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Editor’s Welcome

Dear colleagues!

We present to your attention the next, fortieth issue of the International Heart 

and Vascular Disease Journal that includes the leading, original, review articles, 

and a clinical case as well.

The “Leading Article” section reflects the opinion of Russian experts on the up-

dated guidelines of the American Diabetes Association. One of its sections is devot-

ed to cardiovascular diseases and the risk management of cardiovascular compli-

cations. The document summarizes the key points of these recommendations with comments from leading Russian experts.

Three articles are presented in the “Original Articles” section. The first study evaluates the complex determination of pre-

dictors of the “arrhythmogenic cardiomyopathy” in patients with ventricular extrasystoles without structural heart changes 

to prognose the development of cardiovascular diseases in a prospective study. The work consists of two parts: experimental 

and clinical. Patients were followed for up to 10 years. The authors state that in patients without structural heart changes 

with ventricular extrasystoles, the increase in the values of the internal deviation index and QRSVE complex duration > 0.48 

units and 149 m/s, respectively, determine the risk group of cardiovascular pathology formation. The second article analyzes 

the comorbidity of somatic diseases associated with atrial fibrillation. According to the results, the majority of patients 

with atrial fibrillation have other cardiovascular diseases, including hypertension, coronary heart disease, and chronic heart 

failure. In the study group, a combination of two and three diseases was found in more than 60 % of cases. The third article 

evaluated the efficacy of the hypolipidemic effect of omega-3 polyunsaturated fatty acids in coronary heart disease patients 

with post-infarction sclerosis and carotid artery stenosis less than 40 %. The lipid-lowering effect is also associated with 

improved life quality in this group of patients.

The “Review Articles” section contains an article analyzing literature data on pharmacotherapy of psychosomatic disor-

ders in patients with cardiovascular pathology. Among neuroleptics, drugs from the group of partial agonists of dopamine 

receptors are proven effective due to significantly lower shortening of the QT interval. Among antidepressants, selective 

serotonin reuptake inhibitors have a strong cardiotropic effect without significant side effects; in turn, agomelatine proved 

its effectiveness in myocardial reperfusion damage by conducting a special experiment, in which its positive effect on the 

apoptosis reduction rate was found.

The “Clinical Case” section presents a case of cardiac complications following SARS-CoV2 infection. In this article, a 

young female patient with no comorbidities developed a circular myocardial infarction following coronavirus infection. Severe 

complications such as myomalation, inferior and anterolateral ruptures of the left ventricular wall, and hemopericardium 

occurred.

We invite everybody to collaborate with the journal. We are waiting for your original papers, review articles, discussions, 

and opinions about problems, treatment and prophylaxis recommendations.

Mekhman N. Mamedov
Editor-in-Chief

President of the “Cardioprogress” Foundation
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Researchers sought to examine the relationship 
between high (>65 %), normal (55 – ​65 %), and low 

(<55 %) left ventricular ejection fraction (LVEF) and 
long-term all-cause mortality and major adverse car-
diovascular events (MACE) in women with suspected 
myocardial ischemia.

A total of 734 women enrolled in the Women’s 
Ischemia Syndrome Evaluation (WISE) program were 
analyzed. LVEF was calculated by invasive left ven-
triculography. The relationship between baseline 
characteristics, LVEF, and outcomes was assessed. A 
multivariable Cox regression model was used to as-
sess the association of LVEF with outcomes after the 
adjustment for known risk factors.

Low LVEF was associated with higher morta
lity and MACE compared to normal and high LVEF 
(p<0.0001).

As women are known to have relatively higher 
LVEF compared to men, a sex-neutral LVEF threshold 
continues to be used for clinical management.

According to the Heart journal

Researchers at a clinic in Belgium evaluated the 
effectiveness of artificial intelligence (AI)-based 

software in detecting abnormalities in left ventricu-
lar ejection fraction (LVEF) after anthracycline-based 
chemotherapy.

The study included 989 women without car-
diovascular diseases who received anthracy-
cline-based chemotherapy for breast cancer without 
metastases.

All patients were monitored by ECG and had trans-
thoracic echocardiography before and after the treat-
ment. The diagnostic efficiency of the developed soft-
ware was evaluated on the basis of ECG registration 
by the values of the area under the curve (AUC) at 
LVEF less than 50 %.

According to the European Journal of Preventive 
Cardiology

According to a study, there is no association be-
tween the prescription of fluoroquinolones and 

the likelihood of aneurysm or aortic dissection. It is 
not recommended to avoid prescribing fluoroquinolo-
nes when clinically indicated.

Specialists evaluated the incidence of hospitaliza-
tion and in-hospital mortality with a main clinical di-
agnosis of aortic aneurysm or aortic dissection.

The incidence rate of aortic aneurysm or dissec-
tion was higher in the cephalosporin group during the 
treatment period compared to the control period.

The overall incidence rate was 5.4 per 100,000 per-
son-years in the fluoroquinolone group and 8.47 per 
100,000 person-years in the third-generation cepha-
losporin group.

According to the European Heart Journal

Researchers at the US National Institutes of Health 
(NIH) have examined the relationship between 

gaining too much or too little weight during pregnan-
cy and mortality.

They found that weight gain below recommended 
levels was associated with reduced diabetes-related 
mortality, but only in a subpopulation of women with 
normal pre-pregnancy weight.

A total of 46,042 women were included in the 
study. After 52 years of follow-up, 17,901 participants 
(38.9 %) had died.

According to The Lancet journal

A group of Chinese scientists examined the relation-
ship between atrial fibrillation (AF) and the likeli-

hood of developing dementia.
Compared to participants without AF, patients with 

this pathology had a 42 % higher risk of developing 
any type of dementia and a 2.06 times higher risk of 
vascular dementia.

The UK Biobank database was analyzed and 
433,746 people without dementia at baseline were 
identified. AF was found in 30,601 participants.

The researchers note the importance of monitor-
ing cognitive function in patients with atrial fibrilla-
tion in order to take timely action to reduce the risk 
of dementia.

According to the JAMA Network

Tomsk researchers have published the results of a 
large-scale project to find ways to effectively re-

duce blood glucose in animals with type 2 diabetes. 
They managed to find a non-medicamentous way of 
treating this disease.

The animals got rid of the diabetes with the help 
of physical training, which was correctly selected by 
experts for a certain period of time.

The project involved 300 experimental animals, 
and special equipment was made. Data analysis 
helped to determine the optimal time for physical 
training, which most effectively reduces the concen-
tration of blood sugar.

According to the International Journal of Molecular 
Science

International medical review
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In early 2023, experts from the American Diabetes 
Association (ADA) published the Standards of Diabetes 
Care document in the journal Diabetes Care, which is 
updated annually as new evidence accumulates. These 
guidelines aim to improve the diagnosis, treatment and 
care of patients with diabetes mellitus (DM). One of its 
sections is devoted to cardiovascular diseases (CVD) and 
management of the risk of cardiovascular complications. 
The main aspects of this document and the opinion of 
Russian experts are presented below.
Keywords: diabetes mellitus, cardiovascular disease, 
cardiovascular complications.
This article contains the extracts from the ADA rec-
ommendations. Cardiovascular Disease and Risk 
Management: Standards of Care in Diabetes-2023. 
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Introduction
Cardiovascular diseases (CVD), associated with ath-
erosclerosis (coronary heart disease, cerebrovascu-
lar disease, or peripheral arterial disease) – ​​is the 
leading cause of morbidity and mortality in patients 
with type 2 diabetes mellitus (T2DM). The annual cost 
of CVD management in patients with DM in the United 
States is approximately $37.3 billion [1].

Numerous studies have demonstrated the effec-
tiveness of controlling individual cardiovascular risk 
factors in preventing or delaying the development 
of CVD  in DM. In addition, simultaneous control of 
CVD risk factors has a greater benefit. Therefore, ag-
gressive risk factor modification has led to a reduc-
tion in CVD morbidity and mortality in individuals with 
DM over the past decades [2–4].

Heart failure (HF) is recognized as one of the ma-
jor causes of mortality in people with DM. Prospective 
studies have shown that the incidence of hospitaliza-
tion for HF (adjusted for age and sex) is twice as high 
in people with diabetes compared to those without 
diabetes [5, 6].

Cardiovascular diseases and risk 
management
To prevent and treat both atherosclerosis-related 
CVD and CHD, risk factors (RFs) should be systemati-
cally assessed at least annually in all individuals with 
diabetes. Important aggravating RFs include: dura-
tion of diabetes, obesity/overweight, arterial hyper-
tension (AH), dyslipidemia, smoking, family history of 
CVD, chronic kidney disease (CKD), and albuminuria.

Therapy using multiple evidence-based approach-
es in parallel provides additional reductions in the 
risk of microvascular, renal, neurological and cardio-
vascular complications. Control of glycemia, blood 
pressure (BP), and lipid parameters, as well as the 
incorporation of specific drugs with favorable effects 
on cardiovascular and renal outcomes (depending 
on individual differences), are considered key to the 
overall reduction of the risk of complications of DM.

Cardiovascular complications risk scale
The CVD  risk scale (Risk Estimator Plus, USA) is a 
useful tool for estimating the 10-year risk of cardio-
vascular complications. The calculation of DM risk is 
included as a RF, although the duration of the DM or 
the presence of its complications such as albumin-
uria are not included. Stratification of CVD risk may 

help in choosing the therapy. Recently, risk scales 
and new cardiovascular biomarkers have been devel-
oped for risk stratification of patients for secondary 
prevention, but they are not yet widely used [7, 8].

Arterial hypertension and blood pressure 
control
AH is common in both type 1 and type 2 DM patients 
and is a major RF of atherosclerotic cardiovascular 
disease (ACVD) and microvascular complications [9].

The definition of arterial hypertension
In contrast to Russian and European guidelines, 
AH is defined as systolic BP ≥130 mmHg and/or di-
astolic BP ≥80 mmHg based on the average of ≥ 2 
measurements at ≥2 visits, which is the defini-
tion of the American College of Cardiology and the 
American Heart Association [10]. In individuals with 
BP ≥ 180/110 mmFHg and CVD, the diagnosis of AH 
can be made in a single visit. If the hypertension is 
diagnosed, BP control should be performed at every 
routine office visit and necessarily at home [11, 12], as 
it is believed that home measurements may correlate 
better with CVD  than office measurements, also by 
improving adherence to antihypertensive medication 
[13, 14]. Separate attention is given to the detection of 
orthostatic hypotension, the presence of which may 
indicate autonomic neuropathy and require adjust-
ment of BP target values.

Target blood pressure values
The paper analyzes the underlying protocols that com-
pared strategies of “hard” and “soft” control of systolic 
and diastolic BP: SPRINT (no patients with DM), STER, 
ACCORD BP, ADVANCE, NOT [15–19]. On the basis of 
these trials, the experts refer to the goal of antihy-
pertensive therapy in patients with type 1 and type 2 
DM as BP < 130/80 mmHg if it can be safely achieved, 
noting that there are currently no high-quality data 
to support these values for patients with type 1 DM. 
The final discussion on BP target values emphasizes 
the place of a personalized approach based on shared 
decision-making between physician and patient, with 
the recommendation not to lower BP <120/80 mmHg 
because of the risk of adverse events. This strategy 
is consistent with the opinion of the world’s leading 
expert communities: American College of Cardiology 
and American Heart Association [9, 10], International 
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Society of Hypertension [11] and European Society of 
Cardiology [12].

Pregnancy and arterial hypertension
Approaches to antihypertensive therapy in pregnant 
women with AH and DM  are specified separately: 
similar to the Russian guidelines, the initiation of 
therapy in them is justified at BP ≥140/90 mmHg, 
and the target values of BP are 110-135/85 mmHg. 
At the same time, there are no convincing data on 
the optimal lower limit, but the intensity of therapy 
should be reduced at BP <90/60 mmHg. This ap-
proach is supported by the International Society for 
the Study of Hypertension in Pregnancy, whose ex-
perts recommend a target systolic BP between 110 
and 140 mmHg and a target diastolic BP between 80 
and 85 mmHg [20].

Treatment with angiotensin converting enzyme in-
hibitors (ACE inhibitors), angiotensin receptor block-
ers (ARBs), and spironolactone is prohibited during 
pregnancy because of the risk of fetotoxicity. These 
drugs are also undesirable in “individuals with pre-
served fertile potential” who should be switched to 
alternative antihypertensive drugs approved for use 
during pregnancy, namely methyldopa, labetalol and 
long-acting nifedipine. Hydralazine may be consid-
ered as an emergency treatment [16]. Diuretics are 
not recommended for blood pressure control in preg-
nancy, but may be used in late pregnancy if needed 
to control circulatory volume [21, 22]. The American 
College of Obstetricians and Gynecologists also rec-
ommends 7 – ​10 days of postpartum care, including 
72 hours in the hospital, for women with gestational 
hypertension, pre-eclampsia, and pre-eclampsia in 
the setting of chronic AH. Their long-term follow-up 
is also warranted due to increased lifelong cardiovas-
cular risk [23].

Lifestyle modification
Lifestyle modification interventions are already rec-
ommended for people with BP > 120/80 mmHg and 
should be continued along with pharmacological BP 
correction when the AH is diagnosed. These include: 
weight loss, if necessary; the DASH diet, including 
reducing sodium (<2300 mg/day) and increasing po-
tassium in the diet; adequate consumption of fruits 
and vegetables (8 – ​10 servings per day) and non-fat-
ty dairy products (2 – ​3 servings per day); moderate 
alcohol consumption (no more than 2 servings per 

day for men and no more than 1 serving per day for 
women) [24]; and increased physical activity (at least 
150 minutes of moderate-intensity aerobic exercise 
per week) [25].

Traditionally, it is emphasized that lifestyle modifi-
cation should be discussed in conjunction with goals, 
taking into account the patient’s capabilities, and is 
an important component of AH treatment due to hy-
potensive effect, increasing the effectiveness of some 
antihypertensive drugs, additive interaction with oth-
er factors of metabolic and vascular health. The use 
of the Internet, mobile digital platforms for more ac-
tive reminders of “healthy behavior” is encouraged, 
which can be considered as a component of the man-
agement of patients with DM, as these interventions 
enhance the effectiveness of drug therapy for AH [26, 
27].

Pharmacological correction
In contrast to Russian and European guidelines for 
the treatment of AH, this document allows the mono-
therapy for patients with DM  and AH if their BP is 
between 130/80-160/100 mmHg. Individuals with 
confirmed office BP ≥160/100 mmHg in addition to 
lifestyle modification, should be prescribed with two 
drugs with proven efficacy in free or fixed combina-
tion in a single tablet and should be titrated in a time-
ly manner [28-30].

In contrast to Russian and European recommen-
dations for initial treatment of AH, renin-angioten-
sin-aldosterone system blockers are not prioritized. 
ACE inhibitors, BRAs [31, 32], thiazide-like diuretics 
[33] or dihydropyridine calcium channel blockers [34] 
can be considered as initial therapy, as all of them 
have been shown to reduce the risk of cardiovascu-
lar events in patients with DM. Administration of an 
ACE inhibitors or BRAs is suggested as the preferred 
strategy for the treatment of AH in patients with 
DM and CHD or a urinary albumin-to-creatinine ratio 
of 30 – ​299 mg/g, and is strongly recommended if the 
ratio is greater than 300 mg/g.

However, in the absence of albuminuria, the risk of 
progression of renal disease is low, and ACE inhibi-
tors, BRAs have not been shown to provide better car-
dioprotection than thiazide-like diuretics or dihydro-
pyridine calcium channel blockers [35]. Thiazide-like 
diuretics such as chlorthalidone or indapamide are 
preferred by experts. In patients treated with an ACE 
inhibitors, BRA, or diuretic, serum creatinine levels, 
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estimated glomerular filtration rate (GFR), and se-
rum potassium levels should be monitored at least 
annually. Beta-blockers also have their therapeutic 
niche in this document: they should be prescribed in 
the presence of previous myocardial infarction (MI), 
angina pectoris, or chronic heart failure (CHF) with 
reduced ejection fraction, but in the absence of these 
conditions their effect on mortality has not been prov-
en [36-38].

Multiple drug therapy is often required to achieve 
blood pressure targets, especially in the setting of di-
abetic nephropathy. However, the concomitant use of 
ACE inhibitors and BRAs or the combination of ACE 
inhibitors or BRAs with a direct renin inhibitor is con-
traindicated because of the lack of additional benefit 
in the prevention of CVD and the increased incidence 
of adverse events – ​​hyperkalemia, syncope, and acute 
kidney injury [39-41]. Similar to the clinical guidelines 
of the world’s leading expert communities devoted 
to the correction of the leading cardiovascular RFs, 
the need for timely intensification of antihyperten-
sive therapy (dose titration and/or addition of anoth-
er drug) to overcome therapeutic inertia and achieve 
target BP values is actualized.

Dosing before bedtime. Although previous analyses 
of randomized clinical trials have shown benefits of 
evening versus morning antihypertensive dosing [42, 
43], these results have not been replicated in subse-
quent studies. Therefore, preferential use of antihy-
pertensive drugs at bedtime is not currently recom-
mended [44].

Hyperkalemia and Acute Kidney Injury. Treatment 
with ACE inhibitors and BRAs may cause acute kid-
ney injury and hyperkalemia, while diuretics may 
cause hypokalemia or hyperkalemia in addition to 
acute kidney injury (depending on their mechanism 
of action) [15, 45]. Detection and treatment of these 
abnormalities is important because they increase the 
risk of CVD  and death. Therefore, serum creatinine 
and potassium should be monitored during treatment 
with an ACE inhibitors, BRA, or diuretic, especially in 
patients with decreased GFR who are most at risk for 
hyperkalemia and acute kidney injury [15, 17, 45].

Resistant arterial hypertension
Resistant hypertension is defined as BP ≥ 140/90 
mmHg despite a therapeutic strategy that includes 
lifestyle modification, as well as diuretics and two 
other antihypertensive drugs with complementary 

mechanisms of action at appropriate doses. That is, 
the guidelines do not emphasize the need for maximal 
drug doses. Before diagnosing resistant AH, noncom-
pliance (e.g., due to missed doses, side effects, high 
cost of treatment), white-coat effect, and secondary 
hypertension should be excluded. Consequently, pa-
tients with secondary AH cannot be considered to 
have resistant AH.

To achieve BP goals in patients with DM  and re-
sistant AH, the addition of mineralocorticoid receptor 
antagonists (spironolactone, eplerenone) to treat-
ment with an ACE inhibitor or BRA, a thiazide-type di-
uretic, and a dihydropiridine calcium channel blocker 
is recommended [44]. Mineralocorticoid receptor an-
tagonists reduce albuminuria in patients with diabetic 
nephropathy [19, 46, 47], but the risk of hyperkalemia 
must be considered when adding them to a regimen 
that includes an ACE inhibitor or BRA. This reaffirms 
the importance of regular monitoring of serum cre-
atinine and potassium levels and the need to study 
the long-term results of the use of mineralocorticoid 
receptor antagonists in the treatment of AH.

Correction of lipid metabolism disorders

Basic principles of lifestyle modification in 
lipid metabolism disorders
This section is based on the recommendations of the 
American College of Cardiology and the American 
Heart Association for the primary prevention of car-
diovascular diseases [48]. A Mediterranean-style diet 
with a reduction in saturated and transfats in foods; 
increased intake of omega-3 fatty acids, dietary fiber, 
and plant stanols/sterols (e.g., oatmeal), legumes, 
and citrus fruits is required. Increased physical acti
vity is also recommended to improve lipid profiles and 
reduce the risk of developing ACVD in people with DM.

Along with the lifestyle modification, optimization 
of glycemic control is recommended in patients with 
elevated triglycerides (≥ 150  mg/dL  [1.7  mmol/L]) 
and/or low high-density lipoprotein (HDL) 
cholesterol (<40  mg/dL  [1.0 mmol/L] for men, < 
50 mg/dL [1.3 mmol/L] for women. Glycemic control 
may have a beneficial effect on plasma lipid levels, 
particularly in patients with very high triglyceride lev-
els and poor glycemic control.

Weight loss is recommended in obese or over-
weight individuals (if necessary), which, along with 
increased physical activity, may reduce the impact 
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of risk factors on the development of CVD  in some 
patients. Dietary interventions should be tailored to 
each patient’s age, pharmacological treatment, lipid 
levels, and overall health.

Particular features of lipid profile control 
different from European guidelines
In adults with DM, it is recommended that the lipid 
profile of total cholesterol, low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein (HDL) 
cholesterol, and triglycerides be measured at the 
time of diagnosis at the initial physical examination 
and at least every 5 years in patients younger than 40 
years.

In younger individuals with a longer disease course 
(e.g., type 1 DM onset at a young age), more frequent 
lipid profile monitoring may be appropriate. The 
lipidogram should be checked immediately before 
starting statin therapy. Once the patient starts taking 
statins, LDL  cholesterol levels should be assessed 
4– 12 weeks after initiation of therapy (in Russian and 
European guidelines, after 4–​8 weeks of therapy), as 
well as after each dose change and on an individual 
basis (e.g., to monitor drug absorption and efficacy). 
If LDL cholesterol levels do not change despite med-
ication, clinical evaluation is recommended to deter-
mine the need for and timing of lipid profile measure-
ments. The highly variable LDL cholesterol-lowering 
response to statins is poorly understood in individual 
patients. Clinicians should attempt to adjust doses or 
find alternatives to statins when side effects occur. 
There is an evidence of benefit even of the very low 
doses of statins, much lower than those usually re
commended.

Treatment with statins for primary prevention
This section is presented according to the guidelines 
of American endocrinologists [49–51]. For people 
with diabetes aged 40–​75 years without ACVD, it is 
recommended to use moderate-intensity statin ther-
apy in addition to lifestyle changes (in contrast to the 
Russian and European recommendations, risk levels 
and risk scales are not used, but division into age 
groups). For people with diabetes aged 20–​39 years 
with additional ACVD RFs, it is recommended to start 
statin therapy in addition to lifestyle changes.

For people with DM  aged 40–75 years at in-
creased risk of CVD, including those with one or more 
ACVD RFs, it is recommended that high-intensity sta-

tin therapy be used to reduce LDL  cholesterol by ≥ 
50 % of baseline and achieve a target LDL cholesterol 
level of <1.8 mmol/L.

For people with DM aged 40 – ​75 years who are at 
increased cardiovascular risk, especially those with 
multiple ACVD  RFs and LDL cholesterol levels ≥1.8 
mmol/L, the addition of ezetimibe or the proprotein 
convertase inhibitor subtilisin/kexin type 9 (PCSK9) 
to the maximum tolerated dose of a statin may be 
appropriate. In patients with DM older than 75 years 
who are already receiving statin therapy, it is rea-
sonable to continue such treatment. In people with 
DM older than 75 years, it may be appropriate to ini-
tiate moderate-intensity statin therapy after discus
sing the potential benefits and risks. Statin therapy is 
contraindicated during pregnancy.

Statin treatment for secondary prevention
High-intensity statin therapy should be added to 
lifestyle interventions for people of all ages with 
DM and ACVD.

High-intensity statin therapy is recommended for 
people with DM and ACVD to reduce LDL cholesterol 
by ≥50 % from baseline and achieve a target LDL cho-
lesterol level of <1.4 mmol/L. The addition of ezeti-
mibe or a PCSK9 inhibitor with proven efficacy is rec-
ommended if this goal is not achieved with the maxi-
mum tolerated dose of a statin.

People who cannot tolerate the maximum doses of 
statins should be prescribed the maximum tolerated 
doses of these drugs.

Accordingly, statins are the drugs of choice for 
LDL  cholesterol lowering and cardioprotection: 
high-intensity statin therapy reduces LDL cholesterol 
by approximately ≥50 % and moderate-intensity statin 
therapy reduces LDL cholesterol by 30–​49 % (Table 1). 
Treatment with low-dose statins is not usually rec-
ommended for people with DM, but sometimes it is 
the only possible dose of statins that a patient can tol-
erate. In patients who cannot tolerate statin therapy 
at the desired intensity, the maximum tolerated dose 
of statins should be used.

Moderate-intensity statin therapy is recommended 
for primary prevention in patients aged ≥40 years, al-
though high-intensity therapy should be considered in 
the context of additional ACVD risk factors. Because it 
is often difficult in clinical practice to establish base-
line LDL  cholesterol levels prior to initiating statin 
therapy, it is recommended that these patients focus 
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on a target LDL cholesterol level of <1.8 mmol/L rath-
er than a percentage reduction in LDL cholesterol. In 
these individuals, it may also be appropriate to add 
ezetimibe or a PCSK9 inhibitor to maximally toler-
ated statin therapy if needed to reduce LDL choles-
terol by  ≥ 50 % and achieve the recommended tar-
get LDL cholesterol level of <1.8 mmol/L. Moderate 
intensity statin therapy is recommended for people 
with DM aged ≥ 75 years. However, in this population, 
the risk-benefit ratio of treatment should be regularly 
reassessed and the dose reduced if necessary.

Recommendations for age group under 40 
years and/or with type 1 diabetes mellitus
Patients younger than 40 years of age have a lower 
risk of developing CVD over a 10-year period, but they 
have a high lifetime risk of developing CVD  and MI, 
stroke, or death from CVD. It is recommended that 
people younger than 40 years of age and/or those 
with type 1 DM with other comorbidities discuss the 
relative benefits and risks of treatment with their 
physician and consider the use of moderate-intensity 
statin therapy [52].

Patients with atherosclerotic cardiovascular 
diseases
High-intensity statin therapy is recommended for all 
people with DM and ACVD to reduce LDL cholesterol 
by ≥50 % of baseline and achieve a target LDL choles-
terol level of <1.4 mmol/L. If this goal is not achieved 
with maximally tolerated statin therapy, the addition 
of ezetimibe or a PCSK9 inhibitor is recommended. 
Evidence supporting progressively lower LDL  cho-
lesterol targets in people with DM  and established 
CVD  comes from several large randomized trials 
evaluating the benefits of adding non-statin drugs to 
statin therapy. Each study found a significant benefit 
in the reduction of ACVD events that was directly re-
lated to the degree of further reduction in LDL cho-
lesterol. These large trials included significant num-
bers of participants with DM and prespecified rates of 
cardiovascular outcomes in people with and without 

DM. The decision to add a non-statin drug should be 
made after the physician and patient have discussed 
the benefits, safety, and costs of combination therapy 
[53–56].

Combination therapy to lower low-density 
lipoprotein cholesterol levels
Overall, the addition of ezetimibe resulted in a relative 
reduction of 6.4 % and an absolute reduction of 2 % in 
the risk of major adverse cardiovascular events (at
herosclerotic cardiovascular events), according to the 
guideline authors. The magnitude of the benefit was 
directly proportional to the change in LDL choleste
rol, which averaged 1.8 mmol/L  in the statin group 
and 1.4 mmol/L  in the combination therapy group. 
In patients with DM (27 % of study participants), the 
combination of moderate-intensity doses of simvas-
tatin (40 mg) and ezetimibe (10 mg) showed a signifi-
cant reduction in the risk of major adverse cardiovas-
cular events, with an absolute risk reduction of 5 % 
and a relative risk reduction of 14 % compared with 
simvastatin monotherapy at a dose of 40 mg.

The effect of PCSK9 inhibition on the ACVD  out-
comes identified in these guidelines was evaluated 
in the FOURIER trial, which enrolled 27564 high-risk 
patients with prior ACVD  who were on maximum 
tolerated doses of statins. Evolocumab reduced 
LDL cholesterol levels by 59 %. At a median follow-up 
of 2.2 years, the combined outcome of CVD death, MI, 
stroke, angina hospitalization or revascularization 
was reported in 11.3 % of patients compared to 9.8 % 
in the placebo and evolocumab groups (15 % rela-
tive risk reduction; p<0.001). The composite of car-
diovascular death, MI or stroke was reduced by 20 % 
(p<0.001). Importantly, similar benefits were observed 
in a pre-specified subgroup of people with DM com-
prising 11031 patients (40 % of the study population).

In another study, ODYSSEY OUTCOMES, 18924 pa-
tients (28.8 % of whom had DM) with a recent acute 
coronary syndrome were randomized to receive the 
PCSK9 inhibitor alirocumab or placebo every 2 weeks 
on top of maximum tolerated statin therapy. The 

Table 1
Lowering cholesterol levels with statin therapy

High-intensity statin therapy (reduces LDL cholesterol by ≥ 50 %) Moderate-intensity statin therapy (reduces LDL cholesterol by 30 – ​49 %)

Atorvastatin 40 – ​80 mg Atorvastatin 10 – ​20 mg

Rosuvastatin 20 – ​40 mg
Rosuvastatin 5 – ​10 mg
Simvastatin 20 – ​40 mg
Pitavastatin 1 – ​4 mg
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dose of alirocumab was titrated from 75 to 150 mg to 
achieve LDL cholesterol levels of 25 to 50 mg/dL. At 
a median follow-up of 2.8 years, the combination of 
alirocumab and statins resulted in a greater absolute 
reduction in the incidence of the primary endpoint in 
people with DM (by 2.3 %) than in people with pre-dia-
betes (by 1.2 %) or normoglycemia (by 1.2 %).

In addition to monoclonal antibodies targeting 
PCSK9, a small interfering RNA therapy, inclisiran, 
has been developed and has recently become avail-
able in the United States and Russia. Treatment with 
inclisiran involves less frequent dosing compared to 
monoclonal antibodies and has been administered at 
day 1, day 90 and every 6 months in studies. In the 
ORION-10 study, 47.5 % of patients in the inclisiran 
group and 42.4 % of patients in the placebo group, and 
in the ORION-11 study, 36.5 % and 33.7 % of patients, 
respectively, had DM. A prespecified cardiovascular 
endpoint, which includes death from heart attack, 
cardiac arrest, non-fatal MI or stroke, was observed 
in 7.4 % of patients in the inclisiran group and 10.2 % 
of patients in the placebo group in ORION-10 and 
7.8 % and 10.3 %, respectively, in ORION-11.

Severe hypertriglyceridemia (fasting triglyceride 
levels ≥5 mmol/L  and especially >10 mmol/L) re-
quires pharmacologic therapy (fibrates and/or fish 
oil – ​​omega-3 polyunsaturated fatty acids) and re-
duction of dietary fat to reduce the risk of acute pan-
creatitis. Moderate to high intensity statin therapy 
should also be used when indicated to reduce the risk 
of cardiovascular events. In people with moderate hy-
pertriglyceridemia, lifestyle modification, treatment 
of secondary risk factors, and avoidance of medica-
tions that may increase triglyceride levels are recom-
mended [57].

Management of patients 
with hypertriglyceridemia
The REDUCE-IT trial enrolled 8179 adults receiving 
statin therapy with moderately elevated triglycer-
ide levels (1.4 – ​4.9 mmol/L, median baseline 2.16 
mmol/L) who had established CVD  (secondary pre-
vention) or DM plus at least one other CVD risk factor 
(primary prevention) [58]. Patients were randomized 
to receive icosapentetil (omega-3 polyunsaturated 
fatty acid) at a dose of 4 g/day (2 g twice daily with 
meals) versus placebo. A 25 % relative risk reduction 
(p<0.001) was achieved for the primary endpoint con-
sisting of CVD death, non-fatal MI, non-fatal stroke, 

coronary revascularization, or unstable angina. This 
risk reduction while taking icosapentetil was ob-
served in people with or without DM. The combina-
tion of cardiovascular death, non-fatal MI or non-fatal 
stroke was reduced by 26 % (p < 0.001). It should be 
noted that similar data on the efficacy of other ome-
ga-3 polyunsaturated fatty acids are not available, 
and the results of the REDUCE-IT study should not be 
extrapolated to other products.

Combination therapy with statins and fibrates does 
not improve ACVD  outcomes and is generally not 
recommended (in contrast to Russian and European 
recommendations). Combination therapy (statins and 
fibrates) is associated with an increased risk of ab-
normal transaminase levels, myopathy, and rhabdo-
myolysis. The risk of rhabdomyolysis is greater with 
higher doses of statins and renal failure and appears 
to be higher when statins are combined with gemfi-
brozil (compared with fenofibrate).

Risk of diabetes mellitus when using statins
Although the use of statins is associated with the risk 
of developing DM, the reduction in the incidence of 
cardiovascular events with statins far outweighs the 
risk of DM, even in patients at the highest risk of de-
veloping DM. A meta-analysis of 13 randomized trials 
of statins involving 91,140 participants showed that 
the odds ratio for a new diagnosis of DM  was 1.09, 
meaning that, on average, treatment with statins for 
4 years in 255 patients resulted in one additional case 
of DM while preventing 5.4 vascular events in these 
255 patients [59].

Concerns that statins or other hypolipidemic 
agents may cause cognitive dysfunction or dementia 
are not currently supported by evidence and should 
not prevent their use in individuals with DM and high 
risk of the ACVD [60].

The use of antiplatelet drugs
There is a large base of evidence that the benefits of 
using aspirin for secondary prevention in people with 
documented CVD far outweigh the risks [61]. Aspirin 
has been shown to be effective in reducing CVD and 
mortality in high-risk patients with a history of MI or 
stroke (secondary prevention) [62].

There is currently no convincing evidence to sup-
port the use of a specific dose of aspirin. However, 
the average daily doses used in most clinical trials in 
patients with DM ranged from 50 to 650 mg, but were 
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usually in the range of 100 – ​325 mg/day. Consequently, 
the lowest possible dose of aspirin is appropriate to 
reduce side effects, primarily the risk of major bleed-
ing [63]. For patients with DM and high/very high car-
diovascular risk, European experts recommend the 
use of aspirin at a dose of 75 – ​100 mg/day [62].

In the ADAPTABLE trial involving patients with con-
firmed CVD, 38 % of whom had DM, there were no sig-
nificant differences in the incidence of cardiovascular 
events or major bleeding between patients treated 
with 81 mg or 325 mg of aspirin daily [64].

Although platelet dysfunction is present in indivi
duals with DM, it is unclear what effect, if any, this 
finding has on the dose of aspirin required for car-
dioprotection in DM. There are many alternative 
pathways of platelet activation that are independent 
of thromboxane A2 and therefore unaffected by as-
pirin [65]. “Aspirin resistance” has been described 
in DM using a variety of ex vivo and in vitro methods 
(platelet aggregometry, thromboxane B2 measure-
ment) [66], but impaired response to aspirin in DM pa-
tients has not been confirmed in other studies [67]. 
It has been shown that more frequent aspirin dosing 
may reduce platelet reactivity in people with DM [68]; 
however, these observations alone are not sufficient 
to recommend the use of higher doses of aspirin in 
this group at this time. A meta-analysis hypothesized 
that the efficacy of low-dose aspirin is reduced in in-
dividuals with a body weight >70 kg [69]. However, the 
ASCEND trial found a benefit of low-dose aspirin in 
individuals of this weight, contradicting this hypothe-
sis [70]. According to the ADA guidelines, aspirin dos-
es of 75 – ​162 mg/day are optimal [71].

Thus, aspirin therapy at a dose of 75 – ​162 mg/day 
should be used as a secondary prevention strategy in 
patients with a history of DM and ACVD [71].

In recent years, other antiplatelet agents, partic-
ularly clopidogrel, have been studied as alternatives 
to aspirin [12]. However, there is evidence that clopi-
dogrel is less effective than aspirin in patients with 
DM [73].

At the same time, clopidogrel at a dose of 75 mg/day 
is recommended in documented aspirin allergy in pa-
tients with DM and ACVD [71].

The use of dual antiplatelet therapy has an un-
doubted advantage over aspirin monotherapy in pa-
tients with acute coronary syndrome and percutane-
ous coronary intervention. Thus, the use of a P2Y12 
receptor antagonist in combination with aspirin is 

reasonable for at least 1 year in patients who have 
had an acute coronary syndrome and may provide 
benefit beyond this period.

Trial results support the use of either ticagrelor 
or clopidogrel if percutaneous coronary intervention 
was not performed, and clopidogrel, ticagrelor, or 
prasugrel if it was performed [74]. In patients with 
DM and a history of MI  (1– ​3 years old), the addition 
of ticagrelor to aspirin significantly reduced the risk 
of recurrent ischemic events, including cardiovascu-
lar death and death due to CHD  [75]. Similarly, the 
addition of ticagrelor to aspirin reduced the risk of 
ischemic cardiovascular events compared with as-
pirin alone in subjects with DM and stable CHD [76, 
77]. However, a higher incidence of major bleeding, 
including intracranial hemorrhage, was observed 
with dual antiplatelet therapy, which requires a more 
balanced approach (careful consideration of bleeding 
risk) 1 year after acute coronary syndrome.

Therefore, the ADA expert recommendation that 
dual antiplatelet therapy (low-dose aspirin plus a 
P2Y12 receptor inhibitor) is reasonable for 1 year af-
ter acute coronary syndrome and may be of benefit 
beyond this period seems most reasonable [71].

The net clinical benefit (effect on the sum of ische
mic and hemorrhagic complications) is higher with ti-
cagrelor therapy in patients with a history of percuta-
neous coronary intervention, whereas no such benefit 
is observed in patients without such intervention [77].

In this context, according to the ADA Expert 
Recommendation, individuals with a history of coro-
nary intervention, high coronary risk, and low blee
ding risk should consider long-term dual antiplate-
let therapy to prevent major adverse cardiovascular 
events [71].

However, early discontinuation of aspirin compared 
with continuing dual antiplatelet therapy after coro-
nary stenting may reduce the risk of bleeding without 
a corresponding increase in the risk of mortality and 
ischemic events, as shown in an analysis of a cohort 
of patients with DM  included in the TWILIGHT trial 
and in a recent meta-analysis [78, 79].

In recent years, a combination of aspirin and low-
dose rivaroxaban has been considered as a pharma-
cological approach to reduce cardiovascular risk in 
individuals with stable coronary heart disease and/
or peripheral arterial disease. In the COMPASS tri-
al, which enrolled 27,395 patients with documented 
CHD and/or PAD, aspirin 100 mg once daily plus ri-
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varoxaban 2.5 mg twice daily was superior to aspirin 
100 mg once daily plus placebo in reducing the risk 
of cardiovascular ischemic events, including major 
adverse limb ischemic events. The absolute bene-
fit of combination therapy was greater in a group of 
10,341 study participants with DM [80, 81]. A similar 
treatment strategy was evaluated in the VOYAGER 
PAD  Vascular Outcomes Study [82], in which 6564 
patients with PAD undergoing revascularization were 
randomized to rivaroxaban (2.5 mg twice daily) plus 
aspirin or placebo plus aspirin. In the rivaroxaban 
group, there was a significant reduction in the inci-
dence of ischemic cardiovascular complications, in-
cluding major adverse events in the lower extremi-
ties. However, there was an increased risk of major 
bleeding when rivaroxaban was added to aspirin the
rapy in both COMPASS and VOYAGER PAD. These data 
suggest that patients should be carefully selected for 
combination therapy with aspirin and rivaroxaban, as 
supported by the following ADA expert recommen-
dation.

In individuals with stable coronary and/or periph-
eral arterial disease and low risk of bleeding, combi-
nation therapy with aspirin plus low-dose rivaroxaban 
should be considered to prevent severe limb and car-
diac ischemic events [71].

Current evidence precludes the recommendation 
of aspirin and other antiplatelet agents for primary 
prevention in individuals at low risk of CVD (e.g., men 
and women aged <50 years with DM  without other 
major CVD risk factors), because the risk of bleeding 
is likely to outweigh the small benefit [83]. Previous 
randomized controlled trials of aspirin in people with 
DM have consistently failed to demonstrate a signifi-
cant reduction in CVD risk. This calls into question the 
efficacy of aspirin for primary prevention in people 
with DM, although some sex differences have been 
suggested [84-86].

In the ASCEND  trial, which included 15,480 par-
ticipants with DM but without documented CVD, pa-
tients were randomized to receive aspirin at a dose 
of 100 mg daily or placebo [70]. The primary efficacy 
endpoints were: vascular death, MI, or stroke/tran-
sient ischemic attack. During a mean follow-up of 7.4 
years, there was a significant 12 % reduction in the 
rate of the primary efficacy endpoint (p=0.01), but 
there was a significant 1.3-fold increase in the rate 
of major bleeding in the aspirin group (p=0.003), and 
this increase was associated with gastrointestinal 

and other extracranial bleeding. No significant diffe
rences in outcomes were observed according to sex, 
body weight, duration of DM, and baseline CVD risk. 
Two other large randomized trials of aspirin for pri-
mary prevention in people without DM (ARRIVE) [87] 
and in elderly patients (ASPREE) [88], which included 
11 % of patients with DM, found no benefit of aspirin 
with respect to the primary efficacy endpoint of in-
creased risk of bleeding.

Analysis of the available data may suggest that 
aspirin has a moderate effect on ischemic vascular 
events, with an absolute reduction in their incidence 
depending on the risk of CVD. The main adverse ef-
fect of aspirin is an increased risk of gastrointesti-
nal bleeding, which may reach 5 cases per 1000 pa-
tients per year in real-world practice. However, in 
adults with a CVD risk > 1 % per year, the number of 
cases prevented by aspirin is equal to the number of 
drug-induced bleeding events, although these com-
plications do not have the same impact on long-term 
health [89].

Therefore, the use of aspirin for primary preven-
tion of CVD should be carefully justified and is gene
rally not recommended. Aspirin may be considered 
in the context of high cardiovascular risk with low 
bleeding risk [90–93], but generally not in the elderly. 
In people over 70 years of age (with or without DM), 
the risks of aspirin use appear to outweigh the bene
fits [70, 88]. Aspirin use is generally contraindicated 
in patients under 21 years of age because of the as-
sociated risk of Reye’s syndrome. The willingness of 
patients to take aspirin long-term should also be con-
sidered [94].

In this context, the recommendation of the ADA ex-
perts that aspirin therapy (75 – ​162  mg/day) may be 
considered as a primary prevention strategy in pa-
tients with DM at increased cardiovascular risk, after 
a comprehensive discussion with the patient about 
the benefits compared with a comparable increased 
risk of bleeding, is justified [71].

Specifics of managing patients with 
diabetes mellitus and cardiovascular 
diseases

Cardiologic testing
Candidates for advanced or invasive cardiac test-
ing are DM patients who have: 1) typical or atypical 
cardiac symptoms, and 2) resting electrocardiogram 
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(ECG) abnormalities. A stress ECG with or without 
echocardiographic imaging may be used as an ini-
tial test. In adults with DM aged ≥40 years, measure-
ment of coronary artery calcium is also appropriate 
for cardiovascular risk assessment. Pharmacologic 
stress echocardiography or nuclear imaging should 
be considered in individuals with DM in whom abnor-
mal resting ECG changes preclude exercise testing 
(e.g., left bundle branch block or ST-T abnormalities). 
Pharmacologic stress echocardiography or nuclear 
imaging may also be used in detrained individuals 
who require exercise testing.

Screening of asymptomatic patients
The screening of asymptomatic patients at high risk 
for ACVD is not recommended [95], partially because 
these patients should already be receiving intensive 
medical therapy, a treatment that provides similar 
benefits to invasive revascularization [96, 97]. In pro-
spective studies, coronary calcium measurement has 
been hypothesized to be an independent predictor 
of cardiovascular complications in people with DM, 
superior to the assessment used in the UKPDS and 
Framingham study populations [98-100]. However, a 
randomized observational study demonstrated a lack 
of clinical benefit from routine screening of asymp-
tomatic individuals with type 2 DM and a normal ECG 
[101]. Despite imaging evidence of impaired myocar-
dial perfusion in more than one in five patients, the 
incidence of adverse cardiac outcomes was similar 
in screened and unscreened patients. Therefore, 
non-selective screening is not cost-effective. Studies 
have shown that a risk factor-based approach to the 
initial diagnostic evaluation and follow-up of patients 
with CHD  does not help to determine which people 
with type 2 DM will have silent myocardial ischemia 
on screening tests [102, 103].

Any benefit of newer noninvasive coronary artery 
disease screening modalities, such as CT calcinosis 
assessment and computed tomographic angiogra-
phy, in asymptomatic people with DM  remains un-
certain in terms of identifying patient subgroups for 
different treatment strategies. Asymptomatic people 
with DM and a higher burden of coronary heart dis-
ease are at higher risk of future cardiac events [98, 
104, 105], and additional imaging tests may provide 
justification for intensification of treatment and/or 
lead to informed patient decision making, readiness 
to initiate therapy, and active participation in therapy. 

While screening methods for coronary artery pathol-
ogy, such as coronary calcium scoring, may improve 
cardiovascular risk assessment in people with type 2 
DM [106], their routine use is associated with radia-
tion exposure and may lead to unnecessary invasive 
testing, such as coronary angiography, and revascu-
larization procedures. The final balance of benefits, 
costs, and risks of this approach in asymptomatic pa-
tients remains controversial, especially in the current 
setting of aggressive control of ACVD risk factors.

Lifestyle modification and pharmacotherapy
Intensive lifestyle modifications, focusing on weight 
loss by reducing caloric intake and increasing phys-
ical activity, as in the Look AHEAD trial, can be con-
sidered to improve glycemic control, maintain fitness, 
and correct some ACVD risk factors [107]. Patients at 
increased risk of ACVD should take statins, ACE in-
hibitors or BRAs if they have AH, and possibly aspi-
rin if there are no contraindications to these drugs. 
Because of the clear benefits of ACE inhibitors or 
BRAs in people with DM, kidney disease, or AH, these 
drugs are recommended for BP lowering in people 
with established ACVD (especially CHD) [108-110]. In 
people with type 2 DM  and CHD, treatment with fi-
nerenone should be considered to reduce the risk of 
adverse cardiovascular outcomes and progression of 
CHD [111-114]. Beta-blockers should be used in peo-
ple with angina pectoris or CHF with reduced ejection 
fraction and within 3 years of MI in patients with pre-
served left ventricular ejection fraction [115, 116].

Glucose-lowering therapy and cardiovascular 
outcomes
In 2008, the U.S. Food and Drug Administration (FDA) 
issued a directive for drug manufacturers to evalu-
ate cardiovascular outcomes in studies of all new 
type 2 diabetes medications due to concerns about 
increased cardiovascular risk. Previously approved 
drugs for the treatment of type 2 DM were not sub-
ject to such a safety assessment. Recently published 
studies have provided additional data on cardiovascu-
lar and renal outcomes in people with type 2 DM and 
cardiovascular disease or high cardiovascular risk 
(Tables 2, 3).

Studies of cardiovascular outcomes with all di-
peptidyl peptidase-4 inhibitors have failed to show a 
cardiovascular benefit of these drugs compared with 
placebo. The CAROLINA trial showed similar efficacy 
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Table 2
Trial results, regarding the cardiovascular safety of SGLT-2 inhibitors

Trial EMPA-REG OUTCOME
(n=7020)

CANVAS Program
(n=10 142)

DECLARE-TIMI 58
(n=17 160)

CREDENCE
(n=4401)

DAPA-CKD
(n=4304;

T2DM n = 2906)
VERTIS CV
(n=8246)

Intervention Empagliflozin/
placebo

Canagliflozin/
placebo

Dapagliflozin/
placebo

Canagliflozin/
placebo

Dapagliflozin/
placebo

Ertugliflozin/
placebo

Started/Ended 2010/2015 2009/2017 2013/2018 2017/2019 2017/2020 2013/2020

Primary 
endpoint

3-component MACE
0.86 (0.74 – ​0.99)

3-component 
MACE
0.86 (0.75 – ​0.97)

3-component 
MACE
0.93 (0.84 – ​1.03) 
Cardiovascular 
death or 
hospitalization 
due to HF
0.83 (0.73 – ​0.95)

Terminal CKD. 
Creatinine 
doubling or 
death due 
to renal or 
cardiovascular 
outcomes
0.70 (0.59 – ​0.82)

≥50 % GFR 
reduction. 
Terminal CKD. 
Creatinine 
doubling or death 
due to renal or 
cardiovascular 
outcomes
0.61 (0.51 – ​0.72)

3-component 
MACE
0.97 (0.85 – ​1.11)

Cardiovascular 
death 0.62 (0.49 – ​0.77) 0.87 (0.72 – ​1.06) 0.98 (0.82 – ​1.17) 0.78 (0.61 – ​1.00) 0.81 (0.58 – ​1.12) 0.92 (0.77 – ​1.11)

Myocardial 
infarction 0.87 (0.70 – ​1.09) 0.89 (0.73 – ​1.09) 0.89 (0.77 – ​1.01)  – ​  – ​ 1.04 (0.86 – ​1.26)

Stroke 1.18 (0.89 – ​1.56) 0.87 (0.69 – ​1.09) 1.01 (0.84 – ​1.21)  – ​  – ​ 1.06 (0.82 – ​1.37)
Hospitalization 
due to HF 0.65 (0.50 – ​0.85) 0.67 (0.52 – ​0.87) 0.73 (0.61 – ​0.88) 0.61 (0.47 – ​0.80)  – ​ 0.70 (0.54 – ​0.90)

Hospitalization 
due to unstable 
angina

0.99 (0.74 – ​1.34)  – ​  – ​  – ​  – ​  – ​

All-cause 
mortality 0.68 (0.57 – ​0.82) 0.87 (0.74 – ​1.01) 0.93 (0.82 – ​1.04) 0.83 (0.68 – ​1.02) 0.69 (0.53 – ​0.88) 0.93 (0.80 – ​1.08)

Table 3
Trial results, regarding the cardiovascular safety of SGLT-2 inhibitors in HF patients with preserved and reduced left 

ventricular ejection fraction

Trial DAPA-HF
(n=4744; 1983 with T2DM)

EMPEROR-Reduced
(n=3730; 1856 with T2DM)

EMPEROR-Preserved
(n=5988; 2938 with T2DM)

DELIVER
(n=6263; 2807 with T2DM)

Intervention Dapagliflozin/
placebo

Empagliflozin/
placebo

Empagliflozin/
placebo

Dapagliflozin/
placebo

Inclusion criteria
NYHA class II – ​IV HF 
and LVEF ≤40 %, with or 
without T2DM

NYHA class II – ​IV HF and 
LVEF ≤40 %, with or without 
T2DM

NYHA class II – ​IV HF and 
LVEF ≤40 %, with or without 
T2DM

NYHA class II – ​IV HF and 
LVEF ≤40 %, with or without 
T2DM

Started/Ended 2017/2019 2017/2020 2017/2020 2018/2022

Primary endpoint
HF decompensation or 
cardiovascular death
0.74 (0.65 – ​0.85)

Cardiovascular death or 
hospitalization due to HF
0.75 (0.65 – ​0.86)

Cardiovascular death or 
hospitalization due to HF
0.79 (0.69 – ​0.90)

HF decompensation or 
cardiovascular death
0.82 (0.73 – ​0.92)

Secondary 
endpoint

Cardiovascular death или 
Hospitalization due to HF
0.75 (0.65 – ​0.85)

All hospitalizations due to 
HF 
0.70 (0.58 – ​0.85) 
Average decrease in GFR
1.73 (1.10 – ​2.37)

All hospitalizations due 
to HF (first and repeated)
0.73 (0.61 – ​0.88) 
GFR decrease level
( – ​1.25 vs – ​2.62 ml/
min/1.73m2; p<0.001)

Total number of cases of 
HF decompensation and 
cardiovascular death
0.77 (0.67 – ​0.89) 
Changes in KCCQ TSS after 
8 months 1.11 (1.03 – ​1.21) 
Average change
2.4 (1.5 – ​3.4) 
All-cause mortality
0.94 (0.83 – ​1.07)

Cardiovascular 
death 0.82 (0.69 – ​0.98) 0.92 (0.75 – ​1.12) 0.91 (0.76 – ​1.09) 0.88 (0.74 – ​1.05)

Hospitalization 
due to HF 0.70 (0.59 – ​0.83) 0.69 (0.59 – ​0.81) 0.73 (0.61 – ​0.88) 0.77 (0.67 – ​0.89)

All-cause 
mortality 0.83 (0.71 – ​0.97) 0.92 (0.77 – ​1.10) 1.00 (0.87 – ​1.15) 0.94 (0.83 – ​1.07)
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of the DPP-4 inhibitor linagliptin and the sulfonylurea 
derivative glimepiride in influencing cardiovascular 
outcomes, despite a lower incidence of hypoglycemia 
in the linagliptin treatment group [117]. However, tri-
als of other new treatments for type 2 DM have had 
mixed results.

Studies of sodium-glucose cotransporter type 
2 inhibitors
In the randomized EMPA-REG OUTCOME trial in pa-
tients with type 2 DM  and cardiovascular diseases, 
the sodium-glucose cotransporter type 2 (SGLT-2) in-
hibitor empagliflozin reduced the risk of the adverse 
outcomes (MI, stroke, and cardiovascular death) by 
14 % (p=0.04) and cardiovascular mortality by 38 % 
(p<0.001) compared to placebo [118]. Results from 
CANVAS, a research program on the SGLT-2 inhibitor 
canagliflozin, showed a significant reduction in the 
risk of the adverse outcomes (cardiovascular death, 
MI or stroke) compared with placebo. However, there 
was an increased risk of lower limb amputation in the 
canagliflozin group [119]. In the CREDENCE study in 
patients with type 2 DM  and CKD, the canagliflozin 
group had a reduced risk of sum of end-stage kid-
ney disease, doubling of serum creatinine, or death 
from renal or cardiovascular causes compared with 
placebo. In this study, there was no significant in-
crease in lower extremity amputations, fractures, 
acute renal failure or hyperkalemia with canagliflozin 
compared to placebo. However, an increased risk of 
diabetic ketoacidosis was observed in the canagli-
flozin group compared to placebo [120]. The results 
of the randomized DECLARE-TIMI 58 trial in patients 
with type 2 DM with documented ACVD (40 % of par-
ticipants) or multiple risk factors met the defined 
criteria of no less efficacy than placebo with respect 
to major adverse cardiovascular events, but did not 
show a reduction in their incidence. The reduced risk 
of cardiovascular death or hospitalization for HF de-
compensation in the dapagliflozin group compared 
with placebo reflected a lower incidence of hospi-
talization due to HF, with no difference in the risk of 
cardiovascular death between groups [121]. In the 
DAPA-CKD study in patients with or without CKD and 
type 2 DM, the risk of the composite of adverse out-
comes (sustained reduction in GFR of at least 50 %, 
end-stage CKD, or death from renal or cardiovascular 
causes) was significantly reduced in the dapagliflozin 
group compared with the placebo group [122]. In the 

VERTIS CV  study, the SGLT-2 inhibitor ertugliflozin 
was equivalent to placebo in its effect on the risk of 
major adverse cardiovascular outcomes in patients 
with type 2 DM  and documented ACVD. In addition, 
ertugliflozin reduced the risk of hospitalization due to 
HF, which is consistent with findings from studies of 
other SGLT-2 inhibitors [123]. The SGLT-1 and SGLT-2 
inhibitor sotagliflozin, which is not currently approved 
by the FDA in the United States, reduced the cumula-
tive incidence of adverse events (death from cardio-
vascular causes, hospitalization, or need for acute HF 
decompensation treatment) in the SCORED  trial in 
people with type 2 DM, CKD, and other cardiovascular 
risk factors. Side effects of sotagliflozin were similar 
to those observed with other SGLT-2 inhibitors, but 
included an increased incidence of diarrhea associat-
ed with SGLT-1 inhibition [124].

Studies of glucagon-like peptide-1 receptor 
agonists
In large randomized trials involving patients with type 
2 DM, the glucagon-like peptide-1 (GLP-1) receptor 
agonists liraglutide in LEADER [125], semaglutide in 
SUSTAIN-6 [126], and dulaglutide in REWIND  [127] 
were shown to reduce the risk of cardiovascular 
death, non-fatal MI, or non-fatal stroke compared 
with placebo. The oral form of semaglutide in the ran-
domized PIONEER trial [128], albiglutide in Harmony 
Outcomes [129], lixisenatide in ELIXA [130], and ex-
enatide in EXSCEL [131] were not superior to place-
bo in affecting the sum of these adverse outcomes. 
Currently, the treatment with SGLT-2 inhibitors (em-
pagliflozin, canagliflozin, dapagliflozin) and GLP-1 
receptor agonists (liraglutide, semaglutide, and dula-
glutide) can significantly reduce the risk of cardiovas-
cular events in people with type 2 DM. According to 
meta-analyses, drugs in these two classes can com-
parably reduce the risk of major adverse cardiovascu-
lar complications in people with type 2 DM and known 
ACVD  [132, 133]. SGLT-2 inhibitors also reduce the 
risk of hospitalization due to HF decompensation and 
progression of kidney disease in people with known 
ACVD or its multiple risk factors or CKD with albu-
minuria [134, 135]. Therefore, in patients with type 
2 DM  and ACVD, multiple risk factors for ACVD, or 
diabetic nephropathy, SGLT-2 inhibitors with proven 
efficacy are recommended to reduce the risk of major 
adverse cardiovascular events and/or hospitalization 
due to HF decompensation. In type 2 DM patients with 
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ACVD or multiple ACVD risk factors, GLP-1 receptor 
agonists with proven efficacy are recommended to re-
duce the risk of major adverse cardiovascular events. 
The combined use of SGLT-2 inhibitors and GLP-1 re-
ceptor agonists may provide additional improvements 
in cardiovascular and renal outcomes [136].

Glucose-lowering therapy and heart failure
The common co-occurrence of type 2 DM and HF is 
characterized by increased morbidity and mortali-
ty, requiring appropriate choice of glucose-lowering 
agents to improve outcomes. Thiazolidinediones in-
crease the risk of developing HF and should be avoid-
ed in people with symptomatic HF [137]. Observational 
studies in people with type 2 DM  and HF have not 
shown a negative effect of metformin on the out-
comes [138]. Despite the lack of relevant randomized 
trials, metformin can be used to treat hyperglycemia 
in people with stable HF as long as renal function re-
mains within the recommended range for its use. The 
dipeptidyl peptidase-4 inhibitor saxagliptin increased 
the risk of hospitalization due to HF decompensation 
compared with placebo in the randomized SAVOR-
TIMI  53 trial [139]. However, other drugs in this 
class in cardiovascular outcomes trials – ​​alogliptin 
in EXAMINE, sitagliptin in TECOS, and linagliptin in 
CARMELINA – ​​did not have this effect [137]. Trials of 
the GLP-1 receptor agonists lixisenatide, liraglutide, 
semaglutide, exenatide, albiglutide, and dulaglutide 
did not show an increased risk of hospitalization for 
HF compared to placebo [137].

The use of SGLT-2 inhibitors in patients with type 
2 DM  was associated with a reduced incidence of 
hospitalization due to HF compared with placebo in 
the randomized trials of empagliflozin (EMRA-REG 
OUTCOME) [118], canagliflozin (CANVAS) [119] and 
dapagliflozin (DECLARE-TIMI  58) [121]. In patients 
with New York Heart Association (NYHA) class II – ​
IV CHF and an ejection fraction ≤40 %, dapagliflozin 
in the DAPA-HF trial [140] and empagliflozin in the 
EMPEROR-Reduced trial [141] reduced the risk of 
cardiovascular death or hospitalization due to CHF 
decompensation compared with placebo. In patients 
with NYHA class II – ​IV CH and an ejection fraction > 
40 %, empagliflozin in the randomized EMPEROR-
Preserved trial [142] and dapagliflozin in the DELIVER 
significantly reduced the risk of cardiovascular death 
or hospitalization due to HF [143]. Approximately half 

of the participants in these trials had DM, but the 
presence of DM did not affect the reported outcomes. 
A meta-analysis of these four trials of SGLT-2 inhibi-
tors, supplemented by the SOLOIST-WHF data using 
sotagliflozin, showed a reduced risk of cardiovascu-
lar death or hospitalization due to HF, cardiovascular 
death, first hospitalization due to HF, and all-cause 
mortality in a wide range of patients with HF, sup-
porting their emerging role as first-line therapy for 
HF regardless of ejection fraction and concomitant 
therapy [144].

In patients with type 2 DM and diagnosed HF with 
reduced (<40 %), moderately reduced (41 – ​49 %), or 
preserved (≥50 %) ejection fraction, treatment with 
SGLT-2 inhibitors is recommended to reduce the risk 
of HF progression and cardiovascular death because 
of their proven benefit in this patient population. In 
addition, SGLT-2 inhibitors are recommended in this 
patient population to reduce symptoms and physical 
limitations and to improve quality of life [145-147]. 
The observed benefits likely represent a class effect 
of SGLT-2 inhibitors, are not related to glycemic low-
ering, and are similar in patients with and without 
type 2 DM and HF.

Finerenone in patients with type 2 diabetes 
mellitus and chronic kidney disease
People with DM have an increased risk of CKD, which 
also increases the cardiovascular risk. The selective 
nonsteroidal mineralocorticoid receptor antagonist 
finerenone improved CKD outcomes in the random-
ized FIDELIO-DKD  trial in people with stage 3 or 4 
CKD, severe albuminuria, and type 2 DM  [148]. In 
the FIGARO-DKD trial in patients with diabetic neph-
topathy receiving maximal renin-angiotensin sys-
tem blocker therapy, finerenone reduced the risk of 
cardiovascular death, non-fatal MI, non-fatal stroke 
or hospitalization due to HF compared with place-
bo [111]. In a pooled analysis of FIDELITY, the im-
provement in cardiovascular and renal outcomes in 
patients with type 2 DM and CKD under the effect of 
finerenone was confirmed [113]. Therefore, in people 
with type 2 DM  and CKD  with albuminuria who are 
receiving maximally tolerated doses of ACE inhibitors 
or ARBs, the addition of finerenone should be consid-
ered to improve cardiovascular outcomes and reduce 
the risk of CKD progression.
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Features of the clinical use of drugs
In people with type 2 DM and a high risk of ACVD, HF, 
or CKD, therapy with SGLT-2 inhibitors and/or GLP-1 
receptor agonists should be used as part of a com-
prehensive approach to reduce the risk of adverse 
cardiovascular and renal outcomes. Drugs of these 
classes should be included in therapy regimens re-
gardless of the need for additional glycemic correction 
and the use of metformin. SGLT-2 inhibitors or ago-
nists of GLP-1 receptors in combination with drugs 
for the treatment of AH, dyslipidemia, hyperglycemia, 
antiplatelet therapy will provide additional improve-
ment of the of patients` prognosis. Therefore, their 
use should be initiated in people with diagnosed car-
diovascular or renal disease who may subsequently 
be diagnosed with DM, as cardioprotective agents are 

appropriate to use from the start of DM  treatment. 
The addition of SGLT-2 inhibitors or GLP-1 receptor 
agonists to therapy for long-term DM may be more 
challenging, especially if patients are already re-
ceiving complex glucose-lowering therapy. In such 
a case, treatment with SGLT-2 inhibitors or GLP-1 
receptor agonists may require replacement of some 
or all of the previously prescribed glucose-lowering 
medications to minimize the risk of hypoglycemia and 
other adverse effects and to reduce treatment costs. 
Close collaboration between primary care physicians 
and specialists can help facilitate this adjustment of 
therapy and improve outcomes in people with type 2 
DM who are at high risk for complications.

Conflict of interests: none declared.

References
1.	 American Diabetes Association. Economic costs of diabetes in 

the U.S. in 2017. Diabetes Care. 2018;41:917 – ​9282.

2.	 Cavender M.A., Steg P.G., Smith S.C.Jr., et al.; REACH Registry 

Investigators. Impact of diabetes mellitus on hospitalization for 

heart failure, cardiovascular events, and death: outcomes at 4 

years from the Reduction of Atherothrombosis for Continued 

Health (REACH) Registry. Circulation. 2015;132:923 – ​931.

3.	 Ali M.K., Bullard K.M., Saaddine J.B., et al. Achievement 

of goals in U.S. diabetes care, 1999 – ​2010. N Engl J Med. 

2013;368:1613 – ​1624.

4.	 Buse J.B., Ginsberg H.N., Bakris G.L., et al.; American Heart 

Association; American Diabetes Association. Primary pre-

vention of cardiovascular diseases in people with diabetes 

mellitus: a scientific statement from the American Heart 

Association and the American Diabetes Association. Diabetes 

Care. 2007;30:162 – ​172.

5.	 Gaede P., Lund-Andersen H., Parving H.H., Pedersen O. Effect 

of a multifactorial intervention on mortality in type 2 diabetes. 

N Engl J Med. 2008;358:580 – ​591.

6.	 McAllister D.A., Read S.H., Kerssens J., et al. Incidence of 

hospitalization for heart failure and casefatality among 3.25 

million people with and without diabetes mellitus. Circulation. 

2018;138:2774 – ​2786.

7.	 Bohula E.A., Morrow D.A., Giugliano R.P., et al. Atherothrombotic 

risk stratification and ezetimibe for secondary prevention. J 

Am Coll Cardiol. 2017;69:911 – ​921.

8.	 Bohula E.A., Bonaca M.P., Braunwald E., et al. Atherothrombotic 

risk stratification and the efficacy and safety of vorapaxar in 

patients with stable ischemic heart disease and previous myo-

cardial infarction. Circulation. 2016;134:304 – ​313.

9.	 de Boer I.H., Bangalore S., Benetos A., et al. Diabetes and 

hypertension: a position statement by the American Diabetes 

Association. Diabetes Care. 2017;40:1273 – ​1284.

10.	 Whelton P.K., Carey R.M., Aronow W.S., et al. 2017 ACC/

AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ ASPC/NMA/PCNA 

guideline for the prevention, detection, evaluation, and man-

agement of high blood pressure in adults: a report of the 

American College of Cardiology/American Heart Association 

Task Force on Clinical Practice Guidelines. J Am Coll Cardiol. 

2018;71:e127 – ​e248.

11.	 Unger T., Borghi C., Charchar F., et al. 2020 International 

Society of Hypertension Global Hypertension Practice 

Guidelines. Hypertension. 2020;75:1334 – ​1357.

12.	 Williams B., Mancia G., Spiering W., et al.; ESC  Scientific 

Document Group. 2018 ESC/ESH guidelines for the manage-

ment of arterial hypertension. Eur Heart J. 2018;39:3021 – ​

3104.

13.	 Bobrie G., Genes N., Vaur L., et al. Is “isolated home” hyper-

tension as opposed to “isolated office” hypertension a sign of 

greater cardiovascular risk? Arch Intern Med. 2001;161:2205 – ​

2211.

14.	 Sega R, Facchetti R, Bombelli M, et al. Prognostic value of am-

bulatory and home blood pressures compared with office blood 

pressure in the general population: follow-up results from the 

Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) 

study. Circulation. 2005;111:1777 – ​1783.

15.	 Bandak G, Sang Y, Gasparini A, et al. Hyperkalemia after ini-

tiating renin-angiotensin system blockade: the Stockholm 

Creatinine Measurements (SCREAM) project. J Am Heart 

Assoc. 2017;6:e005428.



19
International Heart and Vascular Disease Journal. Volume 11, № 40, December 2023
ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

16.	 Hughes-Austin JM, Rifkin DE, Beben T, et al. The relation of 

serum potassium concentration with cardiovascular events 

and mortality in community-living individuals. Clin J Am Soc 

Nephrol. 2017;12:245 – ​252.

17.	 James MT, Grams ME, Woodward M, et al.; CKD  Prognosis 

Consortium. A meta-analysis of the association of estimated 

GFR, albuminuria, diabetes mellitus, and hypertension with 

acute kidney injury. Am J Kidney Dis. 2015;66:602 – ​612.

18.	 Williams B, MacDonald TM, Morant S, et al.; British 

Hypertension Society’s PATHWAY Studies Group. 

Spironolactone versus placebo, bisoprolol, and doxazosin to 

determine the optimal treatment for drug-resistant hyperten-

sion (PATHWAY-2): a randomised, double-blind, crossover tri-

al. Lancet. 2015;386:2059 – ​2068.

19.	 Sato A, Hayashi K, Naruse M, Saruta T. Effectiveness of al-

dosterone blockade in patients with diabetic nephropathy. 

Hypertension. 2003;41: 64 – ​68.

20.	 Brown MA, Magee LA, Kenny LC, et al.; International Society for 

the Study of Hypertension in Pregnancy (ISSHP). Hypertensive 

disorders of pregnancy: ISSHP classification, diagnosis, and 

management recommendations for international practice. 

Hypertension. 2018;72:24 – ​43.

21.	 American College of Obstetricians and Gynecologists, Task 

Force on Hypertension in Pregnancy. Hypertension in preg-

nancy. Report of the American College of Obstetricians and 

Gynecologists’ Task Force on Hypertension in Pregnancy. 

Obstet Gynecol. 2013;122:1122 – ​1131.

22.	 Al-Balas M, Bozzo P, Einarson A. Use of diuretics during preg-

nancy. Can Fam Physician. 2009;55:44 – ​45.

23.	 Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term mortality 

of mothers and fathers after pre-eclampsia: population based 

cohort study. BMJ. 2001;323:1213 – ​1217.

24.	 Sacks FM, Svetkey LP, Vollmer WM, et al.; DASH-Sodium 

Collaborative Research Group. Effects on blood pressure of 

reduced dietary sodium and the Dietary Approaches to Stop 

Hypertension (DASH) diet. N Engl J Med. 2001;344:3 – ​10.

25.	 James PA, Oparil S, Carter BL, et al. 2014 evidence-based 

guideline for the management of high blood pressure in adults: 

report from the panel members appointed to the Eighth Joint 

National Committee (JNC 8). JAMA. 2014;311:507 – ​520.

26.	 Mao Y, Lin W, Wen J, Chen G. Impact and efficacy of mobile 

health intervention in the management of diabetes and hy-

pertension: a systematic review and meta-analysis. BMJ Open 

Diabetes Res Care. 2020;8:e001225.

27.	 Stogios N, Kaur B, Huszti E, et al. Advancing digital health 

interventions as a clinically applied science for blood pres-

sure reduction: a systematic review and meta-analysis. Can J 

Cardiol. 2020;36:764 – ​774.

28.	 Bakris GL, Weir MR; Study of Hypertension and the Efficacy 

of Lotrel in Diabetes (SHIELD) Investigators. Achieving goal 

blood pressure in patients with type 2 diabetes: conventional 

versus fixed-dose combination approaches. J Clin Hypertens 

(Greenwich). 2003;5:202 – ​209.

29.	 Feldman RD, Zou GY, Vandervoort MK, et al. A simplified ap-

proach to the treatment of uncomplicated hypertension: a clus-

ter randomized, controlled trial. Hypertension. 2009;53:646 – ​

653.

30.	 Webster R, Salam A, de Silva HA, et al.; TRIUMPH Study Group. 

Fixed low-dose triple combination antihypertensive medication 

vs usual care for blood pressure control in patients with mild 

to moderate hypertension in Sri Lanka: a randomized clinical 

trial. JAMA 2018;320:566 – ​579.

31.	 Catalá-López F, Macías Saint-Gerons D, González-Bermejo D, 

et al. Cardiovascular and renal outcomes of renin-angioten-

sin system blockade in adult patients with diabetes mellitus: 

a systematic review with network meta-analyses. PLoS Med. 

2016;13:e1001971.

32.	 Palmer SC, Mavridis D, Navarese E, et al. Comparative effica-

cy and safety of blood pressure-lowering agents in adults with 

diabetes and kidney disease: a network meta-analysis. Lancet. 

2015;385:2047 – ​2056.

33.	 Barzilay JI, Davis BR, Bettencourt J, et al.; ALLHAT 

Collaborative Research Group. Cardiovascular outcomes us-

ing doxazosin vs. chlorthalidone for the treatment of hyper-

tension in older adults with and without glucose disorders: a 

report from the ALLHAT study. J Clin Hypertens (Greenwich). 

2004;6:116 – ​125.

34.	 Weber MA, Bakris GL, Jamerson K, et al.; ACCOMPLISH 

Investigators. Cardiovascular events during differing hyper-

tension therapies in patients with diabetes. J Am Coll Cardiol. 

2010;56:77 – ​85.

35.	 Bangalore S, Fakheri R, Toklu B, Messerli FH. Diabetes mel-

litus as a compelling indication for use of renin angiotensin 

system blockers: systematic review and meta-analysis of ran-

domized trials. BMJ. 2016;352:i438.

36.	 Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering 

for prevention of cardiovascular disease and death: a system-

atic review and metaanalysis. Lancet. 2016;387:957 – ​967.

37.	 Carlberg B, Samuelsson O, Lindholm LH. Atenolol in hyperten-

sion: is it a wise choice? Lancet. 2004;364:1684 – ​1689.

38.	 Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart failure with re-

duced ejection fraction: a review. JAMA. 2020;324:488 – ​504.

39.	 Yusuf S, Teo KK, Pogue J, et al.; ONTARGET Investigators. 

Telmisartan, ramipril, or both in patients at high risk for vas-

cular events. N Engl J Med. 2008;358:1547 – ​1559.

40.	 Fried LF, Emanuele N, Zhang JH, et al.; VA NEPHRON-D 

Investigators. Combined angiotensin inhibition for the treat-



20
Leading Article
Mamedov M.N., Kanorskiy S.G., Arabidze G.G. et al.
Cardiovascular diseases and risk management...
DOI: 10.24412/2311-1623-2023-40-4-24

ment of diabetic nephropathy. N Engl J Med. 2013;369:1892 – ​

1903.

41.	 Makani H, Bangalore S, Desouza KA, et al. Efficacy and safety 

of dual blockade of the renin-angiotensin system: meta-analy-

sis of randomised trials. BMJ. 2013;346:f360.

42.	 Zhao P, Xu P, Wan C, Wang Z. Evening versus morning dosing 

regimen drug therapy for hypertension. Cochrane Database 

Syst Rev. 2011 (10):CD004184.

43.	 Hermida RC, Ayala DE, Mojon A, Fernandez JR. Influence of 

time of day of blood pressurelowering treatment on cardio-

vascular risk in hypertensive patients with type 2 diabetes. 

Diabetes Care. 2011;34:1270 – ​1276.

44.	 Rahman M, Greene T, Phillips RA, et al. A trial of 2 strategies to 

reduce nocturnal blood pressure in Blacks with chronic kidney 

disease. Hypertension. 2013;61:82 – ​88.

45.	 Nilsson E, Gasparini A, Ärnlöv J, et al. Incidence and determi-

nants of hyperkalemia and hypokalemia in a large healthcare 

system. Int J Cardiol. 2017;245:277 – ​284.

46.	 Mehdi UF, Adams-Huet B, Raskin P, et al. Addition of angio-

tensin receptor blockade or mineralocorticoid antagonism to 

maximal angiotensin-converting enzyme inhibition in diabetic 

nephropathy. J Am Soc Nephrol. 2009;20:2641 – ​2650.

47.	 Bakris GL, Agarwal R, Chan JC, et al.; Mineralocorticoid 

Receptor Antagonist Tolerability Study – ​Diabetic Nephropathy 

(ARTS-DN) Study Group. Effect of finerenone on albuminuria in 

patients with diabetic nephropathy: a randomized clinical trial. 

JAMA. 2015;314:884 – ​894.

48.	 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA 

guideline on the primary prevention of cardiovascular dis-

ease: a report of the American College of Cardiology/American 

Heart Association Task Force on Clinical Practice Guidelines. 

Circulation. 2019;140:e596 – ​e646

49.	 Jellinger PS, Handelsman Y, Rosenblit PD, et al. American 

Association of Clinical Endocrinologists and American College 

of Endocrinology guidelines for management of dyslipid-

emia and prevention of cardiovascular disease. Endocr Pract. 

2017;23(Suppl. 2):1 – ​87.

50.	 Goldberg RB, Stone NJ, Grundy SM. The 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 

guidelines on the management of blood cholesterol in diabe-

tes. Diabetes Care. 2020;43:1673 – ​1678.

51.	 Mach F, Baigent C, Catapano AL, et al.; ESC Scientific Document 

Group. 2019 ESC/EAS guidelines for the management of dys-

lipidaemias: lipid modification to reduce cardiovascular risk. 

Eur.Heart J. 2020;41:111 – ​188.

52.	 de Ferranti SD, de Boer IH, Fonseca V, et al. Type 1 diabetes 

mellitus and cardiovascular disease: a scientific statement 

from the American Heart Association and American Diabetes 

Association. Diabetes Care. 2014;37:2843 – ​2863.

53.	 Sabatine MS, Giugliano RP, Keech AC, et al.; FOURIER Steering 

Committee and Investigators. Evolocumab and clinical out-

comes in patients with cardiovascular disease. N Engl J Med. 

2017;376:1713 – ​1722.

54.	 Giugliano RP, Cannon CP, BlazingMA, et al.; IMPROVE-

IT (Improved Reduction of Outcomes: Vytorin Efficacy 

International Trial) Investigators. Benefit of adding ezeti-

mibe to statin therapy on cardiovascular outcomes and safe-

ty in patients with versus without diabetes mellitus: results 

from IMPROVE-IT (Improved Reduction of Outcomes: Vytorin 

Efficacy International Trial). Circulation. 2018;137:1571 – ​1582.

55.	 Schwartz GG, Steg PG, Szarek M, et al.; ODYSSEY OUTCOMES 

Committees and Investigators. Alirocumab and cardiovascu-

lar outcomes after acute coronary syndrome. N Engl J Med. 

2018;379:2097 – ​2107.

56.	 Ray KK, Colhoun HM, Szarek M, et al.; ODYSSEY OUTCOMES 

Committees and Investigators. Effects of alirocumab on car-

diovascular and metabolic outcomes after acute coronary 

syndrome in patients with or without diabetes: a prespecified 

analysis of the ODYSSEY OUTCOMES randomized controlled 

trial. Lancet Diabetes Endocrinol. 2019;7:618 – ​628.

57.	 Berglund L, Brunzell JD, Goldberg AC, et al.; Endocrine so-

ciety. Evaluation and treatment of hypertriglyceridemia: an 

Endocrine Society clinical practice guideline. J Clin Endocrinol 

Metab. 2012; 97:2969 – ​2989.

58.	 Bhatt DL, Steg PG,MillerM, et al.; REDUCEIT Investigators. 

Cardiovascular risk reduction with icosapent ethyl for hyper-

triglyceridemia. N. Engl J Med. 2019;380:11 – ​22.

59.	 Sattar N, Preiss D, Murray HM, et al. Statins and risk of in-

cident diabetes: a collaborative meta-analysis of randomised 

statin trials. Lancet. 2010;375:735 – ​742.

60.	 Richardson K, Schoen M, French B, et al. Statins and cognitive 

function: a systematic review. Ann InternMed. 2013; 159:688 – ​

697.

61.	 Baigent C, Blackwell L, Collins R, et al.; Antithrombotic 

Trialists’ (ATT) Collaboration. Aspirin in the primary and sec-

ondary prevention of vascular disease: collaborative me-

ta-analysis of individual participant data from randomized tri-

als. Lancet. 2009;373:1849 – ​1860.

62.	 Cosentino F, Grant PJ, Aboyans V, et al.; ESC  Scientific 

Document Group. 2019 ESC  Guidelines on diabetes, pre-dia-

betes, and cardiovascular diseases developed in collaboration 

with the EASD. Eur Heart J. 2020;41(2):255 – ​323.

63.	 Campbell CL, Smyth S, Montalescot G, Steinhubl SR. Aspirin 

dose for the prevention of cardiovascular disease: a systematic 

review. JAMA. 2007;297:2018 – ​2024.

64.	 Jones WS, Mulder H, Wruck LM, et al.; ADAPTABLE Team. 

Comparative effectiveness of aspirin dosing in cardiovascular 

disease. N Engl J Med. 2021;384:1981 – ​1990.



21
International Heart and Vascular Disease Journal. Volume 11, № 40, December 2023
ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

65.	 Davı G, Patrono C. Platelet activation and atherothrombosis. N 

Engl J Med 2007;357:2482 – ​2494.

66.	 Larsen SB, Grove EL, Neergaard-Petersen S, et al. Determinants 

of reduced antiplatelet effect of aspirin in patients with stable 

coronary artery disease. PLoS One. 2015;10:e0126767.

67.	 Zaccardi F, Rizzi A, Petrucci G, et al. In vivo platelet activa-

tion and aspirin responsiveness in type 1 diabetes. Diabetes 

2016;65:503 – ​509.

68.	 Bethel MA, Harrison P, Sourij H, et al. Randomized controlled 

trial comparing impact on platelet reactivity of twice-daily with 

once daily aspirin in people with type 2 diabetes. Diabet Med. 

2016;33:224 – ​230.

69.	 Rothwell PM, Cook NR, Gaziano JM, et al. Effects of aspirin on 

risks of vascular events and cancer according to bodyweight 

and dose: analysis of individual patient data from randomised 

trials. Lancet. 2018;392:387 – ​399.

70.	 ASCEND Study Collaborative Group. Effects of aspirin for pri-

mary prevention in persons with diabetes mellitus. N Engl J 

Med. 2018;379:1529 – ​1539.

71.	 ElSayed NA, Aleppo G, Aroda VR, et al. Cardiovascular Disease 

and Risk Management: Standards of Care in Diabetes-2023. 

Diabetes Care. 2023;46(Supplement_1):S158-S190.

72.	 Blicher TM, Hommel K, Kristensen SL, et al. Benefit of clopido-

grel therapy in patients with myocardial infarction and chronic 

kidney disease-a Danish nation-wide cohort study. J Am Heart 

Assoc. 2014;3(4):e001116.

73.	 Andersson C, Lyngbæk S, Nguyen CD, et al. Association of 

clopidogrel treatment with risk of mortality and cardiovascu-

lar events following myocardial infarction in patients with and 

without diabetes. JAMA. 2012;308(9):882 – ​889.

74.	 Vandvik PO, Lincoff AM, Gore JM, et al. Primary and secondary 

prevention of cardiovascular disease: Antithrombotic Therapy 

and Prevention of Thrombosis, 9th ed: American College of 

Chest Physicians Evidence-Based Clinical Practice Guidelines. 

Chest. 2012;141(Suppl.):e637S – ​e668S.

75.	 Bhatt DL, Bonaca MP, Bansilal S, et al. Reduction in ischemic 

events with ticagrelor in diabetic patients with prior myocardi-

al infarction in PEGASUS-TIMI 54. J Am Coll Cardiol. 2016;67: 

2732 – ​2740.

76.	 Steg PG, Bhatt DL, Simon T, et al.; THEMIS Steering Committee 

and Investigators. Ticagrelor in patients with stable coronary 

disease and diabetes. N Engl JMed. 2019;381:1309 – ​1320.

77.	 Bhatt DL, Steg PG, Mehta SR, et al.; THEMIS Steering 

Committee and Investigators. Ticagrelor in patients with di-

abetes and stable coronary artery disease with a history of 

previous percutaneous coronary intervention (THEMIS PCI): 

a phase 3, placebo-controlled, randomized trial. Lancet. 

2019;394:1169 – ​1180.

78.	 Angiolillo DJ, Baber U, Sartori S, et al. Ticagrelor with or with-

out aspirin in high-risk patients with diabetes mellitus under-

going percutaneous coronary intervention. J Am Coll Cardiol. 

2020;75:2403 – ​2413.

79.	 Wiebe J, Ndrepepa G, Kufner S, et al. Early aspirin discontin-

uation after coronary stenting: a systematic review and me-

ta-analysis. J Am Heart Assoc. 2021;10:e018304.

80.	 Bhatt DL, Eikelboom JW, Connolly SJ, et al.; COMPASS 

Steering Committee and Investigators. Role of combination 

antiplatelet and anticoagulation therapy in diabetes mellitus 

and cardiovascular disease: insights from the COMPASS trial. 

Circulation. 2020;141:1841 – ​1854.

81.	 Connolly SJ, Eikelboom JW, Bosch J, et al.; COMPASS inves-

tigators. Rivaroxaban with or without aspirin in patients with 

stable coronary artery disease: an international, randomised, 

double-blind, placebo-controlled trial. Lancet. 2018;391:205 – ​

218.

82.	 Bonaca MP, Bauersachs RM, Anand SS, et al. Rivaroxaban in 

peripheral artery disease after revascularization. N Engl J 

Med. 2020;382:1994 – ​2004.

83.	 Perk J, De Backer G, Gohlke H, et al.; European Association 

for Cardiovascular Prevention & Rehabilitation (EACPR); 

ESC  Committee for Practice Guidelines (CPG). European 

Guidelines on cardiovascular disease prevention in clin-

ical practice (version 2012). The Fifth Joint Task Force of 

the European Society of Cardiology and Other Societies on 

Cardiovascular Disease Prevention in Clinical Practice (con-

stituted by representatives of nine societies and by invited ex-

perts). Eur Heart J. 2012; 33:1635 – ​1701.

84.	 Belch J, MacCuish A, Campbell I, et al.; Prevention of 

Progression of Arterial Disease and Diabetes Study Group; 

Diabetes Registry Group; Royal College of Physicians 

Edinburgh. The prevention of progression of arterial disease 

and diabetes (POPADAD) trial: factorial randomized placebo 

controlled trial of aspirin and antioxidants in patients with di-

abetes and asymptomatic peripheral arterial disease. BMJ. 

2008;337:a1840 – ​a1840.

85.	 Zhang C, Sun A, Zhang P, et al. Aspirin for primary prevention of 

cardiovascular events in patients with diabetes: A meta-analy-

sis. Diabetes Res Clin Pract. 2010;87:211 – ​218.

86.	 De Berardis G, Sacco M, Strippoli GFM, et al. Aspirin for pri-

mary prevention of cardiovascular events in people with dia-

betes: meta-analysis of randomised controlled trials. BMJ. 

2009;339:b4531.

87.	 Gaziano JM, Brotons C, Coppolecchia R, et al.; ARRIVE 

Executive Committee. Use of aspirin to reduce risk of initial 

vascular events in patients at moderate risk of cardiovascular 

disease (ARRIVE): a randomised, double-blind, placebo-con-

trolled trial. Lancet. 2018;392:1036 – ​1046.



22
Leading Article
Mamedov M.N., Kanorskiy S.G., Arabidze G.G. et al.
Cardiovascular diseases and risk management...
DOI: 10.24412/2311-1623-2023-40-4-24

88.	 McNeil JJ, Wolfe R, Woods RL, et al.; ASPREE Investigator 

Group. Effect of aspirin on cardiovascular events and bleeding 

in the healthy elderly. N Engl J Med. 2018;379:1509 – ​1518.

89.	 Pignone M, Earnshaw S, Tice JA, Pletcher MJ. Aspirin, statins, 

or both drugs for the primary prevention of coronary heart 

disease events in men: a cost-utility analysis. Ann Intern Med. 

2006;144:326 – ​336.

90.	 Huxley RR, Peters SAE, Mishra GD, Woodward M. Risk of all-

cause mortality and vascular events in women versusmen with 

type 1 diabetes: a systematic review and meta-analysis. Lancet 

Diabetes Endocrinol. 2015;3:198 – ​206.

91.	 Peters SAE, Huxley RR, Woodward M. Diabetes as risk factor 

for incident coronary heart disease in women compared with 

men: a systematic review and meta-analysis of 64 cohorts 

including 858,507 individuals and 28,203 coronary events. 

Diabetology. 2014;57:1542 – ​1551.

92.	 Kalyani RR, Lazo M, Ouyang P, et al. Sex differences in diabetes 

and risk of incident coronary artery disease in healthy young 

and middle-aged adults. Diabetes Care. 2014;37:830 – ​838.

93.	 Peters SAE, Huxley RR, Woodward M. Diabetes as a risk factor 

for stroke in women compared withmen: a systematic review 

andmetaanalysis of 64 cohorts, including 775,385 individuals 

and 12,539 strokes. Lancet. 2014;383:1973 – ​1980.

94.	 Mora S, Ames JM, Manson JE. Low-dose aspirin in the primary 

prevention of cardiovascular disease: shared decision making 

in clinical practice. JAMA. 2016;316:709 – ​710.

95.	 Bax JJ, Young LH, Frye RL, et al.; ADA. Screening for coro-

nary artery disease in patients with diabetes. Diabetes Care. 

2007;30:2729 – ​2736.

96.	 Boden WE, O’Rourke RA, Teo KK, et al.; COURAGE Trial 

Research Group. Optimal medical therapy with or without 

PCI for stable coronary disease. N Engl J Med. 2007;356:1503 – ​

1516.

97.	 Frye RL, August P, Brooks MM, et al.; BARI 2D Study Group. A 

randomized trial of therapies for type 2 diabetes and coronary 

artery disease. N Engl J Med. 2009;360:2503 – ​2515.

98.	 Elkeles RS, Godsland IF, Feher MD, et al.; PREDICT Study 

Group. Coronary calcium measurement improves prediction 

of cardiovascular events in asymptomatic patients with type 2 

diabetes: the PREDICT study. Eur Heart J. 2008;29:2244 – ​2251.

99.	 Raggi P, Shaw LJ, Berman DS, Callister TQ. Prognostic value of 

coronary artery calcium screening in subjects with and without 

diabetes. J Am Coll Cardiol. 2004;43:1663 – ​1669.

100.	Anand DV, Lim E, Hopkins D, et al. Risk stratification in un-

complicated type 2 diabetes: prospective evaluation of the 

combined use of coronary artery calcium imaging and se-

lective myocardial perfusion scintigraphy. Eur Heart J. 

2006;27:713 – ​721.

101.	Young LH, Wackers FJT, Chyun DA, et al.; DIAD Investigators. 

Cardiac outcomes after screening for asymptomatic coronary 

artery disease in patients with type 2 diabetes: the DIAD study: 

a randomized controlled trial. JAMA. 2009; 301:1547 – ​1555.

102.	Wackers FJT, Young LH, Inzucchi SE, et al.; Detection of 

Ischemia in Asymptomatic Diabetics Investigators. Detection 

of silent myocardial ischemia in asymptomatic diabetic sub-

jects: the DIAD study. Diabetes Care. 2004;27:1954 – ​1961.

103.	Scognamiglio R, Negut C, Ramondo A, et al. Detection of cor-

onary artery disease in asymptomatic patients with type 2 dia-

betes mellitus. J Am Coll Cardiol. 2006;47:65 – ​71.

104.	Hadamitzky M, Hein F, Meyer T, et al. Prognostic value of cor-

onary computed tomographic angiography in diabetic patients 

without known coronary artery disease. Diabetes Care. 2010; 

33:1358 – ​1363.

105.	Choi EK, Chun EJ, Choi SI, et al. Assessment of subclinical 

coronary atherosclerosis in asymptomatic patients with type 

2 diabetes mellitus with single photon emission computed to-

mography and coronary computed tomography angiography. 

Am J Cardiol. 2009;104:890 – ​896.

106.	Malik S, Zhao Y, Budoff M, et al. Coronary artery calcium score 

for long-term risk classification in individuals with type 2 dia-

betes and metabolic syndrome from the Multi-Ethnic Study of 

Atherosclerosis. JAMA Cardiol. 2017;2:1332 – ​1340.

107.	Wing RR, Bolin P, Brancati FL, et al.; Look AHEAD Research 

Group. Cardiovascular effects of intensive lifestyle interven-

tion in type 2 diabetes. N Engl J Med. 2013;369:145 – ​154.

108.	Arnold SV, Bhatt DL, Barsness GW, et al.; American Heart 

Association Council on Lifestyle and Cardiometabolic Health 

and Council on Clinical Cardiology. Clinical management of 

stable coronary artery disease in patients with type 2 diabe-

tes mellitus: a scientific statement from the American Heart 

Association. Circulation. 2020; 141:e779 – ​e806.

109.	Yusuf S, Teo K, Anderson C, et al.; Telmisartan Randomised 

Assessment Study in ACE in tolerant subjects with cardio-

vascular Disease (TRANSCEND) Investigators. Effects of 

the angiotensin-receptor blocker telmisartan on cardiovas-

cular events in high-risk patients intolerant to angiotensin 

converting enzyme inhibitors: a randomized controlled trial. 

Lancet.2008;372:1174 – ​1183.

110.	Braunwald E, Domanski MJ, Fowler SE, et al.; PEACE Trial 

Investigators. Angiotensin-convertingenzyme inhibition in 

stable coronary artery disease. N Engl J Med. 2004;351:2058 – ​

2068.

111.	Pitt B, Filippatos G, Agarwal R, et al.; IGARO-DKD Investigators. 

Cardiovascular events with finerenone in kidney disease and 

type 2 diabetes. N Engl J Med. 2021;385:2252 – ​2263.

112.	Filippatos G, Anker SD, Agarwal R, et al.; FIGARO-DKD 

Investigators. Finerenone reduces risk of incident heart fail-



23
International Heart and Vascular Disease Journal. Volume 11, № 40, December 2023
ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

ure in patients with chronic kidney disease and type 2 di-

abetes: analyses from the FIGARO-DKD  trial. Circulation. 

2022;145:437 – ​447.

113.	Agarwal R, Filippatos G, Pitt B, et al.; FIDELIODKD  and 

FIGARO-DKD  investigators. Cardiovascular and kidney out-

comes with finerenone in patients with type 2 diabetes and 

chronic kidney disease: the FIDELITY pooled analysis. Eur 

Heart J. 2022; 43:474 – ​484.

114.	Anker SD, Butler J, Filippatos G, et al.; EMPEROR-Preserved 

Trial Investigators. Empagliflozin in heart failure with a pre-

served ejection fraction. N Engl J Med. 2021;385:1451 – ​1461.

115.	Kezerashvili A, Marzo K, De Leon J. Beta blocker use after 

acute myocardial infarction in the patient with normal systol-

ic function: when is it “ok” to discontinue? Curr Cardiol Rev. 

2012; 8:77 – ​84.

116.	Fihn SD, Gardin JM, Abrams J, et al.; American College 

of Cardiology Foundation; American Heart Association 

Task Force on Practice Guidelines; American College of 

Physicians; American Association for Thoracic Surgery; 

Preventive Cardiovascular Nurses Association; Society for 

Cardiovascular Angiography and Interventions; Society of 

Thoracic Surgeons. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/

STS Guideline for the diagnosis and management of patients 

with stable ischemic heart disease: a report of the American 

College of Cardiology Foundation/American Heart Association 

Task Force on Practice Guidelines, and the American College 

of Physicians, American Association for Thoracic Surgery, 

Preventive Cardiovascular Nurses Association, Society for 

Cardiovascular Angiography and Interventions, and Society of 

Thoracic Surgeons. J Am Coll Cardiol. 2012;60:e44 – ​e164.

117.	Rosenstock J, Perkovic V, Johansen OE, et al.; CARMELINA 

Investigators. Effect of linagliptin vs lacebo on major cardio-

vascular events in adults with type 2 diabetes and high cardio-

vascular and renal risk: the CARMELINA randomized clinical 

trial. JAMA. 2019;321:69 – ​79.

118.	Zinman B, Wanner C, Lachin JM, et al.; EMPA-REG OUTCOME 

Investigators. Empagliflozin, cardiovascular outcomes, and 

mortality in type 2 diabetes. N Engl J Med. 2015;373:2117 – ​

2128.

119.	Neal B, Perkovic V, Mahaffey KW, et al.; CANVAS Program 

Collaborative Group. Canagliflozin and cardiovascular and 

renal events in type 2 diabetes. N Engl J Med. 2017;377:644 – ​

657.

120.	Perkovic V, Jardine MJ, Neal B, et al.; CREDENCE Trial 

Investigators. Canagliflozin and renal outcomes in type 2 di-

abetes and nephropathy. N Engl J Med. 2019;380:2295 – ​2306.

121.	Wiviott SD, Raz I, Bonaca MP, et al.; DECLARE – ​TIMI  58 

Investigators. Dapagliflozin and cardiovascular outcomes in 

type 2 diabetes. N Engl J Med. 2019;380:347 – ​357.

122.	Heerspink HJL, Stefansson BV, Correa-Rotter R, et al.; 

DAPA-CKD Trial Committees and Investigators. Dapagliflozin 

in patients with chronic kidney disease. N Engl J Med. 

2020;383:1436 – ​1446.

123.	Cannon CP, Pratley R, Dagogo-Jack S, et al.; VERTIS 

CV  Investigators. Cardiovascular outcomes with ertugliflozin 

in type 2 diabetes. N Engl J Med. 2020;383:1425 – ​1435.

124.	Bhatt DL, Szarek M, Pitt B, et al.; SCORED  Investigators. 

Sotagliflozin in patients with diabetes and chronic kidney dis-

ease. N Engl J Med. 2021;384:129 – ​139.

125.	Marso SP, Daniels GH, Brown-Frandsen K, et al.; LEADER 

Steering Committee; LEADER Trial Investigators. Liraglutide 

and cardiovascular outcomes in type 2 diabetes. N Engl J Med. 

2016; 375:311 – ​322.

126.	Marso SP, Bain SC, Consoli A, et al.; SUSTAIN-6 Investigators. 

Semaglutide and cardiovascular outcomes in patients with 

type 2 diabetes. N Engl J Med. 2016;375:1834 – ​1844.

127.	Gerstein HC, Colhoun HM, Dagenais GR, et al.; 

REWIND  Investigators. Dulaglutide and cardiovascular out-

comes in type 2 diabetes (REWIND): a double-blind, ran-

domised placebo-controlled trial. Lancet. 2019;394:121 – ​130.

128.	Husain M, Birkenfeld AL, Donsmark M, et al. Oral semaglutide 

and cardiovascular outcomes in patients with type 2 diabetes. 

N Engl J Med. 2019;381:841 – ​851.

129.	Hernandez AF, Green JB, Janmohamed S, et al.; Harmony 

Outcomes committees and investigators. Albiglutide and car-

diovascular outcomes in patients with type 2 diabetes and 

cardiovascular disease (Harmony Outcomes): a double-blind, 

randomised placebo-controlled trial. Lancet. 2018;392:1519 – ​

1529.

130.	Pfeffer MA, Claggett B, Diaz R, et al.; ELIXA Investigators. 

Lixisenatide in patients with type 2 diabetes and acute coro-

nary syndrome. N Engl J Med. 2015;373:2247 – ​2257.

131.	Holman RR, Bethel MA, Mentz RJ, et al.; EXSCEL Study Group. 

Effects of once-weekly exenatide on cardiovascular outcomes 

in type 2 diabetes. N Engl J Med. 2017;377:1228 – ​1239.

132.	Zelniker TA, Wiviott SD, Raz I, et al. Comparison of the effects 

of glucagon-like peptide receptor agonists and sodium-glu-

cose cotransporter 2 inhibitors for prevention of major ad-

verse cardiovascular and renal outcomes in type 2 diabetes 

mellitus. Circulation. 2019;139:2022 – ​2031.

133.	Palmer SC, Tendal B, Mustafa RA, et al. Sodium-glucose 

cotransporter protein-2 (SGLT-2) inhibitors and glucagon-like 

peptide-1 (GLP-1) receptor agonists for type 2 diabetes: sys-

tematic review and network meta-analysis of randomized 

controlled trials. BMJ 2021;372:m4573.

134.	Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for prima-

ry and secondary prevention of cardiovascular and renal out-



24
Leading Article
Mamedov M.N., Kanorskiy S.G., Arabidze G.G. et al.
Cardiovascular diseases and risk management...
DOI: 10.24412/2311-1623-2023-40-4-24

comes in type 2 diabetes: a systematic review and meta-analy-

sis of cardiovascular outcome trials. Lancet. 2019;393:31 – ​39.

135.	McGuire DK, Shih WJ, Cosentino F, et al. Association of SGLT2 

inhibitors with cardiovascular and kidney outcomes in pa-

tients with type 2 diabetes: a meta-analysis. JAMA Cardiol. 

2021;6:148 – ​158.

136.	Lam CSP, Ramasundarahettige C, Branch KRH, et al. 

Efpeglenatide and clinical outcomes with and without con-

comitant sodium-glucose cotransporter-2 inhibition use in 

type 2 diabetes: exploratory analysis of the AMPLITUDE-O 

Trial. Circulation. 2022;145:565 – ​574.

137.	Seferović PM, Petrie MC, Filippatos GS, et al. Type 2 diabetes 

mellitus and heart failure: a position statement from the Heart 

Failure Association of the European Society of Cardiology. Eur 

J Heart Fail. 2018;20:853 – ​872.

138.	Schernthaner G, Brand K, Bailey CJ. Metformin and the heart: 

Update on mechanisms of cardiovascular protection with spe-

cial reference to comorbid type 2 diabetes and heart failure. 

Metabolism. 2022;130:155160.

139.	Scirica BM, Bhatt DL, Braunwald E, et al.; SAVOR-TIMI  53 

Steering Committee and Investigators. Saxagliptin and car-

diovascular outcomes in patients with type 2 diabetes melli-

tus. N Engl J Med. 2013;369:1317 – ​1326.

140.	McMurray JJV, Solomon SD, Inzucchi SE, et al.; DAPA-HF Trial 

Committees and Investigators. Dapagliflozin in patients with 

heart failure and reduced ejection fraction. N Engl J Med. 

2019;381:1995 – ​2008.

141.	Packer M, Anker SD, Butler J, et al.; EMPEROR Reduced 

Trial Investigators. Cardiovascular and renal outcomes with 

empagliflozin in heart failure. N Engl J Med. 2020;383:1413 – ​

1424.

142.	Anker SD, Butler J, Filippatos G, et al.; EMPEROR-Preserved 

Trial Investigators. Empagliflozin in heart failure with a pre-

served ejection fraction. N Engl J Med. 2021;385:1451 – ​1461.

143.	Solomon SD, McMurray JJV, Claggett B, et al.; DELIVER Trial 

Committees and Investigators. Dapagliflozin in heart failure 

with mildly reduced or preserved ejection fraction. N Engl J 

Med. 2022;387:1089 – ​1098.

144.	Vaduganathan M, Docherty KF, Claggett BL, et al.; SGLT-2 

inhibitors in patients with heart failure: a comprehensive 

meta-analysis of five randomised controlled trials. Lancet. 

2022;400:757 – ​767.

145.	Voors AA, Angermann CE, Teerlink JR, et al. The SGLT2 inhib-

itor empagliflozin in patients hospitalized for acute heart fail-

ure: a multinational randomized trial. Nat Med. 2022;28:568 – ​

574.

146.	Nassif ME, Windsor SL, Borlaug BA, et al. The SGLT2 inhibitor 

dapagliflozin in heart failure with preserved ejection fraction: 

a multicenter randomized trial. Nat Med. 2021;27:1954 – ​1960.

147.	Spertus JA, Birmingham MC, Nassif M, et al. The SGLT2 inhib-

itor canagliflozin in heart failure: the CHIEF-HF remote, pa-

tient-centered randomized trial. Nat Med. 2022;28:809 – ​813.

148.	Bakris GL, Agarwal R, Anker SD, et al.; FIDELIO-DKD 

Investigators. Effect of finerenone on chronic kidney disease 

outcomes in type 2 diabetes. N Engl J Med. 2020;383:2219 – ​

2229.



25
International Heart and Vascular Disease Journal. Volume 11, № 40, December 2023
ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

*  Corresponding author. Tel.: +7 (921) 329-52-92. E-mail: olesin58@mail.ru

Clinical evaluation to identify the predictors 
of arrhythmogenic cardiomyopathy in patients 

with ventricular extrasystoles without 
structural heart changes.  

Clinical and experimental study
Olesin A.O.1, Konstantinova I.V.1, Tyuteleva N.N.1, Ivanov V.S.2, Ivanov S.N.3, Koziy A.V.4

1  North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia.
2  Elizavetinskaya hospital», Saint Petersburg, Russia. 
3  St. Petersburg State Pediatric Medical University», Saint Petersburg, Russia.
4  442nd District Military Clinical Hospital, Saint Petersburg, Russia. 

AUTHORS
Alexander I. Olesin, MD, PhD, Professor of the Department of Hospital Therapy and Cardiology named after 
M.S. Kushakovsky, North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia. 
ORCID: 0000-0001-7827-1052
Irina V. Konstantinova, MD, PhD, North-Western State Medical University named after I.I. Mechnikov, Saint 
Petersburg, Russia. ORCID: 0000-0003-3350-3088
Natalia N. Tyuteleva, MD, PhD, Assistant of the Department of Hospital Therapy and Cardiology named after 
M.S. Kushakovsky, North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia. 
ORCID: 0000-0002-9083-8944
Vladimir S. Ivanov, MD, PhD, head of cardiology department №2, Elizavetinskaya hospital, Saint Petersburg, 
Russia. ORCID: 0000-0001-5705-7057
Sergey N. Ivanov, MD, PhD, Associate Professor of the Department of Hospital Therapy with Endocrinology 
Course, St. Petersburg State Pediatric Medical University, Saint Petersburg, Russia. ORCID: 0000-0001-5669-
832X 
Anastasia V. Koziy, MD, PhD, cardiologist, 442nd District Military Clinical Hospital, Saint Petersburg, Russia.  
ORCID: 0000-0002-1426-3579



26
Original Articles
Olesin A.O. et al.
Clinical evaluation to identify the predictors of arrhythmogenic cardiomyopathy...
DOI: 10.24412/2311-1623-2023-40-25-33

The aim of the study was to evaluate the complex deter-
mination of predictors of “arrhythmogenic cardiomyopa-
thy” in patients with ventricular extrasystoles (VE) without 
structural heart changes to predict the development of 
cardiovascular diseases in a prospective study.
Methods. Experimental study. Rats were used to model 
VE by the mechanism of early postdepolarization (aconi-
tine arrhythmia), rabbits — for delayed postdepolariza-
tion (barium chloride-induced arrhythmia), and dogs  — 
for re-entry peroxide arrhythmia. In the electrocardio-
gram (ECG), in addition to the conventional parameters, 
the pre-excitation interval, its variability and the index of 
intrinsic deviation of VE (IDVEi) were analyzed.
Clinical study. We observed 412 patients without struc-
tural changes of the heart aged from 16 to 43 years (mean 
28.4±0.8 years), and the number of VEs per day of obser-
vation ranged from 6157 to 37254 (mean 19706±656 VEs). 
The same parameters were determined by the ECG as in 
experimental arrhythmias: they were calculated sepa-
rately for mono- and polymorphic left- and right ventri
cular extrasystoles (LVE and RVE). The duration of patient 
follow-up was up to 10 years.
Results. In the modeling of ventricular arrhythmias by 
the mechanism of delayed postdepolarization, polymor-
phic VE, early postdepolarization — early monomorphic 
VE, re-entry — early and late monomorphic VE were re
gistered. In the animals with the modeling of arrhythmia 
by the mechanism of re-entry IDVEi was significantly 
higher in comparison with VE caused by the mechanisms 
of early and delayed postdepolarization. The main pre-
dictors of “arrhythmogenic cardiomyopathy” in patients 
without structural changes of the heart with VE, which 
determine the development of organic heart pathology, 
such as coronary heart disease (CHD) and mitral valve 
prolapse (MVP), are IDVEi and QRSVE complex duration. 
Increased values of these parameters (>0.42 units and 

148 m/s, respectively), characterize the risk group of car-
diovascular pathology formation.
The development of CHD in patients without structural 
heart changes with VE highly correlated with IDVEi ≥ 0.56 
units, duration of QRSVE complex ≥157 m/s in monomor-
phic LVE, use of class III drugs. The development of MVP 
in these patients highly correlated with duration of QRSVE 
complex ≥ 159 m/s in polymorphic VE, efficacy of class I 
drugs and to a lesser extent of the class III drugs.
Conclusion. In patients without structural heart changes 
with VE, the increase in IDVEi values and QRSVE complex 
duration > 0.48 units and 149 m/s, respectively, determine 
the risk group of cardiovascular pathology formation. In 
patients without structural heart changes with VE, the 
development of CHD highly correlated with IDVEi ≥0.56 
units, QRSVE complex duration ≥157 m/s in monomorphic 
LVE, and MVP — with QRSVE complex duration ≥159 m/s 
in polymorphic VE.
Keywords: ventricular extrasystoles, predictors of the de-
velopment of organic heart pathology in patients without 
structural heart changes.
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Introduction
It is now known that despite the benign course of 
ventricular extrasystoles (VE) in patients without 
structural heart disease, frequent ventricular ectopy 
may contribute to the development of left ventricular 
dysfunction manifested by clinical symptoms of heart 
failure, and suppression of premature ventricular 
complexes usually leads to improvement in cardiac 
function [1, 2]. In most cases, it is relatively harmless, 
but VE may be one and only manifestation of the on-
set of various diseases, particularly of the cardiovas-
cular system, such as coronary heart disease (CHD), 
mitral valve prolapse (MVP), etc. [1, 2].  In these pa-
tients, various predictors are used to assess the risk 

of “arrhythmogenic cardiomyopathy”. Most often, the 
number of premature ventricular contractions per 
day of observation is determined (for example, more 
than 15% of premature ventricular ectopias from all 
cardiac contractions, including the number of paired, 
grouped VEs and/or ventricular complexes that con-
stitute unstable ventricular tachycardia [2, 3]). Also, 
the duration of the QRS complex in VE and sinus 
rhythm (QRSVE and QRSsr), the index of internal devi-
ation of VEs (IDVEi) are sometimes taken into account. 
The duration of the corrected premature ventricular 
ectopic interval (PEIVEc), its variability, e.g. by deter-
mining the linear deviation (LD) of PEIVEc have also 
been used in clinical practice [1, 3]. Hypothetically, it 
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is possible to assume that in experimental modeling 
of VE it is possible to estimate the frequency of detec-
tion and significance of predictors of the occurrence 
of “arrhythmogenic cardiomyopathy” depending on 
the mechanism of development of induced ventricular 
arrhythmia. In the available literature no information 
was found on the possibility of using the predictors 
of “arrhythmogenic cardiomyopathy” in patients with 
VE without structural heart changes (including those 
depending on the mechanism of its development) to 
predict the development of cardiovascular diseases.

The aim of the study was to evaluate the complex 
determination of predictors of “arrhythmogenic car-
diomyopathy” in patients with ventricular extrasysto-
les (VE) without structural heart changes to predict 
the development of cardiovascular diseases in a pro-
spective study.

Methods

Experimental study
Experiments were performed on 11 Wistar rats (male 
and female, body weight 180-240 g), 12 rabbits and 
14 mongrel dogs weighing 1.2–2.4 kg (average — 
1.7±1.4 kg) and 5.5-12.3 kg (average — 9.2±1.3 kg). The 
choice of experimental arrhythmias was made taking 
into account the electrophysiological mechanisms in-
volved in their formation. Arrhythmias with the mech-
anism of early postdepolarization were modeled with 
aconitine, delayed postdepolarization — with barium 
chloride, re-entry — with hydrogen peroxide [4]. 

In rats, the early postdepolarization mechanism 
was modeled by intravenous injection of aconitine hy-
drobromide at a dose of 10.0 µg/kg, and in rabbits, the 
delayed postdepolarization mechanism was modeled 
by intravenous injection of barium chloride at a dose 
of 5 mg/kg [4]. In dogs, after removal of the pericar-
dium under hexenal anesthesia, ventricular arrhyth-
mias were modeled in the open heart by injection 
of arrhythmogen (0.3% hydrogen peroxide) into the 
ventricular myocardium [4]. After hydrogen peroxide 
injection, vascular damage is first observed with the 
subsequent development of “oxidative stress” of ca-
diomyocytes [4-6] and the occurrence first of VE due 
to the mechanism of early postdepolarization [7] and 
then, with further membrane hyperpolarization and 
prolongation of action potential duration — to re-en-
try [4, 8]. In all dogs, the mechanism of arrhythmia 
development was assessed by excitation conduction 

mapping [8]. Electrograms and electrocardiograms 
(ECG) in standard and augmented leads were record-
ed on a digital electrocardiograph “Poly-Spectrum” 
(Neurosoft, Ivanovo). On ECG, after modeling of each 
ventricular arrhythmia, we calculated PEIVEc and its 
LD separately for left and right ventricular extrasys-
toles (LVE and RVE). We also calculated the ratio of 
PEIVE to QT of sinus rhythm (QTsr.), IDVEi, defined as 
the ratio of the time from the onset of the premature 
ventricular contraction to the apex of the maximum R 
or S wave of the premature ventricular complex to the 
duration of QRSVE [4, 9, 10].

Clinical study
412 patients aged 16 to 43 years (mean — 28.4±0.8 
years) were observed. Inclusion criteria: absence of 
structural cardiac changes, presence of sinus rhythm, 
detection of class IV-V VE according to Rayn M. (1985) 
classification [1], subjective sensation of arrhythmia, 
LVEF ≥ 54%, chronic heart failure class I–II according 
to NYHA [1, 9], informed patient consent for research 
and treatment. The study was approved by the local 
ethics committee.

The absence of structural cardiac changes was 
confirmed after exclusion of cardiac and extracardi-
ac diseases, electrolyte disorders, use of medications 
and/or toxic products (mainly diuretics, oral contra-
ceptives, alcohol abuse, etc.) that independently or in-
directly led to the development of VE, as well as other 
exclusion criteria. Those included the use of various 
stress tests, invasive and noninvasive coronary angi-
ography, and contrast-enhanced magnetic resonance 
imaging, which were described earlier [1, 9].

In addition to a general clinical examination, all 
patients underwent ECG monitoring (1–3 days) and 
echocardiographic examination with the Hitachi 
EUB-5500 according to generally accepted meth-
ods. Calculation of hemodynamic parameters such 
as LVEF, etc. and determination of the localization 
of premature ventricular complexes have been de-
scribed previously [8–10]. In addition, PEIVEc and its 
LD separately for LVE and RVE, the ratio of PEIVE to 
QTsr, IDVEi, QRSVE complex duration were calculated 
as in the experimental study.

In the first stage, all patients were treated primar-
ily with cardioprotective therapy, including potassium 
supplements, sedatives, polyunsaturated fatty acids, 
etc., to eliminate VE. [1, 9], and if there was no effect, 
the choice of differentiated antiarrhythmic therapy 
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for VE was based on screening tests with antiarrhyth-
mic drugs of classes I-III used in average therapeu-
tic doses [9]. Class II drugs were used first, and if 
they were ineffective, class I or III drugs were used, 
with amiodarone used last if necessary. The antiar-
rhythmic drugs of choice were metoprolol at 50–100 
mg/day, propranolol at 80–160 mg/day, carvedilol 
at 25-50 mg/day, and lappaconitine hydrobromide 
(Allapinin) at 50–75 mg/day, diethylaminopropionyle-
thoxycarbonylaminophenothiazine (etacizine) — 100–
150 mg/day, sotalol — 160–240 mg/day, propafenone 
(propanorm) — 300–600 mg/day, amiodarone — 600–
800 mg/day. In the absence of effect of monotherapy, 
the combined therapy was used instead. Daily ECG 
monitoring was performed before and after antiar-
rhythmic therapy, and the criterion of positive effect 
was reduction of the number of extrasystoles by 75% 
or more in comparison with their initial number, as 
well as elimination of paired and group extrasystoles 
[1, 2].

For statistical processing of the obtained data we 
used mean values and error of mean values (M±m), 
standard deviation (σ), 95% CI of mean values, 
Student’s t-test, χ2 criteria, (p<0.05 values were con-
sidered as statistically significant). The normality of 
the distribution of the studied quantitative parame-
ters was checked using the Kolmogorov-Smirnov test 
and ±3σ rule (Gaussian distribution), Pearson’s and 
Spearman’s linear pairwise and rank correlations (r) 
(for nonparametric parameters) were used, respec-
tively. The comparison of two binary variables was 
assessed using the logistic regression method with 
determination of the odds ratio (OR) using the com-
puter program “Statistica”, version 11.0.

The study was performed in accordance with Good 
Clinical Practice standards and the principles of the 
Declaration of Helsinki.

Results

Experimental study
Polymorphic LVE or RVE were registered in model-
ing of barium chloride-induced arrhythmia, in aco-
nitine arrhythmia — early monomorphic LVE or RVE, 
in re-entry peroxide arrhythmia — first early, then 
early and late monomorphic LVE. Development of un-
stable VT was observed in all animals with aconitine 
arrhythmia modeling, in 6 (42.86%) of 14 dogs with 
re-entry peroxide arrhythmia. In animals with bari-
um chloride-induced arrhythmia modeling, PEIVE/
QTsr and LDPEIVEc values were significantly greater 
compared to aconitine arrhythmia, whereas all indi-
ces studied were significantly greater when VE was 
induced by the re-entry mechanism compared with 
ventricular ectopy induced by the early postdepolar-
ization mechanism caused by aconitine and hydrogen 
peroxide administration. There were no significant 
changes in the other parameters studied (Table 1).

Clinical study
In 412 patients without structural heart changes, 
the number of premature ventricular contractions 
per day of observation ranged from 6157 to 37254 
(mean — 19706±656 VEs). In 166 patients (40.29%) 
the development of cardiovascular or gastrointestinal 
diseases was observed during 1–10 years after the 
first examination (main group), and in the rest of the 
patients during this period of observation there were 
no structural changes of the heart at the first and 
subsequent examinations, as well as cardiovascular 
system diseases and pathology of other organs and 
systems (comparison group). Various clinical forms 
of CHD were detected in 41 (24.70%) patients of the 
main group, 11 (26.83%) of them had myocardial in-
farction, and in 22 (73.33%) of 30 patients the diagno-

Table 1
 ECG parameters of VEs induced in the experiment (M±m, 95% confidence interval of mean values in parentheses)

Parameters
Early postdepolarization 
(aconitine arrhythmia), n 

= 11

Delayed postdepolarization 
(barium chloride-induced 

arrhythmia), n = 12

Early postdepolarization 
(peroxide arrhythmia), 

n = 14

Re-entry (peroxide 
arrhythmia)

n = 14

PEIVE/QTsr, units 1.11±0.02
 (1.03–1.18)

1.83±0.16*
 (1.36–2.28)

1.12±0.02
 (1.04–1.21)

1.78±0.17*
 (1.14–2.28)

LDcPEVEi, ms 1.71±0.03
 (1.64–1.83)

42.12±3.69*
 (25.05–58.14)

1.73±0.06
 (1.55–1.92)

39.33±3.17*
 (24.82–54.93)

IDVEi, units 0.29±0.02
 (0.25–0.34)

0.31±0.02
 (0.22–0.38)

0.32±0.03
 (0.24–0.42)

0.66±0.02*
 (0.58–0.72)

QRSVE/QRSsr 1.36±0.03
 (1.25–1.44)

1.37±0.03
 (1.27–1.48)

1.31±0.03
 (1.21–1.43)

1.91±0.09*
 (1.56–2.23)

Note. * — reliable difference of parameters in comparison with VE caused by the mechanism of early postrepolarization (at p < 0.05).
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sis was confirmed by coronary angiography (clinically 
significant stenosis of coronary arteries was detect-
ed), 15 (9.04%) had MVP, 16 (9.64%) had peptic ulcer 
disease, 58 (34.94%) had gastroesophageal reflux 
disease, 22 (13.25%) had hyperacid gastritis type “B”, 
and the rest had hiatal hernia.

In the control group, monomorphic RVE was more 
common (87.40%), and class I drugs were most ef-
fective in treating ventricular ectopy. In patients with 
the development of CHD, monomorphic LVE and, less 
frequently, monomorphic RVE were significantly more 
common than in the comparison group, and class III 
drugs were most effective for the treatment of pre-
mature ventricular complexes. In patients with MVP, 
polymorphic LVE and RVE were significantly more fre-
quent compared with the control group, with a posi-
tive clinical effect of VE treatment with class I drugs. 
In patients with formation of gastrointestinal tract pa-
thology, polymorphic LVE and RVE were significantly 
more frequently registered in comparison with the 
control group with the highest efficacy of ventricu-
lar ectopia elimination by class I drugs with vagolytic 
activity. There was no significant difference in other 
studied parameters of the main group in comparison 
with the control group (Table 2).

In the comparison group, the ratio of PEIVE 
of monomorphic VE to QTsr were ≤1.35 units, 
LDcPEVEi — ≤10 m/s, the values of IDVEi and dura-
tion of QRSVE complex did not exceed 0.42 units and 
148 m/s, respectively, while polymorphic ventricular 
ectopy in these patients was characterized by sig-
nificantly higher variability of PEIVEc, and other ECG 

parameters were not significantly different in com-
parison with monomorphic extraordinary ventricu-
lar complexes. In case of CHD, all ECG parameters 
of monomorphic VE, including IDVEi, QRSVE complex 
duration, were significantly greater compared with 
similar ectopy in the control group. In patients with 
MVP, the duration of QRSVE complex of polymorphic 
VE was significantly longer compared with similar 
premature ventricular depolarization in the control 
group, while no significant difference was found in 
other studied parameters. In patients with gastroin-
testinal pathology, ECG signs of polymorphic VE were 
not significantly different from similar ectopy in the 
control group (Table 3).

In the comparison group, ECG signs of monomor-
phic LVE and RVE highly correlated with similar pa-
rameters characteristic of modeling ventricular ec-
topy by the mechanism of early postdepolarization 
(r = 0.92), and polymorphic — with delayed postde-
polarization (r = 0.94). In patients without structural 
heart changes with subsequent CHD formation, ECG 
parameters of monomorphic LVE corresponded to 
experimental arrhythmias induced by the re-entry 
mechanism (r = 0.96), and in the cases of MVP and 
gastrointestinal pathology, ECG parameters of poly-
morphic LVE and RVE highly correlated with experi-
mental arrhythmias induced by the delayed postde-
polarization mechanism (r = 0.92 and r = 0.96, respec-
tively).

In patients without cardiac and extracardiac pa-
thology, control of VE, mainly due to the mechanism 
of early repolarization, highly correlated with the 

Table 2
Characteristics of ventricular extrasystole and efficacy of antiarrhythmic therapy in patients without structural heart 

changes 

Patients group
       

Parameters
Comparison group,

n = 246

Main group, n = 166
CHD,
n = 41

MVP, 
n = 15 GI diseases, n = 110

Number of VEs from 6,000 to 15,000/day 115(46.75 %) 27(65.85 %) 8(53.33 %) 56(50.91 %)
Number of VEs more than 15000/day 131(53.25 %) 14(34.15 %) 7(46.67 %) 54(49.09 %)
Monomorphic LVE 5(2.03 %) 38(92.68 %)* — ---
Polymorphic LVE 10(4.07 %) — 9(60 %)* 34(30.91 %)*
Monomorphic RVE 215(87.40 %) 3(7.32 %)* --- ---
Polymorphic RVE 16(6.50 %) --- 6(40 %)* 76(69.09 %)*
Class II drugs 24(9.76 %) 4(9.76 %) — 14(12.73 %)
Ethacizin 176(71.54 %) — — —
Propafenone 42(17.07 %) — 10(66.67 %)* —
Allapinin 4(1.63 %) — — 85(77.27%)*
Sotalol — 32(78.05 %) 5(33.33%) 11(10 %)
Amiodarone — 5(12.19 %) — —

Note. * — reliable difference of parameters with the comparison group (at p < 0.05), dash — parameters were not registered.
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use of class I drugs, represented mainly by etacizine 
(OR = 11.7). Development of CHD was highly correlat-
ed with IDVEi ≥0.56 units (OR = 12.9), QRSVE complex 
duration ≥157 m/s (OR = 9.8), monomorphic VE due to 
re-entry mechanism, using class III drugs (OR = 8.1). 
The development of MVP highly correlated with the 
duration of the QRSVE complex ≥159 m/s (OR = 10.7) 
in polymorphic VE due to the mechanism of delayed 
postdepolarization, the efficacy of class I drugs rep-
resented by propafenone (OR = 6.2) and, to a lesser 
extent, class III drugs (OR = 1.6). The formation of 
GI pathology highly correlated with polymorphic VE 
caused by the mechanism of delayed postdepolariza-
tion (OR = 4.1) and the use of class I drugs, represent-
ed mainly by allapinin (OR = 10.2). 

Discussion

Currently, classical genetics has shown that the her-
itability of various cardiovascular diseases, such as 
CHD and other pathologies, is approximately 40% [1]. 
The presence of various risk factors or their associ-
ation in apparently healthy patients leads to a local 
disturbance of cardiomyocyte metabolism and may 
cause the development of VE. In the absence of struc-
tural heart disease, cardiac or extracardiac pathology, 
the course of VE is usually considered benign accord-
ing to the classification of Bigger B. (1984) [1]. These 
patients are likely to develop “arrhythmogenic cardio-
myopathy”, and in addition to estimating the number 

of premature ventricular complexes, the presence of 
such predictors as increased duration of the QRSVE 
complex, PEIVEc and its variability, IDVEi, etc. are de-
termined [1, 3]. On the other hand, in patients without 
structural heart disease with VE, the presence of pre-
dictors inducing the development of “arrhythmogenic 
cardiomyopathy” may become the first symptoms of 
“arrhythmic form” of the beginning of the formation 
of various clinical forms of CHD, myocarditis, cardio-
myopathy, MVP or other pathology [1].

In experimental modeling of VE, the informative 
value of predictors of arrhythmogenic cardiomyop-
athy depends on the mechanism of development of 
induced ventricular ectopy. VE with the mechanism of 
early postdepolarization was modeled with aconitine, 
delayed postdepolarization — with barium chloride, 
early postdepolarization and re-entry — with hydro-
gen peroxide [4, 8]. In modeling of barium chloride-in-
duced arrhythmia, polymorphic VE was recorded, 
in aconitine arrhythmia — early monomorphic VE, 
in re-entry peroxide arrhythmia — first early, then 
early and late monomorphic LVE. In animals with ar-
rhythmia modeled by re-entry mechanism, IDVEi was 
significantly greater compared to VE caused by early 
and late postdepolarization mechanisms, as well as 
PEIVE/QTcr ratio and LDcPEVEi values were greater 
compared to ventricular ectopy caused by early post-
depolarization mechanism.

Table 3
ECG parameters of VE in patients without structural heart changes  

(M±m, 95% confidence interval of mean values in parentheses)
Patients groups

Parameters

Comparison group,
n = 246

Main group, n = 166

CHD,
n = 41

MVP, 
n = 15 GI diseases, n = 110

PEIVE/QTsr, units

1.27±0.01 
(1.18-1.35)
1.74±0.11†
(1.23-2.19)

1.79±0.07* 
(1.34-2.24)

—

—
1.66±0.11

(1.22-2.04)

—
1.68±0.05

(1.18-2.15)

LDPEIVEc, ms

9.21±0.08 
(8.11-10.02)
82.53±2.31†

(50.81-115.67)

85.37±6.58* 
(44.12-121.36)

—

—
72.54±9.18

(37.11-105.14)

—
83.45±4.28

(42.16-123.57)

IDVEi, units

0.35±0.01 
(0.24-0.42)
0.36±0.02

(0.27-0.46)

0.67±0.02* 
(0.56-0.78)

—

—
0.34±0.02

(0.28-0.42)

—
0.37±0.01

(0.26-0.48)

QRSVE complex duration, ms
134±1 (125-148)
138±1 (133-146)

185±4*
 (157-210)

—

—
189±8*

(159-226)

—
137±1

(129-144)

Note. * — reliable difference of parameters with the comparison group, † — with monomorphic VE (at p < 0.05); above the isoline are the 
parameters characterizing monomorphic VE, below — polymorphic VE, dash — parameters were not registered.
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Aconitine depresses or delays the inactivation of 
the sodium channel system, artificially increasing 
the membrane potential to a level between –40 mV 
and –10 mV, which leads to the emergence of spon-
taneous action potentials by the mechanism of early 
postdepolarization [1, 11]. The same phenomenon 
can occur in human myocardium: under the influence 
of aconitine or “oxidative stress” it depolarizes and 
spontaneously activates [1, 7, 11]. The appearance 
of delayed postdepolarizations is preceded by hyper-
polarization of the cell membrane in the range of — 
60–70 mV with the subsequent appearance of a pre-
mature action potential when the threshold of sub-
threshold excitation is reached [11]. In addition, their 
development requires an increase in the concentra-
tion of calcium ions in cardiomyocytes. VEs caused by 
early and delayed postdepolarization are associated 
with less hyperpolarization of cell membranes com-
pared to arrhythmias caused by the re-entry mech-
anism, reflecting the potentially reversible nature of 
cardiomyocyte dysfunction [11]. Further increase of 
membrane hyperpolarization due to deeper metabol-
ic disturbances leading to prolongation of action po-
tential duration, as well as decrease of outward and 
inward currents, (especially when L-type cardiomyo-
cyte calcium channels are damaged) may provoke an 
increase of heterogeneity of repolarization. Such ar-
eas usually show unidirectional and/or frequency-de-
pendent conduction block and Wenckebach phenom-
enom, which is characteristic of VE caused by the 
re-entry mechanism [1, 11].

166 (40,29 %) out of 412 patients without structural 
changes of the heart had cardiovascular or GI diseas-
es in the first ten years after the first examination, 
and the rest had no structural changes of the heart 
at the first and subsequent examinations, as well as 
cardiovascular diseases and pathology of other or-
gans and systems. In 41 (24,70 %) out of 166 patients 
of the main group various clinical forms of CHD, in 15 
(9,04 %) — MVP, and in the rest — GI diseases rep-
resented by peptic ulcer, gastroesophageal reflux di
sease, hyperacid gastritis type “B”, hiatal hernia were 
found.

In patients without detected cardiac and extracar-
diac pathology during the whole period of observa-
tion, the ECG-signs of monomorphic LVE and RVE 
highly correlated with similar indices characteristic 
for modeling of experimental ventricular ectopy by 
the mechanism of early postdepolarization (r = 0.92), 

and polymorphic — by the delayed postdepolarization 
(r = 0.94). In them, the PEIVE ratios of monomorphic 
VE to QTsr were ≤1.35 units, LDcPEVEi — ≤10 m/s, 
values of IDVEi and duration of QRSVE complex did 
not exceed 0.48 units and 149 m/s, respectively, while 
polymorphic ventricular ectopy in these patients was 
characterized by a significantly higher variability of 
PEIVEc. Other ECG parameters were not significantly 
different in comparison with monomorphic prema-
ture ventricular complexes. In these patients, the 
positive effect of VE elimination highly correlated with 
the use of class I drugs, mainly represented by eta-
cizine (OR = 11.7).

Apparently, in patients without cardiovascular and 
extracardiac pathology, the occurrence of VE due to 
the mechanisms of early and delayed postdepolariza-
tion is associated with less hyperpolarization of cell 
membranes compared to re-entry, which probably 
reflects the reversible nature of cardiomyocyte dys-
function caused by local metabolic changes [1, 11]. 
In these patients, ventricular arrhythmias usually re-
solve as cardiomyocyte function normalizes [1, 9, 11].

In patients without structural heart changes with 
subsequent CHD formation, ECG parameters of 
monomorphic VE corresponded to experimental ar-
rhythmias induced by re-entry mechanism (r = 0.96), 
and in patients with MVP and GI pathology, ECG pa-
rameters of polymorphic LVE and RVE highly cor-
related with experimental arrhythmias induced by 
delayed postdepolarization mechanism (r = 0.92 and 
r = 0.96, respectively). 

CHD development highly correlated with 
IDVEi  ≥0.56 units (OR = 12.9), QRSVE complex dura-
tion ≥157 m/s (OR = 9.8), monomorphic VE with class 
III drugs (OR = 8.1).

Increased values of IDVEi and QRSVE complex du-
ration in monomorphic VE probably determine its 
epicardial or intramural localization, in which slow 
depolarization from the epicardium to the endocardi-
um is observed [10]. The occurrence of epicardial or 
intramural VE is associated with occlusion of small 
branches of epicardial arteries with the formation of 
small foci of fibrosis or “mute” myocardial ischemia, 
which are not verified by conventional methods of in-
vestigation [1], but represent an organic anatomical 
substrate of re-entry loop formation [11]. It should 
be noted that the efficacy of class III antiarrhythmic 
drugs indirectly confirms the presence of ventricular 
arrhythmias caused by the re-entry mechanism [1, 8, 
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11]. On the other hand, in patients with acute CHD, a 
high risk of fatal arrhythmias in the first 72 hours (up 
to 80%) from the onset of the disease was found for 
LDPEIc <10 m/s not only for monomorphic, but also 
polymorphic LVE and RVE. This is probably due to the 
mosaic nature of myocardial damage with the ap-
pearance of zones of ischemia, damage and necrosis 
with the occurrence of ventricular arrhythmias with 
different mechanisms of their development and un-
predictable course [8].

The development of MVP highly correlated with the 
duration of QRSVE complex ≥159 m/s of polymorphic 
VE (OR = 10.7), and the efficacy of class I drugs rep-
resented by propafenone (OR = 6.2) and to a lesser 
extent — class III (OR = 1.6). 

VE in patients without structural changes of the 
heart with localization in the papillary muscles of 
the mitral valve, less often in the tricuspid valve or 
in the mitral annulus, LV outflow tract, may induce 
the development of non-myxomatous MVP due to su-
perficial fibrosis of the mitral valve leaflets, thinning 
and/or chordal elongation [1, 2, 10]. These patients 
may have LVE and/or RVE with QRSVE complex dura-
tion >150 m/s, and radiofrequency ablation is indica
ted when class I drugs are ineffective [1, 2].

The development of GI pathology highly correlat-
ed with polymorphic VE (OR = 4.1) and with the use 
of class I drugs for the treatment of VE, represented 
mainly by allapinin (OR = 10.2). 

The occurrence of VE in patients without structural 
heart changes and subsequent development of GI pa-

thology is associated with excessive vagal influence 
on the heart as a result of functional dyspepsia [1, 9]. 
This is indirectly confirmed by the results of the pres-
ent study: in these patients, the positive clinical effect 
of therapy was achieved mainly by the use of class I 
drugs with vagolytic effect.

Conclusion
When modeling ventricular arrhythmias by the mech-
anism of delayed postdepolarization, polymorphic VE 
were registered; in early postdepolarization — early 
monomorphic VE; in re-entry — early and late mono-
morphic LVE. In animals with modeling of arrhythmia 
by the mechanism of re-entry, there is significantly 
higher IDVEi in comparison with VE caused by the 
mechanisms of early and delayed postdepolarization. 
In patients with VE without structural changes of the 
heart the increase of IDVEi values and QRSVE complex 
duration ≥0.48 units and ≥149 m/s, respectively, in ad-
dition to estimation of the number of ventricular ecto-
pias per day of observation, determine the risk group 
of cardiovascular system pathology. The development 
of CHD in patients without structural heart changes 
with VE highly correlated with IDVEi ≥0.56 units, QRSVE 
complex duration ≥157 m/s monomorphic LVE, and 
the use of class III drugs. The development of MVP 
correlated with QRSVE complex duration ≥159 m/s of 
polymorphic VE, the effectiveness of class I drugs, 
and to a lesser extent with class III drugs.
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The aim of the study is to determine the incidence of co-
morbid diseases in associated with atrial fibrillation (AF).
Methods. The one-phase study included 134 patients (72 
men and 62 women) with a confirmed diagnosis of atrial 
fibrillation. Patients underwent anthropometric exam-
ination (height, weight, body mass index), blood pressure 
(BP) measurement, resting electrocardiography, Doppler 
echocardiography, ultrasonography. Thyroid hormonal 
status (free T3, free T4, thyroid stimulating hormone, an-
ti-TG, and antibodies to thyroperoxidase) was also exam-
ined. Thyroid hormones were analyzed by enzyme-linked 
immunosorbent assay using Bio Screen MS-500 (USA).
Results. The distribution of atrial fibrillation by form was 
as follows: paroxysmal form was registered in 26 (19.4 %) 
patients, persistent — ​in 7 (5.2 %), long-term per-
sistent — ​in 19 (14.2 %), and permanent — ​in 79 (59.0 %). 
Arterial hypertension (AH) was detected in 81 patients 
(60.4 %) with AF, chronic heart failure (CHF) in 82.8 %, type 
2 diabetes mellitus in 26 (19.4 %), and coronary heart dis-
ease (CHD) in 42 (31.3 %). Ischemic stroke was registered 
in 9 (6.7 %) patients with a history of AF.
One somatic comorbidity was found in 25 (18.8 %) pa-
tients, two in 40 (29.3 %), three in 44 (32.8 %), four in 19 
(14.5 %), and five in 6 (4.6 %).

Approximately 80 % of patients with AF were at high risk 
for stroke and thromboembolic complications without an-
ticoagulant therapy.
Conclusion. The majority of AF patients are diagnosed 
with other cardiovascular diseases, including AH, 
CHD  and CHF. In the surveyed group, a combination of 
two and three diseases was detected in more than 60 % 
of cases.
Keywords: аtrial fibrillation, comorbidity, somatic 
diseases.
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Introduction
Atrial fibrillation (AF) is the most common type of 
supraventricular arrhythmia, causing serious he-
modynamic disturbances and complications. Despite 
some progress in the treatment of AF, this type of ar-
rhythmia remains one of the leading causes of stroke, 
chronic heart failure (CHF) and sudden cardiac death. 
In addition, the incidence of this condition is expected 
to increase in the coming years [1].

The prevalence of AF worldwide is 3 % in the popu
lation over 20 years of age [2, 3]. In Europe and the 
USA, one in four middle-aged people is at high risk 
of developing AF. It should be noted that the preva-
lence of AF in the elderly is increasing, including in 
the presence of comorbidities — ​arterial hyperten-
sion (AH), coronary heart disease (CHD), heart failure 
(HF), obesity, diabetes mellitus (DM), thyroid patholo-
gy, chronic kidney disease (CKD) [1-4].

AF has both a symptomatic and asymptomat-
ic course. Latent asymptomatic AF can lead to se-
rious complications such as stroke and death [5]. 
Population screening with resting ECG to detect 
asymptomatic AF, especially in the elderly and those 
with AF-related diseases, is recommended [5].

Prevention, early detection and appropriate cor-
rection of risk factors leading to AF and other comor-
bidities play an important role in the management of 
AF and its complications [6, 7]. The most common 
comorbidities include CHD, CHF, AH, cardiomyopa-
thies, chronic obstructive pulmonary disease, thyroid 
pathology, DM and others. In most cases, the average 
number of comorbidities in patients with AF is 3–4 [1]. 
These diseases can act both as the primary cause of 
AF and as comorbidities, and thus pathogenetically 
contribute to the progression of AF, reduce the quality 

of life of patients, and increase the risk of complica-
tions and sudden cardiac death [8, 9].

The aim of the study was to determine the inci-
dence of comorbid conditions associated with AF of 
non-valvular genesis.

Methods
The one-phase cohort clinical study included 134 pa-
tients (72 males and 62 females) aged 18 years and 
older (mean age 62.8 years; 95 % confidence interval 
(CI) — ​60.9; 64.6) with various forms of AF who were 
being followed as inpatients and outpatients at the 
Mirgasimov Republican Clinical Hospital. The pres-
ence of atrial fibrillation was documented according 
to the data of 12-lead electrocardiographic (ECG) 
series, including during ECG Holter monitoring. 
According to AF classification, 29 patients (21.6 %) 
of 134 patients were diagnosed with paroxysmal 
AF, 7 patients (5.2 %) with persistent AF, 19 patients 
(14.2 %) with long-term persistent AF, and 79 patients 
(59.0 %) with permanent AF, including 16 patients 
(11.9 %) with first-time AF.

All patients were divided into 3 groups according 
to the ECG variant of AF: Group 1–29 patients with 
paroxysmal AF, Group 2–26 patients with persistent 
and long-term persistent AF, and Group 3–79 patients 
with permanent AF. Complex clinical. instrumental 
and laboratory investigations revealed the presence 
of various comorbid diseases and clinical conditions 
(Table 1). AH was found to be the most common pa-
thology associated with AF among the patients stud-
ied. Among 81 patients with AH (60.4 %; 95 % CI — ​
52.14, 68.76), stage I (uncomplicated) was found in 22 
patients, stage II  (asymptomatic) in 36 patients, and 
stage III (complicated) in 23 patients.

Table 1
Clinical characteristics of the examined patients

Criteria Group 1
(n=29)

Group 2
(n=26)

Group 3
(n=79)

Males/females, n 20 / 9 16 / 10 42 / 37

Age, years 50.3
(48.4; 56.3)

56.6
(52.8; 60.3)

65.8
(56.1; 68.2)

History of myocardial infarction, n / % 2 / 6.9 3 / 11.5 11 / 13.9
History of stroke, n / % —  2 / 7.7 7 / 8.9
Type 2 DM, n / % 4 / 13.8 5 / 19.2 17 / 21.5
AH, n / % 16 / 55.2 17 / 65.4 48 / 60.8
CHF, functional classes II–IV, n / % 12 / 41.4 20 /76.9 79 /100.0
Anemia (Hb <110 g/l), n / % 2 / 6.9 2 / 7.7 13 / 13.9
Obesity, classes 1–3, n / % 6 / 20.7 5/ 19.2 12 / 15.2
Left ventricle hypertrophy, n / % 11 / 37.9 13 / 50.0 40 / 50.6
CKD, stages 2-3 13 / 17.3 8 / 17.0 21 / 17.2
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Exclusion criteria were: congenital and/or ac-
quired valvular heart disease; isolated atrial fibrilla-
tion; patients who underwent catheter radiofrequen-
cy ablation of the pulmonary vein orifices; clinically 
and laboratory confirmed hypo- and hyperthyroidism; 
use of drugs affecting thyroid function; refusal to par-
ticipate in the study.

Patients underwent the following examinations: 
clinical examination, anthropometric measurements 
(height and weight were measured, body mass index 
was calculated), blood pressure (BP) measurement, 
resting ECG in 12 standard leads, Doppler echocar
diography, ultrasound examination of the thyroid 
gland and internal organs. Doppler echocardiograph-
ic data were used to calculate structural and func-
tional parameters of the heart: heart chambers di-
mensions, wall thickness, global systolic function, 
left ventricle myocardial mass index (LVMI). In case of 
sinus rhythm, i.e. in paroxysmal and persistent atrial 
fibrillation, LV diastolic function was assessed.

The European Heart Rhythm Association (EHRA) 
scale was used to assess the clinical severity of atri-
al fibrillation. Thyroid hormonal status was assessed 
(free T3, free T4, TSH, anti-TG and antibodies to thy-
roperoxidase). The analysis of thyroid hormones 
was performed by enzyme immunoassay on the Bio 
Screen MS-500 device (USA) with the reagent of 
Chema LLC (Moscow).

To assess the comorbidity of somatic diseases, the 
verified diseases registered in medical documents were 
taken into account. AH was confirmed in the presence 
of BP ≥140/90 mmHg in two consecutive clinical visits 
and in patients receiving adequate doses of antihyper-
tensive drugs, according to the recommendations of 
the European Society of Cardiology/European Society of 
Hypertension 2018 (ESC/ESH-2018) [10]. The diagnosis 
of type 2 DM was verified according to the criteria of the 
American Diabetes Association [11]. CHF, its phenotypes 
and functional classes were determined on the basis 
of clinical and instrumental parameters (symptoms, 
LV ejection fraction parameters) according to the recom-
mendations of the European Society of Cardiology [12].

The CHA2DS2-VASc score was calculated to decide 
on the prescription of anticoagulant therapy for each 
patient [1].

Statistical analysis
Statistical analysis was performed using standard 
Microsoft Excel software. During the statistical ana

lysis of the material, the minimum, maximum and 
mean values of the sample, the standard deviation 
and the error of the mean were determined. The 
normality of the distribution of the variables was 
assessed using the Shapiro-Wilk and Kolmogorov-
Smirnov tests. The Student’s t-test was calculated. 
The 95 % CI of fractions was calculated using an on-
line calculator according to the Wilson method. The 
CI of means for 95 % probability was also determined. 
Calculations were performed using the Confidence 
Limits for Mean Calculator. For small samples, the 
significance of differences was determined using the 
Mann-Whitney U-test.

Reliability of differences between proportions was 
calculated using Pearson’s chi-squared test (χ2) and 
Fisher’s exact test. Calculations for these methods 
were performed online using the MEDCALC calcula-
tor. Differences were considered statistically signifi-
cant at p<0.05.

Results
Of 134 patients with AF, 28 patients were in class I, 32 
patients were in class IIa, 56 patients were in class 
IIb, and 18 patients were in class III according to the 
EHRA scale. When evaluating the frequency of co-
morbid diseases associated with AF, it was shown 
that in 19.4 % of cases (95 % CI  73.88; 87.32) there 
was type 2 DM, in 23 patients — ​17.2 % (95 % CI 10.76; 
23.57) — ​abdominal obesity of varying severity. In 42 
patients — ​31.3 % (95 % CI  23.46; 39.23) — ​various 
clinical forms of CHD  were diagnosed, including 16 
patients (11.9 %) with a history of myocardial infarc-
tion. In addition, 111 patients — ​82.8 % (95 % CI 73.88; 
87.32) were diagnosed with CHF, including 29 pa-
tients — ​21.6 % (95 % CI 18.45; 35.25) of II FC, 59 pa-
tients — ​44 % (95 % CI 45.20; 64.06) of III FC, and 23 
patients — ​17.2 % (95 % CI 11.16; 25.88) of IV FC.

When assessing the predictive role of different 
clinical conditions associated with AF, some pecu-
liarities were revealed. There was a difference in the 
severity (stage) of CHF depending on the ECG variant 
of AF. In patients with permanent AF (group 3), cases 
of congestive CHF were predominant, whereas in pa-
tients with paroxysmal and/or persistent AF (groups 1 
and 2), cases of early CHF were predominant: 83.5 % 
vs. 50 % (χ2=13.28; p=0.0003). However, in patients 
with uncomplicated stages of AH, paroxysmal and/
or persistent AF was significantly more common than 
permanent AF: 76.4 % vs. 49.4 % (χ2=13.28; p=0.0017). 
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This implies that the presence of AH without associ-
ated clinical conditions is a risk factor for paroxysmal 
and/or persistent AF, whereas CHF, especially stages 
III–IV, is usually correlated with persistent AF.

It was also revealed that the incidence of CKD did 
not differ significantly between groups, although it 
was more frequent in group 3. However, a comparative 
evaluation of the estimated value of the glomerular 
filtration rate determined by the CKD-EPI formula re-
vealed a significant difference between the 1-2nd and 
the 3rd groups. As it is known, the detection rate of 
cardiovascular diseases, including atrial fibrillation, 
increases with the age of the population. Therefore, 
the mean age in the group of patients with paroxys-
mal AF was significantly lower than in the group of 
patients with permanent AF: 50.3 (48.4; 56.3) and 65.8 
(56.1; 68.2) years, respectively (p <0.001).

It should be noted that when comparing the func-
tional status of patients with AF, i.e. taking into account 
the AF severity class according to EHRA, similar trends 
were obtained both depending on the ECG variant of 
AF. Analysis of the obtained data revealed the pres-
ence of at least one comorbid pathology in all patients 
with AF (table 2). Thus, 25 (18.8 %) patients had one, 
40 (29.3 %) — ​two, 44 (32.8 %) — ​three, 19 (14.5 %) — ​
four and 6 patients (4.6 %) — ​five comorbidities. In ad-
dition, it was shown that the age of patients with 4–5 
comorbidities was significantly higher than the age of 
patients with 1–2 comorbidities (p<0.05).

In the group of patients with 1–2 comorbidities, 
AH was detected significantly more often than in pa-
tients with 4 (χ2=8.05; p=0.005) and 5 comorbidities 
(χ2=3.90; p=0.048). This indicates that AH is the most 
common comorbid condition, especially in relatively 
young patients with paroxysmal AF, and is a predic-
tor of arrhythmia development. The main markers of 
atrial electrical vulnerability (“arrhythmogenic readi
ness”) are considered to be hypertensive cardiac re-
modeling, manifested by LV diastolic dysfunction and 
increased left atrial volume, P-wave dispersion and 
shortened refractory period [9].

In the group of patients with 5 comorbidities, 
CHF, especially FC III–IV, was found in all 6 patients 
(100.0 %), also characterized by the predominance of 
the permanent form of AF. On the contrary, the fre-
quency of CHF was significantly lower in patients with 
1–2 comorbidities. This may be explained by the fact 
that in patients with permanent AF, the development 
of CHF with signs of fluid retention in the body is more 
likely to be a manifestation of tachysystolic dilated 
cardiomyopathy caused by AF.

To determine the risk of stroke and thromboembo
lic complications in patients with AF before prescrib-
ing anticoagulant therapy, the CHA2DS2-VASc score 
was calculated, according to which the patients were 
divided into 3 groups: low-risk patients — ​14.5 %, in-
termediate-risk patients — ​11.6 %, and high-risk pa-
tients — ​73.9 % (table 3).

Table 2
The prevalence of comorbid pathology combinations in patients with AF (n / %)

Parameters
Number of comorbidities

1–2
(n = 65)

3
(n = 44)

4
(n = 19)

5
(n = 6)

Age, years 51.3
(46.2; 50.7)

55.9
(53.8; 60.5)

63.1
(54.0; 67.8)

65.8
(58.7; 68.4)

Stage 1–3 AH, (n = 81) 47 (72.3) 25 (56.8) 7 (36.8) 2 (33.3)
CHD, (n = 41) 8 (12.3) 16 (36.4) 12 (63.2) 6 (100.0)
Type 2 DM, (n = 26) 10 (15.4) 8 (18.2) 6 (31.5) 2 (33.3)
Obesity, classes 1–3, (n = 23) 12 (18.5) 7 (15.9) 3 (15.8) 1 (16.7)
CHF, stages II–IV, (n = 111) 52 (80.0) 35 (79.6) 18 (94.7) 6 (100.0)
Paroxysmal AF, (n = 29) 15 (23.1) 10 (22.7) 3 (15.8) 1 (16.7)
Persistent AF, (n = 26) 9 (13.9) 9 (20.5) 5 (26.3) 3 (50.0)
Permanent AF, (n = 79) 30 (46.2) 27 (61.4) 16 (84.2) 6 (100.0)

Table 3
Risk of stroke and thromboembolism, history of stroke, and anticoagulant therapy in patients with AF

CHA2DS2VASc History of stroke Anticoagulant therapy

Low risk Intermediate risk High risk
9

(6.7 %)

Recieved Did not recieve

19
(14.5 %)

15
(11.6 %)

100
(73.9 %)

32
(23.9 %)

102
(76.1 %)
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It should be noted that 9 patients (6.7 %) had a 
history of ischemic stroke. Anticoagulant therapy 
was used in 32 (23.9 %) patients and not used in 102 
(76.1 %) patients. Overall, 22.4 % of patients were 
treated with warfarin and only 1.5 % with rivaroxaban.

Discussion
The single-stage study is dedicated to the investiga-
tion of somatic comorbidity in patients with different 
forms of AF. The relevance of this problem is due to 
the high risk of hemodynamic disorders and thrombo-
embolic complications in AF [13, 14]. The most seri-
ous of these is ischemic stroke. In 20–30 % of patients 
with a history of ischemic stroke, atrial fibrillation is 
found in the acute phase of the disease or after hospi-
talization [15-16]. In addition, vascular dementia and 
impaired quality of life due to cognitive impairment 
are common in patients with AF [17–18]. Stroke in 
AF is more likely to be disabling and fatal compared 
to other causes. Anticoagulant therapy is prescribed 
to reduce the risk of stroke/thromboembolism. The 
CHA2DS2VASc scale is widely used to choose thera-
py. If the CHA2DS2VASc score is > 1 in men and > 2 in 
women, the likelihood of thromboembolic complica-
tions increases, indicating the use of oral anticoag-
ulants.

In our study, oral anticoagulant therapy was indi-
cated for almost all patients, but in real clinical prac-
tice, in most cases, they were not prescribed or, when 
prescribed, patient compliance was low. In particular, 
30 patients were prescribed warfarin as anticoagu-
lant therapy, but the international normalized ratio 
recommended for its efficacy and safety was not al-
ways determined. New oral anticoagulants, which are 
safer than warfarin and do not require regular labo-
ratory testing, were prescribed in only 1.5 % of cases.

In patients with AH, the presence of AF significant-
ly increases the risk of stroke and also increases the 
risk of CHF. At the same time, high blood pressure 
can increase the likelihood of stroke and hemorrhagic 
complications and lead to arrhythmia recurrence [19].

CHF is known to be one of the most common co-
morbidities in patients with AF. The development of 

AF in patients with CHF is associated with the pres-
ence of common pathophysiological mechanisms 
(structural remodeling, activation of neurohormonal 
mechanisms) and risk factors [20, 21]. The most se-
vere hemodynamic disorder is tachycardia-induced 
cardiomyopathy, which is characterized by an unfa-
vorable prognosis. On the other hand, patients with 
AF and CHF comorbidity have been shown to have a 
worse prognosis and increased risk of cardiovascular 
mortality, regardless of LV ejection fraction [22].

The presence of common risk factors of type 2 
DM and AF also increases the frequency of their co-
morbidity. In recent years, type 2 DM has been recog-
nized as a potential risk factor for the development of 
AF, which has been confirmed by numerous studies. 
For example, patients with diabetes were found to 
have a 39 % higher risk of developing AF compared 
to those without diabetes [23]. Control of glycemic 
status is also important, with inadequate control in-
creasing the risk of AF [24, 25].

In the present study, one in three patients had a 
combination of two or three somatic diseases. The 
most common combination was AF with AH and CHF. 
At present, one in six patients with AF has a combina-
tion of AH, CHD and CHF. Therefore, it can be assumed 
that AF is detected at all stages of the cardiovascular 
continuum, which increases the risk of complications.

Conclusion
The majority of AF patients have comorbid cardiovas-
cular diseases, including AH, CHD and CHF. In the co-
hort studied, a combination of two and three diseases 
was found in more than 60 % of cases. Approximately 
80 % of AF patients were at high risk for stroke and 
thromboembolic complications without anticoagulant 
therapy.

Early detection of comorbidities and complex the
rapy, including anticoagulant therapy, may reduce the 
risk of AF or its progression or the development of 
complications, thereby improving the quality of life 
and prognosis of patients with AF.

Conflict of interests: none declared.
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The aim of the study was to evaluate the efficacy of hypo-
lipidemic action of ω3-polyunsaturated fatty acids in pa-
tients suffering from coronary heart disease (CHD) with 
postinfarction cardiosclerosis (PICS) and atherosclerotic 
lesions of carotid arteries up to 40 %.
Methods. The study included 90 participants with CHD, 
PICS, atherosclerotic stenosis <40 %, and laborato-
ry-confirmed dyslipidemia. Patients of the main group 
were prescribed ω3-polyunsaturated fatty acids (ω3-PU-
FA) in addition to the baseline therapy. The study was 
conducted at the Kursk City Clinical Emergency Hospital 
from December 2022 to May 2023. Laboratory and instru-
mental diagnostics were performed at 4-week intervals, 
including ECG, duplex scanning of the brachiocephalic 
arteries, complete blood count, urinalysis, biochemical 
blood analysis with the determination of the patient’s lipid 
profile.

Before and after the start of therapy, patients were sur-
veyed using the SF-36 questionnaire. Data were statis-
tically processed by calculating Student’s criterion with 
Bonferroni correction for independent and dependent 
variables.
Results. At the end of the 24th week of the study, the target 
hypolipidemic effect was registered in 26.6 % of patients 
with type IV hyperlipidemia (HL) and 35.3 % — ​with type 
IIB HL, optimal values of high-density lipoprotein cho-
lesterol (HDL–C) (>1.0 mmol/l) were achieved in 17.5 % 
of patients with type IV HL and in 21.3 % — ​with type IIB 
HL. According to the SF-36 questionnaire, 57.2 % of those 
studied showed positive changes in physical health after 
being treated with ω3-PUFA.
Conclusion. As a result of the study, it was found that 
ω3-PUFAs have a hypolipidemic effect in patients with 
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CHD (PICS, dyslipidemia and carotid atherosclerosis) and 
improve the quality of life of the patients.
Keywords: coronary heart disease, carotid atherosclero-
sis, ω3 polyunsaturated fatty acids, postinfarction cardio-
sclerosis, hyperlipidemia.
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Introduction
Cardiovascular diseases (CVD) remain the leading 
cause of mortality and disability in the adult popula-
tion in all countries [1, 2]. In the Russian Federation, 
cerebral vascular pathology ranks second in the 
structure of mortality from cardiovascular diseases 
[3]. The search for new approaches to the therapy of 
cardiological patients is a key aspect in reducing car-
diovascular mortality and improving the quality of life.

Lipid metabolism disorders are considered to be 
the main link in the development and progression of 
arterial atherosclerosis, increasing the risk of car-
diovascular events [4, 5]. In the Russian Federation, 
there is a high prevalence of atherogenic dyslipide
mia, according to data from the ESSE-RF epidemi-
ological study [2]. Carotid artery stenosis is a con-
sequence of arterial lesions with atherosclerotic 
plaque. Carotid artery stenosis >50 % is associated 
with up to 36 % probability of ischemic stroke. If the 
stenosis is < 50 %, additional evaluation to determine 
the morphologic appearance of the atherosclerotic 
plaque is indicated because unstable atheroma is the 
leading cause of embolic stroke [6].

Hypolipidemic therapy is aimed at preventing car-
diovascular complications and further progression of 
atherosclerosis. Drugs with pleiotropic effects are of 
some interest, as they reliably increase the life ex-
pectancy of patients. Preparations from the group of 
ω3-polyunsaturated fatty acids (ω3-PUFA) have not 
only hypolipidemic action, but also reduce platelet 
aggregation, have anti-inflammatory effect [5], po-
tentiate antioxidant effect of high-density lipoproteins 
(HDL–C) [7], which can be used to correct dyslipid-
emia in patients with carotid atherosclerosis and pre-
vent the development of organic brain lesions.

The aim of the study was to evaluate the the hypo-
lipidemic effect of Omacor in CHD patients with post-
infarction cardiosclerosis (PICS) and atherosclerotic 
stenosis < 40 %.

Methods
The study included 90 men aged 51 to 59 years (M = 
54.5 years) with a diagnosis of CHD (PICS) with hyper-
lipidemia (HL) type IIB (combined HL) and type IV (he-
reditary triglyceridemia) according to Fredrickson 
and instrumentally confirmed atherosclerotic steno-
sis of the carotid arteries up to 40 %. General, labo-
ratory and instrumental examinations of the patients 
were performed before and every 4 weeks during the 
study, including medical history, anthropometry, and 
the measurement of blood pressure (BP). Complete 
blood count and urine analysis, blood biochemistry 
with determination of lipid fractions (total cholesterol 
(TC), low-density lipoprotein (LDL–C) and high-densi-
ty lipoprotein (HDL–C), triglycerides (TG), atherogenic 
index (AI) and glucose level), Holter monitoring, ul-
trasound duplex scanning of brachiocephalic arteries 
(BCAUS) were also performed, as well as the consul-
tation with a neurologist. Patients’ quality of life was 
assessed before pharmacological intervention and 
after four months of therapy using the SF-36 ques-
tionnaire.

Inclusion criteria: male sex, age of patients from 
51 to 59 years, confirmed diagnosis of CHD: stable an-
gina, functional class II–III (FC), PICS, instrumentally 
confirmed atherosclerotic stenosis of carotid arter-
ies up to 40 %, proven dyslipidemia (TG>1.77 mmol/L, 
TC>5.0 mmol/L, LDL–C>3.0 mmol/L), absence of 
contraindications to the prescription of ω3-PUFA. 
Informed and voluntary consent was obtained from 
all patients to participate in the study. The study 
was conducted at the Kursk City Clinical Emergency 
Hospital from December 2022 to May 2023.

Cardiac patients were excluded from the study 
based on the following criteria: contraindications to 
ω3-PUFA prescription, unstable angina pectoris, sta-
ble angina pectoris FC IV, valvular disease, II–III de-
gree atrioventricular block, carotid stenosis > 40 %, 
circulatory insufficiency above stage IIA, history 



42
Original Articles
Mal G.S., Smakhtina A.M., Knyazkova O.V.
Hypolipidemic effect of ω3-polyunsaturated fatty acids in coronary heart disease and carotid atherosclerosis
DOI:10.24412/2311-1623-2023-40-34-40

of stroke, diabetes mellitus (DM), thyroid disease, 
symptomatic AH, side effects of treatment, refusal of 
observation.

All study participants were prescribed baseline 
therapy (β-adrenoblockers, statins, antiplateletes, 
angiotensin-converting enzyme inhibitors) with indi-
vidual selection of drug dosages according to clini-
cal guidelines for the treatment of CHD [8]. Patients 
in the control group (20 patients) were prescribed 
baseline therapy only. The main group (70 patients) 
was prescribed Omacor (PATHEON SOFTGELS, B.V., 
The Netherlands) at a dosage of 1 g per day instead 
of statins in addition to basic pharmacotherapy. To 
evaluate the effect on TG levels, the dosage was in-
creased according to the drug’s instructions (4 g/day). 
Hypolipidemic therapy was carried out for 24 weeks.

Data were statistically processed using the 
STATISTICA 12.0 (StatSoft Inc.). Student’s criterion 
with Bonferroni correction was calculated for depen-
dent and independent variables. Differences were 
considered statistically significant at p<0.05.

Results
Baseline lipid metabolism values were comparable in 
all randomized groups taking into account the pheno-
type of dyslipidemia: mean values of TC — ​7.53±0.59 
mmol/l (type IIB) and 4.98±0.31 mmol/l (type IV), TG 
in patients with type IIB HL — ​3.36±0.9 mmol/l, with 
type IV — ​4.2±0.98 mmol/l. At the 8th week of the 

study in patients with type IIB HL, who were included 
in the control group, there was a decrease in TC by 
23.5 % and LDL–C by 22.4 %; there was an increase 
in HDL–C  by 18.6 % (p<0.05). Among patients with 
type IV  dyslipidemia who took only baseline thera-
py, there was a significant decrease in TC by 22.7 %, 
LDL–C by 30.3 %, TG by 31.7 % (p<0.05), an increase 
in HDL–C by 18.6 % (p<0.01), which contributed to a 
significant decrease in AI  by 32.1 %. Pharmacologic 
intervention was continued. By week 16, optimal lipid 
profile values were achieved in 13.4 % of patients with 
type IV  dyslipidemia and in 39.4 % of patients with 
combined HL. The optimal values of the lipid profile 
were taken as the indicators presented in the national 
guidelines for the diagnosis of correction of lipid me-
tabolism disorders: TC<5.0 mmol/l, TG<1.7 mmol/l, 
LDL–C <1.4 mmol/l, HDL–C>1.0 mmol/l [9]. Further 
lipid profile values did not change significantly. The 
overall lipid-lowering effect of baseline therapy is 
presented in Figure 1.

In patients with CHD, PICS, atherosclerotic ste-
nosis of carotid arteries < 40 % and type IIB HL who 
underwent 8-week treatment with ω3-PUFA the fol-
lowing changes in lipid metabolism parameters were 
observed: the level of TC  decreased by 18.2 %; also 
the level of LDL–C — ​by 19.2 % and TG — ​by 35.5 %. 
At the same time, HDL–C increased by 20.8 % (p<0.01) 
and AI decreased by 36.5 % (p<0.05). In patients with 
type IV HL, the following changes were observed af-

Fig. 1. Degree of decrease in lipid fractions of the control group by the end of the 24th week of the study
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ter 8 weeks of treatment with ω3-PUFA: TG levels de-
creased significantly — ​by 38.5 %, HDL–C  increased 
by 17.5 %. At the same time, AI decreased by 24.6 %.

Thus, with ω3-PUFA pharmacotherapy, lipid pro-
file target values were achieved in 17.6 % of type 
IV HL CHD patients with verified carotid atherosclero-
sis and in 23.5 % — ​with type IIB HL (p<0.05), leading 
to continuation of pharmacological correction.

In patients with type IIB HL, a 36.4 % reduction 
in TG levels was observed after 16 weeks of ω3-PU-
FA treatment. LDL–C levels decreased by 19.6 %. At 
the same time, HDL–C increased by 22.1 % (p<0.01). 
After 16 weeks of therapy in comorbid patients with 
type IV  HL, a significant decrease in TG levels was 
observed — ​by 39.5 %, HDL–C  increased by 24.3 % 
(Table 1).

By the end of week 24 of the study, patients with 
type IV HL on ω3-PUFA therapy had a 27.2 % increase 
in HDL–C (p<0.01). In patients with type IIB HL, there 
was a decrease in TG by 39.4 % (p<0.05), a decrease in 
LDL–C by 20.5 % (p<0.01) and an increase in HDL–C by 
23.4 % (p<0.01). Optimal lipid profile values were 
achieved in 26.6 % of patients with type IV  HL  and 
35.3 % of patients with type IIB HL  (Figure 2). Thus, 
the addition of ω3-PUFA to baseline therapy allows for 
a more pronounced hypotriglyceridemic effect.

Based on the SF-36 questionnaire, positive chang-
es in physical health were observed in 57.2 % of sub-
jects when ω3-PUFAs were added to baseine therapy. 
Social activity increased in 18.1 % of patients (p<0.05). 
The majority of respondents noted a reduction in the 
impact of pain syndrome on the quality of life. The 

Table 1. Changes in lipidogram by 24 weeks of treatment with Omacor (4 g/day) in CHD patients with type IIB and IV HL
HL type TC, mmol/L TG, mmol/L LDL–C, mmol/L HDL–C, mmol/L AI

Prior to pharmacologic intervention
IIВ type 8.25±1.2 3.3±0.98 5.16±1.16 0.77±0.19 8.82±2.84
IV type 4.98±0.52 4.0±1.25 1.97±0.5 1.03±0.29 3.9±2.4
8 weeks
IIВ type 6.75±1.1* 2.13±0.6* 4.17±1.08* 0.93±0.22* 5.6±2*
IV type 4.82±0.52 2.46±0.77* 1.96±0.48 1.21±0.3* 2.94±2
16 weeks
IIВ type 6.0±1.0* 2.1±0.5* 4.15±1.0** 0.94±0.24** 5.5±2*
IV type 4.8±0.53 2.42±0.75* 1.92±0.48* 1.28±0.32* 2.92±2.1*
24 weeks
IIВ type 5.8±0.9* 2.0±0.7* 4.1±1.0** 0.95±0.21** 5.3±2*
IV type 4.75±0.65* 2.33±0.88** 1.91±0.46* 1.31±0.54** 2.77±2.4*

Note. * — ​p<0,05, ** — ​p<0,01 compared to pre-treatment values.

Fig. 2. Number of patients who achieved optimal lipid profile values by week 24 of ω3-PUFA therapy
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increase in vitality scale indices together with posi-
tive changes in psychological health confirms the im-
provement of life quality in patients with PICS, type 
IIB and IV HL, and atherosclerotic stenosis of carotid 
arteries <40 % when ω3-PUFA were added.

Discussion
Under the activity of enzymes, ω3-PUFAs are me-
tabolized to prostaglandins, thromboxanes, leukot-
rienes, and nitro fatty acids, which have vasodilatory, 
anti-aggregatory, and anti-inflammatory effects [5]. 
In addition, ω3-PUFAs improve vascular endothelial 
function [7] by stimulating endothelial nitric oxide 
synthase [10].

Special attention should be paid to the hypolip-
idemic effect of ω3-PUFAs. The Framingham epide-
miological study demonstrated that a TG level above 
1.7 mmol/L significantly increases the risk of cardio-
vascular complications [1]. ω3-PUFAs have mainly 
a triglyceride-lowering effect due to stimulation of 
beta-oxidation of free fatty acids and inhibition of TG 
synthesis in the liver, which decreases their concen-
tration. It is known that in addition to lipid-lowering 
effects, the use of ω3-PUFA leads to the stabilization 
of atherosclerotic plaque. Randomized studies have 
shown that the use of ω3-PUFAs reduces macrophage 
infiltration of the atherosclerotic plaque coating in 
carotid arteries [5].

ω3-PUFA supplements have been studied in a 
number of randomized, placebo-controlled clinical 
trials. The most convincing evidence base for the 
efficacy of this pharmacological group is represent-
ed by two studies: GISSI-prevenzion, which included 
people who had suffered a myocardial infarction, and 
GISSI-HF, which included patients with chronic heart 
failure. These studies show a significant reduction in 
cardiovascular mortality in these nosologies after ad-
ministration of ω3-PUFA [10]. The efficacy of ω3-PU-
FAs in the prevention of cardiovascular complications 

was not proven in the ORIGIN trial, which included 
patients with type 2 DM [5]. However, the REDUCE-IT 
clinical trial, which was conducted in patients with a 
history of CVD or type 2 diabetes, showed a signifi-
cant reduction in cardiovascular events and mortality 
in the groups taking ω3-PUFA at a dose of 4 mg per 
day [1, 11].

The study by Skulas-Ray A.C. et al [12] showed that 
the hypotriglyceridemic effect of the combination of 
eicosapentaenoic and docosahexaenoic fatty acids 
(4 g per day) in patients with high baseline TG levels 
is effective both as monotherapy and in combination 
with other hypolipidemic drugs [13]. A meta-analy-
sis by Khan S. U. et al. (38 studies, 149051 patients) 
showed that ω3-PUFAs reduce cardiovascular mor-
tality and improve patient prognosis [14].

The use of ω3-PUFAs is associated with a lower 
risk of dementia [15], which may be due to the angio
protective effects of this pharmacological group on 
cerebral blood vessels [7].

Conclusion
Thus, the addition of ω3-PUFA to the baseline therapy 
is reasonable for the correction of lipid metabolism 
disorders in patients with CHD, PICS combined with 
carotid atherosclerosis, as it allows to improve the 
quality of life of patients and achieve additional re-
duction of triglyceride levels.

The pleiotropic effect of ω3-PUFA expands the 
possibilities of lipid-lowering therapy in comorbid 
patients. Numerous studies confirm the safety and 
efficacy of adding ω3-PUFA supplements to the main 
therapy in patients with different levels of cardiovas-
cular risk. The use of these drugs may become an ef-
fective way of secondary prevention of cardiovascular 
mortality in the Russian Federation.

Conflict of interests: none declared.
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This review article notes that the new generation of an-
tidepressants — ​selective serotonin reuptake inhibitors 
and melatonin derivatives — ​do not have the side effects 
characteristic of tricyclic antidepressants and can be used 
in the treatment of patients with cardiovascular pathology 
in combination with depression. The causes and incidence 
of QT interval prolongation associated with the use of an-
tidepressants are described. Numerous somatotropic 
and behavioral effects of tricyclic antidepressants have 
been demonstrated due to their effects on several recep-
tor groups: α1-adrenoceptors, serotonin, muscarinic, and 
histamine H1 receptors. We searched PubMed, Embase, 
Web of Science, eLIBRARY and Google Scholar databases 

for the use of psychotropic drugs in cardiology practice, 
giving priority to systematic reviews, randomized clinical 
trials, supplemented by several cohort studies and the 
descriptions of some experiments. The data of compar-
ative evaluation of modern antidepressants depending 
on pharmacological effects and development of adverse 
events are presented. The above-mentioned drugs, unlike 
traditional antidepressants, are acceptable for treatment 
of comorbid depressive disorders in patients with cardio-
vascular diseases. Proven efficacy among antidepres-
sants are escitalopram, paroxetine, which have a strong 
cardiotropic effect, and agomelatine, which has proven 
efficacy in myocardial ischaemia–reperfusion injury.
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Introduction
In the clinical practice of a cardiologist, it is not un-
common to encounter depressive disorders as con-
comitant pathologies of the underlying cardiac dis-
ease, the correction of which requires the use of spe-
cial drugs (antidepressants, sedatives, nootropics). 
Depression and cardiovascular diseases are related. 
In recent years, evidence has emerged that depres-
sion is an independent risk factor for coronary heart 
disease (CHD) [1-3]. The results of studies in recent 
years indicate that depression is present in 10–65 % 
of patients hospitalized for acute coronary syndrome 
(ACS). Of these, 22 % have depressive episodes of 
moderate to severe degree [4]. In general, most re-
searchers agree that the presence of anxiety-de-
pressive disorders in ACS patients is associated with 
higher rates of future cardiac complications. Several 
studies have shown that the risk of a new cardiovas-
cular event or death in these patients is 1.36 times 

higher than in patients with myocardial infarction (MI) 
without depression [5].

According to the currently accepted concept, mild 
to moderate depression in cardiac patients can be 
treated by a cardiologist or general practitioner [6]. 
This has become possible due to the emergence in 
recent years of a number of new highly effective an-
tidepressants that, unlike the classical tricyclic an-
tidepressants (amitriptyline, etc.), do not have pro-
nounced behavioral toxicity and negative side effects 
on the cardiovascular system.

Neuroleptics
The use of neuroleptics in cardiology is not fully stud-
ied, but individual trials have reported their cardio-
tropic effects. A meta-analysis of clinical trials of 20 
antipsychotics showed that lurazidone and partial 
dopamine agonists (brexpiprazole and aripiprazole) 
were less likely to cause QT prolongation, whereas 

Keywords: antidepressants, SSRIs, neuroleptics, ar-
rhythmias, arterial hypertension, QT interval prolonga-
tion, agomelatine, escitalopram, paroxetine.
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Table 1. Causes and frequency of the QT prolongation
Mechanisms of action Frequency of QT interval prolongation (absolute number of reports)

Neuroleptics

Direct and indirect antagonistic effect on IKr, inhibitory effect on 
cytochrome P450 system (CYP 1A2, CYP 2D6, CYP 3A4).

Haloperidol 16
Ziprasidone 11
Quetiapine 30
Clozapine 12

Olanzapine 22
Risperidone 17
Sertindole 1
Sulpiride 13

Thioridazine 2
Chlorpromazine 3

Antidepressants

Direct antagonistic effect on IKr, inhibitory effect on cytochrome 
P450 system (CYP 1A2, CYP 2C9, CYP 2C19, CYP 2D6, CYP 3A4).

Amitriptyline 8
Doxepin 2

Desipramine —
Imipramine 3

Clomipramine 5
Fluoxetine 16
Sertraline 18
Paroxetine 5
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sertindole, amisulpride, and ziprasidone were more 
frequently associated with this adverse effect [7]. 
A positive correlation was also found between the 
risk of reporting QT prolongation and hERG chan-
nel affinity. According to the new clinical guidelines 
of 2021, neuroleptics, especially the group of atypi-
cal antipsychotics, are widely used in the treatment 
of depressive disorders and schizophrenia as long-
term antidepressant therapy. In a recent publication 
Ostroumova O.D. presents a systematized psychotro-
pic drugs according to their effect on the QT interval 
(Table 1) [8].

Improvement of autonomic function in response 
to antipsychotic pharmacotherapy in patients with 
schizophrenia, psychosis and additional cardiovascu-
lar risk has been demonstrated [9]. Cardiorespiratory 
coupling was observed to strengthen with antipsy-
chotic administration, and the effect of heart rate on 
respiratory rate increased from day 1 to day 3 of the 
study.

Antidepressants
This type of drugs is much more widespread in clinical 
practice and has a greater impact on the cardiovascu-
lar system among other neurotropic drugs. Most of 
the research works mention the significant advantage 
of antidepressants from the group of selective sero-

tonin reuptake inhibitors (SSRIs) over tricyclic antide-
pressants. A summary table of the pharmacodynam-
ics and pharmacokinetics of modern antidepressants 
with side effects (Table 2) is presented below [10–13].

Many somatotropic and behavioral effects of tricy-
clic antidepressants are related to their non-selectiv-
ity — ​their influence on several groups of CNS recep-
tors (α1-adrenergic receptors, serotonin, muscarinic, 
and histamine H1-receptors) (Table 3) [14–20].

Tricyclic antidepressants have a pronounced effect 
on prolongation of PQ, QT intervals, atrial-ventric-
ular QRS complex, especially in patients with initial 
arrhythmia. Reflectory tachycardia is also one of the 
side effects that limits the use of tricyclic antidepres-
sants in cardiological practice. Many somatotropic 
and behavioral effects of tricyclic antidepressants 
are related to their non-selectivity — ​their influence 
on several groups of CNS receptors (α1-adrenergic 
receptors, serotonin, muscarinic and histamine H1-
receptors). SSRIs are selective and lack the side ef-
fects of tricyclic antidepressants (Table 4) [21].

One of the retrospective studies on the use of mod-
ern antidepressants in cardiological practice found 
that SSRI antidepressants were used for more than 
3 days when treating main cardiovascular diseases 
[22]. The safe use of antidepressants was proved by 
their effect on the cardiac conduction system, which 

Table 2. Pharmacodynamics, pharmacokinetics and side effects of modern antidepressants
Mechanism of action, doses, toxicity, and effect on weight gain of modern antidepressants

Drugs
Initial 
doses, 

(mg/day)

Standart 
doses, 

(mg/day)
Overdose 
lethality

Side effects
Insomnia 

and 
agitation

Sedation Hypotension Anticholinergic 
effects

Nausea and 
gastrointestinal 

disturbances
Sexual 

dysfunction
Weight 

gain

SSRIs

Fluoxetine 20 20-40 Low Moderate No or mild No or mild No or mild Moderate Moderate No

Paroxetine 20 20-40 Low Moderate No or mild No or mild Mild Moderate Moderate Moderate
Sertraline 50 50-150 Low Moderate No or mild No or mild No or mild Moderate Moderate Mild
Fluvoxamine 50 100-250 Low Moderate No or mild No or mild No or mild Moderate Moderate Mild

Citalopram 20 20-40 Low Moderate No or mild No or mild No or mild Moderate Moderate Mild

Escitalopram 10 10-20 Low Moderate No or mild No or mild No or mild Moderate Moderate Mild
Reboxetine 4-8 8-12 Low Mild No or mild No or mild No or mild Mild Mild No or mild
Venlafaxine 75 150 Moderate Mild No or mild No orMild No or mild Moderate Moderate No or mild
Desvenlafaxine 50 100 Low Mild No or mild No or mild No or mild Mild Mild No or mild
Duloxetine 30 60-120 Low Mild Mild Moderate No or mild Mild Mild No or mild
NSSRIs 100 200 Low Mild Mild No or mild No or mild No or mild No or mild No or mild
NSSRIs
Desipramine 25-50 100-300 High Mild No or mild Moderate Mild No or mild Mild Mild
Nortriptyline 25-50 75-200 High Mild Mild Mild Mild No or mild Mild Mild
Maprotiline 75 75-200 High Mild No or mild Mild Mild No or mild Mild Moderate
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was evaluated by the dynamics of the QT interval 
on the ECG, systolic and diastolic blood pressure 
(SBD and DBP), heart rate and hemorrhagic compli-
cations. Data obtained for periods of 3, 6 and 8 days 
were analyzed. The result confirmed the high cardio-
logical safety of new generation antidepressants, no 
clinically significant changes of QT interval on ECG 
were detected during regular treatment. Analysis of 
the dynamics of blood pressure and heart rate in pa-
tients also revealed no significant differences in these 
parameters before, as well as 3, 6–8 days after the 
administration of these drugs. No cases of hemor-
rhagic complications were observed.

Hildebrandt V., Dumenil K. et al. conducted a study 
on BP changes after the administration of a new gen-
eration antidepressant in a psychiatric institution 
[23]. This is an observational single-center analyt-
ical retrospective cohort study with additional data 
collection on patient stays between 2013 and 2015. 
Patients were divided into two groups — ​antidepres-
sant treatment (which they took during their hospi-
talization) and control (no antidepressant). Blood 
pressure measurements were taken over a 30-day 
period. Of the 1241 patients, 124 were in the treat-
ment group and 1117 in the control group. The mean 
age was 56, 80 ± 0.54 years (37 to 79 years). Increased 

Table 3. Extent of inhibition of monoamine receptors and transporters by antidepressants

Drugs Norepinephrine 
transporter

Serotonin 
transporter A1-adrenoreceptor H1-histamine 

receptor
Muscarinic 

receptor
Serotonin receptor 

(5-НТ-2А)
TCAs
Amitriptyline ++ +++ +++ +++ +++ +++
Clomipramine ++ +++ ++ +++ ++ +++
Doxepin ++ + +++ +++ +++ ++
Imipramine ++ +++ ++ ++ ++ ++
Nortriptyline +++ +++ ++ ++ ++ ++
Opipramol + + —  +++ —  +
Trimipramine + + ++ +++ +++ ++
Mirtazapine + —  —  ++ —  +++
SSRIs
Duloxetine ++ ++ —  —  —  — 
Venlafaxine ++ ++ —  —  —  — 
Citalopram —  +++ —  —  —  — 
Sertraline —  +++ —  —  —  — 
Paroxetine —  +++ —  —  + — 
Other antidepressants
Agomelatine —  —  —  —  —  — 
Bupropion ++ —  —  —  —  — 
Vortioxetine —  + —  —  —  +

Note. — ​— ​no inhibition; + — ​mild inhibition; ++ — ​moderate inhibition; +++ — ​strong inhibition.

Table 4. Values of inhibition constant (Ki) (nmol/L) in TCAs and comparison of drugs by two criteria — ​ 
inhibition of reuptake and antagonism toward postsynaptic receptors

Drugs Reuptake inhibition Antagonism towards postsynaptic receptors

5-НТ NA H1 A1 М2 5 HT-2A

Mirtazapine >10000 4600 0.14 500 670 16
Mianserin >4000 71 0,4 34 820 7
Doxepin 68 29,5 0,24 24 83 25
Amitriptyline 20 50 1 27 18 29
Imipramine 7 60 40 32 46 80
Clomipramine 0,14 54 15 32 25 35
Nortriptyline 100 10 6.3 55 37 44
Dothiepin 78 70 4 400 38 260
Desipramine 18 0,83 110 100 100 280
Reboxetine 58 7.2 310 >1000 >1000 >1000
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SBP was associated with baseline SBP variability 
and BMI. Assessment of DBP showed an association 
with baseline elevated DBP, BMI, and the presence 
of a history of bipolar disorder. There was no signif-
icant difference in BP change over time between the 
treated and control groups at 30 days. This result is 
reassuring with regard to the early development of 
arterial hypertension after antidepressant adminis-
tration. Among antidepressants, citalopram has been 
found to have a greater effect on QT interval prolon-
gation than other SSRIs, although the clinical signif-
icance of this prolongation remains unclear [24]. In a 
recent study evaluating the effect of escitalopram, a 
less pronounced effect on the myocardial conduction 
system was found (with citalopram — ​QT reached up 
to +0.04 sec to baseline (QT — ​0.35 sec), respectively 
up to 0.39 sec). And in patients who were older than 
60 years and took citalopram in 20 mg dosage — ​QT 
prolongation was up to 0.42 sec. Escitalopram ad-
ministration was associated with QT interval prolon-
gation in average up to 0.35 sec, p < 0.05. In addition, 
this study proved that taking ziprasidone at a dose of 
160 mg daily led to QT prolongation up to 0.46 sec in 
188 patients. While aripiprazole, which is a represen-
tative of the same group, was the safest and prac-
tically did not lead to QT interval prolongation (0.35 
sec, p<0.05.).

In an experimental study, paroxetine was shown 
to have a beneficial effect on myocardial remodel-
ing by blocking the interaction of GRK2 and ADRB1 
in AH [25]. The expression of GRK2 and ADRB1 in 
peripheral blood mononuclear cells was found to be 
positively associated with the blood pressure level in 
AH patients and with the expression of these genes 
in the myocardium. In vitro data showed their direct 
interaction, and genetic depletion of GRK2 blocks epi-
nephrine-induced activation of hypertrophic and fi-
brotic genes in cardiomyocytes. In vivo treatment with 

paroxetine reduced AH-induced cardiac hypertrophy, 
dysfunction and fibrosis in animal models. This drug 
was found to suppress sympathetic overload and in-
crease the sensitivity of adrenergic receptors to cat-
echolamines. Concomitant administration of paroxe-
tine with metoprolol enhances BP and HR reduction 
and activates reverse myocardial remodeling in the 
experiment with spontaneous hypertension.

A recent study describes the cardioprotective use 
of agomelatine in myocardial reperfusion injury [26, 
27]. Agomelatine is a melatonin receptor agonist and 
a serotonin receptor antagonist. To study the effect 
of agomelatine on myocardial reperfusion injury, an 
experimental model was used that was subjected to 
30 minutes of ischemia followed by 120 minutes of 
reperfusion; agomelatine (10, 20, or 40  mg/kg) was 
administered intraperitoneally 1 hour before cardi-
ac isolation. Agomelatine (20  mg/kg and 40  mg/kg) 
significantly improved cardiac function, attenuated 
pathological changes in ischemic myocardium, re-
duced infarction size, and decreased creatine ki-
nase-MB and lactate dehydrogenase release.

Conclusion
Thus, unlike traditional antidepressants, the present-
ed drugs are acceptable for the treatment of comorbid 
depressive disorders in patients with cardiovascular 
diseases. Brexpiprazole and aripiprazole (drugs from 
the group of partial agonists of dopamine receptors) 
have proven efficacy in the treatment of depressive 
disorders in patients with remodeled myocardium 
due to significantly lower shortening of the QT inter-
val. Escitalopram and paroxetine have a pronounced 
cardiotropic effect practically without significant side 
effects; Agomelatine, on the other hand, proved its 
efficacy in myocardial reperfusion damage by the ex-
periment in which an inhibitory effect on the apopto-
sis rate was found.
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This article presents a case of the development of antero-
inferior myocardial infarction, myomalation, apex wall rup-
ture and hemopericardium following SARS-CoV2 infection.
The clinical case. Patient T.E., 36 years old, was admit-
ted to hospital on 15.05.2023 with the diagnosis: “New 
coronavirus infection of severe degree. Acute myocardial 
infarction”. She had no complaints on admission. From 
the medical history: she became ill three weeks before 
the hospitalisation, when the weakness appeared, body 
temperature increased to 37.3 °C. She took non-ste-
roidal anti-inflammatory drugs with a temporary im-
provement. For several days the body temperature 
reached up to 38.4 °C. In the evening of 14.05.2023 the 
patient noted a transient substernal discomfort at rest. 
15.05.2023 — ​the patient’s condition worsened, press-
ing substernal pain had appeared, that led to an am-
bulance call. Electrocardiogram (ECG) data: abnormal 
Q-wave in leads II, III, aVF and V2-V6. In the same leads 
there were the ST segment elevation and the inversion 
of the T-wave. Blood pressure (BP) — ​105/76 mmHg. 
The NEWS2 score is 9 points. PCR test for coronavirus is 
positive. Chest computed tomography (CT) scan: CT evi-
dence of viral interstitial pneumonia — ​CT-3 (73 % of lung 
tissue lesions). Despite the initiated treatment, the pa-
tient died. The autopsy revealed signs of viral pneumonia. 

Karyolysis and the accumulation of blood between myo-
cytes were found in the heart. The myocardium was circu-
larly flaccid; there was a slit-shaped irregular defect with 
the disruption of myocardial integrity in the area of the 
inferior and anterolateral wall of the left ventricle (LV).
Conclusion. In the case presented, a young patient with-
out comorbidities developed an anterior-inferior MI after 
SARS-CoV-2 infection. Severe complications occurred — ​
myomalation, inferior and anterolateral LV wall ruptures 
and hemopericardium.
Keywords: COVID-19, thrombosis, coronary arteries, 
myocardial wall rupture, hemopericardium.
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Introduction
The most prominent clinical manifestation of 
COVID  19 is pulmonary damage. However, after in-
fection with SARS-CoV-2, the hematopoietic system 
is primarily affected and coagulopathy occurs, which 
plays an important role in the pathogenesis and clini
cal manifestations of the disease [1–3]. When se
condary activation of the coagulation system occurs 
during severe infection, endogenous anticoagulant 
mechanisms cannot be controlled and acute genera
lized inflammatory reaction leads to endothelial vas-
cular dysfunction, resulting in generalized thrombo-
sis and tissue ischemia.

The incidence of cardiovascular complications af-
ter SARS-CoV-2 infection ranges from 5 to 38 % in 
hospitalized patients [3–5]. These include the deve
lopment of acute heart failure due to acute coronary 
syndrome, myocardial infarction (MI), myocarditis, 
arrhythmias [2, 3]. COVID-19 infection affects impor
tant pathways of biochemical regulation of the heart, 
such as ACE2 signal transduction pathway, fibrinogen 
pathway, redox homeostasis, leads to destabilization 
and rupture of atherosclerotic plaques, exacerbates 
myocardial damage and dysfunction [6, 7]. Myocardial 
damage without direct plaque rupture can also occur 
due to cytokine storm, hypoxic state, coronary spasm, 
endothelial or vascular dysfunction [8–10]. Despite 
the emerging trend of decreasing cases of COVID-19, 
the problem continues to persist, MI  in COVID-19 
cases remains one of the debated issues in the me
dical scientific community. Due to the relevance of the 
problem, we present a case of development of circu-
lar myocardial infarction, myomalation, rupture of the 
inferior anterolateral LV  wall and hemopericardium 
after SARS-CoV2 infection.

Clinical case
Patient T.E., 36 years old, on 15.05.2023 was hospital-
ized for several hours at the Republican Cardiology 
Dispensary of the Ministry of Health of Chuvashia in 
the ICU. She was admitted for the diagnosing and 
treatment of COVID-19 coronavirus infection and its 
complications. She had no complaints on admission.
From the medical history: she became ill three weeks 
before the hospitalisation, when the weakness ap-
peared, body temperature increased to 37.3 °C. She 
took non-steroidal anti-inflammatory drugs (NSAID) 
and analgetics with a temporary improvement. For 
several days the body temperature reached up to 

38.4 °C, the patient continued the intake of antipyret-
ics with mild improvement. In the evening (14.05.2023) 
she noticed transient discomfort behind the sternum 
at rest. In the morning (15.05.2023) the patient’s con-
dition worsened, the substernal pressing pain ap-
peared, she took NSAIDs — ​with no effect. In the eve-
ning (15.05.2023), due to persisting symptoms, called 
an ambulance and was admitted to the Republican 
Cardiology Dispensary.
Known diseases: according to the outpatient card — ​
no chronic diseases of internal organs. The patient 
rarely sought medical help.
Physical examination: Medical state is criti-
cal. Consciousness is clear. Emotionally stable. 
Normosthenic physique. Superficial and deep sensi-
tivity are preserved. Skin: cyanotic color. Visible mu-
cous membranes are pale pink. Peripheral lymph 
nodes are not enlarged. Cardiovascular system: Blood 
pressure — ​105/76 mmHg. Heart sounds are muffled. 
Respiratory system: respiratory rate — ​24 per minute. 
Breathing is noisy, auscultation — ​small bubbling 
rales in the lower parts of the lungs. Urination and ex-
cretion are normal. The NEWS2 score is 9 points.

Laboratory and instrumental diagnostics
Complete blood count: Leukocytes: 25.3 × 109/l, 
Lymphocytes: 2 %, Monocytes: 5 %. Coagulation test-
ing: D-dimer: 19.95 mcg/mL, APTT: 64.1 sec, fibrino
gen: 17.9 g/L, troponin T: 2.1 ng/mL. PCR test for 
coronavirus infection was positive.

ECG data: abnormal Q-wave in leads II, III, aVF and 
V2-V6. In the same leads there were the ST segment 
elevation and the inversion of the T-wave.

Chest CT scan: CT evidence of viral interstitial pneu-
monia — ​CT-3 (73 % of lung tissue lesions).

Despite the initiated treatment (IV  nitrates, an-
tibiotics, antiplateletes, loop diuretics, ventilator), 
preparation for CAG and PCI, sudden death occurred.

The immediate cause of death was pulmonary and 
cardiac failure due to COVID-associated pneumonitis, 
alveolitis and circulatory MI.

Final clinical diagnosis:
Main diagnosis: 1. New coronavirus infection, vi-

rus identified, severe degree. 2. Acute ST-Elevation 
Myocardial Infarction with Q-waves.

Complications: Viral interstitial pneumonia. Stage 
3 respiratory failure. Acute cardiovascular failure.

Sectional examination of respiratory organs re-
vealed the following changes: lungs with areas of 
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uneven compaction, heavy, airless, red on section. 
Histological examination revealed dilated full blood 
vessels with perivascular sclerosis. Alveoli are un-
evenly distributed, their lumen is filled with serous 
exudate, in some places — ​with admixture of eryth-
rocytes, sloughed alveolocytes and macrophages, on 
the walls of some of them there are deposits of ho-
mogeneous pink masses in the shape of “crescents” 
in the form of hyaline membranes (Fig. 1). Edematous 
fluid is present in the lumen of some alveoli. The in-
teralveolar septa are thickened and sclerosed, irregu
larly hemorrhagic.

The following changes in the cardiovascular sys-
tem were noted: in the area of the apex the myocar-
dium is circularly flaccid with merging areas of red 
color, there is a slit-shaped irregularly defect with 
myocardial rupture in the area of the inferior and 
anterolateral wall of LV, myocardium at the edges 
of the slit is red. In the same zone there is an area 

of softening up to 2.6 × 2.7 × 1.2  cm. In the lumen 
of the anterior interventricular branch, thrombot-
ic masses with dense adherence to the intima of 
the vessel are seen. Histological examination: epi-
cardium with moderate amount of adipose tissue 
underneath. There is blood statis in capillaries, 
interstitial edema. Transverse striation of cardio-
myocytes is lost, deformation and karyolysis are 
observed in them. Clusters of polymorphonucle-
ar leukocytes are detected along the periphery of 
necrosis, forming a demarcation zone between 
necrotized and intact tissue (Fig. 2 a). Blood accu-
mulation between myocytes was noted (Fig. 2 b). 
The result of virological examination of sectioned 
material (lung tissue) (Laboratory of Virological 
Research and Diagnostics Center of Hygiene and 
Epidemiology of the Chuvash Republic): SARS-
CoV-2 coronavirus RNA was detected in lung, 
heart.

Fig. 1. Microscopic picture: a — ​inflammatory exudate in the lumen of alveoli, denudation of basal membranes; b — ​edematous fluid in the 
lumen of alveoli, hyaline membranes along the contour of alveoli. Hematoxylin and eosin staining, x900

Fig. 2. Microscopic picture: a — ​areas of cardiomyocyte necrosis; b — ​accumulation of blood between myocytes. Hematoxylin  
and eosin staining, x900

a

a

b

b
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Pathologic diagnosis (comorbid):
Main diagnosis (comorbid): 1. New coronavirus in-

fection COVID-19, SARS-CoV-2 coronavirus RNA de-
tected. 2. Acute circular myocardial infarction.

Complications: Viral interstitial pneumonia. Acute 
respiratory distress syndrome. Pulmonary edema. 
Rupture of the outer wall in the region of the apex. 
Myomalation. Hemopericardium.

Discussion
Cardiac damage after SARS-COV-2 infection is based on:

1) Vasoconstriction (due to increased angiotensin 
II concentration after angiotensin-converting enzyme 
II receptors are blocked by the virus).

2) Hypoxic state due to respiratory failure.
3) Myocardial infarction (type 1 and 2 — ​the isch-

emia due to increased myocardial oxygen demand or 
decreased coronary blood flow, e.g. coronary artery 
spasm, embolism, hypotension).

4) Due to acute viral myocarditis and “cytokine 
storm”.

5) Thrombosis due to Сovid-associated coagulop-
athy [9].

Thus, under the influence of SARS-COV-2, angio-
tensin II concentration is increased and angiotensin 
1–7, which has cardioprotective properties, is de-
creased [8]. Angiotensin II, in turn, exerts vasocon-
strictive and proatherosclerotic effects [7–9]. In addi-

tion, TNF-α expression is increased and the local and 
systemic inflammatory process is enhanced, leading 
to further myocardial damage [6–9]. Respiratory fai
lure and generalized inflammatory process cause a 
mismatch between oxygen consumption and delivery 
to tissues with the development of hypoxia, which 
leads to excessive intracellular calcium accumulation 
and then to myocardial cell apoptosis and myocar
dial damage [6–8]. Direct intracellular penetration of 
SARS-COV-2 can also induce cardiomyocyte necrosis 
and myocardial destruction [6–9].

In the presented case, circular MI  developed in 
a young patient without comorbid pathology after 
SARS-CoV-2 infection. There were severe complica-
tions — ​myomalation, ruptures of the inferior and an-
terolateral LV wall and hemopericardium.

Conclusion
Based on the pathological study, it was revealed that 
the patient’s death was due to bicausal pathology rep-
resented by the main nosologies — ​COVID-associated 
pneumonitis, alveolitis with the development of 
acute respiratory distress syndrome and acute cir-
cular myocardial infarction. Severe complications 
occurred — ​myomalation, inferior and anterolateral 
LV wall ruptures and hemopericardium.

Conflict of interests: none declared.
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tains a full disclosure of the conflict of interest  all au-
thors meet the criteria of authorship, it was read and 
approved  the author (s) are responsible for the power 
of attorney submitted in the manuscript materials. 6) 
all contact information of the author responsible for 
correspondence  information about previous publica-
tions of the authors on the same topic or pre-publi-
cation.

If the manuscript is a part of the thesis, it is neces-
sary to specify the estimated terms of thesis defense.

The “letter of direction (accompanying)” should be 
made out on one or two sheets. Using the form of the 
official institution-at the choice of the author’s team. 
In the address: “to The chief editor of the Russian 
cardiology journal, academician of RAS, Professor 
Oganov R.  G.”. The signatures of all authors should 
be placed at the bottom.

“Directional (cover) letter” is scanned. File format.
jpeg attached as an additional file of the manuscript.

The absence of a letter or incomplete text of the let-
ter (not containing the above items) is the basis for re-
fusal to accept the manuscript for consideration.

III. Registration on the Website and information 
about the authors.

Any of the authors can submit an article to the 
journal. Usually it is the one who then conducts cor-
respondence with the editorial office and to whose 
mail notification letters come (when submitting a 
manuscript through the site, you can choose to send 
notifications to all authors).

The author registers on the site, entering his full 
name. In the form to be filled in when submitting 
an article, all authors and all additional information 
(places of work, positions, academic titles, institu-
tions, ORCID – ​​all authors) are indicated.

If the author has several places of work, it is writ-
ten: 1. "The name of the institution..." 2. "Name of 
institution."… The name of the institution is writ-
ten in abbreviated form, for example, Moscow state 
University, Moscow. Brackets are not put.

How to fill in the article metadata: all data that 
is entered in the "article metadata" must exactly 
match the data specified in the text of the article!

Authors ‘ names (you can not write in full, the 
format of the journal provides for the publication 
of names and initials. Therefore, in the “Windows”, 
where the name and patronymic of the authors are 
written in capital letters with a dot (example: A.).

Names of institutions (write the official name. 
At the same time – ​​there is a reduction of Federal, 
STATE, etc.; the quotation marks are placed; Ministry 
of health of Russia, a city without the letter G.

Positions and titles (using traditional abbrevia-
tions: PhD, senior researcher, leading researcher, 
PhD, C.b.N., MD), head reduces to the head., then 
write the full name of the laboratory/Department 
/ Department; Director, head, Professor – ​​is not 
reduced.

The order of the authors. Authors ‘ priority should 
be entered into the system in accordance with the or-
der of the article. The movements are made by small 
arrows "top” / “bottom", which are located under the 
data of each of the authors. The data of the author re-
sponsible for the correspondence, put a dot in a circle 
denoting this information. Other authors point do not 
put.

Summary. Sections of the abstract should exactly 
match the sections prescribed In the rules for au-
thors. If the sections are not correct, the Editors will 
ask to correct them. What the authors are currently 
publishing on the site will then be included in all sys-
tems after the final publication. Be careful!

Making literary references. Submitted article will 
not be reviewed until the correction of literary ref-
erences in accordance with the rules for authors is 
made. The authors "forget" and somewhere to re-
move point (such inconsistencies can be corrected in 
the Revision), but if the design literature is radically 
different from what is required or present hyperlinks, 
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the Editors will not start with the article to eliminate 
errors.

Keyword. They are written with a small letter, sep-
arated by a semicolon. At the end put a point. In the 
text of the article the keywords are written separated 
by commas.

A file is prepared separately in Word, which is 
then sent as an additional file. The file must contain:

Title page of the manuscript. The title of the man-
uscript is written in capital letters, without hyphen-
ation, in bold. Initials and surnames of authors-Iva-
nov I.  I., Petrov P. p. the full name of organization (s) 
from which (s) there was a manuscript, the city, the 
country is Given. Footnotes are in Arabic numerals 
after the authors ‘ names and before the names of 
institutions.

Example of design:
THE PREVALENCE OF RISK FACTORS OF 

NONCOMMUNICABLE DISEASES IN THE RUSSIAN 
POPULATION IN 2012 – ​2013. THE RESEARCH 
RESULTS OF THE ESSE-RF

Muromtseva  G. A.1, Kontsevaya  A. V.1, Konstan
tinov V. V. 1, Artamonova G. V. 2, Galaganova T. M. 3,…

1 FGBU State research center of preventive medi-
cine of the Ministry of health of Russia, Moscow;

2 FGBU Research Institute of complex problems of 
cardiovascular diseases SB RAMS, Kemerovo;

3 RD  VPO North Ossetian state medical Academy, 
Vladikavkaz;..., Russia.

Information about the authors, where indicated: 
full name, place of work of all authors, their posi-
tions, ORCID; full contact information is required 
for one (or more) of the author and includes e-mail, 
available phone number.

All members of the group of authors should meet 
all four criteria of authorship set forth in the ICMJE 
recommendations: 1) concept and design develop-
ment or data analysis and interpretation, and 2) man-
uscript justification or verification of critical intellec-
tual content, and 3) final approval for publication of 
the manuscript, and 4) consent to be responsible for 
all aspects of the work, and assume that issues relat-
ing to the thoroughness and diligent execution of any 
part of the study submitted are duly investigated and 
resolved. This information should also be contained 
in the document.

If the submitted material has authors who do not 
meet the criteria of authorship, but have made some 
contribution to the work, they should be listed in this 

document and at the end of the article in the section 
of Acknowledgements.

Information on conflict of interest / funding.
The section contains the disclosure by all authors 

of possible relations with industrial and financial or-
ganizations that may lead to a conflict of interest in 
connection with the material presented in the manu-
script. It is desirable to list the sources of funding for 
the work. If there is no conflict of interest, it is writ-
ten: "Conflict of interest is not declared." Information 
on the existence of a conflict of interest should also 
be reflected in the Conflict of interest section at the 
end of the article.

Information about grants. Should be mentioned at 
the end of the article in the section Acknowledgements 
and at the end of the section Material and methods – ​​
with a full description of the role of the source of 
funding in the performance of work (design, informa-
tion collection, analysis, data interpretation, etc.).

Information and ethics in the study.
Example of design:
The study was carried out in accordance with 

the standards of good clinical Practice (Good 
Clinical Practice) and the principles of the Helsinki 
Declaration. The study Protocol was approved by the 
Ethical committees of all participating clinical cen-
ters. Prior to being included in the study, written in-
formed consent was obtained from all participants.

This information should also be reflected in the 
Material and methods section of the article.

All additional information (permits, questionnaires, 
etc.) can be requested from the authors in addition to 
the preparation of the work for printing.

Information on overlapping publications (if 
available).

Copyright. The use of any material (tables, figures) 
marked with a copyright icon in the article should be 
confirmed by a special permission from the author or 
publisher.

Information about the obtained consent in pa-
tients for the study.

Obtaining consent from patients for the study 
should also be reflected in the Material and methods.

For all clinical trials: information about the regis-
tration and placement of data on the study in any pub-
lic register of clinical trials. The term "clinical study" 
refers to any research project that affects people (or 
groups of subjects) with/or without a comparative 
control group, studies the interaction between inter-
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ventions to improve health or the results obtained. 
The world health organization offers the primary reg-
ister: International Clinical Trials Registry Platform 
(ICTRP) (www.who.int/ictrp/network/primary/en/in-
dex.html). The clinical study is considered to be reli-
able in a group of more than 20 patients.

The number  of words in the article (excluding 
summaries, sources of literature, figure captions and 
tables), the number of tables and figures.

The absence of an information file or incomplete 
text (not containing the above items) is the basis for 
refusal to accept the manuscript for consideration.

IV. Manusctipt submision check-list
Since the main file of the manuscript is automati-

cally sent to the reviewer for» blind review», it should 
not contain the names of the authors and institutions. 
The file contains only the following sections:

Article title
Summary with key words
List of abbreviations
Text
Acknowledgements (if any)
List of references
Tables, figures (if they can be embedded in the text 

of Word format).
The article title  is written in capital letters 

(PREVALENCE of RISK FACTORS...), the end point is 
not needed. The title should clearly reflect the pur-
pose of the work.

Summary  with key words-sections are drawn up 
each with a separate line, highlighted in bold. The ab-
stract should contain only those sections that are de-
scribed in the rules for authors. For example, there is 
no section "Relevance" in the summary. The authors 
prescribe the relevance of their work in the introduc-
tory section of the manuscript.

List of abbreviations – ​​when compiling a list of 
abbreviations to the article, including text, tables 
and figures, only those used by the author 3 or more 
times are included. Usually shrink often used in man-
uscripts of the terms (e.g., hypertension, CHF FC) and 
title of clinical trials (SOLVD, TIMI, HOPE).

The first reference to an abbreviation is always 
accompanied by the full spelling of the abbreviated 
concept, and the abbreviation is indicated in brackets. 
For example, blood pressure (BP); heart rate (HR). 
Capital letters are more often used to denote abbre-
viations. If abbreviations are used only in tables and 

figures, and are not used in the text, they should not 
be included in the list of abbreviations, but should be 
given a transcript in the note to the table or figure. 
The summary of the article, as a separate document, 
is subject to the same rules as the article (abbrevia-
tions are made when they are used 3 or more times).

Abbreviations should be generally accepted and 
understandable to the reader, in accordance with the 
generally accepted norms in the scientific literature. 
Undesirable abbreviations that coincide in writing 
with others that have a different meaning.

Abbreviations in the list of abbreviations are writ-
ten in alphabetical order, separated by commas, in 
solid text, using "dash". Example of design: BP-blood 
pressure, HR-heart rate.

Text – ​the text of the manuscript of the original 
works should be structured: Introduction, Material 
and methods, Results, Discussion and Conclusion. 
The text of reviews and lectures can be unstructured.

Text is printed on A4 sheet, font size – ​​12 pt, line 
spacing – ​1.5, margins 2 cm on all sides. The system 
of SI units is used for processing the material, the% 
sign is put through a space from the number, the val-
ue of p is written with a semicolon: p < 0.0001; the val-
ue of n is written with a small letter (n=20); signs >, <, 
±, =, +, – ​​when numerical values are written without a 
space; the value of "year” or “year" is issued – ​​2014 or 
2002 – ​2014.

The article should be carefully verified by the au-
thor (s). The authors are responsible for the correct-
ness of citation, doses and other factual materials.

Introduction – ​it is necessary to describe the con-
text and prerequisites of the work (what is the es-
sence of the problem and its significance). It sets cer-
tain goals or describes the object of the study, or a 
hypothesis that needs to be tested by comparison or 
observation. Only those sources that directly indicate 
the problem are cited.

Statistics – ​​all published materials are reviewed by 
an expert in statistics and must meet "Uniform re-
quirements for manuscripts submitted to biomedical 
journals" (Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals, Ann Intern Med 
1997, 126: 36 – ​47). In the preparation of the statisti-
cal part of the work it is recommended to use spe-
cial guidelines, for example, the European journal 
of cardiology: www.oxfordjournals.org/our_journals/
eurheartj/for_authors/stat_guide.html
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Statistical methods are described in detail in the 
Material and methods section.

Acknowledgements – ​​all participants who do not 
meet the authorship criteria should be listed in the 
Acknowledgements section, which is located at the 
end of the article before the Literature section.

Making graphs, diagrams and drawings – ​​tables 
and figures should provide the reader with visual 
information, be interesting and educational. They 
should be placed after the text of the article, as the 
reviewer and editor look at the manuscript as a whole. 
However, to print in the journal (at the stage of cre-
ating a layout) graphics, diagrams and drawings are 
required in electronic form in the formats "MS Excel”, 
“Adobe Illustrator”, “Corel Draw”, “MS PowerPoint", 
photos with a resolution of at least 300 dpi.

The names of the graphs and figures, as well as 
notes to them should be placed under the figure/
graph or placed at the end of the article.

These files are referred to as additional files. 
Figures should not repeat the materials of the tables.

Tables should contain the compressed, necessary 
data. Each table is placed at the end of the text (after 
the list of references) with the number, name and ex-
planation (note, abbreviations).

The tables should clearly indicate the dimension 
of the indicators and the form of data (M±m; M±SD; 
Me; Mo; percentiles, etc.). All figures, totals and per-
centages should be carefully verified, and also cor-
respond to the mention in the text. The explanatory 
notes are given below the table, if necessary. The 
footnotes must be in the following order: *, †, §, ||, ¶, 
#, **, †† etc.

Abbreviations should be listed in a footnote below 
the table in alphabetical order (for tables its list of 
abbreviations!).

Each first mention of a figure or table in the text 
is highlighted with a yellow marker. If a reference to 
a figure or table is included in the sentence, the full 
spelling of the word «figure 1», «table 1» is used; if 
the words are enclosed in brackets, the abbreviation 
is used (Fig. 1), (table. 1).

Providing the main file of the manuscript with the 
names of the authors or institutions is the basis for 
refusal to accept the manuscript for consideration.

V. The list of references.
In the form to fill in when submitting the article 

provides a list of cited literature (section – ​​Literature).

Literary references are listed in the order of cita-
tion in the manuscript. The text refers to the serial 
number of the cited work in square brackets [1] or [1, 
2]. Each link in the list is on a new line. All documents 
referred to in the text should be included in the list of 
references.

References to works that are not in the list of 
references and Vice versa, references to unpub-
lished works, as well as to works of many years ago 
(>10 years) are not allowed. The only exceptions are 
rare highly informative works. Especially close at-
tention to this item, please pay to those authors who 
submit “literature Review”.

The bibliographic description contains the names 
of the authors up to three, after which, for domestic 
publications should indicate “et al.”, for foreign – ​​“et 
al.” When citing articles from journals indicate in the 
following order the output: the name and initials of 
the authors, the name of the source, year, volume, 
number, pages (from and to). When citing articles 
from the collections indicate the output: name, ini-
tials, title, title of the collection, place of publication, 
year of publication, page (from and to).

If you want to make a quotation of the authors ‘ 
names in the text, you must specify the name of the 
first author with the initials, the year of work. Example 
design: Smith AA, et al. (2018).

With the purpose of increase of citation in the jour-
nal is the transliteration of Russian sources with the 
use of the official languages in the following order: 
the authors and the journal title is transliterated in 
the Latin alphabet, and the name of the article is se-
mantic transliteration (translation into English). The 
name of the source where the work is published is 
transliterated in Latin if the source (journal) does not 
have an official name in English).

All Russian-language sources of literature should 
be presented in the transliterated version of the mod-
el given below.

The author (s) are responsible for the correctness 
of the data given in the references.

The list of references should correspond to the 
format recommended by the American National 
organization For information standards (national 
Information Standards organization – ​​NISO), adopted 
by the National Library of Medicine (NLM) for data-
bases (Library’s MEDLINE/PubMed database) NLM: 
http://www.nlm.nih.gov/citingmedicine Oh? The 
names of periodicals may be abbreviated. Usually this 
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form of writing is accepted by the publisher; it can be 
found on the website of the publisher, or in the list of 
abbreviations Index Medicus.

Mandatory all articles DOI specified, all books ISBN. 
References to dissertations, patents, theses and any 
collections without output and ISBN are not accepted.

Examples of link design:
Article citation:
Smith A, Jones B, Clements S.  Clinical translation 

of tissue-engineered airway. Lancet. 2008;372:1201 – ​
09. DOI:10.00000/0000-0000-.

Russian-language sources with transliteration:
Bart BYa, Larina VN, Brodskyi MS, et al. 

Cardiac remodelling and clinical prognosis in pa-
tient with chronic heart failure and complete left 
bundle branch block. Russ J Cardiol. 2011;6:4 – ​
8. Russian. Барт Б. Я., Ларина В. Н., Бродский М. С., 
и др. Ремоделирование сердца и прогноз больных 
с  хронической сердечной недостаточностью при 
наличии полной блокады левой ножки пучка Гиса. 
Российский кардиологический журнал. 2011;6:4 – ​
8. DOI:10.15829/1560-4071-2011-6-4-8.

Book:
Shlyakhto EV, Konradi AO, Tsyrlin VA. The autonomic 

nervous system and hypertension. SPb.: Meditsinskoe 
izdatel’stvo; 2008.  Russian. Шляхто  Е.  В., Конра
ди  А.  О., Цырлин  В. А.  Вегетативная нервная 
система и  артериальная гипертензия. СПб.: 
Медицинское издательство; 2008. ISBN 0000 – ​0000.

Chapter:
Nichols WW, O’Rourke MF. Aging, high blood 

pressure and disease in humans. In: Arnold E, ed. 
McDonald’s Blood Flow in Arteries: Theoretical, 
Experimental and Clinical Principles. 3rd ed. London/
Melbourne/Auckland: Lea and Febiger; 1990. p.398 – ​
420. ISBN 0000 – ​0000.

Russian chapter:
Diagnostics and treatment of chronic heart failure. 

In. National clinical guidelines 4th ed. Moscow: Silicea-
Polygraf; 2011. pp.203 – ​93.  Russian  Диагностика 
и лечение хронической сердечной недостаточности. 
В  кн: Национальные клинические рекомендации. 
4-е издание. М.: Силицея-Полиграф; 2011.сс.203 – ​
96. ISBN 0000 – ​0000.

Webpage:
Panteghini  M.  Recommendations on use of bio-

chemical markers in acute coronary syndrome: 

IFCC  proposals. eJIFCC  14. http://www.ifcc.org/ejif-
cc/vol14no2/1402062003014n.htm (28 May 2004)

All sources of literature are checked for correct-
ness through the system of the Russian electronic 
library. Significant errors in citation or duplication of 
the source are the reason for the return of the manu-
script to the authors for revision.

VI. Preparation of manuscript.
The author prepares the following documents to 

upload the manuscript to the site:
The main file Is the text of the article (the system 

renames it after loading, so it does not matter how it 
is called).

Additional files-Directional (accompanying) letter, 
Information file with the Title page, information about 
the authors and disclosure of conflicts of interest, 
files with pictures.

For more information on placing articles on the 
website you can read http://cardiovascular.elpub.ru/
jour/announcement

VII. Copyright and publishing policy.
This section regulates the relationship between 

the editorial Office (Publisher) of  International heart 
and vascular disease journal (the “editorial Office”) and 
the author or group of authors who submitted their 
manuscript for publication in the International heart 
and vascular disease journal (the “Author”).

The author, by sending the article to the Editor, 
agrees that the editorial Board of the journal shall 
be transferred to the exclusive property rights to use 
the manuscript (transferred to the Editorial Board of 
the journal material, including such protected ob-
jects of copyright as photos of the author, drawings, 
diagrams, tables, etc.), including the reproduction in 
print and on the Internet; distribution; translation into 
any languages of the peoples of the world; export and 
import of copies of the journal with the article of the 
Author for distribution, to bring to the public.

The editorial Board reserves the right to reduce 
and edit the materials of the manuscript, to carry out 
scientific editing, to reduce and correct articles, to 
change the design of graphs, drawings and tables to 
bring into line with the design of the journal, without 
changing the meaning of the information provided.

When using the article, the editors have the right to 
supply it with any illustrated material, advertising and 
allow third parties to do so.
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The editorial Board has the right to assign the rights 
received from the Author to third parties and has the 
right to prohibit third parties from any use of materials 
published in the journal for commercial purposes.

The author guarantees that he has exclusive rights 
to use the submitted material. In case of violation 
of this guarantee and the presentation of claims to 
the editorial Board, the Author independently and at 
his own expense undertakes to settle all claims. The 
editorial Board is not responsible to third parties for 
violation of the Author’s guarantees.

The Author retains the right to use the published 
material, its fragments and parts for personal, in-
cluding scientific and teaching purposes.

The Author transfers the above rights to the Editors 
without limitation of their validity period, in the terri-
tory of all countries of the world without limitation, 
including the territory of the Russian Federation.

The rights to the manuscript are considered to be 
transferred By the author of the editorial Office from 
the moment of sending an information letter about 
the acceptance of the manuscript to the press.

Reprinting of materials published in the journal by 
other individuals and legal entities is possible only 
with the written permission of the editorial Board, 
with the obligatory indication of the journal name, 
number and year of publication.

The editors are not responsible for the accuracy of 
the information provided by the Author.

The author, sending the manuscript to the Editor, 
gives permission to use and process personal data.

The editorial Board reserves the right to reduce and 
correct the articles, to change the design of graphs, 
figures and tables to comply with the standard of the 
journal, without changing the meaning of the infor-
mation provided. In case of untimely response of the 
author (s) to the request of the editorial Board, the 
editorial Board may at its discretion make changes to 
the article or refuse to publish.

Sending to the editor of works that have already been 
sent to other publications or printed in them is abso-
lutely not allowed. The editors are not responsible for 
the accuracy of the information provided by the authors. 
Articles sent in violation of the rules of registration are 
not accepted by the editorial Board for consideration.

VIII. The procedure for rewiewing manuscripts
The manuscript should be sent in electronic form 

to the Editor through the website – ​http://www.heart-

vdj.com. The manuscript should be drawn up in ac-
cordance with these requirements for scientific arti-
cles submitted for publication in the journal.

The author is sent a notification letter of receipt of 
the manuscript with the number (ID), which will be 
used in subsequent correspondence. The author can 
track the stages of work on his manuscript through 
the site. Since the process of bringing the manuscript 
to the necessary standards takes enough expert time, 
the payment for the initial review of the article was 
introduced, which the author (s) are required to carry 
out after the article is posted on the site.

The manuscript must pass the primary selection: 
the Editorial Board has the right to refuse publication 
or send comments to the article, which must be cor-
rected by the Author before reviewing.

 – ​​checking the completeness of the manuscript: if 
you do not comply with the requirements of the Rules 
for the authors to complete the manuscript or its de-
sign, the Editors have the right to refuse to publish or 
in writing to require to send the missing materials or 
to correct the version already downloaded to the site.

 – ​​Manuscripts are checked in the "Antiplagiat" sys-
tem. The originality of the manuscript should be at 
least 75 %. We expect manuscripts submitted for pub-
lication to be written in an original style that involves 
new thinking without the use of previously published 
text. Manuscript with originality below 75 % shall not 
be admissible.

All manuscripts submitted to the journal are sent 
to one of the permanent reviewers or an independent 
expert according to the profile of the research.

The review process is anonymous both for the 
Author and for the reviewers. The manuscript is sent 
to the reviewer without the names of the authors and 
the name of the institution.

The editorial Board informs the Author of the re-
sults of the review by e-mail.

If the reviewer makes a conclusion about the pos-
sibility of publication of the article and does not make 
significant corrections, the article is given to the ex-
pert on statistics and after a positive report is accept-
ed for further work.

If the reviewer makes a conclusion about the 
possibility of publication of the article and gives in-
structions on the need for its correction, the Editorial 
Board sends the review to the Author with a proposal 
to take into account the recommendations of the re-
viewer in the preparation of a new version of the ar-
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ticle or to refute them. In this case, the Author needs 
to make changes to the last version of the article file, 
which is located on the site (download file from the 
site, make changes and place the corrected article 
again, after removing the primary (uncorrected) ver-
sion). The revised article is re-sent for review, and the 
conclusion is given that all the recommendations of 
the reviewer were taken into account. After receiving 
a positive response of the reviewer, the article is given 
to the expert on statistics and after a positive report is 
accepted for further work.

If the reviewer makes a conclusion about the im-
possibility of publication of the article. The author of 
the reviewed work is given the opportunity to read the 
text of the review, if he does not agree with the con-
clusions of the reviewer. In case of disagreement with 
the opinion of the reviewer, the Author has the right to 
provide a reasoned response to the Editor. The article 
can be sent for re-review or for approval to the edito-
rial Board. The editorial Board or its authorized editor 
shall send its response to the Author.

All manuscripts that have been reviewed and eval-
uated by an expert in statistics are submitted to the 
editorial Board, which decides on the publication. 
After the decision on the admission of article for pub-
lication, the Editorial office inserts the publication of 
the article in terms of publications. Information about 
the annual (thematic) plan of publications is placed 
on the website of the journal.

The decision to publish a manuscript is made sole-
ly on the basis of its significance, originality, clarity 
of presentation and compliance of the research topic 
with the direction of the journal. Reports on studies in 
which negative results are obtained or the provisions 
of previously published articles are challenged are 
considered on General grounds.

Original reviews are kept in the Editorial office for 
5 years from the date of publication.

In case of a decision to refuse to publish an article, 
its archive copy remains in the electronic system of 
the editorial Board, but access to it by editors or re-
viewers is closed.

IX. The manner of publication of manuscripts
According to the requirements of the Higher attes-
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