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3HadeHure N-KOHLEBOro nponenTunaa HaTpuinypeTnyecKoro
ropmMmoHa B-Tuna B pa3BUTUN ANACTONTNYECKOW ANCHYHKL N
NEeBOro »eslyouKa Npu caxapHoM anabeTe Tuna 2

A.B. NpaxkpgaHknHal A.A. JemuHl N.A. boHaapbl C.B. MiBaHOB2

1dIreOYBO «HOBOCMOBMPCKMIA FOCYAapC TBEHHbLINM MegULIMIHCKMIA yYHBepcUTeT>» MuH3gpasa Poccn, HoBocMOUpCK,
Poccua

I BY3 HCO «locypapcTBeHHasi HoBocmbupckasi o6nacTHast KnnHuydeckas 6onbHUL@», HoBocmbmpek, Poccus

AHHOTAUWNA

BeBepgeHwue . AnacTtonmyeckasn ancyHKLMA neBoro xenypouka (44 J1)K) accoummnposaHa ¢ pa3ButvemM XpOHNYECKOM
cepgeyHoii HegoctaTouHocTn (XCH) ¢ coxpaHeHHOo hpakuuei Bbibpoca. JaHHbI heHoTN XCH Hambonee pacnpocTtpa-
HeH Y 60/bHbIX caxapHbiM gnabetom Tuna 2 (CA2). AKTyanbHO n3yyeHune B3anmocsasu A /1Ky 6onbHbIXx CA2 ¢ ypoB-
HeM N-KOHLIeBOro nponentuaa HaTpuiiypetnyeckoro ropmoHa B-tuna (NT-proBNP) - 6uomapkepa XCH, a Takxxe apy-
rMMN KNWHUKO-1ab0paTopHbIMU 1 3X0KapamorpaguyeckuMmn napametTpamMmu.

Llenb . Onpegenntb 3HadyeHmne NT-proBNP u gpyrux caktopos B pazsutun 44 J1)K npn CA2 B oTaaneHHOM nepuoge
HabnaeHus.

MaTepunuanbl U MeTopAbl .B nccnegosaHme BknoyeHo 94 6o0nbHbIX CA2 B Bo3pacTe oT 40 ao 65 net (65 % XeH-
LWK1H). Bce 60/bHbIE MENN apTepnanbHyo runepTeH3unto (AlN), OXXMpeHue nnam n3bbiTOK Macchl Tena  He UMenn NpU3Ha-
koB XCH 111-1V dyHKUMOHaNbHOro Knacca, ppakumm sbibpoca (PB) JIXK <50 %. Y 37 601bHbIX 6bln1a cTabunbHasa nile-
Muyeckan 6one3Hb cepgua (CUBC). BonbHbIM NPOBOAUNIM KNWHUKO-abopaTopHoe o6cnefoBaHne, axokapanorpapuio,
onpegensanu KoHueHTpauuto NT-proBNP. Yepes 8.8 + 0.72 roga 41 6onsHoro CA2 o6cnefoBann NOBTOPHO C OLLEHKOM
KNWHNYECKMX, BUOXMMMYECKMX NapameTpoB 1 IxoKT. Ans anarHoctnku A4 J1)K NecXo4HO MCNONb30Ba/IN HaLMOHaNbHble
peKoMeHpaumm BcepoccmMncKoro HayyHoro obuiectsa Kapanonoros 1 O6uecTsa creymanncTos No cepaevyHon HepocTa-
TOYHOCTW MO AMarHocTmnKe 1 nedeHnto XCH 2009 r., yepe3 8.8 £ 0.72 roga - KNIMHUYECKME PeKOMeHAaL MM Poccrinckoro
Kapanonormnyeckoro obuiectsa (PKO) no XCH 2020 r. Mownck thakTopos, onpegenstowmx Hannume 44 /1)K B oTAaNeHHOM
nepuoge, ocyLLecTBNANAN MeTOAOM /IOrMcTuyeckoli perpeccn n ROC-aHanmsa.

PesynbTatbl . NcxogHo y 6onbHbix CA2 A /1)K BbisiBnieHa B 81.9 % cny4vaeB U 6blna B3aMMOCBSi3aHa C Ha/IM4mem
CNBC n gnntenbHocTbio Al BonbHble CA2 ¢ A4 J1)XK no cpaBHeHUto ¢ 60nbHbIMKM CA2 6e3 A[, J1)K He oTAn4vanmuck no
ypoBHtO NT-proBNP (30.6 nr/mn [20; 83.4] vs 36.7 nr/mn [20; 71.1]), p = 0.7). Yepe3 8.8 +£ 0.72 roga A4 /1)K BbisiBNeHa
y 51.2 % 60nbHbIX CA2 no kputepmsam PKO 2020 r. bonbHbix CA2 pa3gennnu Ha 2 rpynnbl: ¢ 44 J1XK (i-s rpynna) v 6e3
A0 K (2-a rpynna). BonbHble 1-i 1 2-i rpynnel pasnuMyanuce No gnntensHoctu gnabeta (20 net [16; 25] vs 17.5 roga
[14.5; 20.5], p = 0.04), nugekcy maccbl Tena (MMT) (33.9 kr/m2[31.2; 37.4] vs 32.2 kr/m2[27.4; 34.7], p = 0.03), nHgekcy
Maccbl Muokapga JIXXK (MMMJ1XK) (94.8 r/m2[82.5; 107] vs 73.9 r/m2[71; 82.7],p <o.oi) 1 6bl/IN CONOCTaBUMbI MO MoOKa-
3aTensM yrneBoAHOro, IMNMAHOI0 o6MeHa, PyHKUMKN noyek. o cpaBHEHUO co 2-i rpynnoi, B 1-il rpynne 6bin Bbille
ncxoaHbIv ypoBeHb NT-proBNP (47.3 nr/mn [23.4; ill] vs 20 nr/mn [20; 20.3], p < o.0i), ucxoaHbiiit UMT (34.6 Kr/m2
[30; 38] vs 31.2 kr/m2[29.6; 33.7], p = 0.04) n UMMJIXK (IOLi £1 r/m2vs 86.3 £14.1 r/m2 p =0.02). MeTogom NormcTum-
YECKOW perpeccumn BbISIBNEHO, 4TO Hann4uune A4 /1)Ky 60nbHbIX C[,2 B 0OTAa/IEHHOM NEPUOAE acCOLMMPOBAHO C UCXOAHbIM
ypoBHeM NT-proBNP (p = 0.03), UMT (p = 0.04) n UMMJIX (p = o0.0i). icxogHbliii ypoBeHb NT-proBNP > 31.2 nr/mn
nokasasn YyBCTBUTENbHOCTb 66.7 % 1 cneyndumnyHocTb 100 % B oTHOWeEHUN Hannumna 44 J1)K y 60nbHbIX C2 vepes 8.8 +
0.72 ropa HabnwoaeHUs.

3aknwuyeHune . Hannumne 44 /1)K B oThaneHHOM nepuoge HabnwogeHus y 6o0nbHbIXx CA2 B3anMOCBA3aHO C UCXO-
OHbIM yBenmnyeHnem ypoBHst NT-proBNP, ocobeHHO B coueTaHUM C UCXOAHbIM yBenndyeHnem MMMJIDK n MMT, npun
3TOoM ypoBeHb NT-proBNP 6onee 31.2 nr/mn MoXKeT paccmaTpuBaTbCsA KakK MPOrHOCTUYECKNIA MapKep A4NacToNnYecKom
anchyHkuum JIXK y 6onbHbix CA2 yepe3 8.8 + 0.72 roga HabnogeHUsS ¢ YYBCTBUTETbHOCTbIO 66.7 % 1 cneundunyHo-
cTbto 100 %.
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KntoueBble crioBa: caxapHblil fnabeT TMNa 2, anacTonmueckas ANCyHKLMS NeBoro xenyaouka, N-KoHLLeBo nponer-
TNA HaTpunypeTmyeckoro ropmoHa B-tnuna (NT-proBNP), axokapauorpadus.

O6pasey umtTmpoBaHwmsa: NpaxgaHknHad.B., AemnHA.A., BoHgapb N.A., MBaHoB C.B. 3HaueHne N-KOHLEBOTO
nponentuga HaTpUiiypeTuyeckoro ropMoHa B-Tuna B pasBuTUM ANACTONYECKON ANCHYHKLNM NEBOr0 XKenyaouka
npu caxapHom guabete Tuna 2 // Journal of Siberian Medical Sciences. 2022;6(4):6i-76. DOI: 10.31549/2542-1174-
2022-6-4-61-76

Significance of >K-terminal pro-B-type natriuretic peptide
in the development of left ventricular diastolic dysfunction
in type 2 diabetes mellitus

D.V. Grazhdankinal A.A. Demin], IA. Bondar], S.V. Ivanov2

Novosibirsk State Medical University, Novosibirsk, Russia

Novosibirsk Regional Clinical Hospital, Novosibirsk, Russia

ABSTRACT

Introduction. Leftventricular diastolic dysfunction (LV DD) is associated with the development of chronic heart
failure (CHF) with preserved ejection fraction. This CHF phenotype is most common in patients with type 2 diabetes mellitus
(T2DM). It is relevant to study the relationship between LV DD in patients with T2DM and the level ofN-terminal pro-B-type
natriuretic peptide (NT-proBNP), as a CHF biomarker, and other clinical, laboratory and echocardiographic parameters.
Aim. To determine the significance of NT-proBNP and other factors in the development of LV DD in T2DM in the long-
term follow-up period.

Materials and methods. The studyincluded 94 patients with T2DM aged 40 to 65 years (65% women). All
patients had arterial hypertension (AH), obese or overweight and had no signs of NYHA class I11-1V CHF, LV ejection frac-
tion (EF) <50%. 37 patients had stable coronary artery disease (SCAD). Patients underwent clinical and laboratory exam-
ination, echocardiography. The concentration of NT-proBNP was determined. After 8.8 + 0.72 years, 41 patients with
T2DM were examined again with an assessment of clinical, biochemical and echocardiographic parameters. At baseline the
2009 National Guidelines of the Society of Cardiology of the Russian Federation and the Society of Heart Failure Special-
ists for the diagnosis and treatment of CHF were used for the diagnosis of LV DD. After 8.8 + 0.72 years, the 2020 Clinical
Guidelines of the Russian Society of Cardiology (RSC) for CHF were used for the diagnosis of LV DD. The search for factors
that determine the presence of LV DD in the long-term period was carried out using logistic regression and ROC analysis.
Results. Atbaseline LV DD was detected in 81.9% of cases in patients with T2DM and correlated with the presence of
SCAD and the duration of AH. T2DM patients with LV DD compared with patients without LV DD did not differ in the level
of NT-proBNP (30.6 pg/ml [20; 83.4] vs 36.7 pg/ml [20; 71.1]), p = 0.7). After 8.8 + 0.72 years, LV DD was detected in
51.2% of patients with T2DM according to the 2020 Clinical Guidelines of the RSC. Patients with T2DM were divided into
2 groups: with LV DD (group 1) and without LV DD (group 2). Patients of the first and second groups differed in duration
of diabetes (20 years [16; 25] vs 17.5 years [14.5; 20.5], p = 0.04), body mass index (BMI) (33.9 kg/m2[31.2; 37.4] vs 32.2
kg/m2[27.4; 34.7], p = 0.03), left ventricular mass index (LVMI) (94.8 g/m2[82.5; 107] vs 73.9 g/m2[71; 82.7], p <0.01)
and were comparable in terms of carbohydrate, lipid metabolism, and kidney function. Compared to the second group, the
first group had the higher baseline level of NT-proBNP (47.3 pg/ml [23.4; 111] vs 20 pg/ml [20; 20.3], p < 0.01), higher
baseline BMI (34.6 kg/m2[30; 38] vs 31.2 kg/m2[29.6; 33.7], p = 0.04) and higher baseline LVMI (101.1 £ 1 g/m2vs
86.3 +£14.1 g/m2p = 0.02). The logistic regression revealed that in patients with T2DM the presence of LV DD in the long-
term period is associated with the level of NT-proBNP (p = 0.03), baseline BMI (p = 0.04), baseline LVMI (p = 0.01). The
baseline level of NT-proBNP >31.2 pg/ml showed a sensitivity of 66.7% and a specificity of 100% for the presence of LV DD
in patients with T2DM after 8.8 + 0.72 years of follow-up.

Conclusion. Inthelong-term follow-up period the presence of LV DD in patients with type 2 diabetes mellitus is
associated with the increased baseline level of NT-proBNP, especially in combination with the increased baseline LVMI
and BMI values, while the level of NT-proBNP > 31.2 pg/ml can be considered as a prognostic marker of LV DD in patients
with T2DM after 8.8 + 0.72 years of follow-up with a sensitivity of 66.7% and a specificity of 100%.

Keywords: type 2 diabetes mellitus, left ventricular diastolic dysfunction, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), echocardiography.
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BBEAEHWE

Mo pgaHHbIM ®efepanbHOro perncrpa 60/bHbIX
caxapHbIM AguabeTtom B Poccuiickoii degepaunn,
XpoHMYeckKasa cepgeyHass HepgoctatodyHocTb (XCH)
ABNAETCA [NaBHOW NPUUYNHON CMepPTU BOMbHbIX
caxapHbiM gnabetom Tuna 2 (CA2) [1]. B nocnegHee
pecatunetne XCH ¢ coxpaHeHHOW (hpakumen
Bblbpoca (XCHc®B) cTtaHoBUTCSA BCce 60nee pacnpo-
CTpaHeHHOW 1 cocTaBnseT 56 % cpeam Bcex cny4vaes
cepfevyHOM HefocTaToOvHOCTU. [lMacTonmuyeckas
ANCcyYHKLUMA neBoro xenygodka (44 /1K) asnsetca
ogHUM 13 (hakTopoB pas3suTusa XCHc®B [2]. 44 J1K
pa3BMBaeTCsa BCMeACTBME HapylleHWA paccnabne-
HNUA MUOKapAa, NOBbILEHUSA €ero >ecTKOCTWU, 4TO
NPUBOAUT K YBENIMYEHUIO KOHEYHOro Aguactonuye-
CKOro gaeneHus B nonoctm J1XX [3, 4].

TpagnuynoHHo A4 J1)K ycTaHaBnnBaeTcsa ¢ NOMO-
Wbt axokapanorpadmm (9xoKI) ¢ oLeHKOM HECKOb-
Kkux IXoKI napameTpoB, TaK Kak HU OA4WH U3 HUX He
ABNSAETCA LOCTATOYHO TOYHbLIM U BOCMPON3BOANMbIM
[5]. bBeccumntomHas A4 J1)K cBsi3aHa co 3Ha4YUTEb-
HbIM puckoM pa3suTusa XCH, 4To yKa3blBaeT Ha
HeobXxoaMMOCTb Pas3paboTKM paHHero 3addeKTmBs-
HOro TepaneBTMYECKOro BMmeLlaTesibctea [6]. Kpome
TOro, o6Hapy>xeHa yctoumBas cBa3b mexxay 44 J1>K
MU yBeMYEHNEM BEPOATHOCTU HebnaronpusaTHbIX
cepLevHOo-coCcyanCTbIX CO6bLITUIM B NONyNaLUmn ¢ pas-
JINYHBIMN (PaKTopaMn puUcKa U pacrnpocTpaHeHHOo-
CTblO CepAeYvYHO-coCyaAUCTbIX 3abonesaHunin [7]. Moa-
TOMY aKTyasibHbIM SIBISeTCA NOUCK haKTOpOoB, B3au-
MocBsi3aHHbIX ¢ 44 J1)XK 'y 601bHbIX C[12 1 conyTCTBY-
wWnuMn 3aboneBaHNAMN, TaKUMWU KakK apTepuasb-
Has runepTeH3us (AlN), oxmpeHue, cTabunbHasa nile-
Munyeckasi 6onesHb cepgua (CUBC). MpeactaBnsaer
MHTepec nsydeHuve s3anmocsasu 44 J1>K npmn CO2 ¢
ypoBHeM N-KOHLeBOro nponentuga HaTtpumnypetun-
yeckoro ropmoHa B-tuna (NT-proBNP) - 6unomap-
kKepa XCHc®B. B 06w,enonynsaumMoHHOM mnccnegosa-
HuM NT-proBNP B KOM6UMHaLMM C BbICOKOYYBCTBU-
TeNlbHbIM TPOMOHUHOM T MoOKa3asn CBOK ANAarHoCTu-
YeCcKylo LeHHOCTb ANnA BbiAsneHua A4 J1)K B gonon-
HEHVe K KNMHUYeCKUM hakTopam pucka [8].

LIE/Tb MCCJTEQOBAHWUNA

Onpegenutb ponb NT-proBNP n gpyrmnx gpakto-
pos B passutun A4 JDOK npn CO2 B oTAa/IEHHOM
nepuoje HabnaeHUs.

MATEPUVAJIbI N METO/bI

MpoBeAeHO MPOCNEKTUBHOE
CpaBHUTeNbHOE UcCNef0BaHue.

KpuTepuun BKAOYEHUS B UccrefoBaHue: 60/b-
Hble C[2 ¢ (haKTopamu pUcKa cepaeuHo-CoCyANCTbIX

0flHOLIeHTpOoBOE

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

INTRODUCTION

According to the Federal Diabetes Register of the
Russian Federation, chronic heart failure (CHF) is
the main cause of death in patients with type 2 diabe-
tes mellitus (T2DM) [1]. In the last decade, CHF with
preserved ejection fraction (CHFpEF) has become
increasingly common and accounts for 56% of all
cases of heart failure. Left ventricular diastolic dys-
function (LV DD) is one of the factors in the develop-
ment of CHFpEF [2]. LV DD develops due to an
impairment of relaxation of myocardium, an increase
in its stiffness, which leads to an elevation of left ven-
tricular diastolic pressure [3, 4].

Traditionally, LV DD is established using echo-
cardiography with the assessment of several echo-
cardiographic parameters, since none of them is suf-
ficiently accurate and reproducible [5]. Asymptom-
atic LV DD is associated with a significant risk of
CHF, which indicates the need to develop an early
effective therapeutic intervention [6]. In addition, a
stable relationship was found between LV DD and an
increase in the likelihood of adverse cardiovascular
events in a population with various risk factors and
the prevalence of cardiovascular diseases [7]. There-
fore, it is relevant to search for factors related to LV
DD in patients with T2DM and concomitant dis-
eases, such as arterial hypertension (AH), obesity,
stable coronary artery disease (SCAD). Itis of inter-
est to study the relationship of LV DD in T2DM with
the level of N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP), a biomarker of CHFpEF. In a
population-based study, NT-proBNP in combination
with high sensitivity cardiac troponin T showed its
diagnostic value for detecting LV DD in addition to
clinical risk factors [8].

AIM OF THE RESEARCH

To determine the role of NT-proBNP and other
factors in the development of LV DD in T2DM over
the long-term follow-up period.

MATERIALS AND METHODS

A prospective single-center comparative study
was carried out.

Inclusionary criteria: T2DM patients with risk
factors for cardiovascular diseases (CVD) (AH, dys-
lipidemia, obesity), the presence or absence of SCAD,
lower extremities peripheral arterial disease (PAD),
acute cerebrovascular accident (ACA) in a history.

Exclusionary criteria: NYHA class I11-1V CHF,
chronic or persistent atrial fibrillation, lung diseases
with respiratory failure, stages 3-5 chronic kidney
disease (CKD), severe concomitant diseases, and a

63


http://jsms.ngmu.ru

Mpa>kpaHkuHa A.B. v gp. / Journal ofSiberian Medical Sciences T. 6, Ne 4 (2022)

3abonesaHuin (CC3) (Al, ancnnnungemums, oxupe-
HVe), Hann4iune nnu otcytcTeue CUBC, 3a6onesaHus
apTepuini HWKHUX KoHeuyHocTen (3AHK), ocTtporo
HapyweHns MO3roBoro KposoobpauweHus (OHMK)
B aHamHe3e.

KpuTepuun NCKoUeHUs N3 nccnefoBaHnA: Hamn-
une XCH 111V ¢yHKUMOHabHOro Ksacca, nNocTo-
AHHas WM nepcucTupytowaa dgopma mnbpunns-
umun npeacepanii, 3a6oneBaHnNA Nerkux ¢ AbixaTesb-
HOM HepoCTaTOYHOCTbIO, XpOHUYeckass 60/e3Hb
noyvek (XBIM) ctagun 3-5, TsHKeNble COMyTCTBYHO-
Wmre 3a6051eBaHUSA, CHUKEHHASA U YMEPEHHO CHU-
>XeHHas )pakuymsa Bblbpoca neBoro xenygoyvka (OB
J1K) no gaHHbIM 3X0KT .

B 2009-2011 rr. Ha 6a3e 3HAOKPMHONOrMYe-
CKOro 1 Kapguonormnyeckoro otgeneHnin FrbyY3 HCO
«[ocypapcTBeHHas  HoBocubupckas obnactHas
KNUHMYeckasa 60nbHMLa» 06cnegoBaHo 94 60/bHbIX
CA2 (65 % »eHwWKH). AT ncXo4HO 6blniay Bcex 60/b-
Hbix C2, OHMK B aHamHe3e - y 6 yen., BAHK - y
9 yen., CUBC - y 37 yen. (18 n3 HMX NepeHecn
MH(apKT MMoKapga).

BonbHbiM CA2 NpOBOANAN NOMTHOE KINHUYECKOEe
n nabopatopHoe ob6cnegoBaHme. K HavaibHbIM Mpo-
agneHnaAmM XCH oTHocunu nosiBNeHve OfblLLKN,
YyCTasIoCTN, yyalleHHOro cepauebveHns npu npu-
BbIYHOW (hM3MYECKOW Harpy3Ke.

MnasmeHHy0 KoHUeHTpauuio NT-proBNP onpe-
fenann mMetoaoMm (DEPMEHTHOro UMMYHOXeMWJIH0-
MWHECLLeHTHOro aHanM3a Ha aHanmsatope Immu”
2000 (Siemens) ¢ ucnonb3oBaHeM HaboOPOB TO ke
hnpMbl B KITMHNKO-AMArHOCTUYECKO nabopaTopumn
dIrbY «HoBOCMOBUPCKUIA Hay4dHO-McCcef0BaTesb-
CKUI MHCTUTYT TybepKynesa» MuH3gpasa Poccuu.

3xoKTl BbINOMHAAK Ha annapaTte Sonoline G50
(Siemens). OueHKyY TpaHCMUTpPasibHOro KpOBOTOKa
NPoBOAUAN B PEeXUMe MMMYbCHOro gonnjaepa u3
BEPXYLLUEYHOW YeTblpexkamMepHoOM no3vuynun. Luna-
CTO/IMYecKoe HanonHeHue J1)XX onpegensanu no mak-
CMMasibHOM CKOPOCTM KPOBOTOKA paHHEro AmMacrto-
nnyeckoro HarnonHeHus (E), MakcMMasnibHOM CKOpO-
CTN KPOBOTOKa BO BpeMsl CUCTO/bI npeacepamnii (A),
OTHOLWeHU E/A, BpeMeHU N30BOJIIOMETPUYECKOTO
paccnabnenuns (IVRT), BpeMeHM 3amensieHUsi Kpo-
BOTOKa pPaHHEro AMacTo/IM4eckoro HanosiHeHus J1XX
(DT). HapyweHune AnacTto/IM4ecKoro HanosIHeHUS
no | Tmny yctaHaBnmMBanan Npu yMeHbLUEHUU COOT-
HoweHuna E/A < 0.8, ysennyeHunun IVRT > 88 mc u
DT > 220 mc; no Il Tmny - npu OTHOWeEHUU
E/A =0.8-2, DT =160-240 mc [9]. CucTonmueckyro
dhyHKumio J1>XK oueHnBanm no nokasatento ®B J1XK ¢
ncnonb3oBaHMem Metoga CumncoHa (Simpson).
MnepTtpoduio J1XK onpeaensnn No MHAEKCY Macchbl
Muokapga JI>K (MMMJ1K) 6onee 95 r/m2y >}XeHWWH
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reduced or mildly reduced left ventricular ejection
fraction (LVEF) according to echocardiography.

In 2009-2011, 94 patients with T2DM (65%
women) were examined on the basis of the Endocri-
nological and Cardiological Departments of the
Novosibirsk Regional Clinical Hospital. At baseline,
hypertension was present in all T2DM patients, ACA
in a history in 6 people, lower extremities PAD in
9 people, and SCAD in 37 people (18 of whom had a
myocardial infarction).

Patients with T2DM underwent a general clinical
and laboratory examination. The baseline signs of
CHF included the appearance of shortness of breath,
fatigue, and tachyarrhythmia on habitual exertion.

The plasma concentration of NT-proBNP was
determined by chemiluminescence enzyme immu-
noassay on an Immulite 2000 analyzer (Siemens)
using reagents of the same company in the clinical
diagnostic laboratory of the Novosibirsk Tuberculo-
sis Research Institute.

Echocardiography was performed on a Sonoline
G50 (Siemens) apparatus. The transmitral flow was
evaluated in the pulsed Doppler mode from the api-
cal four-chamber view. LV diastolic filling was deter-
mined by the maximum early filling velocity (E), the
maximum atrial filling (A), the E/A ratio, isovolu-
metric relaxation time (IVRT), and shortened time of
early filling (DT). Type | impaired diastolic filling
was established at the E/A ratio < 0.8, at IVRT > 88
ms and DT > 220 ms; type Il impaired diastolic fill-
ing was established at the E/A ratio = 0.8-2,
DT = 160-240 ms [9]. LV systolic function was
assessed by LV ejection fraction (LV EF) using the
Simpson’s method. LV hypertrophy was determined
by the LV mass index (LVMI) of more than 95 g/m2
in women and more than 115 g/m2in men. The LV
relative wall thickness (LV WT) was calculated using
the formula (2 x LVPW) / LV EDD, where LVPW is
the LV posterior wall thickness; EDD is the LV end-
diastolic dimension. In the absence of LV hypertro-
phy, LVWT < 0.42 cm was considered as normal LV
geometry, LV WT > 0.42 cm - as LV concentric
remodeling. In the presence of LV hypertrophy,
LV WT > 0.42 cm was interpreted as concentric LV
hypertrophy, LV WT < 0.42 cm - as eccentric LV
hypertrophy [10].

After 8.8 = 0.72 years, again, 41 patients with
T2DM underwent clinical and laboratory examina-
tion and echocardiography on a GE Vivid 9 (General
Electric) ultrasound machine. In addition to the
echocardiography parameters described above, left
atrium volume was determined by the biplane Simp-
son’s method and indexed by the surface area of the
patient’s body. The septal and lateral mitral annulus
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n 6onee 115 r/m2y My>XUnMH. OTHOCUTE/IbHYO TOJI-
WwuHy cteHok JIK (OTC J1XK) paccumTbiBann no
hopmyne (2 x 3CJDK) / KAOP J1XK, rge 3CJDK - Ton-
WMHa 3a4Hen cTeHKM JK; KOP - KOHeuHbIi gna-
CTONINYECKMI pa3mep. [Mpu OTCYTCTBUM TUMNEpPTPO-
thun JHK, OTC JIXK < 0.42 cm cymTanacb Hopmasb-
Holi reomeTpueit JIXK, OTC /1)K > 0.42 cM - KOHLEH-
Tpuyeckum pemogenmnposaHnem JDOK. MNpu Hannyuu
runepTpodun JIXK OTC J1XK > 0.42 cm TpaKToBan
KaK KOHUEHTpUYecKyt runeptpocuio JHK, OTC
JIK <0.42 cM - KaK 3KCUEeHTPUYECKYIO TMnepTpo-
thumio J1XK [10].

Yepes 8.8 +£ 0.72 roga 41 6onbHoMy CA2 npoBe-
[eHO NOBTOPHOE K/IMHUKO-nabopaTtopHoe obcneno-
BaHMe 1 3xoKI Ha annapate GE Vivid 9 (General
Electric). B gononHeHne K onncaHHbiM 9X0KI napa-
MeTpam onpegenssin o06bLemM NeBOro npeacepams
MeTOAOM AMCKOB M MHAEKCUpOBanu Ha niaowagb
NOBEPXHOCTU Tesla 60MbHOr0. M3mepsanu centasb-
HYI0 N NnatepasibHY CKOPOCTb ABUMXKEHUSA MUTPasb-
HOro Kosnbua B gnactosny (e’), OTHOLEHNE MNKOBOI
paHHel CKOpOCTU TPaHCMUTPasIbHOrO0 KPOBOTOKA K
cpefHeMy 3HaUYEHUIO CKOPOCTU ABUXKEHUSA MUTPaSb-
HOro Konbua B gnactony (E/e’), MakcumanbHyH0 CKO-
pocTb TpUKycnuaanbHown peryprutayum (TP). Auna-
CTONINYECKYID AUCYHKUUIO JIXK ycTaHaBnmBanu
COrnacHoO KpuUTepuUsIM, yKaszaHHbIM B K/IMHUYECKUX
pekomeHAaumnax POCCUICKOro KapAMo/iornyeckoro
o6uecTtBa (PKO) no XCH 2020 . [2].

MpoBegeHWe nccnegoBaHmMs 66110 0406PEHO 3TN
yeckuM Komutetom ®IBOY BO «HoBocMbupckuii
rocyapCTBEHHbIV  MeAWLMHCKWI  YHUBEPCUTET»
MwuH3gpaBa Poccum 1 COOTBETCTBOBAIO 3TUYECKUM
Hopmam XesflbCUHKCKOW geknapauynun (2013). Bce
60NbHbIE NoAgNUcan MHMOPMUPOBAHHOE coracue
Ha y4acTune B uccnefoBaHUK.

CTaTUCTUYECKUIA aHanM3 AaHHbIX BbIMOSHEH B
LeHTpe «bnoctatucTruka» ¢ MOMOLLLbIO MakeToB SAS
9.4, STATISTICA 13 n SPSS-26. Hynesyto runortesy
oTBepranun npu p < 0.05. NpoBepKy HOPMasIbHOCTU
pacnpefeneHns KoNMYeCcTBEHHbIX NPU3HAKOB MPo-
BOAMMN C UCMOMb30BaHMeM KpuTepusa Lanupo -
Yunka. KonuyectBeHHble JaHHble NpeacTaB/ieHbl B
BUAE CPeAHUX 3HAYEHMUI MU CTaHLapTHOr0 OTK/IOHe-
HWA NPU HOpMaNbHOM pacnpefeneHUn NpU3HaKkoB
(M £ sd), B Buge meamaHbl U 25-75% KBapTuei
(Me [Q1; Q3]) - Npu OTANYHOM OT HOPMasibHOrO
pacnpefeneHnn MpuU3HaKoB, KayeCcTBEHHble [aH-
Hble - B NpoueHTax. FMnoTe3y o paBeHCTBE rpynno-
BbIX CPEAHMX W AUCMEpPCUii Bcex KOMMYECTBEHHbIX
NPU3HaAKOB MPOBEPSAAN C MOMOLLbI AUCNEPCUOH-
HOro aHanu3a, KpuTepmeB Kpackena - Yonnuca u
BaH pep BappeHa. B3aumocBA3b MeXXay napamu
ONCKPEeTHbIX KayeCTBEHHbIX MPU3HAKOB WCCIedo-
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diastolic velocity (e’), the ratio of the peak early
velocity of transmitral flow to the mean value of dia-
stolic mitral annulus velocity (E/e’), the maximum
velocity of tricuspid regurgitation (TR) were mea-
sured. LV diastolic dysfunction was determined
according to the 2020 Clinical Guidelines of the Rus-
sian Society of Cardiology (RSC) for CHF [2].

The study was approved by the Ethics Committee
ofthe Novosibirsk State Medical University and cor-
responded to the ethical standards ofthe Declaration
of Helsinki (2013). All patients signed an informed
consent to participate in the study.

Statistical data analysis was performed at the Bio-
statistics Centre using the SAS 9.4, STATISTICA 13
and SPSS-26 software packages. The null hypothesis
was rejected atp <0.05. Checking of the normality of
the distribution of quantitative variables was carried
out using the Shapiro-Wilk test. Quantitative data
are presented as the mean values and standard devi-
ation with a normal distribution of variables
(M # sd), as the median and 25-75% quartiles (Me
[Ql; Q3]) with a non-normal distribution of vari-
ables, qualitative data are given as a percentage. The
hypothesis of equality of group means and variances
of all quantitative traits was tested using analysis of
variance, the Kruskal-Wallis and Van der Waerden
test. The relationship between pairs of discrete qual-
itative traits was studied using the analysis of contin-
gency tables. In the long-term follow-up period, by
the method of logistic regression with a step-by-step
algorithm of inclusion and exclusion of predictors,
the factors related to the presence of LV DD in
patients with T2DM were identified. The threshold
level of factors associated with the presence of LV
DD was determined using ROC analysis.

RESULTS

At baseline, LV DD was detected in 77 patients
with T2DM (81.9%), of which 72 people had type I,
and 5 people - type Il LV DD. T2DM patients with
LV DD were more likely to have SCAD than T2DM
patients without LV DD (46.7% vs 5.9%, p <0.01), as
well as a longer duration of AH (9 [5; 12] years vs
6 [4; 12] years, p = 0.04). T2DM patients with LV DD
and without LV DD did not differ in the duration of
T2DM (15 [10; 20] years vs 10 [4; 15] years, p = 0.6),
compensation of carbohydrate metabolism by the
level of glycated hemoglobin (HbAL) (10.3 [8.6;
11.6]% vs 9.5 [7.9; 10.4]%, p = 0.07), estimated glo-
merular filtration rate (eGFR) (77.6 + 11.3 ml/
min/1.73 m2vs 74.2 + 13.5 ml/min/1.73 m2p =0.3).
LV EF was lower in T2DM patients with LV DD than
in T2DM patients without LV DD (68 [63; 73]% vs 73
[70; 75]%,p <0.01). T2DM patients with LV DD and
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Ba/M NPU MUCMNONb30BaHMKM aHanu3a Tabnuy, conps-
>KEHHOCTU. MeToAOM NOrMcTUYECKOW perpeccum c
NnoLlIaroBbIM anropuTMOM BKJIHOUEHUA U UCKOYe-
HNA NPeAVUKTOPOB BbISABAMN (PaKTOpbl, B3aMMOCBS-
3aHHble ¢ Hannumem 04 J1>K 'y 60nbHbIX CA2 B OTAA-
NleHHOM nepuofe HabnwgeHusA. MoporosbIA ypo-
BEHb (DAKTOPOB, B3aMMOCBA3aHHbIX C Hannumnem A
JIK, onpegensanuv ¢ nomowbio ROC-aHann3sa.

PE3YJIbTATDI

Ha nepBoHavanbHOM 3Tane o6cnegosaHmsa A0,
JIK BbisiBneHay 77 60nbHbix CA2 (81.9 %), N3 HUX y
72 yen. - no I tuny, y 5 yenosek - no Il Tuny. bosib-
Hble CA2 c 44 J1K yawe nmenn CUBC, yem 60b-
Hble CA2 6e3 A4 /1K (46.7 % vs 5.9 %, p <0.01), a
TakxKe 60nbWwyl0 gantenbHocTb Al (9 [5; 12] neTvs 6
[4; 12] neT, p = 0.04). BonbHble CA2 c A4 /1)K n 6e3
A4 JIDK He oTnmnyanucb MO NPOAOSIXKUTENBHOCTU
CA2 (15 [10; 20] neTvs 10 [4; 15] neT, p = 0.6), KOM-
neHcaumun yrneBogHoro o6mMeHa no ypoBHIO FINKU-
poBaHHoro remornobuHa (HbAL) (10.3 [8.6; 11.6] %
vs 9.5 [7.9; 10.4] %, p = 0.07), pac4yeTHOWN CKOPOCTU
Kny6oukoBoii punbTpaynn (pCK®) (77.6 = 11.3 mn/
MWH/1.73 M2vs 74.2 £+ 13.5 Mn/MuH/1.73 M2 p = 0.3).
®B J1)K 6bln1a HMKe y 60nbHbIX CA2 ¢ 44 JIK, yem y
6onbHbLIX CA2 6e3 O4 JIXK (68 [63; 73] % vs 73
[70; 75] %, p <0.01). BonbHble CA2 ¢ 44 J1XK 1 6e3
A4 1)K He oTAMYanucb No YacToTe Ha/IMYUA Havallb-
HbIX cumnToMoB XCH (46.8 % vs 23.5 %, p = 0.08),
ypoBHiO NT-proBNP (30.6 [20; 83.4] nr/mn vs 36.7
[20; 71.1] nr/mn, p =0.7), pa3mepy 1eBOro npeacep-
ana (1) (4.3 [3.9; 4.9] cm vs 4.3 [3.9; 4.4] cm,
p = 0.8), uactote runeptpopum JIXK (40.2 % vs
29.4 %, p =0.4).

Uepes 8.8 + 0.72 roga HabnwoaeHNs KANHUKO-
nabopatopHoe n 3xoKI mnccnefoBaHue BbINOSIHEHO
41 6onbHOMy C[2. lNoka3aTenu AMacToMYecKoro
HanosIHeHUs, OLeHUBaeMble Mo TPaHCMUTPasbHOMY
KPOBOTOKY, He u3MeHunucb y 30 60nbHbIX CA2.
Y 6 601bHbIX Habno4anocb yxyaweHue gnactonm-
YeCKOro HanosiHeHusA, y 5 - ynydweHue. He o6Hapy-
XKEHO 3Ha4YMMOro W3MeHeHUs [ANacToIMYecKoro
HanonHeHus J1)K 3a 4nnTensHbIA Nnepuo Habnge-
HUA (TOYHbIA KpUTepnii dPuwepa - 0.6, p > 0.05).

Mpwn oueHKe gnacTonnyeckon pyHkunm J1XK no
Kputepusam PKO (2020 r.) [2] 44 /1)K 6bina onpege-
NleHa y MeHbLUEro Konnyectea 60nbHbIX CA2 (N =21;
51.2 %). ¥ 13 yen. BbisiBneH tun I ny 8 - tun Il
A4 JOK. BonbHbix CA2 pa3genunv Ha 2 rpynnel - ¢
Hannumem 04 JDK (1-a rpynna) M OTCYTCTBMEM
A0 DK (2-a rpynna).

NcxofHble KNMHUKO-NabopaTopHble nokasatenu
60NbHbIX C2 B 3aBUCMMOCTM OT HaNMuusa Wan
oTtcyTcTBMA O J1)K B oTA2/1IeHHOM nepuoje Habsto-
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without LV DD did not differ in the frequency of ini-
tial symptoms of CHF (46.8% vs 23.5%, p =0.08), in
the level of NT-proBNP (30.6 [20; 83.4] pg/ml vs
36.7 [20; 71.1] pg/ml, p =0.7), in the left atrium (LA)
size (4.3 [3.9;4.9] cm vs 4.3 [3.9; 4.4] cm, p =0.8),
in the frequency of LV hypertrophy (40.2% vs 29.4%,
p =0.4).

After 8.8 £ 0.72 years of follow-up, a clinical and
laboratory examination and echocardiography were
performed in 41 patients with T2DM. Indicators of
diastolic filling, estimated by transmitral flow, did
not change in 30 patients with T2DM. In 6 patients,
there was a deterioration of diastolic filling, in 5 - an
improvement. There was no significant change in LV
diastolic filling over the long-term follow-up period
(Fisher’s exact test was 0.6, p > 0.05).

When assessing LV diastolic function according
to the clinical guidelines of the RSC (2020) [2],
LV DD was determined in a smaller number of
patients with T2DM (n = 21; 51.2 %). 13 patients
were diagnosed with type I, and 8 patients - with
type Il LV DD. Patients with T2DM were divided into
2 groups - with LV DD (group 1) and without LV DD
(group 2).

The baseline clinical and laboratory parameters
of patients with T2DM, depending on the presence
or absence of LV DD in the long-term follow-up
period, are presented in Table 1. Statistically signifi-
cant differences were found between groups 1 and 2
in BMI and 24-hour albuminuria, the level of NT-
proBNP. There were no differences between the
groups in terms of HbAl; eGFR, LV EF, and LV dia-
stolic function parameters. The baseline LVMI was
higher in group 1 patients.

Table 2 presents a comparison of clinical and
laboratory parameters of patients with T2DM of the
1st and 2nd groups at the time of re-examination
after 8.8 + 0.72 years. The patients of group 1 were
more likely to have the initial symptoms of CHF than
the patients of group 2. But almost halfofthe patients
in group 1(52.4%) had no symptoms of CHF. Patients
with T2DM of the 1st group had alonger duration of
diabetes than patients with T2DM of the 2nd group.
The frequency of macroangiopathies (SCAD, ACA
history, lower extremities PAD was comparable
between the groups. The body mass index was higher
in the 1st group of patients with LV DD than in the
2nd group. Groups of T2DM patients with and with-
out LV DD were comparable in terms of carbohy-
drate and lipid metabolism. It was found that the
majority of patients with T2DM did not achieve the
target values of carbohydrate and lipid metabolism
(73.2% and 82.9% of patients, respectively). Deterio-
ration of kidney function in the long-term follow-up
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Ta6nunuya 1. VicxoaHble KNIMHNKO-NabopaTopHble N 3XoKapAnorpauyeckme nokasaTesim y 60/1bHbIX caxapHbIM
AnabeToM TMna 2 B 3aBUCMMOCTM OT Ha/IMYMSA NN OTCYTCTBUSA ANACTONTMYECKOM ANCHYHKLMM NEBOTO Xey04Ka B
oTAaneHHOM nepuofe HabnwaeHUs

Table 1. The baseline clinical, laboratory, and echocardiographic parameters in patients with type 2 diabetes mellitus
depending on the presence or absence of left ventricular diastolic dysfunction over the long-term follow-up period

l-arpynna —60nbHble 2-arpynna —60/MbHble

E;rKaar;aeIgfb geozucpﬂlﬂ—q)ZKDM patients gf'ozu6pez A—AFQD)}E/I patients p

with LV DD withoutLV DD

(n=21) (n =20)
NMT, kr/m2 | BMI, kg/m2 34.6 [30; 38] 31.2 [29.6; 33.7] 0.04
AnbbymuHypwus, mr/cyT |Albuminuria, mg/day 43.2 [16.4; 117.5] 14 [5.5; 30] 0.02
pCK®, ma/mMnH/m2 | eGFR, mI/min/m2 75 [68; 83] 76 [72.5; 83] 0.49
HbAJ HbAIG % 9.7 [9; 11.1] 9.3 [7.7;10.3] 0.21
NT-proBNP, nr/mn (pg/ml) 47.3 [23.4; 111] 20 [20; 20.3] <0.0001
Pasmep /1M, cm / Size of the LA, cm 4.3 +0.6 4+04 0.09
®B JIXX / LV EF, % 69.2 +6.9 704 +6.3 0.54
IVRT, mc (ms) 88 [74; 96] 92 [84; 96] 0.55
DT, mc (ms) 196.5 + 48 198.4 +39.5 0.91
E/A 09+0.3 0.8+0.2 0.71
NMMJDXK, r/m2 | LVMI, g/m2 101.1 +£1 86.3 +£14.1 0.02
MmnepTtpodumsa J1XK, / LV hypertrophia n (%) 12 (57.1 %) 5 (25 %) 0.04
OTC /XK, cm / LV WT, cm 0.39 [0.36; 0.41] 0.39 [0.35; 0.44] 0.11

MpumeyvyaHune . UMT - nHgekc maccbl Tena; pCK® - pacyeTHas CKOpoCTb KAy604KoBOW hunbTpauunmn; HbAIC - rnnkupoBaHHbIR
remorno6uH; NT-proBNP - N-KOHLEBOW nponenTuj HaTpuilypeTuuyeckoro ropmoHa B-tuna; JIM - nesoe npepcepauve; @B JIXK -
dpakumnsa sbibpoca n1eBoro xxenygouka; IVRT - BpemMA M30BO/IIOMeTPUYECKOro paccnabneHuns; DT - Bpemsa 3amefnleHUS KPOBOTOKa
paHHEero AMacTo/IMyecKkoro HanonHeHus; E/A - oTHoWweHMEe NUKOB pPaHHEro M NO34Hero AMacTo/IMYecKoro HanonHeHuns; MMMIXK -
MH[eKCc Maccbl MMoKapAa 1eBoro xxenygouka; OTC - oTHOCUTeNbHAasA TOJLWNHA CTEHOK.

Note. BMI - body mass index; eGFR - estimated glomerular filtration rate; HbAic- glycosylated hemoglobin; NT-proBNP - N-terminal
pro-B-type natriuretic peptide; LA - left atrium; LV EF - left ventricular ejection fraction; IVRT - isovolumetric relaxation time; DT -
shortened time of early diastolic filling; E/A - the maximum early filling velocity / maximum atrial filling velocity ratio; LVMI - left

ventricular mass index; LV WT - LV relative wall thickness.

JeHnA npeacTasneHbl B Tabn. 1. O6Hapy>XeHbl cTa-
TUCTUYECKN 3HaAUYMMbIe pPas3nnyuma Mmexay 1- n 2-i
rpynnamm no VIMT mn cyTouHOW anbbymunHypuu,
ypoBHIO NT-proBNP. He BbISABNEHO OTINYNIA MEXAY
rpynnamm no yposHto HbAic, pCK®, B JIK, napa-
MeTpam AnacTonmuyeckoin yHkumm JIK. VicxogHblii
MMMJ1K 6b1n Bbilwe y 601bHbIX 1- rpynnbl.

B T1abn. 2 npeactaBneHO cpaBHEHWE K/IMHUYe-
CKUX M nabopaTopHbIX NapameTpoB 60MbHbIX CA2
1-1 n 2-i rpynnbl Ha MOMEHT NMOBTOPHOIro0 OCMOTPa
yepes 8.8 £ 0.72 roga. Y 60MbHbIX -/ rpynnbl valye
Habngannce HadasbHble CMMNTOMbI XCH, vem y
60NbHbIX 2- rpynnbl. HO NpakTUyeckn y NoN0BUHbI
6onbHbIX - rpynnbl (52.4 %) cumnTomMbl XCH
oTcyTCcTBOBanu. bonbHble CA2 i-W rpynnbl UMenn
60/bLWYI0 ANUTENbHOCTb AnabeTa, yYem O60/bHble
CA2 2-ih rpynnbl. YacTtoTa MaKpoaHrumonaTtuii
(CBC, OHMK B aHamHe3e, 3AHK) 6blna conocTa-
BUMa Mexay rpynnamu. MHaekc maccbl Tena 6bia
Bbile B 1-i rpynne 60nbHbIX ¢ A4 J1)XK, yuem BO 2-ii
rpynne. Fpynnbl 60NbHbIX CA2 C HAIMYMEM U OTCYT-
ctemem O J1)XK 6blin conocTaBMMbl MO NOKasare-
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period was noted in 14 patients with T2DM (34.1%):
11 of them had stage 3a CKD, 3 of them had stage 3b
CKD. LV DD was diagnosed in 8 patients, while it
was absent in 6 patients with stage 3 CKD (x2= 0.3,
p = 0.585). T2DM patients with LV DD were less
likely to receive metformin (52.4 vs 90 %, p = 0.008).
Otherwise, the treatment of patients did not differ
between the groups.

When comparing the echocardiographic param-
eters of T2DM patients with and without LV DD
(Table 3), a high incidence of pulmonary hyperten-
sion was detected in group 1, which was absent at
the baseline examination. Also, LV hypertrophy was
more common in group 1 compared to group 2.
There were no significant differences in the types of
LV geometry between the groups, but eccentric LV
hypertrophy was found only in patients of group 1.
LV EF was lower in the 1st group of patients with
T2DM. The ascending aorta size was larger in group
1of T2DM patients compared to group 2, which may
be due to pressure overload in hypertension and
obesity.
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Tabnnuya 2. CpaBHUTENbHAA XapaKTEPUCTMKA 60/IbHbIX CaxapHbIM A1abeToM TMNna 2 B 3aBUCMMOCTU OT HaIM4ns UIn
OTCYTCTBUSA ANACTONMNYECKOWN ANCHYHKL MW NEBOM0 XKeNyaouKa B 0TAaNIeHHOM nepuoae HabnwoaeHus

Table 2. The comparative characteristics of patients with type 2 diabetes mellitus depending on the presence or absence
of left ventricular diastolic dysfunction over the long-term follow-up period

l-arpynna —60/nbHble 2-arpynna —60NbHble

cho2capnx CO2 6e3 A4 NX

Group 1 —T2DM Group 2 —T2DM

patients with LV DD patients without LV DD

(n =21) (n =20)
BospacT, net / Age, years 64 [61; 80] 64 [60.5; 67] 0.7
My>kckoii non / Male patients, n (%) 6 (28.6) 3 (15 0.29
AnuntensHocTb CA2, neT / Duration of T2DM, years 20 [16; 25] 175 [14.5; 20.5] 0.04
AnutensHocTb AlC, net / Duration AH, years 20 [14; 27] 20.5 [13; 30.5] 0.9
CWNBC/SCAD, n (%) 10 (47.6) 5 (25) 0.13
OHMK B aHamHe3e / ACA in a hystory, n (%) 3 (14.3) 4 (20) 0.63
3AHK/PAD oflower extremities, n (%) 6 (28.6) 1(5) 0.09
KnuHunyeckmne cmmntombl XCH 10 (47.6) 3 (15 0.02
Clinical manifestations of CHF, n (%)
NMT, kr/m2 | BMI, kg/m2 33.9 [31.2; 37.4] 32.2 [27.4;34.7] 0.03

JlabopaTopHble NokazaTenn/ Laboratory parameters

HbAs % 8.8 [7.7; 10.1] 8.7 [6.6; 10.2] 0.6
[NoKo3a HaTow,ak, MMOb/ N 10 [9.2; 12.6] 10.2 [8.2; 16.2] 05
Fasting glucose, mmol/I

O6wnin xonectepmH, MMosb/n 4.7 [5.1; 4.1] 5.1 [3.9; 6] 0.3
Total cholesterol, mmol/I

Tpurnnuepugbl, mmons/n | Triglycerids, mmol/I 1.8 [1; 2.5] 1.6 [1.2; 2.2] 0.7
XC Nnsr, mmons/n |HDL-C, mmol/I 1.2 [1.1; 1.4] 1.2 [1.1; 1.3] 0.6
XC NMHM, mmons/n | LDL-C, mmol/I 2.8 [2.6; 3.4] 2.4 [2; 3.1] 0.2
KpeaTnHuH, mkmone/n | Creatinine, mmol/I| 87.3 [77; 108.8] 795 [73.5; 90.7] 0.08
pCK®, mn/mMunH/1.73 m2 |eGFR, ml/min/1.73 m2 64.4 [55; 76] 67.5 [57.7; 82.9] 0.4
MoueBas kucnota, mkmonbs/n | Uric acid, mmol/I 324 [260; 367] 326.4 [299; 384] 0.4
CPB, mr/n |CRP, mg/I 3.4[23;6.2] 3.2 [2; 6.3] 0.9

JleueHne / Treatment

Mpenapatbl CM / SU drugs, n (%) 3 (14.3) 8 (40) 0.06
MeTtdopmuH / Metformin, n (%) 11 (52.4) 18 (90) 0.008
WMHcynuH / Insulin, n (%) 19 (90.5) 15/20 (75) 0.2
CyTouHasa fo3a uHcynuHa, EA/kr maccel Tena 0.5 [0.3; 0,8] 0.6 [0.1; 0.8] 0.9
Daily insulin dose, U/kg ofbody weight

MAM®/APA Il |[ACEI/ARB I, n (%) 17 (80.9) 19 (95) 0.2
P-6nokatopsbl / P-blocker, n (%) 18 (85.7) 16 (80) 0.6
AHTaroHmcTbl Kanbuus / Calcium antagonists, n (%) 11 (52.4) 10 (50) 0.9
Anypetukn / Diuretic, n (%) 15 (71.4) 10 (50) 0.2
CtaTtuHbl / Statins, n (%) 18 (85.7) 13 (65) 0.12

MpumeyvaHwune . CA2 - caxapHblli gnabeT Tuna 2; Al - apTepuanbHaa runepteH3nsi; CUBC - cTabunbHas wuwemunyeckas
60one3Hb cepaua; OHMK - ocTpoe HapylweHUe MO3roBoro Kposoob6pauieHusi; 3AHK - 3a6oneBaHus apTepuii HUXXHUX KOHEYHOCTEN;
XCH - xpoHuueckasa cepfeyHas HepocTaToyHocTb; MIMT - mHpekc maccbl Tena; HbAI — rankupoBaHHbIA remorno6uH; XC JIMNBM -
XONecTepuH NMNONPOTENAO0B BbICOKOW naoTHocTU; XC JIMHI - XonecTepuvH NMNONpPoTeMAoB HU3KOM NNoTHocTU; pCK® - pacueTHas
CKOpOCTb KNyb6oukoBol ¢unbTpaummn; CPB - C-peakTuBHbIA 6enok; CM - cynboHUAMouyeBUHA; MAMD/APA Il - UHrM6GUTOPBLI
aHrMoTeH3MHNpeBpaLaoLWwero epMmeHTa / aHTaroHUCTbl PeLLenTOPOB aHrMoTeH3nHa Il.

Note. T2DM - type 2diabetes mellitus; AH - arterial hypertension; SCAD - stable coronary artery disease; ACA - acute cerebrovascular
accident; PAD - peripheral artery disease; CHF - chronic heart failure; BMI - body mass index; HbAlc- glycated hemoglobin; HDL-C -

high-density lipoprotein cholesterol; LDL-C - low density lipoprotein cholesterol; eGFR - estimated glomerular filtration rate; CRP -
C-reactive protein; SU - sulphonylurea; ACEI/ARB Il - angiotensin-converting enzyme inhibitors / angiotensin Il receptor blocker.
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NAM YrneBo4HOro M NUNUAHOro obmeHa. YCcTaHOB-
NIeHO, 4YTO 60NbLWIMHCTBO 60/bHbLIX CL2, BKIOYEH-
HbIX B UCC/lefoBaHWNe, He UMeNu LUesneBbIX nokasarte-
Nnen yrneBogHoOro M nunugHoro obmeHa (73.2 u
82.9 % nayneHTOB COOTBETCTBEHHO). YXyALueHue
(byHKLMM NoYeK B OTAa/IeHHOM MNepuoge Habnwoae-
HWUS1 OTMeYeHo y 14 6onbHbIX CO2 (34.1 %): y 11 n3
HUX gmarHoctupoBaHa XbI 3a ctagun (cT.), ¥y 3 -
XBIM 36 ctagun. A4 J1)X 6binay 8 60/1bHbIX U OTCYT-
ctBoBana y 6 60sbHbIXx ¢ XBIM 3 c1. (x2= 0.3,
p = 0.585). bonbHble CA2 ¢ A4 /1K pexke nonyyanu
Tepanuto metopmMuHom (52.4 vs 90 %, p = 0.008).
B ocTtanbHOM neyeHne NaumMeHTOB He OT/IMYanNocb
MeXay rpynnamu.

Mpn cpaBHeHUN napameTpoB IXOKI 60/MbHbIX
CA2 ¢ Hannumem n otcyTcTBmem A4 JDK (Tabn. 3)
BbISIB/IEHA BbICOKAs YacToTa Ier0YHOM rmnepTeH3nmn
B 1-i rpynne, koTopasi OTCyTCTBOBana Npu nepBoHa-
YyanbHOM 06cnefoBaHMK. Takxke B 1-ii rpynne yvalye
BCTpeyanacb runepTtpousa JIXK no cpaBHeHUO cO

Identification of factors related to LV DD in
patients with T2DM over the long-term follow-up
period was carried out using logistic regression.
The dependent variable was the absence or pres-
ence of LV DD in patients with T2DM (0/1); the
independent variables were the baseline and cur-
rent clinical, biochemical, and echocardiographic
parameters.

The logistic regression equation, made by the
step-by-step inclusion of predictors, is represented
by a combination of initial signs interrelated with LV
DD in the long-term period in patients with T2DM:
the level of NT-proBNP, BMI and LVMI (Table 4).
The higher the values of these indicators, the higher
the probability of LV DD in patients with T2DM in
the long-term follow-up period. The standardized
regression coefficient has the highest value in NT-
proBNP, which indicates its greatest predictive value.
The percentage of correct prediction was 95.7, the
Somers’ delta - 0.914, which indicates a high predic-

2-1i rpynnoii. He o6Hapy>XeHO CTaTUCTUYECKN 3HA-  tive value of the logistic regression equation. Hos-

Tabnuuya 3. Axokapanorpaguyeckme nokasaTenn 60bHbIX CA2 B 3aBUCMMOCTY OT HA/TIMUUSE UN OTCYTCTBUSA
AMacTonnyeckoli AMcyHKLNM NEBOrO Xesyo4Ka B 0OTAa/IeHHOM nepuoje HabnoaeHns

Table 3. Echocardiographic parameters of patients with T2DM depending on the presence or absence of left ventricular
diastolic dysfunction in the long-term follow-up period

l-arpynna —60/bHble 2-Arpynna —60NbHble
CA2 c A4 XK CcA2 6e3 A4 NXK

flokasarenk Group 1 —T2DM patients Group 2 —T2DM

Parameter

with LV DD patients without LV DD

(n=21) (n =20)
JleroyHas runepTteH3uns, n (%) 10 (47.6) 1(5) 0.002
Pulmonary hypertension, n (%)
AopTa, cm / Aorta, cm 3.7[3.4;3.9] 3.3[3.1;3.7] 0.005
nonmn, mn/m2| LAVI, mi/m2 36 [31.5; 38.9] 26.1 [23.7; 30] <0.0001
®B JI)K / LV EF, % 65 [59; 70] 70 [65.5; 75.5] 0.01
E/A 0.9 [0.7; 1.2] 0.8 [0.6; 0.9] 0.06
IVRT, mc / IVRT, ms 78 [61; 96] 94.5 [81.5; 105] 0.04
DT, mc (ms) 225 [190; 269] 248.5 [211; 295] 0.4
E/e’ 14.1 [12.6; 16.7] 9.2 [8.5; 10] <0.0001
MakcnmansHasi ckopocTb TP, cm/c 2.7[25;2.9] 2.3 [2.1; 2.4] 0.0015
Maximum velocity TR, cm/s
NMMJXK, r/m2 | LVMI, g/m2 94.8 [82.5; 107] 73.9 [71; 82.7] 0.0003
mnepTtpodusa JIXK / LV hypertrophy, n (%) 7(33.3) 1(5) 0.02
OTC /XK, cm / LVWT, cm 0.34 [0.3; 0.38] 0,35 [0,33;0,38] 0.26
Feometpus 1K (Hopma/KP/KI/3r), n (%) 13/1/1/6 (61.9; 4.7; 4.7; 28.7) 18/1/1/0 (90; 5; 5; 0) 0.08

LV geometry (normal/CR/CH/EH), n (%)

MpumeuvaHune . CA2- caxapHblii gnabet Tuna 2; MOM - nHaekc o6bema nesoro npeacepans; @B JIXK - dpakumna Boi6poca NeBoro
xenypouka; E/A - OTHOWEHME MUKOB PaHHero M Mo3fjHero AMacTo/Myeckoro HanosHeHus; IVRT - Bpems M30BOJIIOMETPUYECKOrO
paccnabneHuns; E/e’- oTHOLWEHWE NMKOBOW paHHel CKOPOCTM TPAaHCMUTPaibHOr0 KPOBOTOKA K CpefiHeMY 3HaUYeHWUI0 CKOPOCTU ABUXKEHMNA
MUTpanbHOro Kosbla B Anactony; TP - TpukycnupanoHas peryprutaumsa; MMMIJIXK - nHgeKc maccbl MMOKapa N1€BOro >KesnyAo0uKa;
OTC - oTHOcuTenbHas ToNWMHA cTeHOK; KP - KOHueHTpu4yeckoe pemogenupoBaHume; KI - KoHueHTpuueckas runeptpodusa; 3 -
3KCUeHTpuYecKasa runeptpodus.

Note.T2DM - type 2 diabetes mellitus; LAVI - left atrial volume index; LV EF - left ventricular ejection fraction; E/A - the maximum
early filling velocity / maximum atrial filling velocity ratio; IVRT - isovolumetric relaxation time; E/e’ - the ratio of peak early velocity of
transmitral flow to the mean value of mitral annulus diastolic velocity; TR - tricuspid regurgitation; LVMI - left ventricular mass index;
LV WT - LV relative wall thickness; CR - concentric remodeling; CH - concentric hypertrophy; EH - eccentric hypertrophy.
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YMMbIX Pa3NNYni No TUNam reomeTpun JIXK mexay
rpynnamu, HO aKCLeHTpuyeckasa runeptpous JIXK
BCTpeyanacb ToNbKO Yy 601bHbIX 1-1 rpynnbl. B J1IXK
6blna HkKe B 1-i rpynne 6onbHbIX CA2. Pasmep
aopTbl B Bocxoaswem oTaene 6bin 6onblie y 605b-
HbiX CA2 1- rpynnbl Mo CPaBHEHWIO CO 2-i rpyn-
NoW, 4YTO, BO3MOXHO, CBA3aHO C Meperpy3Koin gasre-
HMeM Ha hoHe AT N OXKMPEHUS.

BbisiBNeHMe hakTopoB, B3aMMOCBSA3aHHbIX ¢ A
J1)XK'y 60nbHbIX C[12 B OTAaNeHHOM nepuoge Habnto-
JeHns, NpoBOAMIN C MOMOLLLIO IOTUCTUYECKOM
perpeccun. B KadecTBe 3aBUCMMOW MepPeMEHHOA
BbICTynasio OTCYTCTBME WNM Hanuuue A0 JIXK vy
60n1bHbIX CO2 (0/1); HE3aBUCUMbIMU MEPEMEHHbLIMMN
ABNANCL UCXOAHbIE U TEKYLLMe KITMHNYEeCKne, 61o-
xumundeckne n IxoKI rnokasarenu.

YpaBHeHME NOTNCTUYECKON perpeccmun, cocTaBs-
NNleHHOe MeTOAO0M MOoLlaroBoro BK/KOYEHUS Mpeau-
KTOpPOB, NpeACTaBNeHO KOMOUHauueld WCXOLHbIX
npuU3HaKoB, B3auMocBA3aHHbIX ¢ A4 J1>K B oTAaneH-
HOM nepuoge y 60nbHbIX CA2: ypoBeHb NT-proBNP,
MMT n UMMJIK (Tabn. 4). YUem 60nbLUe 3HaAYEHUS
JaHHbIX NokKasaTesieil, TeM Bbille BEPOATHOCTb A1
JIXKy 60nbHbIX C[12 B OTAaNEHHOM nepunoae Habo-
feHnsa.  CTaHAapTU3NPOBaHHbLIA  KOIPULUMEHT
perpeccunm  MMeeT Haubosnbllee 3HayeHue Yy
NT-proBNP, 4TO roBopuT 0 €ro Han6onbLUen npea-
CKasaTeflbHOWM LeHHOCTU. MpoLueHT BepHOro npea-
CKazaHums coctaBun 957 %, KoahpmuneHT
Somers’ D - 0.914, 4yTo cBUAETENbCTBYET O BbICOKOM
npeackasaTesibHON LLeHHOCTU YpaBHEHUS SIOTNUCTN-
yecKow perpeccmu. TecT cornacust Xocmepa - Jleme-
wosa (x2= 8.5, p = 0.87) oTpakaeT xopoLly0 Kann-
6pOBKY NpeacTaBNeHHOM MOAENN.

YpaBHEHME NOrMCTUYECKON perpeccum, OLeHU-
BatoLlee BEPOATHOCTb Hanuuma A4 JIXK y 60/bHbIX
CA2 B oTpaneHHOM nepuoge HabnwaeHWs, npea-

mer-Lemeshow test (x2= 8.5, p = 0.87) reflects a
good calibration of the presented model.

The logistic regression equation estimating the
probability of LV DD in patients with T2DM in the
long-term follow-up period is presented as
P =eZ/(1 +e2, where e - the base ofthe natural loga-
rithm (e =2.7183); Z = PO + P1L x X1 + P2 x X2 +
+ P3 x X3, where X1 - the baseline level of NT-
proBNP (pg/ml), P1 = (-0.17); X2 - the baseline
BMI (kg/m 2, P2 = (-0.29); X3 - the baseline LVMI
(g/m2, p3 = (-0.08). The closer the P value is to
zero, the higher the probability of LV DD in patients
with T2DM in the long-term follow-up period.

The threshold baseline level of NT-proBNP, reflect-
ing the difference between the groups with the absence
and presence of LV DD, was determined using ROC
analysis. The area under the curve was 0.89 (with
deviations within the 95% confidence interval -
0.753-0.996, p < 0.01). The baseline level of NT-
proBNP > 31.2 pg/ml showed sensitivity 66.7% and
100% specificity for the presence of LV DD in patients
with T2DM after 8.8 £ 0.72 years of follow-up (Fig. 1).

DISCUSSION

The present study shows a high baseline fre-
guency (80.4%) of LV diastolic filling disorders in
middle-aged T2DM patients, which is consistent
with previous data, that also showed the correlation
of LV DD with cardiovascular autonomic neuropathy
[11]. The baseline examination revealed the relation-
ship of the impaired LV diastolic filling in T2DM
patients with the presence of SCAD, which can be
explained by non-uniformity of relaxation in myo-
cardial ischemia [3]. In a study of Sumin et al.
patients with confirmed SCAD had a high incidence
of LV DD, which was associated with age and the
presence of multivessel coronary artery disease [12].

Ta6nuua 4. NicxoaHble PaKTopbl, aCCOLMNPOBAHHbIE C AMACTONNYECKOM AUCHYHKLMNEN Y 6ONbHBIX CaXapHbIM

AvabeTom TMNa 2 B 0OTAANIEHHOM MNepuoe HabnoaeHus

Table 4. Baseline factors associated with diastolic dysfunction in patients with type 2 diabetes mellitus in the long-term

follow-up period

KoapdhuruymeHT CTtaHpapTM3npoBaHHbIE
Ctatncrtuka
MapameTp perpeccum KO3 UL MEHTbI perpeccumn
. Banbpax2 =] . -

Parameter Regression Wald test x2 Standardized regression
coefficient a estx coefficients

CBOGOAHbIN YNEH ypaBHEHUSA 21.3 8.32 0.004 -

Absolute term of the equation

NT-proBNP -0.17 4.97 0.03 -39

NMT / BMI -0.29 4.2 0.04 -0.75

VMMJ/IXK / LVYMMI -0.08 5.9 0.01 -0.77

MpumevaHwune .
MMMIJIK - nHAeKc macCbl MMoKapaa NeBoro »enynoyka.
Note.
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NT-proBNP - N-KOHLEBOI MponenTug HaTpuilypeTuyeckoro ropmoHa B-Tuna; MMT - WHAEKC maccbl Tena;

NT-proBNP - N-terminal pro-B-type natriuretic peptide; BMI - body mass index; LVMI - left ventricular mass index.
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NT-proBNP

Puc. 1. ROC-kpuBas, oTpaxarwLlas B3auMMOCBA3b Mexay Hannuuem O J1K
B OTAaNleHHOM Mepuroe HabnaeHNA N UcxoaHbiM ypoBHeM NT-proBNP y 60nbHbIX CA2
Fig. 1. ROC curve reflecting the ratio between the presence of LV DD in the long-term follow-up period
and the baseline level of NT-proBNP in patients with T2DM

CTaBNeHOo B Buge P = eZ/ (i + €2, rge e - oCHOBaHMe
HaTypanbHoro norapudpma (e = 2.7183); Z = PO +
+ Pi x Xi + B2 x X2 + B3 X X3, rge Xi - UcxogHblin
ypoBeHb NT-proBNP (nr/mn), Pi = (-0.17); X2 -
ncxogHbln UMT (kr/m2), P2 = (-0,29); X3 - ucxo-
AHbIN UMMJ1XK (r/m2), P3 = (-0,08). Uem 651mxe K
HY/I0 3HayeHne P, TeM BblLLe BEPOATHOCTb HA/TNUUSA
04 J1)XK y 60nbHbix CA2 B oTAasleHHOM Mepuoje
HabnaeHns.

MoporoBbli MCXOAHbIV ypoBeHb NT-proBNP,
oTpaxalwLlwnini pasnnume mexay rpynnamu ¢ oTcyT-
cTBMEM M Hanuumem A J1)K, onpegeneH ¢ nomMmo-
wbo ROC-aHanusa. MNnowanbs Noj KpUBoK cocTa-
Buna 0.89 (c OTKIOHeHMAMM B paMKax 95% pose-
puTenbHoro nHtepsana - 0.753-0.996, p < 0.01).
McxogHblh ypoBeHb NT-proBNP > 31.2 nr/mn
nokasan 4yBCTBUTENbHOCTb 66.7 % U cneynduy-
HocTb 100 % B OTHOWeEHUU Hanuuma O0 JIK y
60nbHbIX CO2 4vepe3 8.8 = 0.72 roga HabnwAeHUA

(puc. 1).

OBCY>XXAEHWE

B HacTosLWem vccnefoBaHUM NnokKasaHa BbiCOKas
ncxogHaa 4vactota (80.4 %) HapyLleHUA ANacTonn-
YyecKoro HanosHeHus JIXK 'y 6onbHbix CO2 cpegHero
BO3pacTa, YTO cornacyercs ¢ paHee ony6/MKOBaH-
HbIMW faHHbIMW, rAe TakXxe 6blia rnokasaHa B3an-
MocBsA3b A4 JIXK ¢ kapauoBackynsipHoi gopmoii
aBTOHOMHOW Heliponatuum [11]. Mpn nepBoHavanb-
HOM o06cnefoBaHUM O6Hapy)eHa B3aMMOCBSA3b
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In the long-term follow-up period, no significant
correlation was found between the current and base-
line impairment of diastolic filling in patients with
T2DM. The parameters used to assess LV diastolic
filling (E/A, IVRT, DT) are widely available in rou-
tine clinical practice, but are insufficiently associated
with end-diastolic pressure, and also depend on age,
which makes it difficult to interpret them correctly
[5]. LV DD was determined in a smaller number of
patients (in 51.2% of cases) using the 2020 Clinical
Guidelines of the RSC. The data obtained confirm an
increase in the specificity of changes in these echo-
cardiographic parameters for the diagnosis of LV DD
and the association with the presence of CHFpEF,
which is consistent with the literature data. In a pop-
ulation-based study of 1000 individuals older than
45 years without known CVD, a significant decrease
in the prevalence of LV DD, diagnosed according to
the American Society Echocardiography (ASE)/
European Association of Cardiovascular Imaging
(EACVI) recommendations, compared with the 2009
ASE/EACVI guidelines, was found [13]. Similar
results were obtained by Wan et al. in the study of the
cohort of T2DM Hispanic patients without symp-
toms of CHF [14].

In the present study, pulmonary hypertension
was detected in half of T2DM patients with LV DD in
the long-term follow-up period. Deterioration of dia-
stolic function leads to an increase in pressure of the
left compartments of the heart and, subsequently, to
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HapyweHNa AMacTONIMYECKOro HanosHeHus JDK y
60n1bHbIX CO2 ¢ Hannunem CUBC, 4TO MOXXHO 06b-
ACHUTb HepaBHOMEPHOCTbIO pefnakcaunun, NpPUcyT-
CTByHOLLEN NMpu nwemun mmokapga [3]. B uccnego-
BaHUU A.H. CymunHa n coaBT. 60/1bHble C NOATBEPXK-
AeHHoli CUBC mmenu BbICOKytO 4vactoTy A4 JDK,
KOTOpas 6blna accoumnpoBaHa ¢ BO3pacToM U Haln-
YMEM MHOrOCOCYAMCTOro MOpaXXeHUs KOPOHaPHbIX
apTepwii [12].

B otganeHHOM nepuojge HabnwgeHUs He obHa-
PY>XE€HO 3HauYMMOW B3aMMOCBA3N MeXAY TeKyLLUM
M UCXOAHbIM  HapylleHWEeM  ANacTOSIMYECKOro
HanosnHeHUsa y 60nbHbIX CA2. MapameTpbl, UCNO/b-
3ylowmecs AN oueHKU ANacTo/IMYecKoro HarnoJsiHe-
Hua JK (E/A, IVRT, DT), WMPOKO AOCTYMHbI B
PYTUHHOW KAWHWYECKOW NpakTuUKe, HO HepocTa-
TOYHO accouMMpPOBaHbI C KOHEYHO-ANACTO/TUYECKUM
JaBfieHMeM HanosiHeHUs J1XK, a TakXe 3aBUCAT OT
BO3pacTa, YTo 3aTpyAHAET UX NPaBU/IbHYI0 UHTEp-
npetauunto [5]. A4 J1>K onpegeneHa y MeHbLUero
Konu4yectsa nauuneHtoB (B 51.2 % cnyyaes) npu
ucnonb3oBaHuu kputepmes PKO 2020 r. MNMonyyeH-
Hble [aHHble MOATBEPXKAAKT YBe/IMYeHue crneyu-
PUYHOCTN WM3MEHEHUS YKa3aHHbIX Moka3aTenen
Ox0oKTI B oTHOWEHUN agnarHoctuku 44 J1>K v B3aun-
MOCBA3b € Hasinumem XCHc®B, 4uTo cornacyeTcsa ¢
OaHHbIMU NUTepaTypbl. B nonynauymnoHHom uccne-
poBaHmm 1000 yen. ctapuwe 45 net 6e3 N3BECTHbIX
CC3 o06Hapy>XeHO 3Ha4duTeslbHOE CHUXKEHMe pac-
npoctpaHeHHocTn A4 J1XK, AnarHOCTUpPOBaHHOM
cornacHo anroputmam 3xoKI no oueHke gmacTto-
nnyeckoin pyHKuUmm cepgua 2016 r. no cpaBHEHUIO C
anroputMamum 2009 r. [13]. AHanorn4yHble pesynb-
TaTbl 6bInM NonyyeHbl S.H. Wan et al. npu nayye-
HWUM UCcNaHCcKoM nonynaumm 6onbHbix CO2 6e3 cum-
ntomoB XCH [14].

B npeactaBneHHoW Hamum paboTe y MOMNOBUHBI
6onbHbIX CO2 ¢ A4 J1)K B oTAaneHHOM nepuoge
HabnoaeHNs 6blia BbiSIB/IEHA SlIeroYHas rmnepTeH-
31S. YXyjaLleHue AnacToIn4YecKom PyHKLNUM NpuBo-
OVT K MOBbIWEHWIO AaBJ/IeHUS HaroSIHEHUSA NEBbIX
OTAEeNoB cepAua u, B AasibHelleM, K NacCUBHOMY
3aCTO0 U XPOHWYECKUM W3MEeHeHUSIM J1erOYHbIX
cocyfioB. Takas JieroyHas runepTeH3nsa sB/isieTCA
NOCTKanuUNsapHow. MmeloTca gaHHble 0 TOM, 4TO
rnorpaHUYyHas JsieroyHass rMNepTeH3us MoBbilaeT
pPUCK CMepPTU 1 rocnutannsaunim [15].

AuvarHoctuka XCHc®B ocHoBaHa Ha Ha/in4uuu
CMMMNTOMOB, XapaKTepHbIX AN cepaeyHON HepocTa-
TOYHOCTU, U3MepeHnn yposHa BNP nnm NT-proBNP
n BbiaBneHUn 40 J1K n/vinu runeptpodumn J1>K no
3AxoKTI [2]. Ho npoBegeHne 3xoKI Ha ambynatop-
HOM 3Tane y 60/1bHbIX 6€3 NPN3HAKOB YMEPEHHON U
Tsxenon XCH manogoctynHo. Okono 1/3 601bHbIX
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passive congestion and chronic changes in the pul-
monary vessels. Such pulmonary hypertension is
postcapillary. There is evidence that borderline pul-
monary hypertension increases the risk of death and
hospitalization [15].

Diagnosis of CHFpEF is based on the presence of
symptoms characteristic of heart failure, measure-
ment of BNP or NT-proBNP levels, and detection of
LV DD and/or LV hypertrophy by echocardiography
[2]. But echocardiography at the outpatient treat-
ment stage in patients without signs of moderate and
severe CHFpEF is not readily available. About 1/3 of
patients with CHpEF have a level of NT-proBNP
lower than diagnostic, which may be associated with
a high incidence of obesity, leading to a decrease in
this biomarker level [16, 17]. At the same time, the
level of NT-proBNP may increase in T2DM, which is
probably due to the high prevalence of subclinical
cardiovascular pathology [18]. Impaired renal func-
tion leads to an increase in BNP and NT-proBNP
[19].

In a study by Mocan et al. the association of NT-
BNP, inflammatory biomarkers, components of met-
abolic syndrome, systolic and diastolic blood pres-
sure with LV DD in middle-aged patients with meta-
bolic syndrome has been shown [20]. In another
study, the association of abdominal obesity in combi-
nation with hypertriglyceridemia was determined in
apparently healthy young and middle-aged individu-
als with LV DD after 20 years of follow-up. The
development of DD and LV remodeling in obesity is
associated with an increase in blood volume, low-
grade inflammation, insulin resistance, activation of
the sympathoadrenal and the renin-angiotensin-
aldosterone systems [21].

At the initial examination, we did not find an
association between the level of NT-proBNP and the
LV diastolic filling parameters, in patients with
T2DM, which is consistent with the literature data
[22]. But the baseline level of NT-proBNP was cor-
related with LV DD in the long-term follow-up
period. An increase in NT-proBNP > 31.2 pg/ml
predicted the presence of LV DD in patients with
T2DM after 8.8 = 0.72 years of follow-up with a
sensitivity of 66.7% and a specificity of 100%. The
higher specificity compared to sensitivity shows the
advantage of the negative predictive value of the
biomarker, which was also shown in a meta-analy-
sis of 51 studies on the role of NT-proBNP in the
diagnosis of LV DD or CHFpEF [23]. The logistic
regression analysis revealed a high prognostic sig-
nificance of an increase in the baseline level of NT-
proBNP in combination with an increase in the
baseline BMI and LVMI.
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XCHc®B unmetoT ypoBeHb NT-proBNP Hmke gwna-
FHOCTUYECKOro, YTO MOXET 6bITb CBA3aHO C BbICOKO
4YaCTOTON OXUPEHUS, KOTOPOE MPUBOAUT K CHUXKe-
HWIKO MoKasaTene gaHHoro 6uomapkepa [16, 17].
BmecTte ¢ Tem npu CA2 ypoBeHb NT-proBNP moxeT
NoBbILIATLCS, YTO, BEPOATHO, CBA3@HO C BbICOKOM
pacnpoCcTpaHeHHOCTbIO CYGKIMHMYECKON cepAeyHO-
cocyaucTtoi natonormun [18]. HapyweHne yHKUUN
noyek npuBoAUT K nNoBblweHNO BNP n
NT-proBNP [19].

B nccnegoBaHum M. Mocan et al. nokasaHa acco-
ynauyma NT-BNP, BocnanuTtenbHblX 6MOMapKepos,
KOMMOHEHTOB MeTabo/INYecKoro CUHAPOMa, YPOBHSA
CUCTONIMYECKOro u gnactonmnyeckoro A c A4 /Ky
naymMeHToB ¢ MeTabo/MUYeCKUM CUHAPOMOM Cpej-
Hero Bo3pacTa [20]. B gpyroii pa6oTte onpegeneHa
B3aMMOCBA3b a640MUHAIbHOIO OXKUPEHUS B coYeTa-
HUM C TUNepTpUranuepugeMuen y npakTuyecku
3[0pOBbLIX Nt04e MONOAOIo N cpegHero Bo3pacTa ¢
A0 1)K yepes 20 neT HabnwogeHus. Passutmne 44 v
pemogennpoBaHue JIXK nNpu OXWPEHUN CBA3EHO C
yBenMyeHneM 06bemMa KpOBW, BOCMa/IEeHUEM HU3-
KOr0 YPOBHS, MHCY/IMHOPE3UCTEHTHOCTbLIO, aKTUBa-
umei cmmMnaToagpeHanoBo N peHNH-aHITMOTEH3UH-
anbAoCTEPOHOBOM cuctem [21].

Mpwn nepBoHa4vanbHOM 06Cef0BaHUN 6ONbHbIX
CA2 mMbl He OOHapy>XXunuM B3aUMOCBA3b YPOBHS
NT-proBNP ¢ napameTpamu, xapaktepusyroLwnumm
AuacTonmyeckoe HanosiHeHue JDK, 4yTo corsacy-
eTcsa ¢ gaHHbIMU NuTepaTtypbl [22]. HO ncxoaHbln
ypoBeHb NT-proBNP 6b11 B3anmocessaH ¢ 44 J1K
B OTAa/leHHOM rnepuoje HabnwaeHUA. YBenuye-
Hue NT-proBNP > 31.2 nr/mn npepckasbiBano
Hannune A4 JK y 60nbHbIX CA2 yepe3 8.8 £ 0.72
roga HabnwAeHUA ¢ YYyBCTBUTE/IbHOCTbIO 66.7 % 1n
cneyngunyHocTbio 100 %. bonee BbicOKas cneyun-
(PMUYHOCTL MO CPaBHEHUIO C YYBCTBUTE/IbHOCTbIO
MnokasbiBaeT MNPENMYLLECTBO  OTPULATENIbHOIO
npeackasate/sibHOro 3HaydyeHuss 6umomapkepa, 4To
Tak>Xe 6blN0 NokasaHo B MeTaaHanm3se 51 nccnepgo-
BaHMA no msyyeHuto poam NT-proBNP B guarHo-
ctuke 44 J1K nnm XCHc®B [23]. Mpu npoBege-
HUWN JNIOTNUCTUYECKOIr0 PEerpeccMoHHOro aHanmsa
BbISiB/IEHA BbICOKAsA NMPOrHOCTUYECKasa 3Ha4YMMOCTb
noBblWEHUA UCXoAHOro ypoBHA NT-proBNP B
KOMOUHaLUMK C yBe/IMYEHNEM ucxogHoro MIMT wn
NMMJIXK.

OrPAHNYEHWNA NCCTEQOBAHUNA

Heb60nbwoi 06beM BbIOGOPKM YMEHbLUAET CTaTU-
CTUYECKYI0 3HAYMMOCTb MOJIyYEHHbIX Pe3y/bTaToBs.
IxoKI napameTpbl OLEHKN ANacTONNYEeCKOM (PYHK-
umm JHOK y 60nbHbix CO2 oTAmMyaincb UCXOAHO W
yepe3 10 neT HabnwgeHnsa. YposeHb NT-proBNP
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STUDY LIMITATIONS

A small sample size reduces statistical signifi-
cance of the results obtained. The echocardiographic
parameters for assessing LV diastolic function in
patients with T2DM differed at baseline and after
10 years of the follow-up. The level of NT-proBNP
was measured once - during the initial examination
of patients with T2DM, so its variability over time is
unknown, as well as the association of the current
biomarker level with LV DD. Therefore, further
research in this direction is needed.

CONCLUSION

The presence of left ventricular diastolic dysfunc-
tion in the long-term follow-up period in patients
with type 2 diabetes mellitus is associated with the
increased level of NT-proBNP at baseline, especially
in combination with the baseline increase in left ven-
tricular mass index and body mass index; meanwhile
the level of NT-proBNP over 31.2 pg/ml can be con-
sidered as a prognostic marker of left ventricular dia-
stolic dysfunction in patients with type 2 diabetes
mellitus after 8.8 + 0.72 years of follow-up, with a
sensitivity of 66.7% and specificity of 100%.

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

OLleHMBANCA OAHOKPATHO MNpW MNepBOHaYa/IbHOM
o6cnefoBaHUK 60nbHbIX CA2, NO3TOMY HEM3BECTHA
ero M3MeH4YMBOCTb C TEYEHVEM BPEMEHU, a TakKxe
accoumaumsa Tekyllero ypoBHs 6uomapkepa c¢ AL
JDK. Moatomy HeobxoAUMbI fancHeliwme nccneno-
BaHVSA B JaHHOM HarpasJ/ieHUN.

3AKJIKOUHEHWME

Hanuune gmnactonnyeckom gucyHKUNU NEBOr0
XenyAo4vka B oTAasleHHOM nepuoge HabnaeHus y
60NbHbIX caxapHbIM AnabeToM Tuna 2 B3anUMOCBS-
3aHO C UCXOAHbIM yBeninyeHmnemM ypoBHA NT-proBNP,
0COOEHHO B COYeTaHUWU C UCXOLHbIM YBEIMUYEHUNEM
MHIEeKca MacCbl MWOKapga J/1IeBOr0 >Kenygodka u
MHAeKca Macchbl Tena, npm aTom yposeHb NT-proBNP
6onee 31.2 nr/mn MoXeT paccMaTpuBaTbCs Kak Npo-
FHOCTUYECKNIA MapKep ANAaCTONIMYECKOW AUCHYHK-
LM NeBOro XesyAo4vka y 60/bHbIX caxapHbIM Auna-
6eTom TMNa 2 vepes 8.8 + 0.72 roga HabnaeHUA ¢
YYBCTBUTENbHOCTbID 66.7 % U cneunguUYHOCTLIO
100 %.

KOHMANKT MHTEepecoB. ABTOPbI 3asB/s0T 06
OTCYTCTBUWN KOH(/IMKTA UHTEPECOB.
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