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Abstract

Hyperglycemia is common in nondiabetic patients with acute myocardial infarction (AMI). 

Elevated blood glucose level may reflect a response to stress, an underlying abnormal 

glucometabolic state or both. Regardless of mechanism, hyperglycemia complicating AMI is 

associated with an inflammatory and prothrombotic state, depressed myocardial contractility and 

increased short- and long-term mortality. Studies are needed to define optimal monitoring and 

management of hyperglycemia in nondiabetic patients with AMI.
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Hyperglycemia is common and has independent adverse prognostic significance in patients 

with acute myocardial infarction (AMI) even in patients without a history of diabetes 

mellitus. Hyperglycemia in the setting of AMI may be transient and stress induced, rather 

than a reflection of the underlying glucometabolic state, but the mechanisms have not been 

fully elucidated and the evaluation and management of these patients remain both 

challenging and uncertain. Recently, the American College of Physicians published clinical 

practice guidelines addressing the use of intensive insulin therapy for the management of 

hyperglycemia in hospitalized patients with and without diabetes.1 However, these 

guidelines emphasize that the evidence base is less robust in the AMI population than in 

other groups. Furthermore, the American College of Cardiology/American Heart 

Association guidelines, which do recommend glycemic control in the AMI setting, do not 

address the best method of treatment, how to manage elevated blood glucose levels that are 

less than 180 mg/dL, how often blood glucose levels should be monitored or how to follow 

nondiabetic patients who have had hyperglycemia in the setting of AMI after discharge.2 

The purpose of this review is to summarize the literature on hyperglycemia in nondiabetic 

patients presenting with AMI, to make evidence-based recommendations for management 

and to suggest possible avenues for further investigation.
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Incidence of Stress Hyperglycemia and Unrecognized Diabetes in AMI

As early as 1929, Levine3 wrote that “glycosuria is a common occurrence during the acute 

stage of coronary thrombosis, that it may be only transitory, and that it need not indicate any 

important diabetic state.” More recently, Haffner et al4 suggested that hyperglycemia in 

nondiabetic AMI patients may reflect a prediabetic state, whereas others proposed that 

hyperglycemia in this setting may be due to previously undiagnosed diabetes.5–7 However, 

there has been little evidence supporting the association between the duration of diabetes 

and macrovascular disease. Furthermore, because glycosylated hemoglobin (HbA1c) was 

not measured in early studies, it is unknown whether patients in those studies had 

chronically impaired glucose control or stress-induced hyperglycemia.4–7

In 1975, Ravid et al8 evaluated 169 nondiabetic AMI patients. Fasting blood glucose level 

was elevated (>120 mg/dL) in 47% of the patients. At 6 years, 80% of surviving patients 

with elevated admission fasting blood glucose levels developed diabetes, whereas 5% of 

surviving patients with normal admission fasting blood glucose levels had abnormal oral 

glucose tolerance tests. The authors concluded that elevated fasting blood glucose levels in 

nondiabetic AMI patients predicted subsequent development of diabetes.

More recent studies used HbA1c to distinguish stress-induced hyperglycemia from 

unrecognized diabetes in patients with AMI.9,10 In 1981, Soler and Frank9 prospectively 

evaluated 99 nondiabetic AMI patients. Approximately one third of these patients had 

elevated fasting blood glucose levels (≥140 mg/dL), but only 13% had elevated HbA1c 

levels (>8.5%) consistent with undiagnosed diabetes. At 3-month follow-up, repeat fasting 

blood glucose levels correlated with the original HbA1c levels. The authors concluded that 

HbA1c identified the cohort with undiagnosed diabetes. Similarly in 1984, Lakhdar et al10 

studied 61 nondiabetic AMI patients and found that 33% of these patients had 

hyperglycemia with normal HbA1c levels (<7%). Only 17% of patients with hyperglycemia 

and normal HbA1c on admission were diagnosed with diabetes 3 months later.

A more contemporary study from 2001 by Tenerz et al11 measured admission HbA1c and 

fasting blood glucose level on hospital days 2 and 5 in 285 patients presenting with AMI. 

Measurements, including an oral glucose tolerance test, were repeated at 2- to 3-month 

follow-up. In the 172 nondiabetic patients, 3 times as many patients were observed to have 

an in-hospital fasting blood glucose level of ≥110 mg/dL than on follow-up, suggesting 

hyperglycemia was related to the stress of AMI rather than undiagnosed diabetes. Using 

diagnostic criteria consistent with the most recent definition of diabetes,12 Norhammar et 

al’s5 2002 prospective study of 181 nondiabetic AMI patients and an admission glucose 

level of <200 mg/dL demonstrated a high prevalence of impaired glucose tolerance and 

undiagnosed diabetes (35% and 31%, respectively). Furthermore, admission HbA1c and 

fasting blood glucose level on day 4 of hospitalization were shown to be independent 

predictors of abnormal glucose tolerance at 3-month follow-up, and thus identifying patients 

at high risk for diabetes.
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Based on the literature, approximately 10% to 20% of nondiabetic AMI patients have 

significant hyperglycemia. Thus, up to 100,000 admissions of nondiabetic patients with AMI 

in the United States are complicated by hyperglycemia yearly.

Pathophysiology

Hyperglycemia during AMI may be due to stress with increased release of catecholamines,
13–15 steroids,16–18 and glucagon19,20 and decreased release of insulin.21,22 Insulin 

deficiency is relative but is also the result of partial inhibition of pancreatic beta-cells by a 

stress-induced rise in catecholamines.23 Oswald et al24 examined blood glucose level, 

HbA1c, cortisol and catecholamine concentrations in 27 nondiabetic AMI patients. Multiple 

regression analysis showed cortisol, adrenaline and noradrenalin to be the main determinants 

of admission blood glucose levels in this population. Whether this endocrine response is due 

to extensive infarction or severe myocardial dysfunction or both is unclear.

Prothrombotic and Inflammatory Effects

Hyperglycemia in the setting of AMI predisposes to thrombus formation25 with increased 

platelet activity, aspirin resistance26 and impaired fibrinolysis.27–29 Acute hyperglycemia 

correlates with endothelial dysfunction,30,31 oxidative stress,32,33 proinflammatory changes 

with increased cytokine and adhesion molecule production34,35 and no-reflow in patients 

with AMI.36 Inflammation associated with acute hyperglycemia during AMI is linked to 

particularly poor cardiac outcome.37 Tight glycemic control, in turn, reduces oxidative stress 

and inflammation and possibly has beneficial effects on remodeling in hyperglycemic 

patients during AMI.38

Effects on Myocardial Contractility

Acute hyperglycemia attenuates ischemic preconditioning by decreasing the activity of K-

ATP channels.39 Hyperglycemia also leads to osmotic diuresis and reduced stroke volumes 

through the Frank-Starling mechanism.40 Furthermore, relative insulin deficiency and excess 

catecholamines reduce glucose uptake by ischemic myocardium and increase free fatty acid 

levels, which are toxic to ischemic myocardium.41 Animal studies have shown that increased 

myocardial uptake and metabolism of glucose during ischemia correlates with preservation 

of myocardial function,42 whereas increased free fatty acid levels increase myocardial 

oxygen demand and reduce myocardial contractility.43

Prognosis

Significance of Admission Blood Glucose Level

Many studies have demonstrated that hyperglycemia in the setting of AMI is an independent 

predictor of heart failure and mortality regardless of diabetic status.6,7,24,44–52 This 

observation holds true in the current era, and higher glucose levels are associated with worse 

ejection fraction and higher mortality regardless of reperfusion strategy.7,48–51 Studies 

evaluating the prognostic significance of admission glucose levels in nondiabetic AMI 

patients on heart failure and mortality are summarized in Table 1. Of interest, 2 of these 

studies showed that nondiabetic AMI patients with hyperglycemia have higher mortality 
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than diabetic AMI patients with hyperglycemia.6,52 This may be explained by less 

aggressive medical treatment in the nondiabetic cohort, underscoring the importance of 

identifying and adequately treating hyperglycemia in nondiabetic AMI patients.

Significance of Fasting Blood Glucose Level

There are 3 studies evaluating the relationship of fasting blood glucose level with mortality 

in nondiabetic patients after AMI (Table 2).53–55 Of interest, Suleiman et al53 noted that the 

addition of fasting blood glucose level to a logistic regression model based on admission 

glucose level improved model prediction but the addition of admission glucose level to a 

model based on fasting blood glucose level did not. This suggested the superiority of fasting 

blood glucose level over admission glucose level in the risk assessment of mortality in 

nondiabetic AMI patients. Furthermore, in 1981, a study by Soler and Frank9 showed a poor 

correlation between admission glucose and HbA1c level but a strong correlation between 

fasting glucose and HbA1c level. More recently, Aronson et al55 demonstrated that mean 

fasting blood glucose level was a better independent predictor of long-term mortality than 

baseline or final fasting blood glucose level. Patients whose fasting blood glucose levels 

were elevated on admission and improved during hospitalization had a better prognosis than 

those whose fasting blood glucose level remained persistently elevated, but patients with 

normal admission fasting blood glucose level had the best prognosis. This suggests that even 

transient hyperglycemia can have a negative impact in the setting of AMI.

Abnormal Oral Glucose Tolerance Testing Predicts Long-Term Mortality

The European guidelines recommend that patients presenting with AMI and no known 

history of diabetes undergo a formal assessment of glucometabolic status using an oral 

glucose tolerance test. This recommendation is based on a 2004 study by Bartnik et al56 

prospectively evaluating 168 patients presenting with AMI, no known history of diabetes 

and admission glucose level of <200 mg/dL who had an oral glucose tolerance test 

performed before hospital discharge. On median follow-up of 34 months, there was a 

significantly higher rate of major cardiovascular events, defined as a composite of 

cardiovascular death, nonfatal myocardial infarction, nonfatal stroke or severe heart failure, 

in patients with abnormal oral glucose tolerance testing.

Treatment

Treatment of hyperglycemia in nondiabetics in the setting of AMI remains controversial. 

Because spontaneous improvement in fasting blood glucose level is noted in some patients, 

it is possible that the initial use of insulin may lead to an increased risk of hypoglycemic 

events as the underlying metabolic status improves.

Lessons From the Diabetic Population in the Diabetes and Insulin-Glucose Infusion in 
Acute Myocardial Infarction Studies

In the diabetes and insulin-glucose infusion in acute myocardial infarction (DIGAMI) study, 

620 AMI diabetic patients were randomized to receive either intensive insulin treatment or 

routine diabetic therapy.57 Higher glucose concentrations on admission were shown to 

predict a higher risk of mortality, and after a mean follow-up of 3.4 years, blood glucose 
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levels significantly improved and mortality significantly decreased in the intensive insulin 

treatment group. However, because patients in the treatment group were assigned to insulin 

both in the hospital and for 3 months after discharge, it was uncertain whether the inpatient 

or outpatient intervention was responsible for the significant reduction in mortality seen.

DIGAMI-2 attempted to further distinguish the cause of the mortality benefit seen in the 

original trial by randomizing 1253 diabetic patients presenting with AMI to acute insulin-

glucose infusion followed by insulin-based long-term glucose control, acute insulin-glucose 

infusion followed by standard long-term glucose control or routine management.58 Although 

no significant difference in mortality was noted, the study was statistically underpowered, 

reaching less than one half of its goal sample size, and there was an imbalance in numbers in 

the 3 groups. Furthermore, target blood glucose levels were not reached in the intensive 

treatment arm. Finally, there was a higher baseline blood glucose level and a greater initial 

decrease in blood glucose level in DIGAMI-1 than in DIGAMI-2, which may reflect that it 

was felt safer to lower a high blood glucose value than to normalize a lower one. Admission 

blood glucose level was confirmed in this study to be an independent predictor of mortality 

in diabetic AMI patients.

Insulin Infusion in Nondiabetic Patients Presenting With Hyperglycemia in the Setting of 
AMI

The Hi-5 study sought to determine whether tight glycemic control in 240 AMI patients 

presenting with glucose level ≥140 mg/dL reduced mortality. However, unlike the DIGAMI 

studies, the intervention was limited to the immediate postinfarct period.59 About one half of 

the patients randomized did not have a known history of diabetes. Although in-hospital, 3- 

and 6-month mortality was not reduced, heart failure and reinfarction within 3 months was 

significantly reduced. Unfortunately, a significant difference in glucose levels between 

treatment and control arms was not achieved. When analyzed by mean glucose level, 6-

month mortality was noted to be significantly lower when the mean glucose level achieved 

was ≤144 mg/dL than when the mean glucose level achieved was >144 mg/dL. Furthermore, 

infarct size, as measured by creatine phosphokinase, was similar in the 2 groups, suggesting 

that elevated blood glucose level was not simply a marker of extensive cardiac damage.

Insulin-Glucose-Potassium Infusion in Nondiabetic Patients Presenting With AMI

Other studies have investigated the role of glucose, insulin and potassium infusions in AMI 

patients with the primary goal of delivering insulin, rather than controlling hyperglycemia. 

The largest of these studies, CREATE-ECLA, investigated the effect of glucose-insulin-

potassium infusion in 20,201 diabetic and nondiabetic AMI patients.60 No mortality benefit 

was demonstrated. It was noted that this trial provided the best evidence that increasing 

admission glucose levels predicted mortality given its large sample size, but there was no 

requirement for stringent blood glucose control. In fact, the glucose levels in the treatment 

group were actually higher than those in the control group at 6 and 24 hours after 

randomization, despite equal values at baseline. The associated increase in mortality and 

heart failure in the first 3 days was attributed to the glucose-insulin-potassium infusion.
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In contrast, a smaller study analyzing early initiation of lower infusion rate of glucose-

insulin-potassium in 120 AMI patients demonstrated an 88% reduction in major 

cardiovascular events at 1 year follow-up.61 The majority of the patients studied in this trial 

had no history of diabetes.

Future Directions

Current guidelines do not address the frequency of glucose monitoring or specify therapy.
2,62 Point-of-care glucose monitoring allows for rapid results and implementation of 

treatment. Therefore, guidelines need to more clearly define how often blood glucose level 

monitoring should take place in the peri-infarct setting and how hyperglycemia should be 

managed. Hypoglycemia is arguably one of the most dangerous risks of acutely treating 

hyperglycemia. However, there are multiple validated protocols for insulin infusion to treat 

hyperglycemia, and in a carefully monitored setting tight glycemic control should be able to 

be safely achieved. Ensuring the safety of patients will have to include defining the most 

effective treatment protocols to be used in a closely monitored setting with rapid action in 

response to potential hypoglycemia.

Further investigation is needed to develop optimal medical therapy for nondiabetic AMI 

patients with hyperglycemia. Studies that include measurements of serum catecholamines, 

cortisol, free fatty acid, growth hormone, insulin and glucagon levels, along with an oral 

glucose tolerance test after discharge from the hospital, would help to elucidate the 

underlying pathophysiology of hyperglycemia in this population. A randomized trial of 

intensive insulin therapy alone rather than a glucose-insulin-potassium infusion is warranted.

Summary

Hyperglycemia is common in nondiabetic patients with AMI, is associated with 

inflammation, a prothrombotic state and depressed myocardial contractility and is an 

independent predictor of mortality. Fasting blood glucose level correlates better with 

mortality than random glucose level, suggesting that fasting blood glucose level may reflect 

an underlying abnormal metabolic state. Other lines of evidence suggest that hyperglycemia 

in nondiabetic patients with AMI may in part be due to a transient stress-induced 

phenomenon. Blood glucose levels should be monitored closely in patients presenting with 

AMI, regardless of diabetic status and, based on the limited current evidence, consideration 

should be taken to maintain blood glucose level in the range of 100 and 140 mg/dL.
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