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INFLUENCE OF OXIDATIVE STRESS AND INFLAMMATION ON THE DEVELOPMENT OF ISCHEMIC HEART
DISEASE IN PATIENTS WITH TYPE 2 DIABETES MELLITUS

Lilic J.L.", Djindjic B. Dj."?, Kostic T.K. %, Jovanovic A.J.%, Stanojevic D.S.?

Aim. Ischemic heart disease (IHD) is the result of endothelial dysfunction, which is
associated with inflammation, increased oxidative stress and hyperglycemia. The
aim of our study was to examine the aetiology, importance and intensity of inflam-
mation and oxidative stress in IHD development in patients with diabetes mellitus
(DM) type 2.

Material and methods. We included 60 male patients with IHD of whom 30 with
diabetes type 2. Control group comprised of 12 healthy participants. We ana-
lyzed the lipid status, quality of glycemic control (daily glycemia profile — MBG
and HbAm), lipid peroxidation (malondialdehyde-MDA) and inflammation: high
sensitivity C reactive protein (hsCRP), intercellular and vascular adhesion mole-
cule-1 (ICAM-1, VCAM-1).

Results. Patients with DM type 2 and IHD were obese with higher levels of
HbA1c and MBG compared to other two groups. Systolic and diastolic blood
pressure, triglycerides, total and LDL cholesterol were significantly higher and
HDL was lower in all patients with IHD compared to the control group. CRP
levels, ICAM-1, VCAM-1 and MDA were significantly higher in the groups with
IHD compared to the control. MDA and VCAM-1 were higher in patients with
IHD and type 2 DM than in patients with IHD. There was a significant positive
correlation between hsCRP and LDL cholesterol in patients with IHD, regard-
less of the presence of DM. Significant positive correlation between VCAM-1
and HbA1c values, and between ICAM-1 and hsCRP were shown only in
patients with IHD and DM type 2.

Conclusion. Inflammation, increased oxidative stress, lipid and metabolic disorders
showed significant correlation and have an important pathogenic role in the devel-
opment of IHD, particularly in patients with DM type 2. Increased levels of hsCRP,
VCAM-1 and products of lipid peroxidation are characteristic markers of endothelial

inflammation and indicators of the presence of atherosclerotic plaque in patients
with DM type 2.
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CAXAPHbI1 BJIMSSTHUE OKCUJATUBHOIO CTPECCA U BOCIMAJIEHUS B PASBUTUU ULLEMUYECKON
BOJIEBHU CEPALA Y BOJIbHbIX CAXAPHbIM AUABETOM 2 TUMA

Lilic J.L.", Djindjic B. Dj."?, Kostic T.K. °, Jovanovic A.J.%, Stanojevic D.S.”

Llenb. Nwemnyeckas 6oneaHb cepaua (VMBC) aBnseTcs cneactBUEM aHOOTENM-
anbHON ANCOYHKUMM, KOTOpas CBA3aHa C BOCMANEHUEM, MOBLILLEHUEM OKUCIN-
TENbHOrO CTpecca W runepravkemMun. Llenbio Hawero vccnefoBaHus sIBUNOCh
N3y4eHne 3TNONOTUMN, 3HAYEHWUS U MHTEHCUMBHOCTW BOCMANEHNS U OKCUAATUBHOIO
cTpecca B pa3eutin MIBC y 6051bHbIX caxapHbiM guabetom (CA) 2 Tuna.
Martepuan u metoabl. Mbl Bkiounnu 60 naumeHToB Myxckoro nona ¢ MBC, 30
13 koTopbix ¢ CL 2 Tvna. Mpynny KOHTpons coctasunm 12 300pOBbIX Y4aCTHUKOB.
Mbl NpoaHan“3vpoBanu AUNUAHBIA CTaTyC, KAYeCTBO MMKEMUYECKOrO KOHTPONS
(exeaHeBHbI rkemuyeckuii npoduns — MBG 1 HbAm), NEPEKNCHOro OKNCNEHNS
nmnuaoB (ManoHoBoro anansaernaa (MDA)) n BocnaneHus: BbICOKOYYBCTBUTESb-
Horo C peaktmBHoro 6enka (hsCRP), MEXKNETOYHbIE M COCYAMCTHIE MONEKYIbI
agresum-1 (ICAM-1, VCAM-1).

Pesynbrathl. MaupenTsl ¢ CL, 2-ro Tuna n UBC, cTpapatowwye oXMpeHnem, umenm
6onee Bbicokne yposH MBG 1 HbAm, M0 CPaBHEHMIO C ABYMSA APYTVMU FPYNNamMu.
CrCTONMYECKOE W AMACTONMYECKOE apTepuabHOE [aBeHNe, YPOBEHb TPUIMLE-
puaoB, obuiero xonectepuHa u xonectepuHa JIMHM Gbinv AOCTOBEPHO BbILLE,
a ypoBeHb JIMBIM 6bin HUxe y Bcex 60mbHbIX ¢ BC, N0 CpaBHEHMIO C KOHTPOMBHOM
rpynnoit. YposHu hsCRP, ICAM-1, VCAM-1 1 mzaa 66111 JOCTOBEPHO BbILLE B rpyn-
nax ¢ MBC no cpaBHeHwmio ¢ KoHTposeM. MDA 1 VCAM-1 6binn Bbille Y NauyeHToB
¢ UBC v CA 2-ro Tvna, 4em y naumeHToB ¢ MBC. CyllecTByeT 3HauuTeNbHas Noso-

xutenbHas koppensums mexay hsCRP n xonecteputom JINMHM y naunerTos ¢ UBC,
He3aBMCUMO OT Hanuuus CL. 3Haummas nonoXuTesbHasi KOPPensauus Mexay
VCAM-1 1 3HauyeHnamm HbAm, n mexay ICAM-1 1 hsCRP 6bi10 NoKa3aHo TONbKO
y naumexToB ¢ UBC n C[, 2-ro Tvna.

3aknioyeHue. BocnaneHue, yBennunBaeTCs OKUCIUTENbHBLIA CTPecc, Nunug-
HbIli 1 METABONNYECKMX HAPYLLEHWI NOKa3an 3HAYMMYI0 KOPPENALUIo 1 UrpatoT
BaXHYIO MAaTOreHeTU4eckyto posb B passutm BC, ocobeHHo y naumeHToB ¢ CL,
2-ro Tuna. MoBsbiweHHbI ypoBeHb hsCRP, VCAM-1 1 npofykTOB NepekncHoro
OKMCNEHWS NINNNLOB SBASIOTCA XapakTEPHLIMW Mapkepamu aHA0TENNanbHoOro
BOCMANEHNS N Hannyms aTepocknepoTuyeckoit 6aswku y naumeHTos ¢ C 2-ro
™na.
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The latest studies of atherosclerosis indicate that
inflammatory response within the arterial wall is a
significant pathogenic factor. The findings show that
inflammation contributes to the occurrence of acute
cardiovascular disease and it is also the key of initiation
and progression of atherosclerosis. However, the
characteristics of the inflammatory process in diabetes
mellitus (DM) type 2 are still not completely elucidated
considering the fact that this disease is characterized by the
numerous pro-inflammatory, pro-oxidative and pro-
coagulant risk factors. It is considered that hyper-
cholesterolemia, hypertension, hyperglycaemia, obesity,
hyperinsulinemia, decreasing concentration of estrogens
and smoking are the main pro-inflammatory triggers.
Initiation of this chronic inflammatory process starts with
monocytes adhesion on endothelial surface due to adhesive
molecules expressed on the endothelium [1]. Cellular
adhesive molecules (CAM), primarily intracellular
adhesive molecule-1 (ICAM-1) and vascular cellular
adhesive molecule-1 (VCAM-1) are rarely manifested on
endothelium in resting phase, and they are activated in the
presence of inflammation and could be the indicators of
endothelial activation or markers of an early stage of
atherosclerosis [2]. This process can be caused by cascade
of inflammatory reactions, which include monocytes,
macrophages, T lymphocytes and smooth muscular cells.
These cells and endothelium produce adhesive molecules,
cytokines, growth factors, metalloproteinases which cause
accelerated atherogenesis [1, 2].

The increase in CAM in conditions of hyperglycemia
leads to accelerated and diffuse atherosclerosis through the
increased intensity of oxidative stress, also. It is shown that
in diabetes there is a hyper oxidative stress and a reduction
of antioxidant protection [3]. The increase of oxidative
modification of small and dense LDL particles, which are
characteristic of diabetic dyslipidemia, is a key factor in
the growth of the lipid core of atheromatous plaque. This
process is facilitated not only by increased oxidative stress
in the blood vessel wall, but also by reducing antioxidant
protection and proinflammatory state. Therefore, in
patients with type 2 DM the processes of oxidative
modification of proteins and lipids peroxidation are
especially enhanced. Oxidative stress affects the expression
of many genes in endothelial cells, causing endothelial
disfunction [4].

The aim of this study was to examine the connection
between inflammation and pathogenic importance and
intensity of oxidative stress in the development of ischemic
heart disease in patients with diabetes mellitus type 2.

Material and methods
This study was conducted with respect to Good Clinical
Practice guidelines and the Declaration of Helsinki. Local
Ethic Committee approved the study protocol, and all
participants before enrolment in the study signed informed
consent.

In a prospective clinical cross-sectional study, 60 male
patients with stable ischemic heart disease (IHD),
ambulatory treated and 12 healthy male subjects were
analyzed. The study did not include patients with acute
and chronic inflammatory diseases, liver disease,
microalbuminuria and those who had anti-inflammatory
medications, vitamins and antioxidants in their treatment.
In all patients, a detailed history was taken, complete
medical records were obtained, blood pressure measured
and body mass index (BMI) was calculated. All subjects
were divided into three groups:

« group I — 30 patients with type 2 diabetes mellitus
and ischemic heart disease;

« group II — 30 patients with ischemic heart disease
without diagnosed diabetes mellitus type 2;

« group III — 12 healthy subjects in whom the
examination excluded ischemic heart disease and diabetes
mellitus.

Ischemic heart disease implied presence of stable
angina pectoris (SAP), which is diagnosed based on the
appearance of chest pain with characteristic quality
provoked by the physical effort or emotional stress and
which stops after rest and/or taking nitroglycerin
lingualettes [5]. All patients had a positive stress test
performed on ergobicycle with the increasing load on
every 3 minutes for 25W until the indication for stopping
the test emerged. Patients with angina at rest were excluded
from the study.

The diagnosis of diabetes mellitus type 2 has been
confirmed from the medical records.

In all groups, blood samples were taken from the
cubital vein in the morning, before breakfast and before
morning therapy. We performed a biochemical
determination by plasma glucose analyzer “AXON” (Bayer
Company). Glycaemia were expressed in mmol/L.

We took five capillary blood samples: during the
morning, noon, evening (fasting), and postprandial, 2
hours after breakfast and lunch. The mean value of the
daily glucose profile (MBG) was obtained by calculating
the average value of all five measurements, and expressed
in mmol/L.

Glycosylated haemoglobin (HbAlc), high sensitivity
C-reactive protein (hsCRP), total serum cholesterol (TC),
triglycerides, HDL and LDL cholesterol values were
measured on the machine Dimension Xpand using Dade
Behring reagents.

Lipid peroxidation was determined by measuring
malondialdehyde (MDA) levels, as one of the final
products of lipid peroxidation by the method of Andreev et
al. MDA at high temperature under acidic conditions with
the addition of thiobarbituric acid (TBA) and ferrous ion
creates pink coloration. Absorption chromogen was
measured at 532 nm. MDA concentrations were expressed
in pmol/L.

Adhesion molecules (ICAM-1 and VCAM-1) were
measured by ELISA method using commercial test by
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Table 1
Clinical and laboratory characteristics
of the included groups
Parameters IHD+DM type 2  IHD Control
Number 30 30 12
Years 54,55 566 52+6
sysTA(mmHg) 14612 13016 10445
diaTA(mmHg) 93+7" 88+12" 7316
BMiI(kg/m’) 30,5+3,6“" 25,3+2, 1 24+1
MBG(mmol/l) 12,1+2,9%" 6,4%1 6,1+1
HbA, (%) 8,9+1%" 5,2+1 5+1
Triglycerides (mmol/l) 3,3+1,1 2,79+0,7 1,73%0,36
Cholesterol (mmol/l) 8,5+1,56“" 6,3+1,6 5,241,1
HDL Cholesterol (mmol/l) 0,95+0,26" 1,120,5" 1,35+0,37
LDL Cholesterol (mmol/l) 6,1+1,56"™" 4,2+1,87 3,3+1,1
Family history of IHD n(%) 16 (53)"” 26 (86) 3(25)"
Smoking n (%) 14 (46)" 29 (96) 4(33)"
Therapy n (%)
Nitrates 48 (80) 34 (56)
Beta blockers 34 (56) 26 (44) 2(13)
Ca antagonist 10 (16) 22 (36) 1(7)
ACE inhibitors 26 (44) 24 (40) 3(27)
Statins 10 (16) 14 (24)
Aspirin 43 (72) 26 (44)

Annotation: ANOVA test and post hoc Tukey HSD analysis or Chi2 test: *— p <0,05
vs. healthy subjects, - p <0,05 vs. group with [HD.
Abbreviations: IHD — ischemic heart disease, DM type 2 — diabetes melitus type 2.

L 4

DM+IBS
r=0.40, p=0.023

r=0.42, p=0.017
IBS

Figure1. Correlation between CRP levels and the protective HDL cholesterol in
patients with IHD.

Beckman Coulter Company on Bio-Systems propeller
Rider. The results were expressed in ng/mL. For VCAM-1
measurement range was 0-25 ng/mL and sensitivity was
0.74 ng/mL. Accordingly, for ICAM-1 measurement
range was 0-16 ng/mL with sensitivity of 0.1 ng/mL.
Statistical analysis were performed in Excel 7.0 and
SPSS 11.0 in Windows XP environment using standard
descriptive methods (mean, standard deviation,
percentage) and appropriate analytical tests depending on
the type and size of the sample (Student’s t test, chi-square

Table 2
The oxidative and inflammatory parameters in groups
Parameters IHD+DM type 2 IHD Control
MDA (umol/l) 16,47+5,84*" 13,42+4,01% 8,24+2,8
hsCRP (mg/I) 42425 412,19 3,2+1,8
ICAM-1 (ng/ml)  707,4+1451'a)  699,2+125,6" 543,4+86,6
VCAM-1 (ng/ml)  971%172,2" 823,4+97,6" 784,9+99,2

Annotation: ANOVA test and post hoc Tukey HSD analysis or Chi2 test: “— p <0,05
vs. healthy subjects, b p <0,05 vs. group with IHD.
Abbreviations: IHD — ischemic heart disease, DM type 2 — diabetes melitus type 2.

test, ANOVA test and post hoc analysis Tukey HSD test,
Pearson’s correlation coefficient).

Results

The main characteristics of examined groups are shown
in Table 1. Patients with DM type 2 and IHD had
significantly higher body mass index (BMI) compared to
the patients with IHD without DM and with healthy
examinees (p<0,05). HbA ~and MBG levels were
significantly higher in patients with DM type 2 and IHD
compared to other two groups (p<0,05). Other
characteristics of the groups: systolic and diastolic blood
pressure, triglyceride and LDL cholesterol values were
significantly higher, while HDL was significantly lower in
the groups of patients with IHD compared to the control
group (p<0,05) (Table 1).

Inflammatory markers (hsCRP, ICAM-1, and VCAM-1)
and indicator of the intensity of oxidative stress (MDA)
were significantly higher in the groups of patients with
IHD, regardless of the presence of DM type 2, compared
to the group of healthy examinees (p<0,05). MDA and
VCAM-1 values were significantly higher in patients with
IHD and DM type 2 compared to the patients with IHD
without DM (p<0,05) (Table 2).

Inflammatory and oxidative stress markers, together
with lipid and metabolic risk factors, showed positive
correlation with hsCRP and LDL cholesterol values, in
the groups of patients with IHD regardless of the presence
of DM (p<0,05) (Figure 1). Significant positive correlation
of VCAM-1 and HbA I ¢ values was found, and the ICAM-1
values correlated with the concentration of hsCRP only in
the group of patients with IHD and DM type 2 (p<0,05)
(Figure 2 and 3). Similar correlations were not found in
the group of healthy examinees.

Discussion

Atherosclerosis is a disease with a great number of risk
factors, which accelerate atherogenesis with its cumulative
activities. It is considered that in the core of this process,
isendothelial dysfunction connected with the inflammation
and increased intensity of oxidative stress in the blood
vessel wall [1].

Disturbed composition and concentration of lipid in
diabetes mellitus type 2 is called diabetic dyslipidemia, and
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has all characteristic of dyslipidemia in metabolic
syndrome, since both are characterized by insulin
resistance. Mentioned disorders are reflected in low values
of HDL cholesterol, increase of concentration of total
cholesterol due to high LDL cholesterol, presence of
postprandial lipemia and hypertriglyceridemia [6]. Our
findings in patients with IHD are in accordance with the
mentioned study.

Modern understanding of the pathogenesis of
atherosclerosis includes inflammatory component in its
development. Today, it is considered that this inflammatory
process of arterial wall is a consequence of different
stimuli. Increased levels of adhesion molecules ICAM-1
and VCAM-1, and hsCRP in patients with IHD are
reported by many authors [7]. Accordingly the similar
results are obtained in our study. It is known that the
concentration of adhesion molecules varies, depending on
the stage and the presentation of coronary atherosclerosis.
VCAM-1 levels are good markers of activity of the
atherosclerotic process, and they are the highest in acute
coronary syndromes, while the lowest values are registered
in patients with stable angina pectoris. Levels of ICAM-1
molecules are good markers of the presence of developed
atherosclerotic lesions and they do not vary significantly
compared to the clinical manifestation of coronary
atherosclerosis. Usually, both adhesion molecules have
significantly higher concentrations in patients with IHD
compared to the healthy population [8]. Our findings are
in line with those observations (Table 2).

Mechanism of increase in cellular adhesion molecules
(CAM) levels can be attributed to hyperglycemia,
hyperinsulinemia, oxidative stress, and inflammation and
insulin resistance [9]. Therefore, the level of CAM cannot
be observed only as a marker of activation of endothelial
cells, accelerated adherence and activation of leukocytes,
but also as a marker of increased oxidative stress,
inflammation and metabolic disorders. This is in
accordance with significantly higher VCAM-1 values in
patients with IHD and DM type 2, compared to the
patients with IHD without DM (Table 2) and we
demonstrated positive correlation of VCAM-1 with HbAlc
values (Figure 2). All this indicates the importance of
metabolic disorders in the development of endothelial
dysfunction and accelerated atherogenesis, which is
pointed out by other authors [10]. Correlation is found
between ICAM-1 and hsCRP concentrations (Figure 3).
This connects the presence of developed atherosclerotic
lesion with inflammatory disorders in patients with DM
type 2 [11].

Lipid peroxidation level measured by the MDA
concentration was the highest in patients with DM type 2
and IHD. It was also higher in the group of patients with
IHD regardless of the presence of diabetes mellitus
compared to the control group (Table 2). Diabetic patients
have increased lipid peroxidation which is associated with
hyperglycemia and increased risk for IHD. Inflammation,

* r=0.532, p=0.003
DM+IBS

*

Figure 2. Positive correlation between VCAM-1 and HbA1c in patients with [HD and
DM type 2.

=0.379, p=0.03
DM-+IBS

r=0.25, p=NS
IBS

Figure 3. Correlation between ICAM-1 and CRP in the examined groups of patients.

oxidation of LDL particles and increase in CRP are
caused by the increase of LDL cholesterol and decrease of
HDL with the fall of paraoxonase activity due to the
inhibition of paraoxonase 1 by the lipid peroxide [12, 13].
Having in mind the importance of this anti-inflammatory
enzyme for the production of CRP it is possible to explain
the close connection between diabetes, oxidative stress and
inflammation in development of endothelial dysfunction
and pathogenesis of atherosclerosis [14]. This was shown
in our study by connecting LDL cholesterol and hsCRP
concentrations in all patients with IHD.

Direct connection of hyperlipidemia with increased
values of hsCRP and CAM is the evidence of noteworthy
relation between lipid disorders, endothelial dysfunction
and inflammation. The importance of lipid disorders in
patients with DM type 2 is exceptionally demonstrated by
the fact that decreased HDL and increased LDL have
stronger prognostic significance for the occurrence of
cardiovascular diseases than the value of hyperglycemia in
the UKPDS and other studies [15].

Conclusion
Inflammation, increased level of oxidative stress, lipid
and metabolic disorders have significant connection and
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have an important pathogenic role in the development of
ischemic heart disease, particularly in patients with diabetes
mellitus type 2. Increased levels of hsCRP, VCAM-1 and
products of lipid peroxidation are markers of endothelial
inflammation and indicators of the presence of
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