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Abstract

Purpose. Creation of a model for predicting the risk of the first cardiovascular event, based
on the assessment of HbAc1 trajectories in patients with coronary heart disease with
type 2 diabetes with preserved left ventricular ejection fraction, performed dynamically
against the background of modern classes of antihyperglycemic drugs.

Materials and methods. A retrospective single-center comparative study. 130 patients
with coronary heart disease with T2DM without signs of myocardial infarction (MI) less
than three months ago and severe complications of T2DM were examined, who are
being treated at the department of coronary heart disease of the Republican Specialized
Scientific-Practical Medical Center of Cardiology of the Ministry of Health of the Republic
of Uzbekistan. All patients underwent a complete clinical and laboratory examination. The
presence of concomitant pathology was judged based on the analysis of medical records
and the results of inpatient examination of patients.

Results. The dynamics of glycated hemoglobin was evaluated with the identification of
risk stratification markers for the development of a model (software product) for predicting
the 2-year risk of the first ACCS event in patients with coronary heart disease and T2DM
(by introducing certain risk factors). The identified markers in the group of patients with
CHD with T2DM with NBT with preserved LV LV at HbA1c >8.5% were the values: Total
cholesterol >142 mg/dl (x*>=74.5; P=0.000); TG>163 mg/dl and higher (x>=27.15; P=0.000);
M >3.52 mg/dl, vitamin D<14.9 ng/ml x>=72.038; P=0.000); NT proBNP >1984 pg/ml
(x*=52.80; P=0.000). In patients with preserved PV, the criterion of an increase in the risk
of adverse events <57% (x*>=13.846, P=0.000), increased MMLF >309 g (x*>=65.54, P=0.000)
and an increase in E/A >0.69 (x>=41.17, P=0.000) was determined. In addition, there was
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a tendency to a higher incidence of LDL with unfavorable outcomes (2.5 times higher,
versus 1.6 times with favorable outcomes).

Conclusion. An algorithm has been developed that allows to identify patients with
CHD with T2DM with preserved LVEF with an unfavorable course with a high degree of
accuracy. On the one hand, to recommend treatment that is more aggressive and possibly
invasive interventions to the patient in a timely manner, and on the other hand, to limit
themselves to medical treatment if it is impossible and inexpedient to implement invasive
treatment methods.

Keywords: risk stratification, coronary heart disease, type 2 diabetes mellitus, software
product, preserved left ventricular ejection fraction
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Pesiome

Lienb. Co3paHre mogenu NporHo3npoBaHnNa Ha OCHOBaHMK OLeHKM TpaekTopuii HbAcT y
naunenToB ¢ MBC, C[1 2-ro Tna u coxpaHeHHo GppaKumen Bbibpoca IEBOTO »KenyfouKa,
BbIMOJIHEHHOE B AMHAaMMKe Ha pOHe COBPEMEHHbIX KNacCOB aHTUIMNEPrINKeMNYeCKmx
npenapatos.

Matepuanbl n MeToabl. PeTpocneKTVBHOE OfHOLIEHTPOBOE CPaBHUTENIbHOE NCCNeA0Ba-
Hue. ObcnenoBaHo 130 nayuenTos ¢ MBC, CL] 2-ro Tvna 6e3 npr3HakoB MHdapKTa M1O-
Kapaa (M) B TeueHue Tpex nocneaHNX MecaueB 1 TAaxenbiMu ocnoxkHeHuammn CIl, npo-
XOAMBLUMX NleueHmne Ha 6a3e otaeneHmsa MBC PCHMMLUK M3 PY3. Bcem nauueHTam npoBo-
LUK NOSTHOE KIMHUYecKoe 1 nabopatopHoe obcnenoBaHue. O Hanuumm conyTCTBYIOLLEN
naTosiorMmn CyauIv Ha OCHOBaHMY aHanmM3a MeAULIMHCKIX KapT 1 pe3ynbTaToB CTalMoHap-
Horo ob6cnefoBaHUA NaLMEHTOB.
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Pesynbratbl. BoinonHeHa oueHKa AMHaAMUKKN FMKUPOBaHHOrO remornobrHa c BbiABIe-
HMEM MapKepoB PUCK-CTpaTUdUKaumm ansa paspaboTknm mogenn (MporpaMMHbIA Npo-
LYKT) NPOrHO3MpPOBaHMA 2-IETHEro prcka Pa3BMTMA NMEPBOro aTepoCKNepoTUYEeCcKoro
ceppeyHo-cocyaucToro 3abonesaHua y naunentos ¢ MbC un C[l 2-ro Tmna (nyTem BBOAA
onpepeneHHbix GaKTOpoB pucKa). BbiABNEHHbIMM MapKepaMu B rpynne nauueHToB C
MBC, CA 2-ro Tmina u HBT ¢ coxpaHeHHon OB JIXK npu HbA1c >8,5% oKasanncb BENUYUNHDI:
OXC =142 mr/an (x°’=74,5; P=0,000); TI >163 mr/an w Bbiwe (x’=27,15; P=0,000);
MW >3,52 mr/pn, ButamuH D <14,9 Hr/mn (x2=72,038; P=0,000); MHYI >1984 nr/mn
(x°=52,80; P=0,000). Y nauneHTOB c coxpaHeHHon OB onpeaeneH KpuTepuin pocta pucka
Pa3BUTUA HeXXenaTeslbHbIX CobbITUn <57% (x2=13,846, P=0,000), nosbiweHHO MMJTXK
>309 r (x°=65,54, P=0,000) v nosbiweHua E/A >0,69 (x’=41,17, P=0,000). Momumo 37oro,
pernctprpoBanacb TeHAEHUMA K bonbluel YyacToTe BcTpevaemocty OAJTK npn Hebnaro-
NPUATHBIX Ccxofdax (Bblle B 2,5 pa3a npoTue 1,6 pa3a npu 6naronpuATHbLIX).
3aknioueHune. PaspabotaH anropuT™, NO3BOMAOWMIA C BbICOKOWN CTEMEHb0 TOYHOCTU
naeHTndmumpoatb naymeHtoB ¢ MbC, C1 2-ro Tvna u coxpaHeHHon OB JIXK ¢ Hebnaro-
NPUATHbIM TeuyeHnem. C OAHOM CTOPOHDI, 3TO NMO3BOJSINT CBOEBPEMEHHO PEKOMEHAOBATL
nauneHTy 6onee MHTEHCMBHOE JieUeHMe C BOSMOXXHOCTbIO MHBA3UBHbIX BMELIATeNIbCTB, a
C APYrow — OrpaHNUNTbCA MeIKaMeHTO3HbIM JIeUeHeM NPy HEBO3MOXHOCTM 1 Hellerne-
CO06Pa3HOCTM peann3aLnm NHBa3MBHbLIX METOAOB eUYeHu .

KnioueBble cnoBa: cTpatndurKkaumusa pucka, nwemmyeckana 6onesHb cepaua, caxapHbii
Anabet 2-ro TMna, NPOrpamMmmHbI NPOAYKT, coXxpaHeHHasa ¢paKLumsa BbIOpoca NeBoro »e-
nyfoyka

B INTRODUCTION

The relevance of the issue of risk stratification for the development of cardiovascular
complications (CVCs) in ischemic heart disease (IHD) patients has not lost its significance
over many years. In light of the rapid increase in type 2 diabetes mellitus (T2DM) cases, in
2011, the United Nations adopted a political declaration, emphasizing the importance of
T2DM as a leading cause of disability and mortality, with cardiovascular diseases (CVDs)
occupying prominent positions among its complications. Hyperglycemia [1], one of the
primary risk factors for CVCs in T2DM patients, is particularly significant for those with
type 2 diabetes mellitus. Multicenter studies have demonstrated that lowering the level
of glycated hemoglobin (HbA1c) [2] is associated with a decrease in specific vascular
complications of T2DM. The Diabetes Control and Complications Trial (DCCT), conducted
from 1982 to 1989, and its continuation, the Epidemiology of Diabetes Interventions and
Complications Research Study (EDIC) [3], have shown that transitioning from traditional
to intensive insulin therapy led to a decrease in the risk of developing and progressing
vascular complications [4, 5]. The UKPDS (U.K. Prospective Diabetes Study) [6] is a large
clinical study that identified the most significant risk factors for the development of
ischemic heart disease (IHD) and its complications in patients with type 2 diabetes (in
descending order of significance): elevated levels of LDL cholesterol, high blood pressure,
smoking, low levels of HDL cholesterol, and elevated levels of HbA1c [7]. The study found
that reducing HbA1c levels by approximately 1% in patients with type 2 diabetes led to
a 14% reduction in the incidence of myocardial infarction (Ml) and a 21% reduction in

«Kapgauonorus B Benapycu», 2024, Tom 16, N2 4 283



Improving the Approach to Risk Grading in Patients with Coronary Artery Disease in Combination with Type 2
Diabetes Mellitus and Preserved Left Ventricular Ejection Fraction

overall mortality [2]. Conversely, increasing this indicator by 1% led to an 18% increase
in cardiovascular disease [8]. The study also showed that in the treatment of type 2
diabetes, it is necessary to avoid high variability in blood glucose levels, which can be an
independent predictor of worsening coronary atherosclerosis and increases the likelihood
of ventricular arrhythmias in patients with type 2 diabetes mellitus [9, 10].

Clarifying the criteria for adverse disease progression in patients with IHD and
concomitant type 2 diabetes using traditional risk factors and new well-interpreted
parameters that reflect modern concepts of the pathogenesis of IHD destabilization [11]
in patients with type 2 diabetes mellitus remains highly promising. The development of
risk prediction models for cardiovascular disease in patients with type 2 diabetes mellitus
is always at the center of research attention. At the same time, the results obtained on the
regulation of blood glucose levels in patients with type 2 diabetes mellitus depending on
the level of cardiovascular risk obtained in the ACCORD and VADT studies are ambiguous
and continue to be studied [12]. To eliminate the imbalance of clinical data, effective
prediction models are currently being developed that guarantee their reliability and
accuracy, are user-friendly, and play a vital role in communication between doctors and
patients. By using machine learning in the software model, recognizing patterns with
logarithmic elements, and subsequently validating the prediction model, its overall
performance can be improved, and decisions can be made based on new settings or
situations [13].

B PURPOSE OF THE STUDY

Creation of a model for predicting the risk of the first cardiovascular event, based on
the assessment of HbAc1 trajectories in patients with coronary heart disease with type 2
diabetes with preserved left ventricular ejection fraction, performed dynamically against
the background of modern classes of antihyperglycemic drugs.

B MATERIALS AND METHODS

A retrospective, single-center, comparative study was performed. A total of 130 T2DM
patients without myocardial infarction (Ml) within three months and severe complications
of diabetes, receiving treatment at the department of coronary heart disease of the
Republican Specialized Scientific-Practical Medical Center of Cardiology of the Ministry of
Health of the Republic of Uzbekistan, underwent comprehensive clinical and laboratory
examination. The presence of comorbidities was determined based on medical records
and hospital examination results.

The main inclusion conditions in the study were: typical manifestations of new-onset
or progressive angina according to the ESC recommendations (protracted anginal attack
occurring at rest or with minor physical exertion, lasting at least 20 minutes, despite taking
nitroglycerin; de novo angina or recent destabilization of stable angina reaching at least
functional class Ill according to the Canadian classification); transient changes in the ST-T
interval on the ECG, outside of a pain attack, without ST segment elevation and fresh Q
waves [14].

Exclusion criteria from the study: presence of CHF llI-1V functional class, period of acute
myocardial infarction for 2 months, permanent or persistent form of atrial fibrillation (AF),
lung diseases with respiratory failure, chronic kidney disease (CKD) stages 4-5, severe liver
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dysfunction, left ventricular ejection fraction (LVEF) less than 50%, CKD 3B-4, retinopathy
with blindness, previous amputations, polyneuropathy.

Among the examined patients, 42.3% had a history of acute Ml with Q-wave, 33.8%
had chronic kidney disease (CKD), 6.9% had coronary artery bypass grafting (CABG), 5.3%
had a history of myocardial infarction (MI) without Q-wave, 100% had hypertension,
34.3% had dyslipidemia (high cholesterol levels >100 mg/dL), and 37.6% had a history of
COVID-19.The duration of T2DM ranged from 7.27+3.7 years, and the duration of IHD was
8.94+5.72 years.

The study included a hospital stay (9-10 days) and follow-up periods of ambulatory
care after the patient’s discharge from the hospital (24 months). During the hospital stay,
data on medical history, clinical and hemodynamic parameters, and electrocardiogram
(ECG) were recorded. Laboratory tests included lipid profile, carbohydrate profile,
electrolytes, C-reactive protein (CRP) using the biochemical method on the COBAS C 311
analyzer with closed system reagents, vitamin D levels in blood, and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) using the immunoassay method on the COBAS E411
analyzer.The metabolic index (MI) was used to indirectly assess insulin resistance, with the
formula MI = [fasting triglycerides (mg/dL) / fasting HDL cholesterol (mg/dL)]. The higher
the Ml value, the more pronounced the insulin resistance. Echocardiographic examination
was performed using the Acuson $2000 ultrasound system (Siemens, Germany) to assess
diastolic dysfunction of the left ventricle (DDLV) in patients with preserved LVEF [15] [16],
using the criteria specified in the 2016 EACVI recommendations [17].

All patients received antiplatelet therapy, beta-blockers, nitrates, calcium channel
antagonists, renin-angiotensin-aldosterone system (RAAS) inhibitors, and statins. To
manage glucose metabolism, all patients were taking metformin and incretins.

At the end of the two-year observation period, patients were divided into two groups:
Favorable course (Group |, n=116, 89.3%).
Unfavorable course (Group Il, n=14, 10.7%).
Unfavorable outcomes included:

Fatal myocardial infarction (FMI)

Non-fatal myocardial infarction (NMI)

Stroke

Percutaneous coronary intervention (PCl)
Coronary artery bypass grafting (CABG)
Sudden death

Rehospitalization due to emergency reasons.

B RESULTS

The baseline characteristics of the included patients are presented in Table 1. The study
population was balanced in terms of gender (p=0.130), duration of diabetes (p=0.878),
ischemic heart disease (p=0.693), and age (p=0.607). All patients were receiving statins
(100%), beta-blockers, and medications affecting the renin-angiotensin-aldosterone
system (100%). However, patients differed in terms of body mass index (BMI, p=0.022),
history of myocardial infarction (p=0.001), percutaneous coronary intervention (p=0.001),
and coronary artery bypass grafting (p=0.001).
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Table 1
Comparative characteristics of the compared subgroups of patients with coronary heart disease and
type 2 diabetes mellitus with preserved ejection fraction (EF) in absolute values (%)

Options Favorable outcomes, Adverse outcomes, p
n=116 n=14

Age 64.12+8.71 62.88+8.80 0.607
Gender (women) 51.33% (n=58) 62.50% (n=10) 0.130
IHD experience, year 8.69+0.49 9.28+0.56 0.693
SD experience, year 7.30+3.92 7.89+3.39 0.878
BMI 32.91+6.46 30.00+£5.96 0.022
COVID-19, medical history 37.72% (n=43) 37.50% (n=6) 0.847
AF, medical history 6.14% (n=7) 0.00% (n=0)

AMI, medical history 36.84% (n=42) 81.25% (n=13) 0.001
PCl, medical history 28.95% (n=33) 68.75% (n=11) 0.001
CABG, medical history 3.51% (n=4) 31.25% (n=5) 0.001
Stroke, medical history 6.14% (n=7) 0.00% (n=0)

One of the practical end goals of this study involved constructing a mathematical
model that, with a high probability of error-free prediction, would enable the identification
of patients with concomitant type 2 diabetes mellitus (T2DM) who are at risk of adverse
outcomes, i.e., individuals in need of mandatory consideration for more aggressive medical
therapy. The model development comprised the following stages of data analysis:

Inter-group comparative assessment of baseline indicators to identify features
that differentiate patients with well-controlled T2DM and poorly controlled T2DM with
corresponding long-term outcomes, and evaluation of the dynamics of the analyzed
features during the study observation period;

Identification of the most informative features that differentiate patients with well-
controlled T2DM and poorly controlled T2DM with corresponding long-term (2-year)
outcomes;

Construction of a mathematical model for recognizing patients with well-controlled
T2DM and poorly controlled T2DM with corresponding long-term disease outcomes
under medical therapy.

The first stage of this analysis, related to the identification of features differentiating
patients with favorable and unfavorable outcomes, is reflected in Table 2.

These data were utilized to create mathematical models that predict the effectiveness
of standard therapy as a component of optimizing drug therapy for patients with
coronary heart disease and type 2 diabetes with preserved left ventricular ejection
fraction. To achieve this, potentially informative features were selected that differentiate
individuals with and without type 2 diabetes who have coronary heart disease. According
to the principles of formal logic and pattern recognition theory, indicators that are most
commonly found among individuals with type 2 diabetes and least commonly found
among those without type 2 diabetes will be attributed to these features, and vice versa.

The identified parameters that demonstrated a high frequency of occurrence in the
group of patients with coronary heart disease (CHD) and type 2 diabetes mellitus (T2DM)
with preserved left ventricular ejection fraction (LVEF) and HbA1c >8.5% were as follows:
OHB =142 mg/dL (x’=74.5; P=0.000); TG >163 mg/dL (x’=27.15; P=0.000); Ml >3.52 mg/dL;
vitamin D <14.9 ng/mL (x’=72.038; P=0.000); and MNUP >1984 pg/mL (x’=52.80; P=0.000).
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Table 2

Comparative analysis of outcome parameters based on frequency of occurrence in the analyzed
subgroups of patients with coronary artery disease and type 2 diabetes mellitus with preserved ejection

fraction (abs %)

. . . Favorable outcomes, Unfavorable outcomes, Kruskal - Wal-
Indicators Visit .
n=116 n=14 lis P#
1 8.79+2.31 9.65%3.11 0.494
HbA1c, %
2 7.93+£1.87 8.57+£2.12 0.249
1 182.25+51.72 186.62+89.36 0.385
TC, mg/dl
2 168.20+50.45 172.25+76.32 0.573
1 7.58+7.67 10.98+11.64 0.167
MI, mg/dl
2 5.74+4.19 20.40+36.09 0.074
X X 1 6.36+£1.90 6.29+2.14 0.79
Urinary acid, mg/d|
2 5.93+1.72 5.90+1.17 0.924
. . 1 18.27+12.07 24.72+13.11 0.021
Vitamin D, ng/ml
2 25.59+14.41 27.88+10.18 0.245
1 1848.12+1112.48 2287.60+829.62 0.05
NTproBNP, pg/ml
2 1507.74+889.79 1670.44+829.00 0.04
. 1 149.4.98+4.98 147.69+5.80 0.85
Sodium, mmol/I
2 150.63+5.63 148.25+5.08 0.084
. 1 66.31£17.92 76.57+£19.94 0.071
eGFR, ml/min/1.73 m?
2 68.86+20.0 68.86+22.7 0.622
1 59.19+7.15 57.20+7.04 0.294
LVEF, %
2 58.36+7.44 53.07+9.43 0.043
1 255.05+63.04 282.25+74.29 0.151
LVmass, g
2 245.04+65.21 249.56+68.91 0.699
E/A 1 0.84+0.30 0.73£0.19 0.083
2 0.82+0.27 0.80+0.17 0.845
DTE 1 194.86+42.1 211.19+27.5 0.104
2 191.33£37.0 202.69+24.2 0316
, 1 7.04+1.17 6.62+0.98 0.152
e'septal
2 7.23+£0.99 7.09+0.75 0.473

Notes: HbA1c - Glycated hemoglobin; TC - Total cholesterol; Ml - Metabolic index; NT-proBNP - Brain natriuretic peptide; eGFR -
Calculated glomerular filtration rate; LVEF - Left ventricular ejection fraction; LVmass — Left ventricular mass; E/A - ratio of the
early (E) to late (A) ventricular filling velocities; DTE - Time to peak; €’ septal - Septal velocity.

It was determined that the risk of adverse events (the edge of the indicator) is
significantly higher at the LVEF level <57% (x’=13.846, P=0.000), with increased left
ventricular mass index (LVMI) >309 g (x°=65.54, P=0.000) and an increased E/A ratio >0.69
(X*=41.17, P=0.000). The analysis of the frequency of occurrence of diastolic dysfunction
with unfavorable outcomes was 2.5 times higher than with favorable outcomes,
respectively, but it was not statistically significant (x°=0.556; P=0.456) in both the outcome
and observation stages (x°=0.020; P=0.889).

Based on the selected features for each patient, taking into account the basic therapy
and antihyperglycemic drugs, logistic function equations were constructed using all
control data in complex combinations. A single algorithm was used to form the models.

Based on the results obtained, a software product was created, "Forecasting the Risk
of Adverse Cardiological Complications in Patients with CHD, Hypertension, and Type 2
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Fig. 1. Frequency of laboratory hemodynamic signs discriminating patients with coronary heart disease
and type 2 diabetes mellitus with different outcomes

Notes: HbA1c - Glycated hemoglobin, CHOL - Total cholesterol, Ml - Metabolic index, NT-proBNP - Brain natriuretic peptide,
eGFR - Calculated glomerular filtration rate, BMI - Body mass index; LVEF - Left ventricular ejection fraction, DTm - Time to peak,
e'septal - Septal velocity.

Diabetes Mellitus" (DGU 23738) [18], which is an algorithm that can identify patients with
an unfavorable (lethal) outcome.

According to the methodology requirements, the evaluation of the effectiveness
(informativeness) of the developed model requires testing on a separate independent
sample of patients (the so-called "examination group") to confirm the results obtained
in the so-called "training group”. This sample (i.e., the "examination group") was formed
based on the emergency cardiology department (EC-1) of the Republican Specialized
Scientific-Practical Medical Center of Cardiology of the Ministry of Health of the Republic
of Uzbekistan under observation of the scientific department of laboratory AMI (n=150),
comparable to the "training group”. The data were selected during a 1-year observation
period.

There were no significant differences in the nosological characteristics between the
"training" and "examination" groups, except for some predominance of patients with
stable angina pectoris FC 2 in the training group (Table 3).
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Table 3

Comparative characteristics of the risk factor profile in the exam group and the learning group (m=+§)
Index Training group "Exam" group ;r*:xskal _

n=130 (m§) n=150 (M%) Wallis

Age 63.91£8.8 61.8£6.5 0.48
Husband/wives 66 (48.9%) / 69 (51.1%) 74 (49.4%) / 76 (50.6%) 0.81/0.69
Weight, cm 88.7£16.7 86.2+14.9 0.34
Height, kg 164.4+12.5 167.1+11.8 0.27
BMI 32.6+6.4 30.9+5.7 0.15
StStFCll 7 (4.7%) 1 (0.66%) 0.02
StStFCII 123 (91.1%) 149 (99.4%) 0.02
COVID-19, medical history |49 (36.3%) 58 (38.6%) 0.91
IHD experience, year 9.69+0.49 12.44+0.72 0.11
SD experience, year 7.3+3.9 7.5+4.2 0.84
AF/T, medical history 8 (5.9%) 5(3.3%) 0.26
AMI, medical history 59 (43.7%) 63 (42.0%) 0.57
PCl, medical history 44 (32.6%) 48 (32.0%) 0.74
CABG, medical history 10 (7.4%) 11 (7.3%) 0.91

Note: Differences are significant at p<0.05.

The structure of risk factors for an unfavorable course in patients of this sample
(Table 3) was as follows: a history of myocardial infarction (MI) was present in 63 (42.0%)
patients, concomitant arterial hypertension (AH) was detected in 73 (48.4%), dyslipidemia
in 118 (76.56%), and 70 (47%) were smokers. Elderly patients (65 years and older)
accounted for 31 (20.31%) of the sample, 35 (23.44%) suffered from obesity (BMI >30), and
left ventricular hypertrophy was documented in 57 (37.5%) patients.

Uncontrolled integral hemodynamic parameters upon admission to the hospital,
namely, high systolic blood pressure (SBP >160 mmHg) and diastolic blood pressure (DBP
>100 mmHg), as well as tachycardia (heart rate >90 bpm), were found in 47 (31.25%),
52 (34.38%), and 66 (43.75%) patients, respectively.
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Fig. 2. Distribution of adverse outcomes in patients with coronary heart disease and type 2 diabetes
with preserved left ventricular ejection fraction, used to validate the algorithm
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The distribution of recorded adverse outcomes was as follows: death 31.5% (n=6),
non-fatal recurrent Ml 15.7% (n=3), readmission 15.7% (n=3), stroke 5.2% (n=1), and
congestive heart failure 31.5% (n=6).

It is worth noting that the exam group did not differ from the learning group in terms
of the factors that led to an unfavorable outcome (as shown in Table 4) [19]. This can be
attributed to the use of identical inclusion and exclusion criteria, which indicates that
the exam group was appropriately formed. During the observation period, 19 patients
were classified as having an unfavorable outcome, while 131 individuals remained in the
favorable outcome subgroup.

For evaluating the validity of the developed algorithm and diagnostic tables in patients
from the examination group, the structure of predictive conclusions obtained using the

Table 4
Comparative analysis of risk factor profile in groups with adverse outcomes (exam group and education
group)

"Training" group "Exam" group
Signs Negative forecast, Unfavorable forecast, )(2 P#

n=14 (%) n=19 (%)
HbA1c >8.5 (%) 2(12.50%) 3(15.79%) 0.014 0.906
TC >142 mg/dl 9 (56.25%) 11 (57.89%) 0.138 0.710
Metabolic index (MI) (TG/HDL) >3.52 | 6 (43.75%) 9 (47.37%) 0.066 0.797
Urinary acid >4 mg/dl 4 (25.00%) 5(26.32%) 0.021 0.886
Vitamin D <14.9 ng/ml 13(93.75%) 18 (94.74%) 0.049 0.824
NTproBNP >1984 pg/ml 10 (73.33%) 14 (73.68%) 0.021 0.886
Blood sodium <145 mmol/I 5(37.50%) 7 (36.84%) 2,460 0.117
eGFR >80 ml/min/1.73 m? 9 (60.00%) 12 (63.16%) 0.004 0.947
EF <57% 6 (43.75%) 11 (57.89%) 0.732 0.393
LVmass >309 g 6 (43.75%) 8(42.11%) 0.002 0.966
E/A >0.69 9 (62.50%) 12 (63.16%) 0.004 0.947
DTE >198 13 (93.75% 17 (89.47%) 0.114 0.736
e'septal <7.2 11 (81.25%) 16 (84.21%) 0.171 0.680

Table 5

Sequence of calculations for the informativeness (validity) parameters of the algorithm for predicting
the course of coronary heart disease using a four-field table and standard formulas [20]

Number of reference conclusions on BT | Calculating the algorithm'’s

IHD predictive value (PV)

Present Absent
Number BT a=103 (68.7%) b=21 (14%) (a+b)=124 +PV=a/a+b)=83.0%
of forecast
conclusions 0 o 0
based onthe | NBT | c=19(12.5%) d=7 (4.6%) (c+d)=26 | -PV=c/(c+d)=73.0%
algorithm
Progress of algorithm (a+0)=122 (b+d)=28
sensitivity and
specificity calculations | gan=a/ Spec =b/
(Sen, Spec) (a+0)*100%=84.4% | (b+d)*100%=75%

Note: Sen refers to sensitivity, Spec refers to specificity, +PV and PV- refer to the positive and negative predictive value of
predicting coronary heart disease (CHD) using biomarkers.
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developed algorithm was compared with the structure of evaluative conclusions of actual
outcomes, which were obtained through observing patients for a period of one year.

The ratio (frequency) of favorable and unfavorable outcomes according to the
predictive conclusions is shown in Table 5.

Following the evaluation of predictive conclusions using an algorithm for distributing
diabetic patients with ischemic heart disease (IHD) and type 2 diabetes mellitus (T2DM),
the following results were obtained:

Prediction for patients with stable angina (SA) was 124 (82.6%).

Prediction for patients with unfavorable outcomes (including patients not recognized
by the algorithm) was 26 (17.3%). The number of patients not recognized by the algorithm
was 12 (8.0%).

Analysis showed that predictive conclusions (determined using the developed
algorithm) regarding the development of IHD in combination with T2DM and preserved
left ventricular function (LVF) matched the actual (reference) results in 124 (83.0%)
patients.

Calculated performance metrics (validity) according to standard formulas (Table 5) for
the algorithm were as follows: sensitivity of the predictive algorithm was 84.4%, specificity
was 75.0%. The predictive value of conclusions regarding SA was 83.2%, regarding non-SA
IHD was 72.7%.

B DISCUSSION

Currently, there is an increase in two global non-infectious epidemics, such as
chronic kidney disease (CKD) and T2DM [21]. The relationship between T2DM and
cardiovascular disease (CVD) is non-linear and represents a multi-factorial problem. A
one-sided, glucocentric view of managing this category of patients by endocrinologists
is outdated, and a personalized multi-factorial approach is now in the forefront. Diabetic
cardiomyopathy, considered as a separate nosological entity, plays a significant role in the
development and progression of CVD in patients with T2DM [22, 23].

We have conducted an assessment of the dynamics of glycated hemoglobin (HbA1c)
with the identification of risk stratification markers for developing a model (software
product) predicting a two-year risk of the first cardiovascular event in patients with IHD
and T2DM (by inputting specific risk factors).

The identified markers in the group of patients with coronary heart disease (CHD) and
type 2 diabetes mellitus (T2DM) with preserved left ventricular ejection fraction (LVEF)
at HbA1c>8.5% were as follows: glucose levels (OGTT) =142 mg/dL (x’=74.5; P=0.000);
triglycerides (TG) >163 mg/dL and above (x’=27.15; P=0.000); microalbuminuria (M)
>3.52 mg/dL, vitamin D <14.9 ng/mL (x’=72.038; P=0.000); N-terminal prohormone of
brain natriuretic peptide (NT-proBNP) >1984 pg/mL (x’=52.80; P=0.000). In patients with
preserved LVEF, a criterion for increased risk of adverse events was determined to be <57%
(x°=13.846, P=0.000), increased left ventricular mass (LVM) >309 g (x’=65.54, P=0.000),
and E/A ratio >0.69 (x’=41.17, P=0.000). In addition, there was a trend towards a higher
frequency of occurrence of major adverse cardiac events (MACE) in unfavorable outcomes
(2.5 times higher, as opposed to 1.6 times in favorable outcomes) [24]. In addition to the
mentioned signs, baseline therapy and antihyperglycemic agents were taken into account.

The effectiveness of the logistic regression model was measured using the C-Index
(also known as ROC AUC) [25-28]. Theoretically, AUC varies from 0 to 1.0, with higher
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values indicating better model quality. The developed algorithm has a C-Index of 0.953,
which characterizes the model as excellent.

Thus, the developed algorithm allows for a high probability of correct prediction and
identifies patients with IHD and T2DM with preserved LVF and unfavorable outcomes [29,
30], enabling timely and appropriate treatment recommendations, including invasive
interventions, or limiting treatment to medication alone when invasive methods are
not possible or not advisable. Based on the obtained results, a software product "Risk
of Developing Unfavorable Cardiological Outcomes in Patients with IHD, T2DM, and
Diabetic Kidney Disease [30]" DGU 23738 was created, which represents an algorithm for
identifying patients with unfavorable (lethal) outcomes.

The following factors have the greatest predictive value in terms of unfavorable
disease progression in patients with coronary heart disease (CHD) and type 2 diabetes
mellitus (T2DM) with preserved left ventricular ejection fraction (LVEF): elevated levels
of total cholesterol =142 mg/dL (x*=74.5; P=0.000), triglycerides >163 mg/dL (x°=27.15;
P=0.000), metabolic index >3.52 mg/dL, brain natriuretic peptide >1984 pg/mL (x’=52.80;
P=0.000), as well as decreased levels of vitamin D <14.9 ng/mL (x’=72.038; P=0.000).

An algorithm has been developed that allows for the accurate identification of
patients with CHD and T2DM with preserved LVEF who have an unfavorable disease
progression. This algorithm can recommend more aggressive treatment and possibly
invasive interventions when appropriate, while limiting treatment to medication only
when invasive methods are not feasible or appropriate.

A software product called "Risk Prediction of Adverse Cardiac Complications in Patients
with CHD, Hypertension, and Type 2 Diabetes Mellitus" (DGU 23738) has been created.
This algorithm can identify patients with an unfavorable (lethal) outcome.

B CONCLUSIONS

1. The following factors have the greatest predictive value in terms of unfavorable
disease progression in patients with coronary heart disease (CHD) and type 2 diabetes
mellitus (T2DM) with preserved left ventricular ejection fraction (LVEF): elevated
levels of total cholesterol =142 mg/dL (x’=74.5; P=0.000), triglycerides >163 mg/dL
(x’=27.15; P=0.000), metabolic index >3.52 mg/dL, brain natriuretic peptide
>1984 pg/mL (x’=52.80; P=0.000), as well as decreased levels of vitamin D
<14.9 ng/mL (x>=72.038; P=0.000).

2. An algorithm has been developed that allows for the accurate identification of
patients with CHD and T2DM with preserved LVEF who have an unfavorable disease
progression. This algorithm can recommend more aggressive treatment and possibly
invasive interventions when appropriate, while limiting treatment to medication only
when invasive methods are not feasible or appropriate.

3. Asoftware product called "Risk Prediction of Adverse Cardiac Complications in Patients
with CHD, Hypertension, and Type 2 Diabetes Mellitus" (DGU 23738) has been created.
This algorithm can identify patients with an unfavorable (lethal) outcome.
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