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Buomapkep ST2 kak IPOrHOCTUYECKUN (PAKTOP Pa3BUTUSA
OCTEONATUYECKUX MEPEIOMOB Y 0OJTbHBIX C XPOHUUECKOU
cepAevYHON HeIOCTATOYHOCTHIO, ACCOIMUPOBaHHOU

C caxapHbIM Aua0eToM THIIA 2

C.H. IlTunos, E.H. bepe3ukosa, A.A. Ilonioa, A.B. Mosiokos, 1.B. Axkosnesa, /I.B. 2 Kykos

@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccus

AHHOTAIIMA

BBegenue. Cepreuynas HeIOCTATOYHOCTD ABJIAETCA KIMHUYECKUM CHHIPOMOM, CBA3AHHBIM C PA3JIMIHBIMU MeTa-
60TMYECKMU HaPYIIEHUsIMU, MHOTHE U3 KOTOPBIX MOTYT OTPHIATEIbHO BJIUATH HA OMOPHO-ABUTATEIbHBIA ammapar.
TIpoBoCIa/INTEIPHBIE IINTOKUHBI, UTPasi BA?KHYIO POJIb B IIATOTeHE3e XPOHUUYECKOH cepyieuyHol HepocTaTouHoctu (XCH),
TaKyKe MOTYT U3MEHATh MeTab0IM3M KOCTEH.

IT e 1 b . V3y4ynuTh MIPOTHOCTHYECKYIO 3BHAUMMOCTH PAacTBOpUMOTro ST2 B kauecTBe GMOMapKepa POTrPecCHPOBAHUS CHH-
JKeHUsI MUHEPIbHOH wioTHOCTU Koctu (MITK) 1 pucka 0CcTeonopoTHIecKuX nepesoMoB y 60abHbIX ¢ XCH, accoruupo-
BaHHOMU ¢ caxapHbIM quabeTom Tumna 2 (C12).

MaTepuainb U MeTOJB5bl . IIpoBeIeHO 12-MeCTIHOE TPOCIEKTUBHOE KIIMHUYECKH KOHTPOJIUPYEMOE HCCIIe-
noBanue 75 keHIUH ¢ XCH, accoruupoBanHo ¢ C/12. OcOGEHHOCTH COCTOSAHUSA KOCTHOW TKaHU aHATM3UPOBAIHUCH C
ydaeToM ypoBHs ST2 B CBIBOPOTKee KPOBU B 3 TEPTUJIAX. B CeJIEKTUBHYIO BEIOOPKY 1-T0 TePTIIA (1 = 25) BOLUTH HAI[UEHTKU
¢ MUHMMaJIBHBIM ypoBHeM ST2 — MeHee 21,3 HI/MJI; BO 2-H Teptunb (n = 25) — THaUMEHTKU ¢ ypoBHeM ST2
21,3—32,8 Hr/MJI; B 3-U TepTWIb (N = 25) — manueHTKu ¢ ypoBHeM ST2 6osee 32,8 Hr/mit. ComeprkaHue CBIBOPOTOYHOTO
ST2 ompenensin uMMyHO(pepMeHTHBIM MeToioM. Onienka MITK nmpoBoauiach IEHCUTOMETPUIECKIM METOIOM C UCTIOJIb-
30BaHUEM JIBOMHOH 9HEPTreTUYECKON PEHTIreHOBCKOH abcopbumomerpun (DXA).

PesynbTartsbl . Yepes 12 Mec OLIEHUBAIACH YACTOTA KOMOMHUPOBAHHON KOHEUHOH TOUKHU: cHIDKeHne MIIK mo
JaHHbIM DXA u/unu pa3BUTHE OCTEOIIOPOTHYECHX IePeIoMOB. YacToTa HEGJIArONMPHUATHBIX COOBITHH MTOCTEIIEHHO BO3-
pacraja oT 1-T0 TEPTHJIA K 3-My TepTUiIo (p = 0,001). Y sKeHIIUH ¢ KOMOPOU/IHOM maTosorueii npu meauane ST2 Gostee
25,3 Hr/mi u MIIK (o T-kputepuio) MmeHee —2,5 BbIABJIsIACh HANOOJIbINAsA yacTora (52,6 %) HEOIATOIPUATHBIX OCTEO-
mopotuueckux cobertuii. Habiomanack yMepeHHas OTpHIATesbHAs Koppessanus ypoBHsa ST2 ¢ MIIK (r = —0,48;
p = 0,001).

3axkiuwoueHHUe . IloBplIeHHBIH ypoBeHb ST2 acconuupyetes ¢ mporpeccupoanueM rnorepu MIIK u puckom pas-
BUTHUSI OCTEOTIOPOTHUECKUX EPEIOMOB. IIpesicTaBiisercs 11esiecoo6pa3HbIM U MHGOPMATUBHBIM HCCIIEOBAHNE YPOBHS
ST2 B kposu keHIKH ¢ XCH u C/I2 114 OLleHKN PUCKA Pa3BUTHSA OCTEOIIOPOTHYECKUX IIEPETOMOB.

Kaoueswte croea: ST2, ocTeonopos, cepieuHasi He0CTATOUHOCTh, MUHEPAIbHAS IJIOTHOCTh KOCTH, IIPOTHO3, OCTEOIIO-
POTHYECKU TTEPETIOM.
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ST2 as a prognostic factor for the development
of osteopathic fractures in patients with chronic heart failure
and type 2 diabetes mellitus

S.N. Shilov, E.N. Berezikova, A.A. Popova, A.V. Molokov, 1.V. Yakovleva, D.V. Zhukov

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Heartfailureis a clinical syndrome associated with various metabolic disorders, many of which
can adversely affect the musculoskeletal system. Pro-inflammatory cytokines, playing an important role in the pathogen-
esis of chronic heart failure (CHF), can also alter bone metabolism.

A im . To study the prognostic significance of soluble ST2 as a biomarker of bone mineral density (BMD) decline pro-
gression and the risk of osteoporotic fractures in patients with CHF and type 2 diabetes mellitus (T2DM).
Materials and methods. Ai2-month prospective, clinically controlled study of 75 women with CHF
and T2DM was conducted. Bone tissue characteristics were analyzed taking into account ST2 levels in 3 tertiles. The selec-
tive sample of the 1* tertile (n = 25) included patients with a minimum ST2 level of less than 21,3 ng/ml; in the 2™ tertile
(n = 25) — patients with an ST2 level of 21,3—32,8 ng/ml; in the 3™ tertile (n = 25) — patients with a ST2 level is over
32,8 ng/ml. ST2 concentration was determined by enzyme immunoassay. BMD was assessed using the densitometric
method using dual energy X-ray absorptiometry (DXA).

Results. After 12 months, the frequency of the combined endpoint was assessed: a decrease in BMD according to
DXA and/or development of osteoporotic fractures. The frequency of adverse events gradually increased from the 1 tertile
to the 3" tertile (p = 0,001). In women with comorbidities having a median ST2 of over 25,3 ng/ml and BMD (according to
T-score) of less than —2,5, the highest frequency (52,6%) of adverse osteoporotic events was identified. There was a mode-
rate negative correlation of ST2 levels with BMD (r = —0,48; p = 0,001).

Conclusion. Elevated ST2 levels are associated with the progression of BMD loss and the risk of osteoporotic
fractures. It seems appropriate and informative to study the serum level of ST2 in women with CHF and T2DM to assess
the risk of osteoporotic fractures.

Keywords: ST2, osteoporosis, heart failure, bone mineral density, prognosis, osteoporotic fracture.
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BBEJAEHHNE

Cepmeunas HemocrarouHocts (CH) sBisercs
Cephe3HON MPoOJIEMOl OOIIEeCTBEHHOTO 3IPaBOOX-
paHeHUsA, 3aTPAarvBaIOIIedl MIJUIMOHBI HAIUEHTOB
BO BceM Mupe. O61as pacpoctpaneHHocTs CH yBe-
JIMYUBAETCS U3-3a CTAPEHUs HAaCeJIEHUs, YCIIEXOB B
VBEJIMYEHUN BBIKUBAEMOCTH Y MAI[UEHTOB, CTPaia-
IOIIX KOPOHAPHBIMU COOBITHSAMH, a TakxKe OJaro-
Jlapsi OTCPOYKEe KOPOHAPHBIX COOBITHIH IyTeM 3 dek-
TUBHOU IPO(PUIAKTUKH Y JIUI C BBICOKHUM PUCKOM
WIN TeX, KTO y:Ke IepeKus mnepBoe cobbithe [1].
JlaHHbBIE TTOKA3bIBAIOT, UTO 12-MECSAUYHbBIE ITOKa3a-
TeJIX CMEPTHOCTH OT BCEX MIPUYUH JJIS TAITUEHTOB C
octpoii CH u crabwisHo#t CH cocraBuim 24 u 6 %
COOTBETCTBEHHO [2].

CH saBnseTcss KIIMHUYECKUM CHHIPOMOM, CBSI-
3aHHBIM C Pa3JIMYHBIMU MeTab0JINYecKUMU Hapy-
IIEHUsIMH, MHOTHE U3 KOTOPBIX MOTYT OTpHUIa-
TEJIPHO BJIUATH HA OMOPHO-JABUTATEIbHBIN aIma-

INTRODUCTION

Heart failure (HF) is a serious public health prob-
lem affecting millions of patients worldwide. The
overall prevalence of HF is increasing due to popula-
tion aging, a survival increase in patients suffering
from coronary events, and coronary event delay
through effective prevention in high-risk individuals
or those who have already experienced the first event
[1]. Tt is shown that the all-cause 12-month mortality
rates for patients with acute HF and stable HF were
24% and 6%, respectively [2].

HF is a clinical syndrome associated with vari-
ous metabolic disorders, many of which can
adversely affect the musculoskeletal system [3].
Disorders of bone metabolism, among which osteo-
porosis is the most significant, characterize the pro-
cesses of physiological aging and usually coexist
with chronic diseases that have adverse conse-
quences for quality of life. Simultaneously, it is pro-
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pat [3]. HapymeHnuss kocTHOro obmeHa, cpeau
KOTOPBIX OCTEOTIOPO3 sIBJIsAETCA Haubosiee 3HAUM-
MBIM, XapaKTEPU3YIOT IpoIlecchl (pU3H0IOrHUe-
CKOTO CTapeHUs ¥ OOBIYHO COCYIIECTBYIOT C XPOHH-
yecKUMH 3a00JIeBaHUAMM, MMEOIUMH HebJaro-
MPUSTHBIE TIOCTE/ICTBUSA JJIsI KadyecTBa >KU3HM.
[TapasieslbHO  TpeJUIaraercsi  paccMaTpUBaTh
OCTEOIIOPO3 B KauecTBE HE3aBUCHUMOTO (akTopa
pHUCKa CcepAeYyHO-COCYAUCThIX 3abosieBaHuil [3].
Hwuskas MuHepasbHas IJIOTHOCTh KOCTHOU TKaHU
(MIIK) siBisieTcst GbaKTOPOM PHUCKa MOBBIIIEHHOU
CMEPTHOCTH B 0oJiee MO3/THEM BO3pacTe, 0COOEHHO
OT CepJEeYHO-COCYIUCTHIX 3abosieBaHUHA  [4].
OO61ie  OCHOBHBIE OHOJIOTUYECKHE IIPOIECCHI
MOTYT CITOCOOCTBOBATH KAJBITU(PUKAIMH COCYTOB U
JIeMUHEepaJIN3aIii KOCTeH; HU3Kui yposeHb MITK
moBkImaeT puck passutuss CH y 310pOBBIX JII0/1eH
[5]. Kpome Toro, cumxenue MIIK ObUIO0 He3aBU-
CHMO CBS3aHO C JUACTOJIUYECKON AuCHYHKIMEH
neoro xenynouka (JI?K) [6]. OmHako MexaHU3MBbI
acconuanuu cHmxkeHusa MIIK ¢ guacronudeckon
nuchynknueit JIDK ocraroresa HesicHbIMU. OJTHH U3
MOTEHIMAIbHBIX MEXaHNU3MOB 3aKJII0YAETCSI B TOM,
YTO KAaTHOH KAaJIbIUsA B apTEepHAJIbHOU CTEHKe
aKTUBUPYET MPOIECChl, HATIOMUHAIOIIHE OCTEOTe-
He3, YTO MPUBOAUT K MOBBIIIEHUIO apTePUATbLHOMN
JKECTKOCTH, YBeJIMUnUBas mocrHarpysky Ha JIK [7].
Heckosibko HcciieoOBaHUHN MOATBEPIKAAIOT THIIO-
Te3y O B3aMMOCBA3U MexJy cHmkeHHOU MIIK,
MOBBIIIIEHHON apTepUajsibHON KEeCTKOCThIO U Jua-
cronuyeckoy quchyHkmuen [8].

OKHUCIUTETBHBIN CTPECC YACTUYHO OTBETCTBEHEH
3a pasButue u nporpeccupoBanue CH. AkTuBHBIE
(GopMBI KHCJIOPO/IA HENOCPE/ICTBEHHO YXY/IIAIOT
COKpATUTENTbHYI0 GYHKIHI0, MOAUGUITUPYST OEIKH,
UMeEIOIINE KII0UeBOe 3HaUeHHUE JIJISI CBSI3U COKpalle-
HUA U BO30YKJEHUS, aKTUBUPYIOT THUIEPDYHKITHIO
CUTHAJIBHBIX KHWHA3 U (HAKTOPOB TPAHCKPHUIIIUUA U
OIIOCPEJIYIOT aIloONTO3, CTUMYJIHUPYIOT HpoJsrdepa-
oo GuOpPOOJIACTOB M AKTUBHUPYIOT MATPUKCHBIE
MeTasIonpoTenHassl [9]. JlucbanaHe MeXKIy OKHC-
JINTEJIbHBIMA W AHTUOKCHAAHTHBIMU IIPOIECCAMU
CBsI3aH C ITOBBIIIEHHEM OCTEOKJIACTUYECKONM W CHU-
JKeHHeM ocTeobs1acTHOM akTuBHOCTH [10]. ITpoBoc-
MaJIUTeIbHbIE ITUTOKWHBI, UTPas Ba’KHYIO0 POJIb B
matoreHe3e XCH, Takke MOTYyT U3MeHATh MeTabo-
JIA3M Kocrei [11].

B macrosimmee Bpemsi xponmueckas CH (XCH)
JIMAaTHOCTHUPYETCS Ha OCHOBAaHHUU KJIMHUUECKUX CHM-
IITOMOB, PE3YJbTATOB dXOKapAUOTpadUH, YPOBHS
HaTpuilypernyeckoro mentuaa B-tuma (BNP) wu
N-konneporo (NT)-proBNP [12]. Omnako wus-3za
HETHUIIUYHBIX CHUMITOMOB U npu3HakoB CH sxokap-
quorpadus ¥ OIleHKa TeMOJAUHAMHUKU YacTO Orpa-

posed to consider osteoporosis as an independent
risk factor for cardiovascular diseases [3]. Low bone
mineral density (BMD) is a risk factor for increased
mortality later in life, especially from cardiovascu-
lar diseases [4]. Common basic biological processes
can contribute to vascular calcification and bone
demineralization; low BMD levels increase the risk
of HF in healthy people [5]. In addition, a decrease
in BMD was independently associated with left ven-
tricular (LV) diastolic dysfunction [6]. However,
the mechanisms of association of a decrease in BMD
levels with LV diastolic dysfunction remain unclear.
One of the potential mechanisms is that calcium
cation in the arterial wall triggers osteogenesis-like
processes, which leads to increased arterial stiffness
and LV afterload [7]. Several studies confirm the
hypothesis of a relationship between decreased
BMD, increased arterial stiffness and diastolic dys-
function [8].

Oxidative stress is partially responsible for the
development and progression of HF. Reactive oxy-
gen species directly impair contractile function by
modifying proteins that are the link between con-
traction and excitation, trigger upregulation of
kinases involved in signaling and transcription fac-
tors and mediate apoptosis, stimulate fibroblast pro-
liferation, and activate matrix metalloproteinases
[9]. The imbalance between oxidative and antioxi-
dant processes is associated with increased osteo-
clastic and decreased osteoblastic activity [10]. Pro-
inflammatory cytokines, playing an important role in
the pathogenesis of CHF, can also alter bone metab-
olism [11].

Currently, chronic HF (CHF) is diagnosed based
on clinical symptoms, echocardiography findings,
and levels of B-type natriuretic peptide (BNP) and
N-terminal (NT)-proBNP [12]. However, because of
atypical symptoms and signs of HF, echocardiogra-
phy and hemodynamic assessment are often limited
by factors such as health status, while BNP or NT-
proBNP levels depend on age, gender, body mass
index, and kidney function, making the diagnosis
and treatment of HF a clinical challenge [12]. Simple,
sensitive, and specific methods are required to help
in HF diagnosis.

ST2 is a member of the interleukin-1 (IL-1)
receptor superfamily, which is encoded by the ST2
gene in cardiomyocytes. The ST2 gene is located
on human chromosome 2q12 and can encode two
isoforms: transmembrane, or cellular, (ST2L) and
soluble, or circulating, (sST2). Interleukin-33 (IL-
33) is a functional ligand for ST2, and the ST2/
IL-33 signaling pathway has a cardioprotective
effect via activation of ST2L receptors, reducing
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HUYEHBI TAKUMU PaKTOpaMU, KaK COCTOSTHUE 3/10P0-
Bbd, a ypoBHU BNP miu NT-proBNP 3aBucAT oT Bo3-
pacra, 1mosa, uH/AeKca Macchl Tejia U GyHKIUY TO0YEK,
4TO JAeJiaeT AUATHOCTUKY U JiedeHue CH xinHmue-
ckou mpobsieMoi [12]. /11 MOMOIIH B JJUATHOCTUKE
CH TpebyroTcst mpoCcThie, YyBCTBUTEIbHBIE U CIIEITH-
(ugeckme METOTBI.

ST2 aBnseTcs mpeacTaBUTEIEM CyTIepceMeNcTBA
penienTopoB wuHTepieriknHa-1 (IL-1), xoTopoe
koxpupyetrcsa reHoMm ST2 B kapauomuonurax. 'en
ST2 pacnosioxeH Ha XpOMOCOMeE 2(12 4eJjioBeKa U
MOJKET KOJMPOBaTh JiBe HU30(OPMBI: TPAHCMEM-
O6paunyto, win kietounyio (ST2L), u pacrBOopu-
MyI0, WiIu OUpKyaupyromyio (sST2). VaTepiei-
kuH-33 (IL-33) saBasgerca (GYHKIHMOHAIBHBIM
suranaom st ST2, a curHaspHbIN myTh ST2/1L-33
OKa3bIBaeT KapAMUOIPOTEKTOPHOE JIeHCTBUE ITyTeM
akTuBanuu penentopos ST2L, ymensinas ¢ubpos
MHOKap/ia, THTUOUPYSI TUIIEPTPODUI0 KapAHUOMHUO-
[UTOB U yJIydInas cepaednyr GyHkiuo [13]. [Ipu
CH nosblllieHHas cep/ieuHas Harpy3Ka M0oJBepraeT
MHUOKap/, Ype3MepHO CTUMYJIAINHU PacTAKeHU, a
NOBBIIIEHHaA 3Kclpeccud sST2 MokeT KOHKYpHUPO-
BaTh ¢ ST2L 3a cBaswpiBaHue ¢ 1L-33, oTMeHsAa Kap-
JUONPOTEKTOPHBIA 3(P@eKT CUTHAIBHOIO IyTH
ST2/1L-33; 9TO HNPHUBOAUT K alOITO3Y, TUIEPTPO-
¢uu u pubposy KapIMOMHUOIUTOB U AATbHEHIIIEMY
VXYAIIEHUIO CEPAEYHON (PYHKIHU, UTO yCYTyOJIseT
CH [13]. /lanHbIe (aKThI TOATBEPKAAIOT, UYTO SST2
UrpaeT BaxkHyl0 posib B paszputuu CH. Kinnnunue-
ckue uccaeznopanusa sST2 mokasanu ero AuarsHo-
CTHUYECKyI0 U IPOTHOCTHUYEeCKYIO leHHOCTh npu CH.
YpoBHU sST2 ABAAOTCA 3HAUUTEIHHO IOBBIIIEH-
HBIMU y nanueHToB ¢ CH, koppeaupys ¢ TAXKECTHIO
CH [14].

[Tpu GosblIOM MHOTOOOPA3WHU KCCIENOBAHUM,
nocBsmeHHbIX posiu ST2 B matoreneze XCH, pa6or,
HCCIeyIOIIUX BJHNAHUAE [JaHHOTO MapKepa Ha
KOCTHOE peMo/iesiipoBanue y 6osbpHbIX ¢ CH, mpak-
TUYECKU HeT. YUUTBIBAsA ydacTue DUTOKUHOB [L-33,
sST2 u penentopHoro komiuiekca IL-33/ST2 B
MOJTyJITMPOBAHUY BOCHAJIUTEIBHON peakIuu, KOTO-
pas ABJseTcsA 3BEHOM IaToreHesa OCTeOIopo3a U
XCH, npejcraBiisieTcss MEPCIEKTUBHBIM U3yUeHUe
ponu ST2 B pasBUTHM HaApyHIEHUH KOCTHOTO
peMoeTupOBaHUS.

IIEJIb UCCJIE/IOBAHUSA

V3yuyeHne NMPOrHOCTUYECKOH 3HAUMMOCTH pac-
TBopuMoro ST2 B KauecTBe OHOMapKepa mporpec-
cupoBanuda cHmxkeHusa MIIK u pucka octeonopoTu-
YECKUX IePeJIOMOB Y O0OIBHBIX ¢ XpoHUYeckod CH,
acCOIIMUPOBAHHON € caxapHbIM auabeToM 2-TO
tuna (C2).

myocardial fibrosis, inhibiting cardiomyocyte
hypertrophy, and improving cardiac function [13].
In HF, an increased cardiac load exposes the myo-
cardium to overstretching stimulation, and
increased expression of sST2 can compete with
ST2L for binding to IL-33, eliminating the cardio-
protective effect of the ST2/IL-33 signaling path-
way. All the above mentioned leads to apoptosis,
hypertrophy and fibrosis of cardiomyocytes, and
further deterioration of cardiac function, which
worsens HF [13]. These facts confirm that sST2
plays an important role in the development of HF.
The clinical studies of sST2 have shown its diag-
nostic and prognostic value in HF. In patients with
HF, sST2 levels are significantly elevated, correlat-
ing with the severity of HF [14].

Despite the wide variety of studies concerning the
role of ST2 in the pathogenesis of CHF, there are vir-
tually no investigations on the effect of this marker
on bone remodeling in patients with HF. Given the
involvement of cytokines IL-33, sST2, and the IL-33/
ST2 axis in modulating the inflammatory response,
which is a component of the pathogenesis of osteo-
porosis and CHF, it seems promising to study the
role of ST2 in the development of bone remodeling
disorders.

AIM OF THE RESEARCH

To study the prognostic significance of soluble
ST2 as a biomarker of BMD decline progression and
the risk of osteoporotic fractures in patients with
chronic HF and type 2 diabetes mellitus (T2DM).

MATERIALS AND METHODS

A 12-month prospective clinically controlled study
of 75 female patients (mean age 57,4 + 5,4 years) with
functional class II-IV CHF and T2DM was conducted.

The study was carried out in accordance with the
provisions of the Helsinki Declaration and approved
by the local Ethics Committee of City Clinical Hospi-
tal No. 1 (Protocol No. 211 dated December 24,
2020).

The CHF clinical features and the status of bone
tissue, as well as the risk factor stratification for pro-
gression of the comorbidities of interest were ana-
lyzed, taking into account the serum level of ST2 in
3 tertiles (Table 1). The selective sample of the 1% ter-
tile (n = 25) consisted of patients with a minimum
ST2 level <21,3 ng/ml; in the 2 tertile (n = 25) —
patients with an ST2 level of 21,3—32,8 ng/ml; in the
3" tertile — patients (n = 25) with a ST2 level
>32,8 ng/ml. All patients included in the study
received basic medical care per the recommenda-
tions for the diagnosis and treatment of CHF.
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MATEPUAJIbI 1 METO/IbI

[TpoBeneHo 12-MecAYHOE TPOCIIEKTUBHOE KIIMHHU-
YeCKH KOHTPOJIMPYEMOE HCCJIe/IOBaHUE 75 TalleH-
TOK (CpemHUU BO3pacT 57,4 + 5,4 roxa) ¢ XCH II-IV
(yHKITMOHAJIBHOTO KJ1acca, accoruupoBanHou ¢ C/2.

HccenenoBanue ObLIO TPOBEZEHO B COOTBETCTBUH
¢ TIOJIOJKeHUEM XeJTbCUHKCKOU JIeKJIapaIiii U 0J10-
OpeHoO JIOKaJbHBIM JTHYECKUM KomuteTrom ['BY3
HCO «T'opojackass kiuHHU4YecKass OoibHHIIA NO 1»
(mmpotokos N@ 2110T 24 /1ekabpst 2020 T.).

OcobenHoctu KauHHYeckoro TedeHus XCH wu
COCTOSIHUSA KOCTHOU TKaHU, cTpaTuduranusa hakTo-
POB PHUCKa ITPOTPECCUPOBAHUS UCCIIENYEMOU KOMOP-
OUAHONM TATOJIOTUH AHAJM3UPOBAINCH C yUETOM
ypoBHss ST2 B CBHIBODOTKE KPOBU B 3 TEPTHJISX
(Tabin. 1). B cenexTuBHYIO BBIOOPKY 1-TO TEPTHIIA
(n = 25) BOILIM MAIMEHTKU C MUHUMAJIbLHBIM YPOB-
Hem ST2 — meHee 21,3 HI/MJI; BO 2-H TEPTHJIb
(n = 25) — nanweHTKH Cc ypoBHeM ST2 21,3—
32,8 Hr/mu; B 3-1 TepTWIb — NMAUEHTKU (1 = 25) ¢
ypoBHeM ST2 Gosee 32,8 Hr/mi. Bce marueHTKH,
BKJIFOUEHHBIE B UCC/IEIOBAHUE, TTOJIyYau Oa3UCHYIO
Tepalyi0 B COOTBETCTBHU C PEKOMEHJIAIUAMHU II0
JAuarHocTuke u jedeHuo XCH.

C 1espl0 OLlEHKH KOMIIEHCAIIUH YTJIEBOTHOTO
obMeHa y nanueHTOK ¢ C/[2 ompeesiu TIITuKupo-
BaHHBIH TeMorio0uH (HbA1c). JIMUAHBIN CIIEKTP
kpoBu (06mui xosnecrepun (OXC), Tpuriune-
puast (TT), XC nunonpoTeuoB HU3KOH IJIOTHO-
ctu (XC JIITHII), XC JUOOIPOTEUIOB BBHICO-
kou wrtotHocTH (XC JITIBIIT)) aHasu3upoBasics mo
cTaHZapTHBIM MeTogukaMm. Co/iepkaHue ChIBOPO-
TouHoro ST2 onpesensanoch MeTO/IOM TBepAodas-
HOro uMMyHodepMeHTHOro aHanusa. Onpejese-
Hue MIIK mpoBoAMIOCh METOOM JIByX3HEPTETH-
YecKou PEHTTeHOBCKOU abcopbumoMeTpuu
MMOSICHUYHOTO OT/[eJIa ITO3BOHOYHUKA M IIPOKCH-
MaJIBHOTO OT/lejia OeJipeHHON KocTH. JJ1a xapak-
Tepuctuku cocroaHusa MIIK wucnosbp3oBanoch
CpaBHEHUE ¢ HOPMaJIbHON MUKOBOW KOCTHOM Mac-
coit (T-kpurepuii), T.e. CO CpeIHUM 3HAUYEHUEM
s TOro Bosdpacra, B koropom MIIK B manHOM
y4acTKe CKeJIeTa JIOCTHTIaeT MaKCHMyMa: JIHarHO3
OCTEOIOpO3a CTaBUJIU IIPU 3HAaUeHUHU T-KpuTepus
—2,5 U HUXKe, cHkeHue MIIK no T-kpurepuio ot
—1 10 —2,5 cTaHJapTHOTO OTKJIOHeHus (SD) pac-
CMaTpHUBAJIOCh KaK OocTeolneHuA. J{ia 06beKTUBH-
3anmuu oneHkn O®K XCH wucnosib3oBajicsl TeCcT C
6-MHUHYTHOH XOAB0O0M.

Ha xaxayro manueHTKy 3aloJIHAJIAaCh COOTBET-
cTByIOIasA KIuHHYeckas kapra. CocrosiHue 6O0JIb-
HBIX, BK/IIOUEHHBIX B HCCJIEJOBAHUE, OI€HUBAJIN
HMCXOJHO, B JUHAMUKE KJINHUYECKOTO HAOJIIOIeHUs
(o Mepe HEOOXOMMOCTH B CJIyUasiX Pa3BUTHUS TeX

Glycated hemoglobin (HbA1c) was determined
in patients with T2DM to assess carbohydrate
metabolism compensation. Lipid profile (total cho-
lesterol (TCH), triglycerides (TGs), low-density
lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C) was measured using
conventional methods. Serum ST2 concentration
was determined by solid-phase enzyme immunoas-
say. BMD was assessed using dual energy X-ray
absorptiometry of the lumbar spine and proximal
femur. To characterize the status of BMD, a com-
parison was used with normal peak bone mass
(T-score), i.e. with the average value for the age
when BMD in this site of the skeleton reaches its
maximum: the diagnosis of osteoporosis was made
at T-score < —2,5; a decrease in BMD according to
the T-score from —1 to —2,5 of standard deviation
(SD) was considered as osteopenia. The 6-minute
walking test was used to objectify the assessment of
CHF FC.

A medical record was filled for each patient.
Condition of the patients included in the study was
assessed at base line, during the follow-up (as and
when necessary in cases of the events associated with
osteoporosis) and prospectively after 12 months with
an assessment of frequency of the composite end-
point, which provided: a decrease in BMD according
to dual energy X-ray absorptiometry and/or the
development of osteoporotic fractures. An osteopo-
rotic fracture was considered the fracture that com-
plicated the course of osteoporosis and occurred due
to the low-energy trauma or spontaneously while
coughing, sneezing, or lifting weights (pathological
fractures of the proximal femur, distal radius, proxi-
mal humerus, and vertebral body fractures).

The study did not include patients with hemody-
namically significant heart valve disease, myocardi-
tis, severe lesions of the liver, kidneys, connective
tissue, and malignant neoplasms.

Statistical processing of the results was carried
out using STATISTICA software package. The mean
and the standard error of the mean for the quantita-
tive variables (M + m) were determined. The Spear-
man’s rank correlation coefficient (Spearman r) was
used for correlation analysis. The level of statistical
significance p for all the analysis procedures used
was assumed to be 0,05.

RESULTS

The mean ST2 level in the cohort of patients was
25,3 + 3,2 ng/ml. Depending on the level of ST2, all
patients were divided into tertiles: 1%, 2" and
3" (Table 1). Analysis of the cumulative incidence of
BMD decline and osteoporotic fractures in patients
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Ta6una 1. KnuHuko-aeMorpaduyeckasi XapaKTepHUCTHKA MALUEHTOK C KapAUOBACKYJISIPHON aTOJOTHEH,
pacnpejie/IeHHbIX 110 3 TEPTUJISAM B 3aBUCUMOCTH OT YpoBHs ST2

Table 1. Clinical and demographic characteristics of patients with cardiovascular pathology divided into 3 tertiles depending

on the ST2 level

Iloka3aTesb
Parameter

TepTuas 1

ST2 < 21,3 Hr/ma
Tertile 1

ST2 < 21,3 ng/ml
(n=25)

TepTuas 2

ST2 21,3-32,8 Hr/ma
Tertile 2

ST2 21,3-32,8 ng/ml
(n=25)

TepTuniab 3

ST2 > 32,8 Hr/mMa
Tertile 3

ST2 > 32,8 ng/ml
(n=25)

Bospacr, jsieT / Age, years 59,1 +4,7 56,4+ 6,3 56,9+59

UMT, kr/m? | BMI, kg/m? 31,1+£2,7 324+23 30,723

XCH, n (%) / CHF, n (%):
®KII/FCII 15 (60,0) 10 (40,0) 6 (24,0)
OKIII / FCIII 8(32,0) 12 (48,0) 15 (60,0)
OKIV /FCIV 2(8,0) 3(12,0) 4 (16,0)

B JIXK, % / LVEE % 543+6,9 53,1+6,2 499 +6,5

AT, n (%) / AH, n (%) 23(92,0) 22 (88,0) 22 (88,0)

A/l cuct,, MM pT. cT. / BP systemic, mm Hg 127,8+9,3 129,5+6,8 1258+7,1

A/l puact., MM pT. cT. / BP diast, mm Hg 84,0+59 84,4 +5,7 83,1+4,6

YCC, ya./muH | HR, per minute 75,6 +8,5 72,179 778+75

Crenokapaus [I-111 K, n (%) 10 (40,0) 14 (56,0) 17 (68,0)

Angina II-111 FC, n (%)

[lepeneceHHblit UM, n (%) 4 (16,0) 6 (24,0) 10 (40,0)

MI in a history, n (%)

AKII wu YKA, n (%) 3(12,0) 3(12,0) 6 (24,0)

ACBG or PCL, n (%)

MenukaMeHTO3Has Tepanus, h (%)

Drug therapy, n (%):
uAI® / ACEI 23 (92,0) 21 (84,0) 22 (88,0)
capTaHbl / sartans 2(8,0) 4 (16,0) 3(12,0)
B-ampeno6sokatopsl / B-blockers 22 (88,0) 21 (84,0) 23 (92,0)
auypeTtuku / diuretics 16 (64,0) 22 (88,0) 20 (80,0)
AMKP / MRA 7 (28,0) 8(32,0) 10 (40,0)
HUTpATHI / nitrates 10 (40,0) 14 (56,0) 17 (68,0)
aHTHUKOAry/JsaHTHI / anticoagulants 6 (24,0) 8(32,0) 11 (44,0)
aHTUarperaHThbl / antiaggregants 14 (56,0) 16 (64,0) 17 (68,0)
o6uchocdonatsl / bisphosphonates 12 (48,0) 10 (40,0) 6 (24,0)

[Ipumeuanue.HUMT - ungekc mMaccol Tesna; XCH - xpoHndeckas cepzedHas HegocTaTodHOCTh; PK - QyHKIMOHANBHBINA KJacc;
OB JIXK - dpakuus BbIGpOca JieBOro xkenyfouka; Al - aprepuanbHas runepToHusi; A/l - aprepuanbHoe gaBienue; YCC - yacToTa cep/ieyHbIX
cokpauiennii; UM - unpapkt muokapzga; AKII - aopro-kopoHapHoe myHTHpoBaHue; YKA - 4peckokHasi KOpoHapHasl aHTHMOIJIACTHKA;
HUAII® - HHrUOGUTOPBI aHTMOTeH3UHNpeBpaLatouero ¢epmenta; AMKP - aHTaroHUCTbl MUHEPaTOKOPTUKOUAHBIX PeLlelITOPOB.

Note

: BMI - body mass index; CHF - chronic heart failure; FC - functional class; LVEF - left ventricular ejection fraction; AH - arterial

hypertension; BP - blood pressure; HR - heart rate; MI - myocardial infarction; ACBG - aortocoronary bypass grafting; PCI - percutaneous
coronary intervention; ACEI - angiotensin-converting enzyme inhibitors; MRA - mineralocorticoid receptor antagonist.

VI WHBIX KJIMHUYECKUX COOBITHH, aCCOIMUPOBAH-
HBIX C OCTEOIIOPO30M) U ITPOCIIEKTHUBHO Yepes 12 Mec
C OIIEHKOU YacTOThl KOMOMHHUPOBAHHON KOHEUHOH
TOYKH, IpefycMaTrpuBaBiieii: cHukeHne MIIK mo
JAHHBIM  JBYXOHEPreTHYEeCKOU  PEHTTeHOBCKOH
abcopOIIOMEeTPHUH H/WJIA Pa3BUTHE OCTEONOPOTHU-
YecKUX IepesioMoB. OCTeONOPOTUYECKUM IIepesio-
MOM CUYUTAJIU II€PeIOM, KOTOPBIH OCJIOXKHSI Tede-
HUe 0CTeOII0p03a U BO3HUKAJ IIPU HU3KOIHEPreTH-
YeCcKOH TpaBMe WJIM CIOHTAaHHO WIPU Kalllle,
YUXaHUW, I[OAbEeMe TsDKecTH (IIaTOJIOTHYecKue
[EPEJIOMBl TIPOKCUMAJIBHOTO OT/ieNa OepeHHON
KOCTH, JUCTAJIbHOTO MeTasnudusa JyueBOu KOCTH,

with CHF and T2DM showed that the incidence of
adverse events gradually increased from the 1° tertile
(serum ST2 concentration <21,3 ng/ml) to the
3" tertile (serum ST2 concentration >32,8 ng/ml)
(p = 0,001) (Fig. 1).

The cumulative incidence of osteoporotic events
depending on levels of ST2 and BMD is presented in
Fig. 2. The distribution of patients in each subgroup
was as follows: 1) ST2 >25,3 ng/ml and BMD < —2,5
(n = 19); 2) ST2 <25,3 ng/ml and BMD > —-2,5
(n = 16); 3) ST2 <25,3 ng/ml and BMD < -2,5
(n = 17); 4) ST2 >25,3 ng/ml and BMD > —2,5
(n = 23).
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IIPOKCUMAJIBHOTO OT/IeJIa IVIEY€BOH KOCTH, II€PEIOM
Tes1(a) MO3BOHKOB).

B wucciiezoBaHMe He BKJIIOYATIW NAIUEHTOB C
reMOJUHAMUYECKH 3HAYNMBIMU  IOPAKEHHUSIMU
KJIAIAHOB  CEP/Ila, MUOKAPAUTAMHU, TKEJIBIMU
MOPaKEHUAMHU IIeYeHHU, IMOYEK, COeTMHUTETHLHOMN
TKaHU, 3JI0KQUeCTBEHHBIMHI HOBOOOPA30BAHUMU.

CraTuctrueckass 00paboTKa pe3yJIbTaTOB IIPOBO-
JIAJIaCch C UCIIOJIb30BAaHUEM ITAKETA CTATHCTHUECKUX
nporpamm STATISTICA. Onpenensanu cpesiHee 3Ha-
YeHUe U CTaH/IAPTHYIO OLINOKY CpeHEro 3HaYeHus
HCC/IelyeMbIX ~ KOJIUYECTBEHHBIX  IepeMeHHBIX
(M + m). Jlsist mpoBeieHUsT KOPPEIAIMOHHOTO aHa-
am3a ObLI HCIOJIb30BaH KO3 (HUIIMEHT paHTOBOU
koppessanuu CrnupmeHa (Spearman r). Kpurtuue-
CKHUH YPOBEHb 3HAUMMOCTHU P JIJIsI BCEX HCIIOJIb3ye-
MBIX IIPOLIEZYP aHATIN3a IPUHUMAJIA PABHBIM 0,05.

PE3YJ/IBTATBI

Cpenuuii ypoBeHb ST2 B KOropTe 60JIBHBIX COCTa-
BWI 25,3 £ 3,2 HI/MI. B 3aBUCHMOCTH OT KOHIIEH-
tparuu ST2 B KpoBU Bce 60JIbHBbIE OBLIN pacIpesie-
JIEHBbI Ha TEPTUIN: 1-H, 2-1 U 3-H (cM. Tab. 1). AHa-
JIM3 KyMYJIATUBHOU dacToThl cHikeHus MIIK u
Pa3BUTHUA OCTEOIOPOTHYECKUX I1€PeIOMOB y MaIU-
eaTok ¢ XCH, acconmupoBanno#t ¢ C/I2, mokasai,
YTO YacToTa HeOJArONpPHATHBIX COOBITUH IIOCTe-
IIeHHO HapacTasa OT 1-To TepTuiisa ¢ ypoBHeM ST2 B
CBIBOPOTKEE KPOBH MeHee 21,3 HI/MJI K 3-My Tep-
TIwIIo ¢ ypoBHAMU ST2 Gostee 32,8 ur/mi (p = 0,001)
(puc. 1).

% 60 A
50 -
40 o
30 -

20 -

10

Teptunb 1
Tertile 1

It turned out that patients with comorbidities and
a median of ST2 >25,3 ng/ml and BMD < —2,5 had
the highest incidence (5,6%) of adverse osteoporotic
events.

In all patients with CHF, the level of TCH was
approximately the same. A direct correlation was
established between the values of LDL-C (r = 0,35;
p = 0,01) and TGs (r = 0,27; p = 0,023) with ST2 in
the 2" and 3™ tertiles of patients. Analysis of the
relationship between bone remodeling (according to
T-score for BMD) and indices of atherogenic dyslip-
idemia showed a fairly strong negative correlation
with TCH (r = —-0,49; p = 0,001), LDL-C (r = —0,41;
p = 0,024) and TGs (r = —0,39; p = 0,01), which
allows to consider atherogenic dyslipidemia as an
important associated risk factor for bone metabolic
disorders and determines a high risk of osteopenia
and osteoporosis in patients with comorbidities,
including CHF and T2DM.

The determination of the prognostic significance
of the ST2 level with the BMD assessment showed a
moderate negative correlation between these indica-
tors (r = —0,48; p = 0,001).

DISCUSSION

Currently, there is a growing interest in osteoporo-
sis and BMD reduction, affecting not only postmeno-
pausal women but also men, especially those with
comorbid chronic diseases. HF and osteoporosis are
widespread conditions associated with aging, that have
a huge impact on society. Both disorders are common

56**

34%*
Teptunb 2 Teptunab 3
Tertile 2 Tertile 3

Puc. 1. KymynsartupHas 4yactoTa HeOJIArONPUSATHBIX COOBITUH (CHIDKEHUE MIUHEPATbHOU IIJIOTHOCTU KOCTHOM TKAaHU U pa3-
BUTHE OCTEOIIOPOTUUECKUX IIEPEJIOMOB) Y AITUEHTOK C XPOHUUECKOU CEP/IETHON HEZIOCTATOUYHOCTHIO, ACCOIIMIPOBAHHOM C
caxapHbIM iuaberoM Tuma 2 (*p = 0,021 10 CPABHEHHIO C TEPTHIIEM 1; **p = 0,001 IO CPABHEHUIO C TEPTIIIEM 2)

Fig. 1. Cumulative incidence of adverse events (bone mineral density decline and osteoporotic fractures) in patients with
chronic heart failure and type 2 diabetes mellitus (*p = 0,021 compared with tertile 1; **p = 0,001 compared with tertile 2)

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

73



ITunoe C.H. u dp. / Journal of Siberian Medical Sciences T. 9, N° 3 (2025)

% 60 7

52,6*

50

40

30

20

10

ST2 > 25,3 Hr/mn (ng/ml)

MMK/BMD < -2,5 MMK/BMD >-2,5
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ST2 > 25,3 Hr/mn (ng/ml)
MMK/BMD >-2,5

Puc. 2. KymynaTuBHas 4acToTa HEGIATONPUATHBIX COOBITHH (CHMMKeHNE MUHEPATIBHOM IJIOTHOCTH KOCTHOM TKAHU
¥ Pa3BUTHE OCTEOIIOPOTHUECKUX TIEPETIOMOB) B 3aBUCHMOCTH OT YPOBH: ST2 1 MUHEPATIbHOM IJIOTHOCTHA KOCTH
(*p < 0,01 o cpaBHeHUIO ¢ ypoBHEeM ST2 < 25,3 Hr/mt u MIIK > —2,5 u ¢ ypoBHeM ST2 < 25,3 ur/mit u MIIK < —2,5)
Fig. 2. Cumulative incidence of adverse events (bone mineral density decline and osteoporotic fractures) depending
on the level of ST2 and bone mineral density (*p < 0,01 compared with the level of ST2 <25,3 ng/ml
and BMD > —2,5 and with the level of ST2 < 25,3 ng/ml and BMD < —2,5)

KyMmynaTuBHaAsE YacToTa OCTEOIIOPOTHYECKUX
cobpITHil B 3aBucuMocTu OT ypoBHsA ST2 m MIIK
mpejicTaBjieHa Ha pHC. 2. PacrpeziesieHue marueH-
TOK B Ka)KZIOHM HOTPYyIINe ObLIO0 CaeAyIolee: 1) ypo-
BeHb ST2 Gosee 25,3 uHr/mi u MIIK menee —2,5
(n = 19); 2) ypoBenb ST2 menee 25,3 ur/mia u MITK
bosee —2,5 (n = 16); 3) ypoBeHb ST2 MeHee
25,3 Hr/mu u MIIK menee —2,5 (n = 17); 4) ypOBEHb
ST2 6oxee 25,3 ur/mia u MIIK 6osiee —2,5 (n = 23).

Oxazajioch, YTO y TAIMEHTOK € KOMOPOHMTHOM
maToJiorued npu meauane ST2 Gosee 25,3 HI/MJI U
MIIK meHee —2,5 BBISBJIsJIACh HAMOOIbIIIAS YaCTOTA
(52,6 %) HebIATOMPHUATHBIX OCTEOIMOPOTUUECKUX
COOBITH.

¥ Bcex nmaruenTok ¢ XCH ypoers OXC 6611 mpu-
MEPHO OIMHAKOBBIM. Y CTaHOBJIEHA TIPsMAast KOPPeJIsi-
nuoHHasA cBA3b 3HaueHur XC JIITHITI (r = 0,35;
p=0,00)uTl (r=0,27; p=0,023) c ST2 Bo 2-M 1 3-M
TePTUIISAX OOJBHBIX. AHAJIM3 B3aUMOCBSI3U PEMOJIE-
smpoBaHusa KoctHoU TkaHU (o T-mupexcy MIIK) c
[MOKa3aTeJIIMUA aTEPOT€HHON MUCIUMIUAEMUN ITOKa-
3aJ1 JIOCTATOYHO TECHYIO OTPHUIATEIbHYI0 KOPPEeJIsi-
muio ¢ OXC (r = —0,49; p = 0,001), XC JIITHIT
(r=-0,41; p=0,024) uTT (r = —0,39; p = 0,01), 4TO
MO3BOJISIET PACCMATPUBATh ATEPOTEHHYIO TUC/IAIIH-
JIEMUI0 KAaK BAXKHBIM AaCCOIMUPOBAHHBIN (paKTOp
pUCKa HapylIeHHH MeTabosu3Ma KOCTHOU TKAaHU U
TIPEIONIPE/IETISIET BHICOKUM PUCK PA3BUTHsI OCTEOIIe-
HHUHM U OCTEOINOpO03a y IMAIMEHTOB € KOMOPOWIHOM
naTosioruei, Bkrouaromein XCH u CZI2.

causes of disturbed vital functions, and decreased activ-
ities of daily living, as well as prolonged hospitalization,
which places a heavy burden on the healthcare system.
The question remains to be answered — whether HF
leads to osteoporosis and fractures because of bone fra-
gility, or whether it is just an epiphenomenon in a pop-
ulation at HF and osteoporosis risk.

Published studies show that HF is associated with
a decrease in BMD and an increased risk of osteopo-
rotic fractures, especially in patients with more
severe HF. Current guidelines for HF do not offer
tools for osteoporosis screening or prevention of
osteoporotic fractures.

Osteoporosis can significantly affect the HF prog-
nosis [8]. Among patients with HF, lower BMD was
associated with increased mortality rates and inotrop
dependency [15]. When men and women with HF
develop femoral neck fracture, mortality increases
twofold compared with those with HF without this
fracture [16]. HF is also a major risk factor for mor-
tality after hip fracture [17].

Importance of a low BMD and deterioration of
bone metabolism in patients with HF is the increased
risk of fracrures. This is worsened by low physical
performance, which increases the risk of falls. In
general, HF is associated with a fourfold higher risk
of any fractures requiring hospitalization compared
to patients with other cardiovascular conditions
without CHF [18]. In addition, the fracture rate was
6% within 12 months among stable HF patients [19].
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OrmpeneneHne TMPOTHOCTUYECKOU 3HAYMMOCTH
ucciaenoBanusa ST2 c onenkorr MITK nokasano yme-
PEHHYIO OTPUIATEIBHYIO KOPPEIAIUI0 3TUX OKa3a-
Tesied (r = —0,48; p = 0,001).

OBCYXXJIEHHNE

B HacrosAmee BpeMs pacTeT UHTepeC K OCTeOII0-
po3y u cHmwxenuno MIIK, sarparuBaromemy He
TOJIBKO KEHIIUH B IIOCTMEHOIlay3e, HO U MY>KUHH,
0cOOEHHO ¢ KOMOPOUHBIMH XPOHHUYECKUMH 3a00-
neBanuaAMu. CH u ocTeonopos fABJIAIOTCA HIUPOKO
pacnpocTpaHeHHBIMU COCTOSAHUSAMU, CBA3AHHBIMU
CO CTapeHHueM, KOTOpble OKa3bIBalOT OTPOMHOE BJIN-
ssHUe Ha ob1ecTBo. O6a paccTpoicTBa — pacmpo-
CTpaHeHHbIEe IPUYNHBI HApYIIeHUA QYHKIMH U CIIO-
COOHOCTHU K CaMOOOCITY:KMUBAHUIO, & TAKKE JIJTUTEb-
HBIX TOCHUTAJIU3AIUHN, YTO JIOXKHUTCA TAXKEJIBIM
OpeMeHeM Ha cucTeMy 31paBooxpaHeHus. OcraeTcs
6e3 oTBera Botpoc, npusoaut i CH k octeonoposy
U 1epejioMaM BCJIEJCTBHE XPYIKOCTH KOCTeH W
9TO IIPOCTO dNIU(EHOMEH B IOIYJIALNY, 10JBepKeH-
HOH PUCKY pa3BUTHUA 000UX CHH/IPOMOB.

Ony06MKOBaHHBIE WCCIIEZOBAHUSA IIOKA3BIBAIOT,
uyto CH cBsa3aHa co camxkenueM MIIK u nosblmieH-
HBIM PHCKOM OCTE€OIIODOTHYECKHUX IIepeIOMOB, 0CO-
O6eHHO y manueHToB ¢ 6osee Tsokesnon CH. [leticTBy-
omue pexoMmenzauuu 1o CH He mnpemiaraior
MeTOZbl CKPHUHHUHIA OCTEOIIOpPO3a WJIH IpopuiIaK-
TUKU Pa3BUTUS OCTEOTIOPOTUYECKUX IIEPEJIOMOM.

OcTeonopo3 MOKeT CYILIeCTBeHHO BJIUATh Ha
nporuos npu CH [8]. Cpeau nmanuenTos ¢ CH 6osiee
Huskasg MIIK Obplma accoruupoBaHa C IOBBIIIEH-
HBIMH TI0KA3aTeJIIMU CMEPTHOCTH M HEOOXOAUMO-
CTHI0 B MHOTPOITHOU MOZAEPKKe [15]. ¥ MyXYuH U
skeHIUH ¢ CH mpu pasBuTUM IlepejioMa IIEHKHU
Oermpa IBYKpPaTHO YBEJIMYUBAETCS CMEPTHOCTH II0
cpaBHenwuio ¢ jgunamu ¢ CH 6e3 mepenomoB 6ezapa
[16]. CH Ttaxke sBIsETCS OCHOBHBIM (PaKTOpPOM
PHICKa CMEPTHOCTH TI0CJIe iepesioma benpa [17].

Basknocts Huskoit MIIK u yxyamenuss merabo-
au3ma kocrerr y maruenTtoB ¢ CH 3akiodaercs B
VBEJIMYEHUH pUCKA IEPEJIOMOB. JTO ycyrybsercs
HU3KOH (U3NYECKOl pPaboTOCIOCOOHOCTHIO, YTO
YBEeJIMUHMBAET PUCK masieHnit. B niestom CH acconuu-
pOBaHa C YeTHIPEXKPATHBIM 00JIe€ BBICOKUM PHUCKOM
pas3BUTHA JI0O0TO IlepesioMa, TpeOyIoIero rocnuTa-
JIM3alUH, 0 CPABHEHUIO C NAIleHTaMU C APYTUMU
CEPJIeYHO-COCYAUCTBIMU cocTosTHUAME Oe3 XCH
[18]. Kpome TOroO, yactoTa IepesioMOB COCTaBJIAIA
6 % B TeueHHE 12 MeC CpeTu CTaOUITbHBIX MTAI[HEHTOB
¢ CH [19]. HauboJiee omracHbIM OCJIOKHEHHEM OCTEO-
I0po3a ABJIsIETCA MepeyIoM IeHKU 6eJipa, KOTOPBIH
CBA3aH C BBICOKMM DHCKOM CMEPTHOCTH, a Cpeau
BBDKUBIIIHIX MOXKET IIPUBECTH K ITOTEPE CIIOCOOHOCTH

The most dangerous complication of osteoporosis is
a hip fracture, which is associated with a high risk of
mortality, and among survivors, it can lead to loss of
capability for self-maintenance [20]. In a study using
the Rochester Epidemiological Project, it was shown
that osteoporotic fractures were more common in
patients with HF compared with age- and sex-
matched community controls [21]. In a population-
based study conducted in Manitoba (Canada), which
involved over 45 509 adults with 2703 incident frac-
tures, there was a 30% increase in the number of
major fractures in individuals with HF [22]. Thus,
the assessment of bone metabolism may be an alter-
native for identifying HF patients at high risk of
osteoporotic fractures and accomplishment of timely
preventive and therapeutic interventions.

In our long-term (12 months) prospective cohort
comparative study, several important facts were
revealed. First of all, women with comorbidities of
CHF and T2DM showed high levels of ST2 associated
with an apparent high cumulative incidence of
adverse osteoporotic events. The ST2 level was asso-
ciated with the severity of atherogenic dyslipidemia,
has a direct relationship to the severity of CHF func-
tional class, and BMD abnormalities were one of the
pathogenetically substantiated significant factors in
the development of comorbidities in women. It is
likely that the increased level of ST2 in patients with
CHF and T2DM, modulating the processes of inflam-
mation, promotes the activation of osteoclasts, accel-
erating the loss of BMD and increasing the risk of
bone fractures.

Thus, the determination of the new biomarker
ST2 together with BMD to assess the long-term prog-
nosis for the risk of fractures in patients with CHF
and T2DM is appropriate and informative. At the
same time, the analysis of the features of the course
and pathogenetic relationships of CHF, T2DM and
osteoporosis in postmenopausal women seems rele-
vant for the management of patients with comorbidi-
ties, that make up a significant number of outpatients
or hospitalized patients.

CONCLUSION

The analysis of the incidence of adverse osteopo-
rotic events depending on the serum level of ST2
and BMD showed that in a median ST2 of more
than 25,3 ng/ml and BMD of less than —2,5, the
highest incidence (52,6%) of osteoporotic fractures
and a progressive decrease in BMD were noted. At
the same time, in the 1* tertile, a reduced ST2 level
(less than 21,3 ng/ml) with a minimal BMD defi-
ciency was associated with the best prognosis of the
disease.
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K camoobcmykuBanuio [20]. B Pouecrepckom smm-
JIEMHUOJIOTUYECKOM HCCIJIEIOBAaHUM OBLIIO MTOKAa3aHO,
YTO OCTEOIOPOTHYECKHE Iepes oMbl ObUIH Oosiee
pacmpocrpaHseHs! y nanueHToB ¢ CH 1o cpaBHeHUIO
C COOTBETCTBYIOIIIUMH II0 BO3PACTy W IIOJIy KOH-
TPOJIBHBIMHU Tpymmamu [21]. B momynsmuoHHOM
HCCIeIOBAaHUM, IpOBeleHHOM B ManuTobe
(Kanama), B KOTOpOM MPHUHSIIA ydacThue OoJiee
45 509 B3POCJIBIX C 2703 CJIyYasiMU OCTEOIIOPOTHUYE-
CKUX IIepeJIOMOB, HaOJII0ZAIOCh 30% YBeJIMYeHHe
YpcJia KPymHbIX mepesoMoB y au ¢ CH [22]. Takum
00pa3oM, OIlleHKa KOCTHOTO MeTaboJIM3Ma MOMKET
OBITH QIPTEPHATUBOMU /ISl BBISABJIEHUS MAI[EHTOB C
CH, niofiBep:KeHHBIX PUCKY OCTEOI0PO3a, U CBOEBPE-
MEHHOTO IPUHATHSA MPOPIIAKTUIECKUX U TEPATIEB-
TUYECKHUX MeD.

B mpoBeieHHOM HaMu JIJTUTEIHHOM (12 Mec) Ipo-
CIEKTUBHOM KOTOPTHOM CPaBHUTEJIHHOM HCCIIENO0-
BAaHUHU YCTAaHOBJIEHO HECKOJIBKO BaKHEUITUX ak-
TOB. IIpexkze BCero, y »KeHINUH C KOMOPOUIHOM
maTtosiorued, npeacrasienno XCH u C/12, BbIsAB-
JIeH BBICOKHH ypoBeHb ST2, accOIMMPOBAHHBIA C
OYEBUJIHOM BBICOKON KYMYJIATUBHOH YacCTOTOM
HeOJIAaTONPUATHBIX OCTEOIIOPOTUYECKUX COOBITHH.
YpoBeHb ST2 6bUT MPOIIOPITHOHAJIEH CTEIEHU BhIpa-
JKEHHOCTH aTePOTEeHHON JIUCTUNUEMUH, IPSIMO
MPOTIOPIIUOHAJIEH  TSKECTH  (PYHKIMOHAJIBHOTO
kiacca XCH, a napymenus MIIK saBisiuch ofHUM
13 JIOKA3aHHBIX MATOTeHETHYEeCKH 3HAYMMBIX (hak-
TOPOB Pa3BUTHUA KOMOPOUHOHN IATOJIOTHU Y KEH-
uH. BeposaTHO, TOBBIIIEHHBIN YpoBeHb ST2 y 601h-
HbIX ¢ XCH u C/I2, mogyiupys Opoliecchl BocIae-
HUS, CIIOCOOCTBYET AaKTHUBAIIMU OCTEOKJIACTOB,
yckopsaa notepto MIIK u noBbiliasg puck pa3BUTUA
I1epeIOMOB KOCTEH.

Takum oOpas3om, oIpejiesieHre HOBOTO OroMap-
kepa ST2 u MIIK /11 OLleHKU OTJQJIEHHOTO IIPO-
THO3a B OTHOIIIEHUU PUCKA PA3BUTHS MEPETOMOB Y
6ospHBIX ¢ XCH 1 C/]2 siByisieTcs 11esiecoo0pa3HbIM
u uHpopMmaTtuBHbIM. [Ipy sTOM aHaN3 0cOOEHHO-
CTell TeueHUs W NATOTEHETHYECKUX B3aUMOCBs3EH
XCH, CI2 u ocTeomnoposa y KeHIIUH B IIOCTMEHO-
mayse IIpe/ICTaBJIseTCA AKTYaJIbHBIM JUIS TaKTHUKHU
BeZleHUsI OOJIbHBIX € KOMOPOUHOHM IaTOJIOTHEH,
COCTABJIAIONINX 3HAUYNMOE KOJITIECTBO cpeau aMOy-
JIATOPHBIX WJIN TOCIUTAJIU3UPOBAHHBIX B CTAIUO-
HapHhI MAIUEHTOK.

3AK/IOYEHUE

AHau3 4acTOThl HEOJIATOIPHUATHBIX OCTEOIIOPO-
TUYECKHUX COOBITUH B 3aBUCUMOCTH OT ypOBHs ST2 B
cpiBOpoTKe kpoBu U MIIK mokasas, 4To npu meau-
ane ST2 6osee 25,3 uHr/mi1 u MITK menee —2,5 oTMe-
yasiach HaubosIbIasa yacTora (52,6 %) 0CTEOMOPOTH-

In patients with CHF and T2DM, a fairly close
correlation has been revealed between the severity of
atherogenic dyslipidemia and elevated ST2 levels,
which allows to consider dyslipidemia an important
pathogenetic factor associated with progressive loss
of BMD and an increased risk of osteoporotic frac-
tures. In this regard, the determination of ST2 levels
in the blood of women with CHF and T2DM seems
appropriate and informative for assessing the risk of
osteoporotic fractures.

The limitations of our study are followings: a
small number of patients studied (n = 75), a limited
period of prospective follow-up (12 months), and
follow-up of patients with CHF and T2DM comor-
bidities. In the future, it is necessary to evaluate the
effect of ST2 on bone tissue and the risk of osteopo-
rotic fractures over a longer follow-up period (12—
36 months) in a larger cohort of patients, as well as
determine the contribution made separately by CHF,
depending on its severity, by T2DM, depending on
existing complications, and by the ST2 level to the
progression of BMD decline and occurrence of bone
fractures.
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YECKHUX IIEPEIOMOB U IIPOTPECCUPYIOIee CHUKEHHE
MIIK. ITpu 3TOM B 1-M TE€pPTHJIE TOHMIKEHHBIN ypO-
BeHb ST2 (MeHee 21,3 HI/MJI) C MUHHMAJIbHBIM
nedbunurom MITK accoruupoBaIvch ¢ HAWIYIIITUM
MIPOTHO30M 3a00JIEBAHUS.

¥ 6ospaBIX XCH ¢ C/I2 ycTaHOB/IEHA IOCTATOYHO
TeCHas] KOPPEJISAIUOHHAS B3aUMOCBSI3b MEK/IY CTe-
IEHBI0 BBIPAKEHHOCTH AaTEPOTEHHOU JUCIUIIUE-
MHH ¥ MOBBIIIEHHBIM ypoBHEM ST2, 4TO mM03BOJISAET
paccMaTpuBaTh JUCTUMHAEMUIO KaK BasKHBIN MaTO-
TeHEeTUYECKUH (DAKTOP, aCCOMMUPYEMBIH € ITpoTpec-
cupymotiei norepeit MIIK 1 HOBBIIIIEHHBIM PUCKOM
Pa3BUTHS OCTEOTIOPEOTHUECKUX ITEPEIOMOB. B cBsI3u
C 9THM HUCCJIeIoBaHUE YPOBHS ST2 B KPOBU JKEHIITUH
¢ XCH u C/I2 mpeacTraBiisieTcs I1e7eCO00pa3sHbIM U
UHOOPMATUBHBIM ISl OIIEHKHU pHCKA Pa3BUTHUS
OCTEOIIOPOTHYECKHX TIEPETIOMOB.

OrpaHUYeHUSAMH HAIIIETO UCCIIEIOBAHUSA ABJIS-
[0TCsA: HeOOJIBIIOE KOJUYECTBO HCCAEIOBAHHBIX
MmanueHToB (n = 75), OrpaHUYEHHBIH TEPUOJT ITPO-
CIIEKTHUBHOTO HabaoneHna (12 mec), HaOIOAeHIE
3a 6ospHBIMU ¢ KomopOumHocthio XCH u C/l2.
B nmanpHenmmeM HeOOXOOHMMO OIEHHUTH BIIUSHUE
ST2 Ha cocTOsAHME KOCTHON TKaHU M PUCK OCTEO-
MMOPOTHUYECKHUX MEPEJIOMOB B TeueHue OoJiee JJH-
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TEJBHOTO INepuoaa HabimwaeHus (12—-36 mec) y
0osibllleli KOTOPTHI MAI[MEHTOB, a TaK:Ke OIpeje-
JINTh, KaKOH BKJIaJ, BHOCAT oTAeabHO XCH B 3aBU-
CUMOCTH OT ee TsokecTH, C/[2 B 3aBHCUMOCTH OT
UMEIOIUXCS OCJIOKHEHUN U ypoBeHb ST2 B mpo-

CIITNCOK JIMTEPATYPBI

1.

10.

11.

Bozkurt B., Ahmad T., Alexander K.M. et al. Heart
failure epidemiology and outcomes statistics: a
report of the Heart Failure Society of America // J.
Card. Fail. 2023;29(10):1412-1451. DOI: 10.1016/j.
cardfail.2023.07.006.

Crespo-Leiro M.G., Anker S.D., Maggioni A.P. et al.
European Society of Cardiology Heart Failure Long-
Term Registry (ESC-HF-LT): 1-year follow-up
outcomes and differences across regions // Eur.
J. Heart Fail. 2016;18(6):613-625. DOI: 10.1002/
ejhf.566.

Bandeira F., Oliveira L.B., Caldeira R.B., Toscano L.S.
Skeletal consequences of heart failure // Womens
Health (Lond). 2022;18:17455057221135501. DOI:
10.1177/17455057221135501.

Qu L., Zuo X., Yu J. et al. Association of inflammatory
markers with all-cause mortality and cardiovascular
mortality in postmenopausal women with osteoporosis
or osteopenia // BMC Womens Health. 2023;23(1):487.
DOI: 10.1186/512905-023-02631-6.

Pfister R., Michels G., Sharp S.J. et al. Low bone
mineral density predicts incident heart failure in
men and women: the EPIC (European Prospective
Investigation into Cancer and Nutrition)-Norfolk
prospective study // JACC Heart Fail. 2014;2(4):380-
389. DOI: 10.1016/j.jchf.2014.03.010.

Wang R.T., Li X.S., Zhang J.R. et al. Bone mineral
density is associated with left ventricular diastolic
function in women // Clin. Cardiol. 2016;39(12):709-
714. DOI: 10.1002/clc.22592.

Chen Y., Zhao X., Wu H. Arterial stiffness: a
focus on vascular calcification and its link to

bone mineralization // Arterioscler. Thromb.
Vasc. Biol. 2020;40(5):1078-1093. DOI: 10.1161/
ATVBAHA.120.313131.

. Azeez T.A. Osteoporosis and cardiovascular disease: a

review // Mol. Biol. Rep. 2023;50(2):1753-1763. DOI:
10.1007/s11033-022-08088-4.

Pagan L.U., Gomes M.J., Martinez P.F., Okoshi M.P.
Oxidative stress and heart failure: mechanisms,
signalling pathways, and therapeutics // Oxid.
Med. Cell Longev. 2022;2022:9829505. DOI:
10.1155/2022/9829505.

Kimball J.S., Johnson J.P., Carlson D.A. Oxidative
stress and osteoporosis // J. Bone Joint Surg.
Am. 2021;103(15):1451-1461. DOI: 10.2106/
JBJS.20.00989.

IMumoB C.H., TersikoB A.T., fikoBneBa M.B. u ap.
Knuuuyeckass ¥ IATOr€HETHYECKass B3aWMOCBSI3b
XPOHUYECKOH CepAeYHON HemIOCTaTOYHOCTH, caxap-
Horo auabera 2 Tuma u ocreomnoposa // Komruiekc-
Hble IPO0GJIEMBI CepAEYHO-COCYAUCTIX 3a00IeBaHUM.
2018;7(1):6-13. DOI: 10.17802/2306-1278-2018-7-1-
6-13.

rpeccupoBanue cHukeHuda MIIK u pazsurue KocTt-
HBIX II€PEeJIOMOB.

KoHdIuKT HHTEPECOB. ABTOPHI 3asBJISIOT 00

OTCYTCTBUH KOH(I).TII/IKTa HHTEPECOB.

REFERENCES

1.

10.

11.

12.

Bozkurt B., Ahmad T., Alexander K.M. et al. Heart
failure epidemiology and outcomes statistics: a report
of the Heart Failure Society of America. J. Card.
Fail. 2023;29(10):1412-1451. DOI: 10.1016/j.card-
fail.2023.07.006.

. Crespo-Leiro M.G., Anker S.D., Maggioni A.P. et al.

European Society of Cardiology Heart Failure Long-
Term Registry (ESC-HF-LT): 1-year follow-up out-
comes and differences across regions. Eur. J. Heart
Fail. 2016;18(6):613-625. DOI: 10.1002/¢ejhf.566.
Bandeira F., Oliveira L.B., Caldeira R.B., Toscano
L.S. Skeletal consequences of heart failure. Womens
Health (Lond). 2022;18:17455057221135501. DOI:
10.1177/17455057221135501.

Qu L., Zuo X., Yu J. et al. Association of inflam-
matory markers with all-cause mortality and car-
diovascular mortality in postmenopausal women
with osteoporosis or osteopenia // BMC Womens
Health. 2023;23(1):487. DOI: 10.1186/s12905-023-
02631-6.

Pfister R., Michels G., Sharp S.J. et al. Low bone min-
eral density predicts incident heart failure in men and
women: the EPIC (European Prospective Investigation
into Cancer and Nutrition)-Norfolk prospective study.
JACC Heart Fail. 2014;2(4):380-389. DOI: 10.1016/j.
jchf.2014.03.010.

. Wang R.T., Li X.S., Zhang J.R. et al. Bone mineral den-

sity is associated with left ventricular diastolic function
in women. Clin. Cardiol. 2016;39(12):709-714. DOI:
10.1002/cle.22592.

Chen Y., Zhao X., Wu H. Arterial stiffness: a focus on
vascular calcification and itslink to bone mineralization.
Arterioscler. Thromb. Vasc. Biol. 2020;40(5):1078-
1093. DOI: 10.1161/ATVBAHA.120.313131.

Azeez T.A. Osteoporosis and cardiovascular disease:
a review. Mol. Biol. Rep. 2023;50(2):1753-1763. DOI:
10.1007/s11033-022-08088-4.
PaganL.U.,GomesM.J.,MartinezP.F.,Okoshi M.P. Oxi-
dative stress and heart failure: mechanisms, signalling
pathways, and therapeutics. Oxid. Med. Cell Longev.
2022;2022:9829505. DOI: 10.1155/2022/9829505.
Kimball J.S., Johnson J.P., Carlson D.A. Oxida-
tive stress and osteoporosis. J. Bone Joint Surg.
Am. 2021;103(15):1451-1461. DOLI: 10.2106/
JBJS.20.00989.

Shilov S.N., Teplyakov A.T., Yakovleva LV. et al.
Clinical and pathogenic relationship between chronic
heart failure, type 2 diabetes mellitus and osteopo-
rosis. Complex Issues of Cardiovascular Diseases.
2018;7(1):6-13. DOI: 10.17802/2306-1278-2018-7-1-
6-13. (In Russ.)

Eltayeb M., Squirel.,Sze S. Biomarkersin heart failure: a
focus on natriuretic peptides. Heart. 2024;110(11):809-
818. DOI: 10.1136/heartjnl-2020-318553.

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

77



ITunoe C.H. u dp. / Journal of Siberian Medical Sciences T. 9, N° 3 (2025)

12. Eltayeb M., Squire I., Sze S. Biomarkers in heart failure: a
focus on natriuretic peptides // Heart. 2024;110(11):809-
818. DOLI: 10.1136/heartjnl-2020-318553.

13. Thanikachalam P.V., Ramamurthy S., Mallapu P.
et al. Modulation of IL-33/ST2 signaling as a potential
new therapeutic target for cardiovascular diseases //
Cytokine Growth Factor Rev. 2023;71-72:94-104. DOI:
10.1016/j.cytogfr.2023.06.003.

14. Savarimuthu S., Goel P., Harky A. Soluble ST2: a
valuable prognostic marker in heart failure // Heart
Fail. Rev. 2022;27(6):2155-2164. DOI: 10.1007/
$10741-022-10258-2.

15. Terrovitis J., Zotos P., Kaldara E. et al. Bone mass
loss in chronic heart failure is associated with
secondary hyperparathyroidism and has prognostic
significance // Eur. J. Heart Fail. 2012;14(3):326-332.
DOI: 10.1093/eurjhf/hfsoo2.

16. Carbone L., Buzkova P., Fink H.A. et al. Hip fractures
and heart failure: findings from the Cardiovascular
Health Study // Eur. Heart J. 2010;31(1):77-84. DOI:
10.1093/eurheartj/ehp483.

17. Sing C.W., Lin T.C., Bartholomew S. et al. Global
epidemiology of hip fractures: secular trends in
incidence rate, post-fracture treatment, and all-cause
mortality // J. Bone Miner. Res. 2023;38(8):1064-
1075. DOI: 10.1002/jbmr.4821.

18. van Diepen S., Majumdar S.R., Bakal J.A. et al.
Heart failure is a risk factor for orthopedic fracture:
a population-based analysis of 16,294 patients //
Circulation. 2008;118(19):1946-1952. DOI: 10.1161/
CIRCULATIONAHA.108.7840009.

19. Frost R.J., Sonne C., Wehr U., Stempfle H.U. Effects
of calcium supplementation on bone loss and fractures
in congestive heart failure // Eur. J. Endocrinol.
2007;156(3):309-314. DOI: 10.1530/EJE-06-0614.

20.Trejo G., Zia A., Caronia C. et al. Retrospective analysis
of risk factors in geriatric hip fracture patients predictive
of surgical intensive care unit admission // Cureus.
2024;16(5):€60993. DOI: 10.7759/cureus.60993.

21. Gerber Y., Melton L.J. 3rd, Weston S.A., Roger V.L.
Osteoporotic fractures and heart failure in the
community // Am. J. Med. 2011;124(5):418-425. DOI:
10.1016/j.amjmed.2010.11.029.

22. Majumdar S.R., Ezekowitz J.A., Lix L.M., Leslie W.D.
Heart failure is a clinically and densitometrically
independent risk factor for osteoporotic fractures:
population-based cohort study of 45,509 subjects //
J. Clin. Endocrinol. Metab. 2012;97(4):1179-86. DOLI:
10.1210/jc.2011-3055.

CBEJAEHUNA Ob ABTOPAX

IImnos Cepreit HukosiaeBu4 — /i-p MeJl. HayK, IOIEHT,
npodeccop kadeaphl MaTOJIOTHIECKON (HPUBHOJIOTUH 1
kiauHndeckou naropusuosiornu ®I'BOY BO «Hoso-
CUOUPCKUI TOCYIApCTBEHHBIN MEIUITUHCKAN YHUBEP-
cuteT» Munszapasa Poccun, HoBocubupck, Poccus.
ORCID: 0000-0002-7777-6419.

bepesuxoBa Exarepuna HukojsiaeBHa — [1-p Mez.
Hayk, npodeccop Kadeaprl BHYTpeHHUX Oosie3Hei
uM. akaj. JI.JI. Cunoposoii ®T'BOY BO «HoBocubup-
CKHH roCyZJapCTBEHHBIN MEIUITUHCKUN YHUBEPCUTET»
Munzapasa Poccun, HoBocubupck, Poccusi. ORCID:
0000-0002-9630-0213.

13. Thanikachalam P.V., Ramamurthy S., Mallapu P. et al.
Modulation of IL-33/ST2 signaling as a potential new
therapeutic target for cardiovascular diseases. Cyto-
kine Growth Factor Rev. 2023;71-72:94-104. DOI:
10.1016/j.cytogfr.2023.06.003.

14. Savarimuthu S., Goel P., Harky A. Soluble ST2: a valu-
able prognostic marker in heart failure. Heart Fail.
Rev. 2022;27(6):2155-2164. DOI: 10.1007/s10741-
022-10258-2.

15. Terrovitis J., Zotos P., Kaldara E. et al. Bone mass loss
in chronic heart failure is associated with secondary
hyperparathyroidism and has prognostic significance.
Eur. J. Heart Fail. 2012;14(3):326-332. DOI: 10.1093/
eurjhf/hfsoo2.

16. Carbone L., Buzkova P., Fink H.A. et al. Hip fractures
and heart failure: findings from the Cardiovascular
Health Study. Eur. Heart J. 2010;31(1):77-84. DOI:
10.1093/eurheartj/ehp483.

17. Sing C.W., Lin T.C., Bartholomew S. et al. Global epi-
demiology of hip fractures: secular trends in incidence
rate, post-fracture treatment, and all-cause mortal-
ity. J. Bone Miner. Res. 2023;38(8):1064-1075. DOI:
10.1002/jbmr.4821.

18. van Diepen S., Majumdar S.R., Bakal J.A. et al. Heart
failure is a risk factor for orthopedic fracture: a pop-
ulation-based analysis of 16,294 patients. Circulation.
2008;118(19):1946-1952. DOI: 10.1161/CIRCULA-
TIONAHA.108.7840009.

19. Frost R.J., Sonne C., Wehr U., Stempfle H.U. Effects
of calcium supplementation on bone loss and frac-
tures in congestive heart failure. Eur. J. Endocrinol.
2007;156(3):309-314. DOI: 10.1530/EJE-06-0614.

20.Trejo G., Zia A., Caronia C. et al. Retrospective analysis
of risk factors in geriatric hip fracture patients predic-
tive of surgical intensive care unit admission. Cureus.
2024;16(5):€60993. DOI: 10.7759/cureus.60993.

21. Gerber Y., Melton L.J. 3rd, Weston S.A., Roger V.L.
Osteoporotic fractures and heart failure in the commu-
nity. Am. J. Med. 2011;124(5):418-425. DOI: 10.1016/j.
amjmed.2010.11.029.

22, Majumdar S.R., Ezekowitz J.A., Lix L.M., Leslie W.D.
Heart failure is a clinically and densitometrically inde-
pendent risk factor for osteoporotic fractures: popu-
lation-based cohort study of 45,509 subjects. J. Clin.
Endocrinol. Metab. 2012;97(4):1179-86. DOI: 10.1210/
jc.2011-3055.

ABOUT THE AUTHORS

Sergey N. Shilov — Dr. Sci. (Med.), Associate Professor,
Professor, Departments of Pathological Physiology and
Clinical Pathophysiology, Novosibirsk State Medical
University, Novosibirsk, Russia. ORCID: 0000-0002-
7777-6419.

Ekaterina N. Berezikova — Dr. Sci. (Med.), Profes-
sor, Department of Internal Diseases named after
L.D. Sidorova, Novosibirsk State Medical University,
Novosibirsk, Russia. ORCID: 0000-0002-9630-0213.

Anna A. Popova — Dr. Sci. (Med.), Associate Professor,
Head, Department of Outpatient Therapy and General
Medical Practice, Novosibirsk State Medical University,
Novosibirsk, Russia. ORCID: 0000-0003-2645-162X.

Alexey V. Molokov — Assistant, Departments of Trau-
matology and Orthopedics, Novosibirsk State Medical

78

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



Shilov S.N. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

ITomoBa AHHa AJIeKCaHApPOBHAa — J-p MeZ. Hayk,
JIOIIEHT, 3aBeAyONUNA Kadeapod MOJTHUKIMHUYECKON
Tepanuu U obmiel BpauebHOH npaktuku OI'BOY BO
«HOBOCHOUPCKUM TOCY/ITADCTBEHHBI MeIUITUHCKUH
yHuBepcurer» Munaapasa Poccun, HoBocubupck,
Poccusa. ORCID: 0000-0003-2645-162X.

MoJiokOB AJsiekceid BajleHTMHOBUY — aCCHCTEHT
kadenpsl TpaBMarosioruu u opronesuun ®I'BOY BO
«HOBOCHOMPCKUM TOCY/ITADCTBEHHBIA MEIUITUHCKUI
yHuBepcuteT» Munzapasa Poccun, HoBocubupck,
Poccusa. ORCID: 0000-0001-8718-2801.

fAxoBieBa NuHa BiiaguMUpoOBHA — acCUCTEHT Kade-
JIPBI MOJIUKJINHUYECKOU TEPAIIUU U 00IIIei BpaueOHOM
npaktuku PI'BOY BO «HoBocubupckuii rocymap-
CTBEHHBIH MeIUIMHCKUN yHUBepcuTeT» Mun3zzapasa
Poccun, HoBocubupck, Poccusi. ORCID: 0000-0003-
4712-2315.

KykoB [murpuii BUKTOpOBHMY — f1-p MeJ. Hayk,
JIOIIEHT, 3aBeAyloIuil Kadenpoll TpaBMaTOJIOTUH U
opronenuu ®I'BOY BO «HoBocubupckuili rocymap-
CTBEHHBIH MeJUIIMHCKUM yHHBepcuTeT» MuH3IpaBa
Poccun, HoBocubupck, Poccuss. ORCID: 0000-0002-
4334-217X.

University, Novosibirsk, Russia. ORCID: 0000-0001-
8718-2801.

Inna V. Yakovleva — Assistant, Departments of Out-
patient Therapy and General Medical Practice, Novo-
sibirsk State Medical University, Novosibirsk, Russia.
ORCID: 0000-0003-4712-2315.

Dmitry V. Zhukov — Dr. Sci. (Med.), Associate Profes-
sor, Head, Departments of Traumatology and Ortho-
pedics, Novosibirsk State Medical University, Novosi-
birsk, Russia. ORCID: 0000-0002-4334-217X.

79



