIIN C UCIIONIb30BaHMeM cucteMbl Geratherm
Respiratory Ergostic (I'epmanns). KPHT Boinonus-
VM 0O MOABJIEHUS YyTOMJIEHUSA ¥ HEBO3MOXXHOCTHU
MOAMep>XKaHMs YacTOTBI MeJanupoBaHusa b6onee
55 06/MMH. JJOCTaTOYHBIM yCHU/IMEM CUUTANIN HOCTH-
>)KeHUe apixaTenbHoro Koaddunnenta (RERmuK)
> 1,1 B coueTaHUM C OJBILUIKON, YCTA/IOCThIO HOT
u/van o61WM yTOMIeHMeM. 3a IMKOBOe MOTped-
nenue kucmopopa (VO2nuk) npuHuManu cpegHee
3Ha4YeHue, IoMy4eHHOoe 3a 30-CEeKyHHBIN IEePUOL,
Ha MaKCUMyMe HaTrpy3KMI.

IIcuxonormyeckmit CTaTyC MallMeHTOK OLleHNBaIN
¢ momo1bio [0CIMTaTBHOI MIKAJIBI TPEBOTH 1 JIETIPec-
cun (anrn. Hospital Anxiety and Depression Scale,
HADS) no gBym nopmxkanam (HADS A u HADS D).
Hanuune cyOKIMHNYIECKY BEIPasKeHHO TPEBOXKHOI /
penpeccusroit cumnromatuku (TC/IIC) onpenensiin
mpu cyMMe 6a71710B OT 8 0 10, KIMHIYeCKH BBIpaXkKeH-
HOIT — 2 11 6anoB. [I/1s1 OLleHKM yPOBHS CTpecca Jc-
11071b30Ban 10-6a//IbHYI0 BU3YaTbHYI0 aHaJIOTOBYIO
mkany (BAII). 3naueHus > 7 6anIoB COOTBETCTBO-
BaJIJl BBICOKOMY YPOBHIO cTpecca. VIHpeKc KayecTBa
CHa OLleHUBa/IN ¢ ToMotbio [TnTTcHyprekoro ompoc-
Huka (anrn. Pittsburgh Sleep Quality Index, PSQI).
3HaveHMs1 MHTEKCa > 5 6a/I0OB COOTBETCTBOBA/IN CHU-
JKeHHOMY KayeCTBY CHa.

JocTu>keHne 11e/1eBbIX YPOBHEN apTepyuanbHO-
ro gasnenus (AJl) u XonectepuHa IUIIONPOTENJOB
Huskoy muotHoctu (XC-JIHII), a Tak>Xe KaTero-
puto cymmaproro CCP olieHMBanm B COOTBETCTBUM
¢ Poccuitckumn HalMOHATBHBIMI KIMHUIECKIMU
PEKOMEHTAUMAMM [0 KapAMOBACKYISPHOI TPOodu-
nakruke [11]. ITommmo storo, mposopumu oneHky CCP
B COOTBETCTBUY C PEKOMEHALNAMY 10 KapJIOOHKO-
noruu EOK 2022 1. [6].

CraTucTr4ecKkuit aHaan3 OCyIIeCTBIISIN C UC-
nonb3oBaHumeM nporpammbl StatTech v. 3.1.10

Buuets M.B.,, bapuHosa V.., Mozocosa H.B., Tepmepan TA., Kydques [].T, Xpyuwiesa (0.8, [epacumosa A.A., Ounamosa A.fO., ibpazumosa H.M., ®ponkosa 0.0, Aeees O.T. 23
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Oucnunugemns ‘ 77,8

HepocTaTtouHasa ‘ 76.7
dun3nyeckas akTUBHOCTb !

M36biIToyHaA macca Tena / ‘ 578
,
oXunpeHme

ApTepuanbHas ‘ 267
rmnepToHna !

AboMMHanbHoe ‘ 414
oXunpeHune !

KypeHne 10

MogblweHne BuCPb 10

CaxapHblii grabet 6,7

0 20 40 60 80

KonuyecTtBo nayneHToB, %

Puc. 1. YacToTa BbiABNEHWA TPAANLIMOHHbIX PaKTOPOB PYICKa CEPAEUYHO-COCYANCTHIX
3ab0neBaHui y 60MbHBIX PAKOM MOIOYHOW »Kene3sbl, NepeHeCLuMX KapavioBaCcKyIO0TOKCMYHOE
neyvenue (n = 90). BUCPE — BbICOKOUYBCTBUTENbHDBIN C-peaKkTUBHbI Benok

(OO0 «Crarrex», Poccus). KonnuecrBeHHble JaHHbIE
OTIMCHIBAIU C HOMOIIbI0 MeinaHbl (Me) 1 HUXKHETO
U BepXHero KBapTuJieit [25-11 IpoLeHTIIb; 75-11 Ipo-
neHTnab]. KaTeropmanbHble faHHbIE IPeACTABIANN
C yKazaHMeM abCOMOTHBIX 3HAYEHNUIT ¥ MPOLEHT-
HbIX poneit (%). CpaBHeHUe ABYX TPyIN IIO KOMK-
4eCTBEHHOMY ITOKa3aTe/i0 BbIIIOMHSAMN C IIOMOIIbIO
U-kputepusa Manna — YutHu. CpaBHeHMe IIPOIIEHT-
HBIX JOJIeil IIpY aHanTu3e MHOTOIONbHBIX TabOINII
CONPSKEHHOCTU — C IIOMOUIIBI0 TOYHOTO KPUTEPUA
Oumepa. CTaTUCTUYECKY 3HAYMMbBIMU CYUTATIN Pas-
4 npu p < 0,05.

Pe3ynbtatbl

B uccnemoBanme BkmoueHo 90 >KeHIMH, MeluaHa
Bo3pacTa coctaBuna 49 [46; 56] ner.

XapaKkTepuUCTHKK paka MONOYHON »ene3bl

/I MPOTVBOOMYXONEBOE JIEHEHUE

JlaHHBIE O CTAaJVM, MOJTIEKY/IAPHO-OUOTOTNYECKOM
noprune PMJK n ITOJI cymmupoBaHbl B Ta67. 1. Beem
HalyeHTKaM ObUIM IPOBEIeHDI OllepaTUBHOE JIeYeHNe
U AaHTpAIUMKINH-cofiepkamas XT. TpeTb manueHToOK
ymenyt HER2-n03UTUBHBIIL, IBE TPETU — TOPMOHO3a-
BucKUMbIl ogTun PMJK u momy4mnu cooTBeTCTBY-
Iolljee MeJiKaMeHTO3Hoe /iedeHne. JIyueBas Tepanns
6bl1a IpoBefieHa y 75,6% 6ONbHBIX, IIPY 9TOM Y 60JIb-
HIMHCTBA — Ha JIEBYI0 MOJIOYHYIO JKeJle3y.

24

100

KnuHnyeckan XdPaKTepPUCTUKa MalNeHTOK, YaCTOTa
BbIABNEHNA CEPAEYHO-COCYANCTbIX 3abonesaHui

W X TP3AULMOHHBIX GaKTOPOB pPrcKa

PesynpTaThl 06IEKINHNYIECKOTO, Ta60PATOPHOTO
Y MHCTPYMEHTA/IbHOTO 00C/IefOBaHMIT IpefiCTaBIe-
HBI B Ta0OL. 2.

Cpenu TpagniMoHHbIX pakTopos pucka CC3 Hanu-
6ostee acTO BCTPEYaIICh AUCTUINIMUs, apTepHaib-
Has runiepronus (ATl), usbpiTouHast Macca Tena / OKu-
peHMe 1 ab[OMIHAJIbHOE OKMPEHMe, PeXXe — KypeHIe
u caxapuslit gnabet (CJI). O HeOCTaTOYHOM yPOBHE
¢dusnyeckoit akTUBHOCTH (< 150 MMHYT yMepeHHOII
unu 75 MUHYT B HeflelI0 MHTEHCUBHON (U3MIeCcKO
Harpysku) cooOimm 6osee BYX TpeTeil MallMieHTOK.
[MossimenHslit (> 5 mr/m) yposenb B4CPB oTMmeuen
y 10% manuenrok (puc. 1).

ITo ganHbIM 6uouMIeRancomerpun (n = 83) us-
OBITOYHOE COflepXKaHMe XXIPOBOIT MAcChI OBITIO 3ape-
rucTpupoBano y 80,7% manueHToK, u3 Hux y 64,2%
(n = 43) IMT npesbiman 25 kr/m* B To ke Bpems
y 35,8% (n = 24) maunentox VIMT coorBercTBOBaN
HOPMAaTMBHBIM 3HaueHUsIM. CHIDKeHe abCOMIOTHOTO
KOJIV'YeCTBA CKETeTHO-MbIIIEYHOI MaCcChl BBLABIEHO
y 4eTBEPTU HaLMEeHTOK (CM. TabI. 2).

ITpn nposepenun IKI' y Bcex manueHTOK ObI1
3aperncTpUpOBAH CUHYCOBBINl PUTM, yAJIUHEHNE
Koppuruposansnoro nuTepsana QT (> 0,44 ¢) or-
MedeHo y 25,6% (n = 23) nanuenTtok. Ilo pesynb-
taraM OxoKI HapyleHMe [UacTONMNIECKO PYHK-
uuu nesoro xenygouka (JIDK) BersaBneHo y 48,9%
(n = 44) manmeHToK, a ¢ppakuuu Bei6poca (OB)
JIXK < 50% -y 8,89% (n = 8). Mexguana nokasaterneii
JIIIV He mpeBbIlIana ypOBEHb HOPMAJIbHBIX 3Haye-
Huil. VI3 44 manueHToK, KOTOPBIM ObIJIO BBIIIOTHEHO
Y3]IC 6paxuonedanbHbIX apTepuil, ABe TPETH UMe-
JIV IIPU3HAKY VX aTePOCK/IEPOTIYECKOr0 HOPaXKeHU A
(cM. Tabm. 2).

M3 CC3 y mauueHToK, MOayuYMBUINX Kap/uOBa-
CKYTOTOKCMYHYI0 Tepanuio PMIK, Han6onee gacro
IMArHOCTUPOBAIN CepPeYHYI0 HeJOCTATOYHOCTD
(CH) -y 11 (12,2%) 60/1bHBIX, U3 KOTOPBIX y 4 —
¢ coxpanennoi OB JIK. Pegko peructpuposanu
uneMmn4eckyio 0ole3Hb ceppua — y 1, mapokcus-
ManbHyo0 hopMy GUOPMIIALMK TPeLCcepRAnit — v 3,
TPOMO0IMOO/INIO IETOYHON apTEPUM B AaHAMHE3E —
Y 3 HallMeHTOK.

MepuKaMeHTO3HYI0 Tepanuio no nosogy CC3
u CJI nonydanu 36 (40%) naunentox. Hanbonee 4ya-
CTO UCITONB30BATINCH OeTa-agpeH0OIOKATOPbI, MHI -
OUTOPBI AaHTMOTEH3UHIIPeBpalalolero GpepMeHTa,
6710KaTOpPBI pelenTOpoB aHTnoTeH3NHa I 1 cTaTVHBL.
Llenesble 3HaueHus AJl 6bUIM JOCTUTHYTHL y 76,2%
(n = 32) us umenmux AT mannenrok, XC-JIHII -
y 27,8% (n = 25).

OpmrMHaanue CTaTbW
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Tabnuua 1. KomnnekcHas Tepanmna paka MonoYHoim xenesbl (n = 90)

®

Mokasatenb 3HaueHve
Cragusa, n (%):
| 13(14,4)
Il 43 (47,8)
n 34(37,8)
AHTpaurKnunH-cogepxawas XT, n (%) 90 (100)
Bpems oT oKOHUYaHMA aHTpaUUKInH-cogepxallen XT, mec. 36[11,8; 56,5]
AHTN-HER2-Tepanus, n (%) 27 (30)
TopmoHoTepanus, n (%) 57 (63,3)
OnepatnBHOE neyeHue, n (%) 90 (100)
JlyueBasn Tepanua Ha rpyfHyto Knetky, n (%) 68 (75,6)
JleBocTOpOHHAA Nokanmsaums, n (%) 42 (46,7)

HER2 (human epidermal growth factor receptor 2) — 2-ii peuenTtop anuaepmanbHoro GpakTopa pocTta yenoseka, XT — xummoTepanus

[laHHble NpeacTaBieHbl Kak abCconoTHOE YNCNO NaLMeHTOB (N) 1 UX AONA B BbIGOpKe (%); KonnyecTBeHHble NoKasaTenu — B Buae meauaHol (Me) 1 HKHero n BEpXHero KeapTunemn

[25%; 75%])

Ta6nuua 2. OCHOBHble XapaKTepPUCTUKI NMaLUMEHTOK, NepeHeclnX KapanmoBaCcKyNOTOKCUUHOE NieueHre No NoBOAYy paka MOMoUHON xenesbl (n = 90)

Mokasatenb 3HaueHve
KnuHnueckre xapaktepucTnkm
CAQ, Mm pT. CT. 110[100; 125]
OAL, Mm pT. CT. 75 [70; 80]
YCC, ya/muH 66 [60; 72]

MHpekc macchl Tena

OKpY>KHOCTb Tanuu, cm

[emorno6uH, r/gn

OXC, mmonb/n

Tpurnuuepunapbl, MMonb/n

XC-JBI, mmonb/n

XC-JTHN, mmonb/n

CKoOpOCTb KNy6ouKoBOW GpuabTpauum, Mn/muH/1,73 m?

[MoKo3a, MMOnb/N

BYCPB, mr/n
xoKapaunorpadpunyeckune nokasatenu

ONMu, mn/m?

KOOWTXK, mn/m?

OB J1XK, %

GLS X, %

E/e'

25,7 [22,2;29,8]
85[77;95,5]
13,3[12,8;13,9]
5,6[4,8;6,4]
1,110,9;1,7]
1,61[1,3;1,8]
3,41[2,6;4,1]
90[81;101]
4,8[4,5;5,2]

1,1[0,5; 2,71

26,9 [24; 29,3]
43,7 [39,5; 49,6]
59 [56; 60,3]
-20[-18,7;-21,6]

6,7 [6;7,7]

Buuets M.B.,, bapuHosa V.., Mozocosa H.B., Tepmepan TA., Kydques [].T, Xpyuwiesa (0.8, [epacumosa A.A., Ounamosa A.fO., ibpazumosa H.M., ®ponkosa 0.0, Aeees O.T.
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lMoKa3saTenu CoCTOAHUA COCYANCTON CTEHKU
nn 1,111,02;1,16]
ATepocknepos bpaxmouedanbHbix aptepuii, n (%) 27 (61,4)
Mokasatenu 6uormMnegaHcomeTpum (n = 83)
Munposas macca, Kr 25,1[18,1;30,8]

Kateropusa »unpoBoi maccbl, n (%):

HopMa 13(15,7)

CHUXKeHa 3(3,6)

yBenunyeHa 67 (80,7)
CKeneTHO-MblLEeYHaA Macca, KK 19,4[17,6; 21,4]

KaTeropusa ckeneTHO-MblIlweYHON Macchl, n (%):

HopMa 53(63,9)
CHUXKeHa 21(25,3)
yBenuyeHa 9(10,8)

[ona ckeneTHo-mMblLeYHOM Macchbl, % 43,5[42,1;44,9]

KaTeropwua fonu ckeneTHo-MblleYHOM mMaccbl, n (%):

HOpMa 69 (83,1)
CHUXeHa 9(10,8)
yBenuueHa 5(6,0)

CKOpOCTb OCHOBHOIO 06MeHa, KKasn/cyT 1350 [1276; 1436]

MepgukameHTo3Has Tepanus CC3 n caxapHoro aviabeTa

BeTa-agpeHobnokaTopsl, n (%) 25(27,8)
WNAMN®/BPA, n (%) 18 (20)
APHW, n (%) 4(4,4)
LnypeTrku, n (%) 3(3,3)
AHTaroHUCTbl MMHEPANIOKOPTUKOVAHBIX PeLLEenTOPOB, n (%) 3(3,3)
AHTaroHUCTbI Kanbuus, n (%) 2(2,2)
CratuHbl, n (%) 10(11,1)
MpotusoanabeTryeckan Tepanus, n (%) 5(5,6)
AHTMarperaHTbl, n (%) 6(6,7)
AHTMKOArynaHTbl, n (%) 7(7,8)

GLS JTX - obLas npoponbHas AedopmaLvia 1eBoro »enyaouka, E/e” — cooTHoLeHMe cKopocTeii paHHEro TPaHCMUTPabHOTO KPOBOTOKA 1 MOAbeMa OCHOBaHWSA JIEBOTO XefyjouKa
B paHHioto aractony, APHW — aHrMOTEH3MHOBbIX PELIENTOPOB 1 HENPUAN3MHA MHTOUTOPDI, BPA — 610KaTOpbI peLenTopoB aHroTeH3rHa Il, BYUCPB — BbICOKOUYBCTBUTENbHDII
C-peakTuBHbI 6enok, ALl - Auactonnueckoe apTepmanbHoe fasneHue, MAMN® — nHrM6MTOpPbI aHrMoTeH3HNpespaLuaiollero pepmerta, KOOWTXK — MHAEKCMPOBaHHbIN KOHEUHbII
AMACcTONNYeCKnin 06bem neBoro xenyaouka, JIMN — nogpixxeuHo-nneyeBom nHAeKS, ONMn — NHAEKCMPOBaHHbIN 06bem neBoro npeacepamna, OXC — o6LMI XonecTepyH,

CA[l - cucTonnyeckoe apTepuranbHoe fasneHne, CC3 - ceppeuHo-cocyauctble 3abonesanus, OB JIXK - dpakuma Boibpoca nesoro xenyaouka, XC-JIBI - xonectepyH nunonpoTenaos
BbICOKOW nnoTHocTy, XC-JTHI — xonecteprH NMNonpoTenaoB HU3Ko nnoTHocTr, YCC — yacToTa cepAeyHbIX COKpaLLeHNIA

[laHHble NnpeacTaBneHbl Kak abCconoTHOE YUMCNIO NALMEHTOB (N) U UX AONA B Bbl60pKe (%); KonnuyecTBeHHble NoKasaTenu — B Buae meauaHbl (Me) n HuxHero n BEpXHero KeapTunemn
[25%; 75%]

" YnbTpasByKOBOE fyrnieKcHOe cKaHMpoBaHwe 6paxuoLedanbHbiX apTepUi BbIMONHEHO Y 44 NaLMeHTOK

26 OpwrviHanbHble CTaTbn
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Pe?:yﬂbTaTbl HArpy304HOro TeCTMpoBaHMA

ITo pesynbraram DKI-rpobsI ¢ GpusmaecKoit Harpys-
KOl y 6ONBIIMHCTBA MAIIIEHTOK OTMeYeH CPeIHMIt
U BBICOKUIT YPOBEHb TONEPAHTHOCTY K (pU3MIeCcKOl
Harpyske (ta6i. 3). [To gaHHBIM Kapauopecnupa-
TOpHOrO TecTa ypoBeHb KPB 6511 cHIOKEH, MeaaHa
VO2nuk cocraBuia 71% OoT pacueTHBIX 3HAYEHMUIL.
JJons manMeHTOK CO CHMDKEHHBIMMU 3HA4eHMAMU
VO2nuk (< 80% oT pac4eTHOro) 1 KUCIOPOLHOTO
nynbca 6bima 54,7% (n = 29).

Mcuxonornyeckui CTaTyC 1 Ka4eCTBO CHa

ITo pesynpraTaM OLIEHKM INCUXOTOTUIECKOTO CTa-
tyca TC BpIsAB/IEHA y IOJOBMHBI TAIIMEHTOK,
13 KOTOPBIX KIMHUYECKN BhIpakeHHasa — y 40%.
Cy6xnmnHndeckas u KInHUYecKu BoipakeHHast JIC
puarHoctupoBaHa y 17,8% maumuentok. CoyeTaHne
xnuHndecku BeipakeHHot TC u JIC 3adukcuposa-
HO y 4 (4,4%) o6cnenoBaHHBIX. BbICOKMIT YPOBEHD
CTpecca BbIsIB/IEH 60JIee YeM y IO/IOBIMHBI MAI[EHTOK.
Y nopapnsAoIero 60NbIINHCTBA MAIMEHTOK OTMede-
HO CHM>KEHHOE KauecTBO cHa (Tab. 4).

Tabnuua 3. Pe3ynbtathl GyHKLMOHANBHbBIX Harpy30UuHbIX MPo6

n=30
(33,3%)

n=>56
(62,2%)

CCP:
[ Huskn / ymepeHHbin ] BbICOKMIA / O4eHb BbICOKNI

Puc. 2. CepaeyHo-cocyamncToiit puck (CCP) y naumeHToK,
nponeyeHHbIX N0 MOBOY Paka MOMOYHOM xenesbl (n = 90).

A — cymmapHbit CCP, oLeHeHHbIN B COOTBETCTBMM C POCCUMCKMM
HaUMOHanbHbIMY peKOMeHAALMAMY MO KapAMOBaCKyNAPHOM
npodunaktnke (2022 r.), b — CCP, oueHeHHbI ¢ yueTom
pekoMeH[aLMii Mo KapanooHKonoruy EBponerickoro obulectsa
Kapavionoros (2022 r.)

MokasaTenb 3HayeHune
3KI-npoba ¢ pusmnyeckoir Harpyskoii (n = 90)
METs 5,95,0;6,9]

MakcrmanbHaa MOLWHOCTb Harpysku, BT
YCCnuk, ya/MunH
CBH no wkane bopra, 6annbl
TonepaHTHOCTb K $pr3nyeckor Harpyske, n (%):
HM3Kasn
cpepHAan
BblCOKasA
Mpo6a poBefeHa ao cybmakcmanbHoin YCC, n (%)
KapavopecnupaTopHblii Harpy3o4HbIii TecT (n = 53)
VO2nuK, Mi/muH/Kr
%V02nuK, %
RERnmK
0O2-nynbc NuK, mn/yn

9%02-nynbc nuk, %

100 [75; 100]
148 [134; 156]

15[14;17]

9(10,7)
57 (67,9)
18 (21,4)

59(70,2)

16,2[13,1;18,2]
71,0[61,0; 81,3]
1,121[1,07;1,19]
7,6 (6,6; 8,8]

84,0[70,8; 95,3]

MET — MaKcMManbHO BbiMonHeHHas paboTa, O2-Nybc NMK — MUKOBbI KMCNOPOAHbIA Nynbc, RERNMK — AbixaTeNbHbli KO3GGULIMEHT,
VO2nuk - nukosoe notpebneHue kucnopopa, CBH - cybbekTBHO BocnpriHMMaemas Hanps»keHHocTb, YCC — yacToTa cepaeyHbix cokpalueHui, KI - anekTpokapanorpadus

[laHHble npefcTaBneHbl Kak abConoTHOE YMCIO NAaLMEHTOB (N) 1 UX AONA B BbIGOPKe (%); KonMyecTBeHHble NoKasaTenu — B Buae meauaHbl (Me) 1 HMKHEro 1 BepxHero KBapTunei

[25%; 75%]

Buuets M.B.,, bapuHosa V.., Mozocosa H.B., Tepmepan TA., Kydques [].T, Xpyuwiesa (0.8, [epacumosa A.A., Ounamosa A.fO., ibpazumosa H.M., ®ponkosa 0.0, Aeees O.T. 27
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Tabnuua 4. lNcvxocoumanbHble GakTopbl pUCKka cepaeuHO-COCYANCTbIX 3aboneBaHuin 1 kauecTBo cHa (n = 90)

MNoka3atennb

3HaueHune, n (%)

TpeBoOXHaa cMMATOMaTUKa:
KIVHUYECKN BblpaXkeHHasn
CyOKNMHNYecKas

[lenpeccrBHaa cumnTomaTtuKa:
KNNHNYECKMN BblpaXKeHHan
CyOKNMHNYecKas

Bbicokui1 ypoBeHb cTpecca

CHUXKEHHOE KauyecTBO CHa

45 (50)
18 (20)
27 (30)
16 (17,8)
11(12,2)
5(5,6)
51(56,7)

80 (88,9)

[laHHble NpeacTaBneHbl Kak abCcoNOTHOE YMCNO NaLMeHTOB (n) U UX Jons B BbIbopKe (%)

OueHka CEePAEYHO-COCYOANCTOro prcKa

B coorBercTBUM ¢ PoccuiickuMu HallMOHATbHBIMU
pexoMeHpanyAMH [11] k KaTeropum HU3KOTO / yMe-
perHoro cymmapHoro CCP otHocumuch 60 (66,7%),
BBICOKOTO / 09eHb Bbicokoro CCP - 30 (33,3%) maru-
eHTOK. [Ipy 3TOM B COOTBETCTBNM C peKOMEHAIVIAMMI
EOK 1o ounenke CCP y 6onpHbIX, meperectux [10]],
BBICOKUI / oueHb Boicokuit CCP umenu 56 (62,2%)
MaIMEeHTOK, M3 KOTOPBIX IIOJIOBUHY COCTABIIANN Ma-
LUMEeHTKM C HU3KMUM / yMepeHHBIM cyMMapHbIM CCP,

PacCYMTAHHBIM IO TPaAVMIIMOHHBIM IIKa/laM PUCKa
(puc. 2).

Kpome Toro, kak B IpyIlNe HalIeHTOK C BbI-
COKMM / OYeHb BBICOKMM, TaK M C HU3KUM / yMe-
penrpiM CCP HaMM oTMedYeHa BBICOKas 4acTOTa
BBIABJICHUS IICUXONIOIMYeCKUX (PaKTOPOB PUCKa
CC3, He BXOAAMUX B TPagUI[MOHHbBIE KaAbKY/IA-
TOpbL. Y ManMeHTOK ¢ Hu3kuM / ymepennsim CCP
Yallje perncTpUpOBaIM BHICOKUIT YPOBEHDb CTpecca.
He BBIAAB/IEHO CTATUCTMYECKM 3HAYMMBIX Pas3IIINil

Tabnuua 5. YacToTa HeyuTeHHbIX GaKTOPOB PUCKA B 3aBMCUMOCTM OT KaTeropmmn cepaeyHo-COCYANCTOro pucka y 60bHbIX, NepeHecLlrx MPOTUBOOMYXONeBOe NeyeHre
(B COOTBETCTBUM C PEKOMEH[IALINAMM MO KapAMOOHKONOrMK EBponeinckoro obuiectsa kapavonoros 2022 r.)

Moka3saTenb Hwn3skui / ymeperHbin CCP (n = 34) Bbicokuit / oueHb Bblcokuit CCP (n = 56) 3HaueHve p
Bo3spacT, roabl 48,4 [43,0; 53,0] 51,5[47,0; 51,5] 0,005
McmxocoumanbHble GakTopbl prcKa
1 KayecTBO CHa
TpeBoXHasa cumnTomaTuKa, n (%): 0,671
cyOKnMHMYecKas 8(23,5) 19(33,9)
KIMHUYECKU BblpaXkeHHasn 10 (29,4) 8(14,3)
[lenpeccrBHaa cMNTOMaTUKa, n (%): 1
cyOKnMHMYecKas 4(11,8) 7(12,5)
KIIMHWYECKM BblpaXkeHHas 2(59) 3(54)
Bbicokuit ypoBeHb cTpecca, n (%) 26 (76,5) 25 (44,6) 0,004
CHUXeHHOe KayecTBo CHa, N (%) 31(91,2) 49 (87,5) 0,737
KapanopecnmpaTopHasa BbIHOCIMBOCTb n=20 n=33
VO2nuk, Mn/MuUH/Kr 17,5015,7;19,3] 15,7[11,9; 18,0] 0,046
KPB HmKe nopora ¢pyHKLMOHaNbHOM He3aBncumocTu, n (%) 12 (60) 25(73,5) 0,354

VO2nukK - nnkoBoe notpebneHve kucnopopa, KPB — kapanopecnupatopHas BbIHOCAMBOCTb, CCP — cepfieuyHo-cocyancTbin prck

[laHHble NpefcTaBneHbl Kak abCconoTHOe YMCO NaLmeHToB (n) 1 ux aona B rpynne (%)
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TI0 JJ0J/Ie TTALIMEHTOK CO CHVMYKEHHBIM Ka4yeCTBOM CHa
(Tabm. 5).

Yposenp KPB y manmeHTOK ¢ HUSKUM / yMepeH-
ubIM CCP 6bL1 BbI1IIe, Y€M Y IMALMEHTOK C BBICOKVM /
oueHb BbICOKUM CCP. B T0 >xe BpeMs [0/ MaleHToK
c yposHeM KPB Hinke mopora ¢yHKI[OHaIbHOI He3a-
BucuMOCTH (< 18 M/I/MUH/KT) 6bI/1a BBICOKOIN B 00€MX
rpynmnax 6e3 CTaTUCTUYECK) 3HAYMMBbIX PasImanii
MeXIy HUMMU (CM. Tab7L. 5).

06¢cyxpeHne

B Hacrosuem nccneoBaHuy Briepsble B Poccun nsyde-
Ha 4aCTOTa CepPHieYHO-COCYAVCTDIX, B TOM YMC/IE YaCTO
He YYMTBbIBaeMbIX, pakTopoB pucka CC3 u mpoBefieHa
otieHKa cymmapHoro CCP y manneHToK, IepeHecInx
kappuosackynoTokcuaHoe I1OJI mo mosomy PMUK.

Cpenu TpagnimoHHbix paktopos prucka CC3 Hau-
6oree yacTo BcTpevanach gucaunugemus (77,8%),
IO KOTOPOII ObI/Ia BBIIIE MOMYIALOHHOTO IOKa-
3arens [12], 4T0, BO3SMOXKHO, CBA3aHO C IIPUMEHEHVEM
MHTUOUTOPOB apoMaras, 06TajalomNX M3BECTHBIM
He6/IaTONMPUATHBIM BIMSHUEM Ha JTUIUHBIN IPO-
¢dunp [13]. Yacrora BoissBaeHus: Al, nu36bITOUHOM
MAacchl Tema / OKMpPeHNA U KypeHusA He IpeBblIIana
TOKa3aTeny JyIA MONYIALNN POCCUIICKIX KEHIIVH
45-54 71eT, onpefie/ieHHbIE B 3NNJIeMMOIOTTYeCKOM
uccnegoBauuy DCCE-PO [14].

Jns ynydiieHns oTHaeHHOTO IIPOrHO3a OHKO-
JIOrM4ecKuX 6OIbHBIX Ba)KHOE 3HAUEHNE NIMeeT KOH-
TpO/b PaKTOPOB pucKa. Tak, oxXupeHue, CHocoOCTBYs
PasBUTHIO MHCYINHOPE3NCTEHTHOCTY, S3HAOTe/INA/Ib-
HOV IUCYHKIMY, BOCIIATUTEIBHOMY Y IIPOTPOM60-
TUYECKOMY COCTOAHMIO, He TOJbKO ITOBBILIAET Cep-
IeYHO-COCYAUCTYI0 3a60/1eBaeMOCTb ¥ CMEPTHOCTD
He3aBUCUMO OT fpyrux paxropos CCP [15], Ho u ac-
COLMMPYeTCA C yBeIMYeHVeM PUCKa penyiNBIPOBa-
Husg PMJK, noBeilIeHIeM OHKOIOIMYECKOI 1 061et
cmeprtHocTH [16]. HecmoTps Ha TO uto VIMT ocTaercs
OCHOBHBIM IIOKa3aTesieM JIS1 AVMaTHOCTVKI OXXMpe-
HUs, ONIpefie/ieHe COCTaBa Te/la [03BOoJIsAeT Ooree
TOYHO BBIABIIATD NALMIEHTOB C IIOBBIIIEHHBIM COfiep-
YKaHJeM >KMPOBOJ TKaHM B opranusme [17]. B namem
UICCIIeJOBaHNUY NPV aHa/IM3e COCTaBa Tejla U30bITOY-
HOe cofiep>KaHue XMPOBOJ TKAHNU 3aPeTUCTPUPOBAHO
y 6onmbuinacTBa (80,7%) MAIEHTOK, Ipu 3TOM 6ortee
TPeTU U3 HUX MMenu HopMaabHblit VIMT.

TecHo cBA3aHHOE ¢ O>KMPEHIEM XPOHITYECKOe BOC-
TajIeHe IPY3HAHO OJJHMM 13 KJIIOUeBBIX ITaTOTeHe-
TUYECKVX MEXaHI3MOB, OTBEeTCTBEHHBIX 3a pa3BUTHE
U IPOTPecCpOBaHe MHOTUX CePfIedHO-COCYAVCTBIX
U OHKOJIOTMYecKuX 3abonesanuii [18], B Tom 4ucne
PMIK [19]. B npocnekTuBHOM nccnenoBannu DCCE-
P® nokasan nesaBucumblii Bknaj suCPb B passutue
¢aranbHbIX U HeaTaTbHBIX CEPAEYHO-COCYAUCTHIX

COOBITUI B POCCUIICKOI OMY/IALNY, IIPY ITOM OII-
TUMAJIbHBIN IJIs TPOTHO3MPOBAHNUA PUCKA YPOBEHD
B4CPD Haxopuicsa B mpefenax pepepeHCHBIX 3HaYe-
Huit [20]. B narueit pa6ore y 10% manmeHTOK KOHIEH-
tpauus B4CPD npesblinana pedepeHCHbI YPOBEHb.

Tpu yeTBepTM BK/IIOUEHHBIX B Hallle VICCIEfi0Ba-
HIIe MTaIMIeHTOK He BBIIIOTHANN PEKOMEHJOBAaHHBI
00beM PU3MIECKIX HATPY30K, YTO COITIACYeTCs C pe-
3y/IbTaTaMJ paHee IPOBEJEeHHbIX NCCIeNOBaHmI [21].
Hepocratounas ¢pusndeckas akTMBHOCTb OOBSICHSIETCS
Ha/iaueM 60/IeBOro CUHIPOMa Y XPOHIYECKON YTOM-
JISIEMOCTH, @ TaKXKe ICUXOJIOTMYeCKUMY paKTopaMu
[22]. T'mnopmMHaMMs ¥ CHYDKEHME CeKpPellyiyi MUOK/HOB,
YYacTBYIOIIMX B PETy/IALNI IPOIECCOB ITIIOKOHEOore-
Hesa, CeKpely MHCYINHA, TUII0NN3a, 1 MOC/IefyIo-
1jee HaKOIJIEHME BYCLIEPA/IbHOM YKV POBOJ TKaHM KaK
MCTOYHVIKA XPOHMYECKOTO BOCIIA/ICHMIS] — BO3MOYKHbIE
MeXaHM3MBI Pa3BUTUA U IIPOTPECCUPOBAHMA 1[E/IOTO
psfa XpOHMYECKMX HeMH(EKIMOHHBIX 3a00/IeBaHNIA,
BK/IIOYAs CEP/IeYHO-COCYAVCTDIE I OHKOTIOTMYeCKue
[23]. Y 3sHauMTENbHOI HOMM MAIMEHTOK OB BBIABIEH
CHIDKEHHBIIT ypOBeHb (pusndeckoit paboTocmocob-
Hoctu. ITo gannbiM KPHT menmana yposasa VO2nnk
cocraBmIa 71% oT pacueTHbIX 3HaYeHuit. VIsBecTHO,
410 y 607bHBIX PMOK ucxonusiit yposenb KPB cuu-
JKEeH I10 CPaBHEHMIO C COIIOCTABMMBIMU 110 BO3PACTy
3IOPOBBIMU >KeHIIVHAMIL, YTO YCYTIyO/IAeTCA 0T BO3-
meiictyiem I1OJI [24, 25]. ITpu 9TOM CTOJIKOE CHIDKEHIE
KPB nHanbosee xapakTepHO A/Is1 ALINEHTOK, IIepeHec-
mux komriutekcHoe ITOJT [26]. KPB - BakHbIiT MHTe-
TpaIbHBIIT HYHKI[VIOHA/TBHBII [I0KA3aTe/Ib, HO OH PEIKO
YYMTBIBAETCA B PyTUHHOI K/IMHIYECKOI MPaKTHKe.
Kax B 0611jeit mOMyaALuu, Tak U y MalilieHTOB C OH-
Kosorndyecknmu sabonesannAmMu yposenb KPB mme-
eT 0OpaTHYIO B3aMIMOCBSI3b C CEPAEYHO-COCYRNUCTOIL,
OHKOJIOTMYECKOIL ¥ 0011ell CMEPTHOCTBIO, SIBJISISCH €e
He3aBUCHMMBIM IIPeAUKTOpOM [7, 8, 27].

B HameMm uccieqoBaHMU OTMeYeHa BBICOKAS
YacTOTa HapYUIEHMII ICUXOMOTMYeCKOTO cTaTryca
(TC - y 50%, IC - y 18%) 1 CONyTCTBYIOIINX UM
HapyueHui cHa (89%) y 6onpubix PMIK, uro nop-
TBEPXKJaeT JaHHbIe 60/lee KPYITHBIX MCCTIeTOBaHMIT
n MeTaaHaan3oB [28-30]. IlcuxoconuanbHble hakTo-
PBI ACCOLMMPOBAHBI C TPAAVIIVIOHHBIMY, B TOM 4MCIIE
moBefieHYeckuM, dakrtopamu pucka CC3, crrocob-
CTBYIOT CHVDKEHUIO IIPUBEP>KEHHOCTY K JIeYeHUIO,
HPEISITCTBYIOT M3MEHEHUI0 00pasa >KUSHY Y BHOCST
BECOMBIVI BKJIaJ] B Pa3BUTHE U IIPOTPecCUPOBaHIE
CC3 [9, 31]. Hapsizy ¢ 9T1M HOKa3aHO, ITO AeIPeccust
U TPEBOTA UTPAIOT 3HAYVMYIO POJIb B IOBBILIEHUY PH-
cka penypusa PMJK u cMepTHOCTY OT BCeX IPUYNH,
BBICTYIIas VX He3aBUCUMBIMU IIpeAUKTOpaMu [32].

Ba>xHO oTMeTUTB, uTo oueHka CCP y onkonorn-
4eCKUX OONBHBIX OT/IMYAETCS OT MPELyCMOTPEHHOI!

Buuets M.B.,, bapuHosa V.., Mozocosa H.B., Tepmepan TA., Kydques [].T, Xpyuwiesa (0.8, [epacumosa A.A., Ounamosa A.fO., ibpazumosa H.M., ®ponkosa 0.0, Aeees O.T. 20
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peKOMeHIALMAMMY 10 KapAOBACKY/IAPHO TPOdUIaK-
THKe Ji/IA 00IIeli MO Y/IALNMN, IOCKO/IbKY YYUThIBAeT
HoTonHuTenbHbIe PakTopsl, cBAsaHHble ¢ [TOJ], Ta-
KJie KaK MCXOJJHBIII PUCK KapAMOBaCKYTOTOKCUIHOCTH,
ee NpOsAB/IEHNA B IIPOIlecce Tepaluu U NpUMeHeHNe
IPOTUBOOIIYXOJIEBbIX CPE/ICTB C BBICOKUM PUCKOM
TOJITOCPOYHBIX CEPAIeYHO-COCYANCTBIX OCTOKHEHN
(Ipex[ie BCEro aHTPALVIK/INHOB ¥ Ty4eBOIl TepaIn)
[6]. Pe3ynbpTaThl HallleTo MCCIEOBAHMS SPKO WIIIIO-
CTPUPYIOT 3TV Pa3/IN4NA: 10715 HAIIVIEHTOK C BHICOKMM /
o4eHb BbicOKMM CCP, orpezie/leHHbIM B COOTBETCTBUN
C peKOMeHJAIMAMY II0 KapAVIOOHKO/IOT MY, COCTaBM/IA
62,2% 1 IBYKPaTHO IPEBBICIIIA JAHHBIN II0Ka3aTesb,
PacCUMTAaHHBIN MO TPaANIVOHHBIM KaJIbKY/IATOPaM
CCP. IIpuanmast Bo BHUMaHNUE HEOCTATOYHYIO MHPOP-
MUPOBaHHOCTb Bpadell 0 criocobax crparuduxannn
pucka y 60mbHBIX PMJK, MOXHO IPeAnonoXnTh, 4To
B peasnibHOM KIMHNYecKoit npaktuke CCP y nannHo
KaTeropuyu 60IbHBIX HEJJOOLCHEH.

B HacTost1IIee BpeMs MINPOKO 00CYKAaeTcst Ipo6-
JeMa TaK Ha3bIBaeMOT'O OCTATOYHOTO PUCKa y 60/b-
Hpix CC3 1 HE0OXOAUMOCTD COBEPIIEHCTBOBAHNS
mkan orenky CCP ¢ BKIodyeHeM $paKTOpOB € TOKa-
3aHHOI IPOTHOCTUYECKOI POJIbIO — IIOBE/IEHYECKMX
u ncuxoconuanbubix [10, 33]. HemooleHka MCTUHHO-
TO PUCKa CepAeuyHO-CcOCYAUCThIX ocmoxxHeHnit [10]]
He MeHee akTyanbHa st 6onpHeix PMOK. B Hamreil
KOTropTe y MalMeHToK ¢ Huskum / ymepenHoiM CCP
ormedeHa 6onpmasg gacrora TC (52,9%) un [IC (17,9%).
O6pamiaer Ha ce6s1 BHMMaHI€e BBICOKAsI OIS TAIU-
€HTOK C ITOBBIIIEHHBIM ypOBHEM cTpecca (76,5%),
4YTO, BEPOATHO, O0BACHAETCA ICUXONOTUYECKUMU
TPYAHOCTAMMU B 60pbbe ¢ OHKOZIOTMYecKuM 3abore-
BaHMEM y 60jiee MOJIOABIX MALIVIEHTOK (C HU3KMUM /
ymepeHHbIM CCP) n3-3a uX MHOXXeCTBEHHBIX COLIN-
alIbHBIX poneil. Heo6XonnMo Tak>ke NOZYepPKHYTh,
YTO y JIBYX TpeTell MaljMeHTOK JaHHOI KaTeropuu
pucKa oTMedYascs CHUKeHHBbIT yposeHb KPB, 3Ha-
YUMOCTb KOTOPOIL Ji/I1 OHKOIOTMYECKUX OONIbHBIX
06Cy>X/anach BbIIIe.

CormacHo pesynbraraM uccnefosanus The
Pathways Heart Study, Bkntouasiiero 13642 60mb-
ubIX PMJK 11 68 202 >xenmun 6e3 PMJK B anamuese,
B cpefHeM 3a 7 yeT HabmoneHus y 6onpabix PMOK

JononHutenbHasa nHpopmauusa

OIIIHBHCVIPOBBHVIE

Pa6oTa BbinonHeHa B pamkax [ocygapcTBeHHOro 3aaaHusa MuHuctepcTea
3apaBooxpaHeHnsa PO (pernctpaumonHblii N HUOKTP 121031300223-4).

KoHbnuKT nHtepecos

ABTOpbI AEKNapupyoT OTCYTCTBNE ABHBIX M NOTEHLMANbHbBIX KOH¢J'|I/IKTOB
NHTEPEeCOB, CBA3AHHbIX C ﬂyﬁﬂl/lKaLlVIel;l HacToALlen cTaTbu.
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oTMeueHa Horiee BBICOKAs IO CPABHEHMIO C KOHTPOJIb-
HOJI rpymoit 3abonesaemocts CH, koTopas acco-
LMMPOBAACh C Tepamyeil aHTpAaLUKANHAMI V/UIN
TPacTy3yMaboM, JIy4eBOil Tepalneil 1 TOPMOHOTe-
paImyeit MHIMOUTOpaMu apoMaTas, a TaK)Ke CBA3aH-
Hoe ¢ I1OJI noBbllleHNe pUCKa PasBUTUA UHCY/IbTA,
HapyLIeHUI pUTMa CepyLia, BeHO3HOI TPOMO09M60-
JIVIY, CEPIEYHO-COCYUCTO CMEPTH U CMEPTHU OT BCEX
npuyyH [1]. B HameM mccnegoBaHNM y MalMEHTOK,
MOTYYMBIINX KOMIIJIEKCHOE KapAMOBAaCKY/TOTOKCHY-
Hoe I1OJI, CH perucrpuposanu B 12,2% ciny4aes, 9a-
CTOTa BBIABIEHMA UIIeMNYeCKOl 60MIe3HN cepplia,
bubpunIALNY IpefCcepPRnil 1 TepeHeCEHHO paHee
TpoM60IMOOINY JIETOYHOI APTEPUN He MPeBbIIIana
1-3%. ComocraBuMast ¢ OKasaTensaMu o61elt momy-
nsiuyy posst 6onbHbIX ¢ CC3 1 ux dpakTopaMu pucka,
006bIYHO ABIAOMMMUCA cybcTpaToM passutus CH,
nogdepkusaeT 3Ha4MMOCTb [1OJI B reHese CH y Ha-
MINX MaLYEeHTOK.

K 0CHOBHOMY OTpaHMYEHMIO HAIETO MCCIeNo-
BaHMA CIIe[[yeT OTHECTU HebGONbIIoe KOMNIeCTBO
BKJIIOYEHHBIX 60/bHBIX. [IOMIMO 3TOrO, y4aCTHH-
KaMU JAHHOTO MCCIefoBanus 6p1u 60npHbie PMOK,
MOJTy4MBIINeE aHTpaUVUKINH-cofiepxxattee [1OJI, Ha-
IpaBJ/IeHHbIE MV CAMOCTOSITE/IBHO OOpaTUBIINECs
B OI'BY «HMUIK um. ak. E.V. Yasosa» Munsgpasa
Poccun, 4TO He MO3BOMAET MHTEPIONNPOBATH IIOITY-
YeHHbIe JAHHbIE O COCTOSHUY CEPHIEYHO-COCYIUCTON
cuctembl, yactore BoisiBrneHns: CC3 u ux ¢gaxkropos
PMCKa Ha BCIO KOTOPTY OO/IBHBIX, epeHectnx PMOK.

3aKknyeHune

B HameM mccnefopaHMM IOKa3aHa BbICOKAs 4acTOTa
BbLABIIeHNUA pakTopoB pucka CC3 1 ocBelieHa Ipoo-
nema HepooleHKN cymMmmapHoro CCP y 60/1bHBIX, ITe-
peHecmux Kapanosackynorokcuanoe I1OJI mo mo-
oy PMJK. IIpuHMMas Bo BHMMaHMe BBICOKYIO pac-
npoctpaHeHHOCTb PMJK B poccuiickoit monynanuu,
YacTOTY Ha3HauYeHM I KOMIIIEKCHOI KapAMOBaCKYJIO-
TOKCMYHOJ IIPOTUBOOIIYXOIEBOV TEPAIINU U SO0
601BHBIX C BEICOKUM / oueHb BbicokuM CCP, oueBuHa
HOTPeOHOCTD B Pa3pabOoTKe PasIMYHbIX MOJE/elt po-
rpaMM Kappuopeabunurannun y 6onbHpix PMOK n nx
BHeJIpeHN B KIMHUYECKYIO IIPAKTHUKY. @
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Prevalence of cardiovascular diseases and risk
factor assessment in breast cancer survivors
exposed to cardiotoxic therapy

M.V.Vitsenya' - V. Barinova' « N.V. Pogosova' « T A. Terteryan' -
D.T. Kuchiev' « YV. Khrushcheva' - A.A. Gerasimova' - A.Y. Filatova' -
N.M. Ibragimova' » O.O. Frolkova? - FT. AgeeV'

Background: Patients having been treated for
breast cancer (BC) are at increased risk of cardio-
vascular disease (CVD). Participation of patients with
high cardiovascular risk (CVR) in comprehensive
cardiac rehabilitation programs seems to be a prom-
ising area of prevention; however, at present there is
no understanding of the scope of the need for such
programs in Russia.

Aim: To evaluate the frequency of CVDs and their
risk factors, and total CVR in BC patients who have
undergone cardiotoxic antitumor treatment to de-
termine the need for the development of cardiac
rehabilitation programs in this patient category.
Methods: This was a single center cross-sectional
study performed in 2021 to 2023 in a specialized
cardiology clinic in 90 women who had undergone
cardiotoxic breast cancer therapy. The patients
were examined for CVDs and their risk factors,
with assessment of clinical status, serum lipids,
glucose, creatinine, and C-reactive protein, levels
of physical activity (International Physical Activity
Questionnaire), stress (Visual Analog Scale), anxiety
and depression (Hospital Anxiety and Depression
Scale, HADS), and sleep quality (Pittsburgh Sleep
Quality Questionnaire). Electrocardiography (ECG),
echocardiography, exercise tolerance ECG test, in-
cluding cardiorespiratory exercise test (n = 53), and
bioimpedancemetry (n = 83) were also performed.
Results: The median patient age was 49 [46; 56]
years. All patients (100%) had undergone surgery
and anthracycline-based chemotherapy. The me-
dian time after the end of anthracycline-based che-
motherapy was 36 [11.8; 56.5] months. Radiation
therapy had been performed in 68 (75.6%) pa-
tients, including 42 patients with left-sided BC.
Nine (10%) patients were smokers, 52 (57.8%) were
overweight or obese, 37 (41.1%) had abdominal

obesity, 70 (77.8%) dyslipidemia, 42 (46.7%) arte-
rial hypertension, and 6 (6.7%) diabetes mellitus.
Insufficient physical activity was reported by
69 (76.7%) patients. The cardiorespiratory en-
durance was reduced, with median peak oxygen
consumption being 71% of the predicted values.
Anxiety symptoms were found in 45 (50%) patients,
depressive symptoms in 16 (17.8%), high stress lev-
elsin 51 (56.7%), and sleep disorders in 80 (88.9%).
Heart failure was diagnosed in 11 (12.2%) patients,
coronary heart disease in 1 (1.1%), and paroxysmal
atrial fibrillation in 3 (3.3%). Fifty six (56, 62.2%) pa-
tients had a high/very high CVR (according to the
2022 ESC Guidelines on cardio-oncology).
Conclusion: There is a high prevalence of cardio-
vascular risk factors in the patients who underwent
cardiotoxic antitumor treatment for BC. The most
frequent CVD was heart failure; two thirds of the
patients had a high cardiovascular risk. Given the
prevalence of BC in Russia, there is a clear need to
develop programs for cardiac rehabilitation and
CVD prevention in this patient category.

Kew words: breast cancer, antitumor treatment,
cardiovascular toxicity, risk factors, cardiovascular
risk
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OueHKa BapuMabenbHOCTM pUTMa CcepaLa

M KapAuanbHbIX 6BMOMApPKEPOB Y HOHbIX
CNOPTCMEHOB, NPOXMBAKOLINX B YCNOBUSX
KpaitHero Ceepa: nonepeyHoe uccnenoBaHme

NykbaHumk KO.[." « YepHbiwesa T.B." « ManuHuHa EN." 2« Tanor J1A." « Tetennna T -
JleoHouy CB."« 3yesa E.B." « JTbikacoBa E.A

AKTYyanbHOCTb. AKTVIBHasA CMOPTMBHAA Harpyska
Npyvi ONpeAesieHHbIX YCIOBUAX MOXKET ObITb TPUT-
repom pasBrTUA CePAEUYHO-COCYANCTBIX KaTacTpood,
0CO6EHHO B BbICOKOAUHAMMYHbIX BUfAxX cropTa.
CnopTcmeHbl, TPEHVPYIOLLECA B XONOAHbIX KNMa-
TUYECKMX YCNIOBUAX, MOABEPraloTCA MOBbILIEHHOMY
PUCKY nCTOLeHNA GYHKLIMOHaNbHbIX Pe3ePBOB Op-
raHv3ma 1 CropTUBHOIO NepeHanpaXKeHus.

Llenb - onpepenutb 0co6eHHOCTY BaprabenbHo-
cTn putMma cepgua (BPC) 1 KapauanbHbIX Griomapke-
POB Yy I0HbIX XOKKencToB 1 pyT60oNMcToB KpaiHero
CeBepa A1 MOMCKa NPeANKTOPOB MaTosIorMyeckoro
pemopennpoBaHna M1nokapaa.

MaTtepuan u metogbl. [lpoBefeHo ob6cepBaLy-
OHHOE nornepeyHoe NcciefoBaHNe, B pamkax Ko-
Toporo BecHoi 2022 . Ha 6a3e LieHTpa 350poBbs
fgetein HoBoypeHrockom LeHTpanbHon obnacT-
HOW 6oNbHMUbI 06CcnefoBaHbl 160 ManbunMKoB
12-17 net I-1l rpynnbl 340poBbA. BbINONHEHbI CTaH-
JapTHasA 1 CyToYHan anekTpoKapavorpadusa (3Kr),
axokapguorpadus (9xo-Kr), a Takke 3a6op KpoBu
Ha MapKepbl NOBPeXAeHNA M1UOKapaa, SHAoTe-
nuanbHou AncPyHKLMN 1 npoTeonusa. lpynny
nccnenoBaHMsa cocTaBuUNmM 86 aeten, 3aHMUMal0-
LLINXCA XOKKEEM 1 GpYTOHOSIOM, KOHTPOJIbHYIO rpy-
ny — 74 NoApOCTKa, He 3aHNMaIOLLNXCA aKTUBHbBIMMN
BMAaMu cropTa.

34

Pe3ynbTtatbl. MeauaHa nokasareneii OCHOBHbIX 3y6-
LOB 1 NHTepBanoB cTaHAapTHoM JKI Haxogunacb
B npefenax BO3pacTHOW HOPMbI B 06erx rpynnax.
Mpwn xonTepoBckom MoHuUTOpupoBaHun IKIF mex-
Iy rpynnovi COPTCMEHOB 1 KOHTPOJbHOW FPYNMnoii
BbISIBNIEHbI Pa3nnuna B cpeaHnx (MegraHa 84 [78; 91]
vs 93 [83; 100], p < 0,001) n MakcmanbHbIX (MefnaHa
150 [128; 159] vs 159 [147; 184], p = 0,001) 3HaueHnAX
YacTOTbl CEPAEUHbIX COKpaLleHui. [lons obcneno-
BaHHbIX 1eTel co CHUKeHHOoV BPC 6bifia Bbllle B KOH-
TPOJIbHOW rpynne — 64,2%, y CNOPTCMEHOB AaHHbI
nokasartesb coctaBun 36,4%. MeanaHbl KOHLEHTpa-
LM MapKepoB NOBPEXAEHNA MOKapAa He NPeBbI-
wanu pedepeHCHbIX 3HAYEHWUIN Y BCEX YYACTHUKOB
nccnefoBaHyis, NPy 3TOM YPOBHU JIaKTaTAErMAPO-
reHasbl (p = 0,034), acnapTatammHoTpaHchepasbl
(p = 0,001) n TponoHuHa | (p = 0,011) 6GbIIN HUXKe
y CnopTcMeHoB. [pu cpaBHNUTENILHOM aHanu3e na-
pameTpoB Ix0-KI 3HaueHnA nHAeKca Maccbl MYOKap-
[la NeBOro Xenyaouka U CMCTONNYECKON MoLaam
NpaBoro »enyaoyka okasanucb B 1,2 pasa Bbile
Y TPEHUPYIOLNXCA NOAPOCTKOB MO CPAaBHEHWIO C KOH-
Tponem (p < 0,001). MeTogom ROC-aHanu3a onpe-
[efIeHO NOPOroBoe 3HaUYeHWe YPOBHA MaTPUKCHOW
mMeTannonpotenHasbl 2 (MMI-2) — 337,49 Hr/mn, npun
NPEeBbILLEHNV KOTOPOFro NPOrHO3UPYETCA BbICOKUN
PUCK PEMOAENNPOBaHUA MUOKapAa Y CMOPTCMEHOB.

YyBCTBUTENBHOCTb MeTOAa cocTaBmna 75%, cneum-
duryHoCTb — 87,2%.

3akniouyeHue. YposeHb MMI1-2 > 337,49 Hr/mn,
HU3KMe nokasatenm BPC moryT paccmaTpuBatbea
Kak daKTopbl pUCKa pemMofenpoBaH/a MYoOKapaa
y CMOPTCMEHOB C NOrPaHUYHbIMU SNEKTPOKaPAMNO-
rpaduyeckumn 1 sxokapavorpadpruyeckumy napa-
MeTpamu.

KnioueBble cnoBa: BapnabenbHOCTb pyUTMa cepaLia,
lOHble CMOPTCMEHbI, MaTPVKCHbIE METANIONPOTENHA-
3bl, BbICOKOAUHAMUYHbIE BUbl CMIOPTA, XONTEPOB-
CKO€ MOHMTOPMPOBaHMWE 31IEKTPOKapPAMOrpammbl,
BUOXMMUNYECKIE MapKepbl

IAna untnposanma: JlykoaHunk KO, YepHbiwesa TB,
ManuHwnHa EN, Tanow I, MeTtenuHa TW, JleoHoswny CB,
3yeBa EB, JlbikacoBa EA. OuieHKa BaprabenbHOCT/ pUT-
Ma ceppiLia U KapavarnbHbIX 61IOMAPKEPOB Y IOHbIX CMOP-
TCMEHOB, NPOXMBaIOLLMX B ycnoBuax KpaiHero Cesepa:
nonepeyHoe nccnefosaHmne. AlibMaHax KNMHUYeCKom
MeanLmMHbL 2025;53(1):34-42. doi: 10.18786/2072-0505-
2025-53-003.

MocTtynuna 19.08.2024; popabotaHa 02.02.2025; npu-
HATa K Nybnvkaumum 19.02.2025; onybnnkoBaHa oHnanH
07.03.2025
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MOJIOABIX CTIOPTCMEHOB YacTOTa BHe3all-

HOI CepevHoi cMepTu Bapbupyer ot 0,24

10 6,8 Ha 100 ThIC. fgerei [1, 2]. Pusudeckue

YIIPaXXHEHMS] MOTYT CIYXXUTb IMyCKOBBIM
($aKTOpOM BO3HMKHOBEHNS KPUTUYECKNX Kap/Uaslb-
HBIX COOBITHII Y AT/IETOB, MMEIOLINX HAC/IE[ICTBEHHYIO
VLY BPOXK/IEHHYI0 QHOMAJINIO CEPALIA, He AMArHOCTH-
POBaHHYIO IO Hauasla TPEHMPOBOYHOTrO Iporiecca [3].
Heb6maronpusiTabie COOBITUS BCTPEUAIOTCS 3HAYIN-
TeJIBHO 4allle B PyTOOIe 1 XOKKee, YeM B IPYTUX BUIAX
criopta [4], moaTomy ocoboe BHIMAHNE CTIEAYeT Yie-
JATb MOUCKY METOZIOB TOKTMHUYIECKOI INaTrHOCTUKY
MAaTO/IOTMYECKIUX COCTOSHMIL U ArddepeHnanbHoM
AMATHOCTVKM Pa3NNYHBIX IIPU3HAKOB CIIOPTUBHO-
O HepeHaINpsHKEHNsI, OPraHHOI! AaTONOI NN MMEHHO
B 3TOJ KOTOPTE CIIOPTCMEHOB.

IToxasatenu BapnabenpHocTy prtMa ceppua (BPC)
paccMaTpuBaIOT KaK MPeNKTOPBI MaTOMOTMIECKIIX
CoCTOsIHMIT cepredHo-cocynucToit cucteMsl (CCC) [5].
PemopennpoBaHye MIOKapAa, CYLIeCTBEHHBIM KOM-
IIOHEHTOM KOTOPOTO sABsAeTcs pubpos [6], oTHOCAT
K 4MCTy 3HaYMMbIX (PaKTOPOB, Bausomux Ha BPC
[7-9]. CooTHOIIEHME MATPUKCHBIX META/UIONPOTENHAS
(MMII) (8 wactHocTu, MMII-1, MMII-2, MMII-9)
U UX TKaHeBBIX MHrubuTopos (TVIMII) yyactByeT
B GOPMUPOBAHUN PEMOJETUPOBAHUS CEPAEUHO
MBIIIIIBL, UT'Past BOKHYIO POIb B Pa3pyIIeHNI KOMIIO-
HEHTOB BHEKJIETOYHOTO MaTPUKCa, BHYTPUKIETOUHO

ferpajjaliuy TAXKeNbIX Iierell MUO3MHA, MOLYIALUN
repejjauy CUrHamIoB ¢ UUTOKKHOB [10- 12]. B gua-
THOCTMKE IaTOIOTMYEeCKOI NepecTpoyKM MIUOKap/a
UCIO/Ib3YIOTCS KapAMaIbHble GMOMapKephl, TaKIe KaK
TPONOHMH I, MO3rOBOII HaTpUITypeTUYeCKIIT TeNTH],
(anrm. N-terminal pro-brain natriuretic peptide, NT-
proBNP), kpeatundochoknnaza-MB (KOK-MB) [13].

IToMUMO MHTEHCUBHBIX GU3UIECKUX HATPY30K
Ha 3/J0POBbeE aT/IeTa BIUsAET OKpy>XXalomas cpefa. Tax,
CIIOPTCMEHBI, TPEHUPYIOLINeCcs B XOMOTHBIX K/IMMa-
TUYECKUX YCJIOBUAX, IIOABEPralOTCs IOBBIIIEHHOMY
PUCKY MCTOIeHUA QYHKIMOHAbHBIX pe3epBOB Op-
raHyu3Ma U CIOPTUBHOTIO IepeHanpsikeHus [14-16].
B cBs13u ¢ BbIlIeCKa3aHHBIM IIPeACTAB/IACT HAyYHBIi
MHTEepeC M3yYeHle BeTeTaTVBHOM Pery/ILALuY cepred-
HOT'O PUTMa U OMOXMMUYECKIX MapKepOB MOBPeX-
IeHMA MMOKapAa KaK BO3MOXKHBIX IPeIVKTOpPOB
MIATO/IOTMYECKNX COCTOSHNUI y IOHBIX aT/IeTOB, 3aHNU-
MAIOLIMXCA BHICOKOAMHAMMYHBIMY BUJJAMU CIIOPTa
B ycnoBusAx Kpaitnero Cesepa.

ITenpb - onpenenutb ocobennoctu BPC u xapau-
Q/IbHBIX OMOMapKepPOB y IOHBIX XOKKeNCTOB 11 (pyT60-
nmuctoB Kpaiinero Cesepa /74 oyMcKa NPeSUKTOPOB
HaTOJIOTMYECKOTO PeMOJeIMPOBAHMA MUOKAPHA.
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npoxuBatomux B HoBom Ypenroe. O6cnefoBanne
nposefeHo B 2022 1. Ha 6a3e LleHTpa 300pOBbs meTeit
HoBoypeHroiickoil LleHTpaabHOi 006/1acTHOI 60/Ib-
HuubL [pynmy mnccnegoBanmsa coCTaBuIn 86 IOHBIX
CIOPTCMEHOB, KOHTPOJIbHYIO TPYIITY — 74 IOAPOCTKA,
He 3aHMMAIOIMXCA aKTUBHBIMMU BUJIAMU CIIOPTA.

Kpurepuy BKII04eHVA: IOfIUCAHHOE NUHPOPMIU-
poBaHHOE JOOPOBOIBHOE COT/IACHE; BO3PACT = 12 et
n < 18 met; I u II rpynmna 30poBbs; BUABI CIIOPTA —
¢dbyTb01 U XOKKelt Ha 3, 4, 5-M 3Tamax CIOPTUBHOI
MIOATOTOBKII; KOIMYECTBO TPEHNPOBOK = 5 B HEJIEIIO,
IIPOJO/KUTENBHOCTDIO = 1,5-2 4acoB; TPEHUPOBOY-
HBIIT cTaXX > 5 j1eT. Kpurepuu HeBKIIOUeHNA: MHPeEK-
I[MOHHBIe 3a00JIeBaHMs B aKTUBHOI (pase; yCTaHOB-
JIEHHBI [UAarHO3 BPOXKJIEHHOTO ITOpOKa Cepplia Man
TeHeTIYeCKN IeTePMUHIPOBAHHOM Kap/MOMIOIATHIA.

ITogpocTkaM IpoBefieHa CTaHapTHAs 3/1€KTPO-
kapauorpadust (OKT') ¢ o1jeHKOI 4aCTOThI CEPHAEeYHbIX
cokparternit (YCC), mpofomKUTETbBHOCT OCHOBHBIX
3y6uos 1 naTepsanos (P, PR, QRS, QTc, paccuntaHHbIl
1o ¢popmyne baserTa), X0oNTEpOBCKOE MOHUTOPUPOBA-
Hue OKI' (XM-3KT) ¢ ouenkoit BPC n YCC; axokapamo-
rpadus (9xo-KI') ¢ onpeznenennem pa3Mepos I10JI0-
CTelt cepplla, TOTIMHBI CTEHOK (C OLIeHKOII 110 Z-score
C VICTIONIb30BaHMEM Ka/IbKY/IATOPA, PACIOI0OKEHHOTO
Ha caiite HayuHo-1ccneoBaTenbcKoro MHCTUTYTA Kap-
pyonorun ToMCKOro HallMOHATBHOTO UCC/Ief0BaTe/b-
CKOTO MeVIIIMHCKOTO LieHTpa: https://el.cardio-tomsk.
ru/ChildCalc) n nHEekca Macchl MMOKapyia IEBOTO JKe-
nypouka (MMMIJIXK); a Taksxe 3a60p KpoBHU Ha rop-
MOHQJIBHBIIT U 6MOXUMIYeCKIiT TpoduIb (ypOBEeHbD
NT-proBNP, Tpontonnna I, KOK-MB, BbicOKO9YyBCTBHI-
tenbHOTO C-peakTnBHOro 6enka (84CPB), acrapra-
tamuHotpancdepassl (ACT), makraTgernporeHasbt
(JIOT), MaTpMUKCHBIX META/IONPOTENHA3 U MX TKaHe-
BBIX MHIUOUTOpOB — MMII-1, -2, -9, TUMII-1, -2, -4,
BBITIOTHEHHBIIT METOTIOM UMMYHO(epPMEeHTHOTO aHa I/~
3a. Ananus BPC nponsBopnin aBTOMaTU4eCKH B XOfie
XM-9KT c o1eHKOI1 CefyoIUX BpeMEHHEIX 1 CIeK-
TpasIbHBIX ToKasaTennel: SDNN - cTaHfapTHOE OTKIIO-
HeHye Bcex NN-1HTepBaIoB (IIpOMeXyTKOB MEXLy I10-
CefoBaTeNIbHBIMM yaapamu cepatia); SDNNi — cpenHee
3HaYeHMe CTaH/JapTHBIX OTK0HeHnI1 NN-nHTepBanos,
BBIYMC/IEHHBIX 110 5-MMHYTHBIM IPOMEXYTKaM B Te-
uyeHMe Bcell 3anucy; RMSSD - xopeHb 13 cpepHeit
KBaIpaTU4IHONM PasHUIbI MEX/Y IIOCTIENOBATENbHDI-
My NN-unrepsanamu; pNN50 — mpoLeHT mocneo-
BaTeNbHBIX NN-UHTepBaloB, oTIMYanIInXca 6onee
yeM Ha 50 munnucekyHa; AVNN — cpefHsAA JIUTeNb-
HocTb NN-unTepBanos; CBBP - cpenHeBsBenieHHas
Bapuauus purMorpammbpl; VLF — oueHnb HM3KOYacTOT-
HBIII CLIEKTPa/IbHbLI Auana3oH; LF — HM3ko4acTOTHBII
CHEeKTpanbHblil AranasoH, HF — BbIcOKOYacTOTHBIN
CIEKTPAIbHBIN Iala30H.
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ITporokon uccnenoBanus u popma MHGOPMMUPO-
BaHHOTO COITIACHS OF0OPEHBI KOMITETOM I10 6110Me-
IMIIMHCKO 9THKe TIOMEHCKOT0 Kap/iMOoNIorM4ecKoro
HAyYHOTO IjeHTpa — puarana TOMCKOro HaljMOHA Ib-
HOTO MEeAMLVHCKOTO JICCIeLOBAaTEIbCKOTO IjeH-
Tpa Poccnmiickoit akagemnuy Hayk (mpotokon Ne 163
o1 06.11.2020). ITonydueHo fob6poBonbHOE UHPOP-
MUPOBAaHHOE COITIacye MOAPOCTKOB M MX 3aKOHHBIX
IIpeNCTaBUTENEN.

JIna onycaHuA TaHHBIX, HE COOTBETCTBYIOIUX
HOPMaJIbHOMY pacIIpefie/IeHIIO, YICIIOJIb30BaJIN Me-
IViaHy M KBapTuau (IepBblit U TpeTuit) B popmare
Me [Q1; Q3]. CTaTHCcTUYeCKYI0 3HAYMMOCTD Pa3IIyui
MeX/ly aHa/IM3MPyeMbIMM [T0Ka3aTe/IAIMYU OLleHUBaIN
C IIOMOIIbIO HemapaMeTpudeckoro U-tecta MaHHa —
YutHu. 714 BBIABICHNA B3aUMOCBs3€ell MEX/Y Iie-
PeMEeHHBIMU IIPUMEHANN PaHTOBYI0 KOppeAINnIo,
ucnonb3ya koapduument CnupmeHa. g oneHKn
IVMArHOCTUYECKOI 3HAYMMOCTH OTZE/IbHBIX ITapaMe-
Tpos nposefieH ROC-ananns ¢ ompeneneHneM Touek
oTcedyeHMs. PacueT u OIleHKY OTHOLIEHMS HIAHCOB
u ero 95% posepurenbroro nurepsana ([I1) Bbiosn-
HSJIU C TIOMOIIBI0 OFHO(MAKTOPHOI JTOTUCTUYECKOI
perpeccun. Kputndeckum ypoBHeM 3HaYNMOCTH (p)
cuntanu 0,05. Maremarudeckas 06paboTka MaTepu-
aJjla IpOBeJieHa C UCIIONIb30BAHMEM CTATUCTIYECKOTO
naxkera Statistica 12, IBM SPSS Statistics 26.

Pesynbratbl

ITpu aHanM3e faHHBIX MeJMaHa ITOKa3aTesnell OCHOB-
HBIX 3y0110B 11 nHTepBaoB DKI HaxoxMIach B mpee-
J1ax OOIIEPUHSATON BO3pacTHO HOpMBI [17] B 06enx
IpyIIax, TeM He MeHee y 15,1% criopTcMenoB n'y 8,2%
ZeTell, He 3aHUMAIOIVXCS CIIOPTOM, 3apUKCHPOBAHBDI
usMeHeHus (ta6m. 1). [Ipu nHTEprpeTanuy pes3ynbra-
T0B XM-9OKI B rpyIie 10HBIX CIOPTCMEHOB B CpaB-
HEHUY C KOHTPOJIBHON I'PYIIION BRIABIEHO CHIXe-
HIe CpeJHUX (JJHEBHBIX M HOYHBIX) M MAKCUMa/IbHBIX
(nHeBHBIX U HOUHBIX) 3HaueHNII YCC B OTCYyTCTBME
pasnnumii MeXXAy MMHMMAIbHBIMM IIOKa3aTenaMu
(tabmn. 2). CpaBHUTeIbHAS XapaKTEPUCTHKA IIOKa3a-
Tesell BpeMeHHOro aHanusa BPC Mexxy BymsA TpyIi-
IaMJ II0Ka3aja, 9To 6o/lee BHICOKVIE 3HAUYCHM S BCeX
aHa/IM3MPYEMbIX ITAPAMeTPOB ObIIN Y IOHBIX CIIOPTC-
MeHOB (puc. 1). [Tpu mporpaMMHOM aBTOMaTH4eCKOM
aHanMse MpoueHT cHIDKeHuss BPC 6bl1 3HauMTeNIDb-
HO BbIIlIe B TPYIIIIe JieTell, He 3aHMMAIOIMXCA CIop-
TOM, — 64,2%; y CHOPTCMEHOB JaHHbIN OKa3aTenb
(cmxenne BPC) cocrasun 36,4%. [Tpu criekTpambHOM
aHanmse nokasarenu BPC okasamuch BbIlle y FOHBIX
aT/IeTOB, YeM B KOHTPO/IBHOI rpyIite (Tab. 3). Obuasn
MomHocTh criekrpa (TP) y cnoprcmenos B 1,5 pasa
IpeBbIlIajia AaHA/JIOTUYHBII T0Ka3aTeNb y MOAPOCT-
KOB, He 3aHMMalonuxcs cnoptoM (p = 0,016). MiHgekc
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Puc. 1. MegnaHa nokasatenei BapvabenbHocT putmMa cepaua (BPC) y nogpocTkos
KparnHero Cesepa 12—17 net. AYNN — cpeaHan anutensHocTb NN-HTepsanos; pNN50 —
npoLeHT nocnefosatentHbix NN-MHTepBanos, oTanvaoLmxca 6onee yem Ha 50 Mc;

RMSSD - KopeHb 13 cpefjHel KBagpaTUUHOM PasHULbI MeXdy NOCieAoBaTeNbHbIMM
NN-vHTepsanamu; SODNN — ctaHaapTHoe oTknoHeHve Bcex NN-vHTepBanos (MpoMexyTKOB
Mex [y nocneaoBatenbHbMK yaapamm cepaua); SONNI — cpefiHee 3HaueHme CTaHAapTHbIX
OTKNOHEeHWM NN-HTePBaNoB, BbIYMCIEHHBIX MO 5-MUHYTHBIM MPOMEXYTKaM B TeYeHve BCelt
3anucy; CBBP — cpeaHeB3BelleHHadA BapraLma pyTMorpammbl

Ta6nuua 1. dnekTpokaparorpadrueckmne 3IMeHeHNs, PerncTpupyemble y NOAPOCTKOB 12-17 net

BarocuMmmarudeckoro B3aumopeiicrsuga (LF/HF)
He pasjnyancsad MeXAy IPYIIaMI, YTO YKa3bIBaeT
Ha paBHBIIT BK/Iag BeicokodacToTHOro (HF) 11 Husko-
qacToTHOrO KoMnoHenta (LF) B o61uryio BPC.

Mepuansl nokasarenein KOK, KOK-MB, JI/IT,
ACT, tponnonnna I, NT-proBNP, suCPb He npesbI-
many pedepeHTHBIX 3HaUYEHUIT B 00euX rpyImnax
(tabmn. 4). Yposuu MMII-2 (p = 0,001) u TMIMII-2
(p = 0,002) oxasanucp BbILIE Y HETPEHUPOBAH-
HBIX ITOJPOCTKOB, TorAa kak TVIMII-1 (p < 0,001),
TUMII-4 (p = 0,006), coorHoenrie MMIT-2/TVIMII-
2 (p = 0,003), Hao60pOT, OBIIN BbILIE y CIOPTC-
meHoB. [Ipu ananuse Ixo0-KI (tabmn. 5) B ob6enx
TpyHIax pa3Mepbl HONOCTEN Cepylia He IIPeBhILIan
HOpPMATUBHBIX 3HaueHmi (1o Z-score). [Ipu cpaBHu-
Te/IbHOM aHanu3e napameTpos nesoro (JIK) u mpa-
Boro xenynoukos (IIDK) BrIsiBIeHO IpeBbIlIeHE
noxkasarenert IMMIJDK u cucTonm4eckoin IIoiagn
IXX (RVAs) y cioptcmenos B 1,2 pasa (p < 0,001).
B o6enx rpynmnax mucciefoBaHMs He 3apUKCUPOBaA-
HO HapyLIE€HUI CUCTOINYECKOI U JMACTONNYIECKON
dynxmuit JIK.

BoisiBNeHbI criabble KOppensnoHHbIe B3ANMO-
CBSI3M MEXAY ZaHHBIMIJ MHCTPYMEHTAIbHBIX U 610-
XuMmudeckux MeTonoB uccnegosannsa CCC (Tabir. 6).

ITo manupiM XM-9KTI n 9x0-KI y ueTnipex
CIHOPTCMEHOB OOHAapy)XeHBI IIaTOJIOTMYeCcKue U3-
MEHEeHUS: y[IMHEH)e CPeJHECYTOYHOTO MHTepBa-
na QTc > 460 Mc, BeipaskeHHas 6pagukappus fo 30

MNapametp Konuuecto nauneHToB, abe. (%) 3HayeHve p
rpynna cnoptcmeHos (n = 86) KOHTpoOnbHadA rpynna (n = 74)
YanvHeHue nHtepsana QTc = 440 mc 2(2,3) 0 0,187
Bpaavikapaus < 2-ro nepueHTUns 5(5,8) 3(41) 0,611
HapyLieHure npoueccoB penonspusauunm enyaoukos 4(4,7) 3(4,1) 0,854
ATpPUOBEHTPUKYNApHas bnokaga | creneHn 2(2,3) 0 0,187
[laHHble NpefcTaBneHbl Kak abCcoMoTHOe YNCNIO NaLUeHTOB 1 1x Aona (%) B rpynne
Tabnuua 2. HacToTa cepeyHbix COKpaLLeHni y NOAPOCTKOB 12-17 NeT No AaHHbIM CYyTOYHOTO MOHUTOPUPOBAHWA NEKTPOKAPAVOrPamMMbl
MNapametp, Me [Q1; Q3], ya/MuH [pynna cnoptcmeHos (n = 86) KoHTponbHasA rpynna (n = 74) 3HayeHve p
YCC cpepHnan gHeBHan 84 [78;91] 93[83;100] < 0,001
YCC MMHUManbHaA aHeBHasA 56 [52;61] 59[52; 65] 0,118
YCC makcMmanbHaa gHeEBHanA 150[128; 159] 159[147; 184] 0,001
YCC cpepHAa HoYHaA 60 [55; 64] 65 [59; 70] < 0,001
YCC MMHUManbHaA HoYHas 49[47;55] 52 [46; 55] 0,568
YCC makcmmanbHas Ho4YHas 94 [86; 107] 113[103;120] < 0,001
YCC - yacToTa cepAeYHbIX COKpaLLEHNIA
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Tabnuua 3. [NokasaTtenn CnexkTpanbHOro aHanm3a BaprabenbHOCTM pUTMa cepala y NoapocTkos 12-17 net

Mapametp, Me [Q1; Q3] lpynna cnoptcmeHoB (n = 86) KoHTponbHas rpynna (n = 74) 3HaueHune p
VLF, mc? 5118 [3892; 6443] 3505 [2190; 4867,7] 0,006
LF, mc? 2989 [1967; 3800] 1944,5 [1205,5; 2815] 0,003
HF, mc? 1544 [881;2132] 871 [464;1337,5] 0,002
TP, mc? 9781 [7173; 13739] 6564 [4329; 9625 ] 0,016
LF/HF 2,16 [1,48; 2,69] 2,28[1,78;2,98] 0316

HF — BbICOKOYACTOTHBbIV CMEKTPanbHblii AranasoH, LF — HU3KouacTOTHbIN cneKTpanbHbIii AnanasoH, LF/HF — uHaekc BarocumnaTtnyeckoro B3aumopaenctaus, TP — o61asn MOLWHOCTb
cnekTpa, VLF — o4eHb H13KOYaCTOTHbIN CNEKTPanbHbIN AnanasoH

yAapoB B MUHYTY [18], mpu3HaKyM 9KCIEHTPUUECKOIT y copTcMeHOB. UyBCTBUTEIBHOCTD U CIleLUpId-

runeprpodun muokappa JDK, 4to gukTyeT HeoOXo-
AMMOCTb yIayOneHHoro obcimenoBanms. OnpeneneHo
moporoBoe 3HadeHue yposHs MMII-2 - 337,49 Hr/mn
(mmomapp mox kpuBoii (aHII. area under the curve,
AUC) 0,808 + 0,086, 95% 111 0,640-0,975, p = 0,039),
IIpU IIPEBBILIEHN N KOTOPOTO MPOTHO3MPYETCS BbI-
COKMII pUCK BblmleykasaHHbIX usmeHenuit CCC

HOCTb MeTofja cocTaBmiu 75 un 87,2% cOOTBETCTBEHHO
(puc. 2). YcraHOB/IEHA B3aMMOCBSA3b MEX/Y ITOBBILIIE-
HueM KoHLeHTpauyuy MMII-2 Bpllle TOpOroBOro 3Ha-
YeHUA U CUCTOMYecKoi nomazbio IDK: Bospacranue
cucrommdeckoit wromany IIDK Ha 1 cm? yBenmunBa-
eT AaHCHl noBbienusa MMII-2 6onee 337,49 ur/mn
B 1,39 pasa (95% 111 1,108-1,747, p = 0,005).

Tabnuua 4. YposeHb KapananbHbix OMOMapKepoB y NOAPOCTKOB 12-17 net

Buoxnmmnueckun mapkep, Me [Q1; Q3] lpynna cnoptcmeHos (n = 86) KoHTponbHas rpynna (n = 74) BepxHsAsa rpaHnLa HOpmbI 3HaueHwue p
KOK, EQ/n 157[98,3; 223,7] 123,2[92,8; 190] 270 0,157
KOK-MB, EL/n 17,5013;21,2] 15,1[12,8;17] 24 0,002
BYCPB, mr/n 0,821[0,31;1,63] 1,23[0,41;1,7] 5 0,118
ACT, EQ/n 13[10,7;17,4] 17,3[14,2; 19,8] 38 0,001
NAr EQ/n 162 [146; 196,5] 193,1[134,1;235,1] 279 0,034
NT-proBNP, mr/mn 48,2 [30;73,1] 49,2[27,9;79,8] 125 0,860
TponoHwH |, Hr/mn 0,09 [0; 0,29] 0,30[0,06;0,322] 0,5 0,011
MMI-1, Hr/mn 4,31[2,7;7,4] 3,66 [2,5;5,2] 0,246
MMI-2, nr/mn 204,8 [158,1; 283,1] 236,45 [193,7;318,6] 0,001
MMI-9, Hr/mn 61,6 [39,4; 88,4] 67,37 [60,29; 80,71] 0,050
TUMM-1, Hr/mn 182,1[124,9;237,2] 127,21 [98,76; 156,67] < 0,001
TUMM-2, Hr/mn 109,6 [97,2; 120,2) 193,8[167,1;236,7] 0,002
TUMM-4, Hr/mn 976 [833,5; 1198,2] 818[625; 1078] 0,006
MMM-2/TUMN-2 1,87 [1,48; 2,34] 1,243 [0,968; 2,034] 0,003

NT-proBNP (N-terminal pro-brain natriuretic peptide) - mo3roBoii HaTpuitypeTudeckuin nentg, ACT — acnapTaTammHoTpaHcpepasa, BUCPB — BbICOKOUYBCTBUTENbHDIN C-peakTUBHbI
6enok, IO - nakTataernaporeHasa, KOK — kpeatnHdochokrHaza, KDK-MB — kpeaTuHdochokmHaza-MB, MMI — maTprKcHaa metannonpotenHasa, TUMI — TKaHeBbIn UHrMGUTOP

meTansonpoTenHas
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Ta6nuua 5. OcHOBHble 3xoKkapanorpaduyeckie nokasaTeny y nogpocTkos 12-17 net

Mokasatenb, Me [Q1; Q3] lpynna cnoptcmeHoB (n = 86) KoHTponbHas rpynna (n = 74) 3HaueHuve p
Mex>xenyaoukoBas neperopopka, Mm 8(7;8] 8[7;8] 0,7
3agHAs cteHka JIK, mm 8[7; 8] 81[7;8] 0,117
KoHeuHo-aunactonnyecknin gnametp JIXK, mm 46 [44; 48,7] 45[42;48] 0,082
KoHeyHo-cncTonuuyecknii gnametp JIXK, mm 27 [25; 29] 26 [24,75; 29] 0,316
NMMITXK, r/m? 31,31[28,7; 36,6] 25,82[22,25; 28,07] < 0,001
OTHOCUTENbHAA TONWMHA CTeHKM JIXK 0,33[0,32;0,36] 0,33[0,31;0,37] 0,583
DOpakuyua Bbibpoca, % 71[69; 73] 68,5 [65; 74] 0,097
[unactonnueckasn gnuna MX, mm 66 [63; 70] 62,5 [54; 68,25] < 0,001
Onactonnyeckan nnowaab MK, cm? 13,5[11,7;15,6] 11,919,1;15,1] 0,002
Cuctonuyeckasa gnuHa MK, mm 521[48,2;57,7] 46 [39;51,25] < 0,001
Cuctonnyeckas nnowaab MK, cm? 8,05[7,02;9,4] 6,6 [4,8; 8,53] < 0,001

VMMJTX - nHaekc maccbl Mrokap/a nesoro xenyfnouka, JIXK — nesbit xenyaouek, MK — npasbiin xenygouek

Ta6nuua 6. KoppenaumoHHble B3avMOCBA3M MeX /1y MOKa3aTeNnamm MHCTPYMEHTANbHOMO 1 O1OoXMMMYeckoro obcneoBaHna y NOApPoCTKoB 12—17 neT

MNokasaTenb AVNN VLF HF RVAs

MMn-1 r=-0,439, p = 0,004

MMn-2 r=0,316, p = 0,048
TMMN-4 r= 0,405, p = 0,008 r=0,336, p=0,031

TponoHuH | r=0,461, p=0,002

NMMITK r=0,312,p=0,040

AVNN - cpepHas anutenbHocTb uHTepBana NN, HF — BbICOKOYaCTOTHbIN cnekTpanbHbI Arnana3oH, RVAs — cuctonuyeckas nnowwaab NpaBoro »enyfouka, VLF — oueHb H1U3KoUYaCTOTHbIN
crneKTpanbHbli grnanasoH, UMMITXK — nHaekc maccbl MMoKapaa neBoro xenynouka, MM — maTpukcHasa metannonpotenHasa, TVIMI - TKaHeBbI MHIMOUTOP MeTaNNonpoTenHa3

06¢cyxpeHne

Pusndeckue HaTPy3KM MOT'YT OKa3bIBaTb KakK IIO-
JIOXKUTENIbHOE, TaK M OTPULIATeIbHOE BO3[eIICTBIE
Ha CCC u ajjfanTalliOHHbIe CIIOCOOHOCTM OpraHu3-
Ma B 3aBUCMMOCTH OT UHTEHCUBHOCTI TPEHMPOBOY-
HOTO IPOIL[ecca ¥ COBOKYIHOCTH B/IVMSHNUSA BHEIITHNX
U BHYTpeHHUX ¢aktopos [19]. [Insa obHapysKeHus
CHOPTVMBHOTO IIepeHANPAKEHN M CKPBITON IaTo-
noruyu CCC (runepTpoduueckoii KapaoMIOIaTI,
aputMoreHHoi gucitasuy DK, sxusHeyrposkaeMbIx
HapyIIeHNIT CepfieYHOTO PUTMA) Y IOHBIX aT/IeTOB VC-
HO/b3YIOT COYeTaHMe Pa3HBIX METOOB [JUArHOCTH-
KIL: 97IEKTPO(PU3UOTIOrNYeCKUX, BU3YaTU3UPYIOLINX
u OuoxuMmaeckux [13, 20].

B Hamrem mcceoBaumy HabIIOLAIOCH IPEBbILIE-
HIle MeIMaH BCeX IoKasaresiell BpeMeHHOTo aHa/ln3a,
XapaKTepU3YOIMX IPeBaIMpOBaHMe TapacMIaTh-

YecKOJ MHHePBAIMM, B TPyIIIe IOHBIX XOKKENUCTOB
u GyTOONMUCTOB B CpaBHEHUN C TPYIIION KOHTPO-
751, YTO CBUJETENbCTBYET O MO3UTUBHOM BIMAHNUNI
aKTUBHBIX pusmyeckux Harpysox Ha BPC y mop-
poctkos. CHmxenne BPC, ycranosnenHoe y 36,6%
CIIOPTCMEHOB, TOBOPUT 00 MCTOIEHNN BETeTATUB-
HOJl perynAnuu, HeajJlekBaTHOM OTBETE MMOKapza
Ha CTUMYIALNUIO [21] M MOXeT CIIy>KUTb MapKepoM
neperpennupoBanHoct [22]. Konnenrpanus KOK-
MB 6bl1a BbIllIe ¥ CHOPTCMEHOB, YeM Y HETPEHMPO-
BaHHBIX IIOLPOCTKOB, YTO CBA3aHO C POCTOM YMC/Ia
Kap/IMOMMOIIMTOB ¥ HapacTaHMeM MacChl MMOKapfa
JIDK [23]. YpoBeHDb BHYTPUKICTOYHBIX (PePMEHTOB
(ACT, JIIAT') HaxORMIICS B TIpefeiaX BO3PACTHBIX HOPM,
Ho 601 Hyke (ACT mpum p = 0,001, JIT npu p = 0,034)
B TPYIIIIEe IOHBIX CIIOPTCMEHOB, YTO MOXKET OTpakaTb
YIOBIETBOPUTENbHYIO aJallTAlINI0O K IIUTENbHON

Jlykeanyquk 0[], YepHeiwesa 1.8, ManuHuHa EM., Tanow J1.U., lemenura T/, JleoHosuy C.B, 3yesa E.B., Jleikacosa E.A. OueHKa BaprabenbHOCTN putma 39
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Puc. 2. Pesynbrathl ROC-aHanun3a 4na onpeaeneHva noporoBoro
3HaYeHVA MaTPUKCHOM METANNoNPOTENHa3bl 2

¢dusnueckoit Harpyske [19]. Bonee Huskme 3Ha-
4YeHUs TPONOHMHA |, HE3aBUCUMOTO IIPeJUKTOpPa
CepAEYHO-COCYAUCTBIX COOBITUI [24], y crmopTcMe-
HOB II0 CPAaBHEHUIO C HETPEHUPYIOIMINMICA JeTbMNU
TOTO K€ PETMOHA TaKXKe OOBACHAIOTCSA MONOXKIUTE/b-
HBIM BIMsTHVEM (M3MIECKMX HATPY30K Ha afjalTaln-
OHHBIE BO3MOXKHOCTH IIOAPOCTKOB, IPOXXMBAIOIIUX
B ycnoBusax Kpaitnero Cesepa [16, 25].

MMII-2 - MeTannoNpoTeNHa3a, y4acTByIoIas
B pacIer/IeH!M CAPKOMEPHBIX 6€/TKOB Kap/MOMUOLIN-
TOB BO BpeMsI IIOBPEX/IeHI S, B TOM 4JC/Ie BBI3BAHHOTO
OKUCTUTENbHBIM cTpeccoM [10]. Boree Huskume ypoBHI
MMII-2 1 TUMII-2 npu 60/ee BBICOKOM 3HAYEHUN
cootHomenusa MMII-2/TUMII-2 y 1oHBIX aTIeTOB
II0 CPaBHEHMIO C HETPEHMPYIOMIMIICA IO POCTKa-
MU TI03BOJIAIOT MPEJIIoNaraTh abCoMoOTHOE CHIDKE-
Hye MMII-2 u TUMII-2 Kak afanTUBHYIO PeaKI[MI0
IIpY CHOPTMBHBIX HaTPy3KaxX MAJIA 3alUThl TKaHei

JononHutenbHaa nidopmayuma

OwHchvnposaHMe

PaboTa npoBefeHa B pamkax BbiNonHeHuA foCcyAapCcTBEHHOTO 3ajjaHua
MwuHncTepcTBa Haykm 1 Bbicliero obpasosaHusa PO Ne 122020300112-4.

KoHbnuKT nHtepecos

ABTOpr 3anBnAT 06 OTCYTCTBUN ABHbIX N MOTEHUMaNbHbIX KOHd)FIVIKTOB
NHTEPEeCOB, CBA3AaHHbIX C I'Iy6]1VIKaL|l/Iel7I HacToALLeNn CTaTby.

YyacTtue aBTOpoB

10.[. JIyKbAHUMK — KOHUENUMUA 1 an3aiiH nccneposaHna, Gopmmposa-
HVe rpynn nauneHToB, c6op 1 o6paboTka mMaTepmana, aHanmn3 noayyeH-
HbIX JaHHbIX, HanncaHne TekcTa; T.B. YepHbilweBa — KOHUeNUMA 1 gn3ainH
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OT 136BITOYHOTO PaspyLIeHN A U IO IeP>KAHNUA CTPYK-
TYPHOII LIeIOCTHOCTYU SHAOTENNS COCY/I0B, BHEKIIE-
TOYHOTO MaTpukca, Muopubpun [12]. ITosbiuienne
ypoBHa MMII-2 6onee 337,49 HI/MII, IO GAaHHBIM
HAIIeTO MCCIeOBaHM A, MOXKHO pacCMaTpMUBaTh Kak
HNPeJUKTOP MaTONTOIMYeCKOr0 peMOeNMPOBaAHMA
MMOKap/ia y I0HbIX criopTcMeHoB Kpaitnero Cesepa.
BsanMocBA3b yBennueHns CUCTONMNYECKON TI0Ia-
nu IDK n Hapactanua korneHTpanyuy MMII-2 Brrmre
HOpOroBoro 3HadeHus (337,49 HI/MII) faeT OCHOBAHMA
IPEATIONIOKNTD ITOSAB/IeH)e Ha4aTbHbIX MapKepPOB I10-
Bpexxpenns c IIK.

K orpaHuYeHNI0 HACTOAIIETO MCCIESOBAHMA
C/IeAyeT OTHeCT) HebOOJIbIIoe KOMNYeCTBO YIaCTHM-
KOB C NIPM3HAaKaMy peMojleIMPOBaHM MMOKap/a.
dopmupoBaHme 601ee MHOTOYNCIEHHO BBIOOPKHU
C y4acTMeM aT/leTOB Pa3HbIX KIMMAaTUIeCKUX PeTu-
OHOB IT03BOJIUT Pa3paboTaTh IIPOTHOCTIYECKYIO MO-
Telb CIIOPTUBHOTO NePeHANPSIKEHNA I/ CO3aHMA
HepCOHNPUIMPOBAHHOTO aJITOPUTMA HAOMTIONEHN
CIIOPTCMEHOB C IOTPAHNYHBIMM MHCTPYMEHTa/IbHBIMU
(axoxappmorpaduIecKMm U NMeKTPOoKapauorpadu-
YeCKMMU) ITOKa3aTe/I M.

3aKknyeHune

B xozme o6cnenoBanus HOIIEN B Bo3pacTe 12-17 e,
Ipo>XMBaoIUX B yonousax Kpaitnero Cesepa, 6b110
YCTAHOBJIEHO ITOJIOKUTE/IbHOE BIMAHME aKTUBHDIX
¢usnueckux Harpysok Ha cocrosiaue CCC: cpenu
IOHBIX aT/IeTOB 3aMKCUPOBAH MEHBUINII IPOLEHT
mereit ¢ moHmkeHHoit BPC (36,4% npoTtus 64,2%,
p = 0,018), a Tak>Ke BbIsABIEHbI O0TIee HM3KIIE 3HAYEHIS
Mapkepos nporteonnsa (MMII-2, p = 0,001) u moBpex-
IeHVA MMoKappa (TpononuH I, p = 0,011) mo cpaBHe-
HUIO C AaHAJIOTMYHBIMY TIOKA3aTelAMU Y HETPEHUPY-
fomuxcs nogpoctkos. Konnentpanusa MMII-2 Borie
337,49 ur/mi, camxenne BPC MoryT paccMaTpuBaThCA
KaK (aKTOpBI PUCKA PeMOJe/INPOBaHIA MUOKapAia
Y CIIOPTCMEHOB C MOTPAaHMYHBIMI 3TeKTPOKapAYO-
rpadudecKuMn 1 sXoKapanorpaduIecKuMu mapa-
metpamu. @

VCCNeAoBaHVA, pefakTVpPOBaHe CTaTby, yTBEPXAEHE UTOrOBOrO BapuaHTa
TekcTa pykonucu; E.M. ManuHuHa — aHanu3 nonyyeHHbIX AaHHbIX, CTaTUCTU-
Yyeckan 06paboTKa faHHbIX, HanucaHwve TekcTa; J1./. TanoH — KoHuenuma n au-
3aiiH UCcnefoBaHWA, yTBEPXKAEHE UTOTOBOrO BapuaHTa TeKCcTa pyKonucu;
T./. Netenuna, C.B. NleoHoBuy, E.B. 3yeBa - BbinonHeHne nabopaTopHbix
TeCToB, aHanu3 n NHTepnpeTauma pesynstatos; E.A.JlbikacoBa — aHanu3
M UHTeprpeTaumna pe3ynsTaToB SNeKTpoKapanorpadryecknx MeToA0B 1c-
cnefoBaHuA, pefakTMpoBaHMe cTaTbu. Bce aBTOpbl Npounu 1 ogo6punu
duHanbHylo Bepcunio ctaTbyn nepep nybavKkaumeit, COrnacHbl HeCT oTBeT-
CTBEHHOCTb 3a BCe acneKTbl paboTbl U FAPAHTUPYIOT, YTO MMV HaANEeXaLLM
06pa3om 6binn PaCcCMOTPEHbI U PeLLEHbl BOMPOChI, CBA3aHHbIE C TOYHOCTbIO
1 [06POCOBECTHOCTbIO BCEX YacTel paboTbl.

OpmrMHaanue CTaTbW
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Assessment of the heart rate variability
and cardiac biomarkers in young athletes:

a cross-sectional study

Yu.D. Lukyanchik' « TV. Chernysheva' « EI. Malinina' 2 «
L.I. Gapon' « T.l. Petelina' « S.V. Leonovich' « Ye V. Zuyeva' -

E.A. Lykasova'

Background: Active athletic activity can occa-
sionally trigger the development of cardiovascu-
lar diseases, especially in highly dynamic sports.
Athletes who perform their training in cold climatic
conditions are at risk of exhaustion of the function-
al reserve of the body and the sports-associated
overstrain.

Aim: To determine the characteristics of heart rate
variability (HRV) and cardiac biomarkers in young
hockey and football players in the Far North, to
search for predictors of pathological myocardial
remodeling.

Methods: This was an observational cross-sectional
study in 160 boys aged 12 to 17 with health groups
Il to Il performed in the Children's Health Center
of the Novourengoy Central Regional Hospital in
Spring 2022. We performed a standard electro-
cardiography (ECG) and 24-hour ECG monitoring,
echocardiography (EchoCG), and blood sampling
for markers of myocardial damage, endothelial dys-
function, and proteolysis. The study group consist-
ed of 86 children involved in hockey and football,
and the control group consisted of 74 teenagers not
going in for active sports.

Results: The median values of the primary waves
and intervals on the standard ECG were within
the normal range in both groups. The 24-hour
ECG monitoring showed significant differences
between the study groups for average heart rate
(84 [78; 91] vs. 93 [83; 100], p < 0.001) and maximal
heart rate (150 [128; 159] vs. 159 [147; 184], p = 0.001).
The proportion of children with reduced HRV in the
control group was significantly higher than in the
athlete group (64.2% vs. 36.4%). Median levels of

the myocardial damage markers were within the
reference ranges in all study children, with lactate
dehydrogenase (p = 0.034), aspartate aminotrans-
ferase (p = 0.001), and troponin | (p = 0.011) levels
being significantly lower in the athlete group. As
for the EchoCG parameters, there was a 1.2-fold
increase in the left ventricular mass index and the
right ventricular systolic area in the athletes com-
pared to the control group (p < 0.001). According to
the ROC analysis, the cut-off value of matrix metallo-
proteinase 2 predictive for the high risk of myocar-
dial remodeling in the athletes was > 337.49 ng/mL,
with sensitivity of 75% and specificity of 87.2%.
Conclusion: The matrix metalloproteinase 2 levels
above 337.49 ng/mL and low HRV may be consid-
ered as risk factors for myocardial remodeling in
athletes with borderline electrocardiographic and
echocardiographic parameters.

Key words: heart rate variability, young athletes,
matrix metalloproteinases, highly dynamic sports,
24-hour ECG monitoring, biochemical markers
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2QrbOY BO «CeBepo-3anafHbii rocyaap-
CTBEHHbI MEAVLMHCKUI YHUBEPCUTET UMEHN
N.N. MeuHnkosa» MuH3apasa Poccuu; 191015,
r. CaHkT-MeTepbypr, yn. KnupouHas, 41, Poccuiickas
Depepauma

3QrbY «CeBepo-3anagHblil OKPY>KHON HayYHO-KNMHMW-
Yyeckuin LeHTp nmenwn J1.I. Cokonosa ®MBA Poccumy;
194291, r. CankT-lMeTepbypr, np. KynbTtypbl, 4,
Poccuiickaa Oepepauns

KoHTponb ypoBHs xonectepunHa NMNonpoTeVHOB
Hu3kon nnotHoctn (XC-JIHM) - kKnoyeBon sne-
MEHT aHTMaTEePOreHHOW Tepanuun y naumneHToB
C aTepOCKNepOTNYECKMMN CEPAEUYHO-COCYANCTDI-
MU 3ab0eBaHUAMU, OCOBEHHO Yy UL, BbICOKOTO
1 O4Y€eHb BbICOKOro pucka. Lienesbie yposHun XCJTHT
(< 1,8 MMoOsb/n [N BbICOKOTO pUcka 1 < 1,4 Mmonb/n
L5l OYEHb BbICOKOTO PUCKA) CIy»KaT BaXKHbIM MO-
KasaTenem KayecTBa MeAULUHCKOW MOMOLYM.
TpagnumoHHo ana onpegenexnna XCJTHIM ncnonb-
3ytoT dopmyny Friedewald, ogHako ee TouHoCTb
orpaHuyeHa npu yposHe Tpurnuuepuzos (TT) Bbiwe
4,5 mmonb/n.

B cTaTbe paccMOTpEeHbl COBPEMEHHbIE MOAXOAbI
K onTrMun3aumm pacyeTtHbix dopmyn XC-JIHI, nx
NPUMEHNMOCTb B KNMHUYECKOI NPaKTUKe 1 perno-
HaslbHble 0COBEHHOCTU.

®opmyna Friedewald, npeanoxeHHasa B 1972 r.,
[oJIroe BpemMs oCTaBasach rlaBHbIM METOJOM pac-
yeTa XC-JIHI. OgHako ee orpaHnyeHuns, 0CO6eHHO
npwu BbICOKNX YpoBHaX TI, npuBenu K paspaboTke
anbTepHaTUBHBIX GOPMYJ, TaKMX Kak MeToa Martin
1 popmyna Sampson. Metog Martin, ocHOBaHHbI
Ha aHanu3e 6onee 1,35 MIH NIUNVMAOrPaMM, Npea-
naraeT MCnosib30BaHVe MNONPaBoOYHbIX KO3bdU-
LMEHTOB B 3aBUCMMOCTM OT ypoBHs TI. Dopmyna
Sampson, yunTbiBatoLLas KOMMIEKCHblE MeTabo-
NMyecKre NpoLecchl, AeMOHCTPUPYET BbICOKYIO
TOYHOCTb, 0COBEHHO NpY YPOoBHAX Tl < 4,5 MMOb/N.
MmeloTcA pernoHasbHble pasnyuns B YPOBHAX -
nnAoB, 06yCIOBNEHHbIE KNTUMATUYECKUMU, KYSlb-
TYPHBIMU 1 FeHeTUYeCcKuMmn paktopamu. B IOxHoW
Kopee, Hanpumep, npefnoxeHa Gopmyna, yuntbiBa-
101L{aA 0CO6EHHOCTN MECTHOW MOMyNALMY, KOTopas
noka3sana 6onee BbICOKYI0 TOYHOCTb MO CPABHEHWIO
c popmynon Friedewald. B Poccuiickon Oepepayun
pa3paboTaHa popmyna, OCHOBaHHas Ha aHanmse
750000 nunuporpamm, KOTopasa 4eMOHCTpUpyeT
BbICOKYIO TOYHOCTb MNPV LUVPOKOM Arana3oHe YpoB-
Hen TT (0,1-30 mmonb/n). 3TK UccnefoBaHmA Noa-
YepKMBaIOT HEOOXOAMMOCTb aAanTaLun PacYeTHbIX
METOAOB K JIOKasIbHbIM MONYAALUAM.

B KnuHMYeckoi npakTuKe BbiIbOp MeTofa pac-
yeta XC-JIHM 3aBUCKT OT uenen nccnegoBaHus
N KJIVMHWYECKUX 0CO6EHHOCTEN 3abosieBaHUA.
AmepuKaHckasa accoumauma ceppua (AHA) peko-
MeHayeT meToa Martin, Toraa Kak HaumoHanbHbIn
nHcTuTYT 3g0poBbA CLIA (NIH) npegnountaer
dopmyny Sampson. B Poccuiickon Oepepavmm
no-npexHemy ncnonbsyetcsa ¢opmyna Friedewald,
XOTSl €e TOYHOCTb MOJBEPraeTcs COMHeHMI0. B MHO-
roLEeHTPOBbIX NCCNIeAOBAHMAX FMNOAUNMAEMUYE-
CKUX MpenapaToB NpeAnoYTeHne OTAAeTCA HOBbIM
dopmynam, Takum Kak popmyna NIH, koTopas no-
Ka3ana BbICOKYIO TOUHOCTb MPU HU3KUX YPOBHAX
XC-JIHIM.

HeobxonnmocTb TouHoro onpegenexua XC-JTHM
[NA OLEHKUN cepAeYHO-COCYANCTOro prcka 1 KOH-
Tpona 3¢ GeKTUBHOCTM Tepanuu CTUMynmpyeT
pa3BUTUE HOBbIX pacyeTHbIX MeToAoB. Dopmyna
Friedewald, HecmoTpA Ha ee WNPOKOe NUCNOSb-
30BaHMe, yCTymnaeT No TOYHOCTU COBPEMEHHBIM
MeToAaM, 0CO6GEHHO Npu BbICOKUX YPOBHAX TI.
OnTMMK3aLuA pacyeTHbIX GOPMyI C yYETOM Pervo-
HanbHbIX 0COBEHHOCTeN NonynALMn NpeacTaB-
NAeTCA BaXHbIM LIAroM K MOBbILIEHNIO KayecTBa
OVIAarHOCTVKY 1 NIeYEHUs aTepOCKIepOTUYECKNX
3a60/1€BaHNA.

KnioueBble cnoBa: popmyna Friedewald, pac-
YeTHbIN XONeCTEPVH NUMONPOTENHOB HU3KOWM
NNOTHOCTW, XOJIECTEPVIH NINMOMPOTENHOB HU3KOW
NMOTHOCTU, CePAEUHO-COCYANCTbIE 3a60eBaHNA,
dakTopbl prcka

Ana yntuposanmna: CagosHukos [1C, Nypesuy BC.
PacueTHble Gopmyrbl XonecTepriHa NMNONPOTENHOB
HW3KOW MAIOTHOCTY B KapPAVONOTMYECKON NpaKTuKe:
yem bonblue Gopmys, Tem nydlle? AnbMmaHax KvH1ue-
cKon MeauLmHbl. 2025;53(1):43-52. doi: 10.18786/2072-
0505-2025-53-005.

MocTtynuna 25.12.2024; popabotaHa 17.02.2025; npu-
HATa K My6nmkaumm 04.03.2025; ony6i1MkoBaHa OHMalH
17.03.2025
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€006XOMMOCTb PETyIsApPHOTO KOHTPO-
75 yPOBHA XONeCTepMHa JNUIONPOTe-
MHOB HM3KoM mmorHocTu (XC-JTHII)
I ocyuecTBaeHNA 3 PeKTUBHOI aH-
TUATEPOTeHHON Tepanuy IIpY BeleHNN TTaljieHTOB
C aTepPOCKIEPOTUIECKMMU CEPAIEIHO-COCYAUCTBIMU
3a00J/IeBaHMAMI He BbI3bIBaeT COMHeHMIT. B ocoben-
HOCTY 3TO KacaeTcs NaljMieHTOB BbICOKOTO ¥ OYEHb
BBICOKOTO CEpfIeYHO-COCYANCTOrO PUCKA, TaK KaK
OJJHMM }3 OCHOBOIIO/IATal0I X IPYHLINIIOB IIaTore-
HeTIM4YeCKV 0O0CHOBaHHOTO JICYEHUS 9TOM KOTOPTHI
MalMEHTOB ABAETCA JOCTVKEHME 1jeJIEBBIX YPOBHEN
XC-JIHII, cobrofieHe KOTOPBIX IPU3HAETCS, B YaCT-
HOCTH, B&XXHBIM IIOKa3aTeseM KadecTBa OKa3aHU A
MeMIIMHCKON moMouu. B cooTBeTcTBIMM C [IeVICTBY-
IOIVMI KIMHNYECKVIMY PeKOMEeH/JAL[MAIMU IleleBbIe
yposuu XC-JIHII a1 manyeHTOB BLICOKOTO PUCKA —
3HaveHns < 1,8 MMOJIB//I, a /151 MAI[IeHTOB OYeHb BbI-
COKOro pucka — < 1,4 mmonb/n. Clnegyer 3aMeTUTD, YTO
6asanbHble noKasaTenmu XC-/IHII mmpoxko ucnonb3y-
I0TCS He TOJIBKO 711 KOHTPOJIA TUIIONUINIEMUIeCKOI
Tepannu, HO U [JIst CTpaTuUKALUM PUCKA KaK IIPU
HepBMUYHOI, TaK U IPY BTOPUYHOI IpodumaKTuke
CeprevIHO-COCYAUCTBIX 3abomeBanuit' [1].
PedepeHTHBIMU MeTOZaMM JJIs OLIpee/IeH N OC-
HOBHBIX JIMIONPOTEMHOBBIX HPAKIUIl KDOBU B Te-
YeHMe MHOTVX JeCATUIeTUI CINTAINUCDH TTOAXO/bI,
6asypyrolyecs Ha yIbTpaleHTpUPyrnpoBaHuy Ipob
KpOBH [2-4], KOTOpOE COIPSIKEHO € UCTIONb30BAHIEM
YHUKATBHOTO 000PYAOBaHMS, OCTAIOIIET0Cs O Ha-
CTOsALI[ETO BpeMeH!U MaJIOJOCTYIIHbIM B peanbHO
K/IMHNYECKON MpaKTUKe. Y>Ke BO BTOPOJ MOIOBMHE
IPOIIIOrO BeKa MOsBU/IACh HEOOXOUMOCTb Macco-
BOT'O 00C/Ie[JlOBaHNA TALIMEHTOB C CEPAEYHO-COCY Y-
CTBIMU 3260/IeBaHMAMIM, 0OYC/IOB/IEHHAsI B OCHOBHOM
IIPOBeieHIeM SMNAEMUOTOTMIECKUX VM KIMHNYECKIX
uccnegoBanuil. Hanbosnee mogxomsAmmM s 3TOro
okasascs npennoxennstit W.T. Friedewald u coasrt.
pacueT, OCHOBAaHHBIN Ha IONYIIEHNN O TOCTOSIHHOM
cooTHotieHuy xonecrepuHa (XC) 1 TpUrINIEpULOB
(TT) B nunonpoTerHaxX O4YeHb HU3KON IIOTHOCTU
(JIOHII) [4]. ®opmyna Friedewald mo cux mop mpu-
MEHAETCS B KJIMHUKO-Ta00paTOPHOIL IpaKTUKe, He-
CMOTPS Ha Ba)XHOE OIPaHMYEHME — KPUTUIECKOE JIC-
KakeHme pesynbraToB pacyera XC-JIHII npu yposue
TT sb111e 4,5 MMorb/n1. Kpome TOTO, BBIABIEHBI OTKIIO-
HEHMsI pacyeTHBIX IIOKa3aTesIell, XOTsA U B MeHbLIeN
cTerneHy, faxke mpu ypoHaAX TT Hinke 4,5 MMOTIB/II.
9TO NPMUBENO K MOSABIEHUIO PAJia MPeJI0KEHNIT,
OIITYMU3UPOBABIINX OOLIEIPUHATYIO hopMyy [5-7].
B mocnepnue mecATUNETUA B KIMHUYECKYIO
NPaKTUKY BHEAPAITCA IpsMble METO/bI OIlpefe-
nenns XC-JIHII [8, 9], koTopble 3HAYUTENBHO HIUXKE
II0 CTOMMOCTH ¥ MeHee TPYHOeMKU IO CPAaBHEHUIO
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¢ ynprpanentpudyruposanueMm. Tem He MeHee pac-
YeTHBIE METOJ[bI OCTAIOTCS NMPEAIOYTUTETbHBIMU /IS
HONY/IALVMOHHBIX 00CTeTOBaHMIL ¥ OCOOEHHO I
TeCTMPOBAHN S HOBLIX TUIONUNNAEMIYECKIUX Ipe-
[apaToB B paMKaX MHOTOI[EHTPOBBIX KJIMHNYECKIX
nccnegoBaHmit. B cBA3M ¢ 9TUM B HaCTOsIIEN CTaThe
MBI pacCMOTpenu paboThI, B KOTOPBIX MCCTIEIOBATENN
ImpeAaaraloT BApMAaHTHl ONTUMU3ALUN PacIeTHBIX
¢dopmyn XC-JIHII, ¢ Touky 3peHN s UX IPUMEHIMO-
CTU B YCTOBUAX KNMHNYECKOI MPAKTUKMA.

OcHOBHbIe NoaxoAbl K ONTUMM3aLnn
pacueTHoi popmynbl XxonectepuHa
NMNONPOTENHOB HU3KOW MAIOTHOCTU

®opmyna Friedewald, npexgmoxxennas 6omee 50 et
Hasap [10] Ha OCHOBaHUY U3Y4YeHM S IMIUTHBIX II0-
KasaTeseil HeOONbIION BBIOOPKU aMePUKaHCKUX
HAI[MEHTOB, A/INTEIbHOE BpeMsl OCTaBanach 6e3
IPUCTATbHOTO BHUMAHMA KapAUOIOTroB, YTO OTYA-
CTI OO'BSICHSIETCST MUCTOPUIECKUMY OCOOEHHOCTSIMU
PasBUTHA UCCIENOBAHUI B 061aCTV TUIINIOMOT M.
Ha sape pasBuTnsa KIMHUYECKON TUIIAIONIOTUN Pac-
yet XC-JIHII no Friedewald npennasnauancs mns
omnpepeneHns GeHOTUIA JUCTUINAEMUI O KIac-
cudukanun D.S. Fredrickson u coasr. [11]. llnpoxoe
pacpocTpaHeHye MeTOJ oy YuI B Havase 1980-x rr.,
KOI'ZIa B CBA3M € IOHMMaHIEeM Ha/IN4UA 3aBUCUMOCTI
YaCTOTHI KOPOHAPHBIX COOBITHII OT ypoBHs XC-JTHII
CTaJIM IIPOBOJUTHCA MHOTOLIEHTPOBBIE K/IMHIYeCKIIe
UCCTIeZOBAHM TUIIOUINIeMITYeCKIX IIpernapaToB
u pyTuHHOe onpepenenne yposusa XC-JIHII 6bi10
BHEJIPEHO B IIPOLIeCC JUATHOCTUKI 1 JIeYeHNU A KOPO-
HapHoIt 6o7e3H cepaua [12]. B nanpHeitiem, Haun-
Has ¢ cepeirHbI 80-X rOIOB IPOILJIOrO BeKa, IMPOKOoe
ucnonbp3oBanue opmynsl Friedewald B ycnoBusix
peanbHO KIMHUYECKOI IPAKTUKI BBIABUIO PAJ €€
HEJIOCTAaTKOB, B YaCTHOCTM PUCK HEKOPPEKTHOI KyIac-
cuduKanUy yPOBHS CEPAEYHO-COCYAUCTOTO PUCKa
II0 CPaBHEHMIO C pa3paboTaHHBIMM B KOHIIe 1990-X IT.
npssMbIMK MeTogamu onpepenennst XC-JTHIT [8].
BMmecTe ¢ TeM, IOCKOIBKY NIpAMOe U3MEpeHUEe
koHneHTpanuu XC-JIHIT 06b19HO 5KOHOMMIYECKH He-
ie7Ieco00pasHo, MCCIefoBaTe/IN HEOHOKPATHO pas-
pabaTbIBaM aNbTepPHATUBHbIE pacyeTHbIE (HOPMYIIHL,
KOTOpBbIE XapaKTePIU30Ba/IICh O0/Iee BHICOKOI TOIHO-
CTBIO 110 cpaBHeHMIO ¢ popmynoit Friedewald B ot1-
Ie/bHBIX JIOKa/IbHBIX MOMY/ALuAX. MHOTroO6pasme
OPMEHTVPOBAHHBIX Ha KOHKPETHYIO IONMY/IALUIO
pacuetHbix popmyn XC-JIHII orpaxkeHo B Tabnuie.
AHanus 60NBIIMHCTBA MyONMKALIMIT II03BOJIAET
BBIJIeJIUTD [IBa OCHOBHBIX IOXO/Ia K ONTUMM3AIUN
pacuetsolt popmynsl XC-JIHII, ocHOBaHHBIX, B OT-
nan4ne ot gonyuenus Friedewald, na mpexncras-
JeHusAX o BapuabenpHocTu cootHouenus XC / TT

0630p



CpaBHMTeﬂbHaﬂ XaPakKTepUCTVKa PacHeTHbIX (bOpMyﬂ XonecrteprHa nMnonpoTenHoB HI3KOW MNNOTHOCTH

AnbMaHax KnuHuyeckom meanumHbl. 2025; 53 (1): 43-52. doi: 10.18786/2072-0505-2025-53-005

®

MepsbiNt aBTOP, CCbinka  lof ®opmyna CrpaHa, eguHunua Pazvep loapbl npoefeHna  XC-JIHI, pedepeHTHbIN meToa
n3mepeHmus BbIGOPKY, a6C. n3mepeHmin
Friedewald W.T.[10] 1972 OXC-XC-NBM-Tr/5s CLUA, mr/gn 448 - B-kBaHTMdMKaLuma
DelLong D.M. [13] 1986 OXC - XC-JIBM-0,16 X TI CLUA, mr/gn 10000 1972-1975 YnbTpaueHTpudyrnposaHme
Rao A.[14] 1988 (4,7 x OXC - 4,364 x KysewT, mr/gn 196 - B-kBaHTMdMKaums
XC-NBMN -Tr) / 4,487
Hattori Y. [15] 1998 0,94 x OXC-0,94 x AnoHusa, mr/on 2161 1992-1996 YnbTpaueHTpudyrnposaHme
XC-NBM-0,19xTr
Anandaraja S.[16] 2005 (0,9x OXC)-(0,9%xTr/5)-28 WHana, mr/gn 2008 1998 MNpamoe n3meperne (Beckman)
TeerakanchanaT.[17] 2007 (0,91 x OXCQ) - (0,634 x XC-NBM) - TannaHg, mr/gn 1016 2004-2005 MpAamoe nsmepeHune
(0111 xTT) - 6,755 (Hitachi)
Ahmadi S.A. [18] 2008 OXC/1,19+Tr/1,9-XC-nBn/ WpaH, mr/gn 230 2002-2003 MpAmoe nsmepeHune
1,1-38 (Technicon)
Puavilai W. [19] 2009 OXC - XC-NBM-(Tr/6) TannaHg, mr/gn 999 - MpAamoe nsmepeHune
(Hitachi)
ChenY. [20] 2010 (OXC-XC-NBIM) x 0,9-Tr x 0,1 Kwtan, mr/gn 2180 - MNpamoe n3meperne (Hitachi)
Vujovic A.[21] 2010 OXC-(Tr' / 6,85) - XC-1BM Cepbuis, mr/pn 2053 2007-2008 Mpamoe n3mepeHve (Kyowa
Medex)
Chowdhury N. [22] 2013 OXC-Tr/5-XC-NBM + 15,3 x baHrnagew, mr/gn 1052 2011 Mpamoe n3meperve (Olympus
(TF/OXC)-2,4 AU400)
de Cordova C.M. [23] 2013 0,75 x (OXC - XC-NBM) Bpasunus, mr/on 10664 2000-2002 Mpsamoe n3meperve (Wako)
Martin S.S. [24] 2013 OXC - XC-nBn-(tr/ CLUA, mr/on 1350908 2009-2011 BepTukanbHoe aHanuTMyeckoe
KOpPEeKTUPYeMbIi MHOXWTESb) LeHTpudyrnposaHme
Dansethakul P. [25] 2015 0,9955 x OXC - 0,9853 x XC-J1BI - TavnaHg, mr/an 1786 2008 Mpamoe n3mepeHve (Roche)
0,1998 X TT + 7,1449
Hu C.Y. [26] 2015 OXC x 0,75 - 0,6465 Kutai, mr/gn 21689 2010-2014 Mpsamoe n3meperve (Wako)
Rasouli M. [27] 2017 OXCx0,75-0,5%x XC-NBM-0,1 XTI WpaH, mr/an 310 - MNpamoe n3meperne (Pars
Azmon Inc)
Saldafna Orejon .M. [28] 2017 0,974 x OXC-0,160 x Tl - 0,968 x Mepy, mr/gn 4644 2015 Mpamoe n3mepeHne (Siemens)
XC-NnBN + 5,361
Ghasemi A. [29] 2018 OXC-XC-NBM-Tr/4 WpaH, mr/an 5030 2012-2015 Mpamoe n3meperwe (Pars
Azmon Inc)
Ephraim R.K.D. [30] 2018 OXC-XC-NBM-Tr/4 laHa, Mmonb/n 1518 2016-2017 Mpamoe n3meperme (URIT)
Molavi F. [31] 2020 0,97 x OXC-0,93 x WpaH, mr/an 3844 2015 Mpamoe n3meperwe (Hitachi)
XC-1BM-0,19 x TF
Sampson M. [32] 2020 OXC /0,948 - XC-nen/ CLUA, mr/an 8656 1976-1999 B-kBaHTUdUKaLWA
0,971-(Tr /8,56 + TI x HeJIBI /
2140-Tr*/16100) - 9,44
Bauer F. [33] 2021 OXC-XC-NBM-Tr/7,98 lepmaHus, mr/gn 3514 2014-2019 Mpamoe n3meperne (Roche)
ChoiR.[34] 2021 OXC-0,87 x XC-NBM-0,13 XTI IOxHan Kopen, mr/gn 7537 2017-2018 Mpamoe n3meperwne (Roche)
CaposHukos IM.C. [35] 2022 XC-nelIBM - (Tr/3-0,14) P®, mmonb/n 750000 2016-2020 Mpamoe n3meperme (Roche)
Jeong Y.W. [36] 2023 0,94 x OXC - 0,94 x IOxHas Kopes, mr/an 18837 2009-2019 Mpamoe n3meperve (Hitachi)

XC-JIBM-0,12x T

OXC - o6wuin xonectepuH, TF — Tpurnuuepugbl, XC-JIBM - xonectepuH nMNonpoTemHoB BbICOKOW NAOTHOCTU, XC-JTHI — xonecteprH NMnonpoTenHOB HU3KOW NIOTHOCTH,
XC-HeJ1BIM - xonecTepuH, He BXOAALMIA B COCTaB IMMONPOTENHOB BbICOKOW MIOTHOCTN
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B JIOHII. Taxk, S.S. Martin 1 coaBT. yjaoch OpraHu-
3oBarb B CoenyuenHbix [lltarax Amepuxu (CIHIA)
yHUKaIbHbI poekT Very Large Database of Lipids
(VLDB) [37], B paMKax KOTOPOTO OBITIO IPOaHATIN-
3upoBaHo 6osee 1350 000 munuzorpamMm 3a nepu-
ox ¢ 2009 mo 2011 r. Macurtab ucciefoBaHus mpe-
B30IIIeJl aHAJIOTMYHbIe IPOEKTHI, peann30BaHHbIe
B IPYTUX CTPaHaX, U B pesyJbTare Obl/Ia IPefIIoXKeHa
[OCTATOYHO IPOMO3/Kasi Tabuia, cocrosias us 180
HOIPAaBOYHBIX KOS GUIMEHTOB [/IsI pa3HBIX YPOB-
Heit TT B ncxopHoit popmyrte Friedewald [24]. MeTop
Martin B ¢BA3M ¢ BBICOKOJ CTENIEHBIO COBIA/IeHUA
¢ pedpepeHTHBIMU MeTOZAMHU OBITT PEKOMEHIOBAH
AmepukaHCcKoi accoumanueit cepaua (American
Heart Association, AHA) n AMepuKaHCKOII Koe-
rueit Kappuonoruy (American College of Cardiology,
ACC) x mpuMeHeHMIO KaK anbTepHaTHBa hopmyrte
Friedewald [38]. 9T0o cTuMynuposano uccienosa-
Tesell K MpoBepKe Tabmui Martin Ha TOKa/lIbHBIX
MIONY/IAIMAX, KOTOpas MTOKa3ana pasHble pe3yiib-
TaThl B 3aBUCUMOCTY OT permoHa mupa. Hecmorpsa
Ha TO 4TO OO/BIIMHCTBO UCCIELOBAHNUIT IOATBEP-
[VIO YBEIWYEHHYI0 TOYHOCTD popmynbl [39-41],
CYIIeCTBYIOT U JaHHBIE O IIPEBOCXOACTBE GOPMYIIBI
Friedewald 1151 HEKOTOPBIX JIOKa/IDHBIX ITOIY/IALINIA,
Hanpumep B Hemarne [42]. [I71s1 06/meryeHus uCnomnp-
30BaHMsI IPAKTUYIECKMMY BpadaMu Tabmmna Martin
B HacTosAlee BpeMs IIpefiCTaB/IeHa U B peXKMMe OH-
JIaliH, 9TO, K COXKaJIeHNIO, HEHAMHOT'O YBeINYUIO
yBOOCTBO ee MCIONMb30BaHNUs /s pacyeTa UHUBI-
myanbHbIX mokasaTeneit XC-JTHIL.

bonee npuONIMXEHHBIM K COBPEMEHHBIM IIpei-
CTaBJ/ICHUAM O MeTabo/MM3Me MUITNIOB OKa3aJIcs pac-
4yeTHBIT MeTox, M. Sampson u coasr. [32]. opmyna
Friedewald nmpetepmena xommnnekcHoe npeobpasoBa-
HUe: K K&KIOMY 4IeHy ypaBHeHst f0O6aBIeH KOp-
PeKTUPYIOMNIT K03 DUIVEHT, 4TO 10 OIPefe/TeHUI0
IpeAInoIaraeT OTCYyTCTBUE 0OPATHOTO TPAHCIIOPTA Ha-
tuBHbIX JIOHII B eyens [13] 1 0TCyTCTBYE BIUAHNA
Ha yposeHb TT npyrux pakTopos, HaIpuMep yBeIn-
YEeHM s aKTUBHOCTY BHENEYCHOYHOJ JTUIIONPOTENH-
numassl [14]. OcHOBHBIMU OrpaHNYeHUAMY GOPMYIIBL
Sampson, 110 IPU3HAHNIO €€ ABTOPOB, ABIALTCA VIC-
XOJJHO OJHOPOJIHasI BBIOOPKA C MICK/TIOUeHEeM JJaHHBIX,
BBINIAJIAIOIINX 3a IIpefieibl 99-TO MPOLEHTNIA KaX-
JIOTO TTOKa3aTesd, M NONyIALMY C RUCTUIINIeMUeit
111 Tuma, rge otHomenue XC-JIOHIT / TT > 0,33 [32].
OpHako MMeeTcs U pAj NyOnMKauuil, IOfTBEpKaa-
IOLINX YAYYIIEHHYI0 TOYHOCTD 3TO YOPMYIIBI IpK
omnpenenenny tapreTHeix sHaueHni XC-JIHIT gna
OLIEHKU CepHeIHO-COCYAUCTOrO pucKa [43, 44].

ITo pesynbpTaraM MCCAeZOBAaHUA IPU YPOB-
Hax TI > 4,50 MMoOIb/T HM OFHO ypaBHEHME —
Martin, Sampson nnn Friedewald - He mokasano
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yOBJIETBOPUTENbHBIX 3HAYEHUII 110 CpaBHEHUIO
¢ peepeHTHBIM METO/IOM IPAMOTO OIpee/leHN A
[45]. BmecTe ¢ TeM B JaHHOI paboTe, BHIIIOTHEHHOI
Bo Opannun, o6Hapy>XeHO, YTO B COCTOAHNY Ha-
Towak (n = 5826) ypaBHeHue Sampson ObIZIO HaK-
6071€e TOYHBIM, TaK KaK II0Ka3aJI0 CAMbIIl BBICOKUIL
IpPOLEHT OCTaTOYHOI omnbky Hike 0,13 MMOIb/1
(67% mpotuB 57% u 63% IpK MCIIONb30BAHUY YPaB-
Henus Friedewald nnn Martin - Hopkins cooTser-
CTBEHHO) 1 Hanbomee HU3KII YPOBEHD OMIMOOTHOI
knaccudukanuu TapreTHeix 3Hadenuit XC-JTHIL.
[IpeBOCXO/ICTBO 9TOTO YpaBHEHMA OBITIO MeHee BhI-
pa>keHo, KOTrfia paccMaTpyBaach KoHmeHTpannsa TT
< 4,5 MMonb/n. B cocTogHUN n0C/Ie TpueMa NUIin
(n = 1180) ypaBuenne Martin - Hopkins 6s110 Hau-
60Jiee TOYHBIM, IIOKa3aB CaMBbIil BBICOKMIT IPOLIEHT
ocraTtouHoIt omnbxu Hmxke 0,13 mmons/n (73% mpo-
TuB 39% u 57% Tpy UCIONTb30BAHUN yPaBHEHUI
Friedewald u Sampson cooTBeTcTBeHHO) [45].

Pa3miuns B TOYHOCTY PACcU4eTHOTO OIpefe/ eI
XC-JIHII nMeroT MecTo B paMKaX OJJHOI CTpPaHBbI.
Tak, Ha TeppuTOopyy VIHANK TpefIaraeTcs UCIIONb-
30BaTh ypaBHeHMe Sampson BMeCTO ypaBHEHMU
Friedewald [46], Torga kax st nonynsangny K0xHO
VInpyy Hamty4iye pe3yIbTaThl I0OKa3alo ypaBHe-
Hue Martin [47].

PernoHanbHble 0TANUMA pacyeTHbIX
3HaYeHUI XxonecTepmHa IMNONPOTEMHOB
HU3KOW NNOTHOCTN

CyujecTByeT 3HAaYMTE/NbHOE YUC/IO HAOMIONEHNIT,
B KOTOPBIX OTPa’Xe€Hbl pervMOHaIbHblEe OTINYNA
B pacueTHbIX 3HaueHUsx XC-JTHII [48, 49], 06ycnos-
JIEHHBIe Pa3IMYHBIMU (PaKTOpaMU: 3arpsA3HEHNEM
Bo3ayxa [50], u3MeHeHMeM PU3MIECKOI AKTUBHO-
ctu [51, 52], Ce30HHBIM M3MEHEHNEM TeMIIepaTypbl
Ha ynue [53] u B moMeleHuAX [54], BIusHMeM at-
Moc(epHOro HaB/IeHNUs U CE30HHBIM M3MEHEHUEeM
BJIa>KHOCTM BO37yXa [49], KyIbTYPHBIMY 0COOEHHO-
CTAMM, CBSI3AHHBIMU C U3MEHEHJeM JVEThbl BO BpeMs
mpasgHuUKoB [55].

Cpenune ypoBuu o6buiero XC (OXC), ckoppek-
THPOBAaHHBIE 110 IIOJTy ¥ BO3PACTY, BAPbUPOBAINCH
ot 4,58 mmonb/n B Pecriybnuke Kopes, rie Tpagu-
[MOHHAs AueTa 6orata MOPENpPOSYKTAMI U OBO-
mamu, 0o 5,40 MMonb/m B ABCTpUM, UTO MOXKET
OBITH CBSI3aHO C BBICOKUM YPOBHEM MOTpPebIeH s
HaCBIIEHHBIX XJMPOB B PallVIOHE I OrPaHNYeHHOM
¢dbmsmyecKoit aKTUBHOCTBIO. B psie cTpaH, BKIO-
yasg ABcTpuio, [epmannio, Croaknuio, CeBepHYIO
Makeponuto u IllBetijaputo, cpegaue yposau OXC
NpeBbIIIaNY PEKOMEHYeMbll BcemMupHOI opranu-
3anuelt 3gpaBooxpaHeHus mopor 5,00 mmons/n [56].
B CIIIA nabmiogaercs TeHgeHnusA K cHypkenuo OXC
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3a MocnefHue fecATnneTus, Ho yposeHb XC-JIHII
OCTaeTCA BBICOKMM M3-32 PACIPOCTPAHEHHOCTH
OXMPeHUA U MeTabonndeckux sabonesanuit [57].
Cpepuuit nonynauuonHell yposenb OXC B ad-
PUKAHCKNX CTpaHaX COCTaBAeT 4 MMOJIb/M, XOTS
U TaM HaO/MI0aI0TCs 3HAUNTEIbHbIe PEerMOHa/TbHbIE
pasnuuuA He Tonbko ypoHA OXC, HO 1 JpyTUX NuU-
HMUIHBIX [OKa3aTesell, KOTOpble 06yCIOBIEHDbI KaK
TPaJUIMOHHBIMU IVeTUYeCKUMU IPUBBIYKAMIY, TAK
U CTeneHbo ypbaHmsanuu [57].

JMHaMuKa M3MeHeHN A MONY/IALVOHHOTO YPOB-
HA IMINJ0B pasHOHAIpaBJeHHA: eCNy B benbrun
u OuHIsHANN HAOTIOZAaeTCs 3HAYUTETbHOE CHIIXKe-
Hye ypoBHA OXC HaunHasA ¢ 1980-x rT., To Manaiisus
u Tanmanp, HAIPOTUB, TOKA3BIBAIOT 3HAUNTEIbHBIN
POCT, KOTOPBIII cocTaBisgeT 6onee yeM 0,1 MMOJIB/N
KaXXIYIO IeKaJy M y MY>KUUH, 1 Y )KeHIuH [58].

Jna mMakuMCTaHCKON HMONyNALNUM ypaBHEHUE
Friedewald, mo mHeHnio aBTopoB pabortsr [59], mo-
Ka3aBIINX, YTO B HeM MeJUaHHOe cMelleHue ObIIo
HaMMEHDBUIUM I10 CPAaBHEHMIO C APYTUMU ypaBHe-
HUAMMY, OKa3aJ10Ch NPeJIOYTUTETbHBIM B OT/INYIE
OT TeHJIeHIIVI IT00aIbHON TUTEPaTyPhl, BLICTYIIA-
I0Iell 3a MCII0/Ib30BaHNMe HOBBIX IOMY/IALMOHHO-
OPMEHTNPOBAHHBIX YPaBHEHUIL.

Y.W. Jeong u coaBT. IpOJEMOHCTPUPOBAIN
[IPEeNMYIIeCTBO COOCTBEHHOI GOpPMYIIBI pacuera
XC-JIHII g xopeiickoit monynauuu [36]. B nccre-
TOBAHNM MCIOIb30BANNCE pe3ynbraThl Koperickoro
Hal[MOHAa/IbBHOTO 00C/IeOBaHMA 3[OPOBbs U MUTa-
HuA ¢ 2009 1o 2019 r. ¢ BKIIoyeHueM 18837 cy6n-
eKTOB ¢ ypoBHAMMU XC JTUIIONPOTENHOB BBICOKOI
mnotHocTy, TT, OXC n XC-JIHII, nsmepeHHBIMHA
NpAMBIMU PepMEHTaTUBHBIMI METOJaMU. ABTOPBI
UCXONWIN U3 TOTO, YTO, BO-TIEPBBIX, IpAMOe U3-
mepenne XC-JIHIT neaddekTuBHO ¢ TOUKH 3pe-
HIA 3aTpaT U BPEMEHM, a BO-BTOPHIX, ypaBHeHMe
Friedewald, BoiBeeHHOE Ha OCHOBAHUM MaHHBIX
He60JIbIION BBIOOPKY CeBepOaMepUKAHCKUX Ia-
I[ME€HTOB, He yUUTHIBAJIO IOM Y/ MIOHHbIE 0COOEH-
HOCTU JIMIIMJAHBIX IIOKa3aTesleil g1 KOPecKOro
Hacej/leHu:A. BplsIo Ipejiio)keHo HOBOe ypaBHEHMe
onenku XC-JIHIT s 10)KHOKOPEI[eB C UCIIONIb30-
BaHMEM YTBep)X[eHHBIX Ha Hal[JIOHAaJIbHOM YpOB-
He CTaTUCTUYECKNX IAHHBIX. ABTOPBI CPaBHUIIN
12 ypaBHeHMIi, paspabOTaHHBIX B IPebIAYIINX
MCCTIefOBAHNAX, C COOCTBEHHOIT popmyoil. B pe-
3y/IbTaTe YacToTa OMMOOYHON Knaccuduxanum
CepheYHO-COCYIVCTOrO PUCKa B COOTBETCTBUN C Ka-
teropusamu NECP ATP IIT (National Cholesterol
Education Program Adult Treatment Panel III -
HanuonanbHas ob6pasoBaTenbHas IporpaMma
II0 XOJIeCTepUHY, IPYIIIIa 110 le4eHI 0 B3pocnbix I11)
B IIPEIIOKEHHO MU MOJeIU OblIa JOCTOBEPHO

HIDKe 110 CPaBHEHMIO C IPYTVIMM M COBIIajjana ¢ Ips-
MbIM omnpepenennem XC-JTHII [36].

HeMHoOrOUYMC/IEeHHBIEe MONYIAIMOHHbIE JlaH-
Hble aHanu3a TOYHOCTU (opmyner Friedewald
B Poccuiickoit @epepanun (PD) mokasanu HeOHO-
3HAYHbIe Pe3y/IbTAThl: OGHY aBTOPbI OTMEYAIOT, YTO
pacder no ¢popmyie Friedewald xapakrepusyerca
HIU3KOJ BOCIIPOM3BOAMMOCTBIO I He OTPakaeT UC-
TUHHOI KOHIIeHTpauuy aHanuta [60], a knaccnduka-
1M TALMEHTOB 110 I'PYIINaM CepAedHO-COCYAUCTOTO
pucka B 45% IpUBOAUT K HEBEPHOMY 3aK/IIOYEHUIO
[61]. B mpyrux uccnenoBaHUAX, HA0OOPOT, IONy4YeHa
BBICOKas KOPPeIALMA MEX/Y IPAMBIM Y PaCUeTHBIM
o Friedewald metomamn onpenenenns XC-JTHIT
¢ pasHMLel! TONBKO ¥ 9% marnueHToB [62].

Ananus 750000 pe3ynbTaToB 00€3TMYEeHHBIX
IIOJIHBIX TUIINOTPAMM MAIMeHTOB eBPOIeiiCcKoil
qacTy P®, BBINMOTHEHHBIX B Ta00PATOPHOIT CIyXKbe
«Xenuke» 3a mepuop ¢ 1 ssuBaps 2016 o 31 fexabps
2020 r. Ha aHaNMM3aTOPAX OFHOIO TUIA C eAMHBIMU
CTaHJApTaMy KOHTPOJIA KaueCTBa, IO TBePK/eH-
HBIMJ MEKYHAPOHBIMMI ayAMTaMMU, II03BOINT HAM
cospathb pacuetHyio popmyny yposra XC-JTHII kpo-
BU, OCHOBAHHYIO Ha JIMHEHOW MOJEe/NIN ONMCAaHUA
HOIY/LALMIOHHBIX B3aMMOOTHOLIEHNI HVPKYIUPYIO-
mux XC-JIOHII un XC, He BXOAAIIEro B COCTaB JINIIO-
IIPOTENHOB BBICOKOT ITOTHOCTH [35]. TectnpoBanme
3T0it popMysl Ha BeibOpKe 150 000 munupzorpamMm
BBISIBUJIO BO3MOXXHOCTb paccunThiBath XC-JIHII
IJIS Oy A UM eBporieiickoit yactu P® B mpepenax
ponycTuMolt ommnbku B 96,12% cnyyaeB npu 3Ha-
yeHnax 1T or 0,1 go 30 MMOIB/JI, YTO NTPEB3OIIIIO
10 aTuM nokasarensam popmynsl Friedewald, Martin
u Sampson.

[TepeyeHb MOTOOHBIX MCCIETOBAHNUIT MOXHO IIPO-
Ro/mkuUTh. O6UIMPHBIT 06bEM JaHHBIX O perMoHap-
HBIX PasIM4YMAX HONYIALMOHHBIX TUINIHBIX ITOKa-
3aTeslell fesaeT MX He TO/IbKO IPeIMeTOM OTHe/IbHOTO
MHTepeca, HO I B I3BECTHOI Mepe 00bACHSET HaeKo
He e[[MHMYHbIe IONbITKY IPUBELEeHN A pacueTHbIX
¢dopmyn XC-JIHII B cOOTBeTCTBUE C TOKaIbHBIMU
0COOEHHOCTAMU MeTaboIM3Ma TUINJIOB.

KnuHnyeckaa peneBaHTHOCTb pacuyeTHbIX
dopmyn xonectepmHa nMNONPOTeNHOB
HU3KOW NMOTHOCTHU

Ha pernonanbHOM ypoBHe 00IelIpi3HAHHbIE Orpa-
HudeHusa ¢opmynel Friedewald npusenu x pexo-
MeHZanuAM AMepMKaHCKON acconyaluy cepila
n AMepUKaHCKON AmabeTM4ecKO acconuanmnm
(American Diabetes Association, ADA) mncnonpso-
BaTh B KJIMHUYECKOI IIpakTuKe popmyny Martin,
a HanmoHanbHbII MHCTUTYT 3p0poBbsa CIIA
(National Institutes of Health, NIH) u Kanagckoe

CadosHukos 1.C,, [ypeauy B.C. PacueTHble GopMmyIibl XonecTepuHa MNonpoTeMHOB HY3KOW MIOTHOCTY B KAPAMONOrMYECKON NpaKTUKe:

yem 6onblue Gopmys, Tem nyutie?

®

47



w

®

48

obiectBo knnHKM4Yeckoi xumun (Canadian Society
of Clinical Chemist, CSCC) pekoMeHAYIOT As
COOCTBEHHBIX UCCIeROBaHUI popMyny Sampson,
KoTopas mony4umaa HazBaHue «popmyma NIH»
[32, 63]. CormacHO O6HOBIIEHHBIM PEKOMEH/ALIMAM
[Tonbckoro obigecTBa 1a60PATOPHOTL [UATHOCTH-
ku (Polish Society of Laboratory Diagnostics, PSLD)
u ITonbckoit accounanuu nunupos (Polish Lipid
Association, PoLA), npu nepBuuHOM obpalieHUN
HallMeHTa MO>KHO ITPUMEHATDH TI00bIe pacyeTHbIE Me-
topbl onpegenennsa XC-JIHIL, ecnn B oTdeTe yKasaHo,
KaKoI1 3 HUX ObLI UCITOTb30BaH, YTOODBI B aTbHETI-
1meM 3¢ ¢GeKTVBHO KOHTPOIUPOBATD PE3y/IbTAThI Y-
HMOMVINIeMIYecKoil Tepanun [64]. [Jpyrue aBTOpbI
IpefIaraloT BbI6OP MEX/Yy METOAMU Ol pefie/IeH s
XC-JIHII B 3aBUCMMOCTY OT NPUYMHBI JUCTUIIN-
nemun. Hampumep, npu auabeTu4ecKon JUCTUIN-
IEeMUM ¥ MeTabo/MINYeCKOM CUHIPOMe IpefIodYTH-
TeJIbHO, 110 X MHEHUIO, ypaBHeHNe Sampson Uan
npsaMoe ompepenenne [65]. Texyuue KIMHNYeCKe
pexoMmeHnpanuy PO He BK/IIOYAIOT KaKy0-m160 Apy-
ryio ¢opmyny, kpome popmyier Friedewald'.

B KIMHMYECKMX MHOTOLIEHTPOBBIX PAHJOMMU3N-
POBaHHBIX UCCAELOBAHNAX TUIIONUINEMUIECKUX
IpenaparoB IOCIEeJHETO OKOMeHNU A, KOTAa U3-3a
60/IbIIIOrO KOMMYECTBA MOBTOPHBIX OIIpeeeHnit
XC-JIHII B Te4yeHMe AIUTETBHOTO ITEPHOJA MPEIoUTe-
HIe 110 PVMHAHCOBBIM MPMYMHAM OTHAETCA PACICTHBIM
MeTofaM, HeOOXOAMMOCTDb UCIONb30BAHNS HOBBIX
¢dbopmyr okasanach aKTyaabHOI, TaK KaK IPU JOCTH-
JKeHVM HU3KUX Le/IeBbIX YPOBHE IMINIOB MIMeeT Me-
cTo Hauboblee NCKaxeHne pacyeros 1o Friedewald
B 3aBucumoct ot yposHa TI. B mporpamme kiu-
Huuecknx nccnegopanuit OJVICCEN MHTUOUTOpA
PCSK9 annpoxymaba 06Hapy>KeHO IPEeUMYIeCTBO
«opmynbl NIH» He TONBKO B OTHOIICHNY ypaBHEHNA
Friedewald, Ho 1 mo cpaBHeHuI0 ¢ MeTofoM Martin
[66]. HampoTus, paHee ony6IMKOBaHHBIN aHAIU3
nccnegopanusa FOURIER, B KOTOpOM MCIIBITBIBA/ICA
npyroit uruburop PCSK9 - sBonokymab, nokasar,
yto npu HU3Kux ypoBHaAX XC-JIHII no Tounoctu
IpeAIoYTUTe/IbHee YCOBEPIIeHCTBOBAHHAS popMyIa
Martin — Hopkins [67]. B HefaBHeM e ncciejoBaHIN
B3pocmnoi nonynAuuu IOAP ¢ HeKOHTponMpyeMbIM
ngrabetoM (n = 57 165) ¢ ucronp3oBaHMEM MIPSIMOTO
¢dbepmeHTaTUBHOrO MeTona onpepenenus XC-JTHIT
u ypaBHeHuit Sampson, Martin — Hopkins, Friedewald,
Hattori u Anandaraja 6b1710 mokasaHo, 4To GopMyIy
Martin - Hopkins MOXXHO IpyMeHSATb BMECTO IPSIMBIX
METOJIOB, IIOCKOJIbKY IIPJ 9TOM C HalMeHbIIIell Bepo-
ATHOCTBIO HeJIOOL[@HNBACTCA CePHedHO-COCYAUCTBII
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PUCK IO CPAaBHEHUIO C APYTUMMI 9€THIPbMs Gopmy-
namu [68].

3aKknyeHue

[ToTpeOHOCTDb KIMHMYECKOI KapAMONIOTUN B CBOE-
BPE€MEHHOI I Hale)XHOJ AMArHOCTUKE aT€pPOreH-
HBIX JMCNNNAEMNIl, pAaBHO KaK U B IOCTOSIHHOM
KOHTpOJIe 3¢ (PEeKTUBHOCTU IUIIONIUIUAEMUIECKOI
Tepanuiy, OCHOBAHHOI Ha TOYHOM 1 6€3yC/IOBHOM
TOCTMKEHUU Bce OoJIee XeCTKUX Lie/IeBbIX YPOBHeIl
XC-JIHII, 3HaunTeNIbHO BO3pOCIa B MOCTIEAHNE Jie-
CATUNETUA. DTUM 00'BACHACTCA MOCTOAHHBII MHTE-
pec K COBepILIeHCTBOBAHNUIO KaueCTBa I Yy YIIeHIIO
TOCTYITHOCTM TabOPaTOPHBIX METOLOB ONpefiee A
JIUIIUOHBIX TOKa3aTenen.

[TogaBnAoomiee 6OIBIIMHCTBO UCCIELOBATEIEN
HpUAEePXKUBACTCA MHEHUA O TOM, UTO paspabdo-
TaHHaA 6osnee 50 neT Hasax pacyeTHas popmyia
Friedewald HepgocTaTouHO TOYHO OTpaXkaeT pe-
anpHble ypoBHN XC-JIHII npu monmynAnMOHHbBIX
U VHIMBYUAYAAbHBIX UCCAETOBAHUAX TUIUTHOTO
mpo¢uIst U He MOXKeT MCIIO0/Ib30BaThCsl B PYTHHHOI
npakTuke npu yposHe TT Bbimre 4,5 MMonb/11, a ee
TOYHOCTb OLTYTUMO CHM>KAeTCH y>Ke IpU YPOBHe
TT BpImIe 1,7 MMOB/M. DTO IPUBENIO K BHEJPEHNIO
HOBBIX ITOIXO/IOB K CO3[JaHII0 MOZIM(UIIMPOBAHHBIX
MeTopioB u popmyn pacyera XC-JIHII, ocHoBaHHBIX
Ha HerocTossHcTBe cooTHomeHusA TT n XC B JIOHII.
BmecTe ¢ TeM 0630p TeKymMX my6IMKaLNil CBIJE-
Te/IbCTBYET O MPOJO/DKEHNN aKTUBHOM JUCKYCCUN
0 3TOII IpobieMe. ITOT MPOLECC CTUMYIUPYETCS
U MONTy4YeHVeM JJOIIOTHUTETbHBIX MO/ TBEePK/IeH U
TOTO, YTO COOTHOIIEHNME TUNNAHBIX PPaKIUil KPOBU
IIMPOKO BapbMPYeTCA B 3aBUCMMOCTY OT KIMMAaTH-
YeCKUX, KYJIbTYPHBIX U TeHEeTUIeCKNX (PaKTOPOB,
KOTOpBIE OIIPefie/IsII0T 000CHOBAHHOCTD TEHIEHIINN
K ONTUMM3aLUM pacdeTHbIX 3HadeHnit XC-JTHIL.
ITuM 06bsICHsIETCSI U HeM36EXKHBIIT MHTEePeC UCCIIe-
moBaresell K a/leKBaTHOM MMIUIEMEHTAI NN M3BeCT-
HBIX VI HOBBIX PAaCUeTHBIX IPMEMOB [/l YBeINYeHN A
TouHOCTHU onpenenenusa yposua XC-JIHII B no-
KaJIbHOJ momynAnuu. B cBoto oyepefb, 3T0 IPOYHO
COITIaCyeTCs ¢ He0OXOQUMOCTBIO JOCTVDKEHNA Lie-
JIeBBIX 3HAYEHWIT 3TOTO KTI0UeBOTo IoKasarTesns ad-
(beKTMBHOCTY AHTHATEPOCK/IEPOTIYECKOI TEPATINI,
a Tak>ke C HeOOXOMMOCTBIO ONTUMU3ALNY CBOE-
BPEMEHHOI IMaTHOCTUKY U KOPPEKIIMM HAPyIIEeH M
JUIMHOTO OOMeHa C Ie/IbI0 afjeKBaTHOI OLleHKNU
Y CHYDKEHU A CepiedHO-COCYUCTOTO PUCKA, UCXOLA
U3 TePPUTOPHATBHON ¥ STHIUECKOI TeTePOreHHOCTN
Hacenenus. @

"HapyweHue nunuaHoro obmeHa. KnuHuueckne pekomeHaaumn MuHuctepctsa 3apaBooxpaHennsa PO. loctynHo no: https://cr.minzdrav.gov.ru/preview-

cr/752_1 (pata obpauyeHms 03.01.2025).
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Calculation formulas for low density
lipoprotein cholesterol in cardiological
practice: the more, the better?

PS. Sadovnikov' « V.S. Gurevich' %3

Monitoring of low density lipoprotein cholesterol
(LDL-C) levels is a key element of anti-atherogenic
therapy in patients with atherosclerotic cardiovas-
cular diseases, especially those at high and very high
risk. The target LDL-C levels (< 1.8 mmol/L for high
risk and < 1.4 mmol/L for very high risk) are important
indicators for quality of medical care. Traditionally,
the Friedewald formula has been used to estimate
LDL-C, but its accuracy is limited when triglyceride
(TG) levels exceed 4.5 mmol/L. This article reviews
current approaches to optimization of the LDL-C
calculation formulas, their applicability in clinical
practice, and regional variations.

The Friedewald formula, proposed in 1972, has long
been the primary method for LDL-C estimation.
However, its limitations, particularly at high TG lev-
els, have led to the development of alternative for-
mulas, such as the Martin method and the Sampson
formula. The Martin method, based on the analy-
sis of over 1.35 million lipid profiles, suggests the
use of correction factors depending on TG levels.
The Sampson formula, which accounts for complex
metabolic processes, demonstrates high accuracy,
especially at TG levels < 4.5 mmol/L.

There are regional variations in lipid levels associ-
ated with climatic, cultural, and genetic factors. For
example, in South Korea, a formula tailored to the
local population has been proposed, showing higher
accuracy compared to the Friedewald formula. In the
Russian Federation, a formula based on the analysis
of 750,000 lipid profiles has been developed, demon-
strating high accuracy across a wide range of TG lev-
els (0.1-30 mmol/L). These studies highlight the need
to adapt calculation methods to local populations.

In clinical practice, the choice of LDL-C calculation
method depends on the study objectives and clinical
characteristics of the disease. The American Heart
Association (AHA) recommends the Martin method,
while the National Institute of Health (NIH) favors the
Sampson formula. In Russia, the Friedewald formula
is still used, although its accuracy is questioned. In
multicenter studies of lipid-lowering drugs, newer
formulas are preferred, such as the NIH formula,
which has shown high accuracy at low LDL-C levels.
The need for accurate LDL-C determination to assess
the cardiovascular risk and monitor the treatment
efficacy drives the development of new calculation
methods. The Friedewald formula, despite its wide-
spread use, is less accurate than modern methods,
especially at high TG levels. Optimization of the for-
mulas to account for regional population character-
istics seems an important step toward improvement
of the quality of diagnosis and treatment of athero-
sclerotic diseases.

Key words: Friedewald formula, calculated low-den-
sity lipoprotein cholesterol, low-density lipoprotein
cholesterol, cardiovascular diseases, risk factors
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