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Editor’s Welcome

Dear colleagues!

In the 14th issue of the International Heart and Vascular Disease Journal, there are leading article, review article, 

original articles, and clinical seminar. 

The leading article of this issue was done by the group of Belorussian researchers and it is dedicated to identification 

of functional state of cardiovascular system and cardiovascular risk stratification in women with asymptomatic ST segment 

depression and  postovariectomy syndrome

Our “Review articles” section is present with analytic review exploring the problem of connection between erectile dys-

function and anxiety-depression disorders in arterial hypertension, including their pathogenetic linkage and therapeutic 

options. 

Traditional “Original articles” section includes 3 works of Russian authors. The first one investigated the life quality and 

depression intensity in patients with arterial hypertension receiving maintenance hemodialysis treatment in the Udmurt 

republic. According with these results, patients with AH undergoing maintenance hemodialysis had more severe depres-

sion and lowered life quality. The second original article evaluated correlation between lipid metabolism characteristics and 

iron-deficiency anemia in women of child-bearing age. Lately big attention is paid to investigation of cardiovascular disease 

markers in sportsmen. Another original article is dedicated to assessment of hemodynamic characteristics in athletes of dif-

ferent kinds. Although the prevalence of arterial hypertension in athletes is lower than in population, elevated BP increases 

the risk of myocardial hypertrophy and remodeling that is one of possible contraindications for sports with high static loads. 

“Clinical seminar” session discusses an important topic of chronic mesenteric ischemia. This disease is difficult for di-

agnostics by general practitioners due to the lack of specific symptoms. This work covers etiology, classification of several 

authors, clinical manifestations depending on vascular lesions’ localization, problems of diagnostics and treatment of ab-

dominal ischemic disease. Educational review article may be useful for general practitioners. 

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.

Rafael G. Oganov
Editor-in-Chief

President of the “Cardioprogress” Foundation
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Summary
Objective
To reveal the features of the structural and functional state of cardiovascular system and to stratify cardiovascu-
lar risk in women with silent depression of the ST-segment and postovariectomy syndrome.

Materials and methods
The study involved 66 women with perimenopausal metabolic syndrome, including 30 females after surgical 
menopause (main observation group) and 36 females with naturally occurring menopause (comparison group).
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Results
In women with surgical menopause and metabolic syndrome, significant epicardial obesity and coronary calci-
fication were identified; myocardial ischemia was more evident, myocardial hypertrophy and remodeling of the 
left ventricle was accompanied with violation of its diastolic function. Concentric hypertrophy of the left ventricle 
prevailed in the structure of geometric model disturbances. 

Conclusion 
The fact of detection of high risk of adverse cardiovascular events in women with surgical menopause according 
to single-photon emission computed tomography is clinically significant. Obtained data determine the necessity 
to search new criteria of cardiovascular risk stratification for the selection of patients with high cardiovascular 
risk and its timely correction.

Key words
Silent myocardial ischemia, postovariectomy syndrome, single-photon emission computed tomography (SPECT), 
epicardial adipose tissue

Introduction
In the developed countries postmenopausal period 
takes more than 1/3 part of women’s life, and exact-
ly this period becomes the most socially active one. 
Investigation of cardiovascular pathology in females is 
impossible without taking into account cyclic and age-
related changes of the endocrine system. Estrogens’ 
deficiency, fat tissue and biologically active molecules 
produced by it are interrelated, and it is associated 
with impaired metabolism of fat tissue, development 
of abdominal obesity, insulin resistance, dyslipid-
emia, increased activity of sympathetic nervous sys-
tem and development of arterial hypertension(AH) , 
impaired endothelial function and thrombus forma-
tion, changed secretion of neural steroids and neu-
ral peptides participating in the regulation of food 
behavior and providing integrative action of different 
brain parts and realization of its cognitive function. 
Even if there is no verified correlation between car-
diovascular events and estradiol plasma levels, the 
crucial role of visceral obesity in coronary heart dis-
ease (CHD) that can be triggered by hypoestrogenia 
is beyond dispute. Surgical menopause may prove 
the significance of sex hormones as the risk factor of 
cardiovascular disease (CVD), since the disorders in 
this condition have more evident manifestations com-
paring with the natural menopause. Detection of high 
cardiovascular risk (CVR) and detection of sublinical 
lesions of target organs in women with hypoestroge-
nia is an important problem of cardiology that has not 
been solved yet [1, 2, 3].

Identification of patients belonging to the high risk 
group of development of CVD caused by atheroscle-
rosis and lacking of evident clinical symptoms is the 
priority direction of modern medicine. Patients with 
obesity can be considered as a part of this group 

since the growing epidemic of obesity and high risk 
of cardiovascular complications increase the social 
importance of this problem. Numerous studies dem-
onstrated elevated risk of stroke and myocardial in-
farction in case of visceral obesity development and 
detected correlation between excessive body weight 
and big amount and early development of athero-
sclerotic plaques (T. Visscher, 2001, S. Yusuf, 2005, L. 
De Koning, 2007). Visceral fat is a hormonally active 
tissue that produces many biologically active mole-
cules participating in the development of metabolic 
disorders, inflammation and fibrosis, thrombus for-
mation and atherogenesis. At the same time, not all 
patients with obesity diagnosed according with body 
mass index (BMI) have high CVR, and not all patients 
with normal BMI do have low CVR. There are three 
phenotypes characterizing the role of visceral obesity 
in cardiovascular continuum: “uncomplicated” obe-
sity, “complicated” obesity and “metabolically obese” 
but normal weight patients (M. Morelli, 2013) [4, 5]. 
In this case indirect detection of visceral obesity (VO) 
using waist circumference (WC) measurement can 
lead to excessive diagnostics of VO and high CVR 
(G. Iacobellis, 2003, Y. Chiba, 2007, G.A. Chumakova, 
2012). Epicardial fat tissue (EFT) is the deposit of vis-
ceral fat around heart located between myocardium 
and visceral pericardium. EFT correlates with the 
amount of abdominal visceral fat; it is connected with 
the levels of C-reactive protein, fibrinogen, plasma 
lipids, HOMA-IR insulin resistance index and glyce-
mic profile, it is also associated with the markers of 
neurohumoral activity of visceral fat, resistin, leptin, 
adiponectin, it can play a role in atherosclerosis de-
velopment and promotes formation of myocardial 
atherosclerosis and arterial vascular wall (F. Natale, 
2009, E. Soliman, 2010) [5, 6, 7, 8]. But up to nowa-
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days the universal quantitative unit of EFT that would 
have allowed estimating elevated CVR has not been 
found yet; generalization of existing data about esti-
mation of EFT association with metabolic disorders 
and cardiovascular remodeling parameters is limited 
by heterogeneity of visualization techniques and in-
vestigated populations of patients. Fat deposits influ-
ence adjacent organ’s functioning, because of direct 
mechanical effect and pressure on it and secretion 
of biologically active molecules. Lipids, accumulated 
not only in adipocytes, but also in myocytes and endo-
theliocytes, have lipotoxic impact on them and cause 
their dysfunction and apoptosis. EfT produces exces-
sive amount of angiotensin II; it increases the syn-
thesis of fibrosis markers, promotes left ventricular 
myocardium remodeling and impairs cardiac diastol-
ic function, and consequent development of chronic 
cardiac insufficiency [4, 6]. 

The objective of this study was too reveal the fea-
tures of the structural and functional state of cardio-
vascular system and to stratify cardiovascular risk in 
women with silent depression of the ST-segment and 
postovariectomy syndrome.

Materials and methods
This study included 66 female patients in postmeno-
pause with metabolic syndrome and asymptomatic ST 
segment depression detected with 24-hours electro-
cardiogram monitoring (24h-ECG). All women were 
divided in two groups depending on the mechanism 
of menopause development: main observation group 
(MOG) included 30 females after surgical menopause, 
whereas comparison group (CG) consisted of 36 fe-
males with naturally occurring menopause. There 
were no significant differences in age and CHD risk 
factors between two groups. WC in the main group 
was 92.5±8.0 cm, and in the comparison group this 
value was 90.0±6.0 cm. 

Instrumental study included 24h-ECG, echocar-
diography, single-photon emission computed tomog-
raphy (SPECT) with pharmacological stress test, and 
coronary computed tomography angiography (CCTA). 
Episodes of horizontal or descending ST segment de-
pression of at least 1 mm, with duration of at least 
0.08 sec after the J-point, lasting for at least 1 min-
ute with a shift of at least 1 minute between episodes 
[9]. Myocardial SPECT was performed using “Nucline 
X-Ring” (“Mediso”, Hungary) tomographic gamma 
scanner. 99mTc- methoxy isobutyl isonitrile (99mTc-
MIBI) was used as a radiopharmaceutical(RP) for 
these assays. This technique allows verifying coro-

nary ischemia and performing quantitative and quali-
tative analysis and estimation of the areas with im-
paired tissue perfusion and intensity of its reduction. 
Myocardial SPECT was done according with two-day 
protocol in the following sequence: test in rest (REST) 
combined with pharmacological stress test (STRESS) 
with dipyridamole causing vasodilatation and lead-
ing to coronary hyperemia. We used 5-points scale 
for analyzing severity of hypoperfusion: tracer up-
take varying from 80 to 95% indicated normal perfu-
sion (0 points), mildly reduced tracer uptake (65-79%) 
corresponded to 1 point, moderately reduced tracer 
uptake (50-64%) corresponded to 2 points, evidently 
reduced tracer uptake (30-49%) – 3 points, and tracer 
uptake less than 30% corresponded to 4 points. After 
it we estimated summed stress score (SSS) – the sum 
of points in all segments obtained using STRESS test 
[10]. 

CCTA was performed in axial scanning with pro-
spective cardiac gating: collimation 0,6 mm, tube 
current 60 mA, voltage 120 kV, tube-sensor turnover 
time 0.25 ms. Calcium score (CS) was determined 
semi-automatically using licensed software “Syngo 
Via” Siemens. EFT was estimated using axial sexions 
(3,0 mm), pericardium contouring was done manually 
in each fourth section starting 3 mm up from the cor-
onary arterial ostia in cranial direction down to their 
crossing with inferior myocardial wall. Selection and 
quantification of tissue volume of fat density (-190 — 
-30 Hounsfield units) was done automatically.  

Results and discussion
According with the results of 24h-ECG, patients of 
the main group had higher values of ST segment 
depression amplitude (2.3±0.2 mm), number of epi-
sodes (9 (3.13)) and total duration of ischemia within 
24h (1900±150 sec) comparing with the comparison 
group (1.2±0.1 mm; 4 (3; 8) episodes; 1210±110 sec, 
respectively, p<0.05). Comparison of patients’ diaries 
and monitoring results revealed that physical exer-
cise (MOG: 68% episodes, CG: 42% episodes) and 
emotional stress (22% of episodes in females with 
surgical menopause and 20% of episodes in females 
with naturally occurred menopause) acted as factors 
provoking significant ST depression in the main ob-
servation group. The frequency of spontaneous ST 
segment deviations (at rest, independent from pro-
voking factors) was higher by 24% in patients with 
physiological menopause (p< 0.05).  

Myocardial SPECT results revealed perfusion de-
fects in all female patients with diagnostically signifi-
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cant ST depression. Analysis of parameters charac-
terizing dimensions of abnormal perfusion area: per-
fusion defect value (PDV) as the percentage of an area 
excluded from total left ventricle (LV) myocardial di-
mensions (%) and the square of perfusion defect (SPD, 
cm2), did not detect significant differences between 
groups during REST test. STRESS testing aggravated 
coronary circulation in patients of both groups, at the 
same time patients with surgical menopause (MOG) 
had more evident dynamics and created differences 
between groups: total PDV value and perfusion defect 
square were higher comparing with the CG patients 
(table 1). 

Summed stress score (SSS) estimation is used for 
the stratification of coronary events’ risk. If SSS is 
less than 4 the probability to develop CHD and possi-
ble myocardial infarction (MI) is low; if SSS is between 
4 and 8, there is high possibility of CHD, moderate MI 
risk and low risk of cardiac death; if SSS is above 8, 
there is high possibility of CHD, moderate MI and car-
diac death risk. SSS in the MOG (females with post-
ovariectomy syndrome) was 8 (2; 9) points and cor-
responded to high probability of CHD development, 
moderate risk of MI and cardiac death. SSS value in 
comparison group was 8 (2; 8) points and it matched 
high probability of CHD, moderate MI risk and low 
cardiac death risk. The percentage of female patients 
with SSS value of 8 points and more was 46.4% for the 
MOG and 16.7% for the CG (Table 1). Thus, around one 
half of women without ECG symptoms and impaired 
endocrine homeostasis (postovariectomy syndrome) 
have high possibility of CHD and moderate risk of MI 
development and cardiac death. 

Several studies demonstrated association of an-
thropometric characteristics and indexes with the risk 
of cardiovascular events development: WC is a sign of 
abdominal obesity and predictor of impaired carbo-
hydrate metabolism, it also correlates with secretory 
activity of fat tissue and the risk of cardiovascular ca-
tastrophes development. At the same time, females 
with metabolic syndrome included in this study had 

significant differences of abnormal myocardial perfu-
sion (SPECT results) and severity of ischemia (CCTA 
results), even if WC values were comparable between 
two groups. To evaluate the influence of regional 
characteristics of fat tissue distribution on cardiovas-
cular risk, we estimated EFT volume, since this tis-
sue is a metabolically active substrate participating in 
synthesis of biologically active local and systemic ac-
tion substances involved in CHD pathogenesis. CCTA 
revealed significant difference of EFT volume: in the 
MOG this value was 149,13 (82, 28-227, 29) cm3, and 
in the CG this value was 117.14 (51.11-130.21) cm3, 
p<0,05. Calcium index quantified using A.S. Agatston 
(AJ-130) formula was 115 (34; 380) units in females 
with postovariectomy syndrome and 60 (17, 100) units 
in the CG patients, another quantification method 
(Volume) resulted in values of 130 – 140 (41; 354) mm2 
and 130 – 68 (14; 130) mm2, p<0,05, in MOG and CG 
patients, respectively. 

Echocardiography assay demonstrated that LV 
myocardial mass index (LVMMI) in patients of the 
MOG was higher than in CG patients (99,5±9,5 g/m2; 

88,0±8,4 g/m2, p<0,05, respectively). Myocardial hy-
pertrophy (LVMMI more than 95 g/m2 for females) 
and pathologic deviation of LV geometric model were 
more frequent in patients after surgical menopause. 
The percentage of patients with LV myocardial hyper-
trophy (LVMH) in the MOG was 53.3% (16 persons), 
and 25% in the CG (9 persons). Concentric LVMH 
was present in 50% of female patients after surgi-
cal menopause, making it the most frequent form 
of impaired LV geometrical model. We performed 
the analysis of LV diastolic function using transmi-
tral blood flow peak velocities accessed by Doppler 
echocardiography in impulse mode. Comparing with 
CG patients, patients of the MOG had reduced early 
filling velocity (peak E), increased late filling velocity 
(peak A), and reduced E/A ratio of transmitral blood 
flow that indicates diastolic dysfunction of LV myo-
cardium in patients with postovariectomy syndrome 
(Table 2).

Table 1. Myocardial SPECT results 

Characteristic
SPECT at rest (REST) SPECT with pharmacological stress test (STRESS)

MOG, n=30 CG, n=36 MOG, n=28 CG, n=30
∑ PDV, % 6.2 (4.0; 9,0)2 4.8 (3.0; 9.4) 15,0 (8,6;22)1 8.0 (4.0; 14)
SPD, cm2 6.0 (4.2; 10,0)2 5.0 (3.0; 8.2) 16,0 (8;24)1 8.4 (3.8; 15,2)
SSS - - 8 (2;9) 5 (2; 8)
Percentage of patients having 
SSS > 8, % of abs. - - 46,4% (13) 16.7% (5)

Comment: Significance of differences, p<0.05. 
1 – comparing with the CG, 
2 – after dynamic comparison.
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Conclusion
Women with metabolic syndrome who went into sur-
gical menopause have evident increase of epicardial 
fat thickness, coronary calcinosis (EFT volume mea-
sured with CCTA was higher comparing with the wom-
en with naturally occurring menopause), and more 
severe myocardial ischemia (according with 24h-ECG 
results, they had significantly higher amplitude of ST 
segment depression, higher number of episode and 
total ischemia duration within 24h, SPECT demon-
strated statistically significant increase of total PDV 
and perfusion defect dimensions).  In females with 
postovariectomy syndrome myocardial hypertrophy 
and LV remodeling are combined with impaired LV 
diastolic function, and concentric LVMH is the prevail-
ing form of LV impaired geometrical model. 

The fact that females who went into surgical meno-
pause had high risk of unfavorable cardiovascular 
events (SSS values of 8 (2; 9) points), high percent-
age of patients with high CHD probability, moderate 
risk of MI development and cardiac death, is clinically 
significant. These data determine the necessity to 
search new criteria of cardiovascular risk stratifica-
tion for selection of female patients with high cardio-
vascular risk and its well-timed correction. 

Conflict of interest: None declared.
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Summary
Erectile dysfunction (ED) is very common in patients with arterial hypertension (AH), reaching the frequency of 
70% according to various authors, and accompanying psychoemotional disorders aggravating the course of sexual 
and somatic disorders. Associated pathology increases the risk of premature death, worsens the prognosis and 
reduces social functioning of these patients. Common pathogenetic mechanisms of ED, anxiety and depressive 
disorders and AH include endothelial dysfunction with decreased nitric oxide production, low levels of androgens, 
violation of cortico-visceral connections with imbalance of the hypothalamic-pituitary-adrenal system, and sym-
pathicotonia. Complex pathophysiology requires prescription of adequate antihypertensive and psycho-corrective 
therapy, together with effective ED treatment.

Key words
Erectile dysfunction, anxiety and depressive disorders, arterial hypertension, pathogenetic relationship, 
Phosphodiesterase type 5 inhibitors, adaptogens.
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Introduction
Combination of erectile dysf unction (ED), anxiety and 
depressive disorders (ADD) and arterial hypertension 
(AH), so-called «Mutually reinforcing triad», is right-
fully considered one of the most important men’s 
problems of the XXI century. [1]. It is caused by their 
high prevalence, medical and social importance and 
several pathogenetic mechanisms common between 
these conditions [2]. 

Erectile dysfunction is described as inability to 
reach and/or support adequate erection necessary 
for coitus [2]. Around 400mln men have ED and it is 
predicted this number will reach 900 mln persons 
that is related to negative influence of a growing num-
ber of ED risk factors ( AH, smoking, obesity, dyslip-
idemia, and diabetes mellitus) and increased lifespan 
of male population  that is associated with another 
important ED risk factor – aging and age-related an-
drogene deficiency [3, 4]. The first large-scale study 
that assessed ED prevalence was held in 2012 and it 
demonstrated that 1101 respondents (89.9%) out of 
1225 had ED symptoms [5]. 

Sexual functioning is tightly linked with physi-
cal and psychosocial health of men and strongly in-
fluences the life quality of men and their families. 
Significant results of E.O. Laumann e coauthors dem-
onstrated, that erection disorders often accompanied 
with anxiety, despondence and lack of self-confidence 
cause 4-fold and 6-fold reduction of physical and psy-
choemotional component of life quality, respectively 
[6]. Other authors reported that sexual activity direct-
ly correlated with men’s lifespan. Results of prospec-
tive Cayerphilly study that had lasted 10 years dem-
onstrated  that the mortality between men with low 
sexual activity (less than 1 sexual contact per month) 
was 50% higher comparing with the men who had 
sexual contacts twice per week and more often [7]. 

Individual reports of men and women above 55 
years old that had been obtained during recent study 
held in Florida demonstrated that preserved sexual 
activity is associated with positive physical, social and 
emotional health characteristics [8].

Pathogenetic correlation between ED, 
anxiety/depression and AH
Previously the problems of psychogenic origin had 
been considered the main reason of ED, nowadays 
it is established that ED is mostly caused by organic 
and mixed nature. In any case, concomitant anxiety 
and depression aggravate the course of sexual and 
somatic disorders. 

Clinical studies demonstrate tight connection be-
tween ED and cardiovascular diseases [9]. The study 
of F.A. Giuliano and coauthors [10] revealed ED in 
70% of men with AH, and severe AD was diagnosed in 
45.2% of males with AH comparing with 10% frequen-
cy of this disorder in general population. Doppler scan 
of penis vessels reveals ED in 87% of patients with AH 
[11]. The most important pathogenetic mechanism of 
AH and ED is endothelial dysfunction and insufficient 
production of nitrogen oxide (NO), main moderator 
of systemic and organ blood supply. Elevated blood 
pressure with senescent background is accompanied 
with impaired endothelium-dependent vasodilatation 
and consequent structural remodeling, atheroscle-
rosis development, and stenosis of vessels provid-
ing blood supply during erection (Figure 1) [12, 13]. 

Chronic vascular inflammation promotes aggrava-
tion of endothelial dysfunction and ED development. 
Increased levels of inflammation markers and me-
diators (C-reactive protein, intercellular adhesion 
molecule 1 (ICAM-1), interleukins 6, 10, 1β (IL-6, 
IL-10, IL-10β, respectively), tumor necrosis factor-α 
(TNF-α) and endothelial/prothrombotic factors (von 
Willebrand factor, tissue plasminogen activator, plas-
minogen activator inhibitor-1, fibrinogen) have been 
detected in patients with ED [14, 15]. 

It has been proved that ED is an early marker and 
predictor of cardiovascular disease. P. Montsori and 
coauthors demonstrated that ED precedes the de-
velopment of acute coronary syndrome and angina 
pectoris in the majority of cases. The average time 
interval between this events is 12-36 months. It is ex-
plained by the fact that diameter of penile artery is 
2-3 times less than the diameter of coronary arteries 
and 3-4 times smaller than the diameter of carotid 

Figure 1. Common mechanisms between ED, ADD, and AH 
pathogenesis: low testosterone, endothelial dysfunction, slowly 

progressing systemic vascular inflammation

Erectile dysfunction

Anxiety / 
depression

Arterial hypertension /
CVD

Low testosterone levels
Endothelial dysfunction

Inflammation 
Atherosclerosis
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arteries, thus manifestations of endothelial dysfunc-
tion and atherosclerotic lesions of penile arteries be-
come evident much earlier than the same abnormali-
ties of major coronary and peripheral vessels [16]. 

Low androgens’ level (hypogonadism) is another 
one important mechanism of combined pathology. 
Nowadays it has been established that testosterone 
and its active metabolites not only control adequate 
sexual functioning but also determine the risk of 
unfavorable cardiovascular events development and 
cardiovascular mortality. AH is one of the main car-
diovascular disease risk factors and it is connected 
with low testosterone levels. C. Vlachopoulos and 
coauthors estimated correlation of low testosterone 
levels and development of severe cardiovascular 
event (SCVE) in 228 patients with AH without clini-
cally evident atherosclerosis. They demonstrated that 
during 44 months observation period 19 participants 
(8.3%) had developed SCVE like cardiovascular death, 
myocardial infarction or stroke. Comparing with the 
patients who did not develop SCVE, men with AH had 
lower total testosterone (TT) levels (13.5 ± 2.4 nmol/L 
vs 15.9 ± 5.2 nmol/L, p <0.01) and higher preva-
lence of hypogonadism  (36% vs 16%, p < 0.05) [17]. 
Testosteron has vasoprotective and cardioprotective 
effect mediated through NO, its influence on endo-
thelium and inflammation markers, and its deficiency 
is manifested as cardiovascular disorders like refrac-
tory AH, impaired lipid and carbohydrate metabolism, 
and progressing atherosclerotic remodeling of ves-
sels [18, 19]. Apart from it, androgenic deficiency low-
ers down psychophysical activity and libido, increases 
ED and psychoemotional disorders like anxiety and 
depression that correlates with laboratory test re-
sults (TT ≤ 15nmol/L) [20]. International society of 
sexual medicine recommends to check TT concentra-
tion in patients with ED and/or decreased libido [21]. 

The presence of anxiety and depression in pa-
tients with ED and AH complicates the clinical course 
of comorbid pathology and becomes a risk factor 
of premature death, aggravates prognosis and de-
creases social functioning of these patients [22]. If 
patients with AH have just depressive disorders, they 
have 18% higher risk of stroke and 25% higher risk 
of cardiovascular death [23]. Nowadays several pos-
sible common mechanisms of ADD influencing AH, 
cardiovascular disorders and ED are under investi-
gation. The most important ones are hyperactivation 
of hypothalamo-pituitary-adrenal system and im-
balanced vegetative nervous system with prevailing 
sympathicotonia [24, 25], impaired functional activ-

ity of platelets, increased blood viscosity, endothelial 
dysfunction [24], and increased chronic inflammatory 
response [24-26]. 

Depressive disorders significantly decrease com-
pliance to antihypertensive therapy [27]. These pa-
tients do not follow therapeutic regimen and healthy 
lifestyle in terms of diet, smoking refusal, increased 
physical activity, and restricted alcohol consump-
tion [28]. European guideline for cardiovascular dis-
ease prevention in clinical practice (2016) considers 
depression and anxiety as significant obstacles for 
modification of patients’ lifestyle in desirable direc-
tion that require psycho-correcting work [29]. 

It is necessary to remember that antihypertensive 
drugs by themselves (non-selective β-blockers, thia-
zide diuretics [30-32], and psychotropic drugs like an-
tidepressants and tranquilizers [33]) have a negative 
impact on ED development. Sings of drug-induced 
ED include relatively fast development, presence of 
temporal connection with therapy and reduced inten-
sity or disappearance of ED after drug withdrawal. It 
explains the fact that ED, ADD and AH triad requires 
prescription of adequate hypotensive therapy with 
angiotensin-converting enzyme (ACE) inhibitors, an-
giotensin receptor blockers (ARB) [30-32] and psy-
chotropic treatment with atypical antidepressants 
like bupropion – selective inhibitor of noradrenalin 
and dopamine reuptake, trazodone – antagonist of 
5-HTA/2C serotonin receptors, agomelatine – MT1 
and MT2 melatonergic receptors agonist [33]. The 
drugs listed above have positive effect on ED without 
aggravating erectile function. 

Treatment of ED and ADD in patients  
with AH
Complicated pathogenetic connections between 
ED and ADD in AH require particular treatment 
approach. Safety of sexual activity in AH is an im-
portant question for patients and internal medi-
cine specialists.  According with the Princeton 
Consensus II (Figure 2) [3], patients with control-
lable AH belong to the low risk group and had can 
safely continue sexual relationships and use the 
drugs for ED treatment. Patients with uncontrol-
lable AH having 10-fold increased risk of develop-
ing cardiovascular events during coitus and 2 hours 
after belong to the group of high risk and should 
visit cardiologist and avoid sexual activity until their 
condition would be stabilized. Algorithm of man-
agement of patients according to cardiac risk is 
present at Figure 3 [3, 34]. 
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Phosphodiesterase type 5 (PDE-5) inhibitors can 
be recommended after selection of antihypertensive 
drugs that are the “golden standard” of ED treatment: 
sildenafil, tadalafil, valdenafil [35]. At the same time 
several problems like adverse effects of PDE-5 in-
hibitors (headache, face hyperemia, dyspepsia, stuffi-
ness in the nose, myalgia) and insensitivity to therapy 
in 15-40% of patients remain unsolved. It is known 
that these drugs are able to potentiate relaxing action 
of NO on smooth muscular cells of trabecular tissue. 
But central nervous system impulses are required for 
triggering NO release. Their intensity depends on pa-
tient’s reaction on sexual stimulus. Due to the lack of 
substrate of action, monotherapy with PDE-5 inhibi-
tors is not very effective in case of strong reduction 
of libido  and it is heavily suppressed with age. That’s 
why nowadays it is strictly important to optimize clini-
cal usage of PDE-5 inhibitors for treatment of patients 

with ED [36]. In case of androgen replacement thera-
py several problems like suppression of endogenous 
androsteroids production, negative effect on liver and 
prostate, remain unsolved. 

Use of nature—derived drugs, that have minimal 
number of adverse effects and are capable to in-
crease sexual desire, improve the quality of erection 
and mood, and stabilize vegetative nervous system, 
is a good alternative and addition to ED treatment 
in men with AH. The authors of this article partici-
pated in the study of dynamical clinical evaluation of 
ED and ADD in 78 male patients with AH I-III stage 
during complex therapy [37-39], which included anti-
hypertensive drugs together with adaptogen Eromax 
produced in Russia and containing drone brood, pol-
len pellet, ginseng root, L-arginine, zinc citrate, and 
pyridoxine hydrochloride. All patients were divided 
into two groups with comparable age and severity of 

Low risk Intermediate risk High risk 

•  Asymptomatic course or <3 CHD risk 
factors

• Controllable AH
• Angina pectoris (FC I-II)
•  Condition after successful 

revascularization of coronary arteries
•  MI without complications  (>8 weeks 

after it)
• mild valvular lesions
• HF (FC I)

• >3 CHD risk factors
• stable angina
• MI (2-6 weeks after it)
•  other manifestations of 

atherosclerosis (peripheral vascular 
disorders, transitory ischemic attacks) 

• Unstable or refractory angina
• Uncontrollable AH
• Hf (fC III-IV)
• MI or stroke (less than 2 weeks after it)
• life-threatening arrhythmias
• hypertrophic cardiomyopathy
• severe valvular lesions

Figure 2. II Princeton consensus – identification of cardiac risk groups and sexual activity 

 * Sexual activity is equivalent to walking 1 mile during 20 minutes or going up 2 flights of 
stairs during 10 seconds 
**  Sexual activity is equivalent to 4 minutes of Bruce treadmill protocol.

Evaluation of sexual function of 
all men

ED verification

Evaluation of possibility*

Intermediate risk

Stress test**

Low risk High risk

Cardiologist’s 
visit

Recommendations and ED 
treatment

Low risk High risk

Figure 3. Algorithm of management of patients with ED according to cardiovascular risk [3]. 
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health problems. Patients of the first group (n=55) 
received hypotensive therapy and adaptogen, the 
second group (n=23) received only antihypertensive 
drugs. Small doses of antidepressants (trazodone 
50-150 mg/day) were used in both groups in order 
to reduce evident affective pathology. Common pro-
cedures included also individual and/or family cogni-
tive-behavioral psychotherapy. By the moment of the 
end of treatment, investigation of hormonal status in 
the first group demonstrated significant increase of 
TT levels (from 11.8 ± 4.4 to 17.1 ± 5.7  nmol/L, p<0.02) 
and tendency to increase of dehydroepiandrosterone 
sulfate (DHEAS) concentration (from 1.2 ± 0.3 to 1.4 ± 
0.7 µg/mL, p<0.05) together with decreased prolac-
tin levels (from 521 ± 36 to 285 ± 60 mU/L, p<0.02),  
whereas the patients of the second group had no 
significant changes of hormones’ levels (Table 1). 
All parameters of the “International Index of Erectile 
Function (IIEF) questionnaire increased significant-
ly in the first group (Table 2). Hospital Anxiety and 
Depression Scale (HADS) revealed more significant 
reduction of anxiety and depression in the patients of 
the first group (Figure 2). Before treatment the aver-

age level of depression was evaluated as clinical and 
was comparable in both groups (11.5 ± 0.6 and 11.3 
± 0.7 points, respectively). After treatment this pa-
rameter came back to normal values in the patients 
of the first group (6.9 ± 0.3 points, p<0.02), whereas 
in the second group its values stayed at subclinical 
level. Average depression level estimated with the 
HADS scale was close to clinical level in the begin-
ning of treatment (10.8 ± 0.5 points in the first group 
versus 11.0 ± 0.2 points in the second group); by the 
end of treatment (28 days) depression characteristics 
reached the normal levels only in the first group (6.7 
± 0.3 (p<0.02)) (Figure 4).

Conclusion 
ED and ADD are frequently present in men with AH. 
Combined pathology increases significantly the risk 
of premature death, aggravates prognosis and lowers 
down the quality of patients’ life. Common pathoge-
netic mechanisms of ED, ADD, and AH include endo-
thelial dysfunction, low androgene levels, impaired 
balance of hypothalamo-pituitary-adrenal system, 
and sympathicotonia. ED is an early marker or prede-

Table 1. Dynamics  of testosterone, prolactin, and DHEAS levels in serum during therapy

Parameters
Day 0  Day 28

Reference values  p
Group 1 Group 2 Group 1 Group 2

TT 11.8 ± 4.4 11.4 ± 3.8 17.1 ± 5.7* 13.4 ± 3.1 12.1-38.3 nM/L <0.02
Prolactin 521 ± 36 517 ± 29 285 ± 60* 460 ± 69 24.5-467 mU/L <0.02
DHEAS 1.2 ± 0.3 1.3 ± 0.1 1.4 ± 0.7 1.3 ± 0.2 1.0-4.2 µg/mL >0.054

* Significant differences 

Table 2. IIEF characteristics’ dynamics

Characteristic 
Day 0  Day 28

Group 1 Group 2 Group 1 Group 2
ED 13.4 ± 0.7 12.9 ± 0.8 19.8 ± 0.6* 14.8 ± 0.7

Satisfaction with coitus 9.6 ± 0.4 9.8 ± 0.5 14.1 ± 0.7* 12.8 ± 0.4
Orgasm 5.1 ± 0.4 5.7 ± 0.2 8.8 ± 0.2* 5.9 ± 0.8
Libido 6.1 ± 0.5 6.3 ± 0.1 10.9 ± 0.3** 8.1 ± 0.1

General satisfaction 5.8 ± 0.1 5.9 ± 0.7 10.1 ± 0.9** 7.0 ± 0.7
Significant differences - * p<0,05, ** p<0,02. 

Figure 4. Dynamics of pshycoemotional characteristics 
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cessor of cardiovascular disorders and appears to be 
a valuable diagnostic symptom for internal medicine 
specialists. The triad of ED, ADD and AH requires the 
prescription of adequate antihypertensive and psy-
chocorrecting therapy, complex restoration of sexual 
function and consequently becomes the problem of 
interdisciplinary interaction between cardiologists, 
psychiatrists, sexologists, urologists and endocri-
nologists. 

Conflict of interest: None declared.
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Summary
Objective
To detect the characteristics of life quality (LQ) and depression intensity in patients with arterial hypertension 
receiving maintenance hemodialysis treatment in the Udmurt Republic. 

Materials and methods 
We performed the analysis of LQ in 248 patients with chronic kidney disease (CKD), stage 5, receiving maintenance 
hemodialysis treatment in the Udmurt Republic. The average duration of dialysis in this patients was 5.6±5.5 
years. Analysis was performed using Beck’s Depression Inventory (1961) and specific questionnaire Kidney 
Disease Quality of Life Short Form (KDQOL-SF™), Russified by I.A.Vasilieva in 2006.

Results
We identified that LQ characteristics in people with AH receiving maintenance hemodyalysis were lower than 
the ones of patients with normal and low AH according with the majority of scales. mostly due to the reduction 
of mental component: 38.6±9.5 versus 44.4±12.6 (p<0.01) and 49.5±8.4 (p<0.001), correspondingly. Patients with 
AH demonstrated lower values for the majority of scales reflecting specific kidney disorders in patients with AH. 
Significant difference between studied group and both comparison groups was found for scales “Symptoms/prob-
lems”, “Cognitive functions”, “Sexual function”. The differences in scales “Labour ability” and “Support by dialysis 
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staff” was not found. It was detected that the patients with AH have more evident depression symptoms. We also 
identified the correlation between depression and scales of LQ related to mental component. We did not detect the 
connection of depression with LQ scales characterizing the quality of medical services and psychological support 
by dialysis staff.

Conclusion
The results of this study demonstrate that the patients with AH receiving maintenance hemodialysis had more evi-
dent depression and lowered life quality according with all scales, dominantly because of the mental component. 
Patients with AH, 3 stage, demonstrated low values in all scales reflecting the prominence of disease symptoms 
and their influence on physical component. 

Key words 
Arterial hypertension, chronic kidney disease, life quality, depression, sexual function 

Improvement of renal replacement therapy’s (RRT) 
techniques provided significant reduction of mortal-
ity rate and exposed the problem of life quality (LQ) 
in patients with chronic kidney disease (CKD). It is 
particularly important for modern cardiology and ne-
phrology to bring LQ parameters of the patients un-
dergoing hemodialysis (HD) to the level of population 
ones. Russian and foreign authors mark out some as-
pects of LQ investigation in patients undergoing HD: 
morbidity and mortality predictors, influence of dialy-
sis type and treatment efficiency on LQ. Patients un-
dergoing HD have to constantly follow particular diet, 
restrict liquid intake, they depend on HD procedures, 
medical staff, additional medications, they suffer the 
loss of work and inability to travel, and some of them 
live through sexual dysfunction.  Several Russian 
studies assessed the influence of minimal and aver-
age pulse blood pressure (BP) during HD procedure 
on the severity of pain syndrome [1, 2]. 

The works of I.A.Vasilyeva (2010) demonstrated 
that self-estimation of their condition of HD patients 
is as much important predictor of survivability as 
well-known clinical manifestations and laboratory 
test results characterizing the severity of the disease. 
For example, if physical functioning (PF) characteris-
tic exceeds 56.8 points, the 5-year survivability is 69% 
comparing with 31% in the group where the value of 
this LQ parameter is less than 56.8. 6-year surviv-
ability in the patients with the values of total physical 
component (TPC) not higher than 34.6 is 0, whereas 
6-year survivability in patients with TPC  higher than 
34.6 is 54% [3, 4, 5]. 

Several works investigated LQ correlation with the 
type of RRT, gender and HD duration in patients with 
CKD 5D stage [6, 7]. Some other articles estimated 
LQ in patients with AH [6, 7]. At the same time, LQ is 
rarely evaluated in patients with CKD 5D stage and 
AH. Single studies have proved the correlation be-

tween LQ, central hemodynamics and the adequacy 
of HD treatment [8]. 

Depression, associated with increased mortality, 
is very common in patients with terminal CKD [9, 10, 
11, 12]. In particular, P. Kimmel and coauthors (2005) 
consider depression as the most frequent mental 
disorder in patients with CKD 5stage [13]. Depression 
frequency in HD population is high, and its comorbid-
ity with AH is around 30%. Depressive disorders in 
patients with AH make treatment more complicated 
and can be the cause of patients’ refusal of adequate 
antihypertensive therapy [14, 15, 16]. 

Thus, it is necessary to perform further LQ esti-
mation in HD patients and to study if these deviations 
should undergo psychopharmacological correction. 

The objective of this study was to detect the char-
acteristics of life quality (LQ) and depression inten-
sity in patients with arterial hypertension receiving 
maintenance hemodialysis treatment in the Udmurt 
Republic. 

Materials and methods
This study involved 248 patients with CKD 5D stage, 
among them 129/119 males/females, aged between 
18 and 61 years,  receiving maintenance HD treat-
ment in HD departments of the Udmurt Republic 
(cities Izhevsk, Glazov, Votkinsk, Mozhga, Sarapul). 
4008S (“Fresenius”, Germany) and Dialog+ (B. Braun, 
Germany) HD apparatus was used for HD procedure 
that has been done 3 times per week for 4-4.5 hours 
each  using polysulfonic dialysis membranes. The ad-
equacy index Kt/V of urea was higher than 1.2 with the 
average value of 1.43±0.09 All patients were divided 
in 3 groups of comparable age and gender. The first 
group consisted of 173 patients with elevated BP: 120 
patients with stage I hypertension, 42 patients with 
stage II hypertension, and 11 patients with stage III 
hypertension according with the guidelines of the 
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World Health Organization/International Society of 
Hypertension (WHO/ISH, 1999, with the updates of 
2003), the Russian Society of Cardiology (RSC, 2004, 
2010), the European Society of Hypertension/the 
European Society of Cardiology (ESH/ESC, 2013). AH 
duration was 13.4±1.1 years. The second group con-
sisted of 28 patients with normal BP (systolic BP, SBP 
was 100-139 mm Hg, diastolic BP, DB was 60-89 mm 
Hg). The third group included 47 patients with low BP 
(SBP 99 and less mm Hg, DBP 59 and less mm Hg). 
Patients with different BP had comparable age and 
gender.

Kidney Disease Quality of Life Short Form (KDQOL-
SF™) questionnaire (R.D. Heys and coauthors, USA, 
1994, Russian version by I.A. Vasilyeva, 2006) and the 
Beck depression inventory were used for estimation 
of LQ level and intensity of depression.  

Statistical analysis was performed using “BioStat” 
v.4.03 (2009) and Microsoft Excel 2010 software. 
Statistical analysis involved parametric and non-
parametric methods. Results are presented as M±m. 
Results’ significance was proved using Student’s t-test 
and Mann-Whitney (T) test. Correlation analysis was 
done using Pearson’s (r) and Spearman’s (rs) tests. 

Results
Patients with AH undergoing maintenance HD had low 
values of the following scales of the questionnaire: 
“Emotional wellbeing”, “Emotional role restriction’, 
“Social functioning”, “Vitality”.  Several parameters of 
physical component like “Pain” and “Physical role re-
striction” were low in this group of patients. The level 
of additional scale “General perception of health” was 
also significantly lower comparing with the patients 
with normal BP (Table 2). The majority of scales re-
flecting specificity of kidney disorders in patients with 
AH were characterized with lower values. Significant 
difference between investigated group and compari-
son groups was found for the scale “Sexual function” 
(Table 1). Correlation analysis revealed connection 
between parameters of  the scale “Sexual function” 
and renal parenchymal thickness for both kidneys: r= 
-0.75 (p<0.001) and r= -0.84 (p<0.001) for the right and 
left kidney, respectively. 

Patients with AH had significantly lower values 
of such specific scales like “KS”, “KDI”, “CF”, “SQ” 
(Table 1), comparing with the patients with hypoten-
sion. Patients with normal BP had higher scores in 
such scales like “KS” and “SIQ” comparing with the 
persons with low BP. At the same time, they noticed 
that kidney disorders influenced more their everyday 

life. We did not find significant differences in scales 
“LA” and “DSS” (Table 2). 

Comparison of obtained results in patients with 
different stages of AH revealed that persons with 
AH 3 stage had lower LQ score. In particular, signifi-
cant differences have been found for specific scales 
(“Feeling of being burdened with CKD”, “SF”, “SQ”) 
and additional scales (“GHE”). The same group was 
characterized with a tendency to high values of such 
scales like: “MSS”, “DSS”, “SSF “, “SIQ”, and “KDI”. 
Thus, socio-psychological component was more fa-
vorable in the group of patients with AH 3 stage, and 
the scores of the scales reflecting severity of disease 
symptoms and their influence on patient’s everyday 
functioning were significantly lower. 

Patients with AH 3 stage had low scores of ques-
tionnaire’s general scales like “Pf”, “PRR”, “GHP”, 
“EW”. These persons had a trend for low scores of the 
“TPC” scales comparing to high values of the “TMC” 
scale (Table 2). 

Analysis of Beck depression inventory revealed 
that among the patients receiving maintenance HD, 
depression was present in 167 (96.5%) persons with 
AH, in 17 (60.7%) people with normal BP, and in 23 
(48.9%) patients with hypotension (Table 3). Severe 
depression occurred in 16 (9.2%) patients with high 
BP, in 2 (7.2%) patients with normal BP, and in 3 
(6.4%) patients with hypotension. Average intensity of 
depression in patients with AH was 20.6±1.1 points, 
the same value in patients with normal BP and hy-
potension was 18.6±2.7 and 11.6±1.5 points, respec-
tively (p1-3<0.001; p2-3<0.001). 

 
Depression symptoms were detected in 114 

(95%) patients with AH 1 stage and in all patients 
with AH 2-3 stage. Subdepression was detected in 42 
(35%) and 12 (28.6%) patients with AH 1 and 2 stage, 
respectively. Moderate and evident depression pre-
vailed in persons with AH 1 stage, and patients with AH 
2-3 stage had mostly evident and severe depression 
(Table 4). As it may be seen in the table, percentage 
of patients with severe depression increased accord-
ingly with the stage of AH. The same pattern could be 
observed for average depression score: 17.9±1.3 for 
AH 1 stage, 20.9±2.5 for AH 2 stage, 26±2.7 for AH 3 
stage (p1-3=0.0003).

Correlation analysis revealed connection between 
depression intensity mostly with the LQ scales re-
flecting mental component: “ERR” (r=-0.74; p<0.001), 
“EW” (r=-0.45; p<0.01), “SOCF” (r=-0.37; p<0.01). We 
identified correlation between the intensity of depres-
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Table 1. Comparison of specific and additional scales’ parameters in groups of patients with different BP levels

Scales of the KDQOL-SF™ 
questionnaire

AH
N=173 Normal BP

N=28
Hypotension

N=47 p-value
1stage
N=120

2stage
N=42

3stage
N=11

Kidney symptoms (KS) 56.4±3.2 56.3±4.8 45.1±7.7 73.1±2.6 66.4±2.5

р1-4=0.0000
р2-4=0.0000
р3-4=0.0000
р1-5=0.0001
р2-5=0.0002
р3-5=0.0000
р4-5=0.0032

Kidney disease impact (KDI) 47.7±3.8 52.8±3.7 57.9±7.8 49.6±5.0 62.6±14.7
р1-5=0.0000
р2-5=0.0005
р4-5=0.0000

Feeling  of being burdened with 
CKD 24.2±3.9 22.5±4.8 6.2±3.2 31.9±3.2 35.1±5.1

р1-4=0.0106
р2-4=0.0035
р3-4=0.0000
р1-5=0.0003
р2-5=0.0009
р3-5=0.0000
р1-3=0.0012
р2-3=0.002

Labor ability (LA) 17.3±5.5 15.0±6.6 16.6±7.5 22.2±14.6 21.8±7.8 -

Cognitive functions  (CF) 72.5±4.1 63.6±5.0 61.1±12.8 81.5±4.9 83.1±3.4

р1-4=0.0186
р2-4=0.0000
р3-4=0.0012
р1-5=0.001

р2-5=0.0000
р3-5=0.0001

Quality of social interactions 
(SIQ) 72.6±3.1 72.6±3.5 79.6±4.5 85.9±4.8 74.6±4.1

р1-4=0.0001
р2-4=0.0000
р4-5=0.0026

Sexual functions (SF) 67.0±9.7 75.0±10.2 40.8±12.3 87.5±5.1 87.5±5.5

р1-4=0.0007
р2-4=0.0412
р3-4=0.0000
р1-5=0.0000
р2-5=0.0165
р3-5=0.0000
р1-3=0.0162
р2-3=0.0046

Sleep quality (SQ) 44.6±3.7 38.7±6.2 23.3±7.2 51.2±2.9 56.1±4.2

р1-4=0.0424
р2-4=0.0013
р3-4=0.0000
р1-5=0.002

р2-5=0.0000
р3-5=0.0000
р1-3=0.001

р2-3=0.0237

Feeling of social support (SSF) 62.4±5.2 68.3±5.7 77.7±12.5 74.1±5.6 79.2±4.1
р1-4=0.0163
р2-4=0.0004
р1-4=0.0001
р2-5=0.0000

Dialysis staff’s support (DSS) 65±4.8 65±5.5 75±12.5 69.4±6.2 67.9±7.3 -

General perception of health 
(GHP) 39.2±3.2 34±4.5 16.6±3.3 50±2.1 48.1±3.7

р1-4=0.0007
р2-4=0.0000
р3-4=0.0000
р1-5=0.0009
р2-5=0.0000
р3-5=0.0000
р1-3=0.0000

р2-.3=0.0004

Medical service satisfaction 
(MSS) 47.9±6.1 49.9±7.4 61.1±15.2 66.7±7.3 62.4±6.3

р1-4=0.0013
р2-4=0.002

р1-5=0.0023
р2-5=0.00101
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Table 2. Comparison of general scales’ parameters in groups of patients with different BP levels

Scales of the KDQOL-SF™ 
questionnaire

AH
N=173 Normal BP

N=28
Hypotension

N=47 p-value
1stage
N=120

2stage
N=42

3stage
N=11

Physical functioning (PF) 43.4±4.9 32.8±7.9 19.4±10.0 48.6±9.1 55.6±6.0

р2-4=0.0084
р3-4=0.0016
р1-5=0.0031
р2-5=0.0000
р3-5=0.0000
р1-3=0.0049

Physical role restriction (PRO) 12.9±4.8 18.3±7.6 11.1±8.4 33.3±14.1 24.5±9.8 р1-4=0.0007
р1-5=0.0134

Pain (P) 39.8±3.9 44.5±6.1 37.5±8.6 60.6±2.6 59.5±5.9

р1-4=0.0000
р2-4=0.0001
р3-4=0.0000
р1-5=0.0000
р2-5=0.0011
р3-5=0.0059

General health evaluation (GHE) 30.9±2.8 20.7±5.2 11.6±6.0 39.4±3.2 38.5±4.1

р1-4=0.0028
р2-4=0.0000
р3-4=0.0000
р1-5=0.0028
р2-5=0.0000
р3-5=0.0000
р1-3=0.0001

Emotional wellbeing (EW) 53.2±3.8 38.2±6.8 28.0±9.6 64.8±6.2 66.3±6.5

р1-4=0.0031
р2-4=0.0000
р3-4=0.0000
р1-5=0.0003
р2-5=0.0000
р3-5=0.0000
р1-3=0.0002

Emotional role restriction (ERR) 19.4±5.6 30±8.5 33.3±13.2 66.6±16.6 60.4±9.7

р1-4=0.0000
р2-4=0.0014
р3-4=0.0284
р1-5=0.0000
р2-5=0.0003
р3-5=0.0286

Social functioning (SOCF) 50.8±5.3 53.7±6.4 58.3±8.3 68.1±5.6 72.6±5.2

р1-4=0.0011
р2-4=0.0008
р1-5=0.0000
р2-5=0.0000
р3-5=0.0228

Vitality (V) 38.9±3.3 38.8±3.7 41.6±3.3 51.1±5.7 54.5±2.9

р1-4=0.0007
р2-4=0.0003
р3-4=0.0497
р1-5=0.0000
р2-5=0.0000
р3-5=0.0004

Total physical component (TPC) 33.1±1.6 32.9±4.2 30.6±5.3 35.2±0.8 35.2±2.1 р3-4=0.0081

Total mental component (TMC) 37.8±2.1 36.6±5.2 40.4±4.0 44.4±5.1 49.5±2.2

р1-4=0.0014
р2-4=0.0079
р1-5=0.0000
р2-5=0.0000
р3-5=0.0012
р4-5=0.0389

sion and physical component’s scales” “P” (r=-0.56; 
p<0.01), PF (r=-0.34; p<0.01), that by itself proves the 
presence of several factors promoting the develop-
ment of depression, as external ones (social, psycho-
logical, emotional), as internal ones (rough patho-
physiological deviance). Specific scales like “KS” 
(r=-0.4; p<0.01), “Feeling of being burdened with CKD” 
(r=-0.67; p<0.001), “KDI” (r=-0.62; p<0.001), “CF” (r=-
0.6; p<0.001), “SQ” (r=-0.4; p<0.01), “SF” (r=-0.5; 
p<0.001), “SSF“ (r=-0.35; p<0.01; Table 4). There was 

no significant correlation between depression and 
additional LQ scales: “MSS” (r=-0.15; p>0.05), “DSS” 
(r=-0.1; p>0.05), “GHP” (r=-0.2; p>0.05). 

Discussion
This study demonstrated that all patients with AH, in-
dependently on its stage, had significant reduction of 
specific and general LQ scales reflecting prevalently 
mental component (p<0.001). Thus, these patients 
had the symptoms of neurotic disorders, tiredness, 
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sorrow, emotional exhaustion and did not have “the 
feeling of happiness”.  This group of patients had low 
scores both of physical component scales like “P” and 
“PRR” (p<0.01), that can indicate significant restric-
tion of physical exercises in everyday life, in particu-
lar, osteodystrophy and related to it pain syndrome, 
the presence of chronic inflammation (polyneuropa-
thy). Patients with AH reported stronger impact of 
kidney disorders on social functioning related to the 
necessity to follow a diet and reduce liquid intake, 
the inability to do house duties, and disease’s influ-
ence on appearance or social functioning. Significant 
difference between the studied group and normal 
BP and hypotension groups was found for the “SF” 
scale (p<0.001).  The questionnaire reflects subjec-
tive evaluation by patient, but it does not reduce the 
significance of this scale that can correspond to the 

intensity of erectile dysfunction. According with sev-
eral authors, erectile dysfunction is a sign of severity 
of endothelial dysfunction in cavernous bodies and 
may be considered as cardiovascular complications 
risk factor [17.18.19], that was proved in our study by 
strong correlation between  “SF” scale and  renal pa-
renchymal thickness (p<0.001).  In our study patients 
with AH related low social support including friends 
and family, at the same time perception of dialysis 
staff’s psychological support was comparable with 
the groups of normal and low BP. 

Comparison of the results obtained in patients 
with AH of different stages revealed that patients with 
AH 3 stage had lower LQ scores. This reduction was 
present for scales reflecting physical component and 
symptoms including the “SF” scale. Patients report-
ed that kidney disorders prevented them from living 

Table 4. Depression intensity in patients with CKD  5D stage combined with AH of different stages

Depression intensity
AH 1 stage

N=120
patients (%)

AH 2 stage
N=42

patients (%)

AH 3 stage
N=11

patients (%)
p-value

Absence 6(5) 0(0) 0(0)
p1-2>0,05
p1-3>0,05

p2-3 -

Subdepression 42(35) 12(28,6) 0(0)
p1-2>0,05
p1-3<0,05
p2-3<0,05

Moderate 35(29,1) 6(14,3) 2(18,2)
p1-2>0,05
p1-3>0,05
p2-3>0,05

Evident 32(26,7) 16(38,1) 6(54,5)
p1-2>0,05
p1-3>0,05
p2-3>0,05

Severe 5(4,2) 8(19,0) 3(27,3)
p1-2<0,01
p1-3<0,01
p2-3>0,05

Comment: p – significance of differences between the groups according with the Pearson’s chi-squared test.

Table 3. Severity of depression in patients with CKD with different BP levels

Depression intensity
High BP
N=173

Persons (%)

Normal
N=28

Persons (%)

Arterial hypotension
N=47

Persons (%)
p-value

Absence 6(3.5) 11(39.3) 24(51.1)
p1-2<0.0001
p1-3<0.0001

p2-3>0.05

Subdepression 54(31.2) 4(14.3) 8(17.0)
p1-2>0.05
p1-3>0.05
p2-3>0.05

Moderate 43(24.9) 4(14.3) 2(4.3)
p1-2>0.05
p1-3<0.01
p2-3>0.05

Evident 54(31.2) 7(25.0) 10(21.2)
p1-2>0.05
p1-3>0.05
p2-3>0.05

Severe 16(9.2) 2(7.1) 3(6.4)
p1-2>0.05
p1-3>0.05
p2-3>0.05

Comment: p – significance of differences between the groups according with the Pearson’s chi-squared test. 
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normal life, took much time and made them feel as 
a burden for their families. CKD complications like 
cramps, skin itch, numbness of hands and feet, chest 
pain, reduced sleep quality become more evident in 
higher stages of AH. 

In the Udmurt Republic depression is a common 
mental disorder in patients with AH undergoing 
maintenance HD (96.5%). Occurrence and intensity of 
depression symptoms increased accordingly with AH 
stage(p<0.05). It may be caused by crossing mecha-
nisms of AH and depression pathogenesis, in particu-
lar, by hyperactivation of sympathetic nervous system 
and activation of thalamo-pituitary-adrenal system 
[20, 21].

Correlation analysis revealed connection between 
depression intensity and LQ scales, mostly with the 
ones reflecting mental component (p<0.01), that 
proves the presence of external (social, psychologi-
cal, emotional) and internal (rough pathophysiologi-
cal deviance) factors promoting the development of 
depression [22]. The presence of significant corre-
lation demonstrates burdening influence of depres-
sion on LQ parameters. Since depression intensity 
has no correlation with the scales “MSS” and “DSS”, 
professional psychological help is required in this 
category of patients. Taking into account prevalence 
and intensity of depression in patients undergoing 
maintenance HD that is aggravated in case of AH, 
not only psychotherapeutic but also psychopharma-
cological support may be required in these patients.  
Unfortunately, nowadays there are no psychothera-
pists in HD departments of the Udmurt Republic. 

Reduction of LQ characteristics and more severe 
depression in patients with AH undergoing mainte-
nance HD increases the risk of unfavorable cardio-
vascular complications. 

Conclusion
Taking into account all mentioned above facts, we can 
conclude that patients with AH undergoing mainte-
nance HD had reduced LQ according with all scales 
of the questionnaire, mostly because of the mental 
component. Patients with AH 3 stage had low scores 
of the scales reflecting the severity of disease symp-
toms and physical component. Patients with AH have 
higher risk of developing depression. Intensity of de-
pression symptoms increases with the increase of AH 
stage. Due to this it is necessary not only to correct 
BP levels in patients with AH undergoing HD, but also 
give these patients necessary psychological support 
and/or psychopharmacological treatment. 

Conflict of interest: None declared.
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Summary
Objective
To determine interrelation between lipid metabolism characteristics with iron-deficiency anemia and other car-
diovascular risk factors in women of child-bearing age.

Materials and methods
Using the results of complex population study of rural dwellers, we performed analysis of lipid metabolism char-
acteristics and other cardiovascular risk factors in 506 women of child-bearing age.

Results
Women with iron-deficiency anemia (n=26) had significantly lower levels of total cholesterol (p=0,009), low den-
sity lipoproteins cholesterol (p=0,003) and significantly lower atherogenic index (p=0,003). Regression analysis 
demonstrated that the presence of iron-deficiency anemia is an independent factor that significantly reduces the 
possibility to have atherogenic dyslipidemia in females of studied population (OR=0,20, 95% CI 0,07-0,55, p=0,002). 

Conclusion
It is recommended to take into account the presence of iron-deficiency anemia in case of investigation of lipid 
metabolism characteristics in women of child-bearing age. 

Key words
iron-deficiency anemia, hemoglobin, dyslipidemia, cholesterol.
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Introduction
In 1981 J.L.Sullivan proposed that  levels of serum 
iron in women of child-bearing age lower comparing 
with men have protective action against atherogen-
esis [1]. Several studies in models of donors with ath-
erosclerosis and hemochromatosis have been con-
ducted, and their results are controversial [2-7]. Iron-
deficiency anemia (IDA) could have become another 
model for testing J.L.Sullivan’s hypothesis. The study 
of relation between IDA and known cardiovascular 
risk factors, first of all, such surrogate atheroscle-
rosis signs like lipid metabolism characteristics  ap-
pears to be possible in this case [8]. There are single 
evidences related to lipid metabolism characteristics 
and based on clinical observation in patients with 
IDA. The features of lipid metabolism characteristics 
in females of child-bearing age with IDA in relation 
to known cardiovascular risk factors are not studied 
enough in population level. 

The objective of this study was to determine in-
terrelation between lipid metabolism characteris-
tics with IDA and other cardiovascular risk factors in 
women of child-bearing age

Materials and methods
This work has been performed as a part of the 
Countrywide Integrated Noncommunicable Diseases 
Intervention (CINDI) program. We conducted a 
complex epidemiological study of the dwellers of 
Muslumovo village (Chelyabinsk region) on the base of 
Chelyabinsk Regional Hospital №1 diagnostic center 
involving wide spectrum of professionals (physician, 
gynecologist, surgeon, neurologist, ophthalmologist, 
etc). Population involvement reached 93%. All pa-
tients signed informed consent. Patients underwent 
physical examination, laboratory tests (complete 
blood count, urine test, urea, creatinine, bilirubin, glu-
cose, lipids’ blood levels), spirometry, electrocardiog-
raphy (ECG), abdominal and kidney echography, and 
additional laboratory and instrumental tests, if it was 
necessary.1242 females aged 18-82 years have been 
observed. Exclusion criteria were: acute posthemor-
rhagic anemia, anemia of chronic disease, megalo-
blastic anemia, cancer, thyroid gland disorders (hy-
pothyroidism, hyperthyroidism), diabetes mellitus, 
severe hepatic disorders with clinical and labora-
tory signs of active process (hepatic depression, syn-
dromes of cytolysis and cholestasis),  any malabsorp-
tion syndrome, chronic alcoholism and drug addiction, 
active phase of kidney disorders and/or nephrotic 
syndrome, chronic kidney failure, acute myocardial 

infarction, infectious diseases (acute and exacerba-
tions of chronic disorders), systemic connective tis-
sue disorders, pregnancy. We excluded patients with 
non-iron deficiency anemia and patients with possible 
secondary disorders of lipid metabolism. 

We selected medical records of 506 women ac-
cording with inclusion/exclusion criteria. IDA diagno-
sis was established according with the WHO guide-
lines, if hemoglobin (Hb) blood levels were <120 g/L 
or if there was erythrocyte hypochromia (color in-
dex) and reduced concentration of serum iron (<12 
mmol/L). IDA was detected in 26 female patients (av-
erage age 35.7±7.5 years), the control group included 
480 women without IDA (average age 33.4±7.9 years). 
There were no significant differences of age between 
women with IDA and the control group (p=0.80). The 
majority of IDA cases were related to uterine bleeding 
(18 cases), less frequently they were caused by nasal 
(4 cases) and hemorrhoidal bleeding (4 cases). 

Morphological composition of peripheral blood 
was investigated using standard laboratory tech-
niques. Hb levels were evaluated using Sahli’s hemo-
globinometer, number of erythrocytes and leukocytes 
was estimated using cell-counting chamber, plate-
lets were quantified using Fonio’s method. Leukocyte 
count was performed using samples stained with 
Romanowsky method and visualized using light mi-
croscopy. Total cholesterol (TC), triglycerides (TG), 
high density lipids cholesterol (HDL Ch) levels were 
determined using reagents of “Human” company 
(Germany) and “Hitachi” machine (Japan). Serum 
concentration of iron was evaluated using reagents 
of “Human” company (Germany) and “Flexor E” 
(Netherlands) machine. 

We developed a specific questionnaire that al-
lowed us to estimate cardiovascular risk factors. 
Cardiovascular risk factors were estimated using 
WHO criteria (1995). Low physical activity (LPA) was 
described as staying in sitting position for more than 
5 hours per day in case of less than 10 hours of physi-
cal activity per week or intensive physical activity less 
for less than 30-40 minutes per day. Character of al-
cohol consumption within the last year was estimated 
using J Merta’s classification [10]. Burdened family 
history included sudden death, acute myocardial in-
farction, stroke, early development of arterial hyper-
tension (AH) (before the age of 65 years in women and 
before 55 years in men) in the relatives of the first 
degree of kinship. AH was diagnosed if blood pres-
sure (BP) levels were ≥ 140/90 mm Hg after two mea-
surements. Body mass index (BMI) was quantified 
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using the following formula: BMI=body weight / (body 
height2, m2). BMI between 18 and 24.9 kg/m2 was con-
sidered normal, excessive body weight started from 
BMI≥25 kg/m2. 

Impairment of lipid metabolism and dyslipidemia 
type were diagnosed according with the guidelines 
of dyslipidemia diagnosis and management [8]: TC ≥ 
5.0 mmol/L, TG ≥ 1.7 mmol/L, HDL Ch < 1.2 mmol/L, 
LDL Ch ≥ 3 mmol/L. LDL Ch concentration was quan-
tified using W.T. Friedewald’s formula [11]: LDL Ch 
(mmol/L) = TC = HDL Ch – 0.45*TG. Atherogenic in-
dex (AI) was estimated using A.N. Klimov’s formula 
[12]: AI = TC/HDL Ch. The presence of IIa, IIIb, III, and 
IV dyslipidemia types was considered as atherogenic 
impairment of lipid metabolism. 

Results were analyzed using STATISTICA 6.0 soft-
ware [13]. We chose statistical test after performing 
normality test. Results are present as M±σ, where 
M is average value, σ – root-mean square deviation 
in case of normal distribution, and  as Me (25; 75), 
where Me is median, 25 and 75- 25th and 75th percen-
tiles, respectively if the distribution was different from 
normal. If the distribution was normal, comparison 
of quantitative characteristics was performed using 
Student’s t-test, if the distribution was not normal, 
Mann-Whitney test was used. The odds ratio (OR) was 
quantified with 95% confidence interval (CI) using 
EpiInfo 5.16 software. To evaluate relation between 
the characteristics of lipid metabolism and risk fac-
tors we made multiple logistic regression analysis. 
P-value <0.05 was considered significant. 

Results
Women with IDA had significantly lower TC, LDL CH, 
and AI levels comparing with the women of the con-
trol group (p=0,009, p=0,003, p=0,003, respectively) 
(Table 1). 

There were no statistically significant differences 
in the structure of atherogenous dyslipidemias (AD) 
between two groups (χ2=0.75, p=0.73). Dyslipidemia, 
IIa type prevailed in both groups (Table 2). 

The frequency of lipid metabolism abnormalities 
in the group of women with IDA and in the control 
group was 15.4% and 41.9% for dyslipidemia, IIa type 
and 19.2% and 47.9% for other AD, respectively. The 
chance to have IIa type dyslipidemia and other AD in 
women with IDA was significantly lower comparing 
with the women of the control group (OR=0,25, 95% 
CI – 0.07-0.79, p=0.07 for dyslipidemia IIa type and 
OR=0.26, 95% CI 0.08-0.74, p=0.04 for other AD types) 
(Table 3, 4). 

Regression model of AD demonstrated that age, 
BMI and burdened family history were independent 
factors that significantly increased the probability of 
AD in women of child-bearing age. The presence of 
IDA was an independent factor that reduced signifi-
cantly the chance to have AD in the studied population 
(Table 5). 

Table 1. Lipid metabolism characteristics in women with 
IDA and control group women, Me (25, 75)

Characteristics 
IDA, n=26 Control, n=480

p
Me (25; 75) Me (25; 75)

TC, mmol/L 4.23 3.46-4.80 4.87 3.90-5.60 0.009*
TG, mmol/L 0.88 0.68-0.99 0.93 0.64-1.11 0.9
LDL CH, mmol/L 2.55 1.93-2.92 3.18 2.38-3.82 0.003*
HDL CH, mmol/L 1.28 1.14-1.48 1.27 1.10-1.47 0.8
AI 3.33 2.89-3.79 3.96 3.11-4.50 0.003*

Comment: * - p< 0,05.

Table 2. The frequency of lipid metabolism disorders 
in women with IDA and women of the control group, 

absolute number and %

Dyslipidemia type
IDA, n=26 Control, n=480

abs.number % abs.
number. %

IIa type 4 15.4 201 41.9
IIb type 0 0 18 3.7
III type 1 3.8 4 0.8
IV type 0 0 7 1.5

Total number o AD 
cases 5 19.2 230 47.9

Comment: abs.number – absolute number

Table 3. The frequency of cardiovascular risk factors 
in women with IDA and in control group women, abs.

number, %

Risk factor
IDA, n=26 Control, n=480

abs.number % abs.
number. %

Burdened family history 10 38.5 174 36.3
AH 18 69.2 365 76.0
Increased body weight 14 53.9 294 61.3
AH 5 19.2 84 17.5
Excessive body weight 15 57.7 262 54.6

Comment: abs.number – absolute number

Table 4. OR for cardiovascular risk factors in women with 
IDA and women of the control group

Risk factor OR 95% CI for OR p
Burdened family history 1.10 0.45-2.63 0.82
AH 0.71 0.28-1.83 0.43
Increased body weight 0.74 0.31-1.74 0.45
AH 1.12 0.36-3.26 0.79
Excessive body weight 1.13 0.48-2.71 0.76
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Discussion
For the first time we demonstrated that women of 
child-bearing age with IDA have significantly lower 
levels of the main atherogenic lipid fractions compar-
ing with the control group women of the same age. 
We discovered for the first time that IDA could be 
an independent factor that reduced significantly the 
probability to develop AD. Our results support the hy-
pothesis of J.L. Sullivan. 

Single clinical studies demonstrated antiathero-
genic shift in blood lipid spectrum in case of IDA 
[14-15]. The study of Zhelobov and coauthors dem-
onstrated positive correlation between the number 
of erythrocytes and concentration of proatherogenic 
lipids in IDA and revealed the correlation between 
changed lipid spectrum and severity of anemia. 

It has been demonstrated that the role of iron in 
atherogenesis is related to lipid peroxidation and 
inflammation [16-18]. Xanthine oxidase, mieloper-
oxidase, lipoxygenase have iron atoms, by this iron 
participates in enzymatic part of lipid peroxidation. 
OH-groups can be produced through non-enzymatic 
reaction between peroxides and metalloproteinases. 
Hydrogen peroxide’s decomposition in Fenton’s reac-
tion in the presence of Fe2+ leads to formation of hy-
droxyl radical. Iron up-regulates tumor necrosis fac-
tor- α (TNF- α) expression. Pre-latent and latent iron 
deficiency decreases the activity of macrophages. 
From one side, it leads to impaired immune system 
activity associated with IDA, from another side, it can 
have a protective effect on atherogenesis. 

We think that it is impossible to explain lower val-
ues of atherogenic lipid fractions and lower frequency 
of dyslipidemia just by the effect of iron. It is neces-
sary to consider other factors like hemic hypoxia that 
leads to compensatory hemodynamic effects and re-
quires further investigation.  The mechanism of hipo-
lipidemic effect in IDA is related to the action of en-

zymatic systems of erythrocytes’ cytoplasm [19], hy-
poxia action [20], and possible reduction of liver syn-
thetic function. Authors consider this phenomenon 
as a compensatory-adaptive reaction on hypoxia that 
leads to increased resistance of erythrocyte’ mem-
brane. Thus, reduction of cholesterol levels in IDA can 
be related to its mobilization for erythrocytes’ survival 
in anemia. Antiatherogenic shifts in lipid spectrum 
can be present in blood malignancies. 

Our results are very relevant for further theoretical 
and practical studies. It is recommended to take into ac-
count the presence of IDA while investigating lipid me-
tabolism characteristics in women of child-birth age. 

Conclusion
Women with IDA had significantly levels of TC, LDL 
Ch, and AI levels comparing with the women from the 
control group 

The possibility to have IIa type of dyslipidemia and 
any AD in women with IDA was significantly lower 
comparing with the control group.

Important characteristics of lipid metabolism in 
women with IDA do not depend on the other cardio-
vascular risk factors. 

Conflict of interest: None declared.
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Summary
Objective
To investigate left ventricle’s hemodynamic characteristics and morphofunctional condition in different types of 
athletes. 

Materials and methods
This study included 231 athletes aged 18-32 years working in 8 different sport types: boxing, wrestling, weight 
lifting, track and field athletics (middle-distance running), cycle racing, bicycle motocross, yachting, and pentath-
lon. Analysis of the character of physical exercise was performed using J.H. Mitchell classification (2005) that 
classified sports according with the combination of dynamic and static loads. All athletes underwent examination, 
standard resting electrocardiogram, repeated blood pressure (BP) measurement, and transthoracic echocardiog-
raphy. Athletes with high normal and elevated BP underwent 24-hours BP monitoring. Athletes with elevated BP 
underwent additional questioning of specific arterial hypertension (AH) risk factors. 
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Results
Elevated BP was detected in 5.6% of examined athletes. Elevated BP was presented mostly in athletes specializ-
ing on static loads of high intensity combined with aerobic loads of moderate or high intensity. According with the 
results of echocardiography study, 19 men had mild increase of left ventricular myocardial mass, and 10 men had 
left ventricular hypertrophy. Specific AH risk factors in athletes include increased consumption of sodium, alco-
hol, caffeine and prohibited medications like erythropoietin, growth hormone and oral contraceptives in females. 
Conclusion
Patterns of athletic heart development may be explained by the orientation of training and competition activity; 
normally they do not lead to abnormal systolic and diastolic function, but BP elevation in athletes increases the 
risk of myocardial hypertrophy and remodeling that may be a possible contraindication for sports requiring high 
intensity static loads. 

Key words: 
Arterial hypertension, myocardial remodeling, isokinetic and isometric exercise, athletic heart.

Introduction
Treatment and prevention of arterial hypertension 
(AH) is one of the most important healthcare objec-
tives in developed countries. Increased AH prevalence 
goes along with proportional growth of morbidity 
and mortality due to myocardial infarction and brain 
stroke that are currently considered to be associated 
with AH. Distinct correlation between blood pressure 
(BP) levels and cardiovascular mortality risk indi-
cate that BP reduction is the most effective method 
of cardiovascular mortality prevention not only in 
patients with elevated BP, but also in patients with 
normal BP. According with epidemiological studies, 
in the Russian Federation  AH occurrence in persons 
above 15 years reaches 39.5%, that is equivalent to 
approximately 40 mln people suffering from AH. AH is 
detected more often in females comparing to males 
(40.4% and 37.2%, respectively) [1].

AH often starts in early age. Swift increase of num-
ber of children and adolescents with AH causes con-
cerns. AH occurrence in school students is around 
12-18% [2.3]. Epidemiological studies demonstrated 
that physical activity and cardiorespiratory training 
have inverse relation with BP levels and AH occur-
rence. These trends have been proved in randomized 
trial that demonstrated that physical activity can re-
duce BP in both people with normal and increased 
BP. In general, aerobic exercise lowers systolic BP 
(SBP) approximately by 2 mm Hg (up to 7 mm Hg) 
[4, 5]. At the same time, patients with AH demon-
strate the most significant BP reduction. General 
prevalence of AH in physically active people is 50% 
lower than in general population [4]. But one study 
that included 467 adolescents making sports demon-
strated that 57 young people (12.2%) had elevated BP, 

and 43 of them (79.6%) had persistently elevated BP 
for one year. Another important observation of this 
study was related to the fact that speed-power loads 
prevailed in the group of young athletes. Secondary 
AH occurrence in athletes is the same as in gen-
eral population. Together with the characteristics of 
training, prevalence of isometric and speed-power 
loads possibly promoting BP increase, other risk fac-
tors could influence AH in athletes: increased alco-
hol consumption, illegal use of drugs (cocaine, etc), 
anabolic steroids, stimulators use (for example, in 
supplementaries increasing organism’s energetic 
resources and body weight controllers), high stress 
levels, male gender (it occurs twice as more often in 
African race patients comparing with the European 
ones, and Asians have lower morbidity comparing 
with Europeans), several hereditary factors: family 
history of AH and cardiac diseases in males above 55 
years and females above 65 years, diabetes mellitus 
or impaired glucose tolerance, smoking and chewing 
tobacco, obesity. Secondary AH causes in athletes in-
clude administration of oral contraceptives (women), 
growth hormone, erythropoietin, non-steroidal anti-
inflammatory drugs [6, 7, 8]. Unlike isokinetic train-
ing, isometric exercises, called strength training, are 
characterized with increased peripheral vascular 
resistance and normal or slightly increased cardiac 
output. This increase of peripheral vascular resis-
tance leads to development of transitional conditions 
with increased post-load and potential risk of hyper-
tension [6, 7, 8]. It is worth to notice that AH induced 
by physical exercise, apart from myocardial remodel-
ing, may lead to myocardial fibrosis that can further 
provoke development of malignant arrhythmias [9, 
10, 11]. More than that, several researchers think that 
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high-intense aerobic training often causes elevation 
of blood levels of myocardial damage markers (tropo-
nin I and B-type natriuretic peptide) correlating with 
reduced right ventricular ejection fraction [12].

Speed-sthrength training is the dominating form 
of activity in such sports like weight lifting, wrestling, 
throwing sports, American football, rugby. Many 
sports like playing sports (football, lacrosse, basket-
ball, hockey, field hockey) include significant loads 
aiming to develop endurance and strength exercises.  

Long intensive physical exercise causes physi-
ological adaptation of heart resulting in its structural 
and functional changes like physiological hypertro-
phy of myocardial walls and moderate dilatation of 
its cavities. These physiological changes depend on 
such factors like age, gender, constitution, sport’s 
type, and normally they do not exceed reference val-
ues. Athletes develop different kinds of physiological 
heart adaptation depending on particular features of 
their sport’s type. 

Sportsmen training in cycling, mostly aerobic 
sports (long-distance running, skiing, and swimming) 
develop mostly left ventricle (LV) cavity’s dilatation 
with proportional increase of its walls’ thickness. It is 
caused by increased cardiac output during exercise, 
so LV overload by volume, and increased systemic BP. 
It leads to development of eccentric LV hypertrophy 
without changing ratio between LV wall thickness and 
its diameter. 

Sports requiring static or isometric loads (weight 
lifting, wrestling, throwing sports) lead to develop-
ment of concentric myocardial hypertrophy, increased 
LV wall thickness without changing its cavity size be-
cause of increased systemic BP and increased heart 
post-load during exercising. 

Results of echocardiography (EchoCG) studies 
demonstrate that LV posterior wall thickness (LVPWT) 
in athletes is increased by 15-20% comparing with 
untrained people. LV end diastolic size (LVEDS) of the 
majority of athletes is 10% bigger comparing with un-
trained people, still remaining in the range of refer-
ence values. 

At the same time, A. Pelliccia and coauthors identi-
fied LVEDS increase up to 60 mm in sportsmen (ref-
erence value – up to 70 mm) and enlarged interven-
tricular septum thickness (IVST) (>12mm) that were 
not associated with the signs of dilatation cardiomy-
opathy (DC) [13, 14]. The study of Basavarajaiah and 
coauthors found out increased LVPWT up to 13mm 
(maximal value 16 mm) in 1.5% of observed athletes 
[15].

Another sign of the “athletic heart” is increased 
volume and mass of the right ventricle. Systolic and 
diastolic function of both ventricles remains normal 
during rest and physical exercise. Usually dimen-
sions of ventricular cavities and walls come back to 
normal values with termination of intensive training. 
Reversibility of these changes is considered to be one 
of key signs of the “athletic heart”. 

At the same time, there is a small group of athletes 
with evident myocardial hypertrophy and/or dilatation 
of cardiac cavities who have phenotype similar with 
hypertrophic cardiomyopathy (HC) and DC. There is 
a crossing area between different  cardiomyopathy 
types and “athletic heart”, so-called “grey zone” con-
sisted of sportsmen with evident EchoCG signs of LV 
hypertrophy (13-16mm) and/or dilatation of LV cavity 
(LVEDS 55-60 mm) [16, 17.18.19.20.21].

. It is possible that myocardial hypertrophy in ath-
letes could be caused by increased BP.It has been 
proved by several studies demonstrating that sports-
men with hypertensive reaction to load have signifi-
cantly higher LV myocardial mass comparing with the 
athletes with normotensive reaction. 

It’s possible to consider elevated BP in athletes as 
one of the forms of overloaded cardiovascular sys-
tem’s reaction that may lead to “athletic heart” re-
modeling. One of the key differences between “athlet-
ic heart” and myocardial hypertrophy in patients with 
cardiovascular disease is the absence of LV diastolic 
dysfunction in sportsmen with increased heart mass. 

Materials and methods 
This study included 231 athletes aged 18-32 years 
(average age 22 years) working in 8 different sport 
types: boxing, wrestling, weight lifting, track and field 
athletics (middle-distance running), cycle racing, bi-
cycle motocross, yachting, and pentathlon and hav-
ing qualification from I adult class to the master of 
sports.  

Analysis of the character of physical exercise was 
performed using J.H. Mitchell classification (2005) 
[22] that classified sports according with the com-
bination of dynamic and static loads (Table 1). The 
classification is based on peak static and dynamic 
load. Degree of dynamic component increase is de-
termined by maximal oxygen uptake (max O2) and de-
gree of cardiac output increase; degree of static com-
ponent increase is identified using the percentage of 
maximal voluntary contraction (MVC) increase. 
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All observed athletes underwent standard ECG at 
rest, repeated BP measurement, transthoracic echo-
cardiography using Aloka 3500 (Japan), Vivid 7 GE 
(USA), Philips IE 33 HP (Netherlands) apparatus and 
cardiac sector transducer with 3.5 mHz frequency in 
B- and M- modes, impulse-wave, color and tissue 
Doppler-echocardiography (TD-EchoCG). 24-hours 
BP monitoring (Astrocard® Holtersystem) was per-
formed in all athletes with high normal and elevated 
BP.

Sportsmen with elevated BP including high nor-
mal BP underwent addtional questioning in order to 
evaluate specific AH risk factors. 

Left ventricular myocardium mass (LVMM) was 
quantified using modified ASE formula: LVMM=0.8*[
1.04*((EDS+IVST+LVPWT)3-EDS3)]+0.6. LV myocardial 
mass index (LVMMI) was estimated using body sur-
face area (BSA) quantified with Dubois formula. Males 
with LVMMI >116g/m2 and females with LVMMI> 109g/
m2 were considered to have LV myocardial hypertro-
phy (LVH). 

LV diastolic function (DF) was evaluated using 
characteristics of trans-mitral flow (TMF) measured 
in impulse-wave mode of Doppler-EchoCG (peak ve-
locity of early diastolic filling of LV – E, cm/sec, peak 
velocity of late diastolic filling – A, cm/sec, E-wave 
deceleration time (Dt, msec)  were measured, then 
the E/A ratio was quantified), and mitral fibrous ring 
displacement (lateral part, interventricular septum, 
LV anterior and posterior walls) in impulse-wave 
TD-EchoCG mode. During TD-EchoCG we measured 
the following parameters of LV systolic and diastolic 
function: maximal velocity of main “peaks” of myo-
cardial movements (Sa – systolic movement of myo-
cardium, two diastolic movements: e and a, cm/sec), 

then we quantified the ratio of main peak velocities of 
early TMF, diastolic myocardial movement (E/e), and 
ratio of diastolic myocardial movements peaks (e/a). 

Systolic myocardial stress (SMS, din/cm2) was 
quantified using the following formula: 

SMS=(SBP*LVESS/4*systolicLVPWT)*(1+systolicLV
PWT/LVESS), where LVESS –left ventricular end sys-
tolic size.

Diastolic myocardial stress (DMS, din/cm2) was 
quantified using the following formula: 

DMS=(SBP*LVEDS/4*diastolicLVPWT)*(1+diastoli
cLVPWT/LVEDS), where LVEDS –left ventricular end 
diastolic size.

Statistical analysis of results was performed us-
ing Excel 2007 and STATISTICA 8.0 (StatSoft Inc., 
USA) software. Before choosing the method of data 
comparison we performed normality tests. To test 
the hypothesis of two average values equation in two 
groups we used Student’s t-test or non-parametric 
Mann-Whitney test, to disprove the null hypothesis 
we applied Student’s t-test. Probability of differences 
was quantified accurate within 0.0001. P-value <0.05 
was considered significant. 

Results and discussion
5.6%(13 persons) of 231 athletes involved in this study 
had elevated BP, increased BP was present mostly in 
sportsmen practicing static exercises of high demand 
combined with aerobic loads of moderate or high in-
tensity. 

According with the results of EchoCG study, sports-
men were divided into following groups: females 
without LVH (n=81), males without LVH (n=103), 
males with insignificant increase (border-line) of 
LVMMI (n=19), males with LVH (LVMMI 132-148 g/m2, 

Table 1. Classification of sports depending on combination of static and dynamic loads

Characteristic of physical exercise A. Low intensity dynamic exercise 
(<40% max O2)

B. Moderate intensity dynamic 
exercise (40-70% max O2)

C. High intensity dynamic exercise 
(>70% max O2)

I. Low demand static 
exercise(<20% MVC)

Billiards, bowling, cricket, curling, 
golf, riflery

Baseball/softball, table tennis, 
volleyball

Badminton, cross-country skiing 
(classic technique), race walking, 
running (long distance), squash, 

orienteering, tennis

II. Moderate demand static 
exercise (20-50% MVC)

Archery, auto racing1, 2, diving2, 
motorcycling1, 2, gymnastics1, 2, 
karate1, 2, judo1, 2, equestrian1, 2, 

yachting

American football, field events 
(jumping), figure skating (pair 

skating)1, rugby1, cross, running 
(sprint), synchronized swimming^

Basketball1, ice hockey1, biathlon, 
cross-country skiing (skating 
technique), lacross1, running 

(middle and long distance), figure 
skating (single), swimming2, 

handball, football1 

III. High demand static exercise 
(>50% MVC)

Bobsledding/luge1, 2, martial 
arts1, field events (throwing), 
gymnastics1, 2, sport climbing, 

water skiing1, 2, weight lifting1, 2, 
windsurfing1, 2 

Body building1, 2, downhill skiing1, 2, 
skateboarding1, 2, snowboarding1, 2, 

wrestling1, 2

Boxing1, canoe/kayaking, cycling1, 2, 
decathlon, rowing, speed-skating1, 2, 
triathlon1, 2, mountain skiing, water 

polo

Comment: 1 - risk of injury, 2 - high risk of syncope
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n=10). Enlargement of one of LV walls during diastole (up to 1.2 cm) or LVMMI 116-131 g/m2 were considered as 
border-line LVMM. 

Results of comparative analysis of myocardial DF in relation to LVMMI are present in the Table 2. 
TD-EchoCG results demonstrated no abnormal LV myocardium DF in all groups of athletes; this fact goes 

along with the majority of known studies [23, 24]. There were no statistically significant differences in DF char-

Table 2. Morphofunctional condition of LV (according with TD-EchoCG results)

Characteristic Women with normal 
LVMMI, N=81

Men with normal 
LVMMI, N=103

Men with insignificantly 
increased (borderline) 

LVMMI, N=19
Men with LVH, N=10

MMI, g/m2 76.5±15 92±16 106±12 139±16
Relative wall thickness (RWT) 0.38±0.06 0.40±0.05 0.46±0.04 0.43±0.04
Dt, msec 188±29 194±31 200±17 195±30
E/A 2.0±0.4 1.82±0.4 2.0±0.5 2.2±0.6

Lateral wall

Sa, cm/sec 12.9±2.5 12±2.5 11.3±3.5 10.1±2.8
e, cm/sec 18±3.4 18±3.7 17±3.2 16±3.5
E/e 5.1±0.8 4.9±1.2 5.1±1.1 5.5±1.2
E/a 2.7±0.7 2.8±0.8 2.9±1.1 3.0±1.1

Interventricular septum 
(IVS)

Sa, cm/sec 9.3±1.9 9.2±1.2 8.9±1.4 8.6±1
e, cm/sec 14.1±2.3 13.2±2.2 12.6±2.0 12.1±1.7
E/e 6.7±1.3 6.6±1.3 6.3±1.6 6.9±1.8
E/a 2.2±0.6 2.0±0.5 2.0±0.6 2.2±0.6

Anterior wall

Sa, cm/sec 11.9±2.7 11±2.4 10±2.4 9.7±2.1
e, cm/sec 17.8±3.2 17.3±3.8 16.8±3.2 18.7±3.1
E/e 5.3±0.9 5.2±1.2 4.8±1.3 4.5±0.7
E/a 2.7±0.8 2.7±1 2.8±1.2 3.2±1

Posterior wall

Sa, cm/sec 9.5±0.9 9.7±1.5 9.3±1.25 9.3±1.7
e, cm/sec 15±2.3 14±2.5 13.2±2.0 13.9±2.7
E/e 6.3±1.2 6.1±1.2 6±1.5 6.1±1.6
E/a 2.3±0.6 2.2±0.6 1.8±0.6 2.2±0.9

Table 3. Morphofunctional condition of LV (according with TD-EchoCG results)

Characteristic Men with normal LVMM, 
(n=103)

Men with LVH and border-line 
LVMM (n=29) p-value

MMI, g/m2 92±16 117±20 0.0001
SMS 190±36 236±32 0.0001
DMS 177±31 224±29 0.0001
RWT 0.40±0.05 0.45±0.04 0.0001
Dt, msec 194±33 198±22 0.607
E/A 1.8±0.4 2.1±0.5 0.006

Lateral wall

s, cm/sec 11.5±2.5 10.9±3.3 0.346
e, cm/sec 17.7±3.7 13.3±3.3 0.115
E/e 4.9±1.2 5.2±1.1 0.387
e/a 2.7±0.8 2.9±1.1 0.356

IVS

s, cm/sec 9.2±1.2 8.8±1.2 0.204
e, cm/sec 13.2±2.2 12.4±2.1 0.189
E/e 6.6±1.3 6.3±2.1 0.470
e/a 2.1±0.5 2.2±0.9 0.531

Anterior wall

s, cm/sec 11.2±2.4 10.0±2.3 0.064
e, cm/sec 17.3±3.8 17.5±3.2 0.804
E/e 5.2±1.2 4.8±1.6 0.351
e/a 2.7±1.0 3.1±1.1 0.276

Posterior wall

s, cm/sec 9.7±1.5 9.3±1.4 0.263
e, cm/sec 14±2.5 13.5±2.3 0.154
E/e 6.1±1.2 6.0±2.0 0.853
e/a 2.2±0.6 2.1±0.8 0.698

Shortening of anterior-posterior 
dimensions % 31.2±4.1 30.6±5.4 0.543

Ejection fraction (EF) (Simpson) % 60.9±4.7 58.3±5.1 0.013
Cardiac output L 4.6±1.2 4.8±1.3 0.288
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acteristics between the groups. But Sa and diastolic 
e peak in the lateral area of mitral valve fibrous ring 
(MVFR), IVS, and to less extent – posterior wall, tend-
ed to decrease with the growth of myocardial mass. 

In order to perform more obvious comparative 
analysis, we divided the athletes into two groups: 
males without LVH (n=103) and males with insignifi-
cant increase of LVMM and LVH (n=29). The results 
of this comparative analysis are demonstrated in 
Table 3. 

Correlation analysis did not reveal correlation be-
tween LVMM characteristics and E/A peaks ratio 
(r=0.022, p=0.741). There were no significant differ-
ences in parameters characterizing LV DF. We iden-
tified weak but statistically significant correlation of 
LVMM characteristics and Sa velocity of MVFR lateral 
part (r=-0.174, p=0.013). Comparative analysis of LV EF 
measured using Simpson’s approach demonstrated 
that this value was significantly lower in athletes with 
increased LVMM. Sa values in sportsmen with border-
line LVH did not differ significantly from the same value 
in the group of patients with normal LVMM. 

According with the results of Vinereanu D et al., 
2001 [24], average systolic speed of fibrous ring 
movements less than 9 cm/sec should be consid-
ered as the most significant criteria of pathological 
LVH (sensitivity 87%, specificity 97%). In our study 
the average systolic speed of mitral valve fibrous ring 
movements in athletes with LVH was 10.1±2.8 cm/sec 
that can be possibly caused by initial steps of hyper-
tensive LV myocardial remodeling. Other parameters 
of LV myocardium DF function in the group of sports-
men with LVH were normal. 

7 out of 13 athletes with elevated BP verified with 
24h BP monitoring had border-line LVH or LVH that 
allowed prescribing them antihypertensive therapy 
with angiotensin converting enzyme (ACE) inhibitor 
enalapril (5 mg/day). Evaluation of 3-month therapy 
efficacy is present at Figure 1.

According with the results of our previous studies 
that had been performed in 47 boat racing athletes 
(aged 17-19 years) high normal BP was detected in 
8.5% of cases, and AH 1 stage was found in 25.6% of 
cases. Apart from it, these sportsmen with elevated 
BP had LVMMI=89.07 g/m2 comparing with 74.6 g/m2 
in sportsmen with normal BP [25]. At the same time, 
there was no correlation between LVMM and the level 
of physical functionality in athletes with elevated BP 
(r = 0.17). 

Results of our current study suggest that athletes 
with AH, apart from particular exercise program, had 

more isometric and speed-strength loads that could 
have influenced AH development, and myocardial hy-
pertrophy in sportsmen with AH could be caused by in-
creased post-load. The presence of elevated BP and in-
creased LVMM evaluated as target organ lesion allowed 
us using ACE inhibitor enalapril as the drug of choice. 
Results of 3-month treatment have led to significant re-
duction of 24h-BP monitoring parameters, but they did 
not favour regression of myocardial hypertrophy. 

Standard criteria of the Russian Society of 
Cardiology (RSC) should be used for estimation of 
BP levels and AH stage in athletes; apart from it, 
RSC guidelines discuss the tactics of observation of 
sportsmen with elevated BP [26]. 

Before starting training and competition activ-
ity athletes should undergo routine BP measure-
ment, and in case of elevated BP (>140/90 mm Hg) 
it is reasonable to measure “not-office” BP in order 
to exclude white coat hypertension. Sportsmen with 
BP in the range of 120-139/80-89 mm Hg are advised 
to change the lifestyle and minimize possible AH risk 
factors without changing physical activity. In case of 
resistant BP elevation it is recommended to perform 
EchoCG for differential diagnostics of athletic heart 
and LVH. The presence of LVH is an indication for re-
striction of physical training and possible pharmaco-
logical correction. 

The presence of AH 1 stage in case of no target or-
gans’ lesions like LVH or concomitant cardiac disor-
ders do not restrict training and competition activity 
of sportsmen, but it is recommended to measure BP 
every 2-4 month to control the influence of physical 
exercise on BP.

Athletes with more severe AH (II-III stage), even if 
they have no evident target organs’ lesions like LVH, 

Figure 1. Dynamics of BP parameters in athletes before and after 
treatment

0
20
40
60
80

100
120
140
160

SBP24 DPB24 SBP 
day

DPB 
day

SPB 
night

DPB 

before treatment after treatment



34 Smolensky A.V et al.

should be kept away from static exercises of high in-
tensity (IIIA, IIIB, IIIC classes of sports) unless life-
style change or pharmacological treatment would 
help to normalize BP levels. 

When prescribing antihypertensive therapy it is 
necessary to take into account the fact that athletes 
belonging to registered pool of international federa-
tion or participating in international competitions can 
receive medications only according with the rules of 
their international federation.

Talking about young athletes, American Academy 
of Pediatrics recommends to admit children and 
adolescents with AH to training and competitions if 
the absence of target organs lesions or concomitant 
cardiac pathology is proved; it is advised to perform 
control ECG every two months. Sports with high static 
(isometric) loads are not recommended to young ath-
letes with severe AH, even if there are no evidences of 
target organs’ lesions [27].

In conclusion it is worth to notice that AH preva-
lence in athletes is enough low and is 50% less than 
in general population, but it increases significantly 
with age. At the same time, it does not mean that the 
problem AH is not relevant for the athletic population, 
since 8% of sudden cardiac death cases of sportsmen 
younger than 35 years are caused by non-differenti-
ated myocardial hypertrophy (according with autopsy 
results), and in fact it is the only proved cause of sud-
den death in this population. Major epidemiologic 
studies demonstrated that LVMH is an independent 
risk factor of cardiovascular disease development. 
According with the results of the Framingham study, 
LVMM increase by 50 g/m2 correlates with 2.21 and 
1.73 times increase of 4-years risk of cardiovascular 
disease in females and males, respectively, LVH is 
an independent risk factor for heart failure, coronary 
heart disease (CHD), ventricular arrhythmias and 
sudden death. LVH presence is responsible for 5-fold 
increase of congestive heart failure risk. The pres-
ence of concomitant CHD increases three times the 
risk of lethality, and myocardial infarction increases 
this risk four times. CHD is the main cause of sud-
den death of sportsmen above 35 years old; it is very 
likely that development of coronary atherosclerosis in 
athletes is caused by the presence of LVH and AH that 
had not been diagnosed in time. Whereas the only 
morphological substrate for the main cause of sud-
den death in athletes above 35 years old is CHD, it is 
impossible to exclude such direct cause of it like ma-
lignant arrhythmias possibly caused by myocardial fi-
brosis; it requires further studies of electric remodel-

ing of sportive heart [9, 10, 11]. Taking into account all 
the mentioned above facts, it is necessary to control 
precisely BP in athletes including children and ado-
lescents especially in sports requiring intense speed-
strength and isometric loads. Diagnostic procedures 
should include EchoCG diagnostics and stress tests. 
Sportive activity can be allowed only in case of well-
controlled BP and low risk of cardiovascular compli-
cations. Nowadays there is a hypothesis that mod-
erate aerobic loads after intensive speed-strength 
training may be one of approaches for AH prevention 
in athletes. 

The question of AH pharmacological therapy in 
athletes is the subject of further investigation, since 
there are not enough evidences. According with sev-
eral researchers [28], it is more relevant to prescribe 
ACE inhibitors, angiotensin-1 receptor blockers and 
dihydropyridine calcium channel blockers, because 
the use of other drugs like diuretics and beta-block-
ers is restricted by the World Anti-Doping Agency. 

Conflict of interest: None declared.
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Summary
This review article observes the problems of chronic mesenteric ischemia. It is difficult for general practitioners 
to diagnose this condition correctly due to lack of specific symptoms. This article discusses the questions of eti-
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and mesenteric arteries duplex scanning, computer angiography and magnetic resonance angiography, spiral 
computer tomography can be used for the diagnostics of visceral artery stenosis. Chronic mesenteric ischemia 
can be treated conservatively and surgically, considering both urgent and planned operations. The tactics of con-
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Chronic mesenteric ischemia (CMI) is a collective 
term including different aclinical syndromes and di-
gestive organs’ disorders caused by impaired blood 
supply of abdominal aorta and its unpaired visceral 
branches inadequate to provide normal tissue func-
tioning due to insufficient oxygen delivery that leads 
to ischemia development, cell damage and necrosis.

There are more than 20 terms describing this pa-
thology: “angina abdominalis”, “chronic mesenteric 
arteries’ obliteration”, “mesenteric arterial insuffi-
ciency”, “chronic mesenteric ischemia”, and “abdom-
inal ischemic syndrome”. The following codes are in-
cluded in the International Classification of Diseases: 
I70.0 – abdominal aorta atherosclerosis, I71.4 ab-
dominal aorta aneurism, I74.0 – abdominal aorta 
embolism and thrombosis, I77.4 – the syndrome of 
celiac trunk compression, K55 – intestinal vascular 
disorders.

The frequency of CMI occurrence is high enough. 
For example, the study of A.V.Pokrovsky (188) re-
vealed that the lesions of abdominal aorta’s unpaired 
visceral branches appear in 75.5% of autopsies of pa-
tients with atherosclerosis of coronary arteries and 
brain arteries and with arterial hypertension (AH). 
Atherosclerosis of unpaired visceral branches of 
abdominal aorta can be detected in 54% of patients 
undergoing angiography: 45% of general population 
have isolated celiac trunk atherosclerosis, 18.4% of 
patients have atherosclerosis of upper mesenteric 
artery, 1.2% of patients have atherosclerosis of gas-
troduodenal artery, common hepatic artery athero-
sclerosis occurs in 1% of cases, splenic artery – in 
1% of cases, inferior mesenteric artery – in 15.4% of 
cases. 66.3% of patients having occluding lesions of 
unpaired visceral branches of abdominal aorta veri-
fied with angiography develop asymptomatic course 
of this pathology, CMI is diagnosed in 3.2% of patients 
undergoing in-patient treatment of chronic pancreati-
tis [2]. Difficult diagnostics of CMI could be explained 
by the lack of specific symptoms. In general, clinical 
manifestations of CMI are related to other gastroduo-
denal zone disorders like gastroduodenitis, hepatitis, 
pancreatitis, etc. Mesenteric ischemia is detected the 
most frequently only in case of development of acute 
mesenterial circulation disturbance that is intestinal 
infarction. 

Etiology
Acute ischemia of gastrointestinal organs could 
be caused by thrombosis, embolism, and trauma. 
Chronic ischemia is caused by intravascular lesions 

(inherited, acquired) and extravascular compres-
sion of visceral arteries. Intravascular lesions occur 
more frequently than extravascular ones (62-90% of 
cases comparing with 10-38% of cases, respectively). 
Atherosclerosis occurring in 52.2-88.3% of cases is 
the most important cause of acquired intravascular 
lesions of visceral arteries, the second most frequent 
cause is Takayasu’s arteritis (22-31% of cases). The 
most common congenital diseases leading to CMI are 
fibromuscular dysplasia, hypoplasia, visceral arter-
ies; development anomalies, and angiodysplasia. The 
most frequent cause of extravascular compression 
is arcuate ligament of diaphragm or its medial crux 
(40.8-72.5% of cases) [3].

Classification
There is no common classification of mesenteric 
ischemia. O.Sh.Oinotkinova and Yu.V.Nemytina (2001) 
had developed a pathogenetic classification of CME 
[9]. 

1. Forms: 
 3 celiac;
 3 mesenteric;
 3 celiac-mesenteric

2. Stages of disease: 
 3 compensated;
 3 subcompensated;
 3 decompensated;

3. Clinicopathologic variants: 
Visceralgia:
 abdominal ischemic visceralgia (AIV):

 3 stable abdominal visceralgia;
 3 progressive abdominal visceralgia; 
 3 abdominal ischemic visceropathy (AIVP).

Gastroduodenopathy:
 3 atrophy;
 3 erosions;
 3 ulcers (gastric, duodenal).

Hepatopathy:
 3 hepatocellular insufficiency with impairment of 

protein-synthetic function; 
 3 hepatocellular insufficiency with impairment of 

absorbing and excretory function;
Pancreatopathy:

 3 algesic;
 3 latent;

with impaired exocrine secretion
with impaired endocrine function
Enterocolopathy:

 3 proximal entropathy;
 3 terminal colonopathy.
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Complications:
 3  gastrorrhaggia, perforation;
 3 hepatocellular insufficiency (hepatic coma);
 3 pancreatic insufficiency, diabetes mellitus, pan-

creonecrosis;
 3 bowel gangrene; 

The classification of L.B. Lazebnik and L.A. 
Zvenigorodskaya (2003) reflects clinical forms and 
functional classes of CMI [7]. 

Ischemic gastroduodenopathies 
• atrophic gastritis, atrophic duodenitis; 
• erosive gastritis, erosive duodenitis (acute, 

chronic);
• ischemic stomach ulcer, ischemic duodenal ul-

cer; 
Complications: 
• chronic ischemic gastric ulcer, chronic ischemic 

duodenal ulcer; 
• acute gastrorrhaggia; 
• penetrating stomach ulcer, penetrating duode-

nal ulcer; 
• perforated stomach ulcer, perforated duodenal 

ulcer;.
Ischemic lesions of pancreas (ischemic pancrea-

topathies): 
• acute ischemic pancreatitis; 
• chronic ischemic pancreatitis;
• pancreatic lipomatosis.
Complications: 
• secretory and incretory pancreatic insufficiency; 
• diabetes mellitus; 
• pancreatic cyst; 
• pancreatic sclerosis; 
• pancreatonecrosis.
Ischemic lesions of liver (ischemic hepatopa-

thies):
• acute ischemic hepatitis; 
• chronic ischemic hepatitis; 
• non-alcoholic steatohepatitis; 
Complications: 
• hepatic fibrosis; 
• liver cirrhosis; 
• hepatocellular insufficiency; 
• hepatic coma.
Ischemic lesions of intestine (enterocolopathies): 
• ischemic enteropathies (mesenteric ischemia);
• ischemic enteropathy with the syndrome of im-

paired absorption; 
• chronic ischemic ulcers of small intestine; 
• ischemic colopathies with mucous membrane 

atrophy; 

• ischemic colitis;
• schemic ulcers of large intestine;
Complications: 
• large intestinal strictures; 
• acute intestinal obstruction; 
• acute enterorrhagia; 
• intestinal infarction; 
• bowel gangrene;
• fecal peritonitis.

Functional classes
 3 Functional class I (FC I) – no evident clinical 

symptoms. These patients have no impaired blood 
supply at rest and develop abdominal pain only after 
stress testing. 

 3 Functional class II (FC II) – signs of impaired 
blood supply at rest and their aggravation after stress 
testing, evident clinical symptoms: pain and indiges-
tion syndromes, weight loss, impaired pancreatic 
function, impaired secretory and absorptive function 
of intestine;

 3 class III (FC III) – patients with constant pain 
syndrome, weight loss and dystrophic changes of di-
gestive organs. 

Blood supply of digestive organs is provided by 
three unpaired visceral branches of abdominal aorta: 
celiac trunk (CT), superior and inferior mesenteric 
arteries (SMA and IMA). Three independent arterial 
pools mentioned above are tightly linked between 
each other with collateral vessels. The most impor-
tant collateral vessels are celiacomesenteric and 
intermesenteric anastomoses. Straight intermesen-
teric anastomosis is also known as Riolan’s arcade 
normally present in 2/3 parts of population. Marginal 
artery of Drummond is an important vessel connect-
ing superior and inferior mesenteric arteries. Left 
colic branch of middle colic artery from the system of 
superior mesenteric artery makes anastomosis with 
left colic artery from the system of inferior mesen-
teric artery at the splenic flexure of the colon. This 
so-called Triffitt point is a critical segment of large 
intestine. 5% of people have open-loop blood supply 
at this point, which predisposes splenic flexure of the 
colon to ischemia in case of any decrease of perfusion 
pressure in the system of mesenteric arteries. 

Localization of ischemic damage of digestive or-
gans depends on visceral artery responsible for their 
blood supply. CT lesions result in damage of the or-
gans of the upper part of abdominal cavity: liver, pan-
creas, stomach, duodenum and spleen. SMA occlu-
sion or stenosis lead to abnormal function of small 



39Chronic mesenteric ischemia. What should the general practitioner know? 

intestine, and IMA lesions cause large intestine’s (LI) 
ischemia. At the same time, well-developed system 
of collateral vessels between visceral arteries pro-
vides long-term functional compensation in case of 
impaired main blood supply; due to this lesions of vis-
ceral branches of abdominal aorta do not always lead 
to the development of chronic ischemic symptoms in 
digestive organs. Clinical symptoms manifest in the 
most evident way in case of lesions of 2-3 visceral ar-
teries [4, 6]. 

According with the opinion of M.V. Tarbaeva (A.V. 
Vishnevsky Institute of Surgery), in case of athero-
sclerotic lesions of visceral arteries,  atherosclerotic 
plaques are the most likely to be found in the proxi-
mal segment of the artery within the distance of 1-2 
cm. Normally this process spreads from the aortic 
wall. Usually IMA is involved, TC lesions occur less 
frequently.  Isolated lesions of single visceral arteries 
are not typical for Takayasu’s arteriitis, normally both 
abdominal aorta and several visceral branches are in-
volved. Arteries’ lesions are usually more extensive. 
Takayasu’s arteriitis is characterized with good collat-
eral blood supply and big diameter of involved vessels, 
in particular, Riolan’s arcade. In case of extravascular 
compression of celiac trunk with falciform ligament of 
diaphragm stenosis leads to abnormal laminar blood 
flow and facilitates thromb formation and embolism 
development. Thus, acute visceral ischemia can be a 
possible consequence of CMI syndrome. 

Clinical syndromes of CMI
Gastroduodenal (erosive and ulcerous) syndrome ap-
pears in 46.2% of cases and is the most frequent clin-
ical form of CMI of digestive organs, according with 
the results of the study that had been hold in Central 
Research Institute of Gastroenterology. 

Erosive and ulcerous lesions of gastroduodenal 
zone in CMI are characterized by disease manifesta-
tion as a bleeding episode, lack of seasonal disease 
exacerbations, atypical clinical symptoms, high fre-
quency of concomitant cardiovascular diseases, re-
lapses, big dimensions of ulcers, low efficacy of anti-
ulcerant therapy [5].

The frequency of ischemic pancreatopathy in CMI 
is 33.9% [6]. The main feature of pancreatic circula-
tion is the lack of its own major arteries. Blood supply 
of pancreas is provided by the branches of common 
hepatic artery, SMA and lienal artery. The frequency 
of development of pancreonecrosis and ischemic 
pancreatopaties in CME is determined by these ana-
tomic features. 

Ischemic pancreatopathy can manifest as acute 
ischemic pancreatitis and fatal ischemic chronic 
pancreatitis. V.T. Ivashkin and coauthors [3] inves-
tigated clinical features of chronic pancreatitis with 
evident atherosclerotic lesions of mesenteric vessels 
and found out the following characteristics of this 
pathologic condition: older age of patients, less evi-
dent pain syndrome, high frequency of coronary heart 
disease (CHD) and AH, combination of chronic pan-
creatitis and erosive changes of gastroduodenal zone 
resistant to pharmacological treatment. 

It is also necessary to take into account the fact that 
pancreatic ischemia appears very rarely as a single 
ischemic lesion and more frequently is combined with 
ischemic lesions of other abdominal cavity organs.  

According with the results of L.A.Zvenigorodskaya 
and coauthors [2], ischemic lesions of intestine have 
the third position between the other forms of CME. 

Ischemic colitis (IC) is characterized with restrict-
ed lesions of large intestine combined with the devel-
opment of ischemia, inflammatory edema of mucosa, 
ulcers, bleeding, and fibrous strictures of colon, IC 
manifests more frequently in elderly and old patients 
with CHD, AH and diffused atherosclerosis. 

IC development is characterized with impaired 
blood supply in the systems of CT, SMA an IMA. Typical 
feature of colon blood supply is the presence of col-
lateral vessels connecting it with SMA and Riolan’s 
arcade – parallel or marginal vessel passing along its 
mesenteric edge. IMA constriction causes segmen-
tary ischemic lesions in the area of colon’s splenic 
flexure, its ileocecal and rectosigmoid parts. Rectum 
blood supply is mediated by superior and inferior rec-
tal arteries. Due to the presence of numerous intra-
mural anastomoses between them rectum is rarely 
involved in CMI development. Mucosal lesions of large 
intestine are also inhomogenous because colon’s free 
edge receives less blood supply than its mesenteric 
edge [2]. 

L.A. Zvenigorodskaya and coauthors notice that 
microscopic IC is more common than tradition-
ally described IC forms. Microscopic ischemic signs 
(superficial epithelial necrosis, reduction of goblet 
cells’ number, local lymphocyte infiltration, abnor-
mal microcirculation with the development of stasis, 
thrombosis and plasmorrhagia in lamina propria of 
large intestinal mucosa) appear before macroscopic 
changes. Typical symptoms of microscopic ischemic 
colitits include postprandial abdominal pain mostly in 
left ileac region, constipation, abdominal discomfort, 
and flatulence. Abdominal palpation results in pain 
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and spasm in sigmoid colon, blind intestine is dilated, 
the psoas sign is positive [2, 3]. 

Diagnostics
CMI diagnostics is based on detalization of patient’s 
complaints, history taking, physical examination and 
instrumental/laboratory tests. Patient’s history de-
tails reveal the presence of cardiovascular diseases, 
obliterating endarteritis, metabolic syndrome, dia-
betes mellitus and allow selecting risk groups for 
possible abdominal aorta atherosclerosis develop-
ment (78% sensitivity). Postprandial abdominal pain 
is the main symptom in the majority of patients. Pain 
features may be different; initially it is discomfort in 
epigastrium, it changes to dull pain when circulatory 
lesions start to be more severe. Intestinal dysfunction 
is the second frequent sign of abdominal ischemia 
manifesting as abnormal secretory and absorptive 
function of small intestine (flatulence; unstable, fre-
quent, watery stool) and evacuative function of large 
intestine with persistent constipation. Progressing 
weight loss is the third frequent symptom of CMI, and 
it is related both to patients’ refusal to take food be-
cause of pain and impaired secretory and absorptive 
function of small intestine, which becomes particu-
larly evident in the late stage of the disease [2, 3]. 

During auscultation systolic murmur can be 
heard in the projection of abdominal aorta’s visceral 
branches. In case of TC stenosis murmur’s epicenter 
is localized 2-4 cm below xiphoid process, in case of 
SMA lesions it can be found 2-3 cm below the pre-
vious position. Murmur indicates possible arterial 
lesions (the frequency of its detection is around 14-
92.6%), but its absence does not allow excluding isch-
emia. Additional diagnostic tests should be directed 
on estimation of digestive organs’ functional condi-
tion, detection of atherogenic dyslipidemia, abnormal 
blood rheological characteristics. 

The following techniques can be used for the diag-
nostics of  visceral arteries’ stenosis [4, 11, 12]: 

• aortoangiography; 
• color Doppler ultrasonography of abdominal 

aorta and its visceral branches; 
• computer angiography, magnetic resonance an-

giography, spiral computer tomography;

Treatment
CMI treatment is based on conservative and surgical 
techniques. It is possible to use planned surgery: re-
constructive surgery eliminating occlusion and restor-
ing circulation (endoscopic resection of plaques, vas-

cular grafting), creation of vascular bypasses around 
a diseased artery – vascular bypass operations, per-
cutaneous endovascular angioplasty, laser recanaliza-
tion. Urgent surgical interventions in acute mesenteric 
ischemia usually result in bowel resection [12]. 

Conservative treatment tactics depends on severity 
of CMI clinical manifestations, thus its FC, and should 
include hypolipidemic therapy. Clinical guidelines 
and published articles shed almost no light on treat-
ment of atherosclerotic lesions of unpaired visceral 
branches of aorta. Nevertheless, experts think that 
statins are indicated to patients with atherosclerosis 
of abdominal aorta and its branches (Class and level 
of evidence IIaC) [10]. 

Dozens of randomized clinical trials that have 
proved the efficacy of statins and their role in cardio-
vascular risk reduction have been conducted within 
the last 15 years. 

According with the guidelines [1, 8, 10], dyslipid-
emic therapy of visceral branches’ atherosclerotic le-
sions does not differ from the therapy of patients with 
high cardiovascular risk. But it is necessary to take 
into account the fact that more frequent control of 
drugs’ safety is required in case of abnormal hepatic 
and pancreatic function common for TC atheroscle-
rosis, and also in case of elevated blood levels of liver 
enzymes. 

The most rational strategy considers prescription 
of the last generation statins like atorvastatin and 
rosuvastatin with well-proved impact on prognosis 
and good patients’ tolerability. Results of numerous 
clinical studies demonstrate that statins significantly 
reduce CVD morbidity and mortality if being used for 
primary and secondary prevention. In clinical stud-
ies statins slowed down progression and even caused 
regression of coronary arteries’ atherosclerosis [10].

The MIRACL and SPARCL studies have proved the 
efficacy of atorvastatin in acute cardiovascular catas-
trophes (unstable angina and stroke). The REVERSAL 
study of atorvastatin and the ASTEROID study of rosu-
vastatin demonstrated the important ability of statins 
not only to modify lipid blood spectrum (reduce the 
low density lipoproteins’ (LDL) levels) but also to have 
direct impact on atherosclerotic plaques, stabilizing 
and reducing the volume of atheroma. 

Statins were presented as the first line drugs 
for atherosclerosis treatment in the last European 
Guidelines on cardiovascular disease prevention in 
clinical practice (2016) [15]. 

It is necessary to reach target levels of LDL in or-
der to reach the desired effect during statins’ therapy. 
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Patients belonging to the very high risk group have 
LDL cholesterol target levels <1.8 mmol/L (< ~70 mg/
dL), if this value is impossible to reach it is recom-
mended to reduce LDL cholesterol levels by 50% of its 
initial levels. The patients of the high risk group have 
LDL cholesterol target levels <3.0 mmol/L (<~100mg/
dL). The patients of the moderate risk group have LDL 
cholesterol target levels <3.0 mmol/L (<~115 mg/dL). 

LDL cholesterol target levels depending on risk 
category are present in Table 1.

It is necessary to evaluate the blood levels of lip-
ids, aspartate-aminotransferase (AST), alanine-ami-
notransferase (ALT), creatine-phosphokinase (CPK). 
4-6 weeks after the start of the therapy it is necessary 
to evaluate treatment’s safety and tolerability (repeat 
blood tests for ALT, AST and CPK) and the presence of 
muscular symptoms. For dose titration it’s necessary 
pay attention at first on treatment’s safety and toler-
ability, at second – on reaching target level of lipids. If 
transaminases’ activity levels are elevated more than 
3 times above the reference levels and/or CPK lev-
els are 4 times higher than normal ones and if they 
are elevated less than 10 times in respect to refer-
ence values, it is necessary to cancel statin therapy or 
reduce their dose, to repeat blood test in 4-6 weeks, 
and to perform the monitoring of patient’s condition 
and kidney function. Apart from this, it’s necessary to 
exclude other causes of elevated enzymes’ levels and 
evaluate all bilirubin fractions. Elevated levels of con-
jugated bilirubin are more significant than ALT and 
AST activity, if there is no biliary tracts’ obstruction. 
If AST/ALT levels are ≤ 3 values of upper reference 
level, it is possible to continue the treatment with 
regular (after each 4-6 weeks) control of enzymes’ 
blood concentration. If there are the signs of active 
hepatic lesions, hyperbilirubinemia or CPK levels el-
evation more than 10 times above upper reference 
level, statins therapy should be cancelled in order to 
find out the cause of abnormal blood tests.  

Several options are possible for patients intoler-
ant to one statin drug: change of one statin for an-
other, reduction of initial dose, taking statins once for 
2 days or twice for a week, ezetimibe prescription and 
maximal lifestyle change. Combined use of statins 
and ezetimibe can be considered as a variant of treat-

ment for patients with severe hypercholesterolemia 
who are intolerant to high doses of statins or haven’t 
reached the target levels of LDL cholesterol. If these 
drugs are not effective, PCSK9 inhibitors prescription 
can be discussed [15]. 

Chronic liver diseases, non-alcoholic steatohepa-
titis or steatohepatosis with normal levels of liver en-
zymes are not considered to be contraindications for 
therapy with statins. 

Statins are indicated to both young and elderly pa-
tients with verified CVD. From safety point of view, 
it’s necessary to prescribe statins to elderly patients 
starting from the minimal dose with consequent 
monitoring of patient’s condition. If statins are indi-
cated for patients above 75 years, it is necessary to 
evaluate the correlation between risk and benefits. 
It is better to take into account the fact that elderly 
women of asthenic constitution receiving many drugs 
have elevated risk of myopathy, rhabdomyolisis and 
DM development in case of treatment with statins 
[15]. 
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5.2. If more than 4 authors are indicated in the author’s 

list, it is desirable to describe the contribution of each author 
in a covering letter. If the authorship is attributed to a group 
of authors, all members of the group must meet all criteria 
for authorship. For economy of space, members of the group 
may be listed in a separate column at the end of the manu-
script. Authors can participate in the submitted manuscript 
in the following ways: 1) contributing to the concept and re-
search design or analyzing and interpreting data; 2) substan-
tiating the manuscript or checking the intellectual content; 
3) providing final approval for the manuscript. Participation 
solely in collection of data does not justify authorship (such 
participation should be noted in the Acknowledgements sec-
tion). Manuscripts should be submitted with a covering letter 
containing the following information: 1)  the manuscript has 
not been submitted to any other media; 2) the manuscript has 
not been published previously; 3) all authors have read and 
approved the manuscript’s content; 4) the manuscript con-
tains full disclosure of any conflict of interests; 5) the author/
authors confirm responsibility for the reliability of the materi-
als presented in the manuscript. The author responsible for 
the correspondence should be specified in the covering letter.

6. Conflict of interests/financing
6.1. It is desirable for authors to disclose (in a covering 

letter or on the title page) any relationships with industrial 
and financial organizations, which might be seen as a con-
flict of interest with regard to the content of the submitted 

manuscript. It is also desirable to list all sources of financ-
ing in a footnote on the title page, as well as workplaces of 
all authors (including corporate affiliations or employment).

7. Manuscript content

7.1. Title page
7.1.1. It should include the name of the article (in capi-

tal letters); initials and last names of the authors; the full 
name of the institution which supported the manuscript, 
together with the city and country, and full mailing address 
with postal code of that institution.

7.1.2. A short title of the article (limited to 45 letters or 
symbols).

7.1.3. Information about the authors, including full 
names (last name, first name, patronymic name, if appli-
cable; scientific degrees and titles, positions at main and 
secondary jobs, including corporate posts).

7.1.4. Full name, full postal address, e-mail address, and 
telephone number of the “Corresponding author” who will 
be responsible for any contact with the Editors.

7.1.5. The manuscript (or the covering letter) should be 
signed by all authors.

7.1.6. It is desirable to provide information about grants, 
contracts and other forms of financial support, and a state-
ment about any conflict of interests.

7.2. Summary
7.2.1. Summary (limited to 300 words) should be at-

tached to the manuscript. It should include the full title of 
the article, last names and initials of the authors, the name 
of the institution that supported the manuscript, and its full 
postal address. The heading of the summary should contain 
the international name(s) of any drug(s) mentioned.

7.2.2. Original studies summary should contain the fol-
lowing sections: Aim, Material and methods, Results, and 
Conclusion. The summary of a review should provide the 
main themes only. A manuscript must contain all data pre-
sented in the summary.

7.2.3. 5-6 keywords of the article should be given at the 
end of the abstract.

7.3. List of abbreviations and their definitions
7.3.1. To conserve space in the journal, up to 10 ab-

breviations of general terms (for example, ECG, ICV, ACS) 
or names (GUSTO, SOLVD, TIMI) can be used in a manu-
script. List of abbreviations and their definitions should 
be provided on a separate page after the structured sum-
mary (for example, ACS – aortocoronary shunting). Only 
words generally accepted in scientific literature should 
be used.
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7.4. Text
7.4.1. Original studies should be structured as follows: 

Introduction, Material and methods, Results, Discussion 
and Conclusion.

7.4.2. Case studies, reviews and lectures may be un-
structured, but it is desirable to include the following 
paragraphs: Discussion and Conclusion (Conclusions and 
Recommendations).

7.4.3. Please, use international names of drugs in the 
title. Exceptions are possible when use of trade names is 
well-founded (for example, in studies of bio- or therapeutic 
equivalence of drugs). It is possible to use a trade name in 
the text, but not more than once per standard page (1800 
symbols including spaces).

7.4.4. You must provide titles and subtitles in the sec-
tions: Methods, Results and Discussion. Each reference, 
image or table should be numbered and specified in order 
of appearance in the text.

7.4.5. All units of measurement should be provided ac-
cording to the International System of Units (SI) system. No 
abbreviations, except standard abbreviations of chemical 
and mathematical terms, are acceptable.

7.4.6. Each image, chart, table, photo, and reference 
must be indicated in order of appearance in the text.

7.4.7. References in the text must be numbered in Arabic 
figures, and provided in square brackets.

7.5. Statistics
7.5.1. All submitted materials may be revised to ensure 

relevance and accuracy of statistical methods and statisti-
cal interpretation of results. The Methods section should 
contain a subsection with detailed description of statistical 
methods, including those used for generalization of data; 
and of methods used for testing hypotheses (if those are 
available). Significance value for testing hypotheses must 
be provided. Please indicate which statistical software was 
used to process results and its version if you use more 
complex statistical methods (besides a t-test, a chi-square, 
simple linear regression, etc.).

7.6. Acknowledgements
7.6.1. The Acknowledgements section or Appendix 

should not exceed 100 words.

7.7. References
7.7.1. Please use separate sheets and double spacing for 

the list of references. Give each source a consecutive num-
ber starting on a new line. The list of references should be 
structured in order of citation. Use Index Medicus to search 
for abbreviations of the names of journals.

7.7.2. All documents referred to in the text, should be 
included in the list of references.

7.7.3. The list of references should not include any dis-
sertations, theses published more than two years ago, or 
information that is impossible to check (local conference 
materials, etc.). If material is taken from a thesis, please, 
mention that in brackets — (thesis).

7.7.4. It is desirable to refer to periodicals with a high 
impact factor, if possible.

7.7.5. In order to increase the citing of authors, translit-
eration of sources in Russian are made in the International 
Heart and Vascular Disease Journal using official coding. 
Names of authors and journals are transliterated by means 
of coding, and semantic transliteration (translation) is used 
for the titles of articles. If a source has an original trans-
literation, the latter is used. The Editors will be grateful if 
authors provide the transliterated variant of the list of ref-
erences. You can use online services: http://translit.ru for 
making transliteration.

7.7.6 Authors are responsible for the accuracy of infor-
mation provided in the list of references.

7.7.7 The list of references should conform to the for-
mat recommended by the American National Information 
Standards Organization (NISO), accepted by the National 
Library of Medicine (NLM) for its databases (Library’s 
MEDLINE/Pub Med database) and updated in 2009. Authors 
should use the official site of the NLM: http://www.nlm.nih.
gov/citingmedicine to find recommended formats for the 
various types of references. Examples of references pro-
vided in accordance with the NLM recommendations are 
given below:

Periodicals
Go AS, Hylek EM, Phillips KA, et al. Prevalence of di-

agnosed atrial fibrillation in adults: national implica-
tions for rhythm management and stroke prevention: 
the Anticoagulation and Risk factors in Atrial Fibrillation 
(ATRIA) Study. JAMA. 2001;285(18):2370-5.

Sources in Russian with transliteration:
Baevskiy RM, Ivanov GG, Chireykin LV, et al. Analiz 

variabel’nosti serdechnogo ritma pri ispol’zovanii razli-
chnyh jelektrokardiograficheskih sistem (metodicheskie 
rekomendacii) [Analysis of heart rate variability using dif-
ferent ECG systems (guidelines)]. Vestnik aritmologii. 
2002;24:65-86. Russian.

Please provide initials after the last names of authors. Last 
names of foreign authors are given in the original transcrip-
tion. Names of periodicals can be abbreviated. Usually such 
abbreviations are accepted by the Editors of those periodicals. 
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These can be found on the Publisher’s site or in the list of ab-
breviations of Index Medicus.

Punctuation in the list of references should be considered. 
A full stop should be put with a space between the name of the 
journal and the year of its release. After the year of release 
a semicolon is put without a space, then a colon follows the 
volume number, and finally page numbers are given. There are 
no indications like ”volume”, ”№”, “pages”. Russian periodi-
cals often have no indication of volume or numbering of pages 
within a year. In this case the number of an issue should be 
specified in brackets.

If the total number of authors exceeds four people, please 
provide the names of the first three authors and put “et al.” 
afterwards. If there are not more than 4 authors, the full list of 
authors should be provided.

Chapters in a book
Swanton RH, Banerjee S. Cardiac Failure. In: Swanton 

RH, Banerjee S., editors. Swanton’s Cardiology: A con-
cise guide to clinical practice. 6th ed. Oxford: Blackwell 
Publishing; 2008. p. 255-309.

Sources in Russian with transliteration:
Belenkov YuN. Kardiomiopatii [Cardiomyopathies]. In.: 

Chazov EI, Belenkov YuN., editors. Racional’naja farma-
koterapija serdechno-sosudistyh zabolevanij: Rukovodstvo 
dlja praktikujushhih vrachej [Rationale for drug therapy of 
cardiovascular diseases: A guide for medical practitioners]. 
Moscow: Litterra; 2006. p. 431-452. Russian. 

Reference to a book chapter should be arranged in the fol-
lowing order: authors of the corresponding chapter; name of 
the chapter; «In:»; editors (title authors) of the book; name of 
the book; number of issue, publisher; city of publishing; year 
of publishing; pages of the corresponding chapter. Punctuation 
should be considered. There are no quotation marks.

Books
Sources in Russian with transliteration:
Shlyakhto EV, Konradi AO, Tsyrlin VA. Vegetativnaja 

nervnaja sistema i arterial’naja gipertenzija [The autonomic 
nervous system and hypertension]. St. Petersburg (Russia): 
Meditsinskoe izdatel’stvo; 2008. Russian. 

Websites
Websites should be provided in the list of references, but 

not in the text. References to websites should be made only 
when original text is not available. References should be 
provided in the following way:

WHO. Severe Acute Respiratory Syndrome (SARS) 
[Internet]. [place unknown: publisher unknown]; [updated 

2010 June 1; cited 2010 June 10]. Available from: http://
www.who.int/csr/sars/.

7.8. Diagrams, charts, and figures
7.8.1. Diagrams, charts, and figures should be submitted 

electronically in the following formats: «MS Excel», «Adobe 
Illustrator», «Corel Draw» or «MS PowerPoint». Diagrams, 
charts, and figures must be allocated on separate pages, 
numbered in order of citation, and have names and notes 
if necessary. They must not repeat the content of tables. 
Please indicate the names and units of measurement for 
graph axes. Provide the legend for each graph (denote lines 
and filling). If you compare diagrams, provide significance 
of differences. Do not use 3-D models for histograms. If ap-
propriate, please identify places in the text where you wish 
graphics, figures and graphs to be inserted.

7.8.2. Photographs must be submitted electronical-
ly with a minimum resolution of 300 dots per inch (dpi). 
Microphotos must be cropped so that only main content is 
left. Arrows should be used to show main features. All sym-
bols, arrows and legends on gray-scale illustrations should 
be in contrast with the background.

7.8.3. Size of legends on images and photos should be 
big enough to be legible after compression for publication. 
The optimal size is 12 points.

7.8.4. All abbreviations should be defined either after the 
first citation in a legend, or in alphabetic order at the end 
of each legend. All symbols (arrows, circles, etc.) must be 
explained.

7.8.5. If data was published earlier, it is desirable to pro-
vide written permission from the publisher for the use of 
this data.

7.9. Tables
7.9.1. Tables should be typed with double spacing, have 

numbers in order of citation in the text, and names. Tables 
should be compact and demonstrative. Names of columns 
and rows must reflect the content. Data presented in tables 
should not be repeated in the text or images. Please clearly 
specify units of measurement of variables and form of data 
presentation (M±m; M±SD; Me; Mo; percentiles etc.). All 
figures, sums and percentages must be thoroughly checked 
and correspond to those in the text. Explanatory footnotes 
should be provided below the table if necessary.

7.9.2. Abbreviations should be listed in a footnote under 
the table in alphabetic order. Symbols of footnotes should 
be given in the following order: *, †, ‡, §, | |, ¶, #, **, † † etc.

7.9.3. If a table(s) was published earlier, it is desirable 
to provide written permission from the publisher for use of 
this table(s).
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