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Aim - to determine the specific features of the use of the semi-quantitative
Nt-proBNP immunochromatographic assessment technique for the diagnosis
of chronic heart failure (CHF) in comorbid elderly patients with type 2 diabetes
mellitus (DM2) in relation to indicators of clinical and metabolic status.

Material and methods. The study was performed using a cross-sectional
design; 97 clinical and laboratory-instrumental indicators were studied,
including the determination of Nt-proBNP by a semi-quantitative method,
in a sample of 50 comorbid elderly patients with T2DM; groups were
identified according to the threshold value of Nt-proBNP 450 pg/ml; the
interrelationships and significance of differences in variables in the groups
were analyzed, including the number of average values of biomarkers for
achieving the goals of DM2 treatment and the structure of drug therapy.

Results. A high prevalence of comorbid pathology (arterial hypertension:
90%, obesity: 74%, dyslipidemia: 72%) and a high proportion of participants’
failure to achieve therapeutic goals, comparable in the Nt-proBNP groups,
were revealed; a significant association between the Nt-proBNP group and

the previously established stage of CHF (y* = 6.4; p = 0.041), a positive
correlation with the ratio of transmittal blood flow rates in early and late
diastole E/A (r = 0.309; p = 0.003); Indirect evidence has been obtained for
the high sensitivity of the semi-quantitative assessment of Nt-proBNP for the
diagnosis of early-stage CHF.

Conclusion. The majority of comorbid elderly patients with DM2 (72%) have
Nt-proBNP levels above the general population threshold of 125 pg/ml and
need to verify the diagnosis of CHF. The assessment of the Nt-proBNP test
result in T2DM has its own specifics due to polymorbid pathology (obesity
and CKD) and the presence of multidirectional “disturbing” factors. When
planning a follow-up program for elderly patients with DM2 and hypertension,
the indications for Nt-proBNP screening should be taken into account, and if
the result is positive, for an in-depth Echocardiography examination.
Keywords: old age, type 2 diabetes mellitus, N-terminal brain-promoting
natriuretic peptide, chronic heart failure, comorbid pathology.
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B3aumocBa3b ypoBHA Nt-proBNP v nokasaTteneun
KJIMHUKO-MeTabonmnyeckoro cratyca y KOMopouaHbIx
NOXWJIbIX NALMEHTOB C caxapHbIM AnabeToM 2 Tuna

H.A. NepBbiwunH?, C.B. Bynrakosal, O.A. lLterman?, O.H. Bacunbkosas, J1.A. LLlapoHoBa!

1PIB0OY BO «Camapckuin rocyaapCTBEHHbI MeAULMHCKUIA YHUBEepcuTeT» MuHsapasa Poccuu
(Camapa, Poccuiickas depepauus)
2pI'bOY BO «KpacHosipckuin rocynapCTBEHHbIN MeOULMHCKUIA YHUBEPCUTET MMEHU npodeccopa
B.®. BoitHo-AceHeukoro» Munsapasa Poccun (KpacHosipck, Poccuiickaa Penepauns)
3Y0O «[oMenbckuin rocyaapCTBEHHbIN MeAULNHCKUIA yHUBEpcUTeT» MuH3agpasa
Pecny6bnukn benapycb (Tomenb, Pecnybnvka benapyce)

AHHOTaums

Hens — onpenienmTs crienududeckye 0COOEHHOCTH IPUMeHeHHs] IMMYHOX-
pomMaTorpaduueckoi MoyKolIndecTBeHHON MeTonuKy orieHkH Nt-proBNP
UL TUAaTHOCTUKY XPOHUYIeCKOU cepredHor HepocratogHocTy (XCH) y ko-
MOpPOUIHBIX TOXXMWIbIX ManueHToB ¢ CII 2 tuna (CII2) Bo B3aUMOCBS3U C
TI0Ka3aTeNIIMU KIIMHUKO-MeTaboIMIeckoro cTarTyca.

Marepuain 1 Metoabl. VccienoBaHue BEIIOIHEHO 10 KPOCCEKITHOHHOMY
mm3aiiHy. Msydeno 97 KIMHUYECKUX U 1aO0pPaTOPHO-UHCTPYMEHTaIBHBIX I10-
KazareJsed, Bkimodas onpefenenre Nt-proBNP nomykonrdecTBeHHBIM MeTO-
oM, B BbIOOpKe 50 KOMOpPOUTHBIX OXKHIIBIX HalueHToB ¢ C/12. Buimenenst
TPYIIIBI 110 TIOporoBoMy 3HadeHuto Nt-proBNP 450 nr/mi. [Tpoananmusupo-
BaHbI B3AUMOCBSI3H ¥ 3HAUMMOCTD Pa3/IMIHi IlepeMeHHbIX B IPYIIIax, B TOM
4HCIle CpeHUX 3Ha4eHHi OHOMapKepoB IOCTIDKeHus nejiel tedenns C/12 u
CTPYKTYPBI Me[IMKaMeHTO3HOH TepaluH.

Pe3ynbrarbl. BisiBieHs! BLICOKas pacIipOCTPaHeHHOCTh KOMOPOHIHOM ma-
Tosoruu (aprepuanbHoy runeprensuu (Al') — 90%, oxupenus — 74%, nuc-
JIMIHZIeMUHN — 72%) 1 BBICOKAsI IOJISL HeIIOCTIDKEHHs TepalleBTUIeCKIX Iieyel
YYaCTHHKOB, cOIocTaBUMble B rpymiax Nt-proBNP. Onpepnernena 3Haunmast
accoranys Mexxy rpynmnoit Nt-proBNP u panee ycranoBneHHo# cragueit

XCH (X2:6,4; p=0,041), a Tak:xe HOMOXXUTETbHAS KOPPEJISIIHS C [TOKa3aTeneM
COOTHOIILIEHHUS CKOPOCTel TPAHCMHUTPAJIbBHOTO KPOBOTOKA B PAHHIOKO U MO3/I-
Hioto quacrony E/A (r=0,309; p=0,003). ITomy4eHbl KOCBeHHbIE [JOKA3aTellb-
CTBa BBICOKOM YyBCTBUTEJILHOCTH ITOTYKOJIMYeCTBeHHO# orieHKH Nt-proBNP
i muarHoctukr XCH paHHuX cTamumit.

BeiBoasl. BonbmrHCTBO (72%) KOMOPOUIHBIX MOXKWIIBIX ManyeHToB ¢ C/12
umeroT ypoBeHb Nt-proBNP Bbiiiie 06111enomnysisiiuoHHOT0 NOPOTrOBOTO 3Ha-
yeHus 125 Or/mn v Hy>XHarmTcs B Bepudukanuu auarnoza XCH. Ornenka
peaynbrara Tecta Nt-proBNP npu C/12 umeer crieruduky, 00yCiIOBIeHHYO
noiuMop6uiHo# naronoruei (oxupenue u XBII) u HamuuMeM pa3HOHa-
TIPABJIEHHBIX «BO3MYIIAOIMINX» GakTOpoB. [1py IiIaHUPOBaHUH MTPOTPAMMBI
JIUCIIAaHCEePHOTO HaOJIIONeHUs TOXKUIIbIX ManueHToB, umerommx CI2 u AT,
CJIeyeT yYUTHIBATh TOKa3aHUs K CKpHUHTY Nt-proBNP, a npu nosoxurenb-
HOM pe3yJibTare — K yniyoneHHoMy 3xoKI-06c¢nenoBaHuio.

KnrwueBbie cI0Ba: MOXUION BO3pacT, caxapHbli auaber 2 Tuma,
N-TepMUHAJIbHBIN IIPOMO3TOBOM HATPUIypETUYECKUI eNTH]I, XPOHIYeCKast
ceprieyHasi HeIoCTaTOYHOCTh, KOMOPOH/IHAS TTaTOJIOTHSL.

KoHQIuKT HHTEpecoB: He 3asiBJIeH.
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*ABmop Onsl nepenucku

Cnucok cokpauieHunin

Al — apTepuanbHas runepteHsus; ALl — aptepuanbHoe AaBneHve;

APM3 — aBTOMaTU3MpOBaHHOE paboyee MECTO Bpaya-3HOOKPUHOOra;

OAL — nnactonuyeckoe ALl; nMNM-4 — uHrn6uTop AMNENTUAMNNENTUAA3sb 4 TMNa;

MBC — nwemmnyeckas 6onesHs cepaua; IMM — nnaekc Macckl MMoKkapaa;

WMT — uHpekc maccol Tena; UHIMT-2 — MHIMBUTOpP HaTPUA-rNIOKO3HOTO KOTpaHcnopTepa
2-ro Tuna; NC_CK® — UHOEKC CHUXXEHUS CKOPOCTH KIyBO4KOBOW chunbTpaLmu;

KOP — koHeuHbI anactonuyeckuin pasmep; KCP — KOHEYHbI cucTonnyeckuin pasmep;
JIMN — nesoe npeacepaue; JIXK — nesbiit xenynodek; OVIM — ocTpblil MHapKT MUoKapaa;
OHMK — ocTpoe HapyLueHve Mo3roBoro kpoBoobpatlerusi; CALl — cuctonmyeckoe Afl;
CK® — ckopocTb kny6o4koBoit unstpaumm; CMNMBP — cucteMa noaaepxin npuHATUS
BpayebHbIx pewweHuit; CA2 — caxapHblii ana6et 2 Tuna; T3C — TonwmuHa 3aiHel CTEeHKU;
TMXXT — TonwmHa Mexokenyno4koBoi neperopofku; XBIM — xpoHuyeckas 6onesHb noyex;
HbAlc — rnvkupoBaHHbIi reMorno6uH; Nt-proBNP — N-TepMUHanbHbIi npoMo3roBoit
HaTpuilypeTuyeckuii nentug,.

MonyueHo: 24.01.2025

Opo6peHo: 31.08.2025
Ony6nukoBaHo: 25.09.2025

m INTRODUCTION
ype 2 diabetes mellitus (T2DM) significantly
increases risks of cardiovascular complications win
an inevitable outcome of chronic heart failure (CHF) [1].
In many T2DM patients, CHF may manifest as the first
cardiovascular event [2]. Even the clinical manifestations
of pre-diabetes vs. normoglycemia increase the risk of
CHF development [3], cardiovascular death and all-cause

mortality [4] by 9-58%.
CHF of clinically manifested stages is confirmed in
10-30% patients with T2DM, and it is especially often

www.innoscience.ru

registered in the age over 70 [5]. At the same time, the
prevalence of non-diagnosed CHF (specifically, pre-heart
failure) in T2DM patients [6], as well as non-diagnosed
disorders of carbohydrate metabolism (impaired glucose
tolerance, pre-diabetes, T2ZDM) in the general population is
significant [6]. For example, the results of a meta-analysis of
a screening study in the Netherlands showed that up to 4.2%
of adults has objective EchoCG signs of CHF, which was
considerably higher than the official registry data of 1-2%
[7]. According to epidemiology data, the overall survival
of patients 10 years after diagnosis of CHF is 24.5% [8].
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Many scientists now consider T2DM the major risk
factor of CHF onset, and patients with T2ZDM are regarded
as patients likely having Stage A CHF (ACC/AHA
Guidelines) [9].

One of priority components of T2ZDM management
strategy in the senior age is prevention of cardiovascular
risks and mortality, which necessitates search for and
studies of methods of early diagnostic confirmation or
exclusion of CHF. Studies of clinical significance of
evaluation of natriuretic peptide concentration, including
Nt-proBNP, for the screening of CHF have confirmed
that this method allows for a reliable exclusion of CHF
diagnosis in patients [10] and is economically feasible for
the public health care [11]. It was established that values
over the threshold level of Nt-proBNP are an indication
for further in-depth diagnosis, confirmation of CGF status,
identification of its form and severity [12].

The main goal of any screening method is to provide
an answer of what threshold level of a biomarker allows
for a highly reliable establishment or exclusion of some
diagnosis or other. To that end, available simple qualitative
and semi-quantitative tests are used [13]. We performed a
focused search for studies with evidence-based findings
of a relation between the level of natriuretic peptides and
the parameter of clinical and metabolic status of comorbid
patients with T2DM; however, it yielded no results.

The key factors complicating the determination of
threshold values of Nt-proBNP in diabetes mellitus are the
specific phenotype of CHF with preserved ejection fraction
and prevalence of restrictive lesions of the myocardium,
and status of comorbid factors and conditions significantly
affecting the concentration of Nt-proBNP (obesity, diabetic
nephropathy, age).

m AIM

To determine the specific features of the use of the
semi-quantitative Nt-proBNP immunochromatographic
assessment technique for the diagnosis of chronic heart
failure (CHF) in comorbid elderly patients with type 2
diabetes mellitus (T2DM) in relation to indicators of
clinical and metabolic status.

m MATERIAL AND METHODS

Study design. One-time cross-sectional clinical study in
the population sample of comorbid elderly patients with
T2DM.

Clinical base. The study is performed by the Department
of Endocrinology and Geriatrics of the Samara State
Medical University at the Department of endocrinology
of the Samara Regional Clinical Hospital named after V.D.
Seredavin.

Characteristics of participating group. The sample of
participants (n=50) was formed on a random basis. It
consisted of comorbid patients with a confirmed T2DM
diagnosis hospitalized to the Department of endocrinology
for a planned correction of therapy.

Inclusion criteria: patients with T2DM aged 60 to
74.9 years with confirmed concomitant diseases (arterial
hypertension, coronary heart disease, obesity), GFR
within 30 to 120 ml/min/1.73 m?. Exclusion criteria:
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acute complications of diabetes mellitus, exacerbation of
comorbid diseases at the moment of hospitalization, acute
vascular diseases within 3 preceding months, availability
of objective signs of a severe cardiac stasis (Stage II on
the classification of the Russian Society of Cardiology of
2023 [14]), CKD Stage 4 and later, concomitant system
pathology with a significant impact on the heart and
kidney function (anemia with hemoglobin concentration
below 90 g/1, gouty arthritis, malignant growth), dementia,
limited functional self-care capacity, lack of informed
consent.

Forming of the study sample and identification whether
or not the participants meet the selection criteria were
performed on the basis of medical data of preceding
stages of outpatient observation, i.e. in the period before
the official approval of the new CHF classification.
Considering these circumstances, the old Strazhesko-
Vasilenko classification was used.

The clinical characteristics of the general sample of
participants follows in Table 1.

Since the value of the mean square deviation of
creatinine level was comparable with the absolute value,
the data is presented in two variants, the arithmetic mean
and the standard deviation (M+SD), and the median and
quartiles (Me [Q1; Q3]).

The laboratory tests included the classic indicators of
clinical monitoring of DM patients as well as methods of
in-depth analysis of objective parameters of CHF. Firstly,
the concentration of N-terminal brain natriuretic peptide
(Nt-proBNP) was determined using a domestic semi-
quantitative immunochromatographic assay test (Scientific
Production Company “BioTest” LLC, Novosibirsk).
The test earlier demonstrated high diagnostic value as
compared to the quantitative assessment of Nt-proBNP
with an immunochemical assay test in the DREAM study
[15], allowing identification of five ranges of values:
0-124 pg/mL; 125-449 pg/mL; 450-899 pg/mL; 900-
1799 pg/mL; >1800 pg/mL. Secondly, an assessment of
diastolic dysfunction (DD) and structural and functional
disorders was performed by non-contrastive transthoracic
echocardiography using the Vivid E9 ultrasonic scanner.

Collection of primary clinical material. The software
suite “Endocrinologist’s Automated WorkplaceARME
2.0” was used to collect the primary material. The software
complex systematizes the data and stores them on digital
media during outpatient visits. The matrix of formalized
consultation protocol of the ARME 2.0 includes 97 history,
clinical and laboratory indicators of DM patients
that belong to the standard of dispensary monitoring;

Sex (M/F), n (%) 13/37 (26.0/74,0)

Mean age, years 65,64+4,01
Diabetes age, years 14,5248,12
v} g 34,07+5,99
HbAlc, % 8,93+2,58
Creatinine, pmol/L 94,21+39,97 84,25 [73,85; 107,66]
GFR CKD-EPI (mV/min/1.73 m?) 65,42+19,15

Table 1. Clinical characteristics of the general sample
Tabnuuya 1. KnuHu4eckasi xapakmepucmuka eeHepasnbHoU BbI6OpKU
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Clinical parameter “ % in the group

CKD 3a-b (GFR < 60 mL/min/1.73 m2) 40,0
Retinopathy 15 30,0
Foot polyneuropathy 42 84,0
Stable angina 20 40,0
History of acute Ml 4 8,0
History of ACVA 9 18,0
Chronic obliterative arterial disease of the 4 8.0
lower limbs ,

Confirmed CHF 12 24,0
Arterial hypertension 45 90,0
Obesity 37 74,0
Dyslipidemia 36 72,0

Table 2. Prevalence of complications of DM and comorbid pathology
in the general sample

Tabnuuya 2. PacnpocmpaHeHHocmb ocnoxHeHuld CL u
KOMOpbuoHoU namosioeuu B 2eHepasibHoU BbIbopKe

integrated and external modules of the medical decision-
making support system (MDMSS) ensure identification
of the variables (BMI, GFR under the CKD-EPI formula,
stages of obesity and CKD, dyslipidemia status, arterial
hypertension risk groups, target values of HbAlc, blood
pressure, LDLs, SCORE?2 risk, and others).

Statistical analysis. The primary material from the
ARME DM database to a Microsoft Excel file was
done with automation tools and a pre-set query script.
Specialized software was used for the purposes of
statistical analysis and mathematical modeling: SPSS 26.0
(IBM Corporation, Armonk, New York, USA). Nominal
features were coded with numbers with respective labels
assigned. The values of text fields of pharmacological
therapy were validated using the nominal scale with
segregation of drug classes.

Normality of distribution for quantitative variables was
assessed graphically using visual analysis of histograms
and the Shapiro-Wilk test. In cases of significant deviations
from normality, non-parametric analytical methods were
applied. Descriptive statistics for quantitative variables
are presented as mean standard deviation (M+SD) or, in
cases of substantial non-normality, as median and quartiles
[Me (Q1; Q3)]. Categorical variables are described using
counts and percentages of the group size.

Mann-Whitney and Student’s tests were used to
compare the quantitative parameters in groups. The
frequencies of nominal features were compared by
calculating the Pearson’s ¥? test and Fisher’s two-tail
exact test. The strength of associations between variables
was assessed using Spearman’s rank correlation for
quantitative variables and Kendall’s tau-b correlation for
pairs of ordinal and quantitative variables. Results were
considered statistically significant at p < 0.05 for all types
of statistical analysis.

m RESULTS AND DISCUSSION

The structure of the concomitant pathology and
vascular complications in elderly T2DM patients is
shown in Table 2.

Among the microvascular complications of the DM,
worthy of note are the high prevalence of CKD with
filtration function value below 60 mL/min/1.73 m?
(40%) and polyneuropathy of the lower limbs (84%). The

www.innoscience.ru

Clinical parameter m

HbAlc, % 9,47+2,92
delta HbAlc = HbAlc-LlY, % 1,48+2,59
Glycaemia on admission, mmol/L 8,49+3,53
Glycaemia on self-control, min, mmol/L 7,31+2,51
Glycaemia on self-control, max, mmol/L 15,54+3,80
Glycaemia variability, mmol/L 8,23+4,06
Cholesterol_ mmol/L 5,00+1,27
LDL_ mmol/L 2,82+1,01
delta LDL = LCL-TL, % 1,41+0,96
SBP_office 131,60+6,50
DBP_office 78,48+12,99

Table 3. Indicators of therapeutic control of diabetes in the general
sample

Tabnuua 3. [Tokazamenu mepanesmuyeckozo koHmpons CL B
2eHeparnbHoU BbIbopke

incidence rate of chronic forms of CHF was between 8%
and 40%. The diagnosis of CHF in the study participants
was established and verified by outpatient cardiologists in
the preceding stages of outpatient monitoring. Considering
the dedicated profile of the department and decompensated
progression of diabetes in the majority of patients, the
evaluation of functional disorders of the myocardium was
performed using standard EchoCG parameters without
functional stress tests. The CHF prevalence, according to
history data, was 24%.

The concomitant comorbid diseases were present in
all participants of the sample: the incidence of arterial
hypertension was close to 100%, BMI was higher than
the threshold value of obesity diagnosis in 74% cases, and
dyslipidemia found in 72%.

Quantitative indicators of therapeutic control of elderly
comorbid T2DM patients are shown in Table 3.

The average values of HbAlc (9.47£2.92%), its
difference with the target and actual value (delta
HbAlc 1.48+2.59%), glycaemia on admission
(8.49+3.53 mmol/L), as well as its high variance in
self-control (8.23+4.06 mmol/L) shows unsatisfactory
control of glycemic status of T2DM patients. One of the
most important parameters of the lipid profile, the LDL,
are also outside the target range with the average value
being 2.82+1.01 mmol/L, which is 1.41+£0.96 mmol/L
different from the target value. According to current
recommendations, the target level of systolic BP is
120-130 mmHg, and the evaluation of its average value
(131.60+6.50 mmHg) leads to believe that it is close to
the target value. However, the analysis of the qualitative
parameter of SBP meeting the target range shows a less
positive situation (Table 4).

Clinical parameter n % in the group

Glycemic control (HbAlc < 7.5%) 17 34,0
Lipid control (LDL < 1.4 mmol/L) 3 6,0
SBP < 130 mmHg 7 14,0
DBP < 80 mmHg 41 82,0
All parameters (HbAlc, LDL, BP) 0 0,0

Table 4. Frequency of achieving target levels of therapeutic control
in elderly patients with DM

Tabnuya 4. Yacmoma docmuwxkeHus ueneBbix ypoBHel
mepaneBmuyecko2o KOHMPOS y NOXUnbix nayueHmos ¢ C[]
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Insulin 40 80,0
Sulphonylurea 18 36,0
Biguanides 29 58,0
DPP4i 6 12,0
Gliflozins 27 54,0
Monotherapy 7 14,0
Two drugs in tablets 21 42,0
Three drugs in tablets and more 10 20,0

Table 5. Structure of hypoglycemic therapy in elderly patients
with DM2

Tabnuuya 5. Cmpykmypa aunoziukemMuyeckol mepanuu NoXunblix
nayueHmos ¢ C[]2

Nt-proBNP “ % in the sample
1 12

0-124 pg/mL 24,0
125-449 pg/mL 2 7 14,0
450-899 pg/mL 3 16 32,0
900-1799 pg/mL 4 10 20,0
21800 pg/mL 5 5 10,0

Table 6. Distribution structure of elderly patients with DM2
by Nt-proBNP ranges

Tabnuua 6. Cmpykmypa pacnpedeneHusi NoXunbix nayueHmos
¢ CA2 no duana3oHam Nt-proBNP

The data shows that the goals of glycemic control were
formally met in 34% of examined elderly T2ZDM patients,
lipid control, in 6%, SBP, in 14%, the DBP meeting the
target level in the majority of participants (82%). Thus,
two most serious problems of efficient compensation of
DM in the elderly age were localized, viz. meeting the
SBP and LDL target levels.

The analysis of drugs used to control carbohydrate
metabolism in the group of elderly T2DM patients is
shown in Table 5.

The vast majority of hospitalized elderly patients
with T2DM received insulin therapy (80%). Among oral
antidiabetic drugs, biguanides were the most prescribed
(58%), followed by SGLT-2 inhibitors (54%). The most
common regimen involved two concomitant medications
(42% of cases). Analysis of the table indicates that
glucose-independent insulin secretagogues and irrational
pharmacotherapy regimens were used with considerable
frequency.

o Mean =278
SD =1296
N=50

Incidence

o 1 2 3 4 3 L

Nt-proBNP group

Figure 1. Histogram of the sample distribution over the Nt-proBNP
ranges.

PucyHok 1. [ucmozpamma pacnpedeneHusi BbIGOpKU No
duanasoHam Nt-proBNP.

278

- Nt-proBNP < 50 pe/mL. | Nt-proBNP 2 450 pgim, n
% N %

n=31
No Ds CHF 14 73,7% 24 77,4% 1,000
CHF Stage 1 5) 26,3% 2 6,5% 0,089
CHF Stage 2a 0 0,0% 5 16,1% 0,142

Note: p — significance of difference between groups as per Fischer’s exact test
lMpumeyaHusi: p — 3Ha4yuMocme pasnuyull Mexoy 2pynnamu: N0 MoYHOMY
kpumeputo duwepa.

Table 7. Frequency of previously established stages of CHF in the
Nt-proBNP groups

Tabnuua 7. Yacmoma paHee ycmaHoBneHHbIx cmaduli XCH B
epynnax Nt-proBNP

The frequency of distribution of the sample participants
by ranges of Nt-proBNP determined by semi-quantitative
method is shown in Table 6.

The majority of comorbid elderly T2DM patients belong
to range 3 with Nt-proBNP values of 450 to 899 pg/mL,
which, according to the current clinical recommendations
[12], is to be regarded as the necessity for further in-depth
examination for CHF. The histogram of distribution of
participants of the sample over the Nt-proBNP ranges is
shown in Figure 1.

Considering the limitations of the semi-quantitative
method of Nt-proBNP determination, it order to evaluate
the correlations with clinical and metabolic indicators
the sample was divided into groups with the threshold
value of 450 pg/mL: groups A (Nt-proBNP < 450 pg/mL,
n=19) and group B (Nt-proBNP > 450 pg/mL, n=31).
The histogram of participant distribution in the groups
is shown in Fig. 2.

Based on a preliminary analysis of this histogram, it
is admissible to suggest the following: semi-quantitative
immuno-chromatographic assay of Nt-proBNP shows
high sensitivity, especially in the subclinical stage of CHF
development. In 22 participants (44%) with no history
of CHF diagnosis, Nt-proBNP > 450 pg/mL was found.
This may indicate low detection of initial manifestations
of CHF in elderly T2DM patients.

The diagram of incidence rates based on the threshold
value of 125 pg/mL, standard cutoff point in CHF screening
for general population (Fig. 3) clearly demonstrates that
over a half of study participants (72%) without a confirmed

CHF_stage

No CHF Stage 1CHF Stage 2a CHF

Incidence

Threshold, 450 pg/mL

Figure 2. Histogram of the distribution of NT-proBNP groups with
a threshold value of 450 pg/ml according to previously established
stages of CHF.

PucyHok 2. [ucmozpamma pacnpedeneHus epynn NT-proBNP
€ Nnopoe2oBbIM 3Ha4eHueM 450 n2/mMn no paHee yCmaHOBIEHHbBIM
cmadusim XCH.
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Nt-proBNP threshold level, 125 pg/mL
CHF_stage
Stage 1CHF

No CHF Stage 2a CHF

Incidence

Threshold, 125 pg/mL
0 - Nt-proBNP below 125 pg/mL
1- Nt-proBNP greater or equal 125 pg/mL

Figure 3. Histogram of the distribution of NT-proBNP groups with
a threshold value of 125 pg/ml according to previously established
stages of CHF.

PucyHok 3. lucmozpamma pacnpedeneHus epynn NT-proBNP
C NOPO20BbLIM 3Ha4YeHuUeM 125 na/mMn no paHee ycmaHOBEHHbIM
cmadusm XCH.

diagnosis of CHF as per previous stages of dispensary
follow-up, require a deeper diagnostic [12].

A closer assessment of the strong relation of the Nt-
proBNP groups with the earlier established CHF stages
allows for an analysis of contingency tables (Table 7).

The general Pearson’s y? for the contingency table
was x?=6.4; p=0.041, which allows for a conclusion of a
significant association between the Nt-proBNP group and
the clinical CHF stage. The number of patients with 2a
CHF stage was only 5 patients, but they all were within
the elevated Nt-proBNP group. In the assessment of paired
contingency tables, in accordance with the strict rules of
medical statistics, Fisher’s exact test was used. However,
if Pearson’s y? test is to be used as maximum likelihood
(p=0.024), a trend for higher incidence of CHF stage 2a
is identified in patients with Nt-proBNP > 450 pg/mL.

To clarify the correlation between groups identified
as per Nt-proBNP category, with DM complications and
comorbid pathologies, paired contingency tables were
analyzed by nominal features (Table 8).

Following from literature data, a concomitant pathology
may have various effects on the Nt-proBNP concentration.

Clinical parameters Group A, n (%) | Group B, n (%) n

3a-b CKD

(GFR < 60 mL/min/1.73 m?) 6 (316) 141(45.2) 0,387
Retinopathy 4(21,1) 11 (35,5) 0,351
CAD 12 (63,2) 18 (58,1) 0,774
Stable angina, FC2 10 (52,6) 10 (32,3) 0,235
History of acute Ml 2(10,5) 2 (6,5) 0,629
History of ACVA 2 (10,5) 7 (22,6) 0,452
Chiols chloretve sl |G se7) 100
Arterial hypertension 19 (100,0) 30 (96,8) 1,000
Obesity 14 (73,7) 23 (76,7) 1,000
Dyslipidemia 14 (52,6) 26 (32,3) 0,474

Note: p — significance of difference between groups as per Fischer’s exact test
lMpumeyaHus: p — 3Ha4uMocme pasnuyull Mexoy 2pynnamu no mMo4yHoOMy
Kpumeputro Puwepa.

Table 8. Structure of DM complications and concomitant pathology
in the Nt-proBNP groups

Tabnuuya 8. Cmpykmypa ocnoxHerul C[] u conymcmsytoweli
namonozuu B 2pynnax Nt-proBNP

www.innoscience.ru

Excessive body mass and obesity may reduce the Nt-
proBNP level thus masking the CHF [16]; patients with
reduced kidney filtration function may accumulate the Nt-
proBNP, which reversely affects the level of this parameter
[17]. In our study, we checked the incidence rate of
concomitant diseases in the Nt-proBNP groups but found
no significant differences, which might have been related
to non-inclusion of patients with extreme manifestations
of these pathologies in the sample. The interaction of
these competing factors (high BMI and reduced GFR),
characteristic for most elderly T2DM patients, and their
joint effect on the Nt-proBNP concentration necessitates
a separate in-depth analysis on large samples.

To clarify the effect of conventional indicators of DM
therapeutic control on the Nt-proBNP value in the groups,
their average values were compared (Table 9).

No significant differences were found in the average
values of the glycemic, lipid and hemodynamic control
as well as rated parameters of reaching their target values
mediated by the level of. One may suggest that despite
the common links in the pathogenetic mechanism of DM
and CHF, concentration of Nt-proBNP reflects only the
increased extension of the cardiac chambers and has no
direct connection with the compensation of DM. Noteworthy
is the trend of the indicator of glycaemia variance towards
significance (p=0.065) that had not reached the threshold
value: this is a new indicator of glycemic control that
demonstrated a significant relation with the development
of vascular complications in DM patients [18, 19]. The
data on the lack of relation between HbAlc and Nt-
proBNP were tested by correlation analysis, and a single
relation was found: that between the relative proportion of
patients who reached the target level of glycemic control,
and adherence to the segregated Nt-proBNP groups,
Spearman’s correlation having a negative sign and nearing
the significance threshold (r=-0.276; p=0.052).

The following stage included a comparison of the
average values of standard indicators of blood biochemical
test in the Nt-proBNP groups (Table 10).

o Group A Group B
SHniest parameters -

HbAlc, % 8,58+1,66 9,14+3,01 0,395
delta HbAlc = HbAlc-LlY, % 1,10+1,65 1,71+3,02 0,365
Glycaemia on admission,

mmoU/L 8,51+3,79 8,48+3,43 0,977
Glycaemia on self-control, min,

mmo/L 7,66+2,46 7,08+2,55 0,436
Glycaemia on self-control, max,

mmoUL 14,63+2,93 16,14+4,22 0,151
Glycaemia variability, mmol/L 6,97+3,29 9,06+4,35 0,065
Cholesterol_ mmol/L 2,62+0,95 2,93+0,96 0,284
LDL_ mmol/L 1,22+0,95 1,53+0,96 0,283
SBP_office 132,1146,31 131,29+6,70 0,667
DBP_office 79,47+5,24 80,97+5,98 0,374

Note: p — significance of differences
MpuMeyaHusi: p — 3Ha4uMocmsb pasnuyud

Table 9. Indicators of therapeutic control of diabetes
in the Nt-proBNP groups

Tabnuua 9. lNokasamenu mepaneBmuyecko2o koHmpons Cll
B epynnax Nt-proBNP
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i Group A Group B

Cholesterol, mmol/L 4,82+1,27  5,16+1,20 0,342
HDL, mmol/L 1,22+0,23  1,26+0,41 0,699
TG, mmol/L 2,18+0,92  1,99+0,85 0,445

Creatinine, pmol/L 87,32+27,99 98,44+45,72 0,345

GFR CKD-EPI (ml/min/1.73 m?) 69,35+20,82 63,02+17,98 0,261

IS_GFR, mUmin/1.73 m? per year 1,20+1,14  2,92+3,71 0,023*

Note: p — significance of differences, *— p<0.05
lMpumeyaHus: p — 3Ha4umMocme pasnuqul; * — p<0,05.

Table 10. Biochemical parameters in Nt-proBNP groups
Tabnuuya 10. buoxumuyeckue nokazamenu B 2pynnax Nt-proBNP

Clinical parameters Group AM+SD | Group B M+SD -

LV end diastolic size, mm 48,28+4,60 48,61+3,71 0,790
LV end systolic size, mm 32,11+4,56 31,46+3,60 0,595
h\]/mposterior wall thickness, 11,14+1,19 11,5241,15 0,287
'd‘i’assfg’lg“r‘nmic"“ess Ly 11,88£1,39 1252¢141 0138
MMI_LV, g/m? 117,24+40,21 119,98+30,16 0,807
LA, mL 34,84+4,29 37,56+11,75 0,366
Ejection fraction, mL 61,89+6,88 62,68+6,04 0,684
E/A 0,83+0,24 0,89+0,25 0,528
TAPSE, mm 21,62+1,19 22,76+4,04 0,328
LA, mm 22,13+1,89 22,77+1,99 0,305

Note: p — significance of differences
MpuMeyaHusi: p — 3Ha4uMocmb paznuyudl.

Table 11. Indicators of instrumental examinations in Nt-proBNP
groups with a threshold value of 450 pg/ml

Tabnuuya 11. [Tokazamenu uHcMpyMeHmaJsbHbIX 0bcnedoBaHull B
epynnax Nt-proBNP c nopozoBbiM 3HadeHueM 450 na/mn

The concentration of all studies biomarkers demonstrated
no significant differences in the Nt-proBNP groups. These
data confirm, yet again, the high diagnostic value of the
Nt-proBNP level providing to the researcher some unique
highly selective information about the pathological process
of CHF development that finds no specific reflection in no
other biochemical parameters of the blood. The exception
was the calculated parameter IS _GFR (p=0.023), the
original diagnostic parameter developed in the Department
of Endocrinology and Geriatrics of SamSMU, that allows
for a quantitative characteristics of the rate of progression
of CKD in diabetes. Our earlier research provided a detailed
clinical justification of the predictive value of IS GFR
exceeding the threshold value of 3.83 mL/min/1.73 m? per
year as a new biomarker of adverse outcome in elderly
patients with T2ZDM!. The control analysis of the paired
contingency table confirmed the established correlation of
the IS_GFR groups with the threshold value of 3.83 mL/
min/1.73 m?and Nt-proBNP groups with the threshold value
of 450 pg/mL with a high level of significance (Fisher’s
exact test value was 0.018).

Most interesting is the analysis of average values of
EchoCG in the Nt-proBNP groups (Table 11).

The key EchoCG indicators of CHF demonstrated
a monotonous line of values with no significant

Group A Group B
BN

Insulin 15 (78,9) 25 (80,6) 0,884
Sulphonylurea 6 (31,6) 12 (38,7) 0,610
Biguanides 13 (68,4) 16 (51,6) 0,242
DPP4i 2(10,5) 4(12,9) 0,802
Gliflozins 12 (63,2) 15 (48,4) 0,309
Monotherapy 5(26,3) 2 (6,5) 0,049*
Two drugs in tablets 8(42,1) 13 (41,9) 0,991
Three drugs in tablets and more 4(21,1) 6 (19,3) 0,884

Note: p — significance of differences, *— p<0.05
lMpumeyaHus: p — 3HayumMocmsb pasnu4ud; *— p<0,05.

Table 12. Structure of hypoglycemic therapy in Nt-proBNP
groups with a threshold value of 450 pg/ml

Tabnuua 12. Cmpykmypa a2unoznukemMudeckoll mepanuu
B epynnax Nt-proBNP c nopozoBbiM 3Ha4eHueM 450 na/mn

differences in the Nt-proBNP groups. At the same time,
the correlation analysis identified a highly significant
correlation of the diastolic function of the myocardium,
i.e. ratio of velocities of transmitral flow in the early and
late diastole E/A (r=0.309; p=0.003) with a complete
absence of correlation with ejection fraction (r=-0.031;
p=0.784). One may suggest that the data stem from a
specific CHF phenotype with preserved ejection fraction
and predominantly restrictive damage of the myocardium,
characteristic of T2DM [20] and obese patients [21]. In
a recent study [22], an attempt was made to identify
independent EchoCG indicators to establish a prognosis
for CHF patients with preserved ejection fraction. The
authors make it a point that such indicators are only the
global longitudinal strain of the left ventricle and the
ratio of the systolic excursion of the ring of the triscupid
valve and the systolic pressure in the pulmonary artery.
In any case, the obtained data emphasize the necessity
of studying and clarifying the changes in the EchoCG
parameters specific for elderly T2DM patients, and
of a wider use of up-to-date methods of instrumental
confirmation of CHF (tissue Doppler velocimetry with
E/e' ratio measurement, assessment of systolic pressure
in the pulmonary artery, LV global longitudinal strain,
LA index), the indications for which may be provided
by the Nt-proBNP semi-quantitative test.

One of the most important factors determining the
dynamics of CHF progression is the timely prescription
of a complex multi-component pharmacological
therapy. In this study, we evaluated the structure of
hypoglycemic drugs in groups of various levels of NT-
proBNP, determined frequency of their prescription by
pharmacological classes, and significance of differences
in the segregated groups (Table 12).

Significant differences between the Nt-proBNP groups
were observed only for the frequency of monotherapy
prescription, which is primarily used in the early stages
of DM. It is reasonable to assume that such patients are
less prone to developing macrovascular complications
and, even more so, clinically manifest CHF. This likely
explains why the relative proportion of patients receiving

1MepBbiwmnH H.A. Cnoco6 NporHo3vpoBaH1si pUCKa BbICOKOrO TeMMa NporpeccupoBaHst XPOHUYECKO GONe3HM NoYek Y NaLMeHTOoB NOXUI0ro Bo3pacTa Npu ConyTCTBYIOLLEM CaxapHOM
nAvabete 2 Tuna. MateHT Ha n3obpeTenne Ne 2825048. [loctynHo no: https://www.fips.ru/cdfiffips.dll/ru?ty=29&docid=2825048
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a single glucose-lowering drug is higher in Group A
compared to patients exceeding the 450 pg/mL threshold.

Limitations of study. The present study was designed
as a phase analysis, and its clinical interpretability was
limited by the insufficient sample size. The application
of more advanced medical statistics methods, particularly
logistic regression, requires a more extensive primary
dataset and additional participant enrollment, which is
currently underway.

m CONCLUSIONS

1. In three out of four elderly comorbid patients with
T2DM, the level of Nt-proBNP was found to be higher
than the general population threshold value, which
necessitates further verification and clarification of the
CHF stage in such patients.

2. All elderly comorbid patients with T2DM, previously
diagnosed with CHF in earlier stages of outpatient

monitoring, demonstrated an elevation of the Nt-proBNP
level above 125 pg/mL, which allows to conclude that
the sensitivity of the semi-quantitative Nt-proBNP test
is 100%.

3. The application of the semi-quantitative Nt-proBNP
test in elderly T2DM patients has its proper specifics
stemming from the polymorbid pathology and presence
of competing contributing factors, i.e. BMI, GFR, age.

4. Insufficient specificity of the semi-quantitative Nt-
proBNP test in elderly T2DM patients may be accounted
for by low detection of early-stage CHF in T2DM, and
availability of concomitant diseases (obesity and CKD).

5. When planning outpatient management of elderly
comorbid patients with T2DM and concomitant arterial
hypertension, it is to be taken into account that Nt-
proBNP screening is indicated for this group. Its positive
result is an indication for a detailed echocardiographic
examination. »=
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