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CpaBHMTEAbHAsA XapaKTEPHCTHKA NapaMeTPOB
AMMTMAHOTO CNEKTPa U MapKepoB COCYAMCTOrO
BOCMAaACHKMSA B FPynnax nauMeHToB CO CTaBUABHOM
CTGHOKAapAMEH NPH HAAMYMM U OTCYTCTBUM
caxapHoro AMaéera 2 mna
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Obocnosanue. Hecmomps na unmencuehbvle uccaedo8anuss amepockaepo3a, AcCOUUUpo8anHoeo ¢ caxaproim duademom (CI),
MeXaHU3Mbl MeCHOll 83aUMOC8A3U mexucdy duabemom u uuemuueckoil bosezuvio cepoya (MbC) noxa noanocmoio He 000-
3HAYEHbL, 8CACOCMBUE IM020 UHMEHCUBHO NPOOOAINCAIOMC NOUCK U U3YHeHUe OpYeUuX NPUHUH, 8 HACMHOCMU, NPOUECCO8
€ocyoucmoz0 60CNANCHUSL, YCKOPAIOWUX U YCY2YOASIOWUX PA38UmUe AmepocKAepOMU4ecko20 NOPANCeHus cocy0os U ux oc-
JNOJCHEHUIL, MO onpedensiem aKkmyaibHOCMb U3yHaeMoll Hamu npooaemoi.

Ileas. IIposecmu cpasnumenvHbulil AHAAU3 U GbIAGUMb 0COOEHHOCMU NAPAMEMPO8 AUNUOHO20 CNEKMPA U MAPKEPOs CO-
cyducmoti socnaaumenvHoil peakyuu y nayuenmog ¢ MbC, cmabuavroil cmenoxapoueil 6e3 u 6 covemarnuu ¢ CJI 2 muna
(C12).

Memodot. O6caedosano 169 nauuenmos (60,3+£9,8 rem) ¢ HUBC, cmabuavroii cmenokapoueii Hanpscerus. Ilayuenmut pac-
npedenensl: 1-1 epynna — 6oavuvie UBC (n=123), 2-5 epynna — UBC ¢ CJ12 (n=46). Hccaedosansv napamempst AURUOHOO
npoghuas, mapkepsi cocyoucmoii 80CHANUMENbHOU peaKyuu, MapKepsbl SH0omeauarvHoi oucgyunkuyuu. Hccaedosanue 6uo-
XUMUMECKUX Napamempos npogoouUs0Ch 8 2pYNNax nayueHmos 0o nposedenus kopornapoaneuoepaguu (KATI).
Pesyasmamot. B obeux epynnax nayuenmog 6vis64eH0 npegvluieHue pepepeHCHbIX 3HAUEeHUL amepOo2eHHbIX NApamMempos
aunuduoeo npoguns (OXC, JITHII, JITIOHII, TT). 3apeeucmpuposano docmogepHoe npegvlulerue yposHs MapKepos co-
cyducmoeo gocnanenus (64-CPb, eomoyucmeuna, HJI- 1) u npesviuenue Hopmamuenwix snauenuii ® HO-o, MM P-9, snoo-
meauna- 1 6 epynne nayuernmos ¢ HBC u CJ12, umo ceudemenvcmeayem o Haau4uu 60.1ee 8bipajiceHH020 npouyecca cocyoucmoi
B80CNANUMENbHOLL peaKyuU 8 OAHHOI epynne 00AbHbIX.

Sakarouenue. CucmemHolii xapakmep cocyoucmoll 60Cnaiumenvroll peaxyuu 6onee svipaxcer y nayuernmoé ¢ Ub6C u CI[2
N0 cpasHeHuro ¢ nayueHmamu o6e3 duabema, 4umo ceudemenbcmeayem 0 Haau4iu NOSbIUEHH020 NOMEHUUAAA 6 PA3GUMUL He-
AHCENAMENbHBIX COCYOUCMBIX OCAONCHEHUIL.

Karoueevte caosa: caxapuviii duabem 2 muna; uwemuueckas 604e3Hb cepoya; AUNUOHbBLI NPoPdUAL; MAPKePbl 60CNANEHUS

Comparative characteristics of lipid spectrum parameters and markers of vascular inflammation in
patients with stable angina with presence and absence of type 2 diabetes mellitus
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Backgraund. Despite intensive study of atherosclerosis in diabetes, the mechanisms of the close relationship between diabetes
and coronary artery disease have not been studied fully. The search and study of other factors continue, in particular the pro-
cesses of inflammatory vascular reactions, which accelerate and enhance the development of atherosclerotic vascular lesions
and their complications, that determines the urgency of the problem of the study.

Aims. To compare features of lipid profile and inflammatory markers in patients with coronary artery disease (CAD), stable
angina and patients with and without diabetes mellitus of type 2 (DM) .

Materials and methods. A total of 169 patients were examined. Group 1 included 123 patients with CAD without DM. Group 2
consisted of 46 patients with CAD and DM. The study of biochemical parameters was carried out in the Group land 2 prior to
the coronary angiography.

Results. In both groups of patients, the excess of the reference values of atherogenic parameters of the lipid profile (TC, LDL,
VLDLP, TG) was revealed. A significant increase in the level of markers of vascular inflammation (hs-CRP, homocysteine,
IL-1B) and exceeding of the normative values of TNF-o, MMP-9, endothelin- 1 in the group of patients with coronary artery
disease and diabetes mellitus was registered, that indicates a more pronounced process of vascular inflammatory reactions in
this group of patients
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Conclusions. The systemic nature of the vascular inflammatory response is more pronounced in patients with CAD associated
with type 2 diabetes than in patients without diabetes, that indicates an increased potential in the development of unwanted

vascular complications.

Keywords: diabetes mellitus; coronary disease; lipids; inflammation

ost countries report a dramatic increase in
M the incidence of diabetes mellitus (DM),

as DM is one of the most common non-
infectious diseases. According to the recent data, the
overall number of diabetic patients in the world has more
than doubled over the last 10 years. By the end of 2014,
numbers reached 387 million. As of 1st January 2015, a
total of 4.1 million of patients with DM were registered
by the Russian State Register of Diabetic Patients with
3.7 million having type 2 DM (T2DM) [1]. Furthermore,
the results of epidemiological studies, carried out by the
Endocrinological Research Centre between 2002 and
2010, suggest that the true prevalence of the disease is 3—4
times higher than the official numbers and reaches 9—10
million, accounting for 7% of the adult population. By
2030, the number of DM patients is expected to increase
to reach 438.7 million, with approximately 7.7% of the
adult population affected by the disease [2, 3]. DM and its
complication pose a major threat to global public health
[4].

Patients with T2DM are at 2—4 times greater risk for
coronary artery disease (CAD) compared to individuals
without hyperglycemia. DM increased the risk of
cardiovascular complications by 4—6 fold, which account
for more than 75% of all hospitalisations and 80% of
all deaths of patients with DM [2]. Several large studies
(including the Framingham study (1979), the multiple risk
factor intervention trial (MRFIT, 1993), the multinational
monitoring of trends and determinants of cardiovascular
disease (MONICA), and the thrombolysis in myocardial
infarction (TIMI, 1997—2006)) demonstrated the following
findings: DM increased the risk of CAD by 66% in men
and 203% in women; DM is an established coronary risk
factor independent of the level of cholesterol, smoking and
blood pressure; and five-year mortality after myocardial
infarction (MI), as well as the mortality associated with
unstable angina and non-ST-elevation MI, is twice as high
in diabetic patients as in non-diabetic patients. According
to the pathomorphological and angiographic data for
CAD, individuals with DM are characterised by more
severe, diffuse and distal lesions in the coronary arteries
(three-vascular lesions, multi-segmental lesions in a single
artery). Moreover, atherosclerosis in T2DM patients is
often multifocal and affects other arteries, in addition to
the coronary arteries. [2, 5].

Despite the intensive study of the DM-associated
atherosclerosis, the mechanisms of interaction between
diabetes and CAD remain largely unknown. Researchers
continue to investigate other factors that can possibly
accelerate and exacerbate atherosclerotic lesions and their
complications [2, 6]. Circulating inflammatory factors and
procoagulants play an important role in the pathogenesis

of vascular damage in atherosclerosis and the impact of
chronic inflammation is under actively investigation.
DM is strongly associated with the increased levels of
subclinical inflammation markers. It is well known that
diabetic patients with CAD have higher concentrations
of markers, such as C-reactive protein (CRP), cytokines,
fibrinogen and peripheral blood leukocytes than non-
diabetic patients with CAD [6, 7]. During the last decades,
insulin resistance (IR) is considered an important risk
factor of atherosclerosis. Arteriosclerosis and IR are
believed to have similar pathogenic mechanisms, primarily
associated with two main pro-inflammatory cytokines:
tumour necrosis factor alpha (TNF-a) and interleukin-6
(IL-6) [9]. In addition to the generally accepted and widely
used laboratory markers, such as CRP, homocysteine,
endothelin-1 and cytokines, increasing attention is being
paid to the new biochemical mediators of inflammation,
including matrix metalloproteinases (MMPs), tissue
inhibitors of metalloproteinases (TIMPs), molecules of
the CD40 ligand/CD40-signalling pathway, and other
factors that have a prominent role in the initiation of
early atherosclerotic changes, their progression, and the
development of acute thrombotic complications [10].
Elevated levels of inflammatory markers and markers
of endothelial dysfunction increase the risk of acute
atherothrombotic events, especially after percutaneous
coronary intervention both in diabetic and non-diabetic
patients with CAD [1]. The degree of systemic inflammation
should be considered as a main marker of the processes
promoting vessel wall lesions and destructive changes in the
atherosclerotic plaques in patients with CAD and DM.

Aim

The present study was undertaken to identify specific
features of the lipid profile and vascular inflammatory
markers in patients with CAD and stable angina with the
presence of T2DM.

Materials and methods

We examined 169 patients (both males and females)
aged 60.3 = 9.8 years with CAD and stable exertional
angina. Patients were divided into two groups: the first
group included participants with CAD (n=123), while
the second one included participants with CAD and
T2DM (n=46). Laboratory testing was performed in both
groups upon admission to the hospital prior to coronary
angiography (CAG).

The study protocol was approved by the Ethic
Committees of the Tyumen Cardiology Research Center
and the Tomsk National Research Medical Center of the
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Russian Academy of Sciences, Tomsk, Russia (protocol
No. 12 dated 15.10.2014). All patients gave signed informed
consent for participation in the study.

The exclusion criteria were as follows: acute coronary
syndrome developed within the last 30 days, acute disorders
of cerebral circulation developed within the last 6 months,
type 1 DM (T1DM), functional class (FC) IV chronic heart
failure (CHF) (based upon NYHA guidelines), cancer and
mental disorders.

The diagnostics of CAD and concomitant diseases was
conducted in accordance with recommendations of the
European Society of Cardiology (ESC), Russian Society
of Cardiology (RSC) and European Association for the
Study of Diabetes (EASD). It included the following
diagnostic procedures: clinical examination, laboratory
and instrumental assessment of the coronary circulation
(selective CAG).

CAG was performed using the femoral route based
upon the standard method developed by M. Judkins (1967)
using the angiographic complexes ‘Diagnost ARC A’,
‘Polydiagnost C’, ‘IntegrisAllura’ (Phillips, Netherlands).
We evaluated the number of affected coronary arteries (CA)
and the maximum percentage of stenosis.

Blood samples were collected into VACUETTE® tubes
(Japan) after overnight fasting. The tubes were centrifuged
for 15 min at 2,500 rpm using a Sigma centrifuge
(Germany). Serum was aliquoted and then frozen at—700C.
Prior to testing, the frozen aliquots were thoroughly mixed.

The parameters of lipid metabolism were evaluated
using the automatic biochemical analyser COBAS
INTEGRA® 400 plus (Roche, Switzerland). The serum
triglycerides (TG) and total cholesterol (TC) levels were
measured using an enzymatic-colorimetric method.
The levels of high-density lipoproteins (HDL) and low-
density lipoproteins (LDL) were assessed using the
direct enzymatic-colorimetric method. The levels of
apolipoproteins A-I (Apo A-I), apolipoproteins B (Apo-
B), and lipoproteins a (LP(a)) were analysed using the
immunoturbidimetric method using kits and control
materials provided by Roche Diagnostics GmbH (Roche,
Germany).

The following inflammatory markers were evaluated:
high-sensitivity CRP (hs-CRP, reference interval 0—3.0
mg/L) measured using immunoturbidimetric method with
the ‘C-reactive proteins’ kit (BioSystem, Spain) using the
semi-automatic open type analyser Clima MC-15 (Spain);
interleukin-1 beta (IL-1p, reference interval 0—5.0 pg/
mL), IL-6, interleukin-8 (IL-8), TNF-a, reference
interval 0—8.11 pg/mL measured by sandwich ELISA,
homocysteine (HYC, reference intervals 5.0—15.0 umol/L)
measured by solid-phase competitive chemiluminescent
enzyme immunoassay with diagnostic kits. IL-1p,
IL-6, IL-8, TNF-a, homocysteine were analysed using
the Immulite 1000 Immunology Analyser (Siemens
Diagnostics, USA). Soluble CD40 and its ligand (sCD40
L) were measured by sandwich ELISA with Human
sCD40L Elisa kits using the BenderMedSystems Analyser
(BenderMedSystems, Austria). CD40 receptor and matrix
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metalloproteinase-9 (MMP-9, reference intervals 20.3—
77.2 ng/mL) were measured using the Bender Med Systems
Bioscience company, Austria, and tissue inhibitor of
metalloproteinase-1 (TIMP-1, reference intervals 92—116
ng/mL) was measured with a TIMP-1 Human ELISA Kit
(Invitrogen, USA) using the Personal LAB™ Automatic
ELISA analyser (Italy).

Glucose metabolism was estimated using the levels of
glucose and glycated haemoglobin (HbAlc). Blood glucose
was measured by an enzymatic hexokinase method using
the automatic biochemical analyser COBAS INTEGRA®
400 plus (Roche, Switzerland). Glycated haemoglobin was
measured by the chromatographic method using the Biorad
D10 chemistry analyser (Biorad, USA).

The following parameters were calculated: very-low-
density lipoprotein (VLDL) cholesterol: VLDL = TG/2.2;
atherogenic index (Al) = (TC—HDL)/HDL; atherogenic
coefficient (AC) = Apo-B/ Apo A-I.

We assessed markers of endothelial activation: the
level of nitrites (reference intervals 3.77 = 0.87 nmol/L)
measured using the Human HUMALYZER 2000
Chemistry Analyser (Human, Germany, 1995) and the level
of endothelin (1-21) (reference intervals 0.2—0.7 fmol/L)
using the semi-automated enzyme immunoassay analyser
Dynatech (Germany, 1989).

Blood specimens were collected from a peripheral vein
upon admission to the hospital (prior to CAG).

Statistical data analysis was performed using the
software package Statistica (SPSS Inc, ver 11.5). Normal
distribution of data was checked using the Komogorov-
Smirnov normality test. We used the Student's t-test to
compare normally distributed continuous variables, and
the Mann—Whitney U-test to compare non-normally
distributed categorical and continuous variables.
Comparison of paired variables was carried out using the
Wilcoxon test for paired samples. We calculated means
with standard deviations (M £ SD) for p<0.05. The
Pearson's and Spearman's rank correlation coefficients
were calculated to assess the correlation between normally
and non-normally distributed data, respectively.

Results and discussion

Clinical and epidemiological characteristics of the
patients included in the study are presented in Table 1.

There was no significant difference between the groups
in age, gender, MI in anamnesis (62.6% and 65.2% for
males; 37.4% and 34.8% for females), individual risk factors
(smoking), presence and duration of concomitant diseases,
including dyslipidemia, arterial hypertension (AH), CAD,
and T2DM. Most of the patients in both groups had I1 FC
exertional angina (68.3% and 58.7%) and stage I obesity
(52.8% and 45.7%). We observed significant differences in
the degree of AH and FC of the heart failure (based upon
NYHA guidelines) between the groups, with the number of
patients with 3rd degree AH and II1 FC CHF significantly
higher in the group with DM (p<0.001). The proportion of
patients with significant stenosis (vessel lumen narrowed

196

CaxapHbii guaber. 2017;20(3):194-200

doi: 10.14341/DM8246

Diabetes Mellitus. 2017;20(3):194-200



Kapamonorus

CaxapHbi Anaber

Cardiology

Table 1
Clinical and epidemiological characteristics of diabetic and non-

diabetic patients with CAD (M £ SD)

Patients with Patients with
Parameter CAD CAD and T2DM p
(n=123) (n=46)
|Age 61.7+9.02 59.7+9.89 0.577
Male 43 (35%) 20 (43.5%)
Female 80 (65%) 26 (56.5%) 0.308
Non-smokers 90 (73.2%) 38 (82.6%) 0.203
Smokers 33 (26.8%) 8 (17.4%) ’
Duration of DM 7.5£4.20 6.5%5.13 0.617
Duration of CAD 12.7+9.70 8.6%6.25 0.148
Presence of AH 110 (89.4%) | 44 (95.7%) 0.206
Duration of AH 11.7£5.12 9.8%46.13 0.167
Degree of AH:
1 1(12.2%) 0
2 26 (23.6%) 3(6.8%) 0.001
3 69 (62.7%) 41 (93.2%)
FC of exertional
‘]’"9'""' 15 (12.2%) 2 (4.3%)
2 84 (68.3%) | 27 (58.73%) 0.054
3 24 (19.5%) 17 (37.0%)
FC of CHF: 12 (9.8%) i
1 97 (78.9%) 1(2.2%)
2 141 ]'47) 28 (60.9%) 0.001
3 s 17 (37.0%)
BMI 35.9+3.91 33.0+4.76 0.114
Dyslipidemia
no 15(12.2%) 2 (4.3%) 0.131
yes 108(87.8%) 44 (95.7%) :
Percentage of stenosis
ofthe CA e 41(33.3%) | 23(50.0%)
50-74% ° 50 (40.7:4,) 4 (8.7‘%:) 0.032
75% and greater 32 (26.0%) 19 (41.3%)

Note: n—number of patients, %—number of patients in percent, p—
significance of differences, DM—diabetes mellitus, CAD—coronary
artery disease, AH-arterial hypertension, FC—functional class, CHF-
chronic heart failure, BMI-body mass index, CA—coronary arteries

greater than 50%) was 66.7% and 50.0% in the first and
second groups, respectively. Severe (> 75%) stenosis was
more frequently observed in patients with T2DM (41.2%)
than in non-diabetic patients (26.0%).

Patients in both groups were comparable in terms of
their outpatient treatment, such as beta-blockers (63.6%
and 86.4%), diuretics (72.7% and 59.1%), statins (27.3%
and 31.8%), antiplatelet agents (45.5% and 72.7%),
angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin 11 receptor blockers (ARB) (62.45% and 54.5%;
36.4% and 22.7%, respectively), calcium antagonists
(45.5% and 27.3%, p < 0.05). The majority of patients with
T2DM (99.4%) received hypoglycaemic drugs.

Baseline biochemical parameters of the patients
included in the study are presented in Table 2.

Both diabetic and non-diabetic patients demonstrated
increased levels of atherogenic lipid markers (LDL, TG, and
VLDL), although these parameters did not vary significantly
between the groups (p > 0.05). The level of TC was significantly
higher in the diabetic group (p = 0.028), whereas the LP (a)
level was higher in the CAD-only group (p = 0.015).

Diabetes Mellitus

It is well known that T2DM is associated with specific
quantitative and qualitative changes in the lipid profile that
further increase its atherogenic potential. Non-enzymatic
glycosylation of Apo proteins leads to an impaired clearance
and accumulation of LDL particles. These changes are
considered some of the main reasons for rapid development
of atherosclerosis in T2DM [11].

Increased levels of VLDL were observed equally in
both groups. Twenty patients (45.3%) with T2DM had
HDL lower than 1.0 mmol/L, and 41 patients (89.1%) had
hypertriglyceridemia (with TG greater than 1.75 mmol/L).
Diabetic patients tended to have higher values of LDL than
patients with CAD only (3.01 = 0.80 mmol/L vs 2.91 &+
1.01 mmol/L).

The presence of a direct medium strength correlation
(r = 0.4—0.5) between the level of glycated haemoglobin
and the markers of atherogenic dyslipidemia (including
TC (p = 0.02), VLDL (p = 0.04), AI (p = 0.01), Apo-B
(p = 0.01), and TG (p = 0.003)) among the patients
with T2DM is associated with diabetic dyslipidemia.
Diabetic dyslipidemia is a specific variant of atherogenic
dyslipidemia contributing to the development of
atherosclerosis regardless of TC and VLDL levels. It carries
the same risks of CAD development as isolated moderate
hypercholesterolemia [12]

The mean value of LP (a) in the first and second group
was borderline and comprised 30.51 + 27.05 and 20.61 +
19.95 mg/dL, respectively. LP (a) shares the same structural
features with plasminogen, and it can be considered as
a competitive antagonist of plasminogen that is able to
increase the risk of thrombosis of the coronary arteries.
Some retrospective studies suggest that increased levels of
Lp (a) are associated with the progression of atherosclerotic
plaques in the coronary arteries without stenosis [13, 14].

Chronic subclinical inflammation is a component of the
insulin resistance syndrome, and cytokines are considered
as predictors of vascular complications of T2DM [9].

The CAD+T2DM patients had increased production of
markers of systemic and local inflammation, including hs-
CRP (p = 0.007), homocysteine (p = 0.001), and TNF-a
(p = 0.056). The levels of IL-6 and IL-8 in this group were
mostly within normal levels, although they were slightly
higher compared to the first group.

Patients with T2DM demonstrated significantly
increased levels of IL-1 compared to non-diabetic
patients (p=0.002). IL-1p is the main factor that mediates
development of local inflammation and the acute-phase
response in an organism. According to the currently
available data, impaired coronary blood flow combined
with myocardial ischaemia leads to an increase IL-1f
levels. Several reports suggest that no activation of
IL-1p in both stable and unstable angina. Some authors
suppose that initiation of smouldering inflammation
associated with increased levels of hs-CRP leads to IR,
and the inflammation is induced by the pro-inflammatory
cytokines, particularly IL-6 and IL-1p [15—18].

Increased level of homocysteine in plasma is currently
considered a significant risk factor of atherosclerotic
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Table 2
Baseline biochemical parameters of diabetic and non-diabetic
patients with CAD (M£SD)
Patients with R R
Parameter CAD (n=123) CAD( afd T2DM P
n=446)
Lipid profile
TC. mmol/L 4.93%£1.22 5.43%1.12 0.028
HDL. mmol/L 1.12+0.26 1.10%0.22 0.170
LDL. mmol/L 2.91£1.01 3.01+£0.80 0.603
TG. mmol/L 2.02+0.83 2.23+1.15 0.549
VLDL. mmol/L 0.76+0.29 0.83%0.315 0.215
Al 3.70£1.19 4.11+1.53 0.081
LP(a). mg/dL 30.51#27.05 | 20.61x19.95 | 0.015
Apo A-l. mg/dL 149.01+24.85| 153.42+27.16 | 0.322
Apo-B. mg/dL 86.52+21.89 | 91.73+22.17 | 0.173
Markers of inflammation
hs-CRP. mg/L 3.01£1.19 3.52+1.21 0.007
TNF-a.. pg/mlL 9.81+3.21 10.83%3.61 0.056
HYC. pmol/I 12.3445.61 15.73+6.33 0.001
IL-18. pg/mL 4.41£1.27 5.25+1.65 0.002
IL-6. pg/mL 3.73+2.58 4.34+3.37 0.357
IL-8. pg/mlL 16.22+£12.96 | 19.84+16.37 | 0.166
CD 40. ng/ml 90.44%36.18 | 92.05+40.85 | 0.623
sCD40L. ng/mL 3.51£1.01 3.54+1.16 0.873
TIMP-1. ng/mL 90.22+17.24 | 90.16+x15.09 | 0.967
MMP-9. ng/mL 95.93%£31.02 | 92.64+31.10 | 0.878
Markers of endothelial dysfunction
Endothelin-1. fmol/L | 1.02+0.414 | 0.90%0.477 0.114
Nitrites. nmol/L 3.02+1.24 2.94+1.30 0.599
Glucose metabolism
Blood glucose. 5.4:079 | 7.6:1.98 | 0.000
mmol/L
HbAlc. % 5.5£0.50 7.1£1.00 0.000

Note: n—number of patients, p—significance of differences. TC-
total cholesterol, HDL-high-density lipoproteins, LDL—low-density
lipoproteins, TG—triglycerides, VLDL-very low-density lipoproteins,
Al-atherogenic index, LP(a)-lipoproteins a, Apo A-I-apolipoproteins
A-l, Apo-B-apolipoproteins B, hs-CRP-high-sensitivity C-reactive
protein, TNF-o—tumour necrosis factor-alpha, HYC—homocysteine,
IL-1B—interleukin-1 beta, IL-6—interleukin-6, IL-8—interleukin-8,
TIMP-1—tissue inhibitor of metalloproteinase-1, MMP-9—matrix
metalloproteinase-9, HbA1c—glycated haemoglobin.

vascular lesions. Homocysteine contributes to oxidative
stress through its auto-oxidation and formation of
free radicals that damage the vascular endothelium,
inducing subsequent development of endothelial
dysfunction. Endothelial dysfunction, in turn, triggers
a cascade of enzymatic reactions that ultimately lead
to an increased production of TC and oxidation of
LDL, which stimulates atherogenesis [19, 20]. More
than 80 clinical and epidemiological studies confirmed
that hyperhomocysteinemia (HHC) is one of the most
important independent risk factors for early and rapid
progression of atherosclerosis and arterial thrombosis. The
results of clinical trials suggest that HHC and the associated
oxidative stress foster the development of IR and beta
cell dysfunction, facilitating the progression of DM [21].

Cardiology

Furthermore, Fonseca et al. demonstrated that increased
levels of homocysteine can be caused by hyperinsulinemia
after insulin injections, which can potentially contribute to
the establishment of a vicious circle in insulin-dependent
DM in a study on rats.

Using the method of binary logistic regression, we found
that a 1 mmol/L rise in the level of homocysteine increases
the risk of T2DM by 1.1 times among patients from the
first group (Odds ratio (OR) = 1.115; 95% confidence
interval (CI) 1.011-1.229; p = 0.03). For elevated hs-CRP
(over 3 mg/L), an increase of its concentration by 1 mg/L
increases the risk of T2DM by 3.8 times (OR = 3.819; 95%
CI 1.551-9.404; p = 0.004).

Participants in both groups demonstrated increased
levels of the local inflammatory marker MMP-9 and
reduced levels of TIMP-1 (without significant differences
between the groups). Our findings correlate with the
results of the other experimental studies and clinical
trials, showing that a reduction in the activity of anti-
inflammatory mediators is associated with increased levels
of pro-inflammatory cytokines and proteases in patients
with T2DM. However, some studies provide evidence of
reduced production of pro-inflammatory cytokines in DM
complicated by macroangiopathy [22].

Within our study, we observed no significant differences
in the level of the markers of systemic inflammation (CD40,
sCD40L) between the groups

The sCD40L belongs to a family of TNF-a receptors
and its main biological role is interacting with CD40.
Activated platelets are believed to be the main source of
sCD40L in the blood. Upon entering the bloodstream,
sCD40L may increase the thrombogenic potential of blood,
particularly by stimulating the expression of the tissue
factor in cells which have it. The number of studies on this
marker is limited, with most studies being experimental
with very few clinical trials [10].

We should still mention that the prognostic value of the
markers currently used for the assessment of endothelial
activation remains poorly understood. HHC in patients
with T2DM can exacerbate endothelial dysfunction,
promote the development of atherosclerotic lesions, cause
oxidative stress, reduce thromboresistance, and increase
platelet aggregation and their adhesion capacity. Both
experimental studies and clinical trials provided multiple
evidences of endothelial dysfunction in T2DM patients.
Hyperglycemia activates protein kinase C in endothelial
cells, which can potentially induce increased production
of vasoconstrictor prostaglandins, endothelin-1, and
angiotensin-converting enzyme that may have both direct
and indirect effects on the vasomotor reactivity [20].

Within our study, we observed no significant differences
in the level of endothelin (1-21) and nitrites between the
groups. However, both diabetic and non-diabetic patients
had increased levels of endothelin-1.

We have identified the following direct medium strength
correlations in patients with CAD and T2DM: hs-CRP with
TC (p = 0.004) and Apo-B (p = 0.02); IL-1p with TC (p =
0.01), TG (p = 0.04), and Al (p = 0.01); endothelin-1 with
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hs-CRP (p=10.02), TNF-a (p=0.01), MMP-9 (p = 0.05);
CD 40 with TG (p = 0.03). Our findings are consistent
with the theory of atherosclerosis, which considers it as a
disease that combines inflammation and thrombosis. We
observed a correlation between the duration of T2DM and
body mass index (BMI) (p = 0.002), as well as the level of
homocysteine (p = 0.02). HHC greater than 15 pmol/L was
more frequent in patients with T2DM than in non-diabetic
individuals, and it was strongly associated with the level of
glycemia (p = 0.04, r = 0.40). We revealed direct medium
strength (r = 0.4) correlations between the duration of
smoking and the levels of TG (p = 0.03) and LDL (p =
0.03); hs-CRP and homocysteine (p = 0.028) and IL-6 (p
= 0.031) among patients with CAD only group.

The results of the correlation analysis confirmed the
presence of strong correlation between the lipid profile
parameters and vascular inflammatory markers in both
groups. This may determine their role in the initiation of
atherosclerotic changes, as well as in the destruction of
existing atherosclerotic plaques.

Conclusion

Our results suggest that patients with CAD, stable
angina, and T2DM have significantly higher levels of
vascular inflammatory markers (hs-CRP, homocysteine,
and IL-1p) compared to non-diabetic patients with CAD,
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despite equally elevated levels of atherogenic lipid markers
and endothelial dysfunction registered in these groups.
For the chronic hyperglycemia observed in patients with
CAD and DM, the degree of systemic inflammation
should be considered as the most important risk factor
for vascular complications, including destabilisation
of the atherosclerotic plaque and the development of
atherothrombosis.
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