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Summary
This study aims to examine the influence of admission glycaemia and glycosylated haemoglobin (HbA1C) levels on the length of hospitalization 

and its outcome in insulin-independent diabetes mellitus (DM) patients suffering from ST-Segment Elevation Myocardial Infarction (STEMI)/Non-STEMI 
(NSTEMI). 

This cross-sectional study included 103 subjects with a history of insulin-independent DM, currently hospitalized due to acute myocardial infarc-
tion (AMI). Out of 103 subjects, 59 (57%) were men and 66 (64.1%) of them suffered from STEMI. Mean age of study population was 67±9 years. The 
following parameters were monitored: demographic, coronary, cardiovascular and DM risk factors history, as well as laboratory, clinical, echocardiog-
raphy and angiography parameters.

DM mean duration was 7 (1-30) months, and it influenced the length of hospitalization (ρ=0.232, p<0.05), but not the outcome (ρ=0.174, p>0.05). 
Mean length of hospitalization was 8 and 8.5 days in STEMI and NSTEMI patients respectively, with no difference between groups (log-rank χ2= 0.476, 
p>0.05). HbA1C values influenced the length of hospitalization (ρ=0.213, p<0.05), opposite to admission glycaemia (ρ=0.148, p>0.05). 

Duration of DM and the level of HbA1C prolong the length of hospitalization, but do not influence the clinical outcome of AMI patients suffering 
from insulin-independent DM. 
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Sažetak
Cilj prikazane studije je izučavanje uticaja glikemije i glikoziliranog hemoglobina (HbA1C) pri prijemu u bolnicu na dužinu trajanja hospitalizacije, 

kao i njen ishod kod kod obolelih od insulin-nezavisnog dijabetesa sa NSTEMI/STEMI. 
Materijal i metode: Ova studija je uključila 103 ispitanika, od kojih su 59 (57%) ispitanici muškog pola, a 66 (64.1%) ispitanika imalo STEMI. Prosečna 

životna dob ispitivane populacije je bila 67±9 godina. Praćeni su sledeći parametri: demografske karakteristike, anamneza o koronarnim, kardiovasku-
larnim i rizičnim faktorima za dijabetes, kao i laboratorijski, klinički, ehokardiografski parametri. 

Rezultati: Prosečno trajanje dijabetesa kod osoba uključenih u studiju je bilo 7 (1-30) meseci i imalo je uticaj na dužinu hospitalizacije (ρ=0.232, 
p<0.05), ali ne i na njen krajnji ishod (ρ=0.174, p>0.05). Prosečno trajanje hospitalizacije je bilo 8 i 8.5 dana kod ispitanika sa STEMI i NSTEMI i nije se 
razlikovalo među grupama ispitanika (log-rank χ2= 0.476, p>0.05). Nivoi HbA1C su uticali na dužinu trajanja hospitalizacije (ρ=0.213, p<0.05), što nije 
bio slučaj sa glikemijom pri prijemu u bolnicu (ρ=0.148, p>0.05). 

Zaključak: Dužina trajanja DM i nivo HbA1C produžavaju dužinu hospitalizacije, ali ne utiču na klinički ishod ispitanika sa insulin-nezavisnim dija-
betesom koji su doživeli AIM. 

Ključne reči: akutni infarkt miokarda, dijabetes, glikemija, Hba1C

INTRODUCTION

Acute myocardial infarction (AMI) is a clinical form of 
coronary heart disease, which occurs during occlusion 
of the coronary artery and is histologically defined as 
myocardial necrosis 1. Diabetes mellitus (DM) is a me-
tabolism disorder of carbohydrates, fats and proteins in-
duced by absolute or relative insulin deficiency. The phe-
nomenon of accelerated atherosclerosis, as the essence of 
DM, is caused by co-action of genetic and non-genetic 

factors which lead to serious cardio-, cerebral- and pe-
ripheral vascular morbidity. This phenomenon domi-
nates in small blood vessels in type 1 DM as well in mac-
rovascular circulation in type 2 DM (2, 3). More than 
60% of DM patients die from vascular complications, 
whereby mortality rate of DM patients suffering from 
AMI and acute brain stroke is 2-4 times higher than in 
persons not suffering from DM. An acute disturbance in 
glycaemia often follows AMI, rarely presented as diabet-
ic ketoacidosis. Poor glycemic control associated with an 
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acute coronary event almost always deranges glycosylat-
ed haemoglobin (HbA1C) levels (4-6). 

This study aims to present epidemiological, clinical and 
angiographic features of ST-Segment Elevation Myo-
cardial Infarction (STEMI)/Non-STEMI (NSTEMI) in 
insulin-independent DM patients, as well as the effect 
of hospital admission glycaemia and Hb1C levels on the 
length and outcome of hospitalization.

MATERIAL AND METHODS

This cross-sectional study included 103 subjects, who 
were hospitalized at the Coronary Care Unit of Univer-
sity Hospital Medical Center (UHMC) Bezanijska Kosa 
due to the AIM with STEMI (66 subjects) or AIM with-
out ST elevation (NSTEMI) (37 subjects), with already 
diagnosed and treated insulin-independent DM. The 
exclusion criteria were the previous insulin treatment, 
recent coronary event (within 6 months), invasive and 
surgical treatment of heart or other diseases surgically 
managed (all requiring temporary or permanent insulin 
treatment). 

The following parameters were monitored: demograph-
ic (sex, age), previous risk factors history (for coronary 
and cardiovascular disease as well as DM), laboratory 
(haematological and biochemical), clinical (signs of 
heart failure (HF), arterial blood pressure, presence of 
rhythm or conduction disorders, length of hospitaliza-
tion, outcome of disease), as well as echocardiography 
and angiography findings. 

Local Ethic Committee approved the study. A written 
agreement of subjects to the mentioned invasive proce-
dure was taken as mandatory. 

HAEMATOLOGY ANALYSIS 

Haemoglobin level was determined on Pentra 120 mi-
cros 60 analyser (HORIBA ABX SAS, Kyoto, Japan) and 
values are expressed in g/L.

BIOCHEMICAL ANALYSIS 

Measurement of plasma glucose 
Admission plasma glucose levels were measured by a 
standardized GLUC-PAP method on Roche Cobas c 
501 analyzers (Roche Diagnostics, Indianapolis, USA), 
according to the m7. nufacturer’s guidelines. Level of 
glycaemia is expressed in mmol/l.

Measurement of HbA1C
The specific measurement of HbA1C was carried out us-
ing an immunological method with an antibody to the 

beta chain of HbA1C, on Roche Cobas c 501 analyser 
(Roche Diagnostics, Indianapolis, USA). The HbA1C 
test result is reported as a percentage (%).

Measurement of creatine kinase (CK)
The concentration of CK was measured using in vitro 
test for quantitative determination of CK MB subunit 
(CK-MB) catalytic activity in human serum, on Roche 
Cobas c 501 analyzer (Roche Diagnostics, Indianapolis, 
USA). The CK activity in the sample is expressed in U/L.

Measurement of troponin T
The concentration of troponin T values was measured 
on automated VIDAS® instrument, following manu-
facturer’s guidelines, using the enzyme-linked fluo-
rescent immunoassay, VIDAS Troponin I Ultra assay 
(bioMérieux, Marcy L'Etoile, France). Troponin T con-
centration is expressed in ng/ml.

Measurement of creatinine concentration
The measurement of creatinine was carried on Roche 
Cobas c 501 analyzer (Roche Diagnostics, Indianapo-
lis, USA). The creatinine concentration was expressed 
in µmol/L.

Measurement of serum potassium ion concentration
The concentration of potassium ion in serum was deter-
mined on Roche Cobas c 501 analyzer (Roche Diagnos-
tics, Indianapolis, USA). Briefly, this method determines 
potassium ion concentration by indirect potentiometry 
using a potassium ion selective electrode. The potassium 
ion concentration is expressed in mmol/l. 

Measurement of triglycerides (TC) and total LDL and 
HDL cholesterol concentration 
The concentration of TG was measured using a com-
mercially available kit according to the manufacturer's 
guidelines, carried on a Roche Cobas c 501 analyzer 
(Roche Diagnostics, Indianapolis, USA). Total choles-
terol was determined by standardized enzymatic colour 
test (enzymatic assay), using cholesterol oxidase-perox-
idase enzyme. The values of LDL were calculated using 
Friedewald’s equation.

LDL = total cholesterol – HDL - 0.45 × TG [mmol/l]

HDL-cholesterol was determined by the precipitation 
method with sodium phosphowolframate. LDL and 
HDL cholesterol concentrations were expressed in 
mmol/l.

Measurement of Serum C-reactive protein (CRP)  
Concentration
The concentration of CRP in serum was measured by 
the immunoturbidimetric method using a commer-
cially available kit (System reagent for the quantitative 
determination of CRP in human serum), following 
manufacturer guidelines, on Roche Cobas c 501 analy-
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ser (Roche Diagnostics, Indianapolis, USA). The results 
were expressed in ng/L.

CLINICAL, ECHOCARDIOGRAPHY AND 
ANGIOGRAPHY PARAMETERS

Clinical parameters (HF signs), as well as the presence 
of rhythm and/or conduction disorders (as electrocar-
diogram-ECG), were monitored and registered upon 
the admission of subjects. Measuring of systolic and 
diastolic pressure was done with a Riestar precisa ma-
nometer and values were displayed in a millimetre mer-
cury (mmHg) column. ECG was recorded with Nihon 
Kohden Cardiofix gem, on a 25mm paper. An ejection 
fraction (in %) was registered with the echocardio-
graphic examination, conducted on Vivid 4 device, as 
well as the presence of wall kinetic disorders, presented 
as akinesia and hypokinesia. Angiography finding de-
scribed left coronary artery (LCA) and/or left anterior 
descending (LAD) stenosis in %, as well as precise loca-
tion of an acute lesion (expressed as stenosis in %). An-
giography was conducted at UHMC Bezanijska Kosa. 

STATISTICAL METHODOLOGY

Methods of descriptive (relative numbers, central ten-
dency and variability measures) and analytical statistics 
were used. Regarding the analytical statistics meth-
ods, tests for assessment of correlation significance 
(Spearman rank correlation test) and difference (χ2 and 
Mann-Whitney test) were used. The Kaplan-Meier sur-
vival curve was used for calculating the length of hos-
pitalization per groups of subjects in relation to the out-
come of a disease; the comparisons of obtained values 
were performed by a Log-rank test. Level of statistical 
significance was 0.05. 

RESULTS

The average age of study subjects was 67±9 (46-92 years) 
and did not differ between groups (Z=-0.389, p>0.05). 
Results show that age influenced the length of hospi-
talization (ρ=0.261, p<0.01). No statistically significant 
difference in the distribution of subjects per groups ac-
cording to the gender was registered (χ2=0.246, DF=1, 
p>0.05). 

Clinical parameters of the studied subjects’ are present-
ed in Table 1. The difference was registered in the case 
of HF presence (χ2=5.117, DF=1, p<0.05). No significant 
differences in other observed parameters among stud-
ied groups were registered (subjects distribution per 
Killip classification, the presence of rhythm and con-
duction disorders). Average systolic and diastolic pres-
sures were 149±31 and 83±16 mmHg and did not differ 

between groups. Out of 46 subjects with a HF, STEMI 
and NSTEMI were registered in 24 and 22 participants, 
respectively. The presence of HF influenced the hospi-
talization outcome (ρ=-0.290, p<0.05). Five (5%) sub-
jects have had a family history for presence of DM, while 
8 (8%) subjects have had the family presence of DM and 
cardiovascular/coronary disease simultaneously. The 
median duration of DM in patients with STEMI and 
NSTEMI was 7 months, which was also the duration of 
DM treatment. Duration of DM had a significant influ-
ence on the length of current hospital treatment of the 
patients (ρ=0.232, p<0.05), but not on the outcome of 
the disease (ρ=0.174, p>0.05). Results presented in Fig. 
1 shows that there were no differences among groups of 
subjects with regards to different DM treatment modal-
ities (χ2=0.464, DF=2, p>0.05). 

Table 1. Clinical parameters

Parameter n (%)
Heart Failure 46 (44.7)
Killip classification I - 9 (19.6)

II - 30 (65.2)
III - 3 (6.5)
IV - 4 (8.7)

Rhythm disorder 25 (24.3)
Conduction disorder 4 (3.9)

Figure 1. Treatment modalities of DM

The analysis of risk factors for coronary/cardiovascular 
diseases revealed 40 (39%) active and 16 (15%) former 
smokers. Also, dyslipidaemia (regardless of whether it 
was treated or not) was present in 54 (52.4%) subjects. 
The previous history of coronary/cardiovascular dis-
ease was documented in 49 (47.6%) examinees. 

Regarding echocardiography, average EF was 40±10 
(15-60%) and did not differ between groups (t=0.752, 
DF=101, p>0.05). The disorders of wall kinetics were de-
tected in 99 (96%) subjects: akinesia and dyskinesia in 
73 (71%) and 26 (25%) subjects. Angiography-detected 
stenosis on LCA and LAD was registered in 20 (19%) 
and 86 (83%) subjects, with average stenosis of 70 (20-
96) and 83 (30-100) %. Acute lesion and, at the same 
time, the place of stent insertion, was localized in LAD, 
circumflex coronary artery (ACx) and right coronary 
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artery (RCA) in 42 (40%), 23 (22%) and 35 (34%) sub-
jects respectively, with average stenosis of 95±5 (75-100) 
%. Table 2 presents results of average initial values of 
laboratory parameters in the observed population.

Table 2. Initial hematological and biochemical parameters

Parameter Average value
Glycaemia - mmol/L [Med] 10.9 (4.5-37.0)
HbA1C - % [Mean] 7.4±1.6
CK - U/L [Med] 171 (40-1807)
Troponin - ng/ml [Med] 0.63 (0.01-30.0)
Total cholesterol - mmol/L [Mean] 5.5±1.3
LDL cholesterol - mmol/L [Mean] 3.4±0.9
HDL cholesterol - mmol/L [Med] 1.0 (0.5-3.8)
TG - mmol/L [Med] 2.0 (0.6-16.8)
Hemoglobin - g/L [n (%)] <100 – 5 (5)

≥100 – 98 (95)
Potassium - mmol/L [Mean] 4.4±0.5
Creatinine - µmol/L [Med] 95 (38-479)
CRP - ng/L [Med] 8.7 (0.01-270)

Abbreviations: HbA1C - Glycosylated Haemoglobin; CK - Creatine 
Kinase; LDL - Low-density lipoprotein; HDL - High-density lipopro-
tein; TG – Triglyceride CRP - C-reactive protein

The average length of hospitalization was 8.25 (2-22) 
days. In subjects with STEMI and NSTEMI it was 8 and 
8.5 days, and it did not differ between groups (log-rank 
χ2=0.476, p>0.05) (Fig. 2). Admission glycaemia level 
did not have a significant effect on length of hospital-
ization (ρgly=0.148, p>0.05), as opposed to HbA1C levels 
(ρHbA1C=0.213, p<0.05).

Out of the total number of subjects, four (3.9%) died 
at the hospital, three of those subjects had STEMI, 
and one had NSTEMI. With regards to the outcome of 
the disease, no statistically significant difference be-
tween examined groups was detected (χ2=0.216, DF=1, 
p>0.05). Admission glycaemia and HbA1C level did not 
influence the outcome of the disease (ρgly=0.165, ρH-

bA1C=0.047, p>0.05).

In Table 3, some of the demographic, previous history 
and clinical parameters were presented, whereas Table 
4 shows frequency distribution of subjects according to 
the types of DM treatment, and laboratory parameters 
per group of subjects were presented in Table 5. 
Table 3. Demographic, previous history and clinical parameters per group of subjects 

Parameter STEMI  
(n= 66)

NSTEMI  
(n= 37)

Male gender [n (%)] 39 (59) 20 (54)
Age [Mean] 67±9 67±9
Smoking habit [yes (%)] 27 (41) 13 (35)
Positivehistory of dyslipidemia
[yes(%)]

30 (45) 24 (65)

Positive family history of dyslipidemia 
[yes (%)]:
• coronary/cardiovascular disease
• DM
• coronary/cardiovascular disease + DM 

30 (45)
3 (5)
4 (6)

19 (51)
2 (5)
4 (11)

HF [yes (%)] 24 (36) 22 (60)
Rhythm disorders [yes (%)] 12 (18) 13 (25)
Conduction disorders [yes (%)] 3 (4) 1 (3)

Abbreviations: HF - Hart Failure; DM - Diabetes Mellitus

Table 4. The frequency distribution of subjects by DM treatment modalities 

Therapeutic modalities STEMI NSTEMI
Non-pharmacological 
[yes (%)] 

10 (15) 4 (11)

Metformin [yes (%)] 24 (36) 16 (43)
Metformin + sulfonylurea
[yes (%)]

32 (49) 17 (46)

Abbreviations: STEMI - ST-Segment Elevation Myocardial Infarcti-
on; NSTEMI - Non-STEMI
Table 5. The hematological and biochemical parameters in groups of studied subjects 

Parameter STEMI NSTEMI p

Glycemia - mmol/L 
[Med]

11.7 (4.5-37.0) 10.3 (6.4-34.0) ns

HbA1C - % [Mean] 7.4±1.6 7.4±1.5 ns
CK - U/L [Med] 172 (42-1807) 171 (40-1636) ns
Troponin - ng/ml [Med] 0.88 (0.01-30.0) 0.56 (0.01-4.3) ns
Total cholesterol - 
mmol/L [Mean]

5.4±1.2 5.7±1.4 ns

LDL cholesterol - mmo-
l/L [Mean]

3.3±0.9 3.6±1.1 ns

HDL cholesterol - 
mmol/L [Mean]

1.0 (0.4-3.8) 0.9 (0.6-1.8) ns

TG - mmol/L [Med] 1.9 (0.6-16.8) 2.2 (0.7-8.6) ns
Hemoglobin - g/L [n 
(%)]

<100 – 4 (6)
≥100 – 62 (94)

<100 – 1 (3)
≥100 – 36 (97)

ns

Potassium - mmol/L 
[Mean]

4.4±0.5 4.4±0.5 ns

Creatinine - µmol/L 
[Med]

96 (40-203) 87 (38-479) ns

CRP - ng/L [Med] 8 (0.4-270) 10 (0.0-103) ns
Abbreviations: HbA1C - Glycosylated Haemoglobin; CK - Creatine 
Kinase; LDL - Low-density lipoprotein; HDL - High-density lipopro-
tein; TG – Triglyceride; CRP - C-reactive protein; STEMI - ST-Seg-
ment Elevation Myocardial Infarction; NSTEMI - Non-STEMIAbbreviation: STEMI - ST-Segment Elevation Myocardial Infarcti-

on; NSTEMI - Non-STEMI

Figure 2. Kaplan-Meier curve for the length of hospitalization in both outcomes of the 
disease with regard groups of subjects
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DISCUSSION

In the presented cross-sectional study, 103 subjects treated for 
insulin-independent DM, were hospitalized due to an acute 
coronary event, STEMI and NSTEMI. Influence of admission 
glycaemia on the length and outcome of hospitalization was 
not registered. Also, duration of DM and the level of HbA1C 
did not have significant effects on the current treatment out-
come but prolonged the average length of hospitalization, 
which was not statistically different between studied groups. 

Cardiovascular morbidity and mortality in patients suf-
fering from insulin-independent DM is 2-5 times higher 
than in age-matched non diabetic persons (6). According 
to the GUSTO study, in-hospital mortality in DM patients 
was 10.6%, and 6.2% in non-diabetic patients (7), which 
is not significantly different from overall mortality rate 
in our study (4%). About 75% of patients suffering from 
insulin-independent DM die due to some macrovascu-
lar complication (coronary, peripheral or cerebrovascular 
disease). Cardiovascular disease is responsible for death 
of 75% patients suffering from insulin-independent, and 
35% patients suffering from insulin-dependent DM (8).

Lipid profiles in our study population indicated mixed dys-
lipidaemia, increased level of LDL cholesterol and border-
line protective level of HDL cholesterol. According to the 
United Kingdom Prospective Diabetes Study (UKPDS), the 
main risk factors for coronary disease in insulin-indepen-
dent DM patients are increased LDL cholesterol, reduced 
HDL cholesterol, associated with the presence of hyper-
tension, hyperglycaemia, and smoking (9). Almost half of 
the study subjects were former/present smokers, with con-
comitant presence of dyslipidaemia or any CVD, while less 
than 10% of subjects had a family history for DM and CVD. 
The most prevalent risk factors for CVD in DM patients, 
regardless of the type, were still hypertension and dyslip-
idaemia, whereby DM itself was also an independent risk 
factor. So, all of already mentioned support the fact of an 
extreme importance of primary and secondary prevention 
in DM and CVD (6,9). 

In our study, even mild increase in average CRP values 
that were significantly different among the examined 
groups indicated a presence of inflammation, which 
forms the basis of atherosclerosis (10). Additionally, the 
increased average systolic arterial pressure in our study 
also contributed to the acceleration of observed athero-
sclerosis (2,4). The presence of HF additionally contrib-
uted to higher mortality rates due to the acute coronary 
syndrome in diabetes patients (3,7,9). In our study, 46 
(44.7%) subjects had HF after an acute coronary event, 
slight frequently registered in patients suffering from 
STEMI. HF might also be considered as ominous sign 
in DM patients with an acute coronary syndrome (7,9).

Coronary heart disease in DM patients occurs at an earlier 
age in comparison to subjects who are not suffering from 

DM. There are more patients susceptible to complications 
and unfavourable outcomes in diabetes patients with cor-
onary heart disease. An explanation for this could be in 
extension of atherosclerosis process as well as in somehow 
late reporting to physicians considering atypical disease 
presentation even clinically silent, because of autonom-
ic neuropathy (6). Even though the duration of DM was 
relatively short (7 months on average in present study), 
patients were much earlier aware of hyperglycemia exis-
tence, but usually further tests considering the presence of 
DM and its complications were not undertaken. For this 
reason, the time of DM diagnosis setting sometimes coin-
cides with the start of DM treatment (3).

In patients suffering from STEMI, primary coronary in-
tervention is a management method of choice. By using 
drug-eluting stents, a better outcome quality is achieved 
regarding the reduction of some restenoses, long-term 
recovery, as well as a decrease in frequency of surgical 
revascularization (6, 11-13). Morphologically, athero-
sclerotic changes in coronary arteries in DM patients are 
diffuse, more extensive, frequently on two or three cor-
onary blood vessels, usually unfavourable for dilatation 
(12). Hyperglycaemia and insulin resistance favour en-
dothelial dysfunction, prothrombogenic state, protein 
glycosylation and vascular matrix deposition. There-
fore, patients with DM and AIM have an increased risk 
of the unfavorable outcome of a percutaneous coronary 
intervention when compared to non-diabetic patients. 
Greater possibility of early in-stent thrombosis, resteno-
sis, as well as negative vascular remodeling contributes 
to such outcome (14,15). In present study, surgical revas-
cularization was proposed in 40% of subjects, and this is 
in concordance with recommendations (6,16).

Though they already suffered from DM, some of acute 
coronary patients ignore DM as disease (5,8). Despite the 
low mortality rate from coronary disease in insulin-in-
dependent DM patients in this study, it is necessary once 
again to emphasize the importance of primary and sec-
ondary prevention of the coronary disease risk factors. 

In conclusion, the results from this cross-sectional study 
did not show difference among groups regarding the length 
of hospitalization and its outcome in insulin-independent 
DM subjects, currently hospitalized due to NSTEMI or 
STEMI. Higher levels of HbA1C extended the duration of 
hospital treatment of coronary disease, which was not the 
case with admission glycaemia level. Acute and retroactive 
glycometabolic regulation did not influence the in-hospi-
tal outcomes of the disease in the observed population.
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