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Abstract: Objective: To study the impact of stress hyperglycemia on the short-term prognosis of acute ST-segment 
elevation myocardial infarction (STEMI) in patients with a history of ischemic stroke. Method: We reviewed the 
records of 387 patients with a history of ischemic stroke who presented to the cardiology department of Xuanwu 
Hospital with acute ST segment elevation myocardial infarction (AMI) between January 2005 and January 2011. 
The patients were divided into two groups based on in-hospital cardiac death: mortality and survival. The medical 
information of the hospitalized patients was comprehensively collected. Results: The mortality group had older 
age, more men, higher admission blood glucose levels, more patients with Killip class ≥ II, as well as higher rates 
of revascularization than did the survival group. Multivariate logistic regression revealed that sex, admission heart 
rate, stress hyperglycemia, peak troponin I (TnI) level, and revascularization, were independent factors affecting the 
short-term prognosis of acute STEMI in patients with a history of ischemic stroke. Additionally, there was a signifi-
cant association between admission blood glucose level and in-hospital mortality. Conclusion: Stress hyperglycemia 
is an independent risk factor for poor prognosis of acute STEMI in patients with a history of ischemic stroke.
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Introduction

The increasing incidence and mortality rates of 
cardiovascular and cerebrovascular diseases 
over the past 20 years have occurred in parallel 
with the improvement of living standards in 
China. This increased disease burden poses a 
serious threat to the health and quality of life, 
not only to individuals but also to families and 
society. Up to 10% of patients with acute myo-
cardial infarction (AMI) have a history of isch-
emic stroke; this proportion is increasing as  
the Chinese society ages [1]. AMI and ische- 
mic stroke share a common pathological basis 
of atherosclerosis [2]. Previous studies have 
shown that patients with a history of ischemic 
stroke who present with AMI have significantly 
higher rates of in-hospital adverse events and 
higher short-term mortality rates than do 
patients without a history of ischemic stroke [3, 
4]. Therefore, an early identification of high-risk 

patients in clinical practices is required to rec-
tify and control the risk factors in the patients.

Stress hyperglycemia refers to elevation of  
the blood glucose level due to altered glucose 
metabolism in response to the stress of se- 
rious illness or trauma. Previous research has 
shown that this acute and transient hyperglyce-
mia is associated with adverse events, such as 
multiple organ failure and increased mortality 
rates [5]. Multiple studies have confirmed that 
stress hyperglycemia often accompanies AMI 
in both diabetic and non-diabetic patients [6-9]. 
Studies reporting on stress hyperglycemia and 
the short-term prognosis of AMI in patients with 
a history of ischemic stroke are relatively rare. 
We conducted a retrospective review of 387 
cases of AMI in patients with a history of isch-
emic stroke, to investigate the correlation be- 
tween stress hyperglycemia and prognosis in 
these patients. In doing so, we sought to pro-
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vide a theoretical basis for the treatment and 
prevention of adverse effects for the patients.

Methods

Research subjects

The study population comprised of 387 patients 
with a history of acute ST-segment elevation 
myocardial infarction (STEMI) who were admit-
ted to the intensive care unit of the Cardiology 
Department at Xuanwu Hospital within 24 
hours after onset of AMI, between January 
2005 and January 2011. The patients consist-
ed of 262 men and 125 women, with an aver-
age age of (68.96 ± 10.01) years. The patients 
were further divided into two groups based on 
clinical outcome: the mortality group and the 
survival group. The mortality group had 53 
patients (29 men and 24 women), with an aver-
age age of (71.62 ± 10.70) years. The survival 
group had 334 patients (233 men and 101 
women), with an average age of (68.54 ± 9.84) 
years. All patients had to fulfill the diagnostic 
criteria for AMI defined by the World Health 
Organization [10], and have a history of isch-
emic stroke for ≥ 6 months. History of ische- 
mic stroke was confirmed by using the diag- 
nostic criteria for cerebrovascular diseases, 
drawn by the 1995 4th National Conference  
for Cerebrovascular Diseases, in which the  
history of ischemic stroke needed to be con-
firmed on the basis of the clinical manifesta- 
tion and imaging studies (cranial computed 
tomography and cranial magnetic resonance 
imaging) [11]. The study was approved by the 
ethics committee of Xuanwu Hospital. Exclu- 
sion criteria: Patients were excluded if they  
had myocardial infarction caused by emboli 
shedding, shock, or interruption of coronary 
blood flow due to invasive treatment; acute 
cerebrovascular disease; hemorrhagic cere- 
brovascular disease; infectious diseases; se- 
vere liver and kidney dysfunction; thyroid dis-
ease; autoimmune diseases; cancer; or sys-
temic thromboembolic disease, as well as pa- 
tients with major surgery or severe trauma over 
the past 3 months.

Data collection 

Collection of general information during hos- 
pitalization: The collection of history and phy- 
sical examinations of the patients were com-
pleted after admission to the hospital, and  
the following baseline information of the in- 
cluded patients was recorded: age, sex, heart 

rate, systolic blood pressure, diastolic blood 
pressure, smoking history, diabetes history, hy- 
pertension, and body mass index. All the in- 
cluded patients and their families signed the 
informed consent.

Laboratory tests

A total of 4 mL of blood was withdrawn from  
the median cubital vein of all the included 
patients immediately upon admission for de- 
termining the levels of blood glucose, cardiac 
enzymes, cTnI, high-sensitivity C-reactive pro-
tein (HS-CRP), triglyceride (TG), total cholester-
ol (TCH), low-density lipoprotein cholesterol 
(LDL), liver function, serum creatinine (Scr), 
blood urea nitrogen (BUN), and so on, by using 
the Beckman Coulter fully automated biochem-
ical analyzer. The patients’ levels of creatine 
kinase and creatine kinase isoenzyme were 
measured every 6 hours during the first 24 
hours after admission, and the peak values 
were recorded. In this study, an admission 
blood glucose level > 11.1 mmol/L was defined 
as stress hyperglycemia [12, 14].

Echocardiography

All included patients were examined by our 
medical personnel in the echocardiography 
room in our hospital within 48 hours after ad- 
mission, by using the Philip Ie33 Cardiac Color 
Doppler Ultrasound System with a 3.5-MHz 
probe. The left ventricular end-diastolic dia- 
meter was measured from the long axis of  
the left ventricle, and the left ventricular ejec-
tion fraction was calculated by using the sin- 
gle-plane Simpson’s method.

Study endpoints

The endpoint event was in-hospital cardiac 
death. 

Statistical methods

The statistical software SPSS 17.0 was used 
for data analysis, with an assumption that data 
conformed to a normal distribution and homo-
geneity of variance. Continuous variables are 
presented as mean ± standard deviation (

_
x  ± 

s). The mean values of the two groups were 
compared by using the independent sample 
t-test. The count data were presented as per-
centages and proportions, and examined by 
using the chi-square test. Logistic regression 
analysis of the risk factors for in-hospital cardi-
ac death of patients with AMI and a history of 



Impact of stress hyperglycemia for acute ST-segment elevation myocardial infarction

18693 Int J Clin Exp Med 2016;9(9):18691-18697

ischemic stroke. Kaplan-Meier survival curves 
were used to describe the survival of patients 
with AMI and a history of ischemic stroke, and 
the effect of stress hyperglycemia on the sur-
vival of patients was compared by Rank Log 
test. P < 0.05 was considered statistically 
significant.

Results

Univariate analysis of the risk factors for in-
hospital cardiac death of patients with AMI 
and a history of ischemic stroke

The mortality group was older [(71.62 ± 10.70) 
years vs. (68.54 ± 9.84) years, P < 0.05], had a 

higher proportion of men (69.8% vs. 54.7%, P < 
0.05), higher admission blood glucose levels 
[(10.97 ± 5.23) mol/L vs. (7.91 ± 3.77) mol/L, P 
< 0.05], higher number of patients with Killip 
class ≥ II (75.5% vs. 47.3%, P < 0.05), as well as 
higher rates of revascularization (69.8% vs. 
58.1%, P < 0.05) than did the survival group 
(Table 1).

Logistic regression analysis of the risk factors 
for in-hospital cardiac death of patients with 
AMI and a history of ischemic stroke

Age, gender, smoking, systolic blood pressure, 
diastolic blood pressure, admission heart rate, 
admission blood glucose level, blood urea ni- 

Table 1. Univariate analysis of the risk factors for in-hospital cardiac death of patients with AMI and a 
history of ischemic stroke
Item Survival group Mortality group t (X) P value
Age (y) 68.54 ± 9.84 71.62 ± 10.70 2.096 0.037
Gender (male) 233 (69.8) 29 (54.7) 4.734 0.030
BMI (kg/m2) 25.11 ± 3.02 23.46 ± 4.48 2.506 0.070
Smoking 156 (46.7) 16 (30.2) 5.054 0.026
Hypertension (history) 146 (73.7) 36 (67.9) 0.759 0.407
Diabetes mellitus 129 (38.6) 22 (41.5) 0.160 0.689
Systolic blood pressure 138.98 ± 29.03 116.83 ± 27.79 5.190 0.000
Diastolic blood pressure 78.01 ± 17.40 69.47 ± 14.38 3.392 0.001
Admission heart rate 77.58 ± 16.73 88.79 ± 24.84 3.174 0.002
Admission blood glucose 7.91 ± 3.77 10.97 ± 5.23 4.022 0.000
TG (mmol/L) 1.64 ± 1.17 1.54 ± 0.89 0.553 0.581
TCH (mmol/L) 4.66 ± 1.09 4.45 ± 1.05 1.228 0.220
LDL (mmol/L) 2.68 ± 0.86 2.55 ± 0.91 0.955 0.340
HDL (mmol/L) 1.12 ± 0.29 1.08 ± 0.25 0.807 0.420
UA (umol/L) 339.39 ± 104.84 335.04 ± 110.43 0.274 0.784
Scr (mmol/L) 89.98 ± 36.07 109.05 ± 97.18 1.386 0.172
BUN (mmol/L) 6.91 ± 3.53 9.37 ± 5.23 3.255 0.002
Peak CPK (IU/L) 1346.43 ± 1395.32 1598.83 ± 1796.16 1.05 0.294
Peak CK-MB (IU/L) 132.41 ± 148.15 167.41 ± 164.11 1.397 0.163
Fib 3.89 ± 1.30 4.06 ± 1.70 0.712 0.479
hs-CRP (mg/L) 9.49 ± 6.00 12.74 ± 6.42 3.562 0.001
Peak TnI (ng/mL) 11.39 ± 11.72 19.96 ± 13.56 4.351 0.000
LVEDD (mm) 53.54 ± 6.26 53.33 ± 7.17 0.163 0.870
LAD (mm) 38.88 ± 5.80 38.41 ± 6.69 0.404 0.686
LVEF (%) 54.90 ± 10.07 48.73 ± 9.73 4.095 0.000
Killip class (≥ 2) 158 (47.3) 43 (81.1) 20.967 0.000
Anterior MI 159 (47.6) 29 (54.7) 0.926 0.336
Revascularization 194 (58.1) 13 (75.5) 20.895 0.000
ACE-inhibitor/ARB 263 (78.7) 32 (60.4) 8.514 0.005
Beta-blockers 266 (79.6) 30 (56.6) 13.497 0.000
Statins 284 (85.0) 45 (84.9) 0.001 0.981
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trogen, HS-CRP, peak TnI value, EF, Killip class, 
revascularization, and the use of ACEI/ARB and 

β-blockers were entered into the regression 
equation. The logistic regression analysis indi-
cated that sex, admission heart rate, stress 
hyperglycemia, peak TnI, and revascularization 
are the independent factors affecting the short-
term prognosis of patients with AMI and a his-
tory of ischemic stroke (Table 2, S1).

Relationship between stress hyperglycemia 
and in-hospital mortality

The patients were divided into three groups 
based on the admission blood glucose levels, < 
7.8 mmol/L group, 7.8-11.1 mmol/L group, and 
> 11.1 mmol/L group, to compare the in-hospi-
tal mortality rate. The results showed that the 
mortality rate of the patients increased with 
the elevation of blood glucose levels, and the 
difference was statistically significant (Table 3).

Kaplan-Meier curves of different stress hyper-
glycemia group among AMI patients with acute 
ST-segment elevation myocardial infarction

Patients with normal blood glucose had much 
better survival than those patients with stress 
hyperglycemia. Overall, there was significant 
statistical difference in cumulative survival 
between the blood glucose < 7.8 mmol/L group 
and 7.8-11.1 mmol/L group (Log-rank test P = 
0.000), there was significantly statistical differ-
ence in cumulative survival between the blood 
glucose < 7.8 mmol/L group and ≥ 11.1 mmol/L 

Table 2. Logistic regression analysis for predictors of cardiac mortality
Factors β SE Wald P Exp (B) 95% CI
Age 0.280 0.557 0.252 0.615 0.756 0.254-2.253
Gender 0.980 0.456 4.611 0.032 2.665 1.089-6.521
Smoking 0.253 0.443 0.326 0.568 0.776 0.326-1.851
Systolic blood pressure 0.767 0.453 2.868 0.090 0.465 0.191-1.128
Diastolic blood pressure 1.123 0.633 3.144 0.076 0.325 0.094-1.126
Admission heart rate 0.974 0.417 5.455 0.020 2.648 1.170-5.995
Stress hyperglycemia 1.373 0.444 9.543 0.002 3.948 1.652-9.434
BUN (mmol/L) 0.409 0.410 0.997 0.318 1.505 0.674-3.360
hs-CRP (mg/L) 0.217 0.426 0.258 0.611 0.805 0.349-1.856
Peak TnI 1.540 0.402 14.694 0.000 4.665 2.123-10.253
LVEF (%) 0.238 0.394 0.365 0.546 0.788 0.364-1.707
Killip class (≥ 2) 0.719 0.453 2.525 0.112 2.053 0.845-4.987
Revascularization 1.330 0.435 9.330 0.002 0.264 0.113-0.621
ACE-inhibitor/ARB 0.279 0.444 0.395 0.530 0.757 0.317-1.806
Beta-blockers 0.597 0.444 1.804 0.179 0.551 0.230-1.315
Constant 4.465 1.269 12.377 0.000 0.012

Table 3. Relationship between stress hyperglyce-
mia and in-hospital mortality
Group Mortality rate (%) χ2 P value
< 7.8 mmol/L 14 (6.2)
7.8-11.1 mmol/L 19 (22.8)
≥ 11.1 mmol/L 20 (24.7) 24.618 0.000

Figure 1. Kaplan-Meier curves of different stress hy-
perglycemia group among AMI patients with acute 
ST-segment elevation myocardial infarction.

http://www.ijcem.com/files/ijcem0026783s1.spv
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group (Log-rank test P = 0.000), but there was 
no statistical difference in cumulative survival 
between the blood glucose 7.8-11.1 mmol/L 
group and ≥ 11.1mmol/L group (Log-rank test 
P = 0.571) (Figure 1, S2).

Discussion

Stress hyperglycemia refers to the phenome-
non of high blood glucose level, insulin resis-
tance, or impaired glucose tolerance due to 
altered glucose metabolism in response to the 
stress of serious illness or trauma. Numerous 
studies have shown that hyperglycemia is com-
mon among patients with AMI with or without a 
history of diabetes [15, 17]. Hyperglycemia dur-
ing the onset of AMI might be a stress response 
of the body. Currently, the threats and poor 
prognosis associated with stress hyperglyce-
mia have aroused great attention. In the recent 
years, most studies have suggested a correla-
tion of stress hyperglycemia with both in-hospi-
tal and out-of-hospital prognosis of coronary 
heart disease, indicating that stress hypergly-
cemia is an independent predictive factor for 
short-term prognosis of AMI [18, 22]. Although 
cardiovascular and cerebrovascular diseases 
often share a common pathophysiology, for a 
patient with both, the risks seem to be additive. 
Additionally, coronary artery disease involves a 
wide range of pathological changes, poor car-
diac function, and numerous complications 
[23, 24]. At present, studies reporting on the 
relationship between stress hyperglycemia and 
the short-term prognosis of AMI in patients 
with a history of ischemic stroke are relatively 
rare. This study evaluated the relationship 
between stress hyperglycemia and AMI out-
comes in 387 patients with AMI and a history 
of ischemic stroke. The univariate analysis on 
the patients divided into the mortality and sur-
vival groups showed that the level of stress 
hyperglycemia was significantly higher in the 
mortality group than in the survival group. A 
further logistic regression analysis showed that 
stress hyperglycemia is an independent risk 
factor for in-hospital cardiac death in these 
patients.

Although the definition of hyperglycemia varies, 
the results of a meta-analysis involving 15 
studies on stress hyperglycemia indicated that 
regardless of diabetes status, patients with 
AMI without a history of diabetes whose admis-

sion blood glucose levels were 6.1-8.0 mmol/L 
had a 3.9-fold higher risk of death than did  
the normal blood glucose group. The risks of 
heart failure and cardiogenic shock also in- 
creased in patients with blood glucose levels  
of 8.0-10.0 mmol/L. In addition, it was found 
that the prognosis could be improved by con-
trolling the blood glucose level [25, 26]. The 
current study shows that the mortality rate  
of patients with AMI and a history of ische- 
mic stroke increased with increasing levels of 
stress hyperglycemia, with or without a history 
of diabetes. The blood glucose levels are not 
equivalent as a risk factor for in-hospital mor-
tality rates of AMI patients, which is consistent 
with the conclusion in published literature [27]. 
Hence, stress hyperglycemia can be an inde-
pendent risk factor to predict poor short-term 
prognosis of acute STEMI in patients with a  
history of ischemic stroke. The detection of 
stress hyperglycemia is simple and does not 
increase the clinical costs; hence, it can be 
used to stratify risk in patients with AMI and 
prompt early treatment of hyperglycemia, which 
may favorably influence prognosis.

The possible mechanisms of action by which 
stress hyperglycemia leads to the poor short-
term prognosis of AMI in patients with a history 
of ischemic stroke include the following: (a) 
Myocardial injury leads to insulin resistance or 
relative insulin deficiency during AMI, which in 
turn reduces the glucose utilization in myocar-
dial cells; the stress hyperglycemia and ex- 
cessive free fatty acids potentiate the effects 
of alternative energy supplies in myocardial 
cells and cardiotoxicity, which increases the 
myocardial injury and the risk of AMI complica-
tions, such as heart failure, cardiogenic shock, 
and ASPEN syndrome [28]; (b) Inflammatory 
response: The elevation of inflammatory factor 
expression and resulting increases in cytokine 
release in response to stress are involved in 
the incidence of hyperglycemia. A systemic 
inflammatory response is a powerful stimu- 
lus to induce thrombosis by accelerating the 
release of coagulation factors and inhibiting 
the natural anticoagulants; this, in turn, pro-
motes myocardial injury and deterioration of 
cardiac function in patients with AMI; and (c) 
After stroke, the patients may suffer from apha-
sia or language barrier. Symptoms of atypi- 
cal chest pain are common, which, if the pa- 
tient has difficulty expressing symptoms, might 
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delay the diagnosis and treatment for the pa- 
tients, affecting the cardiac function and strat-
egies of revascularization for acute coronary 
syndromes.

The goal of treatment of patients with AMI  
and a history of ischemic stroke is to reduce 
the in-hospital mortality. While the long-term 
management focuses on prevention of recur-
rent stroke or MI, On the other hand, the short-
term management of patients should effec- 
tively control various risk factors for cardio- 
vascular diseases and complications: in this 
study, we suggested that stress hyperglycemia 
is an independent risk factor for short-term 
prognosis of AMI in patients with a history of 
ischemic stroke. Their in-hospital mortality  
rate significantly increased with elevation of 
stress hyperglycemia. Prognosis may be im- 
proved with glycemic control, thus, the patients 
require active control of blood glucose level.

Limitations

The current study was a retrospective study 
that had certain limitations. The clinical data 
and detection index of the patients were 
obtained upon admission. Although the main 
factors affecting the observation index had 
been excluded, the possibility of residual was 
not ruled out. Hence, a prospective and multi-
center study is expected to elucidate the rela-
tionship between stress hyperglycemia and the 
prognosis of patients with AMI and a history of 
ischemic stroke.

Acknowledgements

This study was supported by 973 Program (No. 
2012CB517805) and National Key Technology 
Support Program by Ministry of Health PR China 
(No. 2012BAI37B03).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Qi Hua, Depart- 
ment of Cardiology, Xuanwu Hospital, Capital Me- 
dical University, No. 45, Changchun Street, Xi- 
cheng, Beijing 100053, China. E-mail: huaqi5371@
medmail.com.cn

References

[1] Tanne D, Gottlieb S, Caspi A, Hod H, Palant A, 
Reisin L, Rosenfeld T, Peled B, Marmor AT, 
Balkin J, Boyko V, Behar S. Treatment and out-

come of patients with acute myocardial infarc-
tion and prior cerebrovascular events in the 
thrombolytic: the Israeli Thrombolytic National 
Survey. Arch Intern Med 1998; 158: 601-606. 

[2] WRITING GROUP MEMBERS, Lloyd-Jones D, 
Adams RJ, Brown TM, Carnethon M, Dai S,  
De Simone G, Ferguson TB, Ford E, Furie  
K, Gillespie C, Go A, Greenlund K, Haase  
N, Hailpern S, Ho PM, Howard V, Kissela B, 
Kittner S, Lackland D, Lisabeth L, Marelli A, 
McDermott MM, Meigs J, Mozaffarian D, 
Mussolino M, Nichol G, Roger VL, Rosamond 
W, Sacco R, Sorlie P, Roger VL, Thom T, 
Wasserthiel-Smoller S, Wong ND, Wylie-Rosett 
J; American Heart Association Statistics 
Committee and Stroke Statistics Subcom- 
mittee. Heart disease and stroke statis-
tics--2010 update: a report from the American 
Heart Association. Circulation 2010; 121: e46-
e215. 

[3] Blanco M, Sobrino T, Montaner J, Medrano V, 
Jiménez C, Masjuán J, Gómez-Escalonilla C, de 
Luis P, Arboix A, Castillo J; MITICO Study. Stroke 
with polyvascular atherothrombotic disease. 
Atherosclerosis 2010; 208: 587-592.

[4] Jia Q, Liu LP, Wang YJ. Risk factors and preven-
tion of stroke in the Chinese population. Stroke 
Cerebrovasc Dis 2011; 20: 395-400.

[5] Umpierrez GE, Isaacs SD, Bazargan N, You X, 
Thaler LM, Kitabchi AE. Hyperglycemia: an in-
dependent marker of in-hospital mortality in 
patients with undiagnosed diabetes. Clin 
Endocrinol Metab 2002; 87: 978-82.

[6] Li DB, Hua Q, Guo J, Li HW, Chen H, Zhao  
SM. Admission Glucose Level and In-hospital 
Outcomes in Diabetic and Non-diabetic Pa- 
tients with ST-elevation Acute Myocardial In- 
farction. Intern 2011; 50: 2471-5.

[7] Yang JH, Song PS, Song YB, Hahn JY, Choi SH, 
Choi JH, Lee SH, Jeong MH, Kim YJ, Gwon HC. 
Prognostic value of admission blood glucose 
level in patients with and without diabetes mel-
litus who sustain ST segment elevation myo-
cardial infarction complicated by cardiogenic 
shock. Crit Care 2013; 17: R218.

[8] Capes SE, Hunt D, Malmberg K, Gerstein HC. 
Stress hyperglycaemia and increased risk of 
death after myocardial infarction in patients 
with and without diabetes: a systematic over-
view. Lancet 2000; 355: 773-8.

[9] Sanjuán R, Núñez J, Blasco ML, Miñana  
G, Martínez-Maicas H, Carbonell N, Palau P, 
Bodí V, Sanchis J. Prognostic Implications of 
Stress Hyperglycemia in Acute ST Elevation 
Myocardial Infarction. Prospective Observa- 
tional Study. Rev Esp Cardiol 2011; 64: 201-7.

[10] Thygesen K, Alpert JS, White HD; Joint ESC/
ACCF/AHA/WHF Task Force for the Redefini- 
tion of Myocardial Infarction. Universal defini-

mailto:huaqi5371@medmail.com.cn
mailto:huaqi5371@medmail.com.cn


Impact of stress hyperglycemia for acute ST-segment elevation myocardial infarction

18697 Int J Clin Exp Med 2016;9(9):18691-18697

tion of myocardial infarction. Am Coll Cardio 
2007; 50: 2173-95.

[11] The Chinese Academy of Neurology, Institute  
of the Department of neurosurgery. Various 
types of cerebrovascular disease diagnosis 
points. Chinese Journal of Department of 
Neurosurgery 1996; 29: 379-380.

[12] McCowen KC, Malhotra A, Bistrian BR. Stress-
induced hyperglycemia. Crit Care Clin 2001; 
17: 107-24.

[13] Luitse MJ, Biessels GJ, Rutten GE, Kappelle  
LJ. Diabetes, hyperglycaemia, and acute isch-
aemic stroke. Lancet Neurol 2012; 11: 261-
71.

[14] Ishihara M. Acute hyperglycemia in patients 
with acute myocardial infarction. Circ J 2012; 
76: 563-71.

[15] Meier JJ, Deifuss S, Klamann A, Launhardt V, 
Schmiegel WH, Nauck MA. Plasma glucose at 
hospital admission and previous metabolic 
control determine myocardial infarct size and 
survival in patients with and without type 2  
diabetes: the Langendreer Myocardial Infarc- 
tion and Blood Glucose in Diabetic Patients 
Assessment (LAMBDA). Diabetes Care 2005; 
28: 25513.

[16] Oswald GA, Corcoran S, Yudkin JS. Prevalence 
and risk of hyperglycemia and undiagnosed 
diabetes in patients with acute myocardial in-
farction. Lancet 1984; 1: 1264-7.

[17] Deedwania P, Kosiborod M, Barrett E, Ceriello 
A, Isley W, Mazzone T, Raskin P; American 
Heart Association Diabetes Committee of  
the Council on Nutrition, Physical Activity, and 
Metabolism. Hyperglycemia and acute coro-
nary syndrome: a scientific statement from  
the American Heart Association Diabetes 
Committee of the council on Nutrition, Physical 
Activity, and Metabolism. Circulation 2008; 
117: 1610-9.

[18] Timóteo AT, Papoila AL, Rio P, Miranda F, 
Ferreira ML, Ferreira RC. Prognostic impact of 
admission blood glucose for all-cause mortali-
ty in patients with acute coronary syndromes: 
added value on top of GRACE risk score. Eur 
Heart J Acute Cardiovasc Care 2014; 3: 257-
63.

[19] Sanjuán R, Núñez J, Blasco ML, Miñana  
G, Martínez-Maicas H, Carbonell N, Palau P, 
Bodí V, Sanchis J. Prognostic implications of 
stress hyperglycaemia in acute ST elevation 
myocardial infarction. Prospective observa-
tional study. Rev Esp Cardiol 2011; 64: 201-7.

[20] Yang SW, Zhou YJ, Nie XM, Liu YY, Du J, Hu DY, 
Jia DA, Gao F, Hu B, Fang Z, Han HY, Liu XL, Yan 
ZX, Wang JL, Hua Q, Shi YJ, Li HW; BEAMIS 
Study Group. Effect of abnormal fasting plas-
ma glucose level on all-cause mortality in older 
patients with acute myocardial infarction: re-
sults from the beijing elderly acute myocardial 
infarction study. Mayo Clin Proc 2011; 86: 94-
104.

[21] Yoon HJ, Jeong MH, Bae JH, Kim KH, Ahn Y, 
Cho JG, Park JC, Kang JC. Dyslipidemia, low left 
ventricular ejection fraction and high wall mo-
tion score index are predictors of progressive 
left ventricular dilatation after acute myocardi-
al infarction. Korean Circ J 2011; 41: 124-129.

[22] Raposeiras-Roubín S, Barreiro Pardal C, 
Ocaranza R, Cid B, González-Juanatey JR. 
Acute hyperglycaemia: is really a new risk 
marker for contrast-induced nephropathy in 
patients with acute myocardial infarction with-
out diabetes and normal renal function. Am 
Heart J 2011; 162: e7; author reply e9.

[23] Fisher M, Folland E. Acute ischemic coronary 
artery disease and ischemic stroke: similari-
ties and differences. Am J Ther 2008; 15: 137-
149.

[24] O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin 
SL, Rao-Melacini P, Rangarajan S, Islam S, 
Pais P, McQueen MJ, Mondo C, Damasceno A, 
Lopez-Jaramillo P, Hankey GJ, Dans AL, Yusoff 
K, Truelsen T, Diener HC, Sacco RL, Ryglewicz 
D, Czlonkowska A, Weimar C, Wang X, Yusuf  
S. Risk factors for ischaemic and intracere- 
bral haemorrhagic stroke in 22 countries (the 
INTERSTROKE study): a case-control study. 
Lancet 2010; 376: 112-23.

[25] Ishihara M, Kagawa E, Inoue I, Kawagoe T, 
Shimatani Y, Kurisu S, Nakama Y, Maruhashi T, 
Ookawa K, Dai K, Aokage Y. Impact of admis-
sion hyperglycemia and diabetes mellitus on 
short and long-term mortality after acute myo-
cardial infarction in the coronary intervention 
Era. Am J Cardiol 2007; 99: 1674-9.

[26] Polderman KH, Girbes AR. Intensive insulin 
therapy: of harm and health of hypers and hy-
poglycemia. Crit Care Med 2006; 34: 246-8.

[27] Sanjuán R, Núñez J, Blasco ML, Miñana G, 
Martínez-Maicas H, Carbonell N, Palau P, Bodí 
V, Sanchis J. Prognostic implications of stress 
hyperglycemia in acute ST elevation myocardi-
al infarction. Prospective observational study. 
Rev Esp Cardiol 2011; 64: 201-7.

[28] Chakrabarti AK, Singh P, Gopalakrishnan L, 
Kumar V, Elizabeth Doherty M, Abueg C, Wang 
W, Gibson CM. Admission hyperglycemia and 
acute myocardial infarction: outcomes and po-
tential therapies for diabetics and nondiabet-
ics. Cardiol Res Pract 2012; 2012: 704314.


