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Abstract Objective: To study the immuno-inflammatory markers of coronary heart disease, arterial hypertension and
their combined course. Materials and methods: The research work included 116 patients with cardiovascular disease of
middle and old age. The average age of patients is 62.4+1.27. All patients were examined at the Bukhara branch of the
Republican scientific and practical Center for emergency medical care. Results: During the analysis, it was found that the
level of SAP directly depends on the concentration of fibrinogen -r= 0.30 and oppositely depends on the concentration of
PCT - r =-0.3 and IL-6-r=-0.26. At the same time, a noticeable positive association of heart rate with creatinine in the blood
-r=0.35 was also revealed. The established connections show the contribution of inflammation syndrome (immune) in the
progression of hypertension, or rather, indicators of the progression of hypertension in coronary heart disease are creatinine,
fibrinogen, PCT and IL-6. Conclusion: Due to the high and noticeable correlation with the studied immuno-biochemical
parameters of blood and functional parameters of the heart, IL-6 is a more informative indicator of the progression of

coronary heart disease with the risk of complications and multiple organ failure.
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1. Introduction

Cardiovascular diseases (CVD) occupy one of the main
places in the structure of the main etiopathogenetic factors of
deterioration of patients' health, reduction of their quality of
life and overall mortality of the population. This trend in the
epidemiological situation is mainly determined by the
increase in the incidence and complications of CVD, which
are diagnosed in almost 35-50% of the adult able-bodied
population. Timely detection of the disease and its causes is
very important [9].

The consolidation of immuno-inflammatory, genetic and
other theories of atherogenesis can be based on deterministic
overexpression of cytokine genes affecting production
levels, biochemical activity of immune system mediators,
expression of adhesion molecules, transformation of
monocytes/macrophages and smooth muscle cells into foam
cells with subsequent deposition of cholesterol crystals in the
intima of blood vessels [12].

Objective: To study the immuno-inflammatory markers
of coronary heart disease, arterial hypertension and their
combined course.

2. Materials and Methods of Research
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The study included 116 middle-aged and elderly patients
with an average age of 62.4+1.27 years.

All patients were examined for cytokine status: IL-17A,
TNF-a, C3 complement component, VEGF and a marker of
the acute phase of inflammation — procalcitonin (PCT), the
lipid spectrum of blood was studied, an echocardiogram
(ECHOCG) and a biochemical blood test were performed.

The inclusion criteria were patients aged 45 to 74 years
with a diagnosis of arterial hypertension (AH), coronary
heart disease (CHD), confirmed by clinical and
laboratory-instrumental methods, hospitalized in a hospital.

The patients of the study groups were comparable in age,
gender, and the presence of CVD risk factors. AH
verification was carried out according to the requirements of
the World Health Organization (WHO), classified according
to the International Classification of Diseases (ICD-10).

At the same time, the ACC/AHA Hypertension Guidelines
(2017) classification was adhered to.

The exclusion criteria from the study were patients
with acute myocardial infarction, acute coronary syndrome,
acute infectious diseases, myocarditis and cardiomyopathies,
chronic renal and hepatic insufficiency, pulmonary
hypertension, congenital and acquired heart defects,
systemic diseases, oncological and hematological diseases.

The research was carried out in accordance with the
Helsinki Declaration.

Statistical processing of the results was carried out using
Excel programs from the Microsoft Office XP application
package (Microsoft, USA), correlation analysis was carried
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out using the Pearson method and evaluated on the
Cheddock scale.

3. Results and Discussion

To develop specific indicators of the progression of AH in
CHD, a correlation analysis of the relationship of the studied
blood parameters with the parameters of ECHOCG in
patients with CHD selected for examination was carried out.

The dependence of the aortic diameter on the studied
immunological parameters of the blood was established: a
weak positive relationship with C3- r =0.20, with IL-17A-
r=0.21, with PCT- r= 0.25, a negative relationship between
the aortic diameter and TNF-a-r=-0.21, VEGF-r=-0.21.
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Figure 1. Relationship of aortic diameter with immuno-inflammatory
markers in CHD

The established relationships show a directly proportional
positive dependence of the aortic diameter on the level of
inflammatory markers: complement C3, IL-17A and PCT
(r=0.2-0.25).

Currently, complement C3 is known to be a protein of the
acute phase of inflammation, is involved in ensuring the
body's resistance to bacterial infections and is necessary for
the implementation of cytolysis and anaphylaxis.

IL-17 belongs to proinflammatory cytokines and is
involved in many stages of the immune response. It
stimulates the production of chemokines and, as a result,
stimulates the migration of neutrophils to the site of
inflammation. IL-17 performs an important physiological
function, participating in the protection of the body from
bacterial and fungal infections [2,13].

The PCT is a precursor of calcitonin and is considered a
marker of sepsis. In severe bacterial infections and sepsis,
the massive formation of endotoxins, an increase in the
levels of proinflammatory cytokines IL-6 and TNF-a leads
to an increase in the synthesis of PCT primarily in leukocytes,
monocytes, as well as in neuroendocrine cells of the lungs,
intestines and liver. The diagnostic value is not only the
presence of an increase, but also the degree of increase, and
the dynamics of the PCT level. Therefore, it is important to
take into account the increase in PCT, which does not occur
with fungal and viral infections, allergic and autoimmune
diseases, which allows for differential diagnosis of these

conditions. At the same time, constantly increasing
indicators of PCT indicate a poor prognosis of the disease.
An increase in the level of PCT in the blood above 1.8 ng/ml
indicates the development of infectious complications
(sensitivity — 80-95%, specificity — 88-93%).

In patients of this group, the average concentration of PCT
was 0.2 +0.01 ng/ml, which indicates the absence or low risk
of infectious complications. The established weak positive
association of PCT with the diameter of the aorta shows the
risk of developing infectious complications in coronary heart
disease and the importance of dynamic determination of PCT
in this case.

Thus, the change in the diameter of the aorta depends on
the degree of the infectious process in the body. Therefore, in
case of CHD, it is important to take into account the state of
syntropy, that is, the presence of concomitant diseases, for
the prognosis of complications. At the same time, the longer
the duration of chronization of the infectious process and the
dynamic increase in the level of complement C3, IL-17 and
PCT, the greater the risk of an increase in the diameter of the
aorta in CHD.

It is known that the aorta regulates blood pressure and
heart rate. Age-related enlargement of the aortic root leads to
thinning of the aortic wall, increases the risk of aortic rupture
and/ or aortic aneurysm. Hypertension, hyperglycemia and
hypercholesterolemia are risk factors for changes in the state
of the vascular wall.

At the same time, negative weak connections of the aortic
diameter with TNF-a (r=-0.2) and VEGF (r=-0.2) were also
revealed.

Despite the fact that more than a century has passed since
the discovery of TNF-aq, its role in the body is still unclear. It
is known that this protein causes hemorrhagic necrosis of
some tumor cells, hence its name. With the discovery of
TNF-a, there was hope that it would be possible to cure
cancer with its help. However, further study of the role of
this protein disappointed: it turned out that, on the contrary, it
can cause cancer, stimulate tumor growth and accelerate
metastasis. To date, its multifunctional effect in the body has
been established, and the biological effects depend on the
concentration of it and its receptors in the blood, their
expression [10].

TNF-a has the ability to interact with other cytokines and
stimulate the secretion of interleukins (IL-1, IL-6, IL-8),
INF-y, chemokines, activates leukocytes during infections,
enhances the production of other cytokines [1].

In some cases, it plays a pro—inflammatory role, in others
- protective, anti-inflammatory [3,11].

This factor is involved in the pathogenesis of both acute
and chronic inflammatory diseases, especially in the elderly,
for which it received the name "inflammatory mediator". Its
secretion increases in all viral diseases, while it causes the
death of cells affected by viruses [6].

Consequently, the established negative associations of the
aortic diameter with TNF-a in CHD confirm the data of
literature sources and allow the inclusion of TNF-a in the list
of indicators of the progression of hypertension in CHD as a
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marker of inflammation in CHD.

VEGF is a signaling protein produced by cells to stimulate
vasculogenesis and angiogenesis. W. Zheng and co-authors
[8] in an experiment, VEGF expression was shown in
coronary microvascular endothelial cells (EC) in response to
stretch both cardiomyocytes (paracrine pathway) and ECS
themselves (autocrine pathway).

Various authors have noted the involvement of VEGF in
endothelial survival, having an anti-apoptotic effect on the
endothelium. A decrease in the level of VEGF causes
endothelial apoptosis, leading to obstruction of the vascular
lumen. VEGF plays an essential role in the formation and
maintenance of vascular lumens - VEGF121 and VEGF165
increase it, while VEGF189 reduces the diameter of the
lumen. The protective properties of VEGF also consist in
reducing the toxicity of low-density lipoproteins (LDL) in
relation to the endothelium [4]. It should be emphasized
that the physiological functions of VEGF depend on certain
levels of VEGF. It was shown on experimental models that
low levels of VEGF have protective properties [7].

On the other hand, neoangiogenesis plays an essential role
in the transport of cells activated by pro-inflammatory
factors into ischemic tissue, as well as in the delivery of
nutrition and oxygen [5].

Thus, the established connections in our studies allow us
to include the conclusion that, along with the above, risk
factors for the development of rupture and/ or aneurysm of
the aorta in CHD are an increase in the blood level of
complement C3, IL-17 and PCT. At the same time, the
greater the degree of increase in the dynamics of the level of
C3, IL-17 and PCT, the greater the risk of rupture and / or
aneurysm of the aorta in CHD. Consequently, the more the
level of TNF-a, VEGF increases in coronary heart disease,
the more the diameter of the aorta decreases. At the same
time, it is necessary to take into account the state of syntropy.
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Figure 2. The relationship of the size of the left atrium with

immuno-inflammatory markers in CHD

In CHD revealed a noticeable positive association of
final diastolic volume of the left atrium (FDV LA) with
IGF-1 (r=0.30), PCT (r=0.30) and total blood protein
(r=0.39) against the background of a weak correlation with
TGF-b1-r=0.21 (fig.2).
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The established features of the relationship show the effect
of syntropy and chronic inflammation in CHD. At the same
time, with coronary heart disease, an increase in the level of
TGF-bl and PCT in the blood against the background of an
increase in total blood protein leads to an increase in FDV
LA.

In CHD, the total blood protein has a noticeable negative
relationship with final diastolic volume of the left ventricle
(FDV LV) -r =-0.31, which makes it possible to determine it
as an indicator of the shift of FDV LA and FDV LV.
Consequently, in CHD, an increase in the level of total
protein is accompanied by an increase in FDV LA and a
decrease in FDV LV. Thus, by determining the total protein
in the blood, it is possible to predict the risk of developing
LV dysfunction of the heart in CHD.

ECHOCG LV indices showed noticeable negative
associations between muscle mass of the left ventricle
(MMLYV) and IL-6-r=-0.31, a high negative association
between LVEF and IL-6- r=-0.41. At the same time, final
systolic volume of the left ventricle (FSV LV) has a high
positive relationship with IL-1- r=0.40, and specific volume
of the left ventricle (SVLV) has a high positive dependence
on the concentration of C3 in blood serum - r=0.41 (Fig.3).
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Figure 3. The relationship of ECHOCG indicators and cytokines in CHD

Consequently, SVLV decreases with an increase in IL-6,
and MMLYV increases with an increase in IL-1 in the blood,
both cytokines are proinflammatory and show the role of
immune inflammation at the level of the heart and blood
vessels in coronary artery disease.

During the analysis, it was found that the level of SAP
directly depends on the concentration of fibrinogen -r= 0.30
and oppositely depends on the concentration of PCT - r =-0.3
and IL-6-r=-0.26.

At the same time, a noticeable positive association of heart
rate with creatinine in the blood -1=0.35 was also revealed.

The established connections show the contribution of
inflammation syndrome (immune) in the progression of
hypertension, or rather, indicators of the progression of
hypertension in coronary heart disease are creatinine,
fibrinogen, PCT and IL-6 (Fig.3).

Thus, revealed on the basis of correlation analysis of the
relationship between the studied blood parameters and
functional studies of the heart, the role of inflammation
syndrome in the progression of hypertension in coronary
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heart disease has been established. At the same time,
the development of cardiac restructuring dictates the need
to develop immunological and biochemical indicators for
predicting the progression of hypertension in coronary heart
disease in middle-aged and elderly people.

The dynamic study of immunological and biochemical
blood parameters and the use of these recommendations
allows the control and monitoring of hypertension,
improving the effectiveness of diagnosis and the correct
choice of treatment for patients with CHD, contributes to
reducing mortality and disability at the same time.

In order to compare the relationship of immunological and
biochemical parameters of blood with functional parameters
of ECHOCSG, a correlation analysis of the results obtained in
patients with atypical angina was performed.

As a result, aortic diameter connections were established:
weak positive with TNF-a (r=0.20), weak negative
connections with IL-17A(r= -0.20), total blood protein
(r=-0.20), PCT (r=-0.20) and VEGF (r=-0.26).

The obtained results of correlation analysis of the
relationship allow a comparative assessment with the results
of patients with CHD. Distinctive features of the relationship
of the studied blood parameters with the diameter of the aorta
in coronary artery disease were revealed: there is a weak
positive relationship with TNF-a (r=0.20) against the
background of a weak negative relationship between the
diameter of the aorta and IL-17 (r=-0.20), total blood protein
(r=-0.20), PCT (r=-0.20) and VEGF (r=-0.26). Consequently,
in the atypical form of coronary angina, there is no risk of
rupture and/or aneurysm of the aorta.

The study of the relationship between the FDV LA
showed a noticeable positive relationship with the blood
creatinine level in coronary artery disease (r=0.32).

At the same time, weak negative associations of FDV LA
with IL-17A (r=-0.21), fibrinogen (r=-0.20) and VEGF
(r=-0.20). Consequently, in CHD, an increase in fibrinogen,
IL-17A and VEGF in the blood is accompanied by a decrease
in FDV LA. The degree of increase in creatinine shows the
maximum size of the FDV LA. Therefore, with coronary
artery disease, creatinine is an indicator of the prognosis of
an increase in FDV LA.

In contrast to the correlation between FDV LA in CHD,
in atypical angina, a noticeable positive relationship
was established between FDV LV and PCT (r=0.30),
complement C3 (r=0.40), weak noticeable connections with
urea (r=0.20), fibrinogen (r=0.22), total blood protein
(r=0.22) against the background of a weak negative
association with creatinine (r=-0.21).

The results obtained made it possible to determine the C3
complement of indicators of LV dysfunction in coronary
artery disease in middle-aged and elderly people.

FDV LA in CHD has a high negative association with
creatinine (r=-0.47) and TGF-bl (r=-0.40), a noticeable
negative association with IL-6 (r=-0.35), IL-1b (r=-0.30) and
total blood protein (r=-0.30), a noticeable positive
association with IGF-1 (r=0.30). At the same time, the more
creatinine and TGF-b1 increase in the dynamics in the blood,

the more the FDV LA decreases. Consequently, creatinine
and TGF-bl are indicators of pancreatic hypertrophy in
coronary artery disease atypical angina.

Consequently, in atypical angina, a decrease in TNF-a in
the blood in dynamics against the background of an increase
in fibrinogen, VEGF and IL-1b in the blood indicates a threat
of hypertrophy of the LV.

The state of the thickness of the posterior LV wall in
the diastole (PWLV) is important. There was a noticeable
positive association of PWLV with VEGF (r=0.35) against
the background of a noticeable negative association with
IL-6 (r=-0.37), IL-17A (r=-0.30).

At the same time, weak associations of CSL were also
revealed: negative with blood urea (r=-0.26) and positive
with IGF-1 (r=0.21), which shows a low risk of developing
fibrosis in CHD.
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Figure 4. The relationship of the size of the posterior wall of the left
ventricle with immunological parameters in coronary heart disease

The data obtained show that with coronary artery disease,
an increase in IL-6, C3, and IGF-1 in the blood is
accompanied by an increase in the size of the LV and vice
versa, a decrease in these indicators in dynamics indicates an
increase in LV with atypical angina in middle-aged and
elderly people.

In general, a correlation analysis of blood parameters in
CHD revealed a strong relationship between IL-6 and left
ventricle ejection fraction (LVEF) (1=0.44). At the same time,
C3 complement and IL-6 were effective informative
indicators of the severity of atypical angina (fig.4).

Thus, the obtained high correlations made it possible to
determine informative indicators of the risk of cardiac
remodeling in CHD: an increase in IL-6 in the blood in
dynamics predicts the risk of developing uremia (an increase
in creatinine in the blood), tachycardia, a decrease in the
thickness of the LV in the diastole, a decrease in LVEF, an
increase in MMLV.

4. Conclusions

Thus, the established connections in our studies allow us
to include the conclusion that, along with the above, risk
factors for the development of rupture and/ or aneurysm of
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the aorta in CHD are an increase in the blood level of
complement C3, IL-17 and PCT.

Consequently, with an increase in the level of VEGF in the
blood in CHD AS, the risk of an increase in the thickness of
the LV in the diastole increases, and an increase in IL-6,
IL-17A and urea in the blood shows a decrease in the
thickness of the LV in the diastole, which makes it possible
to differentiate the restrictive variant from the hypertrophic
form in atypical angina.

Due to the high and noticeable correlation with the studied
immuno-biochemical parameters of blood and functional
parameters of the heart, IL-6 is a more informative indicator
of the progression of coronary artery disease with the risk of
complications and multiple organ failure.
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