Original Article

Diabetes & Vascular Disease Research
January-February 2020: 1-7

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1479164119883983
journals.sagepub.com/home/dvr

©SAGE

Incidence, predictors and outcomes

of stress hyperglycemia in patients
with ST elevation myocardial infarction
undergoing primary percutaneous
coronary intervention

Mohamed Khalfallah!(®)] Randa Abdelmageed',
Ehab Elgendy' and Yasser Mostafa Hafez?

Abstract

Background: Stress hyperglycemia is a common finding during ST elevation myocardial infarction in diabetic patients
and is associated with a worse outcome. However, there are limited data about stress hyperglycemia in non-diabetic
patients and its outcome especially in patients undergoing primary percutaneous coronary intervention.

Methods: The study was conducted on 660 patients with ST elevation myocardial infarction who were managed with
primary percutaneous coronary intervention. Patients were classified into two groups according to the presence of
stress hyperglycemia: group | (patients with stress hyperglycemia) and group Il (patients without stress hyperglycemia).
Patients were analysed for clinical outcome including mortality and the occurrence of major adverse cardiac events.
Results: Incidence of stress hyperglycemia was 16.8%, multivariate regression analysis identified the independent
predictors of stress hyperglycemia, that were family history of diabetes mellitus odds ratio 1.697 (95% confidence
interval: 1.077-2.674, p=0.023), body mass index >24kg/m? odds ratio 1.906 (95% confidence interval: 1.244-2.922,
p=0.003) and cardiogenic shock on admission odds ratio 2.517 (95% confidence interval: 1.162-5.451, p=0.019).
Mortality, cardiogenic shock, contrast induced nephropathy and no reflow phenomenon were significantly higher in
stress hyperglycemia group with p value=0.027, 0.001, 0.020 and 0.037, respectively.

Conclusion: Stress hyperglycemia in non-diabetic patients with ST elevation myocardial infarction undergoing primary
percutaneous coronary intervention is associated with increased incidence of no reflow phenomenon, contrast induced
nephropathy, cardiogenic shock and higher mortality.
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patients with ST elevation myocardial infarction (STEMI),
irrespective of diabetic status.*

Hyperglycemia seen at the onset of STEMI seems to
be associated with the stress mechanism, which is attrib-
uted to high free fatty acids, insulin resistance and steroid

Introduction

Stress hyperglycemia has been defined as hyperglycemia
that occurring in critically ill patients, who have not been
previously diagnosed to have diabetes mellitus (DM).
Stress hyperglycemia is temporarily increasing in plasma
glucose levels during critical illness.! The American
Diabetes Association (ADA) guidelines described stress
hyperglycemia as having a random glucose level greater
than 140 mg/dL at any given time in hospitalized patients.?
Stress hyperglycemia is a common condition, and has been
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described to occur in up to 30%—-80% of many hospital
units.?> An elevated plasma glucose level on admission is a
predictor of in-hospital and long-term adverse outcomes in
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hormones.® Stress hyperglycemia creates a new glucose
balance allowing a higher blood glucose diffusion gradi-
ent, which maximizes cellular glucose uptake in the face
of mal-distributed micro-vascular flow.® In fact, this
mechanism becomes injurious to the mitochondria, ren-
ders oxidative stress—related damage to the cells and dis-
turbs the course of the disease in the worst manner.”®

Stress hyperglycemia is a frequent complication in the
setting of STEMI and affects patients with and without
established DM, and associated with adverse outcomes in
diabetic patients. However, the effect of stress hyperglyce-
mia on non-diabetic patients is still controversy. So, the
objective of the present study was to investigate the inci-
dence, predictors and outcomes of stress hyperglycemia in
non-diabetic patients with STEMI, who were treated with
primary percutaneous coronary intervention (PPCI) in
order to assess the effects of stress hyperglycemia on mor-
bidity and mortality of those patients.

Patients and methods

Study population

This study was conducted on 660 patients with STEMI
who were admitted to cardiovascular department for PPCI
during the period from 1st of January 2017 to 31st
of December 2018 with follow-up period for 3 months.
The study was approved by the Local Research Ethics
Committee of the Faculty of Medicine, Tanta University,
and was in accordance with the principles of the Declaration
of Helsinki II. All patients included in the study signed a
written consent and a code number was given for every
patient pointed to his name, address and telephone number.
The diagnosis of STEMI was established if persistent chest
discomfort or pain >20min concurrently to the presence
of ST segment elevation on two adjacent leads, or a pre-
sumably new left bundle branch block on electrocardio-
gram (ECG).

Exclusion criteria

We excluded patients known to have DM at the time of
admission. Patients presented with high HbAlc were
excluded from the study. Moreover, patients with new onset
DM, their blood glucose levels still rising after the period of
stress were also excluded from the study. Stable patients with
STEMI with late presentation after 24h of chest pain onset
were excluded from the study. We excluded also patients with
severe hepatic or renal impairment, concomitant neoplastic
diseases, mental or intellectual impairment and those who
were taking glucocorticoid therapy at the time of admission.

Demographic, clinical and laboratory data

All patients were subjected to detailed history taking about
atherosclerosis risk factors, for example, hypertension,

dyslipidemia and smoking. Family history of DM was
taken. History of comorbidities, for example, chronic kid-
ney disease and previous myocardial infarction. Previous
medications history was interrogated. Full physical exami-
nation of the patients and resting standard 12-lead ECG
was done for all patients. Venous blood samples were col-
lected under sterile conditions and used for laboratory
investigations including random blood glucose level,
HbA1c%, lipid profile, serum creatinine level before and
after the procedure and creatine kinase myocardial band
(CK-MB). Stress hyperglycemia was defined as plasma
glucose levels greater than 140 mg/dL at any given time in
hospitalized patients who were not known to have DM.?

Coronary angiography

Coronary angiography was done by either radial or femoral
approach. After identification of the anatomy, culprit vessel,
thrombus burden and thrombolysis in myocardial infarction
(TIMI) flow, revascularization of the culprit vessel was done,
aspiration catheter and glycoprotein IIb/I1la inhibitors were
used according to operator judgement. Volume of contrast
agent was measured and post-procedural TIMI flow was
assessed. Echocardiographic examination was done after the
procedure with Vivid E9 dimension (General Electric
Medical Systems, Horten, Norway) with assessment of left
ventricular ejection fraction by Simpson method.

Endpoints

The primary end point of this study was the occurrence of
stress hyperglycemia and patients were classified into two
groups according to it: group I (patients with stress hyper-
glycemia) and group II (patients without stress hypergly-
cemia). The secondary endpoint was the clinical outcome
including mortality or the occurrence of major adverse
cardiac events (MACESs) in the form of heart failure, car-
diogenic shock, cardiac arrest, contrast induced nephropa-
thy which was defined as an increase in serum creatinine
>25% from baseline in the first 72 h, re-infarction and the
occurrence of major bleeding.

Statistical analysis

Statistical analysis was done using SPSS 23 (IBM,
Armonk, NY, United States). Quantitative variables were
expressed as mean = standard deviation (SD). Categorical
variables were expressed as absolute values and propor-
tions. Student’s #-test was used to test significance between
two groups in quantitative data. Chi-square (x?) test of sig-
nificance was used in order to compare proportions
between two qualitative parameters. p value <0.05 was
considered statistically significant. Multivariate regression
analysis using binary logistic regression was performed to
detect the independent predictors of stress hyperglycemia
and factors affecting mortality.
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Table 1. Demographic, clinical characteristics, laboratory results and outcome of all patients in the two groups.

Group | (stress H) Group Il (no stress H) p value

(n=111) (16.8%) (n=549) (83.2%)
Age, years 56.8*10.18 54.7+9.29 0.041*
Male gender, n (%) 55 (49.5%) 313 (57.0%) 0.149
Hypertension, n (%) 42 (37.8%) 154 (28.1%) 0.040*
Family history of DM, n (%) 39 (35.1%) 134 (24.4%) 0.019%
Smoking, n (%) 36 (32.4%) 130 (23.7%) 0.053
Dyslipidemia, n (%) 45 (40.5%) 166 (30.2%) 0.034*
Prior myocardial infarction, n (%) 10 (9.0%) 53 (9.7%) 0.833
Chronic kidney disease, n (%) 22 (19.8%) 69 (12.6%) 0.043*
BMI, kg/m? 259+3.35 24.4+2.96 0.001*
Systolic BP, mmHg 116.8*21.6 119.3£19.0 0.204
Diastolic BP, mmHg 773+ 127 791113 0.129
Cardiogenic shock on admission, n (%) Il (9.9%) 24 (4.4%) 0.018*
LVEF, % 449 £5.61 45.5+473 0.252
Random blood sugar, mg/dL 222.1 = 34.1 112.6 £15.7 0.001*
HbAlc, % 5.05*+0.32 5.01 =033 0.258
Serum creatinine pre-procedure, mg/dL 1.0 =0.23 1.03+0.25 0.237
Serum creatinine post-procedure, mg/dL 1.28+0.53 .16 =0.44 0.012%
CK-MB, U/L 794+31.7 75.6 =352 0.286
Mortality, n (%) 9 (8.1%) 19 (3.5%) 0.027*
Major bleeding, n (%) 2 (1.8%) 8 (1.5%) 0.786
Cardiogenic shock, n (%) 16 (14.4%) 28 (5.1%) 0.001%*
Cardiac arrest, n (%) 4 (3.6%) 15 (2.7%) 0.617
Heart failure, n (%) 15 (13.5%) 47 (8.6%) 0.103
Contrast induced nephropathy, n (%) 22 (19.8%) 64 (11.7%) 0.020%*
Cerebral stroke, n (%) 3 (2.7%) 5 (0.9%) 0.116
Re-infarction, n (%) 4 (3.6%) 14 (2.6%) 0.534

Stress H: stress hyperglycemia; DM: diabetes mellitus; BMI: body mass index; BP: blood pressure; LVEF: left ventricular ejection fraction;

CK-MB: creatine kinase myocardial band.
*=significant p value

Results

Demographic and clinical data of the studied
groups

The present study included 660 patients with STEMI
admitted to our cardiovascular department and subjected
to PPCI. Patients were divided into two groups: group I
(111 patients with stress hyperglycemia) and group II (549
patients without stress hyperglycemia). Patients with stress
hyperglycemia were older in age, the incidence of hyper-
tension, dyslipidemia and chronic kidney disease was
higher in this group than group II. There was statistically
significant difference between both groups regarding fam-
ily history of DM, body mass index and cardiogenic shock
on admission with p value=0.019, 0.001 and 0.018,
respectively, with more prevalence in group I. According
to laboratory results, random blood sugar and serum cre-
atinine levels post-procedural were significantly higher in
group [ (p value=0.001 and 0.012, respectively). Mortality
was higher in group I with p value=0.027. Cardiogenic
shock and contrast induced nephropathy were more

predominant in group I with p value=0.001 and 0.020,
respectively, with no other statistically significant differ-
ence between both groups regarding other demographic,
basal clinical characteristics, laboratory results and clini-
cal outcome as shown in Table 1.

Angiographic results of the studied groups

With respect to angiographic results, there was no statisti-
cally significant difference between both groups regarding
the culprit vessel, thrombus burden or volume of contrast
agent used during the procedure. However, there was sta-
tistically significant difference regarding the incidence of
no reflow phenomenon (TIMI flow=0, 1 and 2) that was
higher in group I with p value=0.037. Post-procedural
TIMI 3 flow was lower in stress hyperglycemia group [77
(69.4%) vs 445 (81.1%)]. Moreover, there was statistically
significant difference between both groups regarding the
need for aspiration catheters, which was more in group I in
addition to glycoprotein IIb/Illa inhibitors with p
value=0.042 and 0.011, respectively, as shown in Table 2.
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Table 2. Angiographic results of all patients in the two groups.

Group | (stress H) Group Il (no stress H) p value
(n=111) (16.8%) (n=549) (83.2%)
Culprit vessel
LM coronary artery, n (%) 2 (1.8%) 6 (1.1%) 0.534
LAD coronary artery, n (%) 45 (40.5%) 227 (41.3%) 0.875
CX coronary artery, n (%) 34 (30.6%) 157 (28.6%) 0.667
Right coronary artery, n (%) 30 (27.0%) 157 (28.6%) 0.738
Symptom onset to BD interval, h 491 +4.23 4.58 +3.54 0.389
Thrombus burden
Low 36 (32.4%) 192 (35.0%) 0.864
Moderate 41 (36.9%) 199 (36.2%)
High 34 (30.6%) 158 (28.8%)
Aspiration catheter 18 (16.2%) 53 (9.7%) 0.042%*
Glycoprotein llb/llla inhibitor 25 (22.5%) 72 (13.1%) 0.011*
Volume of contrast agent, mL 1852723 1857713 0.945
Reperfusion type
Balloon angioplasty 8 (7.2%) 26 (4.7%) 0.304
Direct stenting 35 (31.5%) 149 (27.1%)
Stenting after pre-dilatation 68 (61.3%) 374 (68.1%)
Post-procedural TIMI flow
0 9 (8.1%) 30 (5.5%) 0.037*
| 11 (9.9%) 39 (7.1%)
2 14 (12.6%) 35 (6.4%)
3 77 (69.4%) 445 (81.1%)
LM: left main; LAD: left anterior descending; CX: circumflex; BD: balloon dilatation; TIMI: thrombolysis in myocardial infarction.
*=significant p value
Table 3. Multivariate regression analysis for independent predictors of stress hyperglycemia.
Multivariate analysis p value
OR 95% Cl
Age>60years 1.539 0.941-2.517 0.086
Hypertension 1.406 0.899-2.198 0.135
Family history of diabetes mellitus 1.697 1.077-2.674 0.023*
Dyslipidemia 1.405 0.909-2.172 0.126
Chronic kidney disease 1.641 0.945-2.851 0.079
Body mass index >24 kg/m? 1.906 1.244-2.922 0.003*
Cardiogenic shock on admission 2517 I.162-5.451 0.019*

OR: odds ratio; Cl: confidence interval.
*=significant p value

Multivariate regression analysis

Multivariate regression analysis was performed to identify
the independent predictors of stress hyperglycemia and the
following results: family history of DM odds ratio (OR)
1.697 [95% confidence interval (CI95%): 1.077-2.674,
p=0.023], body mass index >24 kg/m? OR 1.906 (C195%:
1.244-2.922, p=0.003) and cardiogenic shock on admis-
sion OR 2.517 (CI95%: 1.162-5.451, p=0.019) were the
independent predictors of stress hyperglycemia as shown
in Table 3 and Figure 1.

Multivariate regression analysis was also performed to
identify factors predicting mortality as presented in Table

4 with the following results: heart failure OR 3.832
(CI95%: 1.568-9.367, p=0.003) and contrast induced
nephropathy OR 4.045 (CI195%: 1.708-9.578, p=0.001)
were the independent predictors of mortality. Kaplan Meir
curve for comparing outcomes in the two groups was per-
formed and showed better survival function in patients
without stress hyperglycemia as shown in Figure 2.

Discussion

Hyperglycemia in the setting of STEMI may be transient
and stress induced, rather than a reflection of underlying
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Figure |. Forest plot of the multivariate regression analysis
showing odds ratios, 95%Cl of the independent predictors

of stress hyperglycemia that were family history of diabetes
mellitus, cardiogenic shock on admission and body mass index
>24 kg/m?.

gluco-metabolic state of the patient. Stress hyperglycemia
is most probably induced by the acute release of catecho-
lamine, cytokines and cortisol in the acute stage of myo-
cardial infarction, but the mechanisms have not been fully
elucidated; also, the evaluation and management of these
patients remain challenging and uncertain.” Stress hyper-
glycemia in patients with STEMI seems to be transition
phenomenon of detrimental effects rather than basic glu-
cose metabolism.!® Hyperglycemia can occur because of
increasing levels of catecholamines, steroids, glucagon
and decreasing levels of insulin due to stress. Moreover,
inhibition of pancreatic beta cells caused by increasing
levels of catecholamines could be another cause due to
stress.!! This response of the autonomic nervous system is
associated with larger infarct size, heart failure and hemo-
dynamic instability.!> Several clinical studies have shown
that acute increase in plasma glucose level causes several
adverse effects, including oxidative stress, endothelial
dysfunction, inflammation, apoptosis and hypercoagula-
bility state that may contribute to worse outcomes in
patients with STEML.!1%-13 Esposito et al.!> noticed that
plasma cytokine levels increased as plasma glucose level
increased during administration of consecutive pulses of
intravenous glucose and immediately returned to normal
levels as plasma glucose returned to normal levels.

The incidence of stress hyperglycemia in the current
study was 16.8%. Norhammar et al.'* demonstrated a high
prevalence of impaired glucose tolerance and undiagnosed
diabetes (35% and 31%, respectively) in a prospective
study of 181 non-diabetic patients with acute myocardial
infarction. In previous studies, the prevalence of stress
hyperglycemia on admission ranged from 20% to 50% of
patients with STEMI, although the exact definition of
stress hyperglycemia has not been established.!s:16
Nakamura et al.,!” who studied the impact of acute hyper-
glycemia during primary stent implantation in patients
with STEMI reported that glucose level >11.0mmol/L on

admission was observed in 31% of all subjects and 15% of
non-preexisting diabetic subjects.

The independent predictors of stress hyperglycemia in
our study were family history of DM, body mass index
>24kg/m? and cardiogenic shock on admission by multi-
variate regression analysis. The other major findings of
this study were (1) stress hyperglycemia in non-diabetic
patients with STEMI was associated with high mortality,
(2) incidence of no reflow after PPCI was higher in stress
hyperglycemia group and (3) cardiogenic shock and con-
trast induced nephropathy were significantly higher in
patients with stress hyperglycemia. Several studies have
demonstrated that hyperglycemia in the setting of acute
myocardial infarction is an independent predictor of mor-
tality regardless of diabetic status.!®!31° Two of these stud-
ies showed that non-diabetic patients with hyperglycemia
have higher mortality than diabetic patients with hypergly-
cemia.!®!° This may be explained by less aggressive medi-
cal treatment in the non-diabetic cohort; this justifies the
importance of identifying and adequately treating stress
hyperglycemia in non-diabetic patients with acute myocar-
dial infarction. This is in accordance with several other
reports. In HORIZONS-AMI trial,? all patients were man-
aged with PPCI and hyperglycemia (serum glucose level
more than 156 mg/dL) was associated with higher mortal-
ity rates and higher incidence of re-infarction and bleed-
ing. In a large study evaluating long-term prognosis after
acute myocardial infarction, non-diabetic patients who had
admission blood glucose levels more than 200 mg/dL had
mortality rate similar to that of patients who had estab-
lished DM (42.6% and 43.1%, respectively).!® Cooperative
Cardiovascular Project identified 141,680 patients with
acute myocardial infarction and reported that 30 days and
1 year mortality rate increases as glucose level on admis-
sion increases. Interesting point is that non-diabetics mor-
tality is increasing as glucose level increases.?!

Our result showed that higher blood glucose levels on
admission were associated with reduced TIMI flow after
PPCI in patients with STEMI. The no reflow phenome-
non, which is characterized by impairment of myocardial
perfusion despite reopening of the epicardial coronary
artery, is a predictive of poor prognosis.?? Takahashi
et al.2? reported that acute hyperglycemia attenuates the
protective effects of pre-infarction angina on micro-vas-
cular function in patients with acute myocardial infarc-
tion. Several mechanisms are thought to be involved in
the development of no reflow phenomenon and micro-
vascular dysfunction. Micro-emboli associated with
PPCI procedure may be a major cause of micro-vascular
dysfunction. Micro-vascular plugging by neutrophils and
platelets, inflammation, interstitial edema, endothelial
dysfunction and oxidative stress may be involved in its
pathogenesis and hyperglycemia could enhance these
factors.?*25 Intracoronary thrombectomy may prevent or
improve the no reflow phenomenon. The no reflow phe-
nomenon is a predictor of infarct size and worse outcome
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Table 4. Multivariate regression analysis for factors predicting mortality.

Multivariate analysis p value

OR 95% ClI
Stress hyperglycemia 2.243 0.947-5.313 0.066
Cardiogenic shock 2416 0.488-11.973 0.280
Heart failure 3.832 1.568-9.367 0.003*
Cardiac arrest 1.133 0.118-10.876 0914
Contrast induced nephropathy 4.045 1.708-9.578 0.001*
No-reflow phenomenon (post-procedural TIMI 0-2 flow) 1.336 0.507-3.520 0.558

OR: odds ratio; Cl: confidence interval; TIMI: thrombolysis in myocardial infarction.

*=significant P value

Survival Functions
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Figure 2. Kaplan—Meier curve showing survival function in patients with stress hyperglycemia (group I) and patients without stress

hyperglycemia (group Il) with better survival function in group II.

after STEMIL.2® The incidence of contrast induced
nephropathy in our study in patients with stress hypergly-
cemia was 22 (19.8%) vs 64 (11.7%) in group II with p
value=0.020. In agreement with our results, Marenzi
et al.2” who studied acute hyperglycemia and its relation
to contrast induced nephropathy in PPCI reported that
148 (19%) patients had acute hyperglycemia and 113
(14.5%) patients developed contrast induced nephropa-
thy and noticed that patients with acute hyperglycemia
had a twofold higher incidence of contrast induced
nephropathy than those without acute hyperglycemia.

Conclusion

Stress hyperglycemia on admission is a strong predictor of
mortality in patients with STEMI, blood glucose levels should
be monitored closely in patients with STEMI, regardless of
diabetic status and based on the current evidence; considera-
tion should be taken to maintain blood glucose level less than
140mg/dL. Stress hyperglycemia was associated with higher
mortality, higher incidence of no reflow phenomenon.
Cardiogenic shock and contrast induced nephropathy were
significantly higher in patients with stress hyperglycemia.



Khalfallah et al.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship and/or publication of this article.

Funding

The author(s) received no financial support for the research,
authorship and/or publication of this article.

ORCID iD
Mohamed Khalfallah (12} https://orcid.org/0000-0002-6105-9300
References

1. Mizock BA. Alterations in fuel metabolism in critical ill-

10.

11.

12.

13.

ness: hyperglycaemia. Best Pract Res Clin Endocrinol
Metab 2001; 15: 533-551.

American Diabetes Association. Classification and diagno-
sis of diabetes: standards of medical care in diabetes 2019.
Diabet Care 2019; 42: S13-S28.

Umpierrez GE, Hellman R, Korytkowski MT, et al.
Management of hyperglycemia in hospitalized patients in
non-critical care setting: an Endocrine Society clinical prac-
tice guideline. J Clin Endocrinol Metab 2012; 97: 16-38.
Cid-Alvarez B, Gude F, Cadarso-Suarez C, et al. Admission
and fasting plasma glucose for estimating risk of death of
diabetic and nondiabetic patients with acute coronary syn-
drome: nonlinearity of hazard ratios and time-dependent
comparison. Am Heart J 2009; 158: 989-997.

Wu Y, Ding Y, Tanaka Y, et al. Risk factors contributing
to type 2 diabetes and recent advances in the treatment and
prevention. Int J Med Sci 2014; 11: 1185-1200.

Marik PE and Bellomo R. Stress hyperglycemia: an essen-
tial survival response! Crit Care 2013; 17: 305.

Celik T, lyisoy A, Turhan H, et al. Transient hyperglycemia
in patients with acute myocardial infarction: time to define
optimal glucose levels. /nt J Cardiol 2008; 130: 472-473,
author reply 474.

Robinson LE and van Soeren MH. Insulin resistance and
hyperglycemia in critical illness: role of insulin in glycemic
control. AACN Clin Issues 2004; 15: 45-62.

Barth E, Albuszies G, Baumgart K, et al. Glucose metabolism
and catecholamines. Crit Care Med 2007; 35: S508-S518.
Qaseem A, Humphrey LL, Chou R, et al. Use of intensive
insulin therapy for the management of glycemic control in
hospitalized patients: a clinical practice guideline from the
American College of Physicians. Ann Intern Med 2011;
154: 260-267.

Karlsberg PP, Cryer PE and Roberts R. Serial plasma
catecholamines response early in the course of clinical
acutemyocardial infarction: relation to infarct extent and
mortality. Am Heart J 1981; 102: 24-29.

Petersen CL, Nielsen JR, Petersen BL, et al. Catecho-
laminergic activation in acute myocardial infarction:
time course and relation to left ventricular performance.
Cardiology 2003; 100: 23-28.

Esposito K, Nappo F, Marfella R, et al. Inflammatory
cytokine concentrations are acutely increased by hypergly-
cemia in humans: role of oxidative stress. Circulation 2002;
106: 2067-2072.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Norhammar A, Tenerz A, Nilsson G, et al. Glucose metab-
olism in patients with acute myocardial infarction and no
previous diagnosis of diabetes mellitus: a prospective study.
Lancet 2002; 359: 2140-2144.

Capes SE, Hunt D, Malmberg K, et al. Stress hyperglycae-
mia and increased risk of death after myocardial infarction
in patients with and without diabetes: a systematic over-
view. Lancet 2000; 355: 773-778.

Wahab NN, Cowden EA, Pearce NJ, et al. Is blood glucose
an independent predictor of mortality in acute myocardial
infarction in the thrombolytic era. J Am Coll Cardiol 2002;
40: 1748-1784.

Nakamura T, Ako J, Kadowaki T, et al. Impact of acute
hyperglycemia during primary stent implantation in patients
with ST-elevation myocardial infarction. J Cardiol 2009;
53:272-277.

Bolk J, van der Ploeg T, Cornel JH, et al. Impaired glucose
metabolism predicts mortality after a myocardial infarction.
Int J Cardiol 2001; 79: 207-214.

Kosiborod M, Rathore SS, Inzucchi SE, et al. Admission
glucose and mortality in elderly patients hospitalized with
acute myocardial infarction: implications for patients with
and without recognized diabetes. Circulation 2005; 111:
3078-3086.

Planer D, Witzenbichler B, Guagliumi G, et al. Impact of
hyperglycemia in patients with ST-segment elevation myo-
cardial infarction undergoing percutaneous coronary inter-
vention: the HORIZONS-AMI trial. Int J Cardiol 2013;
167: 2572-2579.

Stranders I, Diamant M, van Gelder RE, et al. Admission
blood glucose level as risk indicator of death after myocar-
dial infarction in patients with and without diabetes mel-
litus. Arch Intern Med 2004; 164: 982-988.

Ito H, Tomooka T, Sakai N, et al. Lack of myocardial perfu-
sion immediately after successful thrombolysis. A predictor
of poor recovery of left ventricular function in anterior myo-
cardial infarction. Circulation 1992; 85: 1699-1705.
Takahashi T, Hiasa Y, Ohara Y, et al. Acute hypergly-
caemia prevents the protective effect of pre-infarction
angina on microvascular function after primary angio-
plasty for acute myocardial infarction. Heart 2008; 94:
1402-1406.

Ishihara M, Kojima S, Sakamoto T, et al. Acute hyperglyce-
mia is associated with adverse outcome after acute myocar-
dial infarction in the coronary intervention era. Am Heart J
2005; 150: 814-820.

Timmer J, Hoekstra M, Nijsten M, et al. Prognostic value
of admission glycosylated hemoglobin and glucose in non-
diabetic patients with ST-segment-elevation myocardial
infarction treated with percutaneous coronary intervention.
Circulation 2011; 124: 704-711.

Ito H, Maruyama A, Iwakura K, et al. Clinical implica-
tions of the ‘no reflow’ phenomenon. A predictor of com-
plications and left ventricular remodeling in reperfused
anterior wall myocardial infarction. Circulation 1996; 93:
223-228.

Marenzi G, DeMetrio M, Rubino M, et al. Acute hypergly-
cemia and contrast-induced nephropathy in primary per-
cutaneous coronary intervention. Am Heart J 2010; 160:
1170-1177.


https://orcid.org/0000-0002-6105-9300

