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Aim: to investigate homeostasis markers of unfavourable prognosis and to define target glucose levels in
patients with large-focal myocardial infarction (MI) and hyperglycemia (HG) without previous carbohydrate meta-
bolism disorders.

Methods. Results of the examination of 185 patients with acute large-focal Ml without previous carbohydrate
metabolism disorders are presented in the article. Patients were divided into 2 groups: with HG (study group, n = 106)
and without HG (control group, n = 79). Clinical, laboratory and instrumental investigations were performed. The
obtained data were processed with the statistical software packages Excel, Statistica (version 10.0, StatSoft, Inc.,
USA), SPSS (version 16.0, SPSS Incorporation, USA).

Results. Patients with Ml and HG were characterized by more severe systemic inflammation, hemostasis distur-
bances and changes in hormonal state, and myocardial necrosis markers than patients without HG. In patients with
MI and HG without previous carbohydrate metabolism disorders a blood glucose level decrease below 8.0 mmol/l was
associated with proinflammatory cytokine concentration reduction, D-dimer level decrease and reduction of initially
elevated amount of nitrates and nitrites. In patients with Ml and HG a blood glucose level decrease to 4.5-6.1 mmol/l
and to 6.2-8.0 mmol/l did not affect inflammation parameters, the total amount of nitrates and nitrites, D-dimer level,
incidence of complications, in-hospital mortality, unstable angina rate, recurrent myocardial infarction incidence and
mortality during a 36-month follow-up.

Conclusions. Stress HG in case of acute Ml leads to unfavourable prognostic changes in inflammation, hemo-
stasis and hormonal parameters, biochemical markers of myocardial necrosis. Specific features of MI course and
homeostasis parameter changes have been revealed depending on the dynamics of glycemia in the acute period of MI.

Background

The medical and social significance of cardiovas-
cular diseases is extremely high in all countries, as they
make the main contribution to the formation of the pat-
terns of morbidity, disability and mortality. According to
the national registries of the European Society of Car-
diology countries the in-hospital mortality of unselected
patients with ST-segment elevation caused by myocar-
dial infarction (MI) varies between 4 and 12 % [1]. One
of the most serious problems in Ml is hyperglycemia (HG).
The development of Ml-associated HG significantly in-
creases the risk of adverse outcomes [1, 2]. Angeli et al. [3]
performed a systematic review and meta-analysis of 24
observational studies to investigate the association bet-
ween HG and mortality in patients with acute coronary
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syndrome. In-hospital, 30-day and long-term mortality were
analyzed separately. HG significantly increased the risk
of in-hospital (OR 3.62, 95 % Cl: 3.09-4.24; p < 0.0001, 12 =
0.0 %; 15 studies, 10673 patients), 30-day (OR 4.81, 95 %
Cl: 2.18-10.61, p < 0.0001, 12 = 92.2 %, 4 studies, 101447 pa-
tients), and long-term (up to 108 months) mortality (OR 2.02,
95 % Cl: 1.62-2.51; p < 0.0001, 12 = 79.4 %; 12 studies,
102099 patients). In patients without a prior diagnosis of
diabetes admitted to hospital for acute coronary syndrome,
HG increases the risk of both short and long-term
mortality.

Thus, the study of the problem of HG development
in patients with acute large-focal Ml is an important task
of modern emergency cardiology, taking into account
the significant contribution of acute forms of coronary
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heart disease to the patterns of mortality, morbidity and
disability of the adult population, and high unfavourable
prognostic significance of glycemia level increase in
this category of patients. It is relevant to identify the
factors explaining the adverse effect of hyperglycemia
on the course and prognosis of myocardial infarction, as
well as to determine optimal management of the
patients with acute large-focal myocardial infarction
complicated by the development of hyperglycemia
without a history of carbohydrate metabolism disorders.

Aim of the research: to investigate homeostasis mar-
kers of unfavourable prognosis and to define target glu-
cose levels in patients with Ml and HG without previous
carbohydrate metabolism disorders.

Methods

The clinical study included 185 patients with acute
large-focal Ml who were hospitalized in intensive care
units of city clinical hospitals in Minsk. Ml was diagnosed
on the basis of clinical, electrocardiographic and bioche-
mical criteria developed by the specialists of the Ame-
rican College of Cardiology and the European Society of
Cardiology. HG was diagnosed in accordance with the
recommendations of the American College of Cardiology
upon detecting a blood glucose level > 8.0 umol/l in the
patients hospitalized in the intensive care unit on the
first day of MI [2]. Depending on the development of HG,
2 study groups were formed. The main group included
106 patients with Ml and HG, the comparison group
consisted of 79 patients with MI without HG.

The patients’ enrollment in the study was carried out
on the basis of informed consent and in the absence of the
following criteria: Ml and history of carbohydrate meta-
bolism disorders, noncoronogenic myocardial diseases,
previous cardiosurgical or interventional surgery, acute
infectious diseases and exacerbation of chronic inflam-
matory diseases, advanced liver and kidney diseases,
oncological pathology, thermal and chemical burns, dis-
seminated intravascular coagulation, autoimmune
diseases, immunodeficiency, the presence of transplan-
ted organs and tissues, postoperative hypoinsulinemia,
vitamin-B12-deficiency anemia.

Laboratory methods of investigation included
determination of the level of cardiospecific enzymes.
The concentration of troponin | was determined using a
kit for quantitative rapid diagnosis of Triage (Biosite
Diagnostics, Inc.), creatine phosphokinase (CK) and
creatine phosphokinase MB isoenzyme (CK-MB), using
the Konelab 30i automatic biochemical analyzer manu-
factured by Termo Electron Corporation (Finland). The
blood glucose level was assessed by a highly specific
hexokinase method using commercial sets GLUCOSE
«E-D» (Russia). The level of glycated hemoglobin was
determined by a competitive enzyme immunoassay
using commercial kits of Glycohemoglobin HbA-test
from Human. Sets of DRG International, Inc. were used
to study the concentration of interleukin-6 (IL-6), tumor
necrosis factor-o. (TNF-a), cortisol, leptin, insulin, C-pep-
tide, total nitrates and nitrites (NO,/NO,) (USA) using
the ELISA method. The D-dimer concentration was
determined by an enzyme immunoassay using the
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TECHNOZYMD-Dimer kit from Technoclone GmbH
(Austria). The level of fibrinogen was evaluated by Clauss’
method.

The processing of the obtained data was carried out
with the help of statistical software packages Excel,
Statistica (version 10.0, StatSoft, Inc., USA), SPSS (ver-
sion 16.0, SPSS Incorporation, USA). To determine the
quantitative characteristics, the distribution parameters
were estimated using the Shapiro-Wilk test. A quanti-
tative comparison of the two independent groups with a
normal distribution was performed using the Student's
t-test, in the case of disparity between the variable distri-
bution and the normal distribution, the Mann-Whitney
criterion was used in the study groups. When comparing
independent groups by qualitative characteristics,
differences between groups were assessed using the
exact Fisher test, or y2test. When comparing the two
dependent groups by the quantitative characteristic, a
parametric method was used with Student's t-criterion
calculated for the dependent groups in the case of the
normal distribution of the variable. In the abnormal dist-
ribution, the Wilcoxon test was calculated. Evaluation of
the relationship between the two characteristics was
carried out using correlation analysis (Pearson and
Spearman methods). Differences in the groups were
considered significant with the probability of an error-
free forecast of 95.5 % (p < 0.05).

The groups studied did not differ significantly in age
and sex composition, prevalence of the main factors of
cardiovascular risk. The proportion of patients with MI
and HG who were smoking among the patients was
54.7 % (n = 58) and statistically did not differ significantly
from this index in the group of patients without HG (51.9 %
(n = 41)). The frequency of arterial hypertension in the
main group of patients was 90.6% (n = 96) and did not
differ significantly from the corresponding frequency in
the group without HG (86.1 % (n = 68)). A family history
of early coronary heart disease was detected in 19.8 %
(n = 21) of patients with Ml and HG, which correspon-
ded the frequency of this factor in the group with MI
without HG (15.2 % (n = 12)). The value of body mass
index in the group of patients with Ml and HG was 27.7
(26.0-30.0) kg/m? and did not differ significantly from
the corresponding index in the comparison group (27.0
(25.1-29.0) kg/m?).

Results

In patients with large-focal MI without previous
carbohydrate metabolism disorders (the proportion of
patients with HG was 57.3 % (n = 106)), a high preva-
lence of stress HG was established, the unfavorable
prognostic significance of which was proved for a short-
and long-term prognosis [1, 2, 4].

In the group of patients with Ml and HG, a more
pronounced activation of proinflammatory cytokines was
revealed in comparison with the group of patients with
MI without HG, which was manifested by significantly
higher levels of IL-6 (2.6 (1.6-5.0) n 0.8 (0.4—1.4) pg/ml;
p < 0.001), TNF-o. (7.5 (2.6-20.3) 1 3.0 (0.7-7.3) pg/ml;
p < 0.05) (Figure 1-4), which is reported to be associa-
ted with increased lethality, the development of recurrence
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Figure 1. IL-6 levels in patients of the study groups.
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Figure 3. Content of nitrates and nitrites in patients of
the study groups.
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Figure 2. TNF-a in patients of the study groups.

and repeated MI, unstable angina, heart failure and heart
rhythm disturbances in the post-infarction period [4, 5].
Based on the results of the studies, an increase in the
concentration of inflammatory markers in circulating blood
has been determined in the patients with MI, higher levels
of pro-inflammatory cytokines being observed in the
patients with Ml and DM versus the patients with no
history of type Il diabetes [6, 7]. However, according to the
results of in vitro studies, in animals and in the human
population, stress HG can lead to a more pronounced
oxidative shift than long-term chronic HG. According to
the results of our study, higher values of the total amount
of nitrates and nitrites (27.4 (21.0-31.0) n 19.8 (13.3-22.1)
umol/l; p < 0.05) were determined in the group of patients
with Ml and HG (Figure 3), which was associated with
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Figure 4. Plasma concentration of D-dimers in patients
of the study groups.

activation of prooxidant indices and could be treated as a
factor aggravating the course of myocardial infarction [8].
In the group of patients with Ml and HG higher values of
serum insulin concentration (30.4 (23.4-43.4) and 12.4
(8.2-20.0) wlU/ml; p < 0.001) were revealed against a
higher proportion of patients with over- threshold values of
insulin in comparison with the group of patients with Ml
without HG, it being an indirect evidence of more pronoun-
ced insulin resistance in patients with Ml and HG. Oxi-
dative stress, in its turn, can be a trigger of inflammation
and subsequent insulin resistance, which can contribute to
the increase in the level of glycemia. Thus, it was
established that proinflammatory cytokines of TNF-c and
IL-6 were able to alter the components of the insulin signal
system and glucose metabolism, which led to the
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development of insulin resistance in target tissues and
could aggravate the existing HG [9]. Based on the results
of the study, a direct moderate correlation was found
between the IL-6, TNF-a: concent-rations and insulin values
(r=0.33,p<0.05and r=0.38, p < 0.01, respectively).

In the group of patients with Ml and HG in comparison
with the group of patients with MI without HG, higher
values of D-dimers were found (1421.0 (431.0-1422.0)
and (281.2 (78.5-498.8) ng/ml; p<0.001) (Figure 4). An
increase in D-dimer levels is characteristic of increased
intravascular hemocoagulation and is associated with a
higher risk of mortality, development of unstable angina,
repeated MI, and stroke [10]. Higher levels of fibrinogen
were found in the group of patients with Ml and HG as
compared to the group of patients with Ml without HG (4.1
(8.5-5.0) 1 3.5 (3.04.2) g/l, p<0.001).

As a result of the analysis of the relationship between
proinflammatory cytokines and homeostatic parameters, it
was revealed that IL-6 levels on the first day of Ml in
patients without a history of carbohydrate metabolism
disorders were characterized by the pre-sence of a direct
moderate correlation with fibrinogen values (r = 0.31, p < 0.05),
and D-dimer plasma concent-rations (r = 0.45, p < 0.001). A
direct moderate correlation with fibrinogen values (r = 0.29,
p < 0.05) and D-dimer plasma concentrations (r = 0.32,
p < 0.05) was also established for proinflammatory cytokine
values of TNF-a.. The revealed correlation dependence
proves the involvement of the proinflammatory cytokine
activation, which is characteristic of patients with MI and
HG, in the enhancement of hemocoagulation disorders.

The group of patients with Ml and HG was characte-
rized by a tendency to higher values of biochemical markers
of myocardial necrosis, which was reflected in higher
plasma concentrations of CK (1656 (914-2870) U/ | ver-
sus 423 (205-1001) U/ I, p < 0.001), CK-MB (188 (80—
312) U/ | versus 44 (26-114) U/ |, p < 0.001) and troponin
[(10.1 (1.7-29.9) ng/ml versus 1.7 (0.4-5.1) ng/ml, respec-
tively, p < 0.001) (Figure 5), which is associated with the
subsequent development of the MI complications and an
increase in mortality [11, 12].

Given the adverse effect of HG on the course and
prognosis of the disease in patients with M, it is relevant
to determine the optimal target values of glycemia against
vascular accidents.

The original Diabetes Mellitus Insulin-Glucose Infu-
sion in Acute Myocardial Infarction (DIGAMI) study was
the first multicenter, randomized trial, in which the effect of
glycemic control on the outcome of myocardial infarction
was studied. DIGAMI randomized hyperglycemic patients
(average glucose at randomization > 275 mg/dl) to either
standard therapy or intravenous glucose-insulin infusion
titrated to achieve a prespecified target of 126196 mg/dl
during the acute phase, followed by multidose subcuta-
neous insulin injections for 3 months. Following randomi-
zation, clinically and statistically lower glucose levels were
achieved in the glucose control patients (= 173 mg/dl)
versus control (= 211 mg/dl) at 24 hours, and a significant
difference was maintained through discharge. Lower mor-
tality was observed in the glucose control patients (vs.
control) at discharge and at 3 months, but this mortality
difference only reached statistical significance after 1 year

© Vol. 2,Ne 1 2018 [l EMERGENCY CARDIOLOGY AND CARDIOVASCULAR RISKS

35
10,1 (1,7-29,9 p<0,001
ol f0A(T29 T
2% e
Ex
2
=15
f=
2
210 -
=
5 1,7 (0,4-5,1)
=)
0 1
-5
O Median Mi with HG
25-75 % Ml without HG
“T_ Min-Max

Figure 5. Values of troponin | in patients of the study
groups.

of follow-up. Whether this mortality reduction was due to
acute glucose lowering in-hospital, chronic glucose control
postdischarge, or both could not be determined. Statisti-
cally significant differences in mortality in patients in the
study group compared with those in the control group
were observed after 1 year. These differences persisted,
but tended to increase during 3.4 (1.6-5.6) years. Ritsinger
et al. [13] tracked the mortality of patients included in the
DIGAMI study during the long-term follow-up (up to 20
years after randomization). The average survival rate in
the study group was significantly higher (7.0 (1.8-12.4)
years) than in the control group (4.7 (1.0-11.4) years) (p =
0.027).

Based on the results of subsequent studies, it was
found that HG correction in patients with pathological
conditions requiring intensive care and reanimation had a
positive effect on the outcome of the disease. However,
there are a sufficient number of scientific papers questioning
the appropriateness of strict glycemic cont-rol in this
category of patients [2, 13, 14, 15]. It was found that a
decrease in the level of glycemia in patients with Ml is an
independent factor in the reduction of mor-tality, while the
use of insulin is associated with an improvement in the
prognosis only in the case of effec-tive correction of HG
[2, 15]. On this basis, the need for further study of
glycemic control in patients with Ml and HG without a
history of carbohydrate metabolism disorders is particularly
relevant.

In our study we studied the effect of reducing the level
of glycemia in the acute period of the disease on the
course of acute myocardial infarction and laboratory
parameters in patients with HG.

A decrease in blood glucose level below 8.0 umol/l on
the first day of hospitalization in patients with MI and HG
was accompanied by a decrease in the concent-ration of
proinflammatory cytokines (IL-6 concentration (2.8 (1.6—
5.4) and 0.8 (0.2-2.1) pg/ml, Wilcoxon test, (p < 0.01), D-di-
mer level (1422 (527-1422) and 302 (110-1063) ng/ml,
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Wilcoxon test, p < 0.001) and initially elevated NO,/NO,
values (29.0 (27.4-37.4) and 16.2 (11.5-25.0) umol/l,
Wilcoxon test, p < 0.001).

In a subgroup of patients with Ml and HG with a
decrease in glycemia to 4.5-6.1 mmol/l compared with a
subgroup of patients with Ml and HG with a decrease in
glycemia to a level of 6.2-8.0 umol/l in assessing IL-6
levels (0,9 (0,1-2,2) and 0,7 (0,3-2,0) pg/ml), the total
amount of nitrates and nitrites (18.2 (11.5-28.4 ) and
16.1 (14.0-22.9) umol/l) and D-dimers (328 (88—1190)
and 276 (110-936) ng/ml) were not statistically significant
in the acute period of the disease.

As a result of the analysis of the incidence of comp-
lications at the hospital stage, there were no significant
differences in the relative weight of patients with compli-
cated myocardial infarction (31.4 % (n = 16) and 25.0 %
(n = 10) in the compared subgroups), life-threatening
arrhythmias (ventricular fibrillation, sustained ventricular
tachycardia, complete atrioventricular blockade, asystole)
(8.9 % (n =2) and 5.0 % (n = 2)), recurrent coronary events
(postinfarction angina, relapse of MI) (11,8 % (n = 6) and
10.0 % (n = 4)), acute heart failure (5.9 % (n = 3) and
5.0 % (n = 2)), risk of mortality (the ratio of mortality risk in
the subgroup with a decrease in glycemia to 4.5-6.1 umoll

was 1.19 (95 % confidence interval 0.19-7.47, p> 0.05)), as
well as in the incidence of adverse cardiovascular events
during 36 months of follow-up (Figure 6).

Conclusions

As a result of the study, a high prevalence of HG in
patients with large-focal MI without a history of carbo-
hydrate metabolism was established. Patients with Ml and
HG were characterized by more severe systemic inflam-
mation, homeostasis disturbances and changes in hormo-
nal state as compared to patients without HG. In patients
with MI and HG without previous carbohydrate metabolism
disorders blood glucose level decrease below 8.0 umol/l
was associated with proinflammatory cytokine concentra-
tion reduction, D-dimer level decrease and a reduction of
initially elevated amount of nitrates and nitrites. In patients
with Ml and HG blood glucose level decrease to 4.5-
6.1 umol/l and to 6.2-8.0 umol/I did not affect inflammation
parameters, the total amount of nitrates and nitrites, D-di-
mer level, complications incidence, in-hospital mortality, un-
stable angina rate, recurrent myocardial infarction incidence
and mortality during a 36-month follow-up. Thus, in patients
with acute large-focal Ml and HG and without the impairment
of carbohydrate metabolism in past history, it is advisable
to reach a blood glucose level of 4.5-8.0 umol/l.

W adversse cardiovascular events +

Bload giucose levei 6,2-8,0
MMOAb/ A

Bload glucose level 4,5-6,1
MMOAb/ A

0% 20% 40% 60% B8D% 1U0%

B advesse cardiovascular events -

on the results of a 36-month follow-up.
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