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Abstract. In the article features of pathogenetic mechanisms of the combined course of
arterial hypertension and type 2 diabetes mellitus are considered. This pathology potentiates
the development of micro- and macrovascular complications, raises cardiovascular risk.
Concomitant abdominal obesity contributes to the imbalance of adipocytokines, and
complicates the course of type 2 diabetes. It was established that polymorphism of candidate
genes associated with the development and progression of insulin resistance, which is of

interest for further study.
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The comorbidity of arterial hypertension
(AH) and type 2 diabetes mellitus (DM) is a
serious problem, which is associated with an
earlier development of target organ lesions
and subsequent cardiovascular accidents [25].

The most important role in the
pathogenesis of BP is played by the renin-
angiotensin-aldosterone  system (RAAS),
which, according to a number of studies, is
divided into circulating and local. Directly
local RAAS is involved in the formation of a
characterized for DM syndrome of
hyperinemic hypotokosteronism in which
low concentration of aldosterone in plasma is
combined with a high concentration of
circulating angiotensin 11 (AT 1) [11, 16].
The hypodynamy development is caused by
high activity of local renal AT II, which
concentration is by 1000 times higher than

the concentration of circulating [13]. In
addition to the kidneys, such a high activity
of local RAAS was found in DM in the heart
and in the vascular endothelium. Excessive
formation of AT Il in the kidneys leads to
intra-cerebral hypertension, then to sclerosis
and fibrosis of the renal tissue, to the
remodeling of the myocardium in the heart,
promotes the development of atherosclerosis
in the vessels [11]. Thus, the disruption of
the functioning of local RAAS in DM leads
to the development of AH, which is also in-
cluded by and characteristic of DM -the
increase in the sensitivity of vessels to
constrictive influences [17]. Recent studies
have shown that the hyperactivity of RAAS
plays an important role in the development of
insulin resistance (IR), which may lead to
DM type 2 [11]. This is illustrated by the fact
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that the inhibitor of the angiotensin-
converting enzyme (ACEI) leads to a de-
crease in IR and may be accompanied by the
development of hypoglycemic conditions
[12]. With the help of modern molecular bio-
logical technologies, it has been established
that post-receptor signaling systems of AT 1l
and insulin are closely related. AT Il blocks
one of the key insulin enzymes (PI3-K),
which takes part in the transport of glucose to
cells, the synthesis of NO, and at the same
time, activates other enzymes responsible for
mitogenic and proliferative processes in the
vascular wall [10]. The components of local
RAAS are found both in the exocrine ducts
and in the b-cells of the pancreatic islets [9].
This made it possible to explain the blocking
effect of AT Il on the secretion of insulin and
the enhancement of peripheral tissue TI with
its excessive secretion. Hyperglycemia is the
main metabolic sign of DM type 2, but insu-
lin secretion begins long before the diagnosis
establishing — even with a pre-diabetes gly-
cemia level. The probability of fatal and non-
fatal cardiovascular complications increases
significantly not only with an obvious dis-
ease, but also at the pre-diabetes stage. Al-
ready at the stage of impaired glucose toler-
ance (IGT), the incidence of coronary artery
disease and atherosclerosis is significantly
higher than in normoglycemia [1]. Annually
about 10-12 % of people with IGT have de-
velopment of DM type 2, and fasting glyce-
mia more than 5.6 mmol/l increases the risk
of transition of IGT to DM type 2 by 3.3
times [2]. Based on the results of the
prospective clinical study Heart Outcomes
Prevention Evaluation, there is a correlation
between the level of HbAlc and the relative
risk of complications, using the sex and age
of the surveyed, and it was also found that
chronic hyperglycemia is a risk factor for
cardiovascular disease in patients with DM
type 2. IR is a key link in the pathogenesis of
DM type 2, atherosclerosis, AH, syndrome of
sclerocystic ovaries and other diseases. IR is
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an independent risk factor for the
development of dyslipidemia, systemic
inflammation and oxidative stress [4]. The
published  outputs of clinical and
experimental studies indicate that IR causes
an impairment of the physiological
mechanisms of vasodilation. The effect of
insulin on the endothelium of the vascular
wall is mediated by its own receptors and is
realized through a multistage signaling
system associated with an increase in the
synthesis of nitric oxide (NO). In patients
with AH and concomitant DM 2 type, under
conditions of IR, the endothelium-dependent
vasodilation induced by NO is significantly
reduced [13]. Some studies indicate that
hyperinsulinemia correlates with other risk
factors, such as increased body mass index
(BMI), obesity of the abdominal type,
hypertension, increased triglyceride levels,
and cardiovascular disease [20].

Numerous indicates that interleukin
imbalance in patients with AH and DM type
2 is more associated with increased risks of
cardiometabolic complications. The list of
known interleukins continues to grow from
year to year: pro-inflammatory interleukins

(-1, -2, IL-6, IL-1B, IL-12), pro -
inflammatory  (IL-4, IL-10, IL-13)
determination of their role in the

pathogenesis development of type DM 2
diabetes and AH [10].

It is believed that as a result of the
cascade activity of pro-inflammatory
cytokines, observes fat accumulation in
adipocytes, liver, muscles, B-cells of the
pancreas simultaneously with increased
lipolysis and the development of adipocyte
IR [13].

According to the results of the Framing-
ham study, it was found that even after ad-
justing the age, smoking, BP and total cho-
lesterol (TC) levels in the blood, the presence
of DM increases the risk of coronary heart
disease (CHD) in men by 66 %, in women by
23 % [6]. A study on risk stratification in pa-
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tients with AH and DM type 2, conducted in
Ukraine, showed that almost half of patients
with DM type 2 and uncontrolled AH have a
very high 4-year risk of cardiovascular com-
plications that are characterized by elevated
BP c and the presence of concomitant patho-
logical changes. In experimental and clinical
studies it was indicated that the presence of
DM type 2 adversely affects myocardial
function, even in the absence of coronary
atheromatous lesions. Cardiac disorders in
DM type 2 proceed in the form of CI and
subclinical ~ disorders of  myocardial
contractility. These studies may it possible
suggest that DM type 2 is the cause of the
development of specific cardiomyopathy [8].
In particular a number of scientists have indi-
cated that with DM type 2 is observed diffuse
lesions and myocardial hypertrophy, as well
as disorders of its contractility [9]. Other
scientists consider the fact that the main sign
of myocardial infarction in DM type 2 is the
development of cardiomyopathy with a
decrease in the rate of diastolic myocardial
relaxation [10].

In the report of the experts of the
National Cholesterol Education Program in
the USA [5], patients with DM type 2 with a
risk of developing complications and,
accordingly, in the strategy of lipid-lowering
therapy are equated with patients who have
IHD. This provision is included in the Euro-
pean recommendations for the prevention of
cardiovascular disease [6].

The assessment of risk factors for CHD
in diabetes mellitus was carried out in
UKPDS (United Kingdom prospective diabe-
tes study), the largest prospective observation
in the area of DM type 2. After adjusting the
data for sex and age, it was found that the
risk factors for CHD in diabetes are (in order
of importance) an increase in the level of
low-density lipoprotein cholesterol (LDL-C),
increased BP, smoking, low-density lipopro-
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tein cholesterol (HDL-C), an increase in
HbA1c level [30].

Comorbidity of arterial hypertension
and type 2 diabetes mellitus in the
structure of the metabolic syndrome.

AH and CD 2 are components of the
metabolic syndrome (MS), so often occur
against a background of obesity [13]. Data
from epidemiological studies indicate that the
overwhelming majority of patients with type
2 diabetes are overweight or obese. Thus,
with type | obesity, the risk of DM type 2
increases by 2 times, grade Il obesity — 5
times, and grade Il obesity — more than 10
times.

It is well known that the fat tissue of a
person is divided into brown and white adi-
pose tissue, each of which is endowed with
certain functions. Brown fat tissue is
identified in the cervical, supraclavicular,
axillary and paravertebral area in adults and
is the main depot of thermogenesis and
energy expenditure [15]. All processes of the
lipolysis regulation in it are carried out under
the influence of the sympathetic nervous
system, through the activation of J-
adrenergic receptors and the signaling
pathways. Currently, white fatty tissue is
considered as an endocrine organ that syn-
thesizes a large number of adipose tissue
hormones — adipokines and biologically ac-
tive substances, the majority of which disrupt
the transmission of the insulin signal and
cause IR. It is the main storage place for ex-
cess energy derived from food. The white
adipose tissue is further divided, according to
the distribution in the organism, into the vis-
ceral adipose tissue and the subcutaneous
adipose tissue [22]. The studies have shown
that abdominal visceral fat deposition is as-
sociated with impaired glucose tolerance and
IR, regardless of body weight [19]. Recently,
the search for new adipocytokines and their
metabolic effects, the main theme in the
study of obesity. It is known that all adi-
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pokines have the own individual effects on
metabolic processes in the organism There is
an increased secretion of biologically active
peptides and hormones has been established
in visceral adipose tissue, that enhance IR,
such as tumor necrosis factor-o (TNF-a),
resistin, retinol-binding protein-4 (RSP-4),
visfatin, IL -6 and others, but simultaneously
excretion  of  hormones  adiponectin,
omentine, glypican-3, which reduce the
manifestations of IR [13].

The influence of genetic polymorphism
on the development and progression of
insulin resistance.

There are two ways of development in the
formation of IR: hereditary and acquired [23].
Data from clinical and experimental studies
demonstrate that one of the key factors in the
development and progression of IR is the
genetic single-nucleotide polymorphism of a
various candidate genes [11]. The references
data say that the sensitivity of peripheral
tissues to insulin is determined by the
presence of specific receptors (IRS-1, IRS-2)
mediating the stimulating effect of insulin on
the utilization of glucose by glucose
transporters and triggering a range of cellular
responses. At the present stage, it has been
proved that the polymorphism of IRS-1, IRS-
2 and other genes responsible for the synthesis
of protein molecules involved in the
transduction of the biological signal of insulin
iIs accompanied by a different degree of
expression of receptor resistance [9]. It was
established that the polymorphism of the
insulin receptor — IRS-2, is associated with the
development of IR [13].

In studies of several authors, it has been
established that the receptor for sulfonylureas,
which is encoded by this gene on the 11p15.1
chromosome, is a component of the ATP-
dependent potassium ion transport channel.
This channel regulates the secretion of insulin
B-cells by changing the membrane potential.
The consequence of these processes is a
decrease in the membrane potential, an
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increase in the intake of calcium ions inside
the cell, that increases the secretion of
granules with insulin. Another group of
scientists established a protein gene linking
the mRNA of insulin-like growth factor 2
(IGF2BP2). A family of genes that bind
insulin-like growth factor mRNA include six
proteins, some of which show a high affinity
for insulin-like growth factors 1 and 2 (IGF-1,
2). In a number of studies, it has been
established that the product of the IGF2BP2
gene forms a complex with the mRNA of the
IGF2 gene and affects the increase in insulin
levels, 2:00 after taking a glucose tolerance
test (GTT), and also contributes to a decrease
in HOMA-IR [5].

The involvement of polymorphism of
adipokine genes in the development of IR is
actively studied. Thus, it has been established
that the single -nucleotide substitution of
T45G (rs2241766) in the second exon of the
adiponectin gene (AdipoQ) is associated with
IR, impaired glucose tolerance, and high
levels of lipoproteins and total cholesterol in
blood [25]. Inactivated receptors of mice for
adiponectin (AdipoR1 and AdipoR2) were
indicated as having an increase in
triglyceride levels and development of
inflammation and oxidative stress. This led to
a state of IR and an immunity to an increase
in glucose concentration [18]. In a single-
case clinical and experimental studies was
established the association of the IR
development with the carrier of the genotype
R-223R of the receptor gene to leptin, the G-
75G genotype of the apolipoprotein Al gene,
and the presence of certain polymorphic
variants of the resistin gene of the C-180C
genotype [10].

Considering the multicomponent nature
of genetic disorders that lead to the formation
of IR, complex and multifactorial studies of
the genetic nature of IR are necessary, taking
into account the effects of environmental
factors such as high-calorie nutrition and low
physical activity that contributes to the
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maximum  manifestation  of  genetic
predisposition to IR in the phenotype [12].

Conclusions. It has been established that
the pathogenic mechanisms contribute to the
development of AH, IR, and DM type 2 are
often coincide and lead to the progression of
diseases and the development of complica-
tions. Concomitant obesity, in patients with
AH and DM type 2, is a factor in the progres-
sion of metabolic disorders, IR, activation of
markers of immune inflammation and ather-
ogenesis. In return, visceral obesity contrib-
utes to an imbalance in the production of ad-
ipocytokines, which leads to a chain of path-
ophysiological disorders in the organism.
The imbalance of adipocytokines aggravates
the course of DM type 2 and contributes to
deterioration in the parameters of carbohy-
drate metabolism. The development of IR is
characterized by polygenic nature, caused by
polymorphism of genes. There are more than
20 candidate genes for IR, among those
genes is involved in the regulation of glucose
metabolism, lipids, and also the genes of adi-
pose tissue hormones. Thus, a comprehensive
approach to the study of genetic predictors in
the formation of combined AH and DM type
2, and immediately IR, may contribute to the
selection of more precise therapeutic tactics
in patients with AH and DM type 2.
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