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Objective: Carbohydrate metabolism disorders (CMD) significantly impact the development
and progression of all forms of ischemic heart disease, and inflammation is regarded as a general
pathogenetic link between CMD and ischemic heart disease.

Methods: A total of 601 patients with ST segment elevation myocardial infarction (MI)
(STEMI), admitted within 24 hours from the onset of symptoms during 1 year, were included
in this registry study. The blood levels of inflammation markers were measured at days 1014
with further follow up at 1 year.

Results: The analysis of acute-phase percutaneous coronary intervention impact on the 1-year
outcomes showed that endovascular revascularization significantly improved the 1-year prog-
nosis of STEMI patients both with and without CMD. The analysis of inflammation markers
showed significantly higher levels of interleukin (IL)-6 and sCD40L in MI patients with diabe-
tes mellitus, and impaired glucose tolerance. Additionally, the patients with impaired glucose
tolerance had significantly higher IL-12 levels. In the diabetic MI patients, the odds ratio of a
poor 1-year outcome was high for patients with a high Killip classification of acute heart failure
upon admission.

Conclusion: Persistent inflammation in STEMI patients with CMD undergoing percutaneous
coronary intervention might be responsible for vascular complications within 1 year after MI.
Comorbid diabetes mellitus or impaired glucose tolerance can amplify the significance of the
inflammatory response for the development of adverse 1-year outcomes.

Keywords: carbohydrate metabolism disorders, inflammation percutaneous coronary

intervention

Background

Carbohydrate metabolism disorders (CMD) are thought, not only to contribute to the
development of all forms of ischemic heart disease (IHD) but also, to significantly
impact the prognosis.' According to some authors, hospital and posthospital mortal-
ity in myocardial infarction (MI) patients is significantly higher if they have diabetes
mellitus (DM),>* despite contemporary treatment modalities aimed at coronary flow
restoration.

Revascularization procedures in acute MI can help optimize the prognosis in this
patient category.** However, a history of DM remains a risk factor for adverse car-
diovascular events after primary percutaneous coronary intervention (PCI), despite
encouraging results.® Moreover, data have demonstrated a negative impact from
impaired glucose tolerance (IGT) on the prognosis of MI patients, which is comparable
with that of DM.”#
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Inflammation is regarded as a general pathogenetic link
between CMD and IHD. Indeed, recent data have demonstrated
that the increase in the levels of a range of nonspecific markers
is associated with a higher risk of IHD and a poor outcome
if the disease is already established.’ In an earlier manuscript
published by the authors, high levels of some inflammation
markers were demonstrated to be characteristic of, not only
diabetic MI patients but also, those with IGT. This finding
suggests that inflammation might be the leading mechanism
responsible for the development of adverse cardiovascular
events in both symptomatic and asymptomatic patients with
CMD.!" However, the most significant inflammation mark-
ers to assess risk in MI patients with CMD undergoing PCI
remain disputable. This study aimed to assess the significance
of nonspecific inflammation markers to assess the risk for a
poor 1-year outcome in patients with ST segment elevation
MI (STEMI) and type 2 DM or IGT undergoing PCI.

Methods

The study protocol was approved by the local ethics com-
mittee of the Federal State Budgetary Institution Research
Institute for Complex Issues of Cardiovascular Diseases,
of the Siberian Branch of the Russian Academy of Medical
Sciences and was developed according to the World Medi-
cal Association Declaration of Helsinki Ethical Principles
for Medical Research Involving Human Subjects (2008
edition),' and the “Good Clinical Practice Principles in the
Russian Federation” approved by the Russian Ministry of
Health Order. All patients signed an informed consent before
taking part in the study.

The inclusion criterion was STEMI within 24 hours from
the onset, with no age restrictions. The exclusion criteria
were: MI occurring during PCI or coronary artery bypass
surgery; end-stage renal failure; known cancer; worsening
of any chronic disease; or any other disease that significantly
limited the life expectancy.

Patient population

A total of 601 STEMI patients admitted over 1 year, within
24 hours from the onset of symptoms, were included into
this registry study. The mean age was 62.90 (32.0-94.0)
years. The medical history and clinical data as well as the
main characteristics of the MI index and hospital treatment
are summarized in Table 1.

Glucose tolerance test
All patients had their blood glucose levels assessed upon
admission. At days 8—14, the patients with no known CMD

Table | Clinical and medical history data of the STEMI patients
(n=601)

Parameters
Female sex, n (%) 226 (37.61)
Age, years 62.90 (61.99; 63.81)
Smoking, n (%) 241 (40.09)
Arterial hypertension, n (%) 537 (89.35)
Diabetes mellitus, n (%) 140 (23.29)
Impaired glucose tolerance, n (%) 32 (5.32)
History of myocardial infarction, n (%) 166 (27.62)
History of angina pectoris, n (%) 354 (58.90)
History of stroke, n (%) 64 (10.64)
Obesity (BMI >25 kg/m?), n (%) 427 (71.04)
Left ventricular ejection fraction, % 48.97 (48.11; 49.84)
LV dysfunction (LVEF <46%), n (%) 161 (26.78)
Killip class upon admission (II-1V), n (%) 123 (20.46)
Mean TIMI score 3.94 (3.71; 4.16)
Coronary angiography, n (%) 436 (72.54)
Reperfusion, n (%)
Stenting 301 (50.08)
Balloon angioplasty 75 (12.47)
Intracoronary TLT 14 (2.32)
Hospital medications, n (%)
Antiplatelets 567 (94.34)
[-blockers 509 (84.69)
ACE inhibitors 510 (84.85)
Diuretics 240 (39.93)
Statins 152 (25.29)
Calcium channel blockers 395 (65.72)

Notes: The values given in the brackets are the median (Q1;Q3).

Abbreviations: ACE, angiotensin-converting-enzyme inhibitor; BMI, body mass
index; LV, left ventricular; LVEF, left ventricular ejection fraction; STEMI, ST segment
elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction;
TLT, thrombolytic therapy.

and fasting or postprandial glucose levels of <11.1 mmol/L
were subjected to an oral glucose tolerance test (OGTT) (the
World Health Organization recommendation'? is for a 75 g
of glucose oral dose in all adults. The dose should be drunk
within 5 minutes).

A diagnosis of DM was documented if it was present
in the patients’ medical records.!? New-onset type 2 DM
was diagnosed during the hospital stay, based on the repeat
glucose test results and OGTT findings; IGT was diagnosed
during the hospital stay, based on the OGTT results.®

The diagnosis of diabetes was based on two or more inde-
pendent determinations (on different days) of the glucose level
that were =7.0 mmol/L (126 mg/dL). In doubtful cases, such
as the presentation of characteristic clinical picture of diabetes
with fasting plasma glucose within 6.6—7.7 mmol/L, OGTT
was performed; patients with OGTT =11.1 mmol/L were
diagnosed with type 2 DM. In addition, type 2 DM was raised
when glycated hemoglobin (HbA ) =6.5% (according to the
recommendations of American Diabetes Association).'?
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Therapy

In the hospital, the patients received the therapy recom-
mended by the 2007 National Society of Cardiology (VNOK)
guidelines'® on STEMI diagnosis and treatment. The rep-
erfusion strategy was determined as soon as possible for
all patients, including: balloon angioplasty; stenting of the
infarct-related artery; or intracoronary thrombolytic therapy
(TLT). Systemic TLT was performed if emergency coronary
angiography was contraindicated. The main contraindica-
tion for TLT was late admission (more than 12 hours from
the disease onset), and PCI was contraindicated if diffuse
coronary lesions were present and the infarct-related artery
could not be determined.

The total extent of coronary artery disease was assessed
by the Syntax score'* while considering the lesion location
and a range of morphologic characteristics (occlusion, bifur-
cation, ostial stenosis, prolonged lesion, calcinosis, intracoro-
nary thrombosis, etc)! using the online calculator.'¢

In this study, coronary angiography was performed in
436 (72.55%) STEMI patients. Based on the obtained data,
373 (62.06%) patients underwent primary PCI for the index
MI (Table 1), and a noninvasive treatment strategy was
chosen for 228 (37.94%) patients. Out of 373 patients that
underwent successful PCI, stents were implanted in 301
(80.70%) patients; 14 (3.75%) and 75 (20.10%) patients
had intracoronary thrombolysis and balloon angioplasty
(percutaneous transluminal coronary angioplasty) performed,
respectively.

A total of 59 (9.81%) patients died during the hospital
stay; all deaths were due to MI complications (heart ruptures,
cardiogenic shock, or lung edema). In all, 15 (25.42%)
deceased patients were diabetic, and two (3.38%) individu-
als had IGT.

During the hospital stay, all patients were administered
combined coronaroactive and antithrombotic therapy
(anticoagulants, antiplatelet agents, beta-blockers,
angiotensin-converting-enzyme inhibitor (ACE) inhibitors,
statins, and calcium channel blockers) according to individual
indications. All patients with documented CMD received
medical counseling about lifestyle modifications, including
sufficient physical exercise (depending on the time from MI
onset), diet, and body weight reduction; if indicated, glucose-
lowering medications (biguanides) were recommended, and
the insulin dose was adjusted, if necessary.

The 1-year outcome was assessed in 470 (86.72%)
patients; a total 72 (13.28%) patients were lost to follow
up. In all, 155 (32.98%) end points, including 59 (12.55%)
deaths, 86 (18.30%) recurrent Mls, 52 (11.06%) cases of

unstable angina, 18 (3.83%) strokes, 20 (4.26%) hospital
admissions for heart failure, and 40 (8.51%) emergency
PCIs were registered during the study. The causes of
deaths during hospital stay were early complications of
MI — cardiorrhexis, pulmonary edema, and cardiogenic
shock. During the year, the fatality in 56 (94.92%) cases
had cardiovascular causes — development of reinfarction,
augmentation of chronic heart failure (pulmonary edema),
stoke development, and ventricular arrhythmias. In other
cases, fatality occurred in two (3.39%) patients with onco-
pathology and in one (1.69%) patient, as a result of a road
traffic accident.

Assays

Blood serum and plasma were tested. The serum was
separated from venous blood by centrifugation at 3,000x
g for 20 minutes and stored at —70°C. The blood levels of
inflammation markers (fibrinogen, interleukin [IL]-6, IL-8,
IL-12, tumor necrosis factor [TNF]-o., high-sensitivity
C-reactive protein [hsCRP], and sCD40L) were measured
at days 10—14, with further follow up at year 1, to determine
the clinical significance of inflammation markers in predict-
ing cardiovascular events after PCI. Cytokine Quantikine®
(R&D Systems, Inc., Minneapolis, MN, USA) tests were
used, for: human IL-6 (sensitivity =0.16 ng/mL; intra- and
interassay precision, coefficients of variation [CV]=5.7 and
8.2%), human IL-8 (sensitivity =0.011 ng/mL, intra- and
interassay precision; CV =4.4 and 7.3%), human IL-12
(sensitivity =0.011 ng/mL, intra- and interassay precision;
CV =4.4 and 7.3%), human TNF-a (sensitivity =9.0 pg/
mL, intra- and interassay precision; CV =4.5 and 7.0%),
and sCD40L (sensitivity =0.12 ng/mL, intra- and interassay
precision; CV =6.4 and 11.4%). hsCRP was analyzed by
means of solid-phase enzyme immunoassay (EIA), using a
BioMedica kit (Waterloo, NSW, Australia) (sensitivity =0.12
ng/mL, intra- and interassay precision; CV =6.1 and 9.4%).
The risk of death or myocardial infarction in patients assessed
by TIMI Risk Score.!”

Statistical analysis

The data were statistically processed using SPSS Statistics
for Windows, Version 21.0 (IBM Corp, Armonk, NY, USA)
software. The Shapiro—Wilk test was used to assess the nor-
mality of continuous data. Most of the data had statistically
significant deviations from the normal distribution; there-
fore, Me (Q,;Q,) was used, where Me was the median, and
25%—75% was the interquartile range that comprised 50%
of the data on both sides of the median. The nonparametric
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Mann—Whitney U-test was used to test the hypothesized
differences between the samples. The differences between
the categorical variables in the mismatched samples were
analyzed using y” test, with Yates’ correction for continuity.
The frequency of the properties in the groups was analyzed by
means of the odds ratio calculation. P<<0.05 was considered
statistically significant.

Results

With regard to the presence of CMD, STEMI patients were
divided into three groups: normal blood glucose (n=429
[71.38%]); IGT (n=32[5.33%]); and DM (n=140 [23.29%)]),
of which 16 (11.42%) had new-onset DM.

The analysis of medical history and clinical character-
istics of STEMI patients with regard to CMD showed that
the “most severe” group included diabetic patients, while
the “least severe” group included those with normal blood
glucose levels, and IGT patients comprised a “borderline”
group (Table 2). Diabetic patients more often had arterial
hypertension, a history of MI, angina pectoris, and con-
gestive heart failure (CHF); these patients also more often
had high Thrombolysis in Myocardial Infarction (TIMI)
scores, were admitted to the hospital for CHF, had Killip
III or IV scores,'* and had higher rates of rethrombosis
during their hospital stay. The IGT group, compared with
the diabetic patients and those with normal blood glucose
levels, more often included obese patients and those with
a history of CHF and stroke. Additionally, the groups of
STEMI patients with DM and IGT included more women
than did the group comprised of patients with normal blood
glucose levels.

MI patients with DM and IGT had a more extensive
coronary artery disease (Syntax score) compared with the
patients with normal blood glucose, who also had severe
coronary lesions; however, these differences were not statisti-
cally significant (Table 2).

Coronary angiography only or PCI did not result in sta-
tistically significant differences (Table 3).

During the hospital stay, the diabetic STEMI patients
more often developed early postinfarction angina, rethrombo-
sis, and recurrent MI compared with the patients with normal
blood glucose (Table 4). Similar to the diabetic patients, [GT
patients also had higher rates of early postinfarction angina
and recurrent MI compared with those who had normal
blood glucose.

The analysis of 1-year outcomes showed that the dia-
betic patients had 1.5-fold more end points (P=0.005) than
did patients with normal blood glucose and 1.3-fold more

end points than did the IGT patients (Table 5). Despite the
lack of differences in the rate of end points between the MI
patients with IGT and those with normal blood glucose,
the IGT group had the highest admission rates for unstable
angina and more often underwent emergency revascular-
ization within 1 year. Thus, the presence of DM and IGT
in MI patients determines a more complicated course of
index MI.

The analysis of the impact of acute-phase PCI on 1-year
outcomes showed that endovascular revascularization sig-
nificantly improved the 1-year prognosis of STEMI patients,
both with and without CMD (Table 6). The benefits of a
restored coronary flow were especially evident in STEMI
patients with DM or IGT. CMD patients had significantly
less adverse events within a year after the index MI compared
with those with normal blood glucose. In this regard, the
progression of the IGT postinfarction was similar to that of
the diabetic patients.

Thus, the study results demonstrate that both DM and IGT
in MI patients equally determine, not only a more compli-
cated course of the disease but also, a poor 1-year outcome.
Moreover, PCI in STEMI patients with DM or IGT represents
a significant prognostic benefit in terms of the reduction of
adverse events within 1 year.

The analysis of inflammation markers showed signifi-
cantly higher levels of IL-6 and sCD40L in the MI patients
with DM and IGT. Additionally, the IGT patients had signifi-
cantly higher IL-12 levels compared with the patients with
normal blood glucose (Table 7).

The odds ratios (OR) were calculated to determine the
factors that implicate a poor 1-year failure, including, left
ventricular (LV) dysfunction, high levels of inflammation
markers (TNF-a,, IL-12, and IL-6) at days 10-14 from MI
onset, admission glucose levels of >7.8 mmol/L, and recur-
rent in-hospital MI.

In the diabetic MI patients, the OR of a poor 1-year
outcome was high for patients with a high Killip class of
acute heart failure upon admission, a history of chronic
heart failure, LV dysfunction, and high IL-12 levels. In the
IGT group, the factors associated with adverse outcomes
were a history of angina pectoris, admission glucose
levels of >7.8 mmol/L, and high IL-12 levels (Table 8).
Prognostically unfavorable levels of inflammation markers
and glucose were calculated, along with the most optimal
sensitivity and specificity.

For all STEMI patients, the OR of a poor 1-year outcome
was significant if PCI was not performed. The OR method was
also used to compare the efficacy of endovascular revascular-
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Table 2 Clinical and medical history data of the STEMI patients with regard to carbohydrate metabolism disorders

Parameters Normal glucose® (n=429) DM?® (n=140) IGT< (n=32) P-value
Mean age, years 61.0 (53.0; 72.0) 66.0 (58.0; 71.0) 59.5 (54.0; 69.0) P=0.106*"
P=0.304<
P=0.027°¢
Female sex, n (%) 123 (28.67) 86 (61.42) 17 (53.12) P=0.001>®
P=0.0072<
P=0.506"<
Arterial hypertension, n (%) 375 (87.41) 133 (95.0) 29 (90.62) P=0.018*
P=0.592%<
P=0.799°<
Obesity, n (%) 282 (65.73) 116 (87.22) 29 (90.62) P=0.0012*
P=0.0272<
P=0.819"<
History of M, n (%) 104 (24.24) 52 (37.14) 10 (31.25) P=0.004*
P=0.500%<
P=0.673%*
History of angina pectoris, n (%) 229 (53.37) 103 (73.57) 22 (68.75) P=0.001>*
P=0.134<
P=0.740"<
History of CHF, n (%) 27 (6.29%) 14 (10.0%) 3(9.37%) P=0.0272*
P=0.673<
P=0.506"<
History of stroke, n (%) 36 (8.39) 21 (15.0) 7 (21.87) P=0.036*"
P=0.0272<
P=0.493b<
Smoking, n (%) 188 (43.82) 31 (22.14) 22 (68.75) P=0.0012*
P=0.01 |2<
P=0.001®<
LVEF, % 50.0 (43.0-56.0) 49.0 (44.0-55.0) 48.50 (40.0-55.50) P=0.535*
P=0.734<
P=0.983"<
LV dysfunction (LVEF <46%), 136 (31.70) 41 (29.29) 10 (31.25) P=0.666%"
n (%) P=0.960%<
P=0.996"<
MI localization, n (%)
Anterior Ml 205 (47.79) 70 (50.0) 19 (59.38) P=0.006*"
Posterior Ml 200 (46.62) 55 (39.29) 13 (40.62) P=0.416%
Posterior Ml with the right 10 (2.33) I (0.71) 0 (0) P=0.274°<
ventricle affected
Circular Ml 14 (3.26) 414 (10.0) 0(0)
Killip class upon admission, n (%)
[ 331 (77.16) 90 (64.29) 20 (62.50) P=0.0012*
Il 70 (16.32) 22 (15.71) 10 (31.25) P=0.109<
11l 16 (3.73) 21 (15.0) 2 (6.25) P=0.090"<
v 12 (2.79) 7 (5.0 0 (0)
Mean TIMI score 3.0 (2.0; 6.0) 4.0 (2.0; 6.0) 3.5 (2.0; 6.0) P=0.184*
P=0.934<
P=0.857"¢
SYNTAX 17.65 (15.34; 20.05) 21.04 (17.56; 23.78) 18.22 (15.82; 22.15) P=0.262>*
P=0.653<
P=0.506"<

Notes: *group with normal glucose. "group with diabetes mellitus. “group with impaired glucose tolerance.
Abbreviations: CHF, congestive heart failure; DM, diabetes mellitus; IGT, impaired glucose tolerance; LV, left ventricular; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; STEMI, ST segment elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

ization in the study groups. To this end, the STEMI patients
that underwent PCI were considered to be the exposed
subgroup, and the controlled event — the incidence of which
depended on the exposing factor — was the occurrence of end

points within the 1-year follow-up period. The data presented
in this study showed that revascularization procedures in the
acute MI phase helped to optimize the 1-year outcome in all
of the three patient groups (OR =0.33, P<<0.0001 [normal
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Table 3 Main characteristics of hospital coronary interventions
for the STEMI patients with regard to carbohydrate metabolism

disorders
Parameters Normal DM® IGT P-value
glucose® (n=140) (n=32)
(n=429)
Coronary 309 (72.03) 104 (74.29) 23 (71.87) P=0.681*
angiography, P=0.960%<
n (%) P=0.955°¢
PCl, n (%) 274 (63.87) 79 (56.43) 20 (62.50)  P=0.140%°
P=0.960<
P=0.668"<
Stenting, n (%) 219 (51.05) 66 (47.14) 16 (50.0)  P=0.4812"
P=0.960<
P=0.924<
Balloon 58 (13.52) 12 (8.57) 5(15.62)  P=0.162**
angioplasty, P=0.946%<
n (%) P=0.380"<
TLT, n (%)
Systemic 35 (8.16) I'1(7.86) 3(9.38) P=0.729*
Intracoronary |1 (2.56) 2 (1.43) I (3.12) P=0.9512<
P=0.766"<

Notes: *group with normal glucose. group with diabetes mellitus. ‘group with
impaired glucose tolerance.

Abbreviations: DM, diabetes mellitus; IGT, impaired glucose tolerance;
PCI, percutaneous coronary intervention; STEMI, ST segment elevation myocardial
infarction; TLT, thrombolytic therapy.

blood glucose group]; OR =0.23, P=0.039 [DM group]; and
OR =0.20, P=0.022 [IGT group]). However, the efficacy of
PCI was much higher in both the ITG and in the DM groups
than in the normal blood glucose patients.

Table 4 Hospital outcome of the STEMI patients with regard to
carbohydrate metabolism disorders

Parameters Normal DM® IGT- P-value
glucose*  (n=140) (n=32)
(n=429)
Composite hospital 81 (18.88) 36 (25.71) 7(21.87) P=0.106*
end points, n (%) P=0.855¢
P=0.821b<
Hospital death, n (%) 42 (9.79) I5(10.71) 2(6.25) P=0.878
P=0.730%<
P=0.663"<
Restenosis/ 15 (3.50) 16 (11.43) 2(6.25) P=0.0012>
rethrombosis, n (%) P=0.756>¢
P=0.587°<
Early postinfarction 23 (5.36) I5(10.71) 3(9.37) P=0.045*
angina, n (%) P=0.5817<
P=0.960°<
Recurrent in-hospital 26 (6.06) 19 (13.57) 4 (12.50) P=0.007*%
M, n (%) P=0.292<
P=0.960°<
Stroke, n (%) 1 (0.23) 0 (0) 0 (0) P=0.960>*
P=0.960<
P=0.960°<

Notes: *group with normal glucose. "group with diabetes mellitus. ‘group with
impaired glucose tolerance.

Abbreviations: DM, diabetes mellitus; IGT, impaired glucose tolerance;
MI, myocardial infarction; STEMI, ST segment elevation myocardial infarction.

Table 5 End points within | year after STEMI with regard to
carbohydrate metabolism disorders (n=470)

End points Normal DM® IGT< P-value
glucose® (n=140) (n=32)
(n=429)
Composite end 92 (28.84) 52(43.70) Il (36.67)  P=0.005**
point, n (%) P=0.491><
P=0.624°<
Death, n (%) 39(12.22) 18 (15.12) 2 (6.67) P=0.520%*
P=0.544<
P=0.360°¢
M, n (%) 49 (15.36) 31 (26.05) 6 (20.0) P=0.015%*
P=0.686*
P=0.653"<
Stroke, n (%) 8 (2.50) 9 (7.56) 1 (3.33) P=0.0312*
P=0.960<
P=0.675%¢
Unstable angina, 29 (9.09) 18 (15.13) 5 (16.67) P=0.1012*
n (%) P=0.310<
P=0.960°<
CHF worsening, 10 (3.14) 9 (7.56) 1 (3.33) P=0.078*
n (%) P=0.960<
P=0.675"¢
Emergency PCI, 18 (5.64) 16 (13.45) 6 (20.0) P=0.012*
n (%) P=0.009<
P=0.538"¢

Notes: *group with normal glucose. "group with diabetes mellitus. ‘group with
impaired glucose tolerance.

Abbreviations: CHF, congestive heart failure; DM, diabetes mellitus; IGT,
impaired glucose tolerance; Ml, myocardial infarction; PCI, percutaneous coronary
intervention; STEMI, ST segment elevation myocardial infarction.

Discussion

First, DM MI patients were more effectively treated than were
those with normal blood glucose. This effect was likely due to
the higher absolute risk for cardiovascular events in DM MI
patients, which results in a higher therapeutic benefit."”

However, the negative impact of DM on the outcomes
of MI patients should also be considered when PCI is per-
formed, which has also been demonstrated in this manuscript.’
Indeed, despite encouraging results, a history of DM remains
a risk factor for early and late events after primary PCI.* DM
patients have been proven to have a high risk of restenosis
and repeat revascularization.”” DM patients have higher rates
of atherosclerosis progression both in revascularized and
nonrevascularized areas.”!

In a previous study, we obtained data that confirmed a
negative impact of IGT on MI prognosis similar to that of
DM." Diabetic patients with chronic hyperglycemia and dys-
lipidemia typically have signs of active intravascular inflam-
mation is a prerequisite for higher rates of atherosclerosis
progression in addition to increased platelet activity, which is
also typical of diabetic patients.?? These relationships should
be considered when discussing the mechanisms of a favorable
prognosis in patients with IGT.
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Table 6 One-year outcome in the groups with regard to PCl and IGT

I-year No PCI PCI P-value
outcomes Carbohydrate Normal blood Carbohydrate Normal blood
metabolism disorders glucose metabolism disorders glucose
Good outcome, % 51.56 54.26 63.22 78.22 =0.001%*
=0.001**
Poor outcome, % 48.44 45.74 36.78 21.28 =0.05

Notes: *Significant differences between normal blood glucose (PCl) and carbohydrate metabolism disorders (PCl). **Significant differences between normal blood glucose

(no PCI) and normal blood glucose (PCI).

Abbreviations: IGT, impaired glucose tolerance; PCI, percutaneous coronary intervention.

In a previous work, the authors demonstrated that both M1
patients with DM and those with IGT have a high proinflam-
matory potential, which is manifested in the increased levels
of CRP, IL-12, and sCD40L. Therefore, inflammation can be
regarded as the leading mechanism of the manifestation of
adverse vascular events in patients with both symptomatic
and subclinical IGT.'

In the current study IL-12 played an important role
in the risk assessment of adverse events in both CMD
and normal glucose patients. The function of IL-12 as an
inflammation marker in atherosclerosis is unclear, and most
relevant studies have been experimental. IL-12 and IL-18
have been established as powerful inducers of interferon
gamma (IFN-y) production,” a proinflammatory cytokine

that accelerates atherosclerosis progression.? This cytokine
produced by macrophages was found to cause undifferenti-
ated CD4+ cells to differentiate into T helper (Th)1 cells,
which help define the cells responsible for specific immune
system response by means of IL-2, IFN-y, TNF-o., and the
CD 40 ligand.®

A previous immunohistochemical study showed increased
IL-12 levels in human atherosclerotic plaques compared with
normal arteries.” Another study demonstrated the role of IL-12 in
murine atherosclerosis development and progression.?” In an ear-
lier study, the authors found that IL-12 also played a very impor-
tant role in predicting vascular events in STEMI patients within
the 1-year follow-up period.?® This marker remained important
to predict the outcomes after MI, both in the patients with and

Table 7 Inflammation markers in STEMI patients with regard to carbohydrate metabolism disorders

Inflammation markers Normal glucose® (n=429)

DM?® (n=140) IGT< (n=32) P-value

Fibrinogen, g/L 3.2 (2.58;4.2)

TNF-a, pg/mL 9.61 (7.24; 11.99)
IL-10, pg/mL 1.78 (1.06; 2.72)
IL-8, pg/mL 3.35 (1.65; 5.73)
IL-6, pg/mL 2.05 (0.44; 5.68)
IL-12, pg/mL 99.0 (64.07; 120.3)
CRP, mg/L

11.95 (6.57; 19.75)

sCD40L, ng/mL 4385 (2.16; 8.42)

P=0.005°*
P=0.493:
P=0.308"
P=0.871%
P=0.534°<
P=0.727"¢
P=0.528"
P=0.204
P=0.2150
P=0.810
P=0.450°<
P=0.376"
P=0.023
P=0.039<
P=0.278"
P=0.152
P=0.017:
P=0.032"¢
P=0.687
P=0.785%
P=0.432"¢
P=0.03 2
P=0.045%
P=0.308"

3.75 (2.84; 6.05) 3.5 (2.34; 5.08)

9.32 (6.16; 13.68) 9.75 (7.05; 12.79)
2.13 (1.22; 3.31) 1.98 (1.15; 3.05)
324 (1.88; 5.84) 3.53 (1.74; 5.96)
475 (0.79; 7.46) 3.97 (0.56; 6.49)
109.50 (95.63; 128.0) 122.5 (107.30; 133.50)
13.10 (5.52; 18.0) 12.03 (5.47; 17.56)

8.30 (5.77; 10.44) 7.87 (3.55; 9.79)

Notes: Values are presented as median (Q1:Q3). *group with normal glucose. *group with diabetes mellitus. “group with impaired glucose tolerance.
Abbreviations: CRP, c-reactive protein; DM, diabetes mellitus; IGT, impaired glucose tolerance; IL, interleukin; sCD40L, CD40 ligand; STEMI, ST segment elevation

myocardial infarction; TNF, tumor necrosis factor; Q, interquartile range.
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Table 8 Factors associated with poor |-year outcome

Parameters Odds ratio  95% CI P-value
Normal glucose

Female-to-male ratio 1.97 1.17-3.31 0.008
Ratio of the patients older 3.77 2.24-6.35 <0.0001
and younger than 70 years

History of Ml 1.86 1.08-3.22  0.020
History of angina pectoris 2.02 1.23-332  0.007
History of stroke 2.67 1.11-6.39  0.009
LVEF <46% 3.8l 2.26-6.45 <0.0001
Ratio of Killip II-1V and | 3.21 1.81-5.71 <0.0001
Admission glucose 3.51 2.11-5.83 <0.0001
of >7.8 mmol/L

PCI 0.33 0.20-0.55 <0.0001
Recurrent in-hospital Ml 3.20 0.84-7.21 0.029
TNF-o. >14.12 pg/mL 4.73 1.93-11.58 0.0001
IL-6 >8.05 pg/mL 3.14 1.29-7.67  0.007
IL-12 >110.01 pg/mL 5.18 1.54-7.37  0.009
Diabetes mellitus

History of chronic heart failure ~ 3.71 0.67-8.40  0.039
LVEF <46% 4.01 1.35-8.37  0.034
Ratio of Killip II-1V and | 351 1.31-7.05  0.041
PCI 0.23 0.15-0.69  0.039
IL-12 >110.01 pg/mL 5.57 1.01-9.34  0.033
Impaired glucose tolerance

History of angina pectoris 1.37 0.61-3.09  0.044
PCI 0.20 0.10-0.63  0.022
Admission glucose 1.93 0.43-8.61 0.038
of >7.8 mmol/L

IL-12 >110.01 pg/mL 4.74 1.12-6.17  0.024

Abbreviations: Cl, confidence interval; IL, interleukin; LVEF, left ventricular
ejection fraction; Ml, myocardial infarction; PCI, percutaneous coronary intervention;
TNF, tumor necrosis factor.

without a history of CMD in this study. Thus, IL-12 might be an
independent marker of atherosclerosis progression.

Another cytokine examined in this study, IL-6, could
discriminate patients at a high risk for new vascular accidents
within 1 year after MI treated with an invasive approach. The
prognostic value of IL-6 has been demonstrated in population
epidemiology studies.?3° In one study, increased IL-1 and
IL-6 were confirmed to be associated with recurrent coronary
events in [HD patients.>’ Martins et al showed significant
increases in IL-2, IL-4, IL-6, IL-12, and IL-18 in IHD patients
compared with healthy subjects, and the levels of IL-6 were
much higher in MI patients.** Kubensky et al** assessed the
concentrations of inflammation markers in patients with
Q-wave MI, at days 2—10: higher IL-6 and TNF-o levels
were observed if the MI course was complicated. Kopitsa**
showed that IL-6 >180 pg/mL at days 46 from the acute
MI onset was a highly sensitive but less specific marker for
recurrent coronary events and sudden coronary death in this
category of patients. Meanwhile, Orlova*® demonstrated that
only extremely low admission IL-6 levels were predictors of

hospital mortality in patients with acute Q-wave MI compared
with the other inflammation markers under study (CRP, IL-6,
IL-8, IL-12, and IL-10).

Previously published data support the association between
the increase in TNF-ou and recurrent coronary events in IHD
patients.* The Cholesterol and Recurrent Events (CARE) study
demonstrated that increased expression of TNF-ot 9 months
after MI was a predictor of high risk of coronary events within
a 5-year follow-up period.”” The results of this study showed the
role of this marker in the prediction of adverse outcomes in MI
patients who underwent PCI. The latest studies have found that
TNF-oand IL-6 produced in the adipose tissue could influence
the peripheral tissue sensitivity to insulin.***

Studying the role of proinflammatory cytokines (TNF-c,
IL-6, and CRP) and their impact on the vascular complications
of DM has suggested that inflammation plays a specific role
in the development of insulin resistance. Chronic subclini-
cal inflammation is thought to be a part of insulin resistance
syndrome, and the aforementioned cytokines are predictors of
vascular DM complications.*** Hyperglycemia was confirmed
to be one of the main stimuli for the expression of inflamma-
tion markers by endothelial cells.*” Convincing experimental
and clinical study has confirmed the role of hyperglycemia in
the increase in CRP, IL-6, and TNF-o. levels.*® Additionally,
hyperglycemia enhances the release of reactive oxygen, which
can cause a more severe oxidative stress than chronic hyperg-
lycemia, if glucose levels change dramatically.*!

The results of this study showed the role of inflamma-
tion as a general pathogenetic link in atherogenesis, athero-
thrombosis (MI), and CMD development, which confirmed
the association between these conditions and the need for
proinflammatory status assessment to stratify the risk of MI
patients. Thus, persistent inflammation in STEMI patients
with CMD undergoing PCI might be responsible for vascular
accidents within 1 year after MI. Comorbid DM or IGT can
amplify the significance of the inflammatory response for
the development of adverse 1-year outcomes.
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