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Abstract

Background/Aim. Hyperglicemia is common in patients with
ST-elevation myocardial infarction (STEMI) and is associated
with high risk of mortality and morbidity. Relationship between
admission plasma glucose (APG) levels and mortality in diabetic
and nondiabetic patients with STEMI needs further investiga-
tion. The aim of this study was to analyse the short- and long-
term prognostic significance of APG levels in patients with
STEMI with and without diabetes. Methods. This study in-
cluded 115 patients with STEMI, 86 (74,8%) nondiabetic and
29 (25,2%) dibaetic patients, in which we performed a prospec-
tive analysis of the relationship between APG levels and short-
and long-term mortality. Results. Comparison of APG levels
between nondiabetic (8.32 ± 2.4 mmol/L) and diabetic
(10.09 ± 2.5 mmol/L) patients showed statistically significantly
higher average APG levels in diabetic patients (p = 0.001). In all
patients observed who died either after one month or one year
after STEMI, average APG values were significantly higher in
comparison with those in survived patients. There was no sta-
tistical significance in average APG levels in the diabetic patients
with STEMI who died after one month and those who survived
(10.09 ± 2.68 vs 10.0 ± 2.51 mmol/L, respectively; p = 0.657), as
well as those who died after one year and those who survived
(10.1 ± 1.92 vs 10.09 ± 2.8 mmol/L, respectively; p = 0.996).
There was, however, statistical significance in average APG lev-
els in the nondiabetic patients with STEMI who died after one
month and those who survived (9.97 ± 2.97 vs 7.91 ± 2.08
mmol/L, respectively; p = 0.001), as well as those who died after
one year and those who survived (9.17 ± 2.49 vs 7.84 ± 2.24
mmol/L, respectively; p = 0.013). Conclusion. Acute hyper-
glicemia in the settings of STEMI worsenes the prognosis in
patients with and without diabetes. Our study showed that non-
diabetic patients with high APG levels are at higher risk of
mortality than patients with a known history of diabetes.
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Apstrakt

Uvod/Cilj. Hiperglikemija se javlja kod bolesnika sa ST-
elevacijom infarkta miokarda (STEMI) i dovodi se u vezu
sa visokim rizikom od mortaliteta i morbiditeta. Veza iz-
među nivoa glukoze u plazmi na prijemu (APG) i mortali-
teta kod dijabetičara i nedijabetičara sa STEMI zahteva
dalje istraživanje. Cilj ove studije bio je analiza kratkoročne
i dugoročne prognostičke značajnosti APG kod bolesnika
STEMI sa i bez dijagnostikovanog dijabetesa. Metode.
Ova studija obuhvatila je 115 bolesnika sa STEMI 86
(74,8%) nedijabetičara i 29 (25,2%) dijabetičara, kod kojih
je izvršena prospektivna analiza veze između APG i krat-
ko- i dugoročnog mortaliteta. Rezultati. Upoređivanje
APG kod nedijabetičara (8,32 ± 2,4 mmol/L) i dijabetičara
(10,09 ± 2,5 mmol/L) pokazalo je statistički značajno viši
prosečni nivo APG kod dijabetičara  (p = 0,001). Kod svih
bolesnika sa STEMI koji su umrli posle jednog meseca ili
jedne godine prosečni nivo APG bio je značajno viši nego
kod onih koji su preživeli. Nije nađena statistička značaj-
nost u prosečnom nivou APG kod dijabetičara sa STEMI
koji su umrli posle mesec dana i onih koji su preživeli
(10,09 ± 2,68 vs 10,0 ± 2,51 mmol/L; p = 0,657), kao ni
onih koji su umrli posle godinu dana i onih koji su preži-
veli (10,1 ± 1,92 vs 10,09 ± 2,8 mmol/L; p = 0,996). Na-
đena je, međutim, statistička značajnost u prosečnom ni-
vou APG kod nedijabetičara sa STEMI koji su umrli posle
mesec dana i onih koji su preživeli (9,97±2,97 vs 7,91 ±
2,08 mmol/L; p = 0,001), kao i onih koji su umrli posle
godinu dana i onih koji su preživeli (9,17 ± 2,49 vs 7,84 ±
2,24 mmol/L; p = 0,013). Zaključak. Akutna hiperglike-
mija u prisustvu STEMI pogoršava prognozu i kod boles-
nika sa dijabetesom i kod onih bez dijabetesa. Pokazano je
da su nedijabetičari sa visokim nvoom APG u višem riziku
od mortaliteta, nego bolesnici sa istorijom dijabetesa.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder char-
acterized by chronic hyperglicemia, with disturbances of
carbohydrate, fat and protein metabolism resulting from de-
fects of insulin secretion, insulin action, or combination of
both. DM has been rated as an equivalent of coronary heart
disease (CHD), and conversely, many patients with estab-
lished CHD suffer from diabetes or its pre-states 1. An in-
creased plasma glucose level during stress is a result of
sympatic nervous system activation and a raised production
of catecholamines and cortisol that stimulate processes of
glyconeogenesis, glycogenolysis and lipolysis 2. High ad-
mission plasma glucose (APG) levels after acute myocar-
dial infarction (AMI) are common and associated with an
increased risk of death in subjects with and without known
diabetes 3–5. Recent data indicate a high prevalence of ab-
normal glucose metabolism in patients with unknown dia-
betes at the time of AMI 6.

Although stress-induced homeostasis disbalance can
partly explain the relation between APG levels and outcome,
hyperglycemia itself can also be harmful. Thrombotic prop-
erties of platelets are increased in a hyperglycemic environ-
ment, and this can result in additional cardiovascular compli-
cations. Elevated glucose levels may also be associated with
increased levels of free fatty acids (FFA). These FFA may
increase infarct size, compromise myocardial performance
during acute coronary syndrome (ACS), and reduce endothe-
lium-derived vasodilatation in myocardial tissue, limiting
myocardial reperfusion. Moreover, recent reports suggest
that glucose may be an important mediator in inflammatory
responses 7, 8. One in three patients with suspected ACS had
a glucose metabolism disturbance 9, 10. Hyperglycemia might
be associated with an impaired microvascular function after
AMI, resulting in a larger infarct size and worse functional
recovery. Hyperglycemia is associated with increased risks
of heart failure, cardiogenic shock, and death after AMI, but
its underlying mechanism remains unknown 11, 12. APG level
in nondiabetic patients with AMI seems to be an independent
predictor of a long-term outcome. This indicates that an ele-
vated APG level not only reflects acute stress, but also may
be a marker of a disturbed glucose metabolism that worsens
the prognosis and requires intervention 13. Fasting blood glu-
cose (FBG) might be superior to APG in predicting short-
term outcomes in patients with AMI. But long-term glycemic
control in diabetics may not independently predict mortality
suggesting that stress hyperglicemia is of major significance
14, 15.

During an AMI, plasma FFA levels rapidly increase be-
cause of lipolytic effects of catecholamines and/or heparin.
Increased FFA levels are toxic to ischemic myocardium and
are associated with an increased membrane damage, ar-
rhythmias, metabolic inefficiency, and decreased cardiac
function 16.

The aim of this study was to analyse the short- and
long- term prognostic significance of APG level in patients
with ST-segment elevation acute myocardial infarction
(STEMI) with and without diabetes.

Methods

This study included all patients registered in the Coro-
nary Unit, Department of Cardiology in Internal Clinic,
Clinical Center Kragujevac from January, 1 2007 to June 30,
2007. We prospectively studied the relationship between
APG level and short- and long-term mortality in patients
with STEMI. Serum glucose was determined at admission. A
patient survival was measured 28 days and one year after the
admission. The patients were defined as having a “previously
diagnosed diabetes” (personal history of diabetes defined
using ADA 1997 criteria), and as “no diabetes” (those with-
out previously diagnosed diabetes). DM was defined as the
use of insulin or glucose-lowering medication on admission,
or a diet for diabetes documented in medical history.

The cardiologists used the following criteria for the di-
agnosis of STEMI: chest pain more than 30 minutes, ele-
vated cardiac enzymes (CPK), and troponin, and develop-
ment of electrocardiographic (ECG) changes typical for
STEMI (persistent ST elevation > 0.1 mV in two or more
contiguous leads). A time from the beginning of symptoms
to the admission to the Intensive Care Unit had to be less
than 48 h. The patients health status was followed-up by
phone call interiews with the patients and their families.

Medical data from the patients medical record were
collected in a dedicated database. A Statistical Package for
Social Sciences Program (SPSS) for Windows XP (version
7.5) was used for all statistical analyses. The data were pre-
sented as percentages for discrete variables and as means
(± SD) for continous variables. The differences in baseline
characteristics were compared using the t-test and χ2 test. A
p-value < 0.05 was considered statistically significant.

Results

During period observed 393 patients were hospitalized
in the Coronary Unit, including 240 patients with ACS.
There were 115 patients with STEMI, 29 (25,2%) with dia-
betes, and 86 (74,8%) without diabetes. The majority of pa-
tients in the study were males (69.6%). The mean age of pa-
tients with STEMI was 64.25 ± 10.69 years (min 34, max 86
years). The women were older than men (69.2 ± 8.4 vs
62.14 ± 10.91 years, respectively; p = 0,001). Investigation
of the patients' medical history showed that 29 patients
(25.2%) had been previously diagnosed with diabetes melli-
tus, 69 patients (60%) with hypertension, 14 patients (12%)
with previous myocardial infarction and 75 patients (65.2%)
had a family history of ischemic heart disease. An average
APG level of all patients with STEMI in this study was
8.77 ± 2.54 mmol/L. Comparison between APG levels in the
nondiabetic (8.32 ± 2.4 mmol/L) and diabetic (10.09 ± 2.5
mmol/L) patients showed a statistically significantly higher
average APG level in the diabetic ones (p = 0.001).

An average APG level was statistically significantly
higher in the patients who died one month after STEMI than
in those who survived (10.1 ± 2.85 vs 8.45 ± 2.37 mmol/L,
respectively;  p = 0.006). Similarly, an average APG level
was statistically significantly higher in patients who died one
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year after STEMI than in those who survived (9.4 ± 2.37 vs
8.42 ± 2.57 mmol/L, respectively;  p = 0.047) (Table 1). A
total one-month and one-year mortality of STEMI (one-
month and one-year survival) in the patients was 19.1%  and
35.6%, respectively.

There was no statistical significance in average APG
level in the diabetic patients with STEMI who died after one
month and those who survived (10.09 ± 2.68 vs 10.0 ± 2.51
mmol/L, respectively; p = 0.657), as well as those who died
after one year and those who survived (10.1 ± 1.92 vs
10.09 ± 2.8 mmol/L, respectively; p = 0.996). There was,
however, a statistically significant difference in average APG
level in the nondiabetic patients with STEMI who died after
one month and those who survived (9.97 ± 2.97 vs 7.91 ± 2.08
mmol/L, respectively; p = 0.001), as well as those who died
after one year and those who  survived (9.17 ± 2.49 vs
7.84 ± 2.24 mmol/L, respectively; p = 0.013) (Table 2).

The patients were classified according to the value of
APG in four groups: group I with APG >10 mmol/L, group
II with APG 7.8–10.0 mmol/L, group III with APG 6.1–7.8
mmol/L, group IV with APG < 6.1 mmol/L. Highest mortal-
ity was shown to be in the patient with APG value more than
10 mmol/L.

The patients were also divided into two groups: with and
without DM. In the patients with a previous DM, it was shown
that the highest one month mortality was in the group I. It was
also shown that the highest one-year mortality was in the group
II. There was a statistically significant difference in one-month
and one-year mortality between these two groups (p < 0.01). In
the patients without DM (Table 3), highest one-month and one-
year mortality was in the group I (> 10 mmol/L).

Discusion

Recent studies 3, 4, 6, 7, 13, 17, 18 involving non-diabetic pa-
tients showed that even mild hyperglycemia in the setting of
ACS is also a predictive factor of in-hospital mortality.

Moreover, the new entity called impaired fasting glucose
(IFG) (6.1–7 mmol/L) is not only an independent factor of
mortality for coronary patients, but has also been associated
with doubling of the risk of in-hospital mortality in the set-
ting of ACS. Admission as well as follow-up glycemia are
fundamental parameters in ACS for their prognostic value,
and as a diagnostic tool in determining the presence of dia-
betes or IFG 19. In 2004, the Expert Committee of the Ameri-
can Diabetes Association (ADA) lowered the cutoff point for
IFG from 110 to 100 mg/dL on the basis of a new evidence
for an increased risk for developing DM and cardiovascular
disease. The relevance of this new criterion for IFG to predict

the risk for DM and CAD remains controversial 20. Hyper-
glycemic patients are relatively deficient in insulin. This
leads to both reduced peripheral uptake of glucose and in-
creased circulating FFA, that may impair endothelium-
dependent vasodilation and, in hyperglycemic patients with
AMI, have been shown to promote calcium overload and ar-
rhythmias 21.

The most common cause of death in European adults
with diabetes is CAD. Their risk is two to three times higher
than that among people without diabetes. The combination of
DM and previous CAD identifies patients with particularly
high risk for coronary death. The relative effect of diabetes is
larger in women than men 1. Many of nondiabetic patients
with raised blood glucose have undiagnosed diabetes. Dia-

Table 2
Comparison of average admission plasma glucose (APG) level in the nondiabetc patients

depending on one-month and one-year survival after STEMI
APG level (mmol/L) pTime after STEMI survived patients died patients

One month 7.91 ± 2.08 9.97 ± 2.97 0.001
One year 7.84 ± 2.24 9.17 ± 2.49 0.013

STEMI – ST-elevation myocardial infarction

Table 3
One-month and one-year mortality depending on admission plasma glucose (APG)

level in nondiabetic patients with STEMI
APG (mmol/L) No of patients Mortality (one-month) Mortality (one-year)
> 10 16 43,75% 56,25%
7.8–10.0 21 14,28% 33,33%
6.1–7.8 34 11,76% 23,53%
< 6.1 15 13,33% 26,66%

Table 1
Comparison of average admission plasma glucose (APG) level in all patients depending

on one-month and one-year survival after STEMI
APG level (mmol/L)Time after STEMI  survived patients died patients p

One-month 8.45 ± 2.37 10.1±2.85 0.006
One-year 8.42 ± 2.57 9.4±2.37 0.047

STEMI – ST-elevation myocardial infarction
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betic patients may have worse outcomes for many reasons,
including more severe CAD, diabetic cardiomyopathy, auto-
nomic dysfunction and decreased endogenous fibrinolytic
activity 22, 23. APG may be not only the cause of more severe
myocardial damage, but also its consequence. Large infarcts
are more likely to cause catecholamine release, which affects
fatty acid and glucose homeostasis. The catecholamine re-
sponse is proportional to the severity of infarct, as confirmed
by the correlation between APG and heart rate or the Killip
class on admission. In a study by Oswald et al. 17 concentra-
tions of cortisol, epinephrine and norepinephrine were the
main determinants of APG measured in nondiabetic patients
with AMI. In a systematic review and meta-analysis of 15
studies in AMI populations with and without diabetes, Capes
et al. 7 showed that in diabetic and nondiabetic patients stress
hyperglycemia was associated with an increased risk of in-
hospital death. Suleiman et al. 24 analysed the additive prog-
nostic value of APG and FBG in a population of 735 nondia-
betic patients admitted for AMI. They showed that FBG was
a potent indicator of 30-day mortality and appeared more
discriminant than admission blood glucose; no long-term
data were reported. Foo et al. 17 in a cohort of 2 127 patients
presenting with ACS, including STEMI, analysed major
complications. APG was an independent and powerful pre-
dictor of in-hospital and late mortality in the presence or ab-
sence of left ventricular failure and whatever the type of in-
farction (STEMI or non-STEMI). Recently, Stranders et al. 17

in a retrospective study of 737 nondiabetic patients with AMI
found that a 1 mmol/L increase in blood glucose was associ-
ated with a 4% increase in long-term mortality 17. The Multi-
national Euro Heart Survey also pointed out that normal glu-
cose regulation is less common than abnormal glucose regu-
lation in patients with unstable CAD. An increased risk of
short-term mortality and heart failure has been reported in
patients with stress hyperglycemia, as defined by high APG.
Suleiman et al. 24 reported that APG between 110 and 121
mg/dL was an independent factor for 30-day mortality.

The results of our study showed that the patients pre-
senting with STEMI who were hyperglicemic on admission
represent a high-risk population, even in the absence of an
established diagnosis of diabetes. Abnormal glucose me-
tabolism during the acute phase of STEMI is common, and
admission hyperglicemia is associated with higher short- and
long-term mortality in both diabetic and nondiabetic patients.
Moreover, mortality is predicted even more powerfully by

admission hyperglycemia in patients without known diabetes.
In our study, increased APG was associated with an increase
of mortality, in concordance with literature data 18, 25–29.

There are several possible causes of hyperglycemia on
admission. First, hyperglycemia on admission in nondiabetic
patients with STEMI might represent previously undiag-
nosed DM or pre-existing impaired glucose tolerance, re-
sulting in increased endothelial damage and thus greater risk
for micro- and macro-vascular morbidity. Secondly, hyper-
glycemia on admission might represent a response to acute
and severe stress. Our findings suggest that hyperglycemia
on admission is a strong risk factor for worse outcome in all
patients with STEMI. Measurement of glycemia on hospital
admission may be used as an early screening method to de-
tect high-risk patients. According to diabetes guidelines, all
patients with CHD and unknown diabetes status should be
screened for DM by an oral glucose tolerance test (OGTT) 14,

15. Aggressive monitoring of glucose levels may be benefi-
cial for secondary CAD prevention. Increased APG levels
are significantly and independently correlated with poor
prognosis after STEMI, especially in nondiabetic patients,
that was shown in our study.

In view of all these results, admission hyperglycemia
during an acute phase of STEMI and its association with
poor outcome represents most likely a combination of previ-
ously undiagnosed diabetes, impaired glucose tolerance and
a response to acute and severe stress. The data obtained in
this study showed that hyperglycemia on admission was as-
sociated with a worse outcome for all the patients with
STEMI. The impact of a higher APG level on mortality was
even more important for nondiabetic than for diabetic pa-
tients. Thus, nondiabetic patients with hyperglycemia on
admission were at special risk, and may need particular at-
tention. Further investigators should evaluate the effects of
acute and intensive glycemic control on reducing mortality.

Conclusion

Our study demontrated that high APG level is common
in patients with STEMI and associated with high risk of
mortality and morbidity. Nondiabetic patients with high APG
have higher risk of mortality than patients with a known
history of diabetes. These findings suggest that adequate
metabolic control of plasma glucose would be an important
treatment target, even in nondiabetic patients.
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