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The risk of cardiovascular complications in 
patients with type 2 diabetes mellitus (DM) is 
2–3 times higher than the average in the popu-
lation, and the long-term prognosis is worse in 
patients with coronary heart disease (CHD).

Numerous studies have confirmed the re-
lation between the diastolic dysfunction and 
the duration of DM: in patients with diabetes 
duration less than 5 years, this indicator is 
37 %, while for patients with diabetes duration 
more than 5 years it increases to 50 % [1, 2].  
According to M. R. MacDonald et al. [3], where 
mortality was analyzed in patients with dia-
betes and without diabetes, depending on 
the ejection fraction (EF) of the left ventricle 
(LV), it was noted that the highest mortality 
was observed in patients with diabetes and 

heart failure (HF) with reduced LV EF, less —  
in patients with diabetes and HF with pre-
served LV EF. However, another study showed 
that the presence of type 2 DM in patients with 
heart failure with preserved LV EF increases 
the risk of cardiovascular death or hospitaliza-
tion for chronic heart failure (CHF) compared 
with patients with heart failure with reduced 
LV EF without DM [4]. Such results are due 
to the lack of effective therapy for this group 
of patients, when management strategy pro-
vides only the treatment of the underlying  
disease.

Studying the mechanisms of action of ad-
verse effects of DM on the course of CHF is 
particularly relevant in view of the search for 
new treatments. Given the data, the ability 
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to predict the course of CHF in patients with 
CHD and DM is very important.

Today, the analysis of a large amount of 
information requires the use of mathematical 
models and methods to solve complex diagnos-
tic problems. The use of mathematical models 

for the diagnosis of various conditions of biolog-
ical subject is presented in a number of works 
[5–7].

The aim of the work is to determine the 
course of HF in patients with CHD and type 2 
DM, using mathematical modeling.

MATERIALS AND METHODS
An examination of 100 male patients with 

CHF of ischemic genesis and CHD in combina-
tion with type 2 DM was performed. All pa-
tients were examined on the basis of the in-
ternal medicine department of the municipal 
non-profit enterprise City Clinical Emergency 
Hospital named after Prof. A. I. Meshchaninov 
of the Kharkiv City Council, after a course of 
treatment in a hospital. Inclusion criteria: age 
from 50 to 70 years old, CHF class I–II accord-
ing to NYHA classification (New York Heart 
Association), LV EF ≥ 50 % (according to the 
criteria of the European Society of Cardiology, 
2016) [8], type 2 DM (according to the criteria 
of the American Diabetes Association (ADA) 
of the American Diabetes Association Diabetes 
Care, 2017), with a glomerular filtration rate ≥ 
60 ml/min/1.73 m2.

All examined patients were divided into 
two groups depending on the clinical course 
of HF: I  (n = 66) — patients with a favorable 
course of HF (mean age — 60.0 [55.8; 63.3] 
years), II (n = 34) — patients with an unfavor-
able course of HF (mean age 58.0 [55.0; 60.3] 
years) (patients with a decrease in LV EF, pa-
tients with impaired diastolic heart function, 
and those patients who died at the end of the 
observation period).

An analysis of the anamnesis, cardiovascu-
lar risk factors, objective research data, clini-
cal, laboratory and instrumental methods of 
research was performed. Glycosylated hemoglo-
bin (HbA1c) was determined in blood serum by 
Turbidimetric method using the Liquidirect kit 
(Human GmbH, Germany). Serum glucose lev-
els were tested on a Flexor E biochemical ana-
lyzer (Vital Scientific N. V., Netherlands) using 
the Glucose CPL kit by the GOD-POD colori-
metric method. Insulin levels were determined 
using the Insulin Rapid AccuBind ELISA Kits 
(Monobind Insulin, USA) by enzyme-linked im-
munosorbent assay. The insulin resistance in-
dex (HOMA) was calculated by the formula:

HOMA =  
= serum insulin level × glucose level / 22.5. 

An index value of more than 2.5 was deter-
mined as insulin resistance.

Levels of total cholesterol (TC), high den-
sity lipoprotein (HDL), low density lipoprotein 
(LDL) and triglyceride (TG) were determined 
in all patients. The atherogenic index (AI) was 
calculated by the formula: 

AI = (TC-HDL) / HDL. 
Transthoracic echocardiography was per-

formed on a SiemensAcUSONSC2000 ultra-
sound apparatus (Siemens MedicalSolution, 
MountainView, USA) with a sensor from 3.5 
to 7 MHz according to the generally accept-
ed method. The most informative indicators 
were evaluated: left ventricle end-diastolic vo
lume (LVEDV), left ventricle end-systolic vo
lume (LVESV), left atrium linear dimension 
(LALD), left ventricle ejection fraction (LV EF), 
transmitral deceleration time (Dt), left ventri-
cle isovolumic relaxation time (IVRT), the ratio 
of peak velocity blood flow in early diastole to 
peak velocity flow in late diastole (E/A), the ra-
tio of transmitral early filling velocity to early 
diastolic mitral annular velocity (E/e’), mean 
pulmonary artery pressure (mPAP).

Endothelium dependent dilation (EDD) 
of the brachial artery was evaluated by mea-
suring reactive hyperemic response on a color 
flow Doppler of 5–12 MHz with three times 
measurements on the left and right brachial 
arteries at a 15 minute interval using the 
Celermajer DS method. [9] in the modification 
of Ivanova AV.

The follow-up interval was 12 months. All 
patients received standard treatment: β-blocker 
bisoprolol — 2.5–5 mg once in the morning, 
ACE inhibitor ramipril — 5–10 mg once in the 
evening, amlodipine — 2.5–10 mg in the eve-
ning, aspirin — 75 mg once after lunch, ator-
vastatin 20 mg once after dinner, if further 
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reduction of blood pressure was needed — inda-
pamide — 2.5 mg once in the morning, metfor-
min 100–1500 mg per day.

Statistical processing of results was per
formed using SPSS19 for Windows. Quanti
tative variables were described by the follow-
ing parameters: median (Me), 25th and 75th 
percentiles (Me  [Q1; Q3]); qualitative variables 
were represented as the frequency of an event 
(percent of normal number of observations). 
Mann-Whitney U-test was used to compare 
differences between two independent samples. 
The frequency of features in the groups was 
compared using the (χ2) statistic. The binary 
logistic regression analysis was used to deter-

mine the predictors of the mathematical model 
according to the analysis of 62 indicators [10].

This method investigated the dependence 
of dichotomous variable on the independent, 
which have any kind of scale, and the probabil-
ity of an event depending on the values of the 
independent variables was calculated by the 
formula:

   (1)

where	 z = b1 × X1 + b2 × Х2 + … + bn × Xn + a;
	 Xn are independence variables;
	 b1 … bn are model predictor coefficients;
	 а — ​is a some constant.

RESULTS AND THEIR DISCUSSION
The analysis of clinical and anamnestic 

factors in the studied groups presented a sig-
nificantly longer history of CHF (p < 0.014) and 
DM (p < 0.001), as well as genetic susceptibil-
ity to type 2 DM (p < 0.03) in patients with an 
adverse course of HF, patients in the groups 
did not have age difference (p  > 0.05). There 
were no significant differences in hereditary 
predisposition to CHD in groups with different 
variants of the course of HF (p > 0.05), and 
there were no significant differences in body/
mass index (BMI) (p > 0.05).

In the vast majority of patients in both 
groups, the level of physical activity was re-
duced and the level of smoking was high, with 
a tendency to increase in the group of patients 
with an unfavorable course. However, levels 

of physical activity and smoking in groups did 
not differ (p > 0.05). In patients with an unfa-
vorable course of HF, the values of mean arte-
rial pressure (MAP) (p  < 0.001), pulse pres-
sure PP (p < 0.001) and heart rate (p < 0.001) 
were statistically significantly higher than 
in patients with a favorable course. A 6 min 
walk test showed similar results in both groups 
(p > 0.05).

All patients presented type 2 DM. Com
paring the data in both groups, a statistically 
significantly higher level of HbA1c (p < 0.001), 
fasting glucose (p  < 0.004), postprandial glu-
cose (p  < 0.002), insulin (p  < 0.001) was re-
vealed in the group of patients with adverse 
course. With a relative increase in the level of 
insulin resistance in all patients, it should be 

Table 1
Carbohydrate metabolism and lipid metabolism characteristics  

in patients with IHD and DM type II (Ме [Q1; Q3])
Indicator, unit Group I, (n = 66) Group II, (n = 34) P

HbA1c, % 7,0 [6,6; 7,2] 7,4 [7,8; 7,6] 0,001
Fasting glucose, mmol/l 6,05 [5,78; 6,3] 6,35 [5,9; 6,9] 0,004

Postprandial glucose, mmol/l 8,4 [7,8; 8,8] 8,9 [8,4; 9,2] 0,002
Insulin, mcМЕ/ml 19,2 [15,3; 22,6] 29,3 [26,8; 33,3] 0,001

НОМА-ir 4,9 [4,0; 6,4] 8,2 [7,3; 9,4] 0,001
TC, (mg/dl) 233,5 [224,5; 245,3] 261,0 [249,8; 277,0] 0,001
TG, (mg/dl) 167,5 [156,0; 183,3] 169,0 [148,0; 184,3] > 0,05

HDL, (mg/dl) 42,0 [41,0; 43,0] 42,0 [41,0; 43,0] > 0,05
LDL, (mg/dl) 159,0 [148,6; 171,5] 184,2 [172,8; 197,7] 0,001

AI 4,6 [4,3; 4,8] 5,1 [4,9; 5,7] 0,001
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noted that it was significantly higher in pa-
tients with an unfavorable course  — almost 
twice as high as the HOMA index (p < 0.001) 
(Table 1).

Comparing the values of lipid metabolism 
in patients with an unfavorable course, statisti-
cally significant higher values were found for 
the level of TC (p  < 0.001), LDL (p  < 0.001), 
and the AI (p < 0.001). There was no difference 
between the levels of TG and HDL (p > 0.05) 
(Table 1).

LV EF was preserved in both groups, but it 
was statistically significantly lower in patients 
of group II (p < 0.001). In group II higher levels 
of LALD (p < 0.001), mPAP (p < 0.001) and Dt 
(p  < 0.001) were detected. The E/A ratio was 
higher in group I  (p  < 0.001). Differences in 
ESV and EDV, IVRT coefficient and E / e ratio 
in both groups were not detected (p > 0.05).

EDD of the brachial artery was higher in 
patients with a favorable course of HF — 9.0 
[8.5; 9.6] % compared with patients of group 
II  — ​6.9 [5.5; 9.3] % (p  < 0.001). The results 
obtained are consistent with the data of foreign 
and domestic authors, but despite the presence 
of certain differences, the determination of 
prognostic factors requires additional analysis.

According to the chosen method of logistic 
regression, the 3 most significant indicators were 
determined for predicting the course of HF:

•	 X1 — pulse blood pressure;
•	 X2 — endothelium-dependent vasodila-

tion;
•	 X3 — the insulin resistance index 

(HOMA).
The predictors obtained will be used as 

prognostic factors for assessing the likelihood 
of adverse CH in each CHD patient in com-
bination with DM type 2 using the following 
formula:

.

The value Р̂ lies in the range from 0 to 1 
and the closer the predicted probability to one, 
the higher the likelihood of HF. If the value Р̂ 
is in the range from 0 to 0.5 it is concluded that 
the patient has been a favorable course of the 
disease. 

Numerical results of binary classification 
of objects suggests the number of correct and 
incorrect forecasts (Table 2).

Quality of logistic regression models was 
assessed using the Hosmer-Lemeshow test in 
which the value of P is higher, the smaller the 
difference between the frequency observed and 
the predicted results. ROC analysis applied 
to evaluate model performance. The obtained 
ROC-curve shows the dependence of the pro-
portion of correctly classified positive results on 
the proportion of incorrectly classified negative 
effects (Fig. 1).

Table 2
Results of binary classification

Groups
Predicted results Percentage of correctly 

predicted statesGroup І Group ІІ
Group І 65 1 98,5
Group ІІ 3 31 91,2

Fig. 1. ROC- curve.
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The area under curve was 0.971 (0.940, 
1.000) which indicates the excellent quali
ty of the model. Analysis of the test results of 
a  mathematical model coefficients using Wald 
test showed that all variables are significant 
(P < 0.05) and chosen correctly, and the equa-
tion reliably and correctly determines the 
state in 94.2 % of cases. Can be concluded that 
65 cases out of 66 are correctly classified from 
the total number of group I  observations and 
31 observations were correctly classified out of 
34 from the total number of group II observa-
tions (Table 1). Thus, the total percentage of 
correctly classified states was 96.0 %, and the 
achieved level of significance of the Hosmer-
Lemeshov test indicates the adequacy created 
the model with real data.

There is a known method for predicting 
the risk of cardiovascular mortality in patients 
with various forms of HF by the level of cereb
ral natriuretic peptide (NT-proBNP) and tis-
sue matrix metalloprotease inhibitor (TIMP-I) 
in peripheral blood, where the increase in 
NT-proBNP ≥ 1520 fmol/ml and TIMP-I ≥ 
865 ng/mL allows to distinguish among high-
risk patients with HF who require intensive 
treatment for both HF and complications [11]. 

However, the presented method does not take 
into account that the presence of concomitant 
metabolic disorders, such as metabolic syn-
drome, obesity and type 2 DM, can affect the 
prognostic value of NT-proBNP level [12].

A known method for predicting HF in pa-
tients with CHD uses the data of registration 
and qualitative dichotomous analysis of LV 
EF indicators, the number of heart attacks, 
the level of tumor necrosis factor, the variance 
of the QT interval or the blockade of the im-
pulse on the electrocardiogram, the value of 
the final systolic size of the right atrium [13]. 
However, this method does not take into ac-
count concomitant type 2 DM.

Thus, on the basis of the conducted re-
search, a method for determining the prognosis 
of heart failure during a year in patients with 
CHD in combination with type 2 DM is pro-
posed, by which, through additional research 
and determination of clinical and laboratory 
features with subsequent calculation, the pre-
diction is achieved. 

Using the regression equation it is possible 
to determine with high accuracy the probabi
lity of an adverse course of HF in patients with 
a preserved LV EF.

CONCLUSIONS
1.	Severity of CHF with preserved LV EF in 

patients with IHD and DM type II is associ-
ated with disease duration and severity of  
lipid and carbohydrate metabolism distur-
bances.

2.	The use of regression equations, including 
the study of indicators EDD, PP, HOMA it is 
possible to determine with high accuracy the 
probability of an adverse course of HF in pa-
tients with a preserved LV EF during a year.
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The aim is to develop a method for predicting the course of heart failure (HF) in patients with coronary 

heart disease (CHD) in combination with type 2 diabetes mellitus (DM). The study included 100 men aged 50 
to 67 years with CHD in combination with type 2 DM. Patients were divided into two groups depending on 
the course of HF: I (n = 66) — with a favorable course, II (n = 34) — with an unfavorable course (decreased LV 
EF, patients with impaired diastolic function, and those who died during the year of observation). Analysis of 
cardiovascular anamnesis and indicators of carbohydrate and lipid metabolism were conducted; a transthoracic 
echocardiography was performed; endothelium-dependent dilation of the brachial artery (EDD) was studied. 
The Mann-Whitney U-test was used to determine the differences between independent samples, and the logistic 
regression method was used for prognosis. On the basis of the conducted research, a method for determining 
the prognosis of HF during a year in patients with coronary heart disease in combination with type 2 DM is 
proposed, by which, through additional research and determination of clinical and laboratory features with sub-
sequent calculation, the prediction is achieved. For prognosis and subsequent calculation the formula using coef-
ficients for prognostic factors, it is necessary to study EDD, arterial blood pressure with a calculation of pulse 
pressure, determine serum insulin with the calculation of the HOMA index, and use the regression equation 
with a high level of sensitivity and specificity to determine the probability of an adverse course of HF in patients 
with preserved ejection fraction.

K ey  wor d s :  coronary heart disease, type 2 diabetes mellitus, chronic heart failure, prognosis of the 
course, preserved ejection fraction.

ВИЗНАЧЕННЯ ПЕРЕБ²ГУ СЕРЦЕВО¯ НЕДОСТАТНОСТ²  
У ХВОРИХ НА ²ШЕМ²ЧНУ ХВОРОБУ СЕРЦЯ З² ЗБЕРЕЖЕНОЮ ФРАКЦ²ªЮ ВИКИДУ  

Л²ВОГО ШЛУНОЧКА У ПОªДНАНН² З ЦУКРОВИМ Д²АБЕТОМ 2 ТИПУ

Більченко О. В.1, Ліпакова К. Ю.1, Руденко Т. А.1,  
Висоцька О. В.2,  Порван А. П.2, Карамі Саліба Д. Ю.1
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Мета — розробити спосіб прогнозування перебігу хронічної серцевої недостатності (ХСН) у хворих 
на ішемічну хворобу серця (ІХС) у поєднанні із цукровим діабетом (ЦД) 2 типу. У дослідження вклю-
чені 100 чоловіків віком від 50 до 67 років з ІХС у поєднанні із цукровим діабетом ЦД 2 типу. Хворі 
були розподілені на дві групи в залежності від характеру перебігу ХСН: I (n = 66) — зі сприятливим 
перебігом, II (n = 34) — із несприятливим перебігом (зниження фракції викиду лівого шлуночка, па-
цієнти з  порушенням стану діастолічної функції та ті, хто померли протягом року спостереження). 
Проводився аналіз кардіологічного анамнезу, об’єктивного дослідження, показники вуглеводного та 
ліпідного обмінів, виконувалася трансторакальна ехокардіографія, досліджували ендотелійзалежну 
вазодилатацію плечових артерій (EDD). Для визначення відмінностей між незалежними вибірками 
використовували U-критерій Манна–Уїтні, для прогнозування — метод логістичної регресії. На під-
ставі проведеного дослідження пропонується спосіб прогнозування серцевої недостатності впродовж 
року у хворих на ІХС в поєднанні із ЦД 2 типу, за допомогою якого за рахунок додаткових досліджень 
та визначення клініко-лабораторних ознак з наступним розрахунком, досягається  визначення про-
гнозу. Для прогнозування з наступним розрахунком за формулою з використанням коефіцієнтів до 
прогностичних факторів необхідно дослідити EDD, артеріальний тиск з розрахунком пульсового, ви-
значити вміст в крові інсуліну з розрахунком індексу HOMA, та за регресійним рівнянням з високим 
рівнем чутливості та специфічності прогнозувати у пацієнтів зі збереженню фракцією викиду ймовір-
ність несприятливого перебігу серцевої недостатності.

К л ю ч о в і  с л о в а :  ішемічна хвороба серця, цукровий діабет 2 типу, хронічна серцева недостат-
ність, прогнозування перебігу, збережена фракція викиду.
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ОПРЕДЕЛЕНИЕ ТЕЧЕНИЯ СЕРДЕЧНОЙ НЕДОСТАТОЧНОСТИ  
У БОЛЬНЫХ ИШЕМИЧЕСКОЙ БОЛЕЗНЬЮ СЕРДЦА  
В СОЧЕТАНИИ С САХАРНЫМ ДИАБЕТОМ 2 ТИПА  

С СОХРАНЕННОЙ ФРАКЦИЕЙ ВЫБРОСА ЛЕВОГО ЖЕЛУДОЧКА
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Цель — разработать способ прогнозирования течения хронической сердечной недостаточности 
(ХСН) у больных ишемической болезнью сердца (ИБС) в сочетании с сахарным диабетом (СД) 2 типа. В 
исследование включены 100 мужчин в возрасте от 50 до 67 лет c ИБС в сочетании с СД 2 типа. Больные 
были разделены на 2 группы в зависимости от характера течения ХСН: I (n = 66) — с благоприятным 
течением, II (n = 34) — с неблагоприятным течением (снижение фракции выброса левого желудочка, 
пациенты с нарушением состояния диастолической функции и те, кто умерли в течение года наблю-
дения). Проводился анализ кардиологического анамнеза, объективного исследования, показателей 
углеводного и липидного обменов, выполнялась трансторакальная эхокардиография, исследовали 
эндотелийзависимую вазодилатацию плечевых артерий (EDD). Для определения различий между 
независимыми выборками использовали U-критерий Манна–Уитни. Частоту признаков в группах 
сравнивали с помощью критерия χ2. Для прогнозирования использовали метод логистической ре-
грессии. На основании проведенного исследования предлагается способ прогнозиррвания сердечной 
недостаточности течение года у больных ИБС в сочетании с СД 2 типа, с помощью которого за счет 
дополнительных исследований и определения клинико-лабораторных признаков с последующим рас-
четом, достигается определение прогноза. Для прогнозирования с последующим расчетом по формуле 
с использованием коэффициентов к прогностическим факторам необходимо исследовать EDD, арте-
риальное давление с расчетом пульсового, содержание в крови инсулина с расчетом индекса HOMA, 
с помощью регрессионного уравнения с высоким уровнем чувствительности и специфичности можно 
прогнозировать у пациентов с сохраненной фракцией выброса вероятность неблагоприятного течения 
сердечной недостаточности.
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