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Abstract: The aim was to determine the features of in-hospital period in patients with myocardial
infarction with ST- segment elevation depending on the level of glycemia in admission. There have
been examined 319 patients with acute myocardial infarction (190 men and 129 women) aged 59-69
years, who were divided by the level of glycemia in admission into 3 groups: group 1: 110 persons
with the concentration of glucose < of 7,1 mmol/l, 2-1 — 138 patients with glucose 7,1-11,1 mmol/I, 3-
| — 71 patient with the concentration of glucose >11.1 mmol/l. The level of glucose in the 3rd group
was higher than in the 1-st and 2-nd groups (2,7 times and 1,8 times respectively, p1-3=0,0001, p2-
3=0,0008). There has been identified the association of glycemia with traditional factors of
cardiovascular risk and the level of troponin T. The blood glucose level can be considered as a
universal marker, indicating the presence of disorders of carbohydrate metabolism, and reflecting the
stress response to ischemic myocardial damage. Hyperglycemia revealed in admission to the hospital
in patients with Ml is associated with adverse course of in-hospital period, including the development
of lethal outcomes.
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Despite ongoing prevention and improvement of treatment methods for cardiovascular diseases
(CVD), in Russia, mortality from myocardial infarction (MI) not only does not decrease, but, on the
contrary, tends to increase [6]. One of the important risk factors for the development of Ml is type 2 diabetes
mellitus (DM), which leads to an increase in the incidence of Ml by 5 times in women and 3 times in men
[1,3]. It has been shown that the proportion of patients with previously and newly diagnosed diabetes among
patients with acute coronary syndrome (ACS) can reach 45-53%, and with impaired glucose tolerance
(IGT) — 20-36% [10].

In recent years, the role of high levels of postprandial glycemia as a marker of the development of
in-hospital and long-term complications of MI has been actively discussed [5]. It is known that during Ml,
the level of glycemia increases in proportion to the volume of myocardial damage and correlates with the
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activity of cardiac-specific enzymes, such as creatine phosphokinase MB (CPK-MB), regardless of the
presence of carbohydrate metabolism disorders [9]. Despite the available data on the significance of
hyperglycemia in patients with ACS, the simplicity and accessibility of determining this parameter at the
earliest stages of disease development, in the most common risk stratification scales for MI in modern
medical practice (TIMI, CADILLAC, FRISK, etc.) ) it is not taken into account. In addition, today there is
no consensus regarding the role of hyperglycemia in the implementation of adverse outcomes in the hospital
period of MI; therefore, its further study is necessary.

Purpose of the study: to determine the characteristics of the hospital period in patients with ST-
segment elevation MI depending on the level of glycemia upon admission.

Materials and methods

319 patients with acute MI (190 men and 129 women) aged 59-69 years were examined. The
diagnosis is based on clinical, electrocardiographic (ECG), echocardiographic and biochemical
characteristics of this disease [7]. The study was carried out on the basis of the Kemerovo Cardiological
Dispensary and the Research Institute of Complex Problems of Cardiovascular Diseases of the Siberian
Branch of the Russian Academy of Medical Sciences. The study protocol was approved by the Local Ethics
Committee. The criteria for inclusion in the study were the presence of pain in the chest of an anginal
nature, not relieved by taking nitroglycerin; signs of subepicardial myocardial damage — ST segment
elevation on the ECG; increase in the content of cardiac-specific markers: CK-MB, troponin T, voluntary
informed consent of the patient to participate in the study. Criteria for excluding patients from the study:
age over 75 years; the presence of clinically significant concomitant pathology (autoimmune diseases,
diseases of the thyroid gland, adrenal glands); ACS that occurred as a complication of percutaneous
coronary intervention (PCI) or coronary artery bypass grafting (CABG) surgery. General clinical studies
included collecting anamnesis and complaints, determining body weight (kg), height (m), calculating body
mass index (BMI) (kg/m2), and measuring blood pressure. The initial clinical and anamnestic
characteristics of the patients included in the study are presented in Table 1. The average glucose level upon
admission to the hospital was 9.56 + 0.27 mmol/l. A history of diabetes was observed in 77 (24.1%)
patients; newly diagnosed diabetes was diagnosed in 9 (2.8%) patients, taking into account data from
repeated determination of glycemic levels and the results of an oral glucose tolerance test (OGTT).
Treatment of patients at the hospital stage was carried out taking into account the 2013 ESC
recommendations for the diagnosis and treatment of patients with acute MI with ST segment elevation on
the ECG. In the absence of contraindications, during their hospital stay, all patients received combined
coronary-active, antithrombotic therapy, including acetylsalicylic acid, clopidogrel, B-blockers, ACE
inhibitors, and antianginal drugs. At the same time, only 26.1% of patients took statins at the hospital stage
of treatment. After discharge from the hospital, patients continued treatment using the main classes of anti-
ischemic drugs and about 90% took statins. Upon admission, the glucose content in the blood serum was
determined using test systems from Thermo Fisher Sientific (Finland) on an automatic biochemical
analyzer Konelab 30i (Finland).

Descriptive statistics methods included calculation of means (M) and errors of the mean (m).
Statistical processing of the obtained results was carried out using the STATISTICA 6.1 application
package. The nonparametric Kruskal-Wallis test was used to compare several independent groups. Analysis
of differences in frequencies in two independent groups was carried out using Fisher’s exact test with a
two-sided confidence level (p — achieved level of significance). The p <0.05 level indicated statistical
significance.

Results and discussion: In accordance with the National standards of care for patients with diabetes
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mellitus [2], according to the level of glycemia upon admission, patients were divided into 3 groups: the
first group consisted of 110 patients with a glucose concentration < 7.1 mmol/l (average level). vein was
5.94+0.08 mmol/l), the second - 138 patients with a glucose level of 7.1-11.1 mmol/l (average level
8.73£0.09 mmol/l), the third - 71 patients with glucose concentration >11.1 mmol/l (average level
13.03+0.58 mmol/l). The glucose level in persons of the 3rd group was higher than in persons of the 1st
and 2nd groups (2.2 times and 1.8 times, respectively, p1-2=0.0013, p2-3= 0.0008, p1-3=0.0001). When
analyzing the initial clinical and anamnestic characteristics of patients taking into account the level of
glycemia upon admission, it is noteworthy that hypertension and hypercholesterolemia, which are
undeniable risk factors for the development of CVD, were significantly more common in patients of group
3 (90.0% and 70.0%, respectively) , The BMI of people in this group was also higher compared to group
1. In addition, in this group, more than half of the patients had clinical angina before the development of
MI (65.0%), 27.5% had suffered MI in the past, and acute cerebrovascular accident (ACVA) — 10.0% of
patients. DM was more common in patients of group 3. However, the percentage of patients who smoke
and have a family history of coronary artery disease was higher among people in group 1 (with
normoglycemia). Analysis of biochemical markers of myocardial necrosis determined upon admission did
not reveal differences in the comparison groups in the level of total CPK and CPK-MB. The level of
troponin T in patients of group 3 was 3 times higher compared to patients of group 1 and 1.8 times higher—
compared to the 2nd.

During the hospital period, Killip class Il AHF occurred predominantly in patients of group 3, as
did early postinfarction angina (EPIS), but recurrent MI was observed with greater frequency in patients of
group 2. Lethal outcomes in group 3 were recorded more often than in groups 1 and 2 (5.7 times and 2.2
times, respectively). During their hospital stay, patients in group 3 took diuretics, nitrates and insulin with
a significantly higher frequency, which characterizes them as a more severe group. Patients in group 1 more
often took statins. For other classes of drugs, individuals in the analyzed groups were comparable.

Thus, in individuals of group 3, traditional cardiovascular risk factors such as hypertension,
hypercholesterolemia, and obesity were observed with a significantly higher frequency. In addition, the
hospital period was more difficult, as evidenced by increased troponin T values, more severe AHF (Killip
I1), use of diuretics, nitrates and insulin, the number of cases of newly diagnosed type 2 diabetes, RPIS and
deaths. All these factors lead to metabolic dysregulation and the development of insulin resistance, which
causes further impairment of glucose utilization and increased hyperglycemia, and disruption of the
functional state of cardiomyocytes. This assumption is supported by the identified association of glycemic
levels with elevated troponin T levels in patients of group 3 and the occurrence of hospital complications
and deaths. According to the results obtained, patients with a glycemic level on admission of >11.1 mmol/I
had a more unfavorable course of the hospital period compared to other patients (Killip class Il AHF and
the development of RPIS were more often recorded). Thus, hyperglycemia on admission can be considered
as a marker of myocardial damage, along with such a generally accepted cardiac-specific marker as troponin
T, and a predictor of heart failure, in-hospital complications and death. In addition, it was found that an
elevated level of blood glucose in a patient at the time of hospitalization is associated with high mortality
both in the hospital period and during the first year after Ml, regardless of the presence of diabetes in the
anamnesis [8]. In our study, in patients with hyperglycemia upon admission, hospital mortality was 6 times
higher compared to patients with normoglycemia. This is confirmed by literature data, according to which
an increase in glucose level by 1 mmol/l in patients with MI is accompanied by an increase in mortality by
4%; for patients with hyperglycemia upon admission and an increased level of fasting glycemia the next
day, a 3-fold increase in mortality is typical [ 8]. Previous studies demonstrate that with hyperglycemia
more than 11 mmol/l in patients with acute MI, there is a higher incidence of recurrent MlI, expansion of
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the infarct zone and recurrent ischemia [8]. However, according to the results of our study, recurrent Ml
was more often recorded in patients with glucose levels of 7.1-11.1 mmol/l, which indicates the need for
more careful attention to this category of patients and classifying them as a high-risk group, since
hyperglycemia in this case, indicates previously undiagnosed (and, accordingly, untreated) diabetes.
identified association of glycemic levels with hypertension, hypercholesterolemia and obesity. Thus,
despite the existing debate regarding the prognostic value of hyperglycemia determined in various
conditions (at admission, fasting, postprandial), hyperglycemia at admission is important, since it is a
universal marker reflecting not only a stress reaction, but also the amount of myocardial damage, the
presence of diabetes or IGT, is associated with an unfavorable course of the hospital period of MI. That is
why the level of glycemia upon admission should be taken into account in risk stratification and determining
tactical approaches to the management of patients. Thus, despite the existing debate regarding the
prognostic value of hyperglycemia determined in various conditions (at admission, fasting, postprandial),
hyperglycemia at admission is important, since it is a universal marker reflecting not only a stress reaction,
but also the amount of myocardial damage, the presence of diabetes or IGT, is associated with an
unfavorable course of the hospital period of MI. That is why the level of glycemia upon admission should
be taken into account in risk stratification and determining tactical approaches to the management of
patients.
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