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IIpeAKTOPHI HAYAJIBHOM CTAUV XPOHUUYECKOU CEPAEUYHOU
HeJOCTATOYHOCTHU IIPU caXapHOM auadere 2-ro TUIa

J.B. I'paxxnankuna, A.A. JIéemun, M.A. Borgaps

@I'bOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHckuil yHugepcumem» Munadpaea Poccuu

AHHOTAIIUA

BBenenue. Caxapubiii iuaber 2-ro tumna (C/I2) cyuTaeTcs S5KBUBAJIEHTOM CEPJIEYHO-COCY/TUCTHIX 3a00JIEBAHUM, TaK
KaK €ro OCJIOKHEHHS SABJIAIOTCSA MHKDPO- M MaKpPOBACKYJIIPDHBIMH. MHCYJMHOPE3UCTEHTHOCTh U THUIIEPUHCYJIMHEMUS,
HapyllleHre TOJIEPAHTHOCTH K IVIIOKO3€ U IVIMKEMUU HATOLAK U UX IOC/IeAYIOINe Ae3aJalTHBHbIE PEaKIIUN [IPUBOJIAT K
JuchYHKIIMN MHUOKap/a 3a HeCKOJIbKO JieT 1o MaHudecranuu C/12. ITaTosornueckre n3MeHEHUs CEP/IeIHO-COCYAUCTON
cucremsl 1pu C/12 MOTYT AJIUTeIbHOE BPeMs IPOrPecCUpOBaTh O€CCUMITOMHO.

I ens. BplaBUTH KIMHUYECKHUE, Tab0paTOpHBIE, sX0Kapaunorpaduueckue (IxoKI') mpeanKTOphl HAaYaIbHBIX IIPOSIBIIE-
HUM XPOHUYECKOU cepeuHoi HepoctatouHoctd (XCH) y 601pHBIX CL12.

MaTtepuaysbl U MeTO/bI. B uccienopanme BKIOUEHO 94 60bHBIX CII2 ¢ HauanbHbIMU cumnToMamu XCH u 6e3
TaKOBBIX B BO3PACTE OT 40 /0 65 JieT. Bce 60bHbIE MMETH OXKUPEHNE WU U30BITOK MAacChl TeJIa U apTEPUATBHYIO THIIED-
Tensuio (ATl'), 37 60IbHBIX — cTaOWIBHYIO HIleMuuecKyo 6oses3Hb cepana (CUBC). BosbHBIM MTPOBOAUINA KJIMHUKO-
snabopaTopHoe 0b6cefoBanue, TectT 6-MuHYTHOU X01b0bI (TIIX), 9x0KT', onrpeesisiiu KOHIeHTpaIuio N-KOHI[EBOTO IPO-
IeNTH/Ia HaTpHuilypeTnyeckoro ropmona B-tuma (NT-npoBNP). BosibHBIX pa3zaenmiu Ha 2 rpynnsl: 6e3 cumnromoB XCH
(1-s1 rpynma, n = 54) u ¢ HaganpHBIMU cuMrtomamu XCH (2-1 rpymnma, n = 40) ¥ IPOBEJIN X CPABHEHHE.
PesynbTaThl. BpIABIEHBI pa3ndusa MeXXAy BTOPOU M IEPBOH Irpynnamu o jurenasHocta C2 (10.5 vs 7.5 rofa,
p =0.01) u AT (15 Vs 10 JieT, p = 0.009); yactote Bcrpedaemoctu CUBC (70 vs 16.7 %, p < 0.0001); AUCTAHIIUH, IPOHIEH-
Hou Bo Bpems THIX (375 vs 425 M, p < 0.0001); meauane ypoBHs NT-npoBNP (38.5 vs 27.2 nir/mi1, p = 0.031); pazmepy
snesoro npexacepaus (JIII) (4.4 vs 4.2 cM, p = 0.044); TOJIUHE 33/IHEN cTeHKH JeBoTo Kemyaouka (3CJIK) (1.05 cm vs
0.95 €M, p = 0.02); YPOBHIO TPUTJIUIIEPUIOB (2.3 VS 1.6 MMOJIb/JI, p = 0.03) U CKOPOCTH KI1y60ukoBoit dhuibrpariuu (CKD)
(74.1 vs 79.1 M/MuH/1.73 M%, p = 0.04). MeTOAOM AMCKPUMHUHAHTHOTO aHAJIN3a BBISBJIEHA COBOKYIHOCTH (PAaKTOPOB,
XapaKTepHBIX /ISl HadaJabHBIX mposiBieHuit XCH: mmurensHocTh MBC (mpuHHMaemas 3a O MPU €€ OTCYTCTBUH,
p < 0.00001), Toniunaa 3CJIK (p = 0.000007), CK® (p = 0.0009), pazmep JIII (p = 0.005), ypOBEHDb TPUTTIUIIEPUIOB
(p = 0.03), pmurenbHOCTH C/12 (P = 0.046). YpoBeHb NT-nipoBNP > 125 1ir/ Mt BbisiBJIeH v 16 % GosibHBIX C/I2 11 B3auMoc-
BSI3aH C JUTUTEILHOCTHIO irnabeta 6ostee 10 jieT (p = 0.0085), HanuuneMm CUBC (p < 0.0001), HHAEKCOM MacChl MHOKap/a
seBoro xkerynouka (JIK) (p = 0.0005) u dpaknueii Beiopoca JIK (p < 0.0001).

3aknwueHue. IIpeUKTOpaMH HAYAIBHBIX IIPOSBIEHUH XPOHUYECKOU CEPAEYHON HETOCTATOYHOCTH Y OOJIBHBIX
caxapHbIM JI1abeToM 2-T0 TUIIA ABJISIINCH Hannure u ayuTteabHocth CUBC, yBenmuenue tommuabl 3CJDK, pazmepa JIII,
YPOBHS TPUTJIUIIEPUIOB, IVIUTEIBHOCTH Auabera. IlopbinieHHbIN ypoBeHb NT-ipoBNP (60s1ee 125 nir/mut) y 60s1bHBIX C/12
ompesesisiyics B 16 % ciyyaeB u ObUT aCCOIMUPOBAH ¢ yntesbHOCThIO C/ Gostee 10 set, Hamuuem CUBC, HauaibHBIME
cumnromamu XCH, runeprpodueit muokapza JIXK u 6osiee Huskoi ppaknreit Boiopoca JIXK o ganapiM OxoKT'.
Karoueenle caoea: caxapHblii AnabeT 2-ro THIIA, XPOHUYECKas cep/ieuHas HeI0CTaTOUHOCTb, CTaONIbHAS UIIEMUYecKast
60J1e3HB Cep/IIa, UATHOCTHKA, N-KOHIIEBOH MIPONENTH HATPHIypeTHnueckoro ropMona B-tuna (NT-npoBNP), axoxap-
nuorpadus.
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The chronic heart failure early stage predictors in type 2 diabetes
mellitus

D.V. Grazhdankina, A.A. Demin, I.A. Bondar

‘Novosibirsk State Medical University

ABSTRACT

Introduction. Type 2 diabetes mellitus (T2DM) is considered to be the equivalent of cardiovascular disease due to its
micro- and macrovascular complications. Insulin resistance and hyperinsulinemia, impaired glucose tolerance and fasting
glucose, and their subsequent maladaptive responses lead to myocardial dysfunction several years before the onset of
T2DM. Pathological changes in the cardiovascular system in T2DM can progress without any symptoms for a long time.
Aim. To identify clinical, laboratory, echocardiographic predictors of the early manifestations of chronic heart failure
(CHF) in patients with T2DM.

Materials and methods. The study included 94 patients with T2DM with and without initial symptoms of CHF
at the age of 40 to 65 years. All patients had obesity or excess body weight and arterial hypertension (AH), 37 patients had
stable coronary heart disease (CHD). Patients underwent general clinical and laboratory examination, a 6-minute walk test
(6MWT), echocardiography. The concentration of N-terminal pro-B-type natriuretic peptide (NT-proBNP ) was also
determined. The patients were divided into 2 groups: without CHF symptoms (group 1, n = 54) and with initial symptoms
of CHF (group 2, n = 40) and then these groups were compared.

Results. Differences were revealed between the second and first groups in the duration of T2DM (10.5 vs
7.5 years, p = 0.02) and AH (15 vs 10 years, p = 0.009); the incidence of stable CHD (70 vs 16.7%, p < 0.0001); distance
covered during 6MWT (375 Vs 425 m, p < 0.0001); the median level of NT-proBNP (38.5 vs 27.2 pg/ml, p = 0.031); the left
atrium (LA) size (4.4 vs 4.2 cm, p = 0.044); the left ventricular posterior wall thickness (PWT) (1.05 vs 0.95 cm, p = 0.02);
the level of triglycerides (2.3 vs 1.6 mmol/l, p = 0.03) and the glomerular filtration rate (GFR) (74.1 vs 79.1 ml/min/1.73 m?,
r = 0.04). The discriminant analysis revealed combination of factors associated with initial symptoms of CHF: the duration
of CHD (taken as 0, if absent, p < 0.00001), PWT of the LV (p = 0.000007), GFR (p = 0.0009), the LA size (p = 0.005), the
level of triglycerides (p = 0.03), the duration of T2DM (p = 0.046). The NT-proBNP level > 125 pg/ml was detected in 16%
of patients with T2DM and correlated with the duration of diabetes over 10 years (p = 0.0085), the presence of stable CHD
(p < 0.0001), and left ventricular mass index (p = 0.0005) and the ejection fraction of the LV (p < 0.0001).
Conclusion. Predictors of the initial manifestations of chronic heart failure in patients with type 2 diabetes mellitus
were the presence and duration of stable CHD, an increase in the PWT of the LV, the LA size, the level of triglycerides, and
the duration of diabetes. An elevated level of NT-proBNP (more than 125 pg/ml) in patients with T2DM was detected in
16% of cases and was associated with the duration of diabetes for more than 10 years, presence of stable CHD, initial symp-
toms of CHF, left ventricular myocardial hypertrophy, and a lower left ventricular ejection fraction according to echocar-
diography.

Keywords: type 2 diabetes mellitus, chronic heart failure, stable coronary heart disease, diagnosis, N-terminal pro-B-
type natriuretic peptide (NT-proBNP), echocardiography.
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BBEJEHUE

Caxapnbiii imaber 2-ro tumna (C/I2) cumraercs
SKBUBAJIEHTOM CEP/IEUHO-COCYTUCTIX 3a00I€BaHUI
(CC3), TaK KaK ero o0CJI0KHEHHUS ABJISIOTCSI MUKPO- U
MaKpOBACKYJIAPHBIMU. MHCYTHHOPE3UCTEHTHOCTD U
TUIIEPUHCYJIUHEMHUS, HAPYIIIEHUE TOJIEPAHTHOCTH K
[JIIOKO3€ W TJINKEMHH HATOINAK U WX ITOCIEAYIOIIHe
Jle3a[alITHBHBIE PEAKIIUY TIPUBOIAT K TUCHYHKITUU
MHOKap/aa 3a HECKOJIBKO JIeT /0 MaHudecTamuu
CH2. Ilatonmoruueckue W3MEHEHUS CepJIedHO-
cocyaucroi cucrembl pu CII2 MOIyT AJIUTEIbHOE
BpeMsI IIPOTPECCUPOBATh HeCCUMIITOMHO [1].

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is considered to
be the equivalent of cardiovascular disease (CVD) due
to its micro- and macrovascular complications. Insu-
lin resistance and hyperinsulinemia, impaired glucose
tolerance and fasting glucose and their subsequent
maladaptive responses lead to myocardial dysfunc-
tion several years before the onset of T2DM. Patho-
logical changes in the cardiovascular system in T2DM
can progress without symptoms for a long time [1].

Approximately 75% of T2DM patients develop
chronic heart failure (CHF) during their life-
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[IpumepHo y 75 % OGonpHbix C/I2 B TeueHHe
JKU3HU PA3BUBAETCS XPOHUYECKAs cep/leuHasi HeJlo-
cratounocth (XCH). OxoJi0 II0JIOBUHBI OOJIBHBIX
C/l2 nmeror XCH ¢ coxpaHHOU (ppakiuel BriOpoca
(XCHc®B), KOTOPYIO TPYHO AUATHOCTUPOBATD, TAK
KaK XapaKTepHbI€ CHUMIITOMBI CEPJIEUHOU HEIO0CTa-
TOYHOCTH BO3HHKAIOT TOJIBKO IPH (PUBHIECKON
Harpyske [2]. B KpymHOM MeXyHapOJIHOM HCCIIe-
JIOBAaHUHU TI0Ka3aHO, uTo y 60bHBIX C/2 Ge3 ycra-
HoBieHHbIX CC3 uaiie Bcero B KayecTBe IEPBBIX
ocsiokHeHUM suar"Hoctupyores XCH u xponmue-
ckas Oosie3Hpb nouek (XBII), koTopble accomuupo-
BaHBI C MOBBIIIIEHHBIM PUCKOM CMEPTH, OCOOEHHO B
koMmOuHaruu Apyr ¢ apyrom [3]. B Poccun XCH
SIBJISIETCS BEeYIIEN IPUYIHON cMepTH Kak mpu C/12,
tak u npu CJI 1-ro Tumna [4]. YBenuueHue 3abosieBa-
emoctu XCH nMeeT TeCHYIO CBA3b € MOKUJIBIM BO3-
pactom. Kpome Toro, pazsutuio XCHc®B crocob-
CTBYIOT 3a00JIEBaHU A, YaCTO commyTeTByoomue C/I2 —
aprepuanbHas runeprensus (Al), oKupeHHe, cTa-
O6unbHas wuinemuueckass 6osie3Hb cepama (CHUBC).
CUBC yacto He COMPOBOXKAAETCA HATUUNEM TUITNY-
HBIX KJIMHHYECKUX cuMIIToMoB rpu C/12 BeyieAcTBHE
aBTOHOMHOU HEHPONAaTHH, YTO YCJIOXKHSIET ee JIha-
THOCTHKY [1, 5].

CorytacHO KJIMHUYECKUM PEeKOMEeHIAIUsIM, Aua-
rHo3 XCHc®B ycranaBiauBaercss Ha OCHOBAaHUH
HAJIMYUS XapaKTEPHBIX CUMIITOMOB U IIPU3HAKOB B
COYETAHUH C MOBBINIIEHUEM YPOBHS HATPUAYypETUUE-
CKUX TIENTU/IOB U HAJIUIUEM CTPYKTYPHO-(QYHKIINO-
HaJIbHBIX U3MEHEHUU cep/lia 10 pe3yJibTaTaM 3XO0-
kapauorpaduu (runeptpodus JIEBOTO KeTyAoduKa
(JIK), yBenuueHue JyieBoro npeacepaus (JIIT), qua-
crosmmyeckas quchyuknusa JIXK). B xraccudukanun
XCH mo craguaM Ha HaYyaJbHOM 3Talle Pa3BUTHUA
CEpAIeYHON HEIOCTATOYHOCTH TeMOJIMHAMHUKA He
HapyIIeHa, T03TOMY CHMIITOMOB H IIPU3HAKOB 3200~
neBanus Het [5]. Ho Hasmuune CTpyKTYpHBIX U QyHK-
[IMOHAJIBHBIX U3MEHEHHH CepIa Jlaske MPU OTCYT-
CTBUHM CHMIITOMOB MOKET IPHUBOJUTH K PA3BUTHIO
kmHuuecku sABHOH XCH B TeueHHe HECKOJIBKUX
ner [6].

OcraTcsi HEAOCTAaTOUHO U3yUYeHHBIMU ak-
TOPBI, ACCOIIMUPOBAHHBIE C TTOSABJIEHUEM HaYaIbHBIX
cumntomoB XCH y Gonpubix C/I2 cpemaHero Bo3-
pacra. Ix paHHee BBISABJIEHHE TTO3BOJIUT YJIYIIIUTh
quarHoctuky XCH v mOB/IHsIET HA UCXO/AbI OOTHHBIX
C/12, yTo 0COOEHHO Ba’XHO B CBSI3H C IOSIBJIEHHEM
HOBOT'O KJIacCa aHTUTUIIEPIIMKEMIYECKHX ITperapa-
TOB — MHTHOUTOPOB HATPUHIJIIOKO3HOTO KO-TPaHC-
mopTepa, KOTOPHIE IMOKA3aJIU CHUKEHUE YaCTOTHI
TOCIIUTAIN3AIMHA B CBA3U ¢ Aekommencanuein XCH
Kak Ipu Hanuuuu comyrerBytomux CC3, Tak u npu
UX OTCYTCTBHU [7].

time. About half of patients with T2DM have CHF
with preserved ejection fraction (PEF), which is dif-
ficult to diagnose since the characteristic symptoms
of heart failure occur only during exercise [2]. A large
international study has shown that CHF and chronic
kidney disease (CKD) are diagnosed as the first com-
plications in T2DM patients without established
CVD, which are associated with an increased risk of
death, especially when combined with each other [3].
In Russia, CHF is the leading cause of death in both
T2DM and T1iDM [4]. The increase in the incidence
of CHF is closely correlated with old age. In addition,
the development of CHF with PEF is promoted by
diseases that are often concomitant with T2DM —
hypertension (AH), obesity, stable coronary heart
disease (CHD). Stable CHD is often not accompanied
by typical clinical symptoms in T2DM due to auto-
nomic neuropathy, which complicates the DM diag-
nosis [1, 5].

According to clinical guidelines, the diagnosis of
CHF with PEF is made in the presence of character-
istic symptoms and signs in combination with an
increase in the level of natriuretic peptides and the
presence of echocardiographic structural and func-
tional changes in the heart (left ventricular hypertro-
phy, left atrial enlargement, left ventricular diastolic
dysfunction). At the early stage of heart failure,
hemodynamics is not impaired, therefore there are
no symptoms and signs of the disease [5]. But the
presence of structural and functional changes in the
heart, even in the absence of symptoms, can lead to
the development of clinically overt CHF over several
years [6].

The factors associated with the onset of the initial
symptoms of CHF in middle-aged T2DM patients
remain insufficiently studied. Their early detection
will improve the diagnosis of CHF and affect the out-
comes of patients with T2DM, which is especially
important in connection with the emergence of a
new class of hypoglycemic drugs, sodium-glucose co-
transporter 2 inhibitors, which have shown a
decrease in the frequency of hospitalizations for CHF
both in the presence of concomitant CVD and in its
absence [7].

AIM OF THE RESEARCH
Identification of clinical, laboratory, echocardio-

graphic predictors of the early stage of CHF in
patients with T2DM.

MATERIALS AND METHODS

We conducted a single-centre cross-sectional
comparative study on the basis of endocrinology and
cardiology departments of the State Novosibirsk
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IIEJIb UCCJIEJIOBAHUSA

BrlsfAB/IeHNE KIMHUYECKUX, JIA00OPATOPHBIX, HXO0-
kapauorpadudecknx (IxoKI) mpenwkTopoB Ha-
vanpHOU craguu XCH y 60pHbIX C/2.

MATEPUAJIBI 1 METO/IbI

[TpoBeieHO OHOIIEHTPOBOE OAHOMOMEHTHOE
CPaBHHUTEJIPHOE HCCIIeZIOBaHUE Ha 6a3e SHJOKPUHO-
JIOTUYECKOTO U KapJHOJIOTUYECKOTO OT/IeJIEeHUU
I'BY3 HCO «T'ocymapcrBennass HoBocubupckas
obsylacTHasA KJIMHUYECKas OOJIBHUIIA», B KOTOPOE
OBLIO BKJIIOYEHO 94 6osbHBIX C/I2. Bce GosbHBIE
umenu Al', u30BITOK Macchl Tejla WIH OKHUPEHHE.
Y 37 6onbabix — CUBC (18 wu3 HUX mepeHecau
nHGAPKT MUOKapza), y 9 — 3abojieBaHUs apTepuil
HKHUX KoHeuHocTeld (BAHK), y 6 — octpoe Hapy-
ImeHue Mo3roBoro KposoobOpamenuss (OHMK) B
aHaMHe3e.

Kpurepruu BKIIIOUEHUS B HCCIEOBAHHE: HATH-
une C/]2, pakTOpOB pHUCKA CEPJ/IETHO-COCY/IUCTHIX
3abosieBaHul (apTepuaibHasi TUIIEPTEH3UA, TUCTH-
nuaeMusi, OXupenne) win yxe umetomuxcsa CUBC,
OHMK B anamuese, 3BAHK, Bo3pacr oT 40 /10 65 JeT,
HavasbHble cuMnToMbl XCH mim ux oTcyTcTBHE.

Kpurtepun HCK/IIOUeHUs: YMepPEHHbIE U BBIpA-
JKeHHbIe KInHnJeckue nposieiaenuss XCH Ha ypoBHe
III-1IV  QyHKIHOHAJIBHOTO KJlacca, IOCTOSHHAs
dopma ubpmwAnMM Tpencepauwii, dpakua
BbIOpOCa JieBoro keyaouka (@B JDK) < 50 % mo
pesyabratam IxoKI, mepuos meHee 6 Mec Iocie
IIEPEHECEHHOTO OCTPOr0 KOPOHAPHOTO CHUHAPOMA,
JIbIXaTeJabHAsT  HEIOCTAaTOYHOCTh,  XPOHUYECKAs
0oJie3Hb TOYEK 3—5-H CTAUH, OHKOJIOTHUECKHE
3a00J1€BaHUsA, CHHAPOM INabeTUYECKOH CTOIIBI.

Bcem GOJIBHBIM TPOBOJHJIN IIOJTHOE KJIMHHUKO-
saboparopHoe obcieoBanue. K HauaapHBIM IIPO-
spiaennsiMm XCH oTHocwiu kamo0bl GOJBHBIX Ha
OJIBIIIIKY, YTOMJISIEMOCTb, y4YallleHHOe cep/iebue-
HHE, KOTOPbIE BOSHUKAJIU IIPU IPUBBIYHON pHU3mye-
ckoii Harpy3ke. C IeJIbI0 BBIABIEHUS CTPYKTYPHBIX U
(DYHKITMOHATFHBIX U3MEHEHUH CcepAla IIPOBOAIIN
IxoKI' ma ammaparte Sonoline G50 (Siemens) B
M-MOIaIbHOM U IByXMEPHOM PEKHUMaxX B CTaHapT-
HBIX OXOKT' MO3UIUSAX C UCIOTb30BAHUEM UMITYJIhC-
HOU U TIOCTOSSHHO-BOJIHOBOHM Joiuieporpadpuu u
[IBETHOTO JIOIJIEPOBCKOTO KaPTUPOBAHUS.

Konnenrpanuio  N-KOHIIEBOTO  IIPOIENTH/IA
HaTtpuilypermdeckoro ropmona B-tumna (NT-npoBNP)
OTIPEIeJIsUIA B KJTMHUKO-TUAarHOCTUYECKOH JTabopaTo-
puu OI'BY «HoBOoCHOMPCKHI HAyYHO-UCCIIEI0BA-
TeJIbCKUI WHCTUTYT TyOepKysesza» Mwuuanpasa Poc-
CUU MEeTOJIOM (PEpMEHTHOTO MMMYHOXEMUJIIOMUHEC-
IIEHTHOTO aHa/Jin3a Ha a”Hajauzatope Immulait 2000
(Siemens) c mprIMeHEHNEM PEAKTHBOB TOM JKe (PUPMBL.

Regional Clinical Hospital. 94 patients with T2DM
were included. All patients had AH, overweight or
obesity. 37 patients had a history of stable CHD
(18 of them had myocardial infarction), 9 had the
peripheral arterial disease (PAD) of lower extremi-
ties, 6 — a history of acute cerebrovascular accident
(ACA).

Criteria for inclusion in the study: presence of
T2DM, risk factors for cardiovascular diseases (AH,
dyslipidemia, obesity) or already existing stable
CHD, history of ACA, PAD, age from 40 to 65 years,
initial symptoms of CHF or their absence.

Exclusion criteria: moderate and severe clinical
manifestations of CHF (class III-IV), permanent
atrial fibrillation, left ventricular ejection fraction
(LVEF) < 50% assessed by echocardiography, a
period of less than 6 months after acute coronary
syndrome, respiratory failure, chronic kidney dis-
ease of stage 3—5, oncological diseases, diabetic foot
disease.

All patients underwent general clinical and labo-
ratory examination. The initial manifestations of
CHF included shortness of breath, fatigue, palpita-
tions during habitual exercise. To identify structural
and functional changes in the heart, echocardiogra-
phy was performed on a Sonoline G50 (Siemens)
apparatus in M-mode and two-dimensional methods
in standard echocardiographic views using pulsed
and continuous-wave Doppler imaging and Doppler
color flow mapping.

The concentration of the N-terminal pro-B-type
natriuretic peptide (NT-proBNP) was determined in
the clinical diagnostic laboratory of the Novosibirsk
Research Institute of Tuberculosis by chemilumines-
cence enzyme immunoassay on an Immulait 2000
analyzer (Siemens) using reagents of the same com-
pany. NT-proBNP level > 125 pg/ml was assessed as
a marker of CHF.

To assess exercise tolerance, patients with T2DM
underwent a 6-minute walk test (6MWT) along a
pre-marked corridor.

Based on clinical examination, patients with
T2DM were divided into 2 groups: the 1st group con-
sisted of T2DM patients with no symptoms of CHF
(n = 54); the 2nd included patients with T2DM with
initial manifestations of CHF (n = 40).

The study was approved by the local ethics com-
mittee of the Novosibirsk State Medical University.
All patients signed informed consent to participate
in the study.

Statistical data analysis was performed at the
Biostatistics Centre using the SAS 9.4, STATIS-
TICA 13 and SPSS-26 software packages. The null
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Yposenb NT-ipoBNP > 125 nir/Mut paciieHuBasics Kak
mapkep XCH.

JI11 OTIeHKM TOJIEPAaHTHOCTU K HAarpyske 00JIb-
veiM CJ/I2 mpoBOAWIM TECT 6-MHHYTHOH XOABOBI
(TIIIX) no 3apaHee pa3Me4eHHOMY KOPHUIOPY.

Ha ocHOBaHUM KJIWHHUYECKOTO OOC/IeIOBAaHUSI
6ospHBIX C/12 paszmenuiiu HA 2 TPYIIBL: 1-10 TPYIILY
coctaBuiu 60spHBIE C/12 ¢ OTCYyTCTBHEM CUMIITOMOB
XCH (n = 54); 2-10 — 6oapabIe C/I2 ¢ HaYaIbHBIMHI
nposieiernussmu XCH (n = 40).

[IpoBesienne wcciieloBaHus ObLUIO  000PEHO
JIOKJIBHBIM 3TUYeckuM komuterom @®I'bBOY BO
«HoBocubupCKuil rocyZJapCcTBEHHBIN MEAUIIMHCKUN
yHuBepcuteT» MunszpaBa Poccuu. Bce 6osbHBIE
noAmucad UHGOPMUPOBAHHOE COTJIacHe Ha yda-
CTHE B UCCJIEZIOBAaHUM.

CTaTuCTHYECKUH aHAIN3 JAHHBIX BHITTOTHSIN B
neHTtpe «buocratucruka» € IIOMOIIBIO ITAKETOB
SAS 9.4, STATISTICA 13 u SPSS-26. HyneBas runo-
Te3a OTBEprajiach Nnpu p < 0.05. KosmyecTBeHHbBIE
JTAaHHBIE TIPEJICTABJIEHBI B BUIe MeIUAHbI U KBAPTHU-
nei (Me [25; 75]) ¢ yueTom HebGosbIIOTO 00bEMa
BBIOOpKHU. KauecTBeHHBIE TPU3HAKHY IIPE/ICTABIEHBI
B BHUJIe IPOIIeHTOB. [IpOBepKY TUIIOTE3 O PABEHCTBE
TPYIIOBBIX CPEJHUX U JAHUCIEPCUH BCEX KOJIMYe-
CTBEHHBIX IPU3HAKOB IIPOBOJVIIN C TIOMOIIBIO JIHC-
IIepCUOHHOTO aHanu3a, kputepus Kruskal-Wallis u
Van der Waerden. VcciemoBaHue B3anMOCBS3H
MeJK/ly IapaMH KayeCTBEHHBIX IPU3HAKOB IIPOBO-
JIAJIM C UCIIOJIb30BAHMEM aHAJIN3a MAPHBIX TaOJIHUIT
COIIPSI’KEHHOCTH. MeTo/IoM AMCKPUMHUHAHTHOTO
aHAIM3a BBIABJISJIM COBOKYITHOCTH KOJIHMYECTBEH-
HBIX TepeMeHHBbIX, Hanubojee TOYHO OIPEeJEesIIo-
X pasjaudyue Mexay rpynmnamu 6ospHBIX C2 ¢
OTCYTCTBHEM U HaJIWYNeM Ha4YaJIbHBIX IPOSBIEHUH
XCH.

PE3YJIBTATDBI 1 OBCY2KJIEHWE

OO6e rpymmbl OBLTH CONIOCTABHMBI II0 BO3PACTY,
oy, uHAeKkcy maccol Tesa (IMT), gactoTe MUKpPO-
COCYAUCTBIX OCJIOXKHEHUH nauabera, IOKa3aTessaM
yIJIEBOJTHOTO oOMeHa (Tabut. 1). Cpeau 60IBHBIX 2-U
rpynnsl yame Berpeuasace CUBC u 3AHK. [Inu-
tesbHOCTh C/I2 m AT' GbUTH BBINIE BO 2-H TpyIIIe
6osbHBIX C/[2. Bce 60obHBIE 2-11 rpyIImbl uMenu Al
3-1 crenenn. He oOHapy:keHO pasjauyuii mo ¢pak-
IUAM XOJIecTepHHA MeXy TpyIIaMu, HO YPOBEHb
TPUTJIAIEPU/IOB OBLT BBIIIIE BO 2-U TPYIIIE OOJIHHBIX.
BospHBIE 2-11 rpynmibl umenu 3Hauenne CK® Hiuke,
yeM B 1-U rpynme. [Tokasarenau cyTOUHOHN albOyMu-
HypUH He OTJINYAINCH MKy rpynmnamu. [1o pesyss-
taram TIIX TonepaunTHOCTb 6G0sbHBIX C/I2 K dusu-
YecKOH Harpy3ke ObLIa HIDKE BO 2-H TpyIINe, UeM B
1-# (375 VS 425 M, p < 0.0001).

hypothesis was rejected at p < 0.05. Considering the
small sample size, quantitative data are presented
as the median and quartiles (Me [25; 75]). Qualita-
tive characteristics are presented as percentages.
Hypotheses about the equality of group means and
variances of all quantitative traits were tested using
analysis of variance, the Kruskal-Wallis and Van der
Waerden test. The study of the relationship between
pairs of qualitative features was carried out using
the analysis of paired contingency tables. The
method of discriminant analysis identified a set of
quantitative variables that determine the difference
between the groups of T2DM patients with and
without the initial manifestations of CHF most
accurately.

RESULTS AND DISCUSSION

Both groups were comparable in terms of age,
gender, body mass index (BMI), the incidence of
microvascular complications of diabetes, and indi-
cators of carbohydrate metabolism (Table 1).
Among patients of the 2nd group, the stable CHD
and PAD of lower extremities were more common.
The duration of T2DM and AH was higher in the
2nd group of patients with T2DM. All patients in
group 2 had grade 3 AH. There were no differences
in cholesterol fractions between the groups, but the
level of triglycerides was higher in the 2nd group.
Patients in group 2 had a GFR value lower than in
group 1. Daily albuminuria values did not differ
between the groups. According to the 6MWT
results, the exercise tolerance of T2DM patients
was lower in group 2 than in group 1 (375 vs 425 m,
P < 0.0001).

Treatment for T2DM was similar in both groups.
Insulin therapy received 67.5 and 50% of patients in
groups 2 and 1 respectively (p = 0.091), metformin —
80 and 85.1% (p = 0.532), sulfonylureas — 20 and
33.3% respectively (p = 0.154). All study participants
took angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin II receptor antagonists (ARA II).
Thiazide or thiazide-like diuretics were received by
52.5 and 61.1% of patients in groups 2 and 1 respec-
tively (p = 0.516), calcium antagonists — 40 and
24.1% (p = 0.123). Patients in group 2 were more
likely to receive therapy with [-blockers (85 vs
48.2%, p = 0.0002) and statins (55 vs 24.1%,
P = 0.0002), which may be due to the prevalence of
patients with stable CHD among them.

Table 1 shows that the median of the NT-proBNP
level was higher in group 2 (27.2 vs 38.5 pg/ml,
p = 0.031). NT-proBNP values above 125 pg/ml
were recorded in 15 (16%) individuals. When ana-
lyzing T2DM patients with the NT-proBNP level
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Jleuenne C/I2 GBLIO CXOHBIM B O0€HX TpYIIaX.
WHCyTMHOTEPATIHIO TIOJTydaIu 67.5 U 50 % O0JIbHBIX
2-# ¥ 1-¥ TPyl COOTBETCTBEHHO (P = 0.091), MeT-
dopmur — 80 u 85.1 % (p = 0.532), mpemapaTbl
cysbOHMIMOUYEBUHBI — 20 U 33.3 % COOTBET-
cTBeHHO (p = 0.154). Bce yuacTHUKY HcCIeIOBaHUS
MPUHUMAJIM WHTUOUTOPHI aHTHOTEH3UHITPEBpAIla-
forero gepmenTa (MATI®) mTu aHTarOHUCTBI pelen-
TopoB anruotrersuna II (APA II). TuazumoBbie WIn
THA3U/IONIOIO0HBIE JUYPETHKH TMOJIYYaIdn 52.5 U
61.1 % OOJIBHBIX 2-U W 1-U T'PYIIT COOTBETCTBEHHO
(p = 0.516), aHTaTOHUCTHI KAIbIUA — 40 U 24.1 %
(p = 0.123). BosbHBIE 2-11 TPYIIIBI Yallle TOJTyYaTn
Tepanuio [(-aapenobsiokatopamu (85 vs 48.2 %,
P = 0.0002) 1 ctaTuHamu (55 Vs 24.1 %, p = 0.0002),
YTO, BO3MOKHO, CBSI3aHO C IpeobsiaJlaHueM Cpemu
Hux nanuenToB ¢ CUBC.

B Tabn. 1 mokazaHO, YTO MeJUaHA YPOBHS
NT-npoBNP 6b1n1a BbIlle y OOJIBHBIX 2-H TPYIIIIBI
(27.2 vs 38.5 mnr/mu, p = 0.031). 3HaYeHHA
NT-tipoBNP Beillie 125 1r/mi O6bLTH 3aUKCHPO-
BaHHbI y 15 (16 %) uesn. [Ipu ananmuze 60abHBIX C/12 ¢
ypoBHeM NT-mipoBNP > 125 nr/mi BBIABIIEHO, UTO
12 U3 15 YeJI. OTHOCHUJIMCH KO 2-H I'PyIIIle, 3 U3 15 — K
1-11 rpynme (p < 0.0001). IIpu cpaBHeHUU GOIHHBIX
C/l2 c ypoBaeM NT-mpoBNP > 125 nr/mu ¢ temu
manueHTaMy, y KOTOPBIX STOT OHOMapKep Haxo-
JIWJICS B TIpefiesiax pedpepeHCHOro Juamna3ona, ooHa-
py’keHa 0oJiee BBICOKAs 4YacTOTa BCTPEYAEMOCTHU
CUBC (86.7 vs 30.4 %, p < 0.0001), IJIUTETHHOCTH
nuabera 6osiee 10 jet (60 vs 29.1 %, p = 0.042), a
Tak)ke OoJiee BBICOKHE 3HAUEHHsS HWHIAEKCA MAacChl
muokapaa JIOK (112.4 vs 94.5 r/M2%, p = 0.0005) U
bosiee Hu3KkHe mnokazareau OB JIXK (58 vs 70 %,
p < 0.0001). IBoe GoispHBIX C/[2 U3 1-U TPyNIIBI ¢
ypoBHeM NT-mpoBNP > 125 nr/mi mepeHeciu
uHOapKT MUOKap/la B aHaMHe3e, OJUH U3 JaHHBIX
nanueHToB uMmen 3AHK, nmpu 3ToM JIJIMTEIBHOCTH
nuabera He TpeBbINIAa 10 JET U OOJbHBIE TOJY-
Y TabJIETHPOBAHHYI0 CaXapOCHUIKAIOIIYIO Tepa-
nvo. Enie y ojiHOM 60JIbHOM 1-¥ TPYIIIBI ¢ YDOBHEM
NT-npoBNP > 125 nr/mi orcyrerBoBana CUBC, HO
HabJII01a/I0Ch JINTENIbHOE TeueHne auabera u AT,
JacThle TUIOTJINKEMUY B aHaMHe3e Ha (pOHEe MPOBO-
JuMOHN wuHcynuHoTepanuu, 1o IxoKI BeisgBieHA
runieprpodusa muokapaa JIK.

IIpu cpaBHeHnu mokazatesneid IXOKI' (tabi. 2)
0OHAPY?KEeHbBI PA3IUUUS MEXK/IY 2-H U 1-H TpynmnaMu
6ospHBIX C/I2 mo pasmepy JIII (4.4 vs 4.2 cwm,
P = 0.044), TOJIIIFHE 3a/THEH CTEHKH JIEBOTO JKEJy-
nmouka (3CJIXK) (1.05 vs 0.95 cM, p = 0.022), BeJIU-
YiHE MUKa A, OTPAKAIOIIEro I'PaJINEHT JABJIEHUS
MESK/Ty JIEBBIM IIPEJICEP/IUEM U JIEBBIM KEJTyIOYKOM
B IIO3/1HIOI0 /iractoiy (0.78 vs 0.85 cm/c, p = 0.042).

above 125 pg/ml, we found that 12 out of 15 indi-
viduals were from the 2nd group, 3 out of 15 — from
the 1st group (p < 0.0001). When comparing T2DM
patients with the NT-proBNP level > 125 pg/ml with
those patients in whom this biomarker was within
the reference range, we revealed a higher incidence
of stable CHD (86.7 vs 30.4%, p < 0.0001), the dura-
tion of diabetes over 10 years (60 vs 29.1%,
p = 0.042), as well as the higher values of left ven-
tricular mass index (112.4 vs 94.5 g/m?, p = 0.0005)
and lower values of LVEF (58 vs 70%, p < 0.0001).
Two T2DM patients from group 1 with the NT-
proBNP level > 125 pg/ml had a history of myocar-
dial infarction, one of these patients had PAD of
lower extremities, while the duration of diabetes did
not exceed 10 years, and both patients received oral
hypoglycemic agents. Another patient in group 1
with the level of NT-proBNP > 125 pg/ml, did not
have stable CHD but had suffered from diabetes and
AH for a long time, with frequent hypoglycemic epi-
sodes while receiving insulin therapy, as well as left
ventricular hypertrophy assessed by echocardio-
graphy.

When comparing echocardiographic parameters
(Table 2), we detected differences between the 2nd
and 1st groups in the left atrium (LA) size (4.4 vs
4.2 cm, p = 0.044), the posterior wall thickness
(PWT) of the left ventricle (LV) (1.05 vs 0.95 cm,
p = 0.022), the magnitude of peak A reflecting the
pressure gradient between the left atrium and the
left ventricle during late diastole (0.78 vs 0.85 cm/s,
P = 0.042). There was a high incidence of impaired
LV diastolic filling in both groups with a predomi-
nance of type I diastolic dysfunction. No relationship
was found between LV diastolic dysfunction and the
presence of CHF symptoms.

To identify indicators that affect the onset of the
initial symptoms of CHF in patients with T2DM, a
discriminant analysis was performed. The depen-
dent variable was the presence or absence of initial
manifestations of CHF in T2DM patients; indepen-
dent variables were quantitative clinical, laboratory
and echocardiographic indicators presented in
Tables 1 and 2. The following combination of signs
was determined: the duration of CHD (taken as o0 in
its absence, p < 0.00001), the PWT of the LV
(p = 0.000007), the glomerular filtration rate
(p = 0.0009), the LA size (p = 0.005), the level tri-
glycerides (p = 0.031), the duration of T2DM
(p = 0.046). The percentage of correctly classified
observations was 84.04. Almost all patients (90.7%)
with T2DM without CHF symptoms were correctly
classified into their group; only 5 patients were
included in the 2nd group. Ten patients of the
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Ta6auna 1. Kiinanko-iaboparopHas xapakrepucTuka 60bHbIX C/12 ¢ OTCYyTCTBUEM M HAIMYHEM paHHUX Ipu3HakoB XCH
Table 1. Clinical and laboratory characteristics of T2DM patients with the absence and presence of initial symptoms of CHF

Boababie C/I2 6e3
cumnTomoB XCH

boasnbie C/I2 ¢
HAYaJIbHBIMHA CUMIITOMAaMMN

IToxa3aTesb (n =54) — 1-a rpynmna XCH (n = 40) — 2-a rpynmna
Indicator T2DM patients without T2DM patients with initial p
CHF symptoms symptoms of CHF (n = 40) —
(n = 54) — 1st group 2nd group
Bospacr, sier / Age, years 54 [51; 59] 56.5[53; 59.5] 0.072
My2xckoi o, % / Male, % 38.9 27.5 0.253
CUBC, % / Stable CHD, % 16.7 70.0 <0.0001
OHMEK B anamuese, % / History of ACA, % 3.7 15.0 0.061
3AHK, % / PAD of lower extremities, % 3.7 17.5 0.023
ABTOHOMHAs Hewponartus, % 71.4 69.2 0.832
Autonomic neuropathy, %
ITepudepuueckas nosuHeponarus, % 53.7 65.0 0.276
Peripheral polyneuropathy, %
JluabeTuyeckasi peTUHONATHUS, % 20.4 35.0 0.135
Diabetic retinopathy, %
AT 3-i1 crenienu, % | AH stage 3, % 72.2 100.0 0.001
JlurensHOCTh CJ12, JTET 7.5 [4; 10] 10.5 [6; 14] 0.021
Duration of T2DM, years
JlurensHocThb AT, et 10 [4; 20] 15 [10; 24] 0.009
Duration of AH, years
WMT, kr/m* | BML kg/m? 34 [29.7; 36] 33.4[30.4; 39.1] 0.348
T'iuKeMust HATOIIAK, MMOJIb/JT 7.5 [6.6; 9.2] 8.1[6.6; 9.4] 0.426
Fasting glucose, mmol/1
ITocrnpanauanbHas riIukemMus, MMoJib/a1 8.8 [6.6; 9.7] 8.8 [7.6; 10.5] 0.231
Postprandial glycemia, mmol/1
HbA1C, % 9.6 [7.9; 11.2] 10.3 [9.1; 11.5] 0.232
OO61uii X0IeCTEPUH, MMOJIb/JT 4.9 [4.2; 6.1] 5.2 [4.8; 6.2] 0.315
Total cholesterol, mmol/1
TpUrIHIEPUIBI, MMOJIb/JI 1.6 [1.3; 2.4] 2.3[1.8; 3.3] 0.032
Triglycerides, mmol/1
XC JITTHII, mMouib/ 1 2.8[2.2; 3.8] 2.8[2.5; 3.3] 0.647
LDL cholesterol, mmol/1
XC JITIBII, MMoOb/ 71 0.9 [0.7; 1.1] 0.9 [0.7; 1.0] 0.214
HDL cholesterol, mmol/1
KpeaTnHuH, MKMOJIb/ T 78 [72.5; 92.0] 81 [71; 94.0] 0.637
Creatinine, pmol/1
CK®, my1/MuH/1.73 M? 76 [73; 87.0] 74.1[65.5; 82.5] 0.041
GFR, ml/min/1.73 m?
MoueBast KHCJIOTa, MKMOJIb/JT 306 [258; 345] 341[263; 377] 0.225
Uric acid, umol/1
AnpOyMUHYpUS, MT/CyT 29.4 [14.0; 136.5] 28 [12; 150] 0.937
Albuminuria, mg/day
THIX, M | 6GMWT, m 425 [400; 475] 375 [320; 400] <0.0001
NT-mpoBNP, nir/mn | NT-proBNP, pg/ml  27.2 [20; 71.1] 38.5[23.2; 125.5] 0.031

IIpumeuanue. C/I2 — caxapubiii aumaber 2-ro tumna; CUBC — crabunbHas umieMuueckas 6ose3Hb cepana; OHMK — ocrpoe
HapyIIIeHe MO3roBoro kpoBoobparienus; SAHK — 3a0osieBanus apTepuil HU3KHUX KOHeuHocrel; Al — aprepuasibHas TUIIEPTEH3U;
HUMT — unpekc macenol Tena; HbA1C — rmukupoBauubiii remoriobus; XC JITTHIT — XosiecTepyrH JIMITONPOTEU/I0B HU3KOU IIJIOTHOCTH;
XC JITIBII — xoJiecTepuH JUIIOIPOTEUI0B BBICOKOH m10THOCTH; CKD — ckopocTh Kiry60ukoBoit duasrpanun; TIIX — TecT 6-MHUHYTHOH
x06061; NT-ipoBNP — N-KOHI€BOY TPONIENTH/T HATPUIYPETHUIECKOTO TOPMOHA B-THma.

Note. T2DM — type 2 diabetes mellitus; CHD — coronary heart disease; ACA — acute cerebrovascular accident; PAD — peripheral
arterial disease; AH — arterial hypertension; BMI — body mass index; HbA1C — glycated hemoglobin; LDL cholesterol — low-density
lipoprotein cholesterol; HDL cholesterol — high-density lipoprotein cholesterol; GFR — glomerular filtration rate; 6MWT — 6-minute
walk test; NT-proBNP — N-terminal pro-B-type natriuretic peptide.
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Ta6uuna 2. dxokapauorpaduueckre nmokasareau 60apHbIX C/[2 ¢ OTCYTCTBUEM U HAJIMUKMEM paHHUX npusHakoB XCH
Table 2. Echocardiographic parameters of T2DM patients with the absence and presence of early signs of CHF

Bouabubie C/I2 6e3
cumnromoB XCH (n = 54) —

boababIe C/I2 ¢ HAYATbHBIMHA
cuvnromavu XCH (n = 40) —

ITapameTrps1 AxoKI' 1-4 rpynmna 2-f TpyIIa
Parameters T2DM patients without CHF Patients T2DM with initial p
symptoms (n = 54) — symptoms of CHF (n = 40) —
1st group 2nd group
Aopra, cm / Aorta, cm 3.3[3.1; 3.6] 3.4 [3.1; 3.7] 0.321
JIIL, cm / LA, cm 4.2 [3.9; 4.5] 4.4 [4.05; 4.90] 0.044
KIP JIXK, cm / LV EDD, cm 4.9 [4.7; 5.3] 5.0 [4.6; 5.3] 0.915
KCP JI)K, cm / LV ESD, cm 3.0 [2.7; 3.3] 3.1[2.8; 3.4] 0.326
®BJIK, % / LVEF, % 70 [67;75] 67[62,5; 72,5] 0.062
MXKII, cm / IVS, cm 1.1[1.0; 1.15] 1.2 [1.0; 1.3] 0.081
3CJIK, cm / LPWT, cm 0.95 [0.85; 1.05] 1.05 [0.95; 1.10] 0.022
IVRT, mc (ms) 92 [80; 100] 92 [72; 104] 0.648
DT, mc / DT, ms 192 [176; 236] 204 [172; 236] 0.817
ITuk E, cm/c | Peak E, cm/s 0.7[0.6; 0.8] 0.7[0.5; 0.8] 0.951
TTuk A, cm/c | Peak A, cm/s 0.78 [0.6; 0.9] 0.85[0.7; 1.0] 0.042
E/A 0.86 [0.73; 1.10] 0.78 [0.67; 0.89] 0.181
NMMJIXK, r/m? | LVMI, g/m? 92.9 [81.0; 107.6] 101.1 [86.2; 115.9] 0.063
Juacronuueckas nuchynknusa JOK, % 75.9 90.0 0.082
Diastolic dysfunction,%
CreneHb IMaCTOINYECKON 25.9/70.4/3.7 10/80/10 0.091

muchyHKIUM 0/1/2, %
Diastolic dysfunction degree 0/1/2,%

Ilpumeuanue. JIII — neBoe mpexacepaue; KJIP — xoHeuHO-muacrommdeckuii pazmep; JOK — nesbiit sxenynouek; KCP — xoneuHo-
cucrosmueckuii pazmep; ®B — dpakuus Beibpoca; MIKII — mexskenyzmoukoBas neperoposka; 3CJIXK — 3aaHsis cTeHKa JIEBOTO
JKeJymouka, TomuHa; [VRT — BpeMst H30BOJIIOMETPUYECKOTO pacciiabiienusi; DT — BpeMmsi 3aMe/[JIeHUsI PAHHETO JHACTOJIMYECKOTO
HanosHeHus; E/A — OTHOIlIEHNEe MMKOB PAHHETO U IO3/{HET0 JMACTOJINYECKOTO HATIOJTHEHU JIEBOTO Kesynouka; UMMJIDK — unzekc
Macchbl MUOKAap/a JIEBOTO KeIyA0UKa.

Note. LA — the left atrium; EDD — end-diastolic dimension; LV — the left ventricle; ESD — end-systolic dimension; LVEF — left
ventricular ejection fraction; IVS — the interventricular septum; LVPWT —  the left ventricular posterior wall thickness; IVRT —
isovolumetric relaxation time; DT — deceleration time of early diastolic filling; E/A — the ratio of peak early to late diastolic filling velocity

of the left ventricle; LVMI — left ventricular mass index.

OTMedeHa BbICOKasi YaCTOTA HapPYIIIEHUs JUACTOJIH-
yeckoro HanosHeHu: JIXK B 06enx rpymmax ¢ mpeob-
snaganueM I Tuna quacronuueckoit guchyuknuu. He
0OHAPY?KEHO B3aUMOCBSI3U MEXKIY JUACTOTUIECKON
nuchyukrueit JIK n Hanmanem cumnromos XCH.

C 1IeJ1bI0 BBIABJIEHUS ITIOKAa3aTeIel, BIUAIONIUX Ha
MOSIBJIEHNE HAaYaTbHBIX cUMIITOMOB XCH y GOBHBIX
C/I2, BBINIOJIHEH JUCKPUMHWHAHTHBINA aHAIU3. 3aBU-
CUMOH IepeMeHHOU fABJISAJIOCh HAJUYUE TN OTCYT-
ctBue y 60s1bHBIX C/I2 HauambHbIX posiiaeHuii XCH;
HE3aBHCUMbBIMU T€PEMEHHBIMH ObLTH KOJIMYECTBEH-
Hble KJIMHHUKO-JTa00paTOpHbIE U 3XOKapuorpadmuye-
CKMe TIOKa3aTesH, TPeJICTaBIeHHble B Tabld. 1 U 2.
OmnpesiesieHa ciieayronas KOMOWHAIUSA MTPU3HAKOB:
nutesibHocTh BC (TpuHIMaeMast 3a O TIPU €€ OTCYT-
CTBHH, P < 0.00001), TosmmuHa 3CJIK (p = 0.000007),
CKOPOCTh KJIyOOUKOBOU (ruibTpanuu (p = 0.0009),
pasmep JIII (p = 0.005), yPOBEHb TPUTJIUIIEPUJIOB

2nd group with initial symptoms of CHF were classi-
fied into the 1st group. Thus, the percentage of cor-
rect classification was 75 for patients of the 2nd
group, which may explain the greater specificity than
the sensitivity of the presented set of discriminating
signs.

This study shows that the initial symptoms of
CHF in middle-aged T2DM patients are determined
by a set of predictors including an increase in the
duration of diabetes, the presence and duration of
CHD, an increase in the LA size, an increase in the
level of triglycerides, and an increase in the posterior
wall thickness of the left ventricle. These parameters
were established by discriminant analysis, and the
redistribution of T2DM patients into groups when
using them showed that in 25% of cases the assump-
tion of the presence of CHF based on complaints of
shortness of breath, fatigue, palpitations could be
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(p = 0.031), mmurenbHOCTH C/12 (P = 0.046). [TponieHT
BEPHO KJIACCUDUIIMPOBAHHBIX HAOJIOZEHUH CcocTa-
B 84.04. IIpaktuuecku Bce 60bHBIE (90.7 %) ClI2
6e3 cumnromoB XCH ObutH BEPHO KjacCU(pHUIHPO-
BaHbBI B CBOIO TPYIIIY; TOJBKO 5 GOJILHBIX BOIILUIM BO
2-10 rpymiy. JlecAaTb 60JIbHBIX 2-1 TPYIIIBI C HAYAIIb-
HhIMH cuMrToMaMu XCH Obutn KitaccubUIITPOBaHbI
B 1-10 Tpymiy. Takum 06pa3oM, MPOIEHT MPABUIbHOM
KJIaccu(pUKAIUA COCTAaBWI 75 JUIA OOJIBHBIX 2-H
TPYIIIIbL, UTO MOXKET O0bsICHUTH OOJIBIIYIO crieruduy-
HOCTb, UeM UyBCTBUTETHHOCTD ITPEJICTABJIEHHOM COBO-
KYIIHOCTU IUCKPUMUHUPYIOIIUX TPU3HAKOB.

B npezicTaBieHHOM HCCI€I0BAHUY IIOKA3aHO, UYTO
HauanpHble cuMnToMbl XCH y 6ompHBIX C/I2 cpen-
Hero BO3pacTa oIpeziesiseT COBOKYIIHOCTb IIPEUKTO-
POB, BKJIIOUAIOITUX YBeJIUYeHNe JJTUTEIbHOCTH JIHa-
Oera, Hanmuuue u AnuTenbHocth MIBC, yBenuueHnue
pasmepa JIII, noBblllIeHNEe YPOBHA TPUIVIULIEPUOB,
yYBeJIMUEeHHE TOJIIIUHBI 3a/{Hel CTEHKH JIEBOTO KeJTy-
mouka. JlaHHbIE MapaMeTphbl YCTAHOBJIEHBI METO/IOM
JUCKPUMHMHAHTHOTO aHa/IN3a, U Iepepaclpejesie-
Hue 60pHBIX C/]2 HA IPyNmbl IPH UX UCIOJIH30BA-
HHUY IIOKA3aJI0, UYTO B 25 % CJIyyasax MpeAIoIoKeHne
o Haymunu XCH Ha ocHOBaHMM ka0 HA OJIBIIIKY,
YTOMJIIEMOCTh, YYaIlleHHOe cepueOneHrne MOTJIO
OBITH OITUOOUYHBIM. B TO 3K€ BpeMsl y 5 U3 54 OOJIBHBIX
C/I2 6e3 cUMIITOMOB IIpe/iCTaBJIeHHAs] KOMOWHAITUS
¢axropos npezmnosnaraia Hanuamue XCH.

CHI)KEHHE TOJIEDAHTHOCTH K  (U3NYECKOU
Harpyske MOKeT BO3HUKATh npu C/[2 mazke B OTCYyT-
ctBue CC3 0CTaTOYHO PAHO U IIPU XOPOIIIeM TJINKe-
MHYECKOM KOHTposie. OHO IPOUCXOAUT B PE3YJIb-
Tare CJIOKHOTO B3aMMOJEHCTBUS MEXKIY CHCTEM-
HBIMHU (OKMpeHHe, aBTOHOMHAA U DH/IOTeTHAIbHASL
MUCOYHKINA, CApPKOIEHU, WHCYJIMHOPE3UCTEHT-
HOCTh, XPOHHYECKOE BOCHAJIEHWE) U CEPAEYHO-
cocyaucTeIMu (dakTopaMu (CHIDKEHUE CEP/IeYHOTO
pes3epBa BCJIEACTBUE CUCTOJIMIECKON U JUACTOINYe-
cxout muchynknun JOK, nuchyukiuu JIII, Hapye-
HUe DSHEpPreTUKU MHOKap/Aa, JIUIOTOKCUIHOCTS,
KOpOHapHasi MUKpococyaucrtas nucynkius). Pas-
BHUBAIOTCS aHOMAJIUU B PAOOTE MBIIIEYHON CHCTEMBI
BCJIE/ICTBUE CHIDKEHHUs MBIIIEYHON Iepdysum,
noTpebyIeHUsT KUCIOPO/ia, IVIOTHOCTU KAITUJLISPOB,
MIOBBIIIEHUS BHYTPUMBIIIIETHOTO KUPA, U3MEHEHUS
TUNA MBIIIEYHBIX BOJIOKOH. CyIecTBYIOT JIMTepa-
TYpHBIE JJaHHbIE, TOKA3bIBAIOII[IE€ B3AUMOCBS3b CHU-
JKeHHUsS EPEHOCHMOCTH HArpy30K CO CMEPTHIO KaK
OT CEP/IEUHO-COCY/IUCTBIX, TAK U OT JPYTUX IIPUYINH,
a Taxoke ¢ pazsutueMm XCH [2].

THIX sBysieTcs SKBUBAIEHTOM CyOMaKCHMAasIb-
HOU HAarpy3kd H IIO3BOJIIET OLIEHUTHh YPOBEHBb
IIOBCE/THEBHON aKTHUBHOCTU OOJIBHBIX, TIOSTOMY €TO
MOXKHO HCIIOJIb30BaTh B PYTHHHOHM KJIMHHUYECKOH

erroneous. At the same time, in 5 of 54 T2DM
patients without symptoms, the presented combina-
tion of factors suggested the presence of CHF.

Decreased exercise tolerance can occur in T2DM
even in the absence of CVD early enough and with
good glycemic control. It occurs because of a com-
plex interaction between systemic (obesity, auto-
nomic and endothelial dysfunction, sarcopenia,
insulin resistance, chronic inflammation) and car-
diovascular factors (decreased cardiac reserve due to
LV systolic and diastolic dysfunction, LA dysfunc-
tion, impaired myocardial energy, lipotoxicity, coro-
nary microvascular dysfunction). Abnormalities in
the work of the muscular system develop due to a
decrease in muscle perfusion, oxygen consumption,
capillary density, an increase in intramuscular fat,
and a change in the type of muscle fibres. Research
data show the relationship between reduced exercise
tolerance and death from both cardiovascular and
other causes, including CHF [2].

The 6MWT is the equivalent of a submaximal
exercise and allows to assess the level of daily activ-
ity of patients, therefore, it can be used in clinical
routine to identify symptoms associated with CHF.
In this study, the 6-minute walk distance was shorter
in T2DM patients with initial symptoms of CHF.
This test is significantly important due to its prog-
nostic value, especially for elderly patients with
severe CHF [8]. C. Zotter-Tufaro et al. showed that
in elderly patients with PEF and pulmonary hyper-
tension confirmed by invasive diagnostics, the dis-
tance of 6MWT is a strong independent predictor of
mortality and readmission rates, correlating with
the amount of extracellular matrix detected by myo-
cardial biopsy. In addition, the study noted that
patients with a poor prognosis were more likely to
have T2DM, with a multifactorial decrease in exer-
cise tolerance in CHF with PEF [9]. However, the
use of 6MWT in assessing exercise tolerance in
T2DM with or without initial symptoms of CHF has
not been adequately studied.

The researchers are discussing the relationship
between decreased exercise tolerance and the dura-
tion of T2DM. G.S. Gulsin et al. revealed an inverse
correlation between peak oxygen consumption dur-
ing cardiopulmonary tests and the duration of
T2DM [10]. The duration of T2DM and AH may
increase the risk of CHF due to the formation of left
ventricular hypertrophy. Though our study found
higher values of the left ventricular mass index in
T2DM patients with initial symptoms of CHF com-
pared with patients without symptoms of CHF, the
level of statistical significance was not reached,
which may be due to the small sample size. In this
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MPAKTHUKE JUIS BBIABJIEHUS CHMIITOMOB, XapakKTep-
HeIx 1711 XCH. B npoBesieHHOM HaMU MCCJIET0OBAHUU
JIUCTAHITUS 6-MUHYTHOU XO0OBI ObLIa MEHBIIE Y
oonpHBIX C/2 ¢ HavaabHbIMu cuMmirromaMu XCH.
BaxHOCTH TAaHHOTO METO]a 3aK/II0YAETCs B €Tr0 IIPO-
THOCTHYECKOM 3HAaueHHH, 0COOEHHO /IJIsl TTallEHTOB
no:xmIoro Bospacra ¢ Tsokeson XCH [8]. C. Zotter-
Tufaro et al. mokazanu, YTO y MOKUIBIX OOJIBHBIX C
coxpanaol ®B JI)K u sierouHo runepTeH3ue, moz-
TBEPKIEHHON WHBa3WBHOU JIMATHOCTUKOU, JUCTaH-
nusa THIX saBseTca CUJIBHBIM HE3aBUCHUMBIM IIPO-
THOCTUYECKUM (hPaKTOPOM B OTHOIIIEHUH CMEPTHOCTH
Y TIOBTOPHBIX TOCITUTATIU3AIAN, KOPPEJIUPYS C KOJIH-
YEeCTBOM BHEKJIETOYHOTO MATPHUKCA, BBISBJIEHHOTO
pu 6uorncuu MuoKapya. Kpome toro, B uccieoBa-
HHUH OTMEUYEHO, UYTO Y OOJIbHBIX C IIJIOXUM ITPOTHO30M
vamie 6pu1 C/I2, ¢ MHOTOMAKTOPHBIM CHIKEHUEM
TosiepaHTHOCTH K Harpyske npu XCHc®B [9]. Ho
ucniosib3oBanue THIX 11 OLeHKU TOJIEPAaHTHOCTU K
Harpyske npu C/I2 ¢ HavYaJabHBIMH CHMIITOMAMH
XCH wu 6e3 TaKOBBIX HEJIOCTATOYHO U3yUEHO.

B nuteparype oOcy:kmaeTcsi B3aUMOCBSI3b CHIDKE-
HUS TOJIEPAHTHOCTH K HArpy3Ke C JJIUTETbHOCTHIO
Cll2. B pabore G.S. Gulsin et al. mokazana o6paTHas
KOPPEJIAUA MEXKY ITUKOBBIM IOTPeOJIEHHEM KHC-
JIOpOjia TIPU TPOBEJAEHUN KapAUOIYIbMOHAJIHBHOTO
Tecta u AjautenbHoctbio C/I2 [10]. JliuTenbHOCTD
C2 u AT moryT yBennuuBaTh puck passutus XCH
Gnarosapsi GOPMHUPOBAHHUIO TUIEPTPOGUU MHUO-
kapzga JIK. B Hamem ucciaeoBaHUM MMesiach TEH-
JIeHIIUsI K 0OoJiee BBHICOKMM 3HAYEHUSAM HWHJIEKCA
maccbl Muokapaa JIOK y GospabIX C/[2 ¢ Havadb-
veiMu cumrnromamu XCH mo cpaBHeHUIO ¢ 60JIB-
HeiMu 0e3 cumnTomoB XCH, He pgocruramoIas
YPOBHSI CTaTHUCTUYECKON 3HAYUMOCTH, YTO MOYKET
OBITH CBA3aHO C MaJbIM 00BEMOM BHIOOpKH. IIpu
3TOM HHJIEKC Macchl Muokapya JIZK 6611 B3auMocBs-
3aH ¢ ypoBHeM NT-npoBNP — mapkepom mMuoxap-
JIMAJIBHOTO HATIPSKEHUS.

B nmanHOU paboTe MOKa3aHO, YTO YBEJTWYEHHE
pasmepa JIII B3BauMocBA3aHO ¢ MOsIBJIEHUEM HauasIb-
vbIX cuMTtoMoB XCH y 6ospHbIx C/12. YBenmuenmne
pasmepa JIII nmpu oTcyTcTBUU QUOPUIUIAIUY TIPET-
cepiuii MOJKET Pa3BUBATHCS BCJIEACTBUE ITOBBIIIE-
HUs HAIPsDKEHUS €r0 CTEHOK KaK Pe3ysIbTaT JJIH-
TEJIPHOTO TIOBBIINIEHUsI KOHEYHO-THACTOJIHYECKOTO
nasienus JOK, T.e. B3aUMOCBSI3aHO C JUACTOJIHYE-
ckout muchynkiuert JOK [11]. Bsaumocssss yBeu-
uenus JIII co cHMKeHHUEM TTIePEHOCUMOCTH (pr3nye-
CKOM HArpy3KH ITOKazaHa B HeOOJIBIIIOM HCCIeI0Ba-
uuu N. Ratanasit et al., BkarouaBieM OGOJIBHBIX C
OJIBIIIIKOM, YacTh U3 KOTOphIX uMesia CJ/12 [12].

B mHacrosimem wucciieloBaHUM Oblla MMOKa3aHa
accoruanus HadaabHbBIX posiiaeHnit XCH ¢ 6osee

case, the left ventricular mass index was correlated
with the level of NT-proBNP, a marker of myocar-
dial tension.

The findings presented indicate an increase in the
LA size is interrelated with the onset of the initial
symptoms of CHF in patients with T2DM. An
increase in the LA size in the absence of atrial fibril-
lation can develop due to an increase in tension of its
walls as a result of a prolonged increase in LV end-
diastolic pressure, i.e. interrelated with LV diastolic
dysfunction [11]. The relationship between an
increase in the LA with a decrease in exercise toler-
ance was shown in a small study by N. Ratanasit et
al., which included patients with dyspnea, some of
whom had T2DM [12].

In the present study, an association of initial
manifestations of CHF with lower GFR values was
shown (patients with stage 3—5 CKD were not
included in the study). It has been established that
CKD is one of the risk factors contributing to the pro-
gression of LV diastolic dysfunction in patients with
CHF and PEF through chronic systemic inflamma-
tion, dysregulation of the natriuretic peptide system,
and sympathetic nervous system hyperactivation
[13]. Y.T. Hsieh et al. have detected the association of
subnormal GFR with unfavorable cardiovascular
outcomes (myocardial infarction, ACA) but not over-
all and cardiovascular mortality over 4 years of fol-
low-up in a population of 1291 T2DM patients with
normoalbuminuria [14]. The data indicate a higher
cardiovascular risk in T2DM patients within GFR
61—90 ml/min/1.73 m? and are of interest for further
study.

The NT-proBNP level > 125 pg/ml in the presence
of symptoms indicates a high probability of CHF and
the need for echocardiography to confirm the diag-
nosis, including the cases of T2DM [5]. This study
revealed that the median of the NT-proBNP level was
higher in T2DM patients with initial symptoms of
CHF. Only in 16% of cases, the biomarker level was
higher than 125 pg/ml. Patients with a biomarker
level exceeding the reference values were older, more
often had stable CHD and a duration of diabetes
more than 10 years. The research of K. Hamano et al.
has shown that even a small increase in NT-proBNP
values (including within the reference range) was
associated with systemic atherosclerosis, micro- and
macrovascular complications of T2DM, which is
consistent with our data [15].

RESEARCH LIMITATIONS

A small sample of patients could have influenced
the statistical significance of the results obtained.
The assessment of the presence or absence of the ini-
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Huskumu 3HauenussMu CK® (bosbubie ¢ XBII 3—5-1
CT. B HCCJIEJIOBAHUE He BKJIIOYAJINCH). Y CTAHOBJIEHO,
uto XBII siBnsercsa oquuM u3 ¢pakTOpOB PUCKA, CIIO-
CcOOCTBYIOIIHUX TPOTPECCHPOBAHUIO TUACTOJTNUECKOHN
muchynknuu JOK y 6ompabix XCHe®B uepes xpo-
HUYECKOe CHUCTEMHOE BOCIIIIEHUE, AUCPETYJIAIIIIO
CHUCTEMBI HATPUUYPETHUYECKHX IENTHOB, THIIEPAK-
TUBAIUIO0 CHMIIATUYECKON HepBHOH cucTeMbl [13].
B uccienosauuu Y.T. Hsieh et al. mokazana accoru-
amus cyoHopMasibHON CK® ¢ HebGaronmpusTHBIME
CepAeYHO-COCYAUCTBIMU HCXOoaMu (MHMAPKT MUO-
kapza, OHMK), HO He o00med u cepaeyHO-
COCY/THCTON CMEPTHOCTBHIO 32 4 To/1a HAOJIIOEHUs B
MOMYJIAINHN, COCTOSABINENH U3 1291 6osibHOTO C/I2 ¢
HOpMoaybOyMuHypuen [14]. IlosyyeHHBIE JaHHBIE
CBUJIETEJIBCTBYIOT O 0O0Jiee BBICOKOM CEpEYHO-
cocyucToM pucke v 6osbHbIX C/I2 ¢ CK® B mpezie-
Jax 61-90 MJI/MUH/1.73 M U NIPEACTABJIAIOT HHTe-
pec Ui TaabHEUIIIETO N3YYEHHU .

Yposeub NT-ipoBNP > 125 nir/mi1 ipu HATUYUH
CHMIITOMOB YKa3bIBaeT Ha BBICOKYI) BEPOSITHOCTH
XCH u HeoOxomuMoCTh TipoBesieHus IXOKI' mist
MTOATBEPIK/IEHUs AUarHo3a, B Tom uuciae npu ClI2
[5]. B maHHOM HCCI€IOBAHUY IIOKA3aHO, YTO MEIM-
aga ypoBHsA NT-npoBNP Obuta Beilie y GOJIBHBIX
Cl2 ¢ mavanpHbiMu cuminrTomaMu XCH. Toabpko B
16 % ciyyaeB ypoBeHb OHMOMapkepa OBLI BBIIIE
125 nr/mii. BosibHBIE ¢ YpOBHEM OMOMapKepa, Ipe-
BBINIAIOIIEM  pedepeHcHble 3HAUeHWsA, ObLIH
crapire, gaiie umenu CUBC u mymmTepHOCTD AUa-
Gera GoJtee 10 Jiet. B pabote K. Hamano et al. 65110
IIOKa3aHO, YTO Jake HEOOJIBIIIOE YBEeJIMUEHIe TIOKa-
3ateneii NT-nmpoBNP (B Tom umcie B mpezenax
pedepeHCHOro auana3oHa) ObIJIO aCCOIUUPOBAHO C
CUCTEMHBIM aT€POCKIEPO30M, MUKDPO- U MAKPOCOCY-
JIUCTBIMU ocoskHeHussMu CJ[2, 4To corsacyercs c
IOJTyYeHHbIMHA HAMHU JAHHBIMH [15].

OI'PAHUYEHUA NCCIIEJOBAHUA

Hebospinas BrIOOpKa IAIIMEHTOB MOTJIA OKa3aTh
BJIMSTHUE Ha CTATUCTUYECKYIO 3HAUMMOCTD ITOJIyIeH-
HBIX pe3yabTaToB. OlleHKa HAJTUYUUSI UJIU OTCYTCTBUS
HaYaJIBHBIX KJIMHIYeCcKuX posiByiennit XCH y 6051b-
HbIX C/]2 ObUIa CyOBEKTHBHOMU, TaK KaK IOJIABJIAIO-
mee OOJBIIUHCTBO YYACTHUKOB HCCJIEZOBAHUS
UMeJd OKUpeHHe, JIeKOMIIeHCAIUI0 YIJIEBOJHOTO
obmeHa.

3AK/IOYEHUE

ITpoBesieHHOE HICCIEZIOBAHIE ITO3BOJIAET C/I€IATh
CJIEIYIOIIHE BBIBOJIBL:

1. I[TpeuKTOpaMHU HaYaIbHBIX [IPOABIEHUH XPO-
HUYECKOU CepZIeTHON HeIOCTATOUHOCTH Y GOJIBHBIX
caxapHbBIM I1abEeTOM 2-TO TUIA SIBJISUINCH HAJIMULE

tial clinical manifestations of CHF in patients with
T2DM was subjective since most of the study partici-
pants had obesity, decompensation of carbohydrate
metabolism.

CONCLUSION

The conducted research allows us to draw the fol-
lowing conclusions:

1. The predictors of the early stage of chronic
heart failure in patients with T2DM were the pres-
ence and duration of stable CHD, an increase in the
posterior wall thickness of the left ventricle, the size
of the left atrium, the level of triglycerides, and the
duration of diabetes.

2. An increased level of NT-proBNP (more than
125 pg/ml) in patients with T2DM was detected in
16% of cases and was associated with the duration of
diabetes for more than 10 years, the presence of sta-
ble CHD, initial manifestations of CHF, left ventric-
ular myocardial hypertrophy and a lower left ven-
tricular ejection fraction assessed by echocardio-

graphy.
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u aautenbHocth CUBC, yBenyeHre TOIIUHBI 3a]1-
Hel CTEHKH JIEBOTO KeJIyZo4YKa, pa3Mepa JIEBOTO
npezicepAyisi, YPOBHA TPUIVIUIIEPH/IOB, /JIUTEIBHO-
ctu tuabera.

2. IoBbimenHbi ypoBeHb NT-mpoBNP (6osee
125 rir/mun) y 60s1bHBIX C/I2 onipezessiics B 16 % city-
JaeB U OBLI acCOIMUPOBAH C JIJIUTEILHOCTHIO /THA-
Oera OoJiee 10 Jet, HamureM CUBC, HaYaIbHBIMHA
npossiaenuaMu  XCH, runeprpodueit mMumoxapza
JIEBOTO JKeJIyJIouka M 0Oojlee HUBKON Qpakiuein
BBIOpOCA JIEBOTO JKeJIyZ0UKa 1o aHHbIM JX0KT'.

KoHduKT nHTEpEeCcOoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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