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Abstract

Objective. Our study aimed to evaluate myocardial structural and functional features in patients with coronary
artery disease (CAD] and type 2 diabetes mellitus (T2DM) compared with patients with CAD without T2DM.

Methods. The comparative cohort study included 82 men and 68 women with 2-3 classes of angina. Patients were
divided into 4 groups based on the presence of T2DM and their gender. Glycemic status and lipid profile param-
eters were assessed in all patients. Invasive and non-invasive procedures were performed to assess myocardial
and coronary artery structure.

Results. Transthoracic echocardiogram (TTE] and electrocardiography (ECG) detected left ventricular hypertro-
phy [LVH) in 57 % of men with CAD and T2DM compared to 35 % in those without T2DM. Hypokinetic segments of
myocardium were identified on average in 35 % of patients (39 % men and 34 % women) with CAD and T2DM while
in patients without T2DM, hypokinesis was detected in 27 % of cases [30% men and 23 % women). Stenosis of
the right coronary artery was detected in 30 % of patients with T2DM and in 25 % of patients without T2DM. The
frequency of coronary artery stenosis in distal segments in patients with T2DM was 3 times higher relative to the
non-diabetic group (43 % vs 14 % in men; 47 % vs 16 % in women).

Conclusion. LV hypertrophy, hypokinetic segments of myocardium and coronary artery stenosis are more pre-
dominantly observed in CAD patients with T2DM than in those without T2DM. This should be considered during
treatment.
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Introduction

T2DM is one of the top five diseases with various
complications among adults around the world [1].
Experts note its continuous growth in both developed
(USA) and developing countries (India, China, Mexico,
etc.). According to World Health Organization (WHO),
Russia is included in the top ten countries with the
highest risk of T2DM. In general, the prevalence of
T2DM is from 8 to 10% [2]. The decrease in average
age at the onset of T2DM, potentially associated with
lifestyle changes, is of particular concern [3].

Vascular lesions and primarily macrovascular
complications predominate among the patients with
complications and fatal outcomes of T2DM [4].

It is known that there are 3 types of myocardial
damage in patients with T2DM: atherosclerotic coro-
nary lesion, diabetic (metabolic) cardiomyopathy and
autonomic neuropathy [2]. Coronary Artery Disease
(CAD] is the main cause of death and complications in
patients with T2DM [5]. Given these findings, experts
tend to consider T2DM as an equivalent to CAD [2].
In addition to the severity of CAD, it is necessary to
emphasize the frequency of silent myocardial isch-
emia in patients with T2DM [6, 7]. Prospective studies
have shown that glycemic status is directly associated
with macrovascular complications and the prognosis
(8,91.

CAD diagnosis in patients with T2DM, include both
invasive and non-invasive methods. This allows to de-
termine further management strategies for patients
with CAD and T2DM [10].

Complex assessment of clinical and anatomi-
cal myocardial features will allow us to estimate
the prognosis and to develop secondary prophylaxis
measures in patients with high risk of cardiovascular
complications.

Comparative cohort study on myocardial structure
and function was performed using invasive and non-
invasive procedures to assess the state of myocar-
dium in patients with CAD and T2DM.

Materials and methods

The clinical cross-sectional study after the initial
screening (n=180) included 82 men and 68 women
with 2-3 classes of angina severity according to the
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Canadian Cardiovascular Society Angina Grading
Scale (1976), who were admitted to the cardiology
department of the Domodedovo Central City hospital
(Moscow region, Russial. Patients were divided into 4
groups based on the presence of T2DM and gender:
group 1—men with T2DM (n=42), group 2—women
with T2DM (n=38), group 3— men without T2DM [n=
40), group 4 —women without T2DM (n=30). All pa-
tients were diagnosed with CAD. The exclusion crite-
ria were: stages 2-4 of chronic heart failure, chronic
kidney disease, chronic liver failure, life-threatening
heart rhythm disturbances, hypertrophic cardiomy-
opathy, severe valvular heart disease, type 1 diabe-
tes mellitus, decompensation of T2DM, oncology and
blood disorders.

All patients underwent questioning on socio-
demographic parameters as well as biological and
behavioral risk factors. Patients underwent instru-
mental and laboratory investigations: blood pres-
sure, resting heart rate, anthropometric parameters
(waist circumference, body weight and height with the
calculation of body mass index], glycemic status, and
lipid profile parameters measurement.

We performed the following invasive and non-in-
vasive studies to determine structural and functional
parameters of the myocardium and coronary arter-
ies: standard 12-lead ECG at rest (Schiller AT-10 plus,
Switzerland]), M- and B-modes TTE (Acuson-128Xp,
Siemens, Germany), and invasive coronary angiogra-
phy (CAG) using GE Innova 4100 apparatus, manufac-
tured in the USA. We also performed polypositional
selective CAG of left coronary artery in five standard
positions and right coronary artery in three standard
positions. We used the Sokolow-Lyon criteria (SV1+
RV5>3.5 mB, RaVL> 1.1 mB) and the Cornell voltage
index (>244 mBxmsec) for the diagnosis of LVH us-
ing ECG, as well as left ventricular mass index by TTE
(>115 g/m2in men, and> 95 g/m2 in women).

CAD and the history of myocardial infarction were
determined via medical examination, as well as ECG
and TTE criteria. The presence of pathological Q or
QS wave, ST segment elevation and inverted T wave
(along with cardio specific enzymes) were considered
as ECG signs of myocardial infarction, inverted T wave
with horizontal or oblique ST segment depression —
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as CAD. The following parameters were evaluated
during CAG: stenosis by segments, by localization, by
the degree of narrowing and the frequency of vascu-
lar lesions. Informed consent was obtained from all
participants prior to the study.

The diagnosis of T2DM was based on patient’s his-
torical data, clinical examination, the fasting blood
glucose level (over 110 mg/dL for capillary blood, over
126 mg/dL — for venous blood], glycated hemoglobin
(>6,5%) according to WHO criteria (1999-2013).

Data entry was carried out using ACCESS MS
OFFICE system, editing and statistical processing was
performed using statistical software SAS version 9.4
(Statistical Analysis System, SAS Institute Inc., USA).
Standard criteria were used to determine statistical
significance: chi-squared test, Student’s t-test for 2
samples and Fisher’s exact test for variances. The cho-
sen significance level for all tests was set as p<0.05.

Results
Age distribution did not differ significantly among 4
studied groups, and, therefore, could not affect out-
comes among groups of patients with and without
T2DM. Sociodemographic indicators were also com-
parable between analyzed groups, with the exception
of body mass index, that was significantly higher in
patients with T2DM (p<0.05), regardless of gender
(table 1). Patients with T2DM had hyperglycemia as
the level of glycated hemoglobin was by 25% high-
er compared with patients without T2DM (p<0.01).
Smoking rates were lower in men with T2DM com-
pared with non-diabetic group (p<0.05).

According to the results of TTE and ECG at rest, LVH
was detected in 57 % of men with CAD and T2DM and

was 1.5 times lower (35%, p<0.05) in non-diabetic
group. We did not reveal statistically significant dif-
ferences in the frequency of LVH between women
with and without T2DM —40% and 33 %, respectively
(Figure 1).
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Figure 1. The prevalence of LVH.

LVH — left ventricular hypertrophy, CAD — coronary artery disease,
T2DM —type 2 diabetes mellitus, 2p< 0.05 from the result of
comparison with other groups.

Hypokinesis of individual myocardial segments ac-
cording to TTE was detected in 36 % of patients with
CAD and T2DM (39 % of men and 34 % of women) and
in 26% of patients without T2DM (30% of men and
23% of women). These differences were not statisti-
cally significant.

According to TTE data, left ventricular ejection frac-
tion was significantly lower in men and women with
T2DM compared with those without T2DM (51.9+1.2%
and 53.4+1.2%, p<0.05).

Table 1. Clinical characteristics of study patients

Groups CAD with T2DM, CAD with T2DM, CAD without T2DM, CAD without T2DM,
men women men women
(n=42) (n=38) (n=40) (n=30)
Age, years 56.910.8 58.411.1 57.1£1.1 59.1£1.9
Employment status Unemployed Unemployed Unemployed Unemployed
15 (36 %) 9 (24.%) 13 (32%) 8 (27 %)
Smoking 10 (24 %) 4(10%) 18 (45 %)* 5 (17 %)
Body mass index, kg/m? 29.1+0.5* 30.8+0.7* 27.310.7 28.4£0.5
HbAc1, % 8.4+0.13** 8.1+0.12* 6.10.1 5.9:0.1
Arterial hypertension 31 (74%) 26 (69 %) 28 (70%) 19 (67 %)
Average CAD duration, years 6.420.5 6.1£0.3 5.920.5 5.2+0.4
Average T2DM duration, years 8.2+0.7 7.4x0.4 - -
Antihypertensive therapy (sartans, ACE inhibitors, 57.1% 63.1% 55% 63.3%
beta blockers, calcium antagonists, diuretics)
Statin therapy (atorvastatin, rosuvastatin) 35.7% 44.7% 30% 40%
Antiplatelet agents (aspirin, clopidogrel) 80.9 % 81.6% 80% 83.3%
Hypoglycemic agents, including insulin therapy 59.5% 73.6% - -
(metformin, sulfonylureas medications)

ACE inhibitors — angiotensin-converting-enzyme inhibitors, CAD — coronary artery disease, T2DM — type 2 diabetes mellitus, ‘p< 0.05,
“p<0.01 from the result of comparison between patients with and without T2DM in the same sex group.
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Present study included patients who underwent di-
agnostic CAG with possible further revascularization.
The following parameters were assessed: frequency
of stenosis by segments, by localization, by the degree
of narrowing and the frequency of vascular lesions.

According to CAG, 69 % of men and 50% of women
had stenosis of the anterior interventricular branch
of left coronary artery (p<0.05 compared with men
without T2DM). Stenosis was revealed in 48% and
32% of men and women from non-diabetic groups,
respectively. Stenosis of the right coronary artery
was detected in 30% of patients with T2DM and in
25% of patients without T2DM. The stenosis rates of
more than 2 coronary arteries were comparable be-
tween groups (54 % in patients with T2DM and 45%
in patients without T2DM). The frequency of distal
coronary artery segments stenosis in patients with
T2DM was 3 times higher compared with patients
without T2DM (p<0.05] (Figure 2).
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Figure 2. The prevalence of distal segment CAD.
T2DM —type 2 diabetes mellitus, 2 p<0.05 from the result of
comparison with patients without T2DM in the same sex groups.

Discussion

This study was cross-sectional and aimed to estimate
complex clinical and anatomical changes in the myo-
cardium in patients with T2DM. Therefore, we per-
formed comparative analysis of groups of patients
with and without T2DM. The groups of patients were
comparable by age. In order to assess gender differ-
ences, we also compared groups by gender. Thus, the
study included 4 groups of patients.

The issue of the study is relevant as the number
of patients with acute and chronic CAD among those
with T2DM is constantly increasing worldwide [5,
9]. According to the data of multicentral Euroaspire
study, the number of new T2DM cases increased
when the control of hypercholesterinemia and arte-

rial hypertension significantly decreased compared
with previous follow-up studies. In other words, car-
diometabolic disturbances and T2DM in particular
seem to be the main cardiovascular disease risk fac-
tors [2].

Complex assessment of myocardial changes in pa-
tients with T2DM is important for the development of
complex measures for the prevention of cardiovascu-
lar diseases.

The analyzed groups differ by body mass index that
indicates the association between overall obesity and
T2DM. Lower number of smokers among patients
with T2DM can be associated with higher adherence
to lifestyle modifications of such patients. People with
diabetes are generally more likely to have a chance of
education or training for lifestyle changes.

In this study we assessed 2 main aspects that char-
acterize myocardial state: left ventricular hypertrophy
and CAG changes. According to experts, only complex
diagnostic methods, including imaging methods, can
provide additional predictive value when studying the
state of myocardium in patients with T2DM [12, 13].

LVH is known to be an independent risk factor for
cardiovascular disease that is directly associated with
arterial hypertension. Moreover, LVH is one of the
main factor that contributes to the development of
myocardial dysfunction and heart failure in patients
with T2DM [4]. According to the multicenter study,
T2DM increases the risk of LVH by approximately 1.5
times which may be associated with abdominal obe-
sity [11]. The frequency of arterial hypertension was
comparable between groups. LVH has 1.5 more fre-
quent among men and women with T2DM compared
with those without T2DM. Moreover, LVH was asso-
ciated with the gender and was more pronounced in
men with T2DM compared with other groups. This
may be associated with 2 main reasons. First, not
only arterial hypertension but also neurohumoral
components and insulin resistance play a pivotal role
in the development of LVH. According to the theory of
G Reaven, which describes the association between
arterial hypertension and insulin resistance, this
state causes a cascade of disturbances including di-
rect effect on target organs [14]. This also highlights
the importance of target antihypertensive therapy in
patients with LVH and T2DM. In current study most
patients received antihypertensive therapy and, obvi-
ously, its effect was not so pronounced.

Anatomy of the coronary arteries affect the prog-
nosis of patients with T2DM [15,16]. Patients with
T2DM have several CAD features such as the preva-
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lence of painless ischemia that is associated with de-
creased pain sensitivity in such patients. CAG is still
a gold standard diagnostic tool for the diagnosis of
CAD including patients with T2DM [17]. Several clini-
cal studies have shown that diffuse coronary artery
atherosclerosis, decreased coronary reserve, and
multifocal vascular lesions are often observed in
such patients [2,15,18]. The study showed that the
distal coronary arteries lesions predominated in pa-
tients with T2DM.

According to the European clinical practice guide-
lines for acute coronary syndrome, percutaneous
coronary intervention is the main revascularization
method in patients with T2DM and acute myocardial
infarction. It is also recommended to use drug-eluting
stents in patients with T2DM. Coronary artery bypass
grafting is superior to percutaneous coronary inter-
ventions due to common multifocal vascular lesions
in patients with T2DM [13,15]. It should be noted that
patients with T2DM often have concomitant diseases
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