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A B S T R A C T

Background: Hyperglycemia on-admission is a powerful predictor of adverse events in patients
presenting for ST-elevation myocardial infarction (STEMI).
Aim: In this study, we sought to determine the prognostic value of hyperglycemia on-admission in
Tunisian patients presenting with STEMI according to their diabetic status.
Methods: Patients presenting to our center between January 1998 and September 2014 were enrolled.
Hyperglycemia was defined as a glucose level �11 mmol/L. In-hospital prognosis was studied in diabetic
and non-diabetic patients. The predictive value for mortality of glycemia level on-admission was
assessed by mean of the area under receiver operating characteristic (ROC) curve calculation.
Results: A total of 1289 patients were included. Mean age was 60.39 � 12.8 years and 977 (77.3%) patients
were male. Prevalence of diabetes mellitus was 70.2% and 15.2% in patients presenting with and without
hyperglycemia, respectively (p < 0.001). In univariate analysis, hyperglycemia was associated to in-
hospital death in diabetic (OR: 8.85, 95% CI: 2.11–37.12, p < 0.001) and non-diabetic patients (OR: 2.57,
95% CI: 1.39–4.74, p = 0.002). In multivariate analysis, hyperglycemia was independently predictive of in-
hospital death in diabetic patients (OR: 9.6, 95% CI: 2.18–42.22, p = 0.003) but not in non-diabetic patients
(OR: 1.93, 95% CI: 0.97–3.86, p = 0.06). Area under ROC curve of glycemia as a predictor of in-hospital
death was 0.792 in diabetic and 0.676 in non-diabetic patients.
Conclusion: In patients presenting with STEMI, hyperglycemia was associated to hospital death in diabetic
and non-diabetic patients in univariate analysis. In multivariate analysis, hyperglycemia was
independently associated to in-hospital death in diabetic but not in non-diabetic patients.
© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Acute coronary syndromes (ACS) are a leading cause of death
worldwide. Although declining, short and long term mortality
rates in patients presenting for ST-elevation myocardial infarction
(STEMI) remain highly preoccupying.1 Compared to non-diabetic
patients, diabetic ones are known to carry worse early and late
outcomes.2 On the other hand, and depending on the definition
used, prevalence of hyperglycemia in different epidemiological
studies ranges from 3% to 71% of patients hospitalized for ACS.3 In
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patients presenting for STEMI, hyperglycemia on-admission has
already been identified as a powerful predictor of adverse
outcomes regardless to the implementation of a reperfusion
therapeutic either by thrombolysis or primary percutaneous
coronary intervention (pPCI).4,5 Nevertheless, controversy remains
as for a possible interaction between diabetic status and the
prognostic value of hyperglycemia in patients presenting for
STEMI.

In the present study, we sought to determine the prognostic
impact on early outcomes of hyperglycemia on-admission in
diabetic and non-diabetic patients presenting for acute STEMI in
the Tunisian context.
 India. This is an open access article under the CC BY-NC-ND license (http://
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2. Methods

2.1. Study population and design

This study was carried-out on data from our single center STEMI
registry. The registry enrolls all consecutive patients aged �18
years admitted to our cardiology department for STEMI. Data are
collected retrospectively in a periodical manner every one to two
years and updated for long-term outcomes when needed. Patients
included in the present study were enrolled between January 1998
and September 2014. Patients are referred to our coronary care unit
(CCU) or directly to the catheterization laboratory via the
emergency department or the local Emergent Medical Aid system.
The diagnosis of STEMI was established in the presence of
persistent chest discomfort or pain (>20 min) concurrently to
the presence of an ST-segment elevation on two adjacent leads or a
presumably new left bundle branch block on electrocardiogram.
Clinical history and physical examination were recorded in all
patients. Patients are managed as in accordance as possible with
the European Society of Cardiology guidelines on coronary
revascularization.6 Decision to opt for a specific revascularization
modality (i.e. thrombolysis or pPCI) was let to the senior operator.
Patients managed conservatively (i.e. with no revascularization
therapy) were so for several reasons (advanced age, late
presentation . . . ). All patients received upon diagnosis 100 IU
of unfractionated heparin intravenously, 250 mg aspirin and
300 mg or 600 mg clopidogrel orally depending on the reperfusion
modality chosen. Patients aged 75 and older received only 75 mg
clopidogrel orally.

Glycemic level and other biologic tests were obtained upon
admission and thereafter as needed. In accordance with other
published studies,7–9 hyperglycemia on-admission was defined as
glycemia �11 mmol/L. Heart failure on-admission was defined as
Killip II or III class. Cardiogenic shock was referred to as Killip IV
class. Renal failure was defined as a creatinine clearance <45 ml/
min on-admission in patients not known to have chronic kidney
disease. Bleeding referred to any overt hemorrhage leading to a
drop �2 g/dL of hemoglobin or requiring blood transfusion.

2.2. Statistical analysis

Categorical variables are expressed in absolute values and
proportions. Continuous variables are expressed as mean � SD.
Means were compared using the Student t-test for independent
Fig. 1. Distribution of glycemic level on-
samples. Proportions between sub-groups were compared using
the chi-square test. The latter was also used for determining
predictive factors of death in univariate analysis. Results were
expressed as odd ratios with accompanying 95% confidence
interval. Multivariate analysis was performed using binary logistic
regression in variables significantly associated to in-hospital death
in univariate analysis. A P value <0.05 was considered significant.
Glycemia level as a predictor of in-hospital death in diabetic and
non-diabetic patients was studied using the area under the
receiver operating characteristic (ROC) curve. All analyses were
performed using Statistical Package for Social Sciences (SPSS) V. 21
for Windows.

3. Results

A total of 1498 patients were enrolled in the overall registry.
Admission glucose level was available only in 1289 patients that
were included in the present analysis. Mean age of the study
population was 60.39 � 12.8 years and 997 (77.3%) patients were
male. Prevalence of diabetes mellitus in the study population was
36% with a mean duration of 9.89 � 7.84 years. Fig. 1 depicts the
distribution of the population study according to glycemia on-
admission. Four hundred eighty five (38.5%) patients had a
glycemia level �11 mmol/L. In patients with hyperglycemia,
prevalence of hypertension, diabetes mellitus and dyslipidemia
was significantly higher whereas current smoking was more
prevalent in the non-hyperglycemic group (Table 1). Anemia was
also more prevalent in hyperglycemic patients. Regarding clinical
presentation, patients with hyperglycemia were more at risk of
presenting heart failure and cardiogenic shock on-admission. They
also had a higher prevalence of acute renal failure on-admission.

Therapeutics implemented at the acute phase were comparable
between the two sub-groups regarding thrombolysis use and
conservative medical therapy. Nevertheless, pPCI was significantly
more utilized in hyperglycemic group (34.2% vs. 26.1%, p = 0.002).
In-hospital mortality rate was significantly higher in patients with
hyperglycemia compared to those without (12.6% vs. 4.5%,
p < 0.001).

We analyzed univariate predictors of in-hospital death in
diabetic and non-diabetic patients (Table 2). Hyperglycemia on
admission was significantly associated to in hospital death in both
diabetic and non-diabetic patients (OR: 8.85, 95% CI: 2.11–37.12,
p < 0.001 and OR: 2.57, 95% CI: 1.39–4.74, p = 0.002, respectively)
along with other factors. In multivariate analysis (Table 3),
admission in the study population.



Table 1
Baseline characteristics, therapeutic modalities and in-hospital outcomes in the study population.

Population (n = 1289) Gly � 11 mmol/L (n = 485) Gly < 11 mmol/L (n = 804) P

Male gender 997 (77.3%) 343 (70.7%) 654 (81.3%) <0.001
Age �75 years 194 (15.1%) 72 (14.8%) 122 (15.2%) 0.873
Hypertension 396 (30.7%) 182 (37.5%) 214 (26.6%) <0.001
Diabetes 464 (36%) 342 (70.2%) 122 (15.2%) <0.001
Dyslipidemia 148 (11.5%) 75 (15.6%) 73 (9.2%) 0.001
Current smoker 869 (67.4%) 273 (56.3%) 596 (74.1%) <0.001
History of CAD 141 (10.9%) 56 (11.5%) 85 (10.6%) 0.854
History of heart failure 25 (1.9%) 9 (1.9%) 16 (2%) 0.865
Anemia 406 (31.5%) 171 (35.3%) 235 (29.2%) 0.024
Heart failure on-admission 282 (21.9%) 131 (27%) 151 (18.8%) 0.001
Cardiogenic shock 29 (2.2%) 17 (3.5%) 12 (1.5%) 0.018
Acute renal failure 106 (8.2%) 57 (11.8%) 49 (6.1%) <0.001
New-onset atrial fibrillation 92 (7.1%) 43 (8.9%) 49 (6.1%) 0.061
Thrombolysis 445 (34.5%) 157 (32.4%) 288 (35.8%) 0.207
Primary PCI 376 (29.2%) 166 (34.2%) 210 (26.1%) 0.002
Conservative medical treatment 486 (37.7%) 162 (33.4%) 306 (38%) 0.999
Bleeding 39 (3%) 18 (3.7%) 21 (2.6%) 0.268
In hospital mortality 97 (7.5%) 61 (12.6%) 36 (4.5%) <0.001

In primary PCI 31 (8.2%) 23 (13.9%) 8 (3.8%) <0.001
In thrombolysis 29 (6.5%) 15 (9.6%) 14 (4.9%) 0.055

CAD: coronary artery disease; PCI: percutaneous coronary intervention.

Table 2
Univariate predictors of in-hospital death in non-diabetic and diabetic patients.

Non diabetic patients Diabetic patients

OR 95% CI p OR 95% CI P

Female gender 1.25 0.62–2.51 0.517 1.8 0.99–3.42 0.05
Age �75 years 2.48 1.31–4.69 0.004 2.28 1.11–4.66 0.021
Hypertension 1.75 0.95–3.2 0.67 1.54 0.83–2.84 0.162
Anemia 3.65 2.05–6.51 <0.001 2.19 1.18–4.05 0.011
Heart failure on-admission 7.33 4.05–13.26 <0.001 3.86 2.07–7.2 <0.001
Cardiogenic shock 10.1 3.79–26.92 <0.001 6.54 1.77–24.1 0.001
Renal failure on-admission 3.83 1.74–8.4 <0.001 5.69 2.87–11.28 <0.001
Glycemia �11 mmol/L 2.57 1.39–4.74 0.002 8.85 2.11–37.12 <0.001
Bleeding 4.12 1.6–10.6 0.001 7.81 2.01–30.2 <0.001

Table 3
Multivariate predictors of in-hospital death in non-diabetic and diabetic patients.

Non diabetic patients Diabetic patients

OR 95% CI p OR 95% CI p

Age �75 years 1.64 0.79–3.39 0.182 1.72 0.78–3.83 0.178
Anemia 2.79 1.46–5.34 0.002 1.71 0.86–3.41 0.123
Heart failure on-admission 5.49 2.88–10.48 <0.001 3.11 1.57–6.13 0.001
Renal failure on-admission 2.29 0.91–5.75 0.076 4.28 2.01–9.1 <0.001
Glycemia �11 mmol/L 1.93 0.97–3.86 0.06 9.6 2.18–42.22 0.003
Bleeding 3.27 1.12–9.54 0.03 5.82 1.28–26.52 0.023
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hyperglycemia was independently predictive of in-hospital death
in diabetic patients (OR: 9.6, 95% CI: 2.18–42.2, p = 0.003) but failed
to reach statistical significance in non-diabetic patients (OR: 1.93;
95% CI: 0.97–3.86, p = 0.06).

The value of glycemia level on admission as a predictor of in-
hospital death was studied using the area under the ROC curve in
diabetic and non-diabetic patients (Fig. 2). The area under the ROC
curve was 0.792 in diabetic and 0.676 in non-diabetic patients. In
diabetic patients, a cut-off glycemic level of 18.1 mmol/L predicted
in-hospital death with a sensitivity of 76.1% and specificity of
70.3%. In non-diabetic patients, a cut-off at 8.04 mmol/L predicted
in-hospital death with a sensitivity of 64.7% and a specificity of
62%.
4. Discussion

Hyperglycemia on-admission has been identified as a powerful
predictor of poor in-hospital outcomes in patients presenting for
ACS.10 The present study derived from a relatively large population
highlights the prognostic value of hyperglycemia in patients
presenting for STEMI regardless to the reperfusion strategy
adopted. Furthermore, it identifies diabetic patients as a sub-
group in which hyperglycemia has a better predictive value for in-
hospital mortality.

In our study, patients presenting with hyperglycemia had
significantly higher rates of heart failure, cardiogenic shock and in-



Fig. 2. Receiver operating characteristic (ROC) curve for glycemia for in-hospital
death prediction in non-diabetic (top) and diabetic (bottom) patients presenting for
acute ST-elevation myocardial infarction; area under ROC curve 0.676 for non-
diabetic and 0.792 for diabetic patients.
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hospital death. Concomitantly, they were more likely to have other
aggravating conditions known to be associated to worse outcomes
in patients with coronary artery disease such as diabetes and
hypertension. The relationship between glycemic level on-admis-
sion and short term prognosis has been thoroughly investigated in
previous studies, however the mechanisms underlying the
association between high serum glucose levels and mortality are
not fully understood. It is indeed not clear if hyperglycemia is
directly implicated in cellular damage or just an associated
epiphenomenon and a marker of high stress levels and adrenergic
response.11,12 Another possible mechanism for the adverse effects
of hyperglycemia could be alterations in intra-platelet signaling
pathways contributing to the development of atherothrombotic
complications in patients with ACS.13

In patients presenting with STEMI and hyperglycemia on-
admission, in-hospital mortality was higher than in those with
lower serum glucose levels regardless to the implementation of a
reperfusion strategy. In acutely reperfused patients themselves,
the prognostic impact of hyperglycemia was independent of
reperfusion modality. This is in accordance with several other
reports. In the old DIGAMI study, in patients managed with
thrombolysis, hyperglycemia was associated with higher mortality
rates.4 In the more recent HORIZONS-AMI trial,8 all patients were
managed with primary PCI and hyperglycemia (serum glucose
level �156 mg/dL) was associated with higher mortality rates from
all and cardiac causes and higher incidence of reinfarction and
bleeding.

In the present study, we tried to identify the influence of
diabetic status on the prognostic value of hyperglycemia in
patients presenting for STEMI. In this regard, the two main
findings were: (i) in diabetics but not in non-diabetics,
hyperglycemia was independently associated with in-hospital
death in a multivariate model combining several classical death
predictors in STEMI, (ii) the predictive value of hyperglycemia for
in-hospital death assessed by the area under the ROC curve was
higher in diabetic than in non-diabetic patients. Interestingly,
these findings are not concordant with all available data.14–16 In a
Japanese study,16 acute but not chronic hyperglycemia (defined
on high glycated hemoglobin level) was associated with large
infarct size and high in hospital mortality in patient with acute
myocardial infarction. This fact could be explained by the
presence in our population of other confounding factors that
were not taken into account in the multivariable model, could be
simply a marker of grater cardiovascular risk in diabetic patients
presenting for STEMI in our context or simply by the small size of
the population and the low incidence of adverse outcomes in
non-diabetic patients.

4.1. Study limitations

Although highlighting the prognostic value of hyperglycemia
on-admission in patients presenting for STEMI, several limita-
tions for this study have to be signaled including its observational
and retrospective character. No randomization could be per-
formed mandating much caution in interpreting some results
yielded by analyses especially those pertaining to reperfusion
modalities. The higher predictive value of hyperglycemia for
adverse outcomes in diabetic patients compared to non-diabetic
ones is not in accordance with other studies, but this could be
simply due to the worse cardiovascular risk profile in these
patients (especially in Tunisia) rather that a direct effect of higher
glycemic levels in this particular group. Another limitation is that
no specific therapeutic modality has been suggested for patients
with worse outcomes according to the glycemic level. A
randomized study is warranted to test such therapeutic
interventions. Finally, statistical significance could not be reached
in some sub-groups obviously due to either small size or the low
incidence of the endpoint studied.

5. Conclusions

According to the current study, hyperglycemia has a substantial
impact on in-hospital course in both diabetic and non-diabetic
patients. In diabetic patients particularly, hyperglycemia was
independently predictive of in-hospital death. In diabetic patients,
admission serum glucose level has a good predictive value for in-
hospital death.
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