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Abstract 

The aim of the work was a comparative study of the structural and geometric remodeling of the myocardium 

in patients with coronary heart disease with and without concomitant type 2 diabetes. 110 patients with coronary 

artery disease who had previously undergone myocardial revascularization were examined, with an average age 

of 58.3 ± 4.9 years. The patients were divided into two groups. The first main group consisted of 56 patients with 

coronary artery disease. Stable angina pectoris FC 2 with concomitant type 2 diabetes, the second comparison 

group included 54 patients with coronary heart disease, without diabetes. The control group consisted of 20 prac-

tically healthy individuals. All examined patients underwent medical history collection, ECG, EchoCG, and blood 

determination of glycated hemoglobin. There was a tendency to decrease LVEF, an increase in cavity dilation and 

an increase in LV myocardial mass in the group of coronary heart disease with type 2 diabetes compared with the 

group of coronary heart disease without diabetes. Concentric LVH was found in 14 (25%) patients, concentric LV 

remodeling in 24 (42.8%) patients, eccentric LVH in 14 (25%) patients, and normal left ventricular geometry in 4 

(7.1%) patients. The relationship between the level of glycated hemoglobin and the presence of left ventricular 

hypertrophy was revealed: in the main group in 14 patients, 80% of them had HbA1c levels of more than 6.5%, 

including HbA1c levels of more than 7.5% to 45.4% of patients (p<0.05). Thus, the study of the features of the 

structural and functional restructuring of the left heart in patients with coronary artery disease with type 2 diabetes 

should be taken into account in predicting cardiovascular risk.  
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Introduction. Coronary heart disease remains an 

important medical and social problem leading to high 

mortality [1,2]. Concomitant diabetes mellitus plays an 

important role [3,4]. At the same time, numerous evi-

dences of a close relationship between diabetes and car-

diovascular diseases (CVD) have been accumulated, it 

is coronary heart disease that is the most common cause 

of death in patients with diabetes. One of the first stud-

ies where this relationship was convincingly demon-

strated was the Framingham study, according to which 

the absolute risk of coronary death in diabetes was 

twice as high in men and 4.7 times in women, compared 

with people without diabetes [5,6]. 

Remodeling of the heart is a process of complex 

disruption of its structure and function and includes an 

increase in myocardial mass, dilation of cavities and a 

change in the geometric characteristics of the ventricles 

[16]. There is evidence of the effect of cardiac remod-

eling on the prognosis of arrhythmias, the development 

and progression of chronic heart failure and cardiovas-

cular mortality [7]. 

In type 2 diabetes (DM2), it is the heart that is rec-

ognized as the most important target of damage. The 

combination of insulin resistance, hyperinsulinemia, 

and hyperglycemia accelerates the development and 

progression of atherosclerosis-related diseases, increas-

ing the risk of cardiovascular complications [10]. LV 

diastolic dysfunction (DD) is considered an early 

marker of myocardial damage in DM2. A pathogenetic 

relationship between DD and LV hypertrophy during 

the development and progression of CHF has been 

noted [8,9]. Despite the availability of clinical data on 

the pathogenesis of remodeling, there is no complete 

data reflecting the holistic picture of the formation of 

structural and functional disorders of the heart in pa-

tients with T2DM with coronary artery disease. The 

question of the severity of heart changes and risk fac-

tors for LV remodeling in DM2 remains unresolved 

[11,12]. 

In this regard, the aim of our study was to compare 

the parameters of structural and geometric remodeling 

of the heart in patients with coronary heart disease with 

and without concomitant type 2 diabetes. 

Materials and methods. 110 patients with coro-

nary artery disease (65 men and 45 women) with an av-

erage age of 58.3 ± 4.9 years, who had previously un-

dergone myocardial revascularization, were examined. 

Depending on the glycemic status, the patients were di-

vided into two groups. The first main group consisted 

of 56 patients diagnosed with coronary heart disease. 

Stable angina pectoris FC 2 with concomitant type 2 
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diabetes. The second group (the comparison group) in-

cluded 54 patients with coronary artery disease, angina 

pectoris without diabetes. The control group consisted 

of 20 practically healthy individuals. The diagnosis of 

T2DM was established based on criteria recommended 

by WHO [9]. 

The exclusion criteria were: type 1 diabetes, bron-

chial asthma and obstructive pulmonary diseases with 

respiratory insufficiency of grades II-III, diseases of the 

systemic hematopoiesis, oncological diseases, non-si-

nus rhythm, heart defects, endocarditis, myocarditis, 

pericarditis, liver failure and participation in any other 

study within 30 days before selection. 

Research methods. Glycated hemoglobin levels 

were examined in all patients, and a 12-lead ECG was 

recorded using a Schiller device.  

The EchoCG study was performed on a Samsung 

medison ultrasound device "Accuvix.V20" (Korea) us-

ing a sector sensor with color mode and pulse-wave, 

continuous-wave mode with a frequency of 2-4 MHz in 

standard echocardiographic positions in M- and B-

modes according to the recommendations of the Amer-

ican Echocardiographic Society (ASE) (Schiller N.B. et 

al., 1989). 

Based on relative wall thickness (OTC) and The 

LV myocardial mass index (IMMI) was evaluated by 

the geometric model of LV and the types of its remod-

eling were distinguished. 

Statistical processing. The materials used in this 

study were statistically processed using parametric and 

nonparametric methods. Statistical processing and 

analysis of the obtained results were carried out in the 

statistical analysis system MS Excel 2010. When esti-

mating the linear relationship between the values, the 

Pearson pair correlation coefficient was calculated. 

Spearman's rank correlation coefficient was used to 

study the relationship between quantitative features. 

The differences were considered statistically signifi-

cant at p<0.05. 

Results. As part of the study, structural and func-

tional changes in the myocardium were studied using 

EchoCG. When analyzing the left ventricular ejection 

fraction (LVEF), there was a tendency to decrease this 

indicator in the main group to 50.8±3.2% compared 

with patients in the comparison group, where LVEF 

was 54.2±2.4%, p<0.05 (Table 1). 

Table 1 

The state of central hemodynamics in the groups of studied IHD patients with and without type 2 diabetes 

Index Control group (n-20) Main group (n-56) Group comparison (n-54) 

EDV, ml 120,7±4,1 * 170,3±5, 8*/*** 149,7±4,1 *** 

ESV, ml 36,4±2,9** 77,5±3,7*** 61,4±2,9**/*** 

EF,% 65,6±4,8 50,8±3,2*** 54,2±2,4*** 

ΔS, % 37,4±0,6 28,1±0,6 29,9±0,7 

LV PWT, cm 9,0±0,9 12,3±0,32 11,4±0,24 

IVS, cm 9,0±0,7 12,5±0,32 11,0±0,25 

Total thickness LV, cm 0,37±0,03 0,52±0,03 0,47±0,05 

LVM, g 99,5±3,5** 302,4±9,5 268,9±9,2** 

LVMI, g/m2 106,7±12,6* 144,6±6,8*/*** 117,8±4,5*** 

Note: * - p<0.05 differences are significant between the values of the control group and the main group, ** - 

p<0.05 differences are significant between the values of the control group and the comparison group, *** - p<0.05 

differences are significant between the values of the main group and the comparison group. 

 

An analysis of the structural and geometric param-

eters of the left chambers of the heart showed that in the 

main group, in comparison with the comparison group, 

there was an increase in cavity dilation (final diastolic 

and systolic volume) and an increase in LV myocardial 

mass.  

A similar trend was obtained when quantifying the 

fraction of systolic shortening of the anteroposterior 

size of the left ventricle – in the main group, the indi-

cator was 28.1± 0.6%, in the comparison group – 

29.9±0.7%. The analysis of individual data on OTC and 

LV IMM made it possible to determine the presence of 

structural and geometric remodeling of the left ventri-

cle in 52 (92.8%) patients of the main group and 45 

(83.3%) patients in the comparison group. 

Significant differences in the nature of LV remod-

eling were found between the groups of patients. In 

combination with coronary heart disease and DM2 (the 

main group), the following variants of structural and 

geometric remodeling of the heart were identified: con-

centric LVH in 14 (25%) patients, concentric LV re-

modeling in 24 (42.8%) patients, eccentric LVH in 14 

(25%) patients, and normal geometry in 4 (7.1%) pa-

tients. left ventricle (Table 2). 

Table 2 

Features of structural and geometric LV remodeling in the group of CHD patients with and without type 2 diabe-

tes 

Remodeling indicators  Main group (n-56) Comparison group (n-54) 

Eccentric hypertrophy, %  14 (25%)   9 (16,6%) 

Concentric remodeling, %  24 (42,8%)  22 (40,7%) 

Concentric hypertrophy,%  14 (25%)  5 (9,2%) 

Normal geometry, % 4 (7,1%) 18 (33,3%) 
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In the comparison group, the normal type of ge-

ometry was noted in 18 (33.3%) of the observed, con-

centric remodeling prevailed in 22 (40.7%), concentric 

LV hypertrophy and eccentric LV hypertrophy were 

registered in 5 (n=9.2%) and in 9 (n=16.6%) cases. The 

analysis suggests that groups with and without DM2 are 

comparable in terms of the frequency of concentric re-

modeling. In patients with impaired carbohydrate me-

tabolism, the option of left ventricular remodeling ac-

cording to the type of concentric LVH significantly pre-

vailed (25%). It should be noted that patients with 

eccentric (n = 14) and concentric (n = 14) hypertrophy 

had a higher incidence of myocardial infarction (9, 10, 

and 11 patients, respectively) and clinical manifesta-

tions of CHF (94.3%, respectively) compared with pa-

tients with concentric LV remodeling (n = 24). 98.4% 

and 64.2%). It was interesting to study the features of 

left ventricular remodeling at different levels of gly-

cated hemoglobin in a group of CHD patients with type 

2 diabetes (Table 3).  

Table 3 

Parameters of structural and geometric remodeling of the left ventricle at different values of glycated hemoglo-

bin in groups of patients with CHD with and without type 2 diabetes 

Remodeling indicators  <6,5% 6,5-7,5% >7,5% 

Eccentric hypertrophy, %  2 5 7 

Concentric remodeling, %  5 7 12 

Concentric hypertrophy,%  3 5 6 

Normal geometry, % 1 1 2 

 

A study of the results of quantifying the parame-

ters of LV structural and geometric remodeling and the 

level of glycated hemoglobin (HbA1c) between groups 

of CHD patients with and without type 2 diabetes re-

vealed a relationship between the level of glycated he-

moglobin and the presence of left ventricular hypertro-

phy: LVH was detected in 14 patients in the main 

group, 80% of them with HbA1c levels higher than 

6.5%, including with an HbA1c level of more than 

7.5% to 45.4% of patients (p<0.05).  

It is known that a high risk of developing cardio-

vascular complications in carbohydrate metabolism 

disorders is associated with the development of LV re-

modeling. The predominance of the concentric type of 

LV remodeling in patients of both groups (24 (42.8%) 

and 22 (40.7%), respectively, is explained by the com-

pensatory nature of LV hypertrophy. On the other hand, 

an increase in the frequency of concentric and eccentric 

LV hypertrophy in patients with T2DM in combination 

with coronary heart disease (37.0%) may indicate an 

increase in structural and geometric changes in the 

heart, contributing not only to a violation of the geo-

metric shape of the ventricle and an increase in the ten-

sion of its walls, but also to a further increase in myo-

cardial stress, which is accompanied by the progression 

of heart failure. 

LV remodeling in coronary heart disease in com-

bination with T2DM is based on hormonal, neurohu-

moral and metabolic processes, the triggering factors of 

which are insulin resistance and hyperinsulinemia. Ap-

parently, activation of the sympathoadrenal system, 

stimulation of renin and angiotensin II production, fol-

lowed by an increase in aldosterone formation, contrib-

utes to the transformation of the hyperkinetic variant of 

hypertension into a volume-dependent one, while hy-

pertrophic and proliferative processes leading to con-

centric LVH are complemented by processes of cardiac 

volume overload, which may contribute to eccentric 

LV remodeling, which also prevails in DM patients (in 

in the main group – 25%), in contrast to patients with-

out impaired carbohydrate metabolism (in the compar-

ison group – 16.6%). All this indicates the presence of 

additional metabolic and hormonal factors in the path-

ogenesis of disorders of the structure and function of 

the heart muscle in patients with type 2 diabetes melli-

tus. The study of the features of the structural and func-

tional restructuring of the left heart in patients with cor-

onary artery disease with type 2 diabetes should be 

taken into account in predicting cardiovascular risk. 
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