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Features of Biochemical Parameters of Blood Serum in
Patients with Stable Angina and Type 2 Diabetes Mellitus

Abstract

Background: The study of a wide panel of vascular inflammatory markers is
required to clarify the nature of the relationship between the pathogenetic
mechanisms of coronary artery disease (CAD) and type 2 diabetes mellitus.

Aim: To conduct comparative analysis of lipid profile and markers of vascular
inflammatory reaction in patients with CAD, stable angina, without and together
with DM 2 type.

Materials and methods: 169 patients (males and females) aged 61.4+9.2 years
with CAD and stable effort angina were studied. Patients were divided into two
groups: group 1 (n=123) with CAD, group 2 CAD patients with DM 2 type (n=46).
Study of blood plasma laboratory parameters was conducted in the groups of
patients initially at the admission before coronary angiography.

Results: In both groups of patients, the excess of the reference values of
the lipid profile atherogenic parameters (TC, LDL, VLDL, TG) was detected.
Significant excess of the level of vascular inflammation markers (hs-CRP, TNF -a,
homocysteine, IL-13) was registered along with the excess of normal values of
MMP-9 and endothelin-1 in the group of patients with CAD with DM type 2 that
could indicate more pronounced vascular inflammation in this group.

Conclusion: Characteristic features for patients with CAD combined with DM
type 2 are dyslipidemia with elevated total cholesterol (TC) level and low level
of high-density lipoprotein cholesterol (HDL), along with hyperactivation of
markers of vascular inflammatory response with a significantly higher level of
hs-CRP, TNF- a, homocysteine and IL-13 compared to CAD patients without type
2 DM.
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Inflammatory markers

Introduction

The incidence of diabetes mellitus (DM) doubles every 10-15
years, acquiring the character of a non-infectious epidemic. At
the same time, the real rates of increase in morbidity far outstrip
even the most depressing predictions of statisticians. According
to the latest data, the number of patients with diabetes in the
world by the end of 2014 reached 387 million people. According
to the State Register of patients with diabetes, as of January 1,
2015, there were 4.1 million cases registered in Russia, of which
the number of patients with type 2 diabetes was 3.7 million [1].
By 2030, the number of patients with diabetes is expected to
increase to 438.7 million, which is 7.7% of the adult population
[2,3]. SD is a powerful factor in the development and progression
of cardiovascular pathology. Development of diabetes increases
the risk of cardiovascular mortality by 2 times in men and 4 times
in women, which determines these patients in the category of
high and very high cardiovascular risk [4].

Despite intensive studies of atherosclerosis associated with
DM, the mechanisms of the close relationship between diabetes
and CAD are not yet fully indicated; as a result, the search for

other causes that accelerate and aggravate the development
of atherosclerotic vascular lesions and complications when
combined with clinical conditions has been extensively conducted.
[5,6] Nowadays there is no doubt that in the pathogenesis of
vascular lesions in atherosclerosis the important role play factors
of inflammation and procoagulants circulating in blood. The role
of chronic inflammatory process is under active discussion [7-10].

Aim
To conduct comparative analysis of lipid profile and markers

of vascular inflammatory reaction in patients with CAD, stable
angina, without and together with DM 2 type.

Materials and Methods

169 patients (males and females) aged 61.4+9.2 years with
CAD, stable effort angina and significant coronary artery stenosis
were studied. Patients were randomized into two groups: group
1 (n=123) without DM 2 type, group 2 (n=46) with DM 2 type.
Study of blood plasma laboratory parameters was conducted
in the groups of patients initially at the admission stage before
coronary angiography.
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Study protocol is approved by Ethic committee of the institute.
Prior to be included into the study each of the participants
provided written informative approval on using study results for
the research needs.

The study was performed in conditions of real clinical practice
during standard therapy of CAD patients which included ACE
inhibitors, - adrenergic blocking agents, calcium antagonists,
disaggregants, statins, and nitrates for both groups and oral
antidiabetic drugs for the patients from group 2. At the pre-
admission stage no significant therapy differences between the
groups were revealed.

Exclusion criteria were the following: acute coronary syndrome
aged less than 30 days, acute cerebral blood flow disorder aged
less than 6 months, DM 1 type, congestive heart failure (CAD) of
functional class (FC) IV (as per NYHA), oncological and psychiatric
diseases.

Diagnostics of CAD forms and comorbidities was performed
according to the acting ESC, Society of cardiology of Russian
Federation and EASD recommendations.

Lipid profile parameters (total cholesterol (TC), triglycerides,
HDL, LDL cholesterol, VLDL cholesterol, lipoprotein (a), Apo-A,
Apo-B («Cobas Integra 400 plus»); inflammatory markers (hs-
CRP, TNF-alpha, homocysteine, interleukine 1 3, 6, 8 («IMMULITE
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1000»), sCD40 L, MMP-9, TIMP-1(«Bender MedSystems and
Bioscience company»); endothelial dysfunction markers
(endothelin-1, nitrites («Personal Lab» and «Dynatech») were
measured.

Statistical data processing was conducted using application
software package Statistica (SPSS Inc, ver 11.5). Comparison
of the groups was done using Wilcoxon test for paired
measurements. The data was presented as M+SD - «average value
+ standard deviation», p<0.05. Estimation of association between
characteristics subject to normal and abnormal distributions was
carried out using the Pearson and Spearman rank correlation
coefficients, respectively.

Results and Discussion

Patients of group 1 and 2 included in the study did not have
significant differences (p>0.05) in age, gender, CAD history,
earlier myocardial infarction in past medical history, having
comorbidities such as arterial hypertension, dyslipidemia,
smoking. The majority of patients in both groups had effort
angina II FC (64.1% and 51.5%) and obesity I class (53.1% and
42.4%), respectively.

Biochemical values in general groups of patients with CAD
with and without DM 2 type are given in the Table 1.

Table 1: Biochemical values in general groups of patients with CAD with and without DM 2 type (M+SD).

CAD Patients without DM 2

Values Type (n=123) CAD Patients with DM (n=46) P
Lipid Profile
TC (mmol/1) 4.93+1.226 5.43+1.12 0.028
HDL (mmol/1) 1.12+0.26 1.10£0.22 0.080
LDL (mmol/1) 2.91+1.01 3.01+0.80 0.603
TG (mmol/1) 2.02+0.83 2.23+1.15 0.549
VLDL (mmol/1) 0.76+0.29 0.83+0.315 0.215
Lp-(a) (mg/dl) 30.51+27.05 20.61+19.95 0.015
Apo -A1(mg/dl) 149.01+24.85 153.42+27.16 0.322
Ap-B (mg/dl) 86.52+21.89 91.73+22.17 0.173
Inflammatory Markers
hs-CRP (mg/1) 3.01+1.19 3.52¢1.21 0.007
TNF-a (pg/ml) 9.81+3.21 10.83£3.61 0.051
Homocysteine (mcmol/I) 12.34+5.61 15.73+6.33 0.001
IL-1v (pg/ml) 441+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/ml) 16.22+12.96 19.84+16.37 0.166
CD 40 (ng/ml) 94.44+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+15.09 0.967
MMP-9 (ng/ml) 95.93+31.02 92.64+31.10 0.878
Endothelial Dysfunction
Endotheline -1 (fmol/1) 1.02+0.41 0.90+0.477 0.114
Nitrites (nmol/1) 3.02+1.24 2.94+1.30 0.599
Carbohydrate Metabolism
Blood glucose (mmol/I) 5.38+0.79 7.65+1.98 0.000
Glicated hemoglobin (%) 5.5+0.50 7.1+1.00 0.000

Note: n: Amount of patients; p: Significance of differences.
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Estimation of lipid profile showed significant excess of TC
(p=0.028) in the group with DM 2 type. Besides, excess of reference
values of such atherogenic parameters as LDL, TG, VLDL in both
groups of patients and significant excess of Lp (a) (p=0.015) in
group 1 were noticed.

It is well known that DM 2 type having special quantitative
changes also has important qualitative changes in lipid profile,
which additionally enhanced its atherogenic potential. In the
result of nonenzymatic glycosylation of apoproteins disorder
of LDL clearance and collecting of small solid elements of this
class is happening. These changes of lipoproteins structure are
considered as one of the most important reasons of accelerated
development of atherosclerosis with DM 2 type [11].

Hypertriglyceridemia (HTG) is a more rigid marker of CAD in
patients with DM 2 type than in people without hyperglycemia. As
per the data of 11 years prospective DM patients monitoring (Paris
Prospective Study), level of blood TG was connected with death
risk of CAD. According to opinion of M. Laakso and co-authors
important prognostic meaning of disease and death of CAD and
its complications in patients with DM 2 type lies in lowering of
HDL, decrease of which less than 0.9 mmol/1 is accompanied by 4
times increase of death risk of cardiac pathology [11]. According
to our study trend of lowering of HDL with trend to increase of
TG, LDL and VLDL is revealed in group of patients with DM 2 type.

Having direct correlational interrelations of average power
(r=0.4-0.5) between glicated hemoglobinand values of atherogenic
dyslipidemia: TC (p=0.02), VLDL (p=0.04), Apo-B (p=0.01) and TG
(p=0.003) among patients with DM 2 type proves that patients of
group 2 have diabetic dyslipidemia. Diabetic dyslipidemia relates
to the risk of CAD as well as isolated mild hypercholesterolemia
[12].

Mean value of LP (a) in group 1 and 2 was on the border level
(30.51+£27.05 and 20.61+£19.95 mg/dl, respectively) but the fact
of the possibility of cardiovascular accidents and due to structural
similarity of Lp (a) with plasminogen allows to regard it as
competitive antagonist of the last one and can be associated with
excess risk of coronary thrombosis. According to retrospective
studies exceeded levels of Lp (a) are connected with progress of
atherosclerotic plaques in the coronary arteries, which never had
stenosis before [13,14].

It is considered that chronic subclinical inflammation is a part
of insulin resistance syndrome and cytokines are predictors of
vascular complications of DM 2 type [9,15,16].

The second group of patients had considerable hyperactivation
of markers of system and local inflammation responds: hs-CRP
(p=0.007), homocysteine (p=0.001), TNF-a (p=0.051). Levels
of IL-6 and IL-8 had a tendency to values rise, within standard
values, in comparison with group 1.

Besides, group with DM 2 type has significant excess of
cytokine IL-1f3 (p=0.002) which is the main mediator responsible
for local inflammatory response and acute phase response of
the organism. According to the literature coronary blood flow
disorder and myocardial ischemia leads to increase of its content
in blood. Also, there is information about no system activation of
II-1B in case of stable and unstable angina. There is opinion that
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initiation of smoldering inflammation connected with rise of basic
hs-CRP leads to insulin resistance and inductors of inflammation
are proinflammatory cytokins, specially interleukins IL-6 and IL-
1B [16-18].

Today increase of homocysteine in blood plasma is considered
as significant risk factor of atherosclerotic vascular disease.
It is supposed that homocysteine is subjected to autoxidation
forming free radicals which damage vascular endothelium with
further endothelium dysfunction. It starts a complicated set of
enzymatic reactions leading to induction of TC synthesis and
LDL oxidation, which stimulates atherogenic processes [19,20].
More than 80 clinical and epidemiological studies have been
performed and it was confirmed that HTG is one of the most
important and independent risk factors of early and quick
progress of atherosclerosis and coronary thrombosis. Clinical
studies revealed that due to the oxidation stress HTG encourages
insulin resistance and beta cells dysfunction accelerating DM
progress [21]. Besides, Fonseca V et al. in his rat study showed
that increase of homocysteine concentration in blood may appear
with hyperinsulinemia in the result of insulin injection; it may
cause the vicious circle in case of insulin dependent DM.

In groups 1 and 2 elevated but significantly not different values
of local inflammatory reactions -MMP-9 and lowering of TIMP-1
were revealed; it corresponds results of experimental and clinical
studies showing tendency to growth of proinflammatory cytokines
and proteinas with decrease of activity of anti-inflammatory
mediators in case of DM 2 type.

Among signal molecules participating in immune reactions and
inflammation, an important role belongs to the system «receptor
CD 40 - ligand CD40». Their expression is found in lymphocytes,
monocytes, thrombocytes, endothelial cells, 8 cells of insula of
pancreatic gland, adipocytes and other tissues. System «receptor
CD 40-L CD40» participates in forming if immune inflammatory
responses in cardiovascular system and thrombosis. Signals
realized through receptor CD 40 are involved in atherosclerosis
and diabetic nephropathy; this allowed regarding this system
as a universal element of pathogenesis uniting inflammatory
disorders, hyperglycemia and vascular complications DM [10].

Among indicators of signal inflammatory system (CD 40,
sCD40L) our study did not find any significant differences and
elevated values in both groups; it could possibly be connected
with lack of patients.

Besides, it should be noted that prognostic importance of
the values used today for estimation of endothelial function
is not entirely studied. It is supposed that in case of DM 2 type
hyperhomocysteinemia can confound endothelial dysfunction,
accelerate atherosclerotic processes, raise oxidative stress,
lower thromboresistance, raise aggregative platelets ability
and their adhesive features. Experimental and clinical studies
showed that patients with DM 2 type had endothelial dysfunction.
Hyperglycemia activates protein kinase C in endothelial cells,
it may cause production of vasoconstrictive prostaglandins,
endothelin-1 and angiotensine transforming enzyme which have
direct or indirect harmful impact on vasomotor response [20].

Our study did not reveal any significant difference in
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endothelium 1-21 and nitrites in the main groups of patients,
however, value of endothelium-1 was higher and nitrites value
was lower than reference values in both groups of patients.

Conclusion

Results of a comparative analysis of biochemical parameters
indicate that along with practically equally increased levels of
atherogenic parameters of lipids profile and disorganization
of endothelial system in patients with CAD, stable angina and
diabetes mellitus type 2, compared to patients with CAD but
without diabetes mellitus, significant hyperactivation of markers
of vascular inflammatory response due to highly sensitive
C-reactive protein, homocysteine and interleukin-1 was detected.
The degree of systemic inflammation associated with chronic
hyperglycemia in patients with CAD and diabetes mellitus can
be considered as the most important characteristic indicating
a serious risk for cardiovascular complications including
destabilizing changes within the atherosclerotic plaque and
atherothrombosis.
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