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Background: Insulin resistance is known to be a common feature of type 2 diabetes mellitus and 

is regarded as an important mechanism in the pathogenesis of this disease. The key pathogenetic 

mechanisms of insulin resistance progression are free fatty acids metabolism impairment and 

enhanced activity of plasminogen activator inhibitor 1. Both free fatty acids and plasminogen 

activator inhibitor 1 are recognized as risk factors for coronary heart disease.

Methods: The patients were divided into two groups: group 1 included 65 non-diabetic myo-

cardial infarction patients and group 2 enrolled 60 diabetic myocardial infarction patients. The 

control group consisted of 30 sex- and age-matched volunteers. The concentration of serum 

free fatty acids, glucose, C-peptide, and insulin were measured on the 1st and 12th days of the 

study. All the patients had their postprandial glycemia, insulin, and C-peptide concentrations 

measured 2 hours after a standard carbohydrate breakfast containing 360 kcal (protein 20 g, 

carbohydrate 57 g, and fat 9 g).

Results: Free fatty acids levels in group 1 and in group 2 exceeded the control group values by 

7-fold and 11-fold, respectively. Plasminogen activator inhibitor 1 concentration was 2.5-fold 

higher in group 1 and 4.6-fold higher in group 2 compared to the control group on the 1st day 

from the myocardial infarction onset. In addition, plasminogen activator inhibitor 1 concentra-

tion was significantly reduced in both groups on the 12th day from the myocardial infarction 

onset; however, it did not achieve the control group values.

Conclusion: Increased postprandial glucose level, insulinemia, and elevated levels of free fatty 

acids and plasminogen activator inhibitor are associated with myocardial infarction-associated 

progression of insulin resistance. However, insulin resistance metabolic markers are of great 

predictive capacity in the assessment of risk of acute coronary events.

Keywords: free fatty acids, type 2 diabetes mellitus, myocardial infarction, insulin resistance, 

plasminogen activator inhibitor 1

Introduction
Coronary heart disease (CHD) and myocardial infarction (MI) have a significant impact on 

morbidity and mortality in developed countries.1,2 Thrombosis induced by atherosclerotic 

plaques rupture and subsequent distal thromboembolism may result in MI progression.1,3 

Thrombus formation is regulated by the fibrinolytic system, which prevents luminal 

occlusion. Predominance of fibrinolysis inhibitors over its activators and plasminogen 

deficiency may be considered as risk factors for atherosclerosis and MI. Plasminogen 

activator inhibitor 1 (PAI-1) plays a significant role in cardiovascular diseases. Clinical 

studies have shown a positive correlation between increased levels of PAI-1 and 

atherothrombosis.3 Moreover, high plasma PAI-1 concentration is considered to be a 

predictor of myocardial infarction.1 PAI-1 is involved in the insulin reception process as 
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well as in fibrinolysis regulation. PAI-1 also modulates insulin 

signaling in fibroblasts, preventing the binding of vitronectin 

to avb3 receptors that, in turn, reduces insulin-induced 

phosphorylation of protein kinase B.4,5 A positive correlation 

between plasma PAI-1 concentration and insulin resistance 

(IR) markers was verified by epidemiological studies.6

According to various theories, IR is considered a common 

feature of type 2 diabetes mellitus (T2DM) and is regarded as 

an important mechanism in the pathogenesis of this disease. 

Cardiovascular risk factors, including hyperglycemia, dyslipo-

proteinemia, hypertension, obesity, thrombosis, and smoking 

are also associated with increased IR risk.6 Nowadays, the 

results of several studies have already been published confirm-

ing the association of IR with atherosclerosis manifestations 

and cardiovascular risk in both men and women.7

Impaired free fatty acid (FFA) metabolism and increased 

blood FFA levels together with the impaired glucose 

utilization are significant pathogenetic mechanisms of the 

IR progression. Increased FFA levels are considered to be an 

early IR marker, which can be revealed long before glucose 

intolerance and T2DM progression.8 FFA is traditionally 

considered as a main myocardium metabolic resource.9 

Intensity of FFA transport to the myocardial tissues is 

determined by their plasma concentration. Anaerobic 

glycolysis is supposed to be a main metabolic pathway under 

ischemic conditions by providing energy to cardiomyocytes, 

since FFA oxidation is associated with higher oxygen 

consumption. This phenomenon may lead to FFA utilization 

and decrease of blood FFA levels.10 Moreover, disruption of 

mitochondrial respiratory enzymes under hypoxic conditions 

results in oxidative modification of lipoproteins, induces 

endothelial inflammation, and promotes atherosclerotic 

plaques formation and ischemia progression.9,11 Reversible 

metabolic impairment in the early stages becomes inevitably 

irreversible and leads to cell death in the absence of 

reperfusion.13,14 Thus, literature analysis suggests PAI-1 and 

FFA involvement in IR progression, which is recognized as 

a CHD risk factor. The determination of MI progression-

related IR markers is of great importance for the assessment 

of further treatment and prognosis.

Therefore, the aim of this study is to access insulin resis-

tance marker dynamics in ST-segment elevation patients 

with myocardial infarction with presented and non-presented 

T2DM in acute and post-acute rehabilitation periods.

Material and methods
Study subjects and design
One-hundred and twenty-five MI patients (65 males and 

60 females), mean age ± standard deviation 65 ± 4.5 years, 

and 30 sex and age-matched volunteers (the control group) 

with no cardiovascular or endocrine diseases were enrolled 

in the study. The patients were divided into two groups: 

group 1 included 65 non-diabetic MI patients and group 

2 enrolled 60 diabetic MI patients. The mean ± standard 

deviation T2DM duration was, on average, 6.4 ± 1.5 years. 

The groups were sex and age-matched and had similar risk 

Table 1 Initial clinical and anamnestic characteristics of patients, n (%)

Variable Patients with MI without type 2  
diabetes (n=65)

Patients with MI and type 2  
diabetes (n=60)

Control  
(n=30)

Men, n (%) 44 (73.3) 18 (30) 18 (60)
Age, year 61 (53;70) 66,5 (61;73,5) 58 (51;62)
Body mass index, kg/m2 25.5 (23.2;30.1) 29.65 (26.85;34.55) 23.6 (21.3;26.5)
CK MB, U/L 
Troponin T, ng/mL

137.64 (99.5;165,1) 
0.71 (0.36;1.02)

94.03 (80,3;110,3) 
1.09 (0,95; 1,16)

15.2 (11,3;19,3) 
0.09 (0.08;0.12)

Overweight, n (%) 37 (56.9) 51 (85)
Arterial hypertension, n (%) 50 (79.6) 51 (85)
hypercholesterolemia, n (%) 25 (38.5) 27 (45)
Current smoking, n (%) 50 (79.6) 37 (61.6) 2 (6.6)
Family history of IhD, n (%) 16 (24.6) 30 (50) 5 (16)
Previous myocardial infarction, n (%) 10 (15.4) 15 (25)
Ulcerous disease, n (%) 6 (9.3) 5 (8.3)
Chronic kidney disease, n (%) 1 (2.1) 1 (1.6)
Anterior wall myocardial infarction, n (%) 45 (42) 9 (15)
Killip class I, n (%) 53 (81.5) 26 (43.3)
Killip class II–IV, n (%) 21 (35.4) 32 (53.3)
Death, n (%) 1 (0.9) 1 (1.6)

Notes: Age and body mass index and are presented as median and quartiles (Me [Q1;Q3]).
Abbreviations: CK MB, myocardial fraction of creatine phosphokinase; IhD, ischemic heart disease; MI, myocardial infaraction.
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factors for ischemic heart disease, concurrent conditions, 

and MI complications rate.

Main demographic characteristics of the study patients 

and group control are summarized in Table 1. The patient 

groups were similar in age, sex main risk factors for ischemic 

heart disease, comorbidities, and coronary events incidence 

(Table 1).

Acute myocardial infarction was diagnosed accord-

ing to the 2007 Russian National Cardiology Society 

guidelines based on clinical, electrocardiographic (ECG), 

echocardiographic (ECHO), and biochemical signs of the 

disease. The inclusion criteria were chest pain refractory to 

nitroglycerin, myocardial ischemia, and signs of necrosis 

(ST segment elevation and/or new pathologic Q waves on 

the ECG, elevated cardiac enzymes, myocardial fraction of 

creatine phosphokinase [CK MB], and troponin T). Peak 

CK MB and troponin T levels did not differ between groups 

(Table 1). Peak CK MB levels were 94.03 ± 17.9 U/L and 

137.64 ± 41.1 U/L in the diabetic and non-diabetic patients, 

respectively (P = 0.916); troponin T concentrations were 

1.09 ± 0.92 ng/mL and 0.71 ± 0.41 ng/mL in the diabetic and 

non-diabetic patients, respectively (P = 0.564). In addition, all 

patients had their C-reactive protein (CRP) levels measured; 

concentrations were 20.47 (9.59; 45.85) mg/L and 29.86 

(27.3; 31.9) mg/L (presented as median and quartiles [Me 

{Q
1
;Q

3
}]) in the diabetic and non-diabetic patients, respec-

tively (P = 0.001). The exclusion criteria were age .75 years, 

clinically significant comorbidities (autoimmune diseases, 

thyroid, or adrenal gland diseases), acute coronary syndrome 

as a complication of percutaneous coronary intervention, or 

coronary artery bypass surgery. Exclusion criteria for patients 

with MI without diabetes, was as well, the presence of glucose 

on an empty stomach of more than 7 mmol/L.

Q-wave MI was diagnosed in 18 diabetic and 20 non-

diabetic patients (P = 0.866). The patient groups had 

a similar incidence of major hospital coronary events 

(Table 1). In both groups, 80% of patients did not have any 

signs of acute heart failure, according to the 1967 Killip 

classification upon admission and during the hospital 

stay (Table 1); however, more than 50% of patients had 

arrhythmias and impaired conduction diagnosed accord-

ing to established criteria.12 The structure and function 

of the left ventricle did not differ in the groups. Mean 

left ventricular ejection fraction was 51.25% ± 1.85% 

in the diabetic patients and 50.42% ± 1.62% in those 

without T2DM (P = 0.598); mean left ventricular end-

diastolic volume was 164.35 ± 10.47 mL in the diabetic 

patients and 156.43 ± 7.18 mL in the non- diabetic patients 

(P = 0.649); mean left ventricular end-systolic volume was 

79.71 ± 8.32 mL in the diabetic patients and 75.22 ± 5.56 in 

the non-diabetic patients (P = 0.702).

The groups were similar in the presence/type of coronary 

artery disease: coronary angiography showed multivessel 

(.3 vessels) hemodynamically significant coronary artery 

lesions in both groups (76.5% in the diabetic patients and 

62.5% in the non-diabetic patients; P = 0.857).

Primary percutaneous coronary intervention (PCI) of the 

infarct-related artery was used as reperfusion therapy and, 

if contraindicated (PCI technically unfeasible), systemic 

thrombolysis with streptokinase (1.5 million units) or phar-

macological treatment was administered. PCI frequency was 

similar in both groups: it was done for 16 diabetic patients 

and 24 non-diabetic patients (P = 0.512). All patients received 

medication therapy, if not contraindicated, including acidum 

acetylsalicylicum (ASA), clopidogrel angiotensin convert-

ing enzyme (ACE), inhibitors and antianginal drugs; all 

medications were administered according to the standard 

of care. Fourteen diabetic patients took antihyperglycemic 

medications before MI: six patients took sulfonylurea drugs, 

four patients biguanides, three patients took a combination 

of sulfonylurea drugs and biguanides, and one patient took 

dipeptidyl peptidase-4 (DPP-4) inhibitors in combination 

with biguanides. Six patients were treated with the diet 

only. No patients showed any bleeding as a consequence of 

the therapy.

T2DM compensation was evaluated based on glycated 

hemoglobin HbA
1c

 levels (T2DM was considered to be com-

pensated in HbA
1c

 . 7.5%, according to the 2000 European 

Diabetes Policy Group criteria). Decompensated T2DM was 

diagnosed in eight patients.

The study design was approved by the Institutional 

Review Board of the Research Institute for Complex Issues 

of Cardiovascular Diseases; all individuals signed informed 

consent before being enrolled in the study. Thera peutic inter-

ventions during the follow-up period are listed in Table 2.

Table 2 Revascularization and drug therapy during follow-up

Therapy, n (%)

β-blockers 96 (89.7) 55 (84.6)
Angiotensin-converting enzyme 88 (82.2) 51 (85)
Calcium channel blocker 75 (70) 21 (65.6)
Diuretics 45 (42) 39 (60)
nitrates 94 (87.8) 31 (51.6)
Aspirin 94 (87.8) 55 (91.6)
heparin 95 (100) 60 (100)
Clopidogrel 84 (78.5) 44 (73.3)
Statins 95 (100) 60 (100)
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Assay
Blood serum and plasma were tested. The serum was separated 

from venous blood by centrifugation at 3000 g for 20 minutes 

and stored at −70°C. The tests were done on the 1st day from 

MI and acute heart failure onset and then on the 12th day, 

after the condition had been stabilized. FFA and glucose 

concentrations as biochemical markers of IR were measured 

at the same study time points using standard Thermo Fisher 

Scientific test systems (Thermo Fisher Scientific Oy, Vantaa, 

Finland) on a Konelab 30i biochemistry analyzer (Thermo 

Fisher Scientific Oy). C-peptide and insulin concentrations 

were measured by enzyme-linked immunosorbent assay 

(ELISA) with BioMedica (Waterloo, NSW, Australia) and 

Diagnostic Systems Laboratories (Webster, TX, USA) lab kits, 

respectively. The intra-assay coefficients of variation (CVs) for 

insulin Diagnostic Systems Laboratories and C-peptide ELISA 

were 3.8% and 4.2%, respectively, and the inter-assay CVs were 

6.9% and 7.9%, respectively. Additionally, all patients had their 

postprandial glycemia, insulin, and C-peptide concentrations 

measured 2 hours after being fed a standard solid meal contain-

ing 360 kcal (protein 20 g, carbohydrate 57 g, and fat 9 g).

IR levels were estimated using a structural mathemati-

cal model incorporating fasting serum insulin and glucose 

measurement with the Quantitative Insulin Sensitivity Check 

Index (QUICKI) calculation:

 QUICKI = 1/[log (I0) + log (G0)] (1)

where I0 is basal insulinemia (mg/dL) and G0 is basal 

glycemia (mME/mL).15 The average QUICKI value of 

0.382 + 0.007 corresponds to normal tissue sensitivity to insu-

lin; the QUICKI value of 0.331 + 0.010 and 0.304 + 0.007 

corresponds to moderate and severe tissue IR, respectively.

Statistical analysis
Statistical analysis was done using non-parametric Mann-

Whitney test for unpaired samples and Wilcoxon test for 

paired samples. The results were presented as median and 

quartiles (Me [Q
1
;Q

3
]). P values ,0.05 were considered 

statistically significant. Spearman’s correlation coefficient 

was calculated to analyze correlations between the variables. 

Statistical analysis was performed using Statistica 6.0 

(StatSoft, Tulsa, OK, USA).

Results
Blood glucose levels increased 1.2-fold in group 1 and  

1.9-fold in group 2 compared to the control group on the 1st 

day after MI onset (Table 3). An elevation in glucose level T
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Postprandial insulin positively correlated with FFA lev-

els (R = 0.395, P = 0.0002) (Figure 1) and QUICKI index 

negatively correlated with FFA levels (R = −0.74, P = 0.0002; 

Figure 2) in group 1. Moreover, a negative correlation between 

PAI-1 concentration and QUICKI index was reported in group 

2 and in group 1 (R = −0.77, P = 0.005; R = −0.47, P = 0.005, 

respectively; Figure 3); PAI-1 and FFA levels were positively 

correlated (R = 0.235, P = 0.0088; Figure 4).

Discussion
According to the modern point of view, IR is considered 

a key pathogenetic mechanism of T2DM, and it is also 

regarded as an atherosclerosis risk factor together with the 

metabolic markers, including serum glucose and insulin 

 levels.9 The results of our study indicate the presence of basal 

and postprandial hyperglycemia in patients with MI in acute 

and post-acute rehabilitation periods; it was also found that 

blood glucose levels are higher in MI patients with associated 

T2DM during the follow-up period. The presence of basal and 

postprandial hyperglycemia in MI patients was considered to 

be an independent risk factor for adverse events according 

to the results of clinical studies.2 The authors noted a high 

number of in-hospital complications and high case fatality 

rate in patients with MI and associated hyperglycemia dur-

ing a long-term period. According to several studies, post-

prandial insulin and C-peptide levels are more informative 

than basal levels, particularly in cases without obvious IR 

manifestations, and the detected analyte can be used for IR 

identification.6 However, postprandial insulin and C-peptide 

levels were significantly higher in both case groups compared 

to healthy subjects, but only slightly differed within the case 

groups. The presence of IR in patients included in the study 

was confirmed by the low QUICKI index. The severe IR was 

reported in the case of combined pathology, and moderate IR 

degree was reported in cases with diabetes absence.

Reduced sensitivity to insulin also affects lipid metabo-

lism; initially FFA metabolism. Although we found a statis-

tically significant increase in FFA levels in both groups of 

patients who suffered from acute MI, the results were more 

was noticed in group 2 during the entire follow-up period, 

whereas in group 1, blood glucose levels decreased on the 

12th day from MI onset but did not achieve the values in 

the control group. In addition, postprandial glucose levels 

increased 2.6-fold in group 2 in comparison to the control 

values on the 12th day from the MI onset (Table 3).

In contrast, fasting serum insulin and C-peptide levels 

tended to increase in both groups on the 1st and 12th days from 

MI onset, but did not differ significantly from the control values 

(Table 3). The changes in postprandial values were more signifi-

cant on the 12th day of MI progression (Table 3). Postprandial 

insulin level raised equally in both groups compared to the 

control group. The change in C-peptide dynamics was compa-

rable with the change in glucose level (C-peptide concentration 

increased 2.3-fold in group 2 and 1.5-fold in group 1).

The IR QUICKI integral index significantly differed from 

the control values in both groups despite the fact that carbo-

hydrate metabolism changes were less pronounced in group 1 

than in group 2. The QUICKI index in the control group was 

0.38 ± 0.01 and corresponded to normal tissue sensitivity to 

insulin. In group 1, the QUICKI indices were 0.316 ± 0.005 

and 0.319 ± 0.005 on the 1st and 12th days after the MI onset, 

respectively, and they were interpreted as breakpoint values 

between severe and moderate IR. In group 2, the QUICKI 

indices were 0.296 ± 0.009 and 0.300 ± 0.005 that, in accor-

dance with Katz et al, verified pronounced tissue IR.15

Significant differences in FFA concentration were detected 

in patients with MI on the 1st and 12th days from the MI onset 

compared to healthy subjects (Table 4). FFA levels in group 1 

and in group 2 exceeded the control group values by 7-fold 

and 11-fold, respectively. On the 12th day of follow-up they 

decreased, but still differed by 3.0–4.7-fold from the normal 

values. The changes were more remarkable in group 2.

PAI-1 concentration was 2.5-fold higher in group 1 and 

4.6-fold higher in group 2 compared to the control group on 

the 1st day from MI onset. In addition, PAI-1 concentration 

significantly reduced in both groups on the 12th day from 

MI onset; however, it did not achieve control group values 

(Table 4).

Table 4 Basal level of FFA and PAI- , on the 1st and 12th days from the MI, respectively

Variables Control  
(n = 30)

Patients with MI (n = 65) Patients with MI and type 2 diabetes mellitus 
(n = 60)

1st day 12th day 1st day 12th day

FFA, mmol/L 0.20 (0.1; 1.1) 1.41 (0.93; 1.92)*,# 0.61 (0.41; 0.87)**,# 2.20 (1.47; 2.78)* 0.93 (0.68; 1.28)**
PA-1, ng/mL 35.25 (28.3; 46.3) 86.44 (64.36; 136.20)*,# 71.21 (37.61; 102.10)**,# 161.09 (131.15; 177.00)* 107.64 (74.81; 166.40)**

Notes: The results are presented as median and quartiles (Me [Q1;Q3]). *Reliable differences from controls, (P , 0.05); **reliable differences in the indicators on the 1st and 
12th day (P , 0.05); #reliable differences among patients with both MI and type 2 diabetes and among patients without type 2 diabetes mellitus (P , 0.05).
Abbreviations: FFA, free fatty acid; MI, myocardial infarction; PAI-  , plasminogen activator inhibitor- .
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Figure 1 Correlation between postprandial insulin and FFA levels.
Abbreviation: FFA, free fatty acid.
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Figure 2 Correlation between QUICKI index and FFA levels.
Abbreviations: FFA, free fatty acid; QUICKI, Quantitative Insulin Sensitivity Check Index.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

298

Gruzdeva et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

QUICKI index = 0.3281 – 0.0001*x

6.09

26.87

47.39

67.75

87.87

108.00

135.00

156.10

177.80

202.50

227.20

254.40

PA-1, ng/mL

0.223057491

0.244472305

0.267644262

0.287756326

0.307312650

0.326097827

0.345224388

0.368635564

0.394627235

0.430247609

Q
U

IC
K

I i
n

d
ex

Figure 3 Correlation between QUICKI index and PAI levels.
Abbreviations: PAI, plasminogen activator inhibitor; QUICKI, Quantitative Insulin Sensitivity Check Index.
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Figure 4 Correlation between FFA and PAI levels.
Abbreviations: FFA, free fatty acid; PAI- , plasminogen activator inhibitor- .
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evident in patients with a history of diabetes. FFA concen-

tration remained high in the early recovery period after MI. 

Resistance to the antilipolytic effect of insulin in adipocytes 

may be one of the causes for the elevation of FFA concen-

tration in MI patients.9 First, FFA becomes a substrate for 

triglyceride and atherogenic lipoprotein formation. Second, 

it prevents insulin binding to hepatocytes, increasing sus-

ceptibility to IR. Excessive FFA buildup in the liver leads 

to their abnormal metabolism. As a result, lipid metabolites 

(ceramides, diacylglycerides, and triacylglycerides) accu-

mulate in hepatocytes causing the impairment of the insulin 

signaling pathway and, thus, the glucose transport to the 

cells and, as a consequence, its increase in blood.9 Altering 

hepatocytes by IR leads to a decrease in glycogen synthesis, 

activation of glycogenolysis, and gluconeogenesis enhancing 

hyperglycemia.

Metabolic abnormalities in myocardium cells under 

ischemic conditions are hypothesized to be an alternative 

mechanism resulting in blood FFA elevation during MI 

progression. FFAs are traditionally recognized as a main 

metabolic resource for myocardium. FFA oxidation provides 

two-thirds of the adenosine triphosphate (ATP) for the heart. 

The intensity of FFA transport to the heart cells is determined 

by their plasma concentration. Under myocardial ischemia 

conditions, FFA accumulates in blood due to the shift in bio-

logical oxidation to anaerobic glycolysis.9 The inhibition of 

insulin reception, accompanied by a decrease in the utilization 

of myocardium energy substrate and by accumulation of FFA 

in the blood, enhances the IR development, and is considered 

to be a negative lactacidosis effect. Moreover, the transport 

of fatty acids or ketone bodies into the heart and diaphragm 

determines the sharp drop in insulin sensitivity, according 

to obtained experimental data.9 Apparently, elevation of 

blood FFA levels in cases of acute myocardial infarction is 

associated not with myocardial ischemia alone, but also with 

the impaired insulin sensitivity in peripheral tissues, which 

is a result of an abundance of FFA in circulation. A direct 

positive correlation between postprandial insulin level and 

FFA concentration and a negative correlation between the 

QUICKI index and FFA level verified this hypothesis.

Regarding classical ideas, coronary artery thrombosis and 

plaque formation are the causes of MI occurrence. Thrombus 

formation is regulated by the fibrinolytic system, which pre-

vents luminal occlusion. According to the results of recent 

studies, the enhanced activity of a key component of the 

fibrinolysis system, PAI-1, is considered not as a risk factor 

of atherosclerosis and MI only, but also as an IR marker.1,3 

Moreover, previous experimental studies demonstrated that 

proinflammatory factors (interleukin-6 and CRP) could 

induce PAI-1 production. PAI-1 activity increase is regarded 

both as a risk factor for coronary atherothrombosis and MI 

and as a trigger for IR development. Alessi  et al investigated 

hyperinsulinemic obese patients with the genotype associ-

ated with increased PAI-1 transcription, confirming a high 

risk of MI development.3 T2DM obese patients had elevated 

PAI-1 levels; however, PAI-1 level reduction was detected 

in this group after the administration of drugs improving 

insulin sensitivity in tissues.10 One of the explanations for 

this phenomenon was obtained in an observational study that 

suggested the PAI-1 role in the regulation of insulin recep-

tion. PAI-1 is able to block insulin signaling in adipocytes; 

exposure of adipocytes to high insulin concentrations was 

accompanied by increased PAI-1 expression in these cells.4 

PAI-1 gene-knockout mice demonstrated the increased 

ability of insulin-stimulated glucose uptake compared to 

conventional mice.13 Our study reported increased PAI-1 

concentration in both groups of patients; moreover, T2DM 

resulted in an increase of PAI-1 in the in-patient period. At 

the same time, there was a decrease in PAI-1 level in the 

early rehabilitation period after MI that led to a reduction 

of PAI-1 inhibiting influence and to normalization of fibrin-

olytic activity in both groups of patients. However, steadily 

high PAI-1 levels may indicate the risk of recurrent coronary 

events in patients with prior MI. Certain case-control studies 

found that high PAI-1 levels can be used to identify groups at 

high risk of CHD and T2DM.3 Therefore, first, an increase in 

PAI-1 level is associated with thrombophilia in MI patients. 

Second, PAI-1 level may help diagnose IR since there is 

negative correlation between PAI-1 level and IR occurrence 

that was verified by a low QUICKI index.

Conclusion
Thus, the results of this study show that MI progression is 

accompanied by insulin resistance development. The increase 

in FFA and PAI-1 concentrations is more informative regard-

ing impaired sensitivity to insulin in MI as compared to 

postprandial glucose and insulin levels. High concentrations 

of FFA in MI patients seem to not only reflect the degree of 

myocardial ischemia but also to take part in hyperglycemia 

and IR development involving the sympathoadrenal system. 

The hyperactivation of the latter due to pain results in a more 

intensive lipolysis and excess FFA release. PAI-1 being the 

main regulator of the fibrinolytic system is also involved in 

the process of impaired insulin-receptor interaction and IR 

development in MI patients. Measuring metabolic markers of 

IR can be of high prognostic value for the risk stratification 
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of acute coronary events and the choice of further treatment 

strategy. High levels of FFA and PAI-1 in MI still present in 

a stable patient’s condition can be a theoretic rationale for 

the use of IR markers as one of the risk criteria for T2DM 

and as a solution to the issue of more effective secondary 

prevention.
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