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AbsTrAcT

The combination of essential hypertension and type 2 diabetes is the most aggressive in the 
context of cardiovascular morbidity and mortality. Metabolic determinants of type 2 diabetes 
potentially run a pathophysiological cascade leading to endothelial dysfunction, cardiac remod-
eling and vascular immunoinflammatory activation and apoptotic processes. 

The research, which aimed to assess the contribution of type 2 diabetes to the development of 
cardiac and vascular remodeling in patients with essential hypertension, was carried out. The 
study involved 180 examined patients: 107 patients with essential hypertension in combination 
with type 2 diabetes and 73 patients with essential hypertension without type 2 diabetes. 

Our findings showed that patients with essential hypertension and type 2 diabetes were char-
acterized by preserved systolic function of the left ventricle and, compared to patients without 
type 2 diabetes, more pronounced predominance of concentric (67.3%) and eccentric (17.8%) 
hypertrophy of the left ventricle, which are the worst cases of remodeling. In patients with es-
sential hypertension in combination with type 2 diabetes, the degree of left ventricle diastolic 
dysfunction was more pronounced than in nondiabetic patients. Diastolic dysfunction type viola-
tions of the left ventricle relaxation were present in 100% of patients with essential hypertension 
without type 2 diabetes, while in 13.1% of patients with type 2 diabetes heavier pseudonormal 
type of the left ventricle diastolic dysfunction was diagnosed. 

The distinctive feature in the group of patients with a combination of essential hypertension 
and type 2 diabetes compared with a group of patients with essential hypertension without type 
2 diabetes were significantly higher values of intima-media thickness, pulse wave velocity in 
carotid arteries and abdominal aorta, as well as a significantly lower value of endothelium-de-
pendent vasodilation. 
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is expected up to 380 million people. It was found 
that in type 2 diabetes the risk of developing cardio-
vascular events increased 2-4 times [Bagry H. et al., 
2008; Butrova S., 2012]. The presence of type 2 dia-
betes potentiates development of cardiovascular 
diseases, including atherosclerosis, coronary heart 
disease, as well as their complications [Colwell J., 
2011; Demidova T., 2011]. 

The combination of arterial hypertension and 
type 2 diabetes is the most aggressive case in the 
context of cardiovascular disease and mortality. El-
evated blood pressure was recorded in 65-80% of 
patients with type 2 diabetes [Ryden L. et al., 2007; 
Nicholls S. et al., 2008]. In 50-70% patients with 
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IntroductIon

In recent decades type 2 diabetes has adopted the 
worldwide scale of noninfectious epidemic. Type 2 
diabetes along with arterial hypertension and obe-
sity make the top three most common diseases in the 
world [American Diabetes Association, 2011; Kova-
lenko V., Karnatskyi V., 2013]. According to World 
Health Organization forecasts, by 2025 the growth 
in number of patients suffering from type 2 diabetes 
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type 2 diabetes the disorders of carbohydrate me-
tabolism developed on the background of already 
existing hypertension. Metabolic determinants of 
type 2 diabetes are potentially able to run patho-
physiological cascade leading to endothelial dys-
function, cardiac remodeling and vascular immuno-
inflammatory activation and apoptotic processes 
[Dandona P. et al., 2005; Trelskaya N. et al., 2011].

According to the literature, arterial hyperten-
sion might be both the consequence, and, probably, 
the cause of type 2 diabetes [Shimamoto K., Miura 
T., 2009; Mankovsky B., 2012]. The main link in 
the pathogenesis of arterial hypertension in type 2 
diabetes is the insulin resistance followed by the 
hyperinsulinemia resulting from this state [Shoel-
son S. et al., 2006; Mankovsky B., 2012]. 

Recently it has been believed that insulin resis-
tance is the independent risk factor of dyslipid-
emia, systemic inflammation, oxidative stress 
[Shoelson S. et al., 2006]. Atherosclerosis, which 
is developing in patients with type 2 diabetes, has 
several features: it starts 8-10 years earlier com-
pared to type 2 diabetes-free patients; atheroscle-
rosis forms already at the stage of impaired glu-
cose tolerance, it progresses much faster and pro-
ceeds in a more severe form, the atherosclerotic 
lesion has bilateral polysegmental nature and is 
frequently localized in vessels of mean diameter 
[Dandona P. et al., 2005; Demidova T., 2011]. 

Experimental and clinical studies established 
that the presence of type 2 diabetes adversely af-
fects myocardial function, even in the absence of 
atheromatous lesions of coronary vessels. Cardiac 
dysfunction in type 2 diabetes occurs in the form 
of heart failure, as well as subclinical violations of 
contractile capacity and filling of the left ventricle 
(LV). These observations made to believe: diabe-
tes is the cause of a particular cardiomyopathy 
leading to dysfunction of the LV and heart failure 
development [Nicholls S. et al., 2008; Trelskaya N. 
et al., 2011]. According to some authors, in type 2 
diabetes morphologically marked diffuse myocar-
dial damage, left ventricular hypertrophy and im-
paired myocardial contractility are observed [Shi-
mamoto K., Miura T., 2009; Colwell J., 2011]. 
Other authors consider cardiomyopathy develop-
ment with reducing the rate of myocardial diastolic 
relaxation a major pathophysiological feature of 
myocardial injury in diabetic patients [Syed Abdus 

Saboor Aftab, 2009; Kobalava J., 2011]. Chronic 
heart failure is combined with type 2 diabetes in 
33% of patients [Kovalenko V., Karnatskyi V., 
2013]. The association of these two pathologies 
significantly aggravates the course of each one. 

Many studies have shown that the type of 
changes in geometry affects the disease course. At 
the same time there are conflicting data on the 
prevalence of a particular type of remodeling in 
patients with arterial hypertension and type 2 dia-
betes, as well as its influence on the severity of 
comorbid pathology and prognosis of patients 
[Dandona P. et al., 2005; Kobalava J., 2011]. It is 
proved that reduction of LV geometry disorder-re-
lated signs during antihypertensive therapy is ac-
companied by significant reduction in the risk of 
cardiovascular events and mortality [American 
Diabetes Association, 2011; Mankovsky B., 2012]. 

Recently published results of clinical and experi-
mental studies suggest that insulin resistance causes 
violation in physiological mechanisms of vasodila-
tion [Bagry H. et al., 2008; Mayorov A., 2011]. The 
effect of insulin on the endothelium is mediated by 
its own receptors and is realized through a multi-
level signal transduction system associated with in-
creased synthesis of nitric oxide [Ryden L. et al., 
2007]. In patients with essential hypertension (EH) 
and the accompanying type 2 diabetes, under insu-
lin resistance the nitric oxide-induced endothelium-
dependent vasodilation (EDVD) significantly re-
duces [Nicholls S. et al., 2008]. 

Thus, the analysis of literature shows that de-
spite the advances in the study of comorbid pathol-
ogy – EH and type 2 diabetes ‒ the mechanisms of 
heart and blood vessels impairment development 
and progression in the specified patients remain 
not fully clarified.

The aim of the study was to assess the contribu-
tion of type 2 diabetes to the development of heart 
and blood vessels remodeling in patients with EH.

MAterIAl And Methods 

At the Department of Therapy and Nephrology 
of Kharkiv Medical Academy of Postgraduate Ed-
ucation 180 patients, who gave written informed 
consent to participate in the study and met the 
entry/inclusion criteria, were examined. Group 1 
involved 107 patients with EH in combination with 
type 2 diabetes, Group 2 included 73 patients with 
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EH without type 2 diabetes. Both groups were 
matched for age, sex, EH stage, arterial hyperten-
sion grade, functional class of the chronic heart 
failure. The control group consisted of 20 healthy 
individuals (EH and type 2 diabetes were excluded 
on the basis of complex clinical and instrumental 
examinations). 

Patients inclusion criteria: 
- EH stage II, grade 2; 
- type 2 diabetes moderate, subcompensated; 
- chronic heart failure of the I-II functional class; 
- normal weight: body mass index – 18-24.9 kg/m2; 
- overweight: body mass index – 25-29.9 kg/m2; 
- I degree obesity: body mass index – 30-34.9 kg/m2; 
- abdominal obesity, according to International 

Diabetes Federation criteria [Zimmert P., Al-
berti G., 2005]: waist circumference > 94 cm 
for men and > 80 cm for women; 

- normal glomerular filtration rate; 
- normocreatininemia; 
- absence of proteinuria (only microalbuminuria 

admissible); 
- patient age: 40-55 years; 
- established disease duration: EH of 8-12 years, 

type 2 diabetes – 3-7 years; 
- irregular intake of antihypertensive drugs. 

Patients exclusion criteria: 
- presence of comorbidity in patients with EH and 

type 2 diabetes (acute coronary syndrome, 
postinfarction cardiosclerosis; arrhythmias and 
conduction disorders; rheumatic heart disease;

systemic connective tissue diseases; cancer dis-
eases; symptomatic hypertension; thyroid dis-
eases, acute inflammation); 

- type 1 diabetes; 
- EH stage III, grade 3; 
- chronic heart failure of the III-IV functional 

class; 
- type 2 diabetes in mild and severe forms of com-

pensation and decompensation phases; 
- insulin therapy in patients with type 2 diabetes; 
- I-III degree obesity; 
- reduced glomerular filtration rate; 
- proteinuria; 
- patient age below 40 and above 55 years;
- echonegativity; 
- patients refusal to be involved in the study.

Ultrasound examinations were performed on 
cardiac ultrasound scanner (“ULTIMA RA” 

“RADMІR” Co., Ukraine) in one-, two-dimen-
sional and Doppler modes with color mapping by 
conventional methods. Volumes of the left and 
right atrium, end-systolic diameter and end-dia-
stolic diameter, end-diastolic pressure, ventricular 
ejection fraction, index of relative wall thickness 
(IRWT), myocardial mass index (MMI) of the LV 
were estimated.

The left ventricular hypertrophy was diagnosed 
at MMI of 115 g/m2 or above in men and 95 g/m2 or 
above ‒ in women. The LV geometry was consid-
ered unchanged at IRWT ≤0.42 conventional units 
(c.u.) and normal MMI. At IRWT >0.42 c.u. and 
normal LV geometry the MMI change was consid-
ered as concentric remodeling, at IRWT >0.42 c.u. 
and an increase in MMI – concentric hypertrophy, 
at IRWT ≤0.42 c.u. and MMI increase – eccentric 
hypertrophy [Syrenko Y., 2013]. The LV diastolic 
function was assessed by the study of blood flow 
in the pulmonary artery and transmitral diastolic 
flow in the pulsed Doppler mode with the determi-
nation of the following parameters: maximum rate 
of early LV filling (E, m/s), the maximum rate of 
late (atrial) LV filling (A, m/s), the ratio of the 
maximum rate of early and late LV filling (E/A), 
left ventricular isovolumic relaxation time (IVRT, 
ms), deceleration time (DT, ms) of early diastolic 
flow rate, the average pulmonary arterial pressure 
(PAP) according to A. Kitabatake and associates 
[Kitabatake A. et al., 1983], while at spectral and 
tissue Doppler modes we determined: maximal ve-
locity of the mitral valve fibrous ring movement to 
the early diastole (e, m/s), the ratio of early dia-
stolic filling of the LV and the maximal rate of the 
mitral valve fibrous ring movement to the early 
diastole (E/e). 

For the study of endothelial function in all pa-
tients, the determination of EDVD degree in reac-
tive hyperemia was conducted. Investigations were 
carried out with the help of broadband linear trans-
ducer 5-12 MHz Doppler color mapping thrice on 
the left and right brachial arteries with 15-minute 
intervals between sampling by the method of D. 
Celemajer and co-workers [Celemajer D. et al., 
1992] in modification of O.V. Ivanova. Normally, 
the maximum vasodilation of the brachial artery 
should exceed 10% of the original diameter. Si-
multaneously, we measured the intima-media 
thickness (IMT) of the carotid arteries (CA) 2 cm 



36

The New ArmeNiAN medicAl JourNAl, Vol.8 (2014), No 2, p.  shAlimovA A.s. 33-39

with type 2 diabetes was higher than in nondia-
betic patients (p<0.05).

In all patients with type 2 diabetes and in the 
vast majority of patients with EH without type 2 
diabetes (94.5%) left ventricular hypertrophy was 
observed (Table 2). In patients with EH without 
type 2 diabetes hypertrophic (concentric and ec-
centric hypertrophy) and nonhypertrophic (con-
centric remodeling) LV remodeling options were 
almost equally recorded. Predominant types of re-
modeling in patients with EH without type 2 diabe-
tes were concentric remodeling (43.8%) and con-
centric hypertrophy (41.1%). At the same time, in 
the absolute majority of patients with EH and type 
2 diabetes the hypertrophic LV remodeling options 
dominated ‒ concentric (67.3%) and eccentric 
(17.8%) hypertrophy ‒ which are prognostically 
unfavorable types of remodeling [Nicholls S. et al., 
2008; Kobalava J., 2011]. 

proximal to the bifurcation of the common CA. 
Pulse wave velocity (PWV) of the CA was deter-
mined through W-Track-method (method of phase 
tracking patented by the scanner manufacturers). 
Determination of the abdominal aortic PWV (on 
the left subclavian artery to the femoral artery) was 
performed using a phased transducer with a fre-
quency of 2-4 MHz.

Statistical data processing was performed using 
“Statistics for Windows. 6.0” software package.

results And dIscussIon

The study revealed that both groups of patients 
were characterized by preserved LV systolic func-
tion, as evidenced by the values of LV ejection 
fraction in the normal range (Table 1). In both 
groups IRWT and MMI values were significantly 
(p<0.05) higher than the levels of these indicators 
in the control group. The level of MMI in patients 

TAble 1.
Structural-and-functional changes in the myocardium of studied patients

Index Group 1 
(n=107)

Group 2 
(n=73)

Control group 
(n=20)

left atrium, ml 49.05±0.81* 42.11±0.79 39.91±0.73
right atrium, ml 44.09±0.78* 41.02±0.77* 35.11±0.76
end-diastolic diameter, mm 50.3±0.79 49.1±0.78 45.3±0.78
end-systolic diameter, mm 34.1±0.76 33.8±0.79 29.9±0.75
end-diastolic pressure, mm Hg 12.63±0.29 12.02±0.26 11.36±0.23
ejection fraction,% 62.09±1.23 61.25±1.24 66.07±1.27
index of relative wall thickness, c.u. 0.51±0.005* 0.52±0.005* 0.34±0.004
myocardial mass index, g/m2 155.18±5.57* 132.27±5.3 º,* 78.32±4.86
Notes: * – difference between all groups and control group is reliable; º – difference between the 
first and second groups is reliable. 

TAble 2.
Remodeling types in studied patients

Index Group 1 
(n=107)

Group 2 
(n=73)

Control group 
(n=20)

left ventricular hypertrophy, % 100 94.5 5*

Normal geometry of left ventricle, % — 5.5 95*

Concentric hypertrophy, % 67.3* 41.1 º,* —
Eccentric hypertrophy, % 17.8* 9.6 º,* —
Concentric remodeling, % 14.9* 43.8 º,* 5*

Notes: * – difference between all groups and control group is reliable; º – difference 
between the first and second groups is reliable. 
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Analysis on the diastolic function of the heart 
demonstrated that both groups of patients were dif-
ferent from the control group in values of A, E/A, 
IVRT, and DT (p<0.05) (Table 3). Mean PAP in 
patients with EH and type 2 diabetes was signifi-
cantly higher than in patients with EH without type 
2 diabetes (p<0.05) and the control group patients 
(p<0.01). As to integral indicator of diastolic func-
tion, both groups significantly differed from the 
control group, but the values of E/e were higher in 
patients with EH and type 2 diabetes (p<0.05) than 
in patients with EH without type 2 diabetes.

In all patients with EH without type 2 diabetes 
diastolic dysfunction of the heart was represented 
by the type of impaired relaxation, whereas in pa-
tients with EH and type 2 diabetes the severity of 
diastolic dysfunction was greater. Thus, in 86.9% 
of patients with EH and type 2 diabetes the initial 
changes in diastolic function were observed in the 
form of impaired relaxation, while 13.1% patients 
had pseudonormalization of the blood flow. 

Evaluation of the structural-and-functional 

state of the great vessels in patients of both groups 
showed changes in the vascular wall, which were 
apparent through the increase in IMT, PWV of the 
CA and PWV of abdominal aorta, as well as lower 
power of EDVD, which significantly (p<0.05) dif-
fered these groups from the control one (Table 4). 
The revealed changes can be attributed to the acti-
vation of mediators of sympathoadrenal and renin-
angiotensin-aldosterone systems, which leads to 
endothelial damage, thickening of the intima-me-
dia, rearrangement of intima-media and adventitia 
architectonics, increased rigidity of the vascular 
wall, and in the end – to the acceleration of the 
pulse wave [Nicholls S. et al., 2008; Syed Abdus 
Saboor Aftab, 2009].

Significantly higher values of IMT, PWV of the 
СА, and PWV of the abdominal aorta at EDVD 
significantly lower magnitude (p<0.05) were dis-
tinctive features in the group of patients with EH 
and type 2 diabetes compared to hypertensive pa-
tients without diabetes. The specified changes in 
patients with EH and type 2 diabetes might be ex-

Table 3.
State of diastolic function in studied patients

Index Group 1 
(n=107)

Group 2 
(n=73)

Control group 
(n=20)

Е, m/s 0.68 ± 0.09 0.66 ± 0.08 0.67 ± 0.07
А, m/s 0.71 ± 0.1* 0.68 ± 0.08* 0.59 ± 0.08
Е/А 0.96 ± 0.03* 0.98 ± 0.02* 1.14 ± 0.02
IVRT, ms 85.9 ± 2.84* 94.6 ± 2.87 º,* 73.4 ± 2.62
DT, ms 212.5 ± 6.19* 226.4 ± 7.53 º,* 196.8 ± 4.56
PAP, mm Hg 17.62±0.8* 13.86±0.8 º 11.68±0.7
Е/е, c.u. 8.73±0.09* 7.14±0.08 º,* 5.38±0.08
Notes: * – difference between all groups and control group is reliable; º – difference between the first and 
second groups is reliable. 

Table 4.
Structural and functional state of the main vessels patients studied

Index Group 1 
(n=107)

Group 2 
(n=73)

Control group 
(n=20)

intima-media thickness, mm 0.82±0.006* 0.75±0.005 º,* 0.66±0.005
carotid arteries pulse wave velocity, m/s 8.50±0.74* 7.83±0.64 º,* 6.07±0.56
abdominal aorta  pulse wave velocity, m/s 8.12±0.61* 7.08±0.62 º,* 6.36±0.45
 endothelium-dependent vasodillation., % 6.41±0.49* 8.94±0.56 º,* 13.24±0.94
Notes: * – difference between all groups and control group is reliable; º – difference between the 
first and second groups is reliable. 
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more pronounced than in nondiabetic patients. Di-
astolic dysfunction type violations of the LV relax-
ation were present in 100% of patients with EH 
without type 2 diabetes, while 13.1% of patients 
were diagnosed with type 2 diabetes heavier 
pseudonormal type of the left ventricle diastolic 
dysfunction.

Changes in the vascular wall in EH patients 
with and without type 2 diabetes manifested an in-
crease of IMT, PWV of the CA and abdominal 
aorta, lower power EDVD. Distinctive features of 
the group of patients with a combination of EH and 
type 2 diabetes ‒ compared with a group of hyper-
tensive patients without type 2 diabetes ‒ were sig-
nificantly higher values of IMT, PWV of the CA, 
abdominal aorta PWV and a significantly lower 
EDVD value.
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