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BAausHue pakTopoB pocta dudbpobdaacToB

U KOHCYHbBIX MPOAYKTOB FAMKMPOBaHMS

Ha TOALUMHY KOMMACKCA MHTUMA-MEAMA

y GOABHBIX C MILICMHUYCCKOH BOAC3HBIO CepALla
U caxapHbIM AMabeTom 2 TMna

HMBannukosa E.B., Kanamxaukos B.JO., CMmupHoBa O.M., Ky3HeuoB A.b., Tepéxun C.A., UnbuH A.B.

DI'BY Dnookpunonoeuueckuii Hayuuoiil yeump, Mockea
(Oupexmop — axademux PAH U.U. /ledog)

Ileaw. Onpedenenue yposneii mpancgopmupyroweco pakmopa pocma guopoonacmos (TGFB1), ochoenoeo pakmopa pocma ¢u-
opobaacmos (B-FGF), mapkepog necneyughuueckoii gocnasumensvhoil peakyuu (unmepaeiikuna-6 (IL-6), C-peakmusrnoeo 6eaka
(CRP)), koneunoix npodykmoe eaukupogarus (AGE) u ux peuenmopoé (RAGE) u uzyuenue ux eausHus Ha moawuny Komniexca
unmuma-medua (KHUM) y 60oavmnbix ¢ uwemuyeckoii boaesnvro cepoua (UBC) u caxaproim duabemom 2 muna (CU2) 6 3asucumocmu
Om KOMNeHCcauuu yeneeo0H020 00MeHa.

Mamepuaavt u memoodot. Y 37 nayuenmos ¢ UBC 6b110 nposedeHo obuiekauHu4eckoe obciedoeanue, AHaU3 NoKazameneil yeneeoo0-
H020 U AUNUOHO20 0OMeHa, YPYHKUUU NoHeK, a MAKIce UHCIMPYMEeHmManbHble Memoobl Uccaedo8anust (Ixoxapouoepapus, KoOpoHapo-
aHeuoepapus u dynaekcHoe cKanuposanue bpaxuovuepanvroix apmepuit). 1ns onpedenerus ypoeus ucciedyembix nokazameneii 6cem
00.1bHBIM 3A00P KPOBU OCYUECMBAANCA U3 AOPMbL 80 8PeMS NPOBe0eHUs KOPOHAPOAH2U02papUU U NAPAAIEAbHO U3 KYOUMAAbHOIL eHbL.
Pe3zyavmamot. Yemarnoeaeno, umo naauque C/[2 y 6oavnbix HBC accoyuuposarno ¢ 06osee maiceabiM amepockaepomu4ecKum no-
padicenuem KOpOHApHuIX U OpaxuoyepanbHblx cocy0os. Boiaeiena npamas KoppesayuoHHAs 63AUMOCE53b Melcdy CIeneHbl0 CHeHO-
3UPOBAHUS U YPOBHEM hakmopos pocma hubpobaacmos, nPoBOCHANUMENbHBIX PAKMOPO8, KOHEUHbIX NPOOYKMO8 eAUKUPOBAHUSL.
[lonyuena npamas xoppeasyua TGFBI u AGE ¢ nokazameasmu aunudnozo oomena. Buvisenreno docmosepHoe nogvluleHue ypogHs
uccaedyemulx nokazameneli @ apmepuaibHoil U 6eHO3HoIL Kposu y nayuermos ¢ C/1.

Sakarouenue. [lonyuernnole OanHble NOOMEePICOArOmM Halu4Uue 3aUMOCE3U HaAPYUeHUI CO CMOPOHbL COeOUHUMENbHOU MKAHU U AU~
nudHoeo 0bMmeHa 6 namoeeHese amepockaeposa. IIpodemoHcmpuposano HeeamusHoe eAUAHUE cUNEPeAUKeMUU HA AMePOCKAePOmU -
yecKue UsMeHeHUss CMeHKU cocy0os.

Karoueevte caosa: pakmops: pocma ¢pubpobaacmos; Komniekc uHmMuUMa-meoua,; KoHeyHole NPOCYKmMolL 2AUKUPOBAHUSL, CAXAPHbLLL
duabem; amepockaepo3

The effect of fibroblast growth factors and advanced glycation end-products on the intima-media complex
thickness in patients with coronary heart disease and type 2 diabetes
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Objective. To determine the levels of fibroblast transforming growth factor (TGFS1), basic fibroblast growth factor (5-FGF), markers
of nonspecific inflammatory response (interleukin-6 (IL-6)), C-reactive protein (CRP), advanced glycation end-products (AGEs) and
their receptors (RAGEs) and to study their effect on the intima-media complex (IMC) thickness in patients with coronary heart disease
(CHD) and type 2 diabetes, depending on carbohydrate metabolism compensation.

Materials and Methods. 37 patients with CHD underwent a general clinical examination, analysis of the carbohydrate and lipid
metabolism parameters and the renal function, and also were evaluated with instrumental methods of analysis (echocardiography,
coronary angiography and duplex scanning of the brachiocephalic arteries). To determine the level of the analyzed parameters, blood
samples were taken from the aorta during coronary angiography and concomitantly from the cubital vein in all patients.

Results. The presence of diabetes mellitus (DM) in patients with CHD was found to be associated with a more severe atherosclerotic disease of the
coronary and brachiocephalic vessels. A direct correlation between the degree of stenosis and the level of fibroblast growth factors, inflammatory
Jactors, and advanced glycation end-products was found. A direct correlation between AGE and TGFJ1 and the lipid metabolism parameters
was established. A statistically significant elevation of the studied parameters in the arterial and venous blood of patients with DM was revealed.
Conclusion. These findings confirm the relationship between connective tissue disorders and lipid metabolism in the pathogenesis of
atherosclerosis. A negative effect of hyperglycaemia on atherosclerotic changes of the vascular wall was demonstrated.
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T he use of the simple non-invasive method of
ultrasonography (USG) allows identification of
the changes in the vascular wall at the early stages

[1]. Thickening of the intima—media complex (IMC)

of large peripheral vessels is considered as an important

characteristic of systemic changes in atherosclerosis [2].

Pignoli was one of the first researchers who demonstrated

that the IMC thickness of the common carotid artery

(CCA) obtained using USG was identical to that measured

in a post-mortem examination [3]. Subsequently, a series

of studies were conducted where a negative effect of
various atherosclerosis risk factors on the IMC thickness
was revealed [4]. According to some studies, even in
young patients with a low risk for the development of
cardiovascular diseases by the Framingham Risk Score

(FRS) (<5%), early atherosclerotic changes were revealed

upon USG of the carotid arteries, which may be indicative

of atherosclerosis progression in the coronary arteries [5].

Therefore, these findings demonstrated that an examination

of the extracranial portion of the brachiocephalic arteries

by measuring the IMC thickness was the method of choice
for non-invasive screening for subclinical manifestations of
atherosclerosis.

In 2007, Lorenz et al analysed the results of eight studies
that included 37,197 patients [6]. This analysis found a
regular increase in the thickness of the IMC by 0.1 mm with
an increase in the risk of acute coronary syndrome (ACS)
from 10% to 15% and in the risk of acute cerebrovascular
disease (ACVD) from 13% to 18% |[7]. According to Bots
et al (Rotterdam study), an increase in the IMC thickness
even in the range of normal values (0.75—0.91 mm) was
accompanied by a 4.8-fold increase in the relative risk of
the first ACVD [8]. In the Second Manifestation of Arterial
Disease (SMART) study, USG of the carotid arteries in
2,374 patients with proven vascular diseases revealed that
thickening of the IMC was associated with a high risk for
the development of cardiovascular pathology [9]. The IMC
thickness of the CCA has been closely related to age, gender,
smoking habits and presence of arterial hypertension (AH)
[10, 11]. In the Kuopio Ischemic Heart Disease Study
among 1,165 males aged 42-65 years, the frequency of
IMC thickening was 2.61 times higher in people with
hypertension than in those with a normal arterial pressure
(AP). This parameter has also been shown to be dependent
on total cholesterol levels and body mass index (BMI) [12,
13].

It is known that the arterial wall is a three-layer
structure [14]. The first layer is the intima, which is
primarily composed of endothelial cells. The medial layer
is represented by smooth muscle that is protected by the
adventitia from above. These are separated by the internal
and external elastic membranes [6]. On USG, the IMC in
a healthy person appears as a two-layer structure, with the
hyperechoic layer of the intima adjacent to the lumen and the
subjacent hypoechoic layer of the media. The cells of each
layer perform unique functions. For example, adventitial
fibroblasts actively synthesise one of the most important
components of the extracellular matrix, collagen. Smooth
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muscle cells are responsible for elastin production [16].
Collagen gradually accumulates in the intima of the vascular
wall with age, resulting in its thickening and structural
changes in the other layers [17—19]. On USG of the
thickened IMC, the differentiation of the layers disappears,
and heterogeneity and roughness of the surface appear [15].
A number of studies have demonstrated that collagen is
deposited in all three layers, which lends a special rigidity
to the vessels. With ageing, cultured endothelial cells and
fibroblasts of the adventitial layer synthesise type 1 collagen
several times more actively [20]. With age, particularly
under hyperglycaemic conditions, the concentration of
fibroblasts activating the synthesis of various growth factors
is also increased [19].

These growth factors include the basic fibroblast growth
factor (B-FGF), transforming growth factor (TGF-f1) and
platelet-derived growth factor (PDGF-AA) [21]. Their
role in cytokine production in response to stimulation with
interleukins (ILs) has been recognised [22]. p-FGF is a
potent modulator of cell differentiation, proliferation and
motility [23]. TGF-p1 enhances or suppresses (depending
on the cell type) the response of most cells to other growth
factors, regulates their differentiation and B-FGF activity
and results in the incorporation of fibrillin protein in
the intercellular matrix, thus activating myofibroblasts.
Fibroblasts are also activated directly under hyperglycaemic
conditions because of the acceleration of polyol shunting,
activation of protein kinase C, oxidative stress and glycation
of fibroblast growth factors and formation of advanced
glycation end products (AGEs) [18, 24, 25]. This leads to
uncontrolled pathological activity of fibroblasts; they begin
to actively proliferate, destroy collagen and synthesise new
material, which facilitates the restructuring of the vascular
wall to develop fibrosis [18, 26—28].

OBJECTIVE

The objective of this study was to investigate the activity
of growth factors TGF-B1 and pB-FGF, non-specific
inflammatory response markers [IL-6 and C-reactive
protein (CRP)] and AGEs and their receptors (RAGEs) as
well as the relationships of these parameters with the IMC
thickness in patients with coronary heart disease (CHD)
depending on the carbohydrate metabolism status.

MATERIALS AND METHODS

This cross-sectional cohort study included patients
with CHD who had been examined at the Endocrinology
Research Centre in 2012—2013. The first group included
17 patients (11 males) without carbohydrate metabolism
disorders; the second group included 20 patients (14 males)
with type 2 diabetes mellitus (T2DM). The groups were
comparable in terms of age, CHD duration, BMI and renal
function status. In order to compare the levels of the studied
parameters in the venous and arterial blood, blood samples
were collected from the aorta during coronary angiography
(CAG) and concomitantly from the median cubital vein in
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all patients. The samples were centrifuged (15,000 rpm) and
deep-frozen at -70°C. The studied parameters (TGF-p1,
B-FGF, IL-6, CRP, AGEs and RAGEs) were determined
by the enzyme-linked immunosorbent assay (ELISA)
method using standard kits purchased from eBioscience
and Biomedica. The expected values were provided in the
manufacturer’s protocols.

Ultrasound Doppler examination and duplex scanning
were performed on a Siemens device (Germany) using
a broadband probe with phased array at a frequency of
7.5—10.5 MHz in duplex and Doppler modes (B-mode,
colour Doppler mapping, spectral analysis of the Doppler
frequency shift). The upper edge of the thyroid cartilage
served as a guide for the identification of the distal portion
(bifurcation) of the CCA. Duplex scanning of vessels was
conducted with a linear probe operating in the frequency
range of 7.5—10 MHz. When scanning the carotid arteries,
the probe was placed along the front and rear edges of the
sternocleidomastoid muscle. Scanning was performed in
three planes (two longitudinal and one transverse). The IMC
thickness of the CCA was measured 1.5—2 c¢m proximal
to the bifurcation along the artery wall outermost from
the probe. Upon diagnostic scanning, the IMC thickness
of the CCA, internal carotid artery (ICA) and external
carotid artery (ECA) were evaluated at the site of maximum
thickening as determined visually [29].

Characteristics such as lifestyle, diet, smoking, disease
duration, heredity and physical activity levels were taken
into account when collecting anamnestic data. A general
examination was performed and the body weight (with BMI
calculation) and AP were measured. The levels of lipids,
blood glucose throughout the day and glycated haemoglobin
were evaluated, and the degree of atherosclerotic lesions of
other systems (arteries of the lower limbs and neck) was
determined. All patients signed an informed consent form
to participate in the study.

Statistica 6.0 for Windows and BioStat for Windows
(Primer of Biostatistics, 4th Edition, S.A. Glantz, McGraw-
Hill) software were used for statistical processing of the data.
The data are presented as a median (25; 75 percentiles). The
relationship among various parameters was established using
Spearman’s rank correlation (Spearman R). Probability (p)
values of <0.05 were considered statistically significant.

RESULTS AND DISCUSSION

The median age of patients was 67 years (61.5; 73) in
the first group and 67.5 years (60.5; 73.7) in the second
group. The median BMI in the first group was 27.2 kg/
m? (26.8; 29.8), which was comparable to that of 27 kg/
m?(28.1; 35.4) in the second group of patients with T2DM.
At the time of enrolment, 81.1% (n = 30) patients received
permanent lipid-lowering therapy, 64.8% (n = 24) received
aspirin therapy, 32.4% (n = 12) received dual antiplatelet
therapy and 5.4% (n = 2) received anticoagulant therapy.
The median duration of T2DM in patients in the second
group was 11.5 years (9.5; 18.5). Oral antihyperglycaemic
therapy was prescribed for 40% (n = 8) patients, which was

Table 1

Clinical profiles of the groups

Diabetes mellitus

First group Second group
(n=17) (n=20)

Age, years 67 [61,5;73] 67,5[60,5,73,7]
Males/females, % 64,7/35,3 70/30
Smokers, % 70,5 65,3
BMI, kg/m? 27,2 [26,8;29,8] 27 [28,1;35,4]
HbA,, % 5,6 [5;5,8] 7,6 [7,3;8]*
Cholesterol, mmol/L 4,25 [3,8;5] 4,5[3,7,4,85]
Creatinine, umol/L 82,6 [75,2,88] 71[67,5;84,3]
GFR, mL/min/1.73 m? 85[90;75] 96[95;79]
EF, % 57,5[56;61,2] 51 [44,5;55]
LVMI, g 182 [123,5;234] | 193,5[139,7;235,7]
ACVD, % 17,6 (n=3) 20 (n=4)
ACS ylthogt ST-segment 29,4 (n=5) 35 (n=7)
elevation, %
Post-infarction
cardiosclerosis, % 23,5 {n74) 25{n>3)
Exertional angina:
functional class Il, % 41,7 (n=7) 40 (n=8)
functional class lll, % 58,8 (n=10) 60 (n=12)
CHD duration, years 4,9[2,3;10,2] 5,5[2,8;9,5]
CAG:
one vessel, % 17,5 4
two vessels, % 21,5 15
three vessels, % 61* 81*
left coronary artery 19* 26*
trunk, %
*p<0,05

combined with metformin in 25% (n = 5) patients; 60% (n
= 12) patients received intensified insulin therapy. In the
assessment of carbohydrate metabolism compensation,
HbA,, levels were 7.6% (7.3; 8) in the second group
and 5.6% (5; 5.8) in the first group. Lipid metabolism
parameters did not differ in both groups; on average, the
median cholesterol level was 4.5 mmol/L (3.7; 4.85) in
the presence of T2DM and 4.25 mmol/L (3.8; 5) without
T2DM. Evaluation of renal function was performed on the
basis of the creatinine level data [82.6 umol/L (75.2; 88)
in the first group and 71 umol/L (67.5; 84.3) in the second
group]; the median glomerular filtration rate (GFR) was 72
mL/min/1.73 m? (67.7; 75.7) and 84.2 mL/min/1.73 m?
(67.5; 94), respectively (Table 1).

The average duration of CHD was 4.9 years (2.3; 10.2)
in the first group and 5.5 years (2.8; 9.5) in the second group.
The number of patients who had suffered from ACVD was
17.6% (n = 3) in the first group and 20% (n = 4) in the second
group. ACS without ST-segment elevation was diagnosed
in 29.4% (n = 5) patients in the first group and 35% (n =
7) in the second group. It is noteworthy that 15% (n = 3)
patients had painless myocardial ischemia. One patient in
the first group and two in the second group had previously
undergone coronary artery bypass surgery. Fifteen patients
in the first group and 19 in the second group were treated,
either previously or at the time of the study, with angioplasty
of the coronary arteries. When conducting analysis according
to special methods, echocardiography (EchoCG) revealed
that the median left ventricular ejection fraction (EF) was
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Table 2

Data on the degree of stenosis of the carotid arteries according to ulirasound Doppler examination

St is o CCA ICA ECA
enosis, 7o First group Second group First group Second group First group Second group

<50 on the left| 95 (n=19) 64,7 (n=11) 90 (n=18) 76,4 (n=13) 80 (n=16) 76,4 (n=13)
on the right 80 (n=14) 64,7 (n=11) 80 (n=14) 70,5 (n=12) 85 (n=17) 76,4 (n=13)

50-75 on the left 0 23,5 (n=4) 5 (n=1) 17,6 (n=3) 15 (n=3) 17,6 (n=3)
on the right 15 (n=3) 17,6 (n=3) 15 (n=3) 11,7 (n=2) 5 (n=1) 11,7 (n=2)

>75 on the left 5 (n=1) 11,7 (n=2) 5 (n=1) 5,8 (n=1) 5 (n=1) 5,8 (n=1)
on the right 5 (n=1) 17,6 (n=3) 5 (n=1) 17,6 (n=3) 11,7 (n=2) 11,7 (n=2)

IMC thickness, on the left| 0,9 [0,6; 1,3] 1,3[1; 1,6]* 0,5[0,5;0,7] 1[0,5; 1,2]* 0,51[0,5; 0,6] 1[0,5; 1,2]

mm on the right| 0,8 [0,6;1,3] | 1,4[0,8;1,6]* | 0,5[0,5; 1,4] 0,2[0,5; 1] 0,5[0,5; 1,4] 1[0,5; 1,2]

*p <0.01 vs. first group

Table 3

The levels of the studied factors in the venous and arterial blood of patients with CHD depending on the presence of T2DM.

Parameter under study Expected values First group (n = 17) Second group (n = 20)
o T o T o
PET N R R I .
il “ven ac 5,95 16,13, 38,4 120427, 15,85
T T MY B
AGEs, pg/ml " vein 0-33 i A te 7L
v N weass | Valesesmn | smbmene
*P1.2<0,01

57.5% (56; 61.2) in the first group and 51% (44.5; 55) in
the second group. The median left ventricular mass index
(LVMI) was 182 g (123.5; 234) in the first group and 193.5 g
(139.7; 235.7) in the second group. According to CAG, a
more severe coronary artery disease rate of three-vessel
disease: 61% in the first group and 81% in the second group
(p < 0.005)] was noted in the group of patients with T2DM.

According to the recommendations of the European
Society of Hypertension (ESH) and the European Society
of Cardiology (ESC) for arterial hypertension, when
diagnosing a lesion of target organs, the value of 0.9 mm
was selected as the upper limit of normal IMC thickness,
0.9—1.3 mm indicated thickening and >1.3 mm represented

“““ il

IMC of the ICA  IMC of the ECA
- ---The normal

1,6
1,41
1,2
1,0
0,8 |
0,6 |
0,41

IMC thickness, mm

IMC of the CCA

I TFirst group [ 1Second group

Fig. 1. The ICM (mm) in patients with CHD depending on the
presence of T2DM (p < 0.05).

severe atherosclerosis [29]. Based on the USG data for the

brachiocephalic arteries, patients were divided into three

groups depending on the degree of stenosis of the CCA:
group A: <50%, which was considered non-clinically
significant narrowing

» group B: >50% but <75%, which did not require surgical
treatment

« group C: >75%.

In analysing the data, more severe atherosclerotic lesions
of the carotid arteries, which required surgical treatment,
were observed in the second group (Table 2).

The IMC thickness of the CCA was significantly
different between patients in the second group with T2DM
and those in the first group without T2DM (1 + 0.6 and 0.9
+ 0.3 mm, respectively) (Fig. 1).

A previous study has elucidated on the important role of
inflammation in atherosclerosis progression [24]. Patients
with T2DM show signs of diffuse dysfunction of the vascular
endothelium that develops in the smooth muscle and
endothelial cells under conditions of hyperglycaemia and
pathological lipid peroxidation. In the present study, patients
with T2DM had higher levels of inflammatory markers. For
example, the levels of 1L-6 were statistically significantly
higher in second group [2.07 pg/mL (1.57; 2.4) in the
arterial blood and 4.22 pg/mL (2.02; 4.37) in the venous
blood] than in the first group [0.44 pg/mL (0.37; 6.25) and
3.11 pg/mL (1.55; 6.7), respectively] (r = 0.543, p < 0.05).
CRP levels in patients with T2DM were significantly higher
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Fig. 2. Correlation between CRP levels in the venous blood and IMC
thickness (r=0.531, p<0.01).

in both the arterial blood [6.9 mg/L (1.8; 15.36)] and venous
blood [12.04 mg/L (2.7; 13.85)]. In the group of patients
with CHD, CRP levels were 5.9 mg/L (3.4; 8.5) in the
arterial blood and 8.35 mg/L (6.13; 28.4) in the venous
blood (Table 3). The impact of ACS on this significant
increase in CRP levels should not be excluded; however, a
separate statistical analysis of this cohort of patients was not
possible because of the small sample size. The CRP level
elevation in both groups of patients was possibly due to the
severity and prevalence of atherosclerotic lesions in several
vascular systems. In addition, the groups themselves were
heterogeneous with respect to CHD severity (in particular,
the groups included patients with both acute and chronic
CHD). Meanwhile, the number of patients with ACS in
both groups was approximately the same (30% and 35%,
respectively), which, in our opinion, allowed comparison
between the groups.

We analysed the relationship between the IMC thickness
and levels of inflammatory markers. A direct correlation
was observed between the IMC thickness of the CCA
(r=0.401, p <0.05) and the degree of its stenosis and CRP
levels in the venous blood of patients with T2DM (Fig. 2).
A relationship between IL-6 levels in the venous blood and
the IMC thickness of the ICA (r = 0.814, p <0.01) was also
established.

T2DM duration and HbA,, levels were directly
correlated with the levels of IL-6 and CRP, which may
indicate an increase in the local cardiac synthesis of
fibroblast growth factors and inflammatory markers. A
strong direct correlation was observed between CRP and
1L-6 levels and the degree of lesions of the coronary vessels
(r = 0.638; p <0.05), which was consistent with the results
reported previously [30].

The levels of TGF-f1 were significantly higher in the
second group of patients [8,536.3 pg/mL (6,031.5; 19,519)
in the arterial blood and 28,099 pg/mL (15,359; 29,691)

1,0

o o o
I o ©
| | |

O

IMC thickness, mm

o
T

0,0 | | | | |

0 1 2 3 4 5
C-RP, pg/mL

Fig. 3. Correlation between TGF-31 levels in the venous blood and
IMC thickness (r = 0.864, p <0.05).

in the venous blood] than in the first group [6,351 pg/
mL (4,104.4; 10,805) in the arterial and 24,618 pg/
mL (14,137; 2711) in the venous blood] (p <0.05). A
significant increase in TGF-1 levels was observed in both
the arterial and venous blood depending on the duration
of T2DM (r = -0.322, p <0.05). A direct correlation
between TGF-p1 levels and patients’ age (p <0.01) as well
as lipid metabolism parameters, such as the levels of LDL
cholesterol (r = 0.549, p <0.05) and triglycerides (r = 0.421,
p < 0.05), was identified. This confirmed the involvement
of the disturbances of the inflammatory processes and the
cell ageing rate, uncontrolled synthesis of fibroblast growth
factors and lipid metabolism in atherosclerotic lesions in
patients with T2DM [25, 26] and also the role of fibroblast
growth factors in the thickening of the IMC (Fig. 3). A
similar role was also demonstrated by positive correlations
of the studied parameters in both groups of patients.

B-FGF levels were significantly higher in patients with
T2DM [35.88 pg/mL (19.04; 89.01) in the arterial blood
and 11.63 pg/mL (2.3; 18.86) in the venous blood] than
in those without T2DM were [22.77 pg/mL (14.5; 37.5) in
the arterial blood and 9.45 pg/mL (9.2; 32.6) in the venous
blood] (p <0.05). A positive correlation was observed
between B-FGF levels and T2DM duration (r = 0.522,
p <0.05). A sustained correlation was noted between p-FGF
levels in the aortic blood in patients with T2DM and the
IMC thickness of the CCA (r = 0.554, p <0.05), the degree
of its stenosis (r = 0.435, p <0.05), the IMC thickness of the
ICA (r = 0.442, p <0.005) and the degree of stenosis of the
ECA (r = 0.557, p <0.005). A direct correlation was found
between B-FGF levels in the aortic blood and the degree
of disease of the right coronary artery (RCA) (r = 0.478,
p <0.05) and the anterior interventricular artery (AIVA)
(r=0.533; p <0.05) in the second group of patients.

AGE levels was significantly higher in patients with
T2DM [81.3 pg/mL (32.3; 110.1) in the arterial blood
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and 46.3 pg/mL (9.6; 67.7) in the venous blood] than in
those without T2DM [22.8 pg/mL (19.3; 25.14) in the
arterial blood and 39.1 pg/mL (9.69; 87.06) in the venous
blood]. These data were consistent with the results of many
studies. Glycation end products in DM have been known to
accumulate in cardiomyocytes and large blood vessel walls
[24]. Proteins modified under glucotoxic conditions interact
actively with RAGEs; their levels in the present study were
1,076.4 pg/mL (1,056.4; 3,330.7) in the arterial blood and
1,236 pg/mL (1,366; 2,200) in the venous blood in the first
group of patients and 6,883 pg/mL (2,278.3; 11,482) in the
arterial blood and 7,161.8 pg/mL (1,872.8; 14,964) in the
venous blood in the second group.

An inverse relationship between AGE and RAGE levels
and T2DM duration (r = —0.120; p = 0.009) as well as a direct
positive relationship between AGE levels and total cholesterol
levels (r = 0.708, p <0.01) were established. A sustained
relationship between AGE levels in the arterial blood and
the degree of stenosis of the ICA (r = 0.513, p <0.01) was
also observed, which was consistent with the results reported
in the literature [61]. A direct positive correlation between
TGF-B1 and AGE levels in the aortic blood was revealed
in patients with T2DM and CHD (r = 0.423, p = 0.05). In
addition, there was a relationship between TGF-f1 levels
in both the venous (r = 0.498, p <0.01) and aortic blood
(r=0.502, p <0.01) and LVMI values in both patient groups.

Previous in vivo studies have suggested the fundamental
relationship between AGE and RAGE levels and the degree
of heart failure (HF) [21]. The enhanced AGE production
promotes intracellular protein dysfunction. In addition,
AGEs change the properties of proteins involved in gene
transcription regulation [32]. AGEs can freely enter a
cell and not only disrupt its structure but also change
the signal communication with other cells [33]. AGEs
rapidly accumulate in endothelial cells, which activates
the synthesis of a large number of regulatory molecules
involved in cell cycle and further cell activity. For example,
the pathological activation of fibroblast growth factors by
AGEs leads to the overproduction of collagen, which, in
turn, leads to the thickening of the basal membrane and the
development of chronic inflammation in the vascular wall
[34]. Uncontrolled synthesis of insulin-like and PDGFs
activates the division of fibroblasts and smooth muscle
cells and increases thrombosis [35]. Therefore, a decrease
in elastic properties, narrowing of the vessel lumen and a
change in the response to external factors are observed,
which leads to acceleration of the atherosclerotic process
[36]. AGEs have been shown to affect the synthesis of short-
lived apolipoprotein A-1 (ApoA-I) [37, 38]. In a previous
study, patients with decompensated DM were divided
depending on the statin therapy performed [39] and positive
correlations with AGE levels were obtained in both groups of
patients compared with the healthy group. Furthermore, an
increase in AGE levels in the blood serum has been shown to
affect the properties and structure of the extracellular matrix
and to disrupt intercellular communications [40].

Several studies have shown a correlation between serum
AGE levels and the development of HF [41]. A negative
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effect of AGEs on the myocardium was due to reduction
of vascular wall elasticity, diffuse intimal thickening,
endothelial dysfunction and accumulation of collagen
in the interstitium. These changes disrupt blood flow in
the aorta and carotid arteries [42]. Previous studies have
demonstrated that AGEs had a direct negative effect on the
myocardium [43, 44]. Under normal conditions, diastolic
atrial pressure increases under the action of the backward
wave; as the rigidity of blood vessels increases, the wave
velocity increases and the peak occurs at the end of systole
[45]. This leads to an increase in the systolic pressure and
afterload, which is one of the factors for the development
of cardiovascular diseases. An inverse correlation between
AGE levels in the pericardial fluid and left ventricular EF
has been found [45, 46]. In DM, the AGE accumulation
rate is several times higher; that is, the natural ageing
processes occur several times faster. The results of a
4.5-year study, which included 559 females of post-
menopausal age, confirmed the involvement of AGEs
and RAGE:s in the development of cardiovascular diseases
[47, 48]. The high levels of AGEs and RAGEs circulating
in the blood [95% confidence interval (CI): 1.08—3.48,
p = 0.026 and 95% CI: 0.98—1.65, p = 0.07, respectively)
were associated with a high mortality rate among
females of the elder age group with signs of carbohydrate
metabolism disorder. Another study conducted by Koyama
demonstrated that serum RAGE levels correlated with
NYHA functional class and low EF [49]. Presumably,
RAGE:s are an independent factor in the development of
diastolic dysfunction. Similarly, Raposeiras-Roubin et al
demonstrated that RAGEs are a highly sensitive and specific
marker for the prognosis of HF decompensation in patients
with DM [50, 51]. This and similar studies have shown that
determination of AGE and RAGE levels in the blood serum
of patients with CHD may be an independent predictor of
the risk of developing HF.

CONCLUSION

In summary, we found that thickening of the IMC was
affected by a combination of factors, including the presence
of T2DM, its duration and the extent of its compensation.
The increase in TGF-f1 and B-FGF levels in T2DM
confirmed the stimulating effect of hyperglycaemia on the
amount and properties of fibroblasts, which accelerated the
atherosclerotic processes. The resulting inverse correlation
between AGE and fibroblast growth factor levels (p <0.005)
and the presence and duration of uncompensated T2DM and
the degree of stenosis of the coronary and brachiocephalic
arteries reflected vascular lesion severity in T2DM [10].
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