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        The leading role in the pathogenesis of CHF is given to endothelial dysfunction. The development 
of severe endothelial dysfunction in CHF is due to hyperactivation of the SAS and RAAS, 
hyperproduction of pro-inflammatory cytokines. It consists in reducing the production of vasodilators 
and increasing the synthesis of vasoconstrictor substances. The main factors that disrupt EF in CHF 
are myocardial dysfunction, which contributes to a decrease in the hemodynamic shear stress force, 
neurohumoral balance, hypoxia, chronic inflammation, and intoxication [1, 4, 12, 15]. 
        It is also necessary to note the factors that exacerbate the processes of myocardial and vascular 
remodeling in CHF, of which the MS components (IR, AH, DM, DLP, HTG) are significant [2,3]. 
Vessel remodeling in MS, on the one hand, is a consequence of the effects of IR and compensatory 
hyperglycemia, as well as elevated blood pressure on the vascular wall, on the other hand, it leads to 
the development and progression of IR and AH on its own [3, 7]. This condition is characterized by a 
decrease in endothelium-dependent vasodilation (EDVD) and increased adhesiveness of the 
endothelial lining [2, 3, 4, 7, 8]. 
Purpose of the research: to study the state of endothelial function in patients with chronic heart 
failure with various manifestations of the metabolic syndrome. 
 
MATERIALS AND RESEARCH METHODS  
To achieve the goals, 197 male patients with chronic heart failure (CHF) of ischemic genesis II-III 
functional class (FC) according to NYHA [11, 15, 16] were examined, aged 40-60 years with a history 
of myocardial infarction from 6 months up to 5 years. All patients were hospitalized in the cardiology 
department of the city clinical hospital No. 7 in Tashkent and were registered in the advisory 
polyclinic. Examination of patients was carried out on the basis of an agreement in the City Diagnostic 
Center of Tashkent and the RSNPMC of the Republic of Uzbekistan.  
Verification of the diagnosis was carried out on the basis of the classification of the New York Heart 
Association (NYHA), the six-minute walk test (TSW) and the clinical assessment scale (SHS). The 
average TSHH was 304.2±22.13m (261-349m). Depending on the presence of MS components, 3 
groups of patients were distinguished: Group I (n=70), patients without MS (CHF FC II -38, CHF FC 
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III - 32 patients); Group II (n=67) patients with various combinations of dyslipidemia (HDL-C <1.03 
mmol/l; HDL-C >3.0 mmol/l) with abdominal obesity (AO), AH and hypertriglyceridemia (HTG) 
(CHF FC II -35 , CHF FC III - 32 patients); Group III (n=60) patients with various combinations of 
dyslipoproteinemia (DLP) and type 2 diabetes mellitus (DM2) with AO, AH and hypertriglyceridemia 
(HTG) (CHF FC II - 26, CHF FC III - 34 patients). 
According to the classification of CHF (ESC 2016) [7, 12, 17], depending on the level of ejection 
fraction (EF), all examined patients with CHF were also divided into subgroups: with normal 
(preserved EF) - EF ≥50% (HFpEF) and intermediate EF (gray zone) - EF = 40-49% (HFmrEF). So, 
in group I patients with CHF without MS, 42 patients had preserved EF and 28 patients had 
intermediate EF, in group II, 39 patients had preserved EF, 28 patients with CHF had intermediate EF, 
and in group III, 28 x retained PV and y 32 intermediate PV. 
When diagnosing MS, the criteria for diagnosing MS of the International Diabetes Federation (IDF, 
2009) [2] were used. The following were considered as the main components of MS: abdominal 
obesity (AO) (>94 cm for men); triglyceride level (TG>1.7 mmol/l); high-density lipoprotein 
cholesterol (HDL-C <1.03 for men); blood pressure (SBP >130 mmHg; DBP >85 mmHg), fasting 
glucose (>5.6 mmol/L), or presence of type 2 diabetes [10, 78, 92, 156 ]. 
The mean age of patients in group I was 53.8±5.22 years, in group II 54.7±5.8 years and 55.6±5.33 in 
group III patients. The duration of the disease in patients of group I was 5.81±2.75 years; 6.6±2.33 
years in group II and in patients of group III 7.16±1.92 years. The duration of myocardial infarction 
in group I was 4.3±3.24 years; 4.78±2.7 years in group II and in patients of group III 5.38±2.06 years. 
The survey did not include patients with severe CHF (CHF with low EF<40%), CHF of non-ischemic 
origin, with acute cerebrovascular accident, stroke, severe diabetes mellitus and insulin-dependent 
DM, chronic obstructive pulmonary disease, high-grade arrhythmias, liver disease, severe kidney 
disease.  
 
Study of the vasomotor function of the endothelium. The state of endothelial function was assessed 
according to Doppler ultrasound of the brachial artery according to the method of D. S. Celemajer 
(1992) using a test with reactive hyperemia and nitroglycerin (in the city diagnostic center of 
Tashkent). Changes in the diameter of the right brachial artery were assessed using a 7 MHz linear 
transducer with a phase grating Acuson 128 ultrasound system (USA). PA was located in a 
longitudinal section 4-5 cm above the elbow bend, the image was synchronized with the ECG wave. 
The study was carried out in triplex mode (B-mode, color Doppler flow mapping, spectral analysis of 
the Doppler frequency shift). 
Prior to the start of the study, the patient lay on his back for at least 10 minutes. In the initial state, the 
diameter of the artery and the velocity of arterial blood flow were measured using spectral analysis. 
Then, to obtain increased blood flow around the shoulder, a sphygmomanometer cuff was applied 
(above the location of the brachial artery), it was inflated to a pressure of 50 mm Hg. exceeding systolic 
blood pressure, and kept it for 5 minutes. The absence of PA blood flow was monitored using color 
Doppler flow mapping. The diameter and velocity of the PA blood flow were measured immediately 
after the release of air from the cuff during the first 15 seconds. and after 60 sec. Change in vascular 
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diameter after reactive hyperemia. The normal reaction of PA was considered to be its expansion 
against the background of reactive hyperemia by 10% or more of the initial diameter. A lesser degree 
of vasodilation and vasoconstriction was considered a pathological reaction. Shear stress on the 
endothelium was calculated according to the formula of O. V. Ivanova, [16,17]: 

  4V/D,   

where: ─ shear stress, ─ blood viscosity (on average equal to 0.05 Ps), V ─ maximum blood flow 
velocity in VA (cm/sec), D ─ VA diameter.  

We used a unified indicator k - "sensitivity of PA to a change in stimulus - shear stress on the 
endothelium": 

0/

/





DoD

К   

where: D - change in the diameter of the PA, D0 - initial diameter of the PA, - change in shear stress, 

0 - initial shear stress. The following parameters were evaluated: 

 D - Diameter of the right brachial artery (BA), cm 
 D1- PA diameter after test with RG, cm 
 D2- PA diameter after the test with NTG, cm 
 VS - systolic blood flow velocity in VA, m/s 
 VD - diastolic blood flow velocity in VA, m/s 
 Vmean - average blood flow velocity in PA, m/s 
 ЭЗВД= (D1- D)/ Dх100% 
 ЭНЗВД= (D2- D)/ Dх100% 
 К, PA sensitivity, arb. units 
Analysis of the type of distribution of the trait was carried out using the Microsoft Excel program. The 

normal distribution criteria were Мm. Since more than 80% of the analyzed quantitative traits were 
normally distributed, the statistical analysis was based on the methods of parametric statistics 
The data obtained during the study were subjected to statistical processing on a Pentium-IV personal 
computer using the Microsoft Office Excel-2012 software package, including the use of built-in 
statistical processing functions. Methods of variational parametric and nonparametric statistics were 
used with the calculation of the arithmetic mean of the studied indicator (M), standard deviation (SD), 
relative values (frequency, %), the statistical significance of the measurements obtained when 
comparing the average values was determined by Student's t test (t) with the calculation of the error 
probability (R). Comparison of three or more independent groups was carried out by one-way analysis 
of ANOVA variations. Significance level P<0.05 was taken as statistically significant changes.  
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To establish the relationship between the components of the metabolic syndrome and indicators of 
cardiac and vascular remodeling, we performed a correlation analysis with the calculation of the 
Pearson linear relationship coefficient (r) and the subsequent determination of its significance 
according to the t criterion. To identify the most reliable indicators, the presence of a correlation 
dependence between them was determined. At the same time, the relationship was designated as 
having a strong relationship at r = 0.6-1, moderate - at r = 0.3-0.6, weak - at r <. 
 
RESULTS OF THE RESEARCH 
The results of the study of endothelial function showed that patients with chronic heart failure of 
preserved EF (HFpEF) that develops against the background of MS already differ from patients 
without MS according to the initial data of the blood flow velocity parameter. As can be seen from the 
presented data (Table 1.), the progression of MS is accompanied by a significant decrease in systolic 
blood flow velocity, as evidenced by a significant difference in this indicator between groups I and III 
of the study (12.6% P<0.05). The value of VS0 between groups I and II of the study were comparable 
(P>0.05). 
In response to decompression in all groups, there was a statistically significant increase in systolic 
blood flow velocity in relation to the initial data. In groups I, II and III, the VS1 index increased by 
35.5%, 40.1% and 44.3% in each group, respectively (P<0.001) in relation to the initial data. At the 
same time, the difference in systolic blood flow velocity after decompression between groups I, II and 
III of the study was not significant. 
Table number 1. 
Indicators of endothelial function of the PPA 
in patients with CHF with preserved EF (HFpEF) depending on 
on the representation of MS components (M±SD) 

Indicators 1 group  
(n=42) 

2 group  
(n=39) 

3 group 
 (n=28) 

D0, mm 4,5±0,47 4,22±0,33 4,19±0,35 
D1, mm 4,96±0,42 º 4,53±0,32 * 4,49±0,44** 
D2, mm  5,01±0,40 ºº 4,72±0,38 ºº 4,66±0,39 ºº 
D3, mm 5,18±0,45 ººº 4,96±0,47 ººº 4,88±0,46 ººº 
ΔD, mm 0,45±0,13 0,30±0,12** 0,30±0,10*** 
VS, cm/s Under 68,61±9,12 64,7±9,6 60,93±8,69* 

15 s 93,07±9,6 ººº 90,68±12,0 ººº 88,07±13,76 ººº 
VD, cm/s Under 16,01±2,49 13,69±2,17* 11,62±2,7***▪ 

15 s 20,71±2,8 ººº 17,57±2,69 ººº** 14,9±2,27ººº***▪ 
Vmeanc
m/s  

Under 33,54±4,14 30,7±3,62 28,61±4,14** 
15 s 44,83±4,34ººº 41,94±4,32 ººº 39,31±4,7ººº ** 

EZVD, % 10,23±3,17 7,14±1,88*** 7,20±2,26*** 
ENZVD (NG3'),% 11,46±3,14 11,76±3,57 10,96±3,59 
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ENZVD (NG6'),% 15,471±4,27 17,51±4,24 16,5±4,46 
     Note: in relation to the data of group 1: *Р<0,05; **Р<0,01; ***Р <0,001 
                            with respect to post-sampling data: °Р<0,05; °° Р<0,01; °°° Р <0,001 
                   differences between II and III groups: ▪ Р <0,05; ▪▪ Р>0,01. 
 
A similar pattern is observed in terms of diastolic (VD) and mean velocity (Vmean) of blood flow in 
the PPA. The difference in the initial velocity of diastolic blood flow VD0 was: in group II 16.8% 
(P<0.05) and in group III 37.9% (P<0.001) in relation to the data of group I. At the same time, in 
response to decompression in all groups, there was a statistically significant increase in diastolic blood 
flow velocity relative to the initial data by 29.4% in group I, by 28.3% in group II, and by 28.5% in 
group III (P<0.001). The indicators of the diastolic blood flow velocity of the PPA before (VD0) and 
after the test of reactive hyperemia (VD1) between groups II and III statistically significantly differed 
by 17.9% and 17.8%, respectively (P<0.05). 
Comparative analysis of Vmean between groups I and III of the study also showed the presence of a 
statistically significant difference (17.2%; P<0.01). The difference in Vmean between groups I and II 
was unreliable. After decompression, there is a statistically significant increase in Vmean in all study 
groups by 33.7% in group I, in group II by 36.5% and in group III by 37.4% (P<0.001). 
Thus, the presence of MS is accompanied by significant disturbances in blood flow velocity, which is 
detected in the RG test. The progression of MS negatively affects the blood flow velocity in the PPA, 
both systolic and diastolic, which was accompanied by a significant change in Vmean before and after 
the test in patients with CHF with preserved EF (HFpEF). 
The results of RA Doppler ultrasound in patients with CHF of intermediate EF intermediate EF 
(HFmrEF) showed that patients with different representation of MS components do not significantly 
differ from persons in group I in the initial diameter (D0) of the RA (P>0.05). At the same time, it is 
important to note that in assessing the state of endothelial function, the analysis of the reaction of the 
vascular wall to changes in blood flow velocity is of particular importance. In response to an increase 
in blood flow velocity in group I, the diameter (D) of the brachial artery increased by 10.2% (P<0.05). 
In groups II and III, where the greatest acceleration of blood flow was observed, the VA diameter 
increased by 7.3% and 7.2%, respectively (P>0.05). A low fluctuation in the diameter of the PSA after 
a test with RG in the group of patients with MS is a manifestation of impaired endothelium-dependent 
vasodilation.  
After the test with reactive hyperemia, significant low values of the vessel diameter (D1) were 
observed in groups II and III by 9.95% (P<0.05) and 10.5% (P<0.01) in relation to the data of group 
I. The above changes in the diameter of the PSA before and after the test with reactive hyperemia 
caused significant changes in the ΔD value in group II by 50% (P<0.01) and in group III by 50% 
(P<0.001) in relation to the data of group I patients with CHF intermediate EF (HFmrEF) without MS. 
The results of measuring the diameter of the PAP before and after the test with nitroglycerin found 
that the changes in D2,3 in groups II and III were not significant in relation to the data of group I of 
the study. 
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In the analysis of EZVD, depending on the representation of MS components, significant differences 
in this parameter were revealed between groups I and II of the study by 43.3% (P<0.001), and between 
groups I and III by 42.1% (P<0.001). Measurement of the diameter of the VA in different groups in 
the test with nitroglycerin did not reveal a significant intergroup difference. As a result of this, in turn, 
unreliable data were obtained on changes in the index of endothelial independent vasodilation (ENVD) 
at the 3rd and 6th minutes after taking NTG compared with the data of group I. 
Thus, the presence of MS is due to a significant decrease in vascular reactivity in patients with CHF. 
Of particular importance in reducing endothelium-dependent and independent vasodilation is the 
presence of DM2, which was reflected by more significant changes in EZVD in group III patients. 
Various fluctuations in the diameter and speed of blood flow during the test with RG contributed to 
an increase in the resistance index (Ri) and pulsation (Pi) between groups of patients with CHF. An 
analysis of the Pi parameters before the test with RG between groups I and III also showed statistically 
significant differences by 12.8%, and after the test by 15.5%, respectively (P<0.01). The values of 
these parameters between groups I and II were not significant (P>0.05). The results of this analysis 
are presented in table 2. 
Table number 2. 
Indicators of shear stress and EZVD in patients with CHF of intermediate EF (HFmrEF) depending 
on the representation of MS components (M±SD) 

Indicators 1 group  
(n=42) 

2 group  
(n=39) 

3 group 
 (n=28) 

τ 0, dyne/cm2 61,48±9,43 54,7±9,39 51,07±9,18** 
τ 1, dyne/cm2 92,2±10,54 ººº 82,12±10,03ººº* 79,12±11,95ººº** 
Δτ, dyne/cm2 30,71±5,3 25,41±5,09** 24,04±5,63*** 

К, у.е. 0,22±0,09 0,14±0,03*** 0,14±0,04*** 
Pi,  
rel units 

Under 
15 с1 

1,56±0,17 1,67±0,22 1,76±0,19** 
1,61±0,11 1,74±0,20 1,86±0,10** 

Ri,  
rel units 

Under 
15 с1 

0,76±0,04 0,78±0,05 0,81±0,03 
0,78±0,03 0,8±0,04 0,83±0,02 

     Note: in relation to the data of group 1: *Р<0,05; **Р<0,01; ***Р <0,001 
                            with respect to post-sampling data: °Р<0,05; °° Р<0,01; °°° Р <0,001 
                   differences between II and III groups: ▪ Р <0,05; ▪▪ Р>0,01 
 
The calculated data obtained indicate a decrease in the initial shear stress on the endothelium (τ0) in 
patients with CHF. Moreover, there is a trend towards a decrease in this indicator as the representation 
of MS components in sick patients increases. The decrease in the value of τ0 is determined in patients 
of group III by 20.4% in relation to the data of group I of the study (P<0.01). 
In the test with reactive hyperemia, the shear stress on the endothelium (τ1) in all groups increases 
statistically significantly (P<0.001). Analysis of the shear stress on the endothelium (τ1) after the test, 
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depending on the representation of MS, revealed significant differences between groups I and II by 
12.2% (P<0.05), between groups I and III by 16.5% (P<0 .01). 
Calculating the change in shear stress (Δτ) from the difference between τ1 and τ0, which was 
statistically significantly lower in patients of groups II (P<0.01) and III (P<0.001) compared to group 
I, and also knowing the pressure difference (ΔD) in PA (tab. 1. and 2.) you can calculate the ability of 
PA to vasodilate (K). A comparative analysis of the sensitivity of PA to shear stress in relation to 
group I showed a decrease in this indicator by 57.1% (P<0.001) in groups II and III of the study. 
During the analysis of the results of the ED study, a significant moderate correlation was found 
between Δτ and LDL (r= -0.38; P<0.05); negative correlation between Δτ and OT (r= -0.34; P<0.05); 
moderate correlation between ΔD and HDL (r=0.37; P<0.05); moderate negative correlation between 
ΔD and TG (r= -0.35; P<0.05); moderately high negative correlation between ΔD and OT (r= -0.58; 
P<0.001); negative correlation between K and SBP (r= -0.39; P<0.05); K and OT (r= -0.33; P<0.05); 
EZVD and DBP (r= -0.32; P<0.05). A high negative correlation was found between K and DBP (r= -
0.61; P<0.001) in Group I patients with CHF without MS before treatment. 
In group II patients with CHF and DLP + AO + HTG + AH before treatment, a moderate correlation 
was noted between Δτ and cholesterol; ΔD and cholesterol, ΔD and OT (r= -0.32; r= -0.33; r= -0.35, 
respectively; P<0.05). There was a moderate correlation between the sensitivity of PA to shear stress 
- K and TG (r= -0.40; P<0.05); EVD and TG (r= -0.43; P<0.01); EVD and SBP (r= -0.40; P<0.05); 
EZVD and DBP (r= -0.38; P<0.05)). 
When evaluating the correlation relationships between MS components and ED parameters in the 
group of patients with CHF and DM2, there is a negative correlation between ΔD and WC, EZVD and 
WC (r= -0.30 and r= -0.33, respectively (P<0.05) , Δτ and fasting blood glucose (r= -0.34; P<0.05), 
EVD and SBP (r= -0.49; P<0.01), EVD and DBP (r= -0.49 ; P<0.01), as well as between EVD and 
fasting blood glucose (r= -0.37; P<0.05). 
 
CONCLUSIONS: In patients with CHF, which develops against the background of various 
combinations of MS components (II and III groups), inadequate vasodilatation is observed in response 
to a significant increase in the stimulus. Despite a significant acceleration of blood flow after the test 
with RG, their diameter was inferior to the diameter of the vessels of group I. 
The results of the studies found that patients with CHF have ED, the severity and nature of this 
dysfunction depends on the presence and nature of the representation of MS components. We found 
that CHF without MS proceeds with less pronounced manifestations of ED. In contrast to patients with 
MS, in response to a slight acceleration of blood flow after decompression, a statistically significant 
increase in the diameter of the VA is observed, which is somewhat inferior to that of group I patients 
with CHF without MS. However, despite this and close initial values of shear stress on the 
endothelium, after decompression, this indicator statistically significantly decreases in comparison 
with group I. A significant deterioration in EF in patients with CHF without MS is also confirmed by 
a statistically significant low index of PA sensitivity to shear stress (K). 
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