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Abstract

The article evaluates the structural and functional changes of the myocardium in patients with postinfarction cardiosclerosis, 
hypertension and type 2 diabetes depending on the systolic function of the left ventricle and the functional class of chronic heart 
failure. A study of 68 patients with postinfarction cardiosclerosis, hypertension and type 2 diabetes mellitus was performed. The 
comparison group included 60 patients with postinfarction cardiosclerosis, the control group - 30 almost healthy individuals. Type 
2 diabetes mellitus is a potentiator of left ventricular myocardial remodeling in patients with systolic dysfunction caused by postin-
farction cardiosclerosis. Comorbidity of postinfarction cardiosclerosis, arterial hypertension and type 2 diabetes mellitus leads to the 
progression of postinfarction remodeling.
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Introduction

Comorbidity is nowadays one of the most important problems 
of modern medicine. Given that the cardiovascular diseases (СVD) 
are in the lead in the mortality structure, the scientists’ attention is 
riveted on early diagnostics of СVD, improvement of the effective-
ness of primary and secondary prevention.

Ischemic heart disease (IHD), arterial hypertension (АH) and 
diabetes mellitus (DM) are the common diseases and their preva-
lence rate is constantly increasing [1].

АH prevalence in patients with 2 type DM is up to three 
times higher than in patients without DM, and their combination 

significantly increases the likelihood of СVD development [2-7]. 
The unfavorable interrelation between these two conditions can 
cause negative pathophysiological changes in the cardiovascular 
system, as it significantly accelerates the atherosclerosis processes. 
АH and 2 type DM have several common pathophysiological mech-
anisms, that justify the fact of their comorbidity. Insulin resistance 
(ІR), hyperinsulinemia, oxidative stress (ОS) activation and sub-
clinical chronic systemic low-intensity inflammation are the main 
best studied pathophysiological components [5,8]. 

The peculiarities of systolic and diastolic dysfunction in pa-
tients with IHD, after previous myocardial infarction (МI), caused 
by structural and functional changes of myocardium, geometry of 
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the left ventricle (LV), its remodeling, are currently considered de-
pending on the presence of complex of comorbide conditions and 
diseases, which, in the first instance include АH, 2 type DM [9-12].

The data collected on the role of structural and functional 
changes of myocardium in CVD pathogenesis due to the develop-
ment and progression of chronic heart failure (CHF) resulted in 
the formation of concept about the indicators geometry of the left 
ventricle, as a target for prevention and treatment of pathological 
processes, which implement СVD by means of LV remodeling, espe-
cially in patients after previous ІМ [13-16].

These provisions have substantiated a new trend of funda-
mental and clinical research, namely studying the mechanisms of 
participation of myocardium morpho-functional changes in the 
pathogenesis and development of systolic dysfunction and CHF in 
patients with IHD, AH and 2 type DM, as well as the methods of 
effective therapy. Especially since the very control of IHD clinical 
manifestations associated with DM, without correction of myocar-
dial remodeling, cannot be considered a successful clinical case.

The innovative trend is the study of structural and functional 
parameters of myocardium and the impact on these comorbide pa-
thology indicators, namely IHD, АH and 2 type DM, which aggravat-
ing effect is caused by the pathogenesis unity.

The study objective is the assessment of LV geometry parame-
ters in patients with postinfarction cardiosclerosis, АH and coexist-
ing 2 type DM depending on the LV systolic function and functional 
class (FC) of chronic heart failure (CHF).

In retrospect, the study included 68 patients with postinfarction 
cardiosclerosis, AH and coexisting 2 type DM. The mean age of the 
persons under examination was (64.38 ± 1.08) years, including 32 
men (47.0%) and 36 women (53.0%). The study did not involve 
patients with severe comorbidities of the respiratory, digestive, re-
nal system and cancer. The experimental group was composed of 
60 patients with postinfarction cardiosclerosis without diabetes, 
with the mean age of (63.47 ± 1.28) years - 32 men (53.3%) and 28 
women (46.7%). The groups were comparable in age and gender. 
The control group included 30 almost healthy persons; their mean 
age was (58.23 ± 1.36) years.

АH diagnosis, determination of АH stage was carried out 
according to the latest recommendations of the European Society 

of Cardiology (ESC), European Society of Hypertension (ESH) and 
International Society of Hypertension (ISH) [17-19].

All patients underwent general clinical and instrumental ex-
aminations. Echocardiographic examinations were carried out by 
standard method of Kh. Feigenbaum using RADMIR ultrasound 
equipment (Ultima PRO 30) (Kharkiv, Ukraine). The following LV 
parameters were determined in M-mode: end-diastolic dimension 
(EDD) (сm), end-systolic dimension (ESD) (сm), posterior wall 
thickness (LVPWT) (сm), interventricular septum thickness (IVST) 
(сm). LV end-diastolic volume (EDV) and systolic volume (ESV) 
(ml) were calculated by Simpson method (1991), then LV ejection 
fraction (EF) was computed (%). LV mass (LVM) was calculated by 
the formula of R. Devereux., et al. 1.04 × [(IVST+LVPWT+EDD)3] - 
[EDD]3 - 13.6. LV myocardium wall thickness index (LVMWTI) was 
calculated by the formula: LVMWTI=(LVPWTd+IVSTd)/EDD. LV 
mass index (LVMI) was calculated in relation to a patient’s growth: 
LVMI (g/m2)=LVM/BSA, where BSA is body surface area (m2). Also, 
the left atrium (LA) (сm) was determined by the dimension be-
tween LA posterior wall and posterior aortic wall in the paraster-
nal image along the long axis. The aorta (сm) was measured in the 
parasternal image along the long axis to the aortic axis in four plac-
es from the anterior border of proximal wall to the anterior border 
of distal wall at the end of systole and at the end of diastole. The 
aortic dimensions are indexed to the square root of the patient’s 
body surface area. For more accurate assessment of the geometric 
type of LV remodeling, relative posterior wall thickness (LVRPWT) 
and relative interventricular septum thickness (RIVST) were de-
termined separately, which allows to identify the asymmetric na-
ture of LV geometry by the formulas: LVRPWT = (2×LVPWT)/EDD 
and RIVST = (2×IVST)/EDD.

Statistical processing of the data obtained was carried out using 
the statistical software package Statistica 8,0 (StatSoft Inc, USA), 
Microsoft Office Exсel-2003. The quantitative characters at normal 
distribution were submitted in the form of the mean ± standard 
error of the mean (М ± m); in order to compare the means of two 
samples, Student’s t-test was used. For all types of test, the differ-
ences were considered statistically significant at р < 0.05.

Study results and their discussion

The comparison of cardiac hemodynamic indicators in the 
groups comparing patients with postinfarction cardiosclerosis and 
AH depending on the presence of 2 type DM showed the meaningful 
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changes of the following indicators: LVPWT, IVST, RIVST, LVRPWT, 
LVMI and LVMWTI (р ˂ 0.05). Тhus, LVPWT was greater by8.0%, 
IVST - by 9.5%, RIVST - by 24.0%, LVRPWT - by 30.0%, LVMI - by 
11.0%, аnd LVMWTI - by 15.0% (р < 0.05) in patients in case of the 
combination of postinfarction cardiosclerosis, АH and 2 type DM. 
Meanwhile, the mean values of indicators LVPWT, IVST, RIVST, LVR-
PWT, LVMI and LVMWTI exceeded their values in the experimental 
group, which is illustrative of the presence of LV hypertrophy in 
patients, particularly its concentric type, as well as it can be caused 
by the protracted АH.

Therefore, it is proved that 2 type DM is a predictor of LV con-
centric hypertrophy development in patients with postinfarction 
cardiosclerosis, which is a response of the heart to the prolonged 
load increase and microcirculatory disorders in myocardium; it 
also results in the complex structural and functional reorganization 
of the heart with mostly concentric remodeling and LV concentric 
hypertrophy with a tendency to decrease myocardial contractility.

In order to determine the specific effect of 2 type DM on the 
structural and functional state of the left ventricle, the study groups 
were compared depending on EF. Table 1 shows the data of the ex-
amined patients depending on EF.

As expected, the patients with reduced EF (≤ 45.0%) compared 
with patients with preserved EF (> 45.0%) showed records of the 
probable increase in ESD by 29.49% (р < 0.05), EDD - by 30.24% (р 
< 0.05), LVMI - by 14.91% (р < 0.05), EDV - by 18.80% (р < 0.05), 
ESV - by 22.49% (р < 0.05), LVM - by 17.71% (р < 0.05), LA dimen-
sions - by 32.32% (р < 0.05) and aorta diameter- by 28.13% (р < 
0.05). At the same time, no significant differences were found be-
tween the groups in the ratio of IVST and LVPWT (р > 0.05). These 
results allow making a conclusion that patients with postinfarction 
cardiosclerosis, AH and 2 type DM with reduced EF have more pro-
found disorders of LV myocardium structure and function.

Table 2 shows structural and functional parameters of LV in pa-
tients with postinfarction cardiosclerosis, AH and coexisting 2 type 
DM depending on CHF FC.

Indicator EF˃45.0 % 
(n = 35)

EF˂45.0 % 
(n = 35)

Р

Age, year 62.45 ± 1.02 65.61 ± 1.03 ˃0.05
ESD, сm 3.18 ± 0.10 4.51 ± 0.08 ˂ 0.05
EDD, сm 5.26 ± 0.10 7.54 ± 0.11 ˂ 0.05
LVPWT, сm 1.47 ± 0.02 1.49 ± 0.03 ˃0.05
IVST, с, 1.45 ± 0.03 1.47 ± 0.02 ˃0.05
LVMI, g/m2 159.30 ± 4.32 135.54 ± 4.51 ˂0.05
EDV, ml 150.50 ± 3.46 185.34 ± 3.73 ˂0.05
ESV, ml 76.66 ± 1.90 98.90 ± 2.10 ˂0.05
LVM, g 243.22 ± 6.80 295.57 ± 7.20 ˂0.05
LA, cm 3.56 ± 0.06 5.26 ± 0.08 ˂0.05
Aorta, сm 2.76 ± 0.04 3.84 ± 0.04 ˂0.05

Таble 1: Characteristics of the structural and functional state of 
the left ventricle in patients with postinfarction cardiosclerosis, 

АH and 2 type DM, М ± m.

Indicator Group, number of patients Р
ІІ FC CHF, 

n = 22
ІІІ FC CHF, 

n = 29
IV FC CHF, 

n = 17
EDV, ml 149.46 ± 

2.53
163.36 ± 

2.33
189.45 ± 

2.76
р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

ESV, ml 75.81 ± 
1.71

82.16 ± 1.52 105.37 ± 
1.46

р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

EDD, сm 5.54 ± 
0.09

6.11 ± 0.04 7.52 ± 0.07 р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

ESD, сm 3.12 ± 
0.04

3.76 ± 0.08 4.65 ± 0.05 р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

EF, % 51.57 ± 
0.91

49.64 ± 1.23 43.18 ± 
1.23

р1-2˃0.05
р1-3˂0.05
р2-3˂0.05

LVPWT, сm 1.48 ± 
0.04

1.50 ± 0.02 1.47 ± 0.05 р1-2˃0.05
р1-3˃0.05
р2-3˃0.05

IVST, сm 1.43 ± 
0.02

1.49 ± 0.04 1.46 ± 0.01 р1-2˃0.05
р1-3˃0.05
р2-3˃0.05
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Analysis of the study results of central hemodynamics in pa-
tients with postinfarction cardiosclerosis, AH and coexisting 2 
type DM depending on CHF FC showed that with CHF progres-
sion there was a probable increase in EDV, ESV, EDD, ESD levels, 
LA, LVM and LVMI dimensions, as well reduction of EF (р < 0.05). 
As for such indicators as LVPWT, IVST, aorta dimension and LVM-
WTI, no significant differences were found depending on CHF FC 
(р > 0.05). Thus, the patients with CHF IV FC developed associated 
with postinfarction cardiosclerosis, АH and 2 type DM have EDV 
greater by 13.77% and 21.11%, ESV - by 22.03% and 28.05%, EDD 
- by 18.75% and 26.33%, ESD - by 19.14% and 32.9%, LA dimen-
sion- by 14.57% and 20.96%, LVM - by 7.73% and 21.5%, LVMI - by 
20.24% and 26.12% compared to the patients with III FC CHF and 
II FC CHF correspondingly (р < 0.05). EF, in contrast, tended to de-
crease in patients with II FC CHF compared to patients with III FC 
CHF, but no significant differences were found (р > 0.05). Whereas 
the patients with IV FC CHF have EF significantly lower by 13.01% 
and 16.27%, than patients with III FC CHF and II FC CHF corre-
spondingly (р < 0.05).

Therefore, the increase in CHF FC in patients with postinfarc-
tion cardiosclerosis was associated with the progression of LV hy-

pertrophy, decreased inotropic myocardial function, increased di-
mension and volume of LV cavity, deterioration of functional status, 
which is undoubtedly a consequence of the underlying disease and 
2 type DM.

The results we obtained do not contradict with the results of 
other researchers [20-23] and make it possible to state that the 
mechanisms underlying the disease are associated with impaired 
glucose and insulin metabolism, leading to LV remodeling in pa-
tients with postinfarction cardiosclerosis, АH and 2 type DM.

Conclusion

•	 Type 2 diabetes mellitus is a potentiator of left ventricular 
myocardial remodeling in patients with systolic dysfunc-
tion caused by postinfarction cardiosclerosis. 

•	 Comorbidity of postinfarction cardiosclerosis, arterial 
hypertension and type 2 diabetes mellitus leads to the in-
creasing difficulty of postinfarction remodeling associated 
with increase in the functional class of chronic heart fail-
ure.

LA, сm, 3.96 ± 
0.12

4.28 ± 0.09 5.01 ± 0.11 р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

Аorta, сm 3.28 ± 
0.04

3.30 ± 0.06 3.33 ± 0.03 р1-2˃0.05
р1-3˃0.05
р2-3˃0.05

LVM, g 234.32 ± 
5.70

275.44 ± 
6.30

298.51 ± 
5.20

р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

LVMWTI 0.52 ± 
0.08

0.51 ± 0.06 0.54 ± 0.01 р1-2˃0.05
р1-3˃0.05
р2-3˃0.05

LVMI, g/m2 128.53 ± 
5.09

138.76 ± 
4.46

173.97 ± 
6.11

р1-2˂0.05
р1-3˂0.05
р2-3˂0.05

Таble 2: Structural and functional parameters of LV in patients 
with postinfarction cardiosclerosis, АH and coexisting 2 type DM 

depending on CHF FC, М ± m.
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