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Abstract
Beyond the strong association between diabetes and coronary di-
sease, there is a growing evidence that hyperglycaemia is respon-
sible for adverse outcomes in the Acute Coronary Syndrome.

The better we understand the mechanisms behind this, the 
better we can treat these patients.

 
Recently, the American Heart Association published a scientific 
statement about this problem.

The authors suggest a possible intervention in hyperglycaemia 
in the patient with Acute Coronary Syndrome.
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Introduction
The presence of high glucose levels, Diabetes Mellitus 
or both contributes to more than three million deaths 
by cardiovascular pathology each year.

With the increased incidence of obesity, insulin 
resistance and metabolic syndrome, it is estimated 
that the prevalence of diabetes will double by the 
year 2030. This “diabetes epidemic” will, obviously, 
be responsible for the increase in cardiovascular pa-
thology attributed to diabetes.1

The first step, for an adequate approach to this 
pathology, will be the correct and timely establish-
ment of the diagnosis of Diabetes Mellitus, based on 
the referece diagnostic criteria, which will enable the 
need for action to be defined, in the scope of hyper-
glycemia (Table I).

Coronary arterial disease is the main cause of 
morbidity and mortality in patients with Diabetes 
Mellitus. These patients are at higher risk of acute 
myocardial infarction or heart failure, presenting a 
high risk in relation to non-diabetics, of dying after an 
attack of acute coronary syndrome. These differences 
may be related to the severity and extent of the co-
ronary disease in diabetics, as well as left ventricular 
remodeling and the presence of significant ventricular 
dysrhythmias.2

The objective of this work is to provide basic 
notions in the approach to hyperglycemia, in the 
patient with Acute Coronary Syndrome, based on the 
most up-to-date knowledge in this area. Particular 
reference will be made to the possible physiological 
mechanisms involved, and the most appropriate 
course of action will be suggested, according to the 
current norms. 

The problem of hyperglycemia  
in Acute Coronary Syndrome 
The denomination acute coronary syndrome (ACS) 
includes unstable angina, acute myocardial infartion 
without ST elevation and acute myocardial infarction 
with ST elevation.

The evolution of the treatment and early heal-
thcare significantly decreased the mortality rate in 
these patients, enabling the definition of objectives 
for stabilizing the residual cardiac function, with a 
possible improvement in the quality of life.

As the mortality and morbidity rates are being 
stabilized in patients with ACS, predictive factors of 
prognosis are sough that can be controlled, in order 
to positively influence the patient’s evolution.

The association between hyperglycemia/diabetes 
and cardiovascular disease, as well as the growing 
evidence in relation to lack of glycemic control in 
ACS and significant morbidity, have led to intense 
investigation in this area. 

Various studies demonstrate that the presence 
of hyperglycemia is common in the admission of 
patients with Acute Coronary Syndrome. It is also 
demonstrated that hyperglycemia in these patients 
is a strong predictor of mortality and of increased 
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risk of hospital complications, whether in diabetic 
or non-diabetic patients.3 However, there are many 
gaps in the knowledge of the mechanisms involved 
in the association between the high glucose levels 
and the unfavorable evolution in patients with acute 
coronary syndrome.

Some questions are of particular interest in the ap-
proach to this theme, for example: there is no current 
consensus on the glucose levels considered abnormal 
in the admission of these patients, and the best method 
for measuring and monitorign glucose levels. Also, the 
physiopathological process involved in the unfavorable 
association between hyperglycemia and the evolution 
of the ACS patient has not been fully defined.3

Hyperglycemia: marker of high risk  
or mediator of adverse effects?
Various physiological studies demonstrate that 
hyperglycemia may have a direct harmful effect on 
the myocardium, through a variety of mechanisms; 

some of these studies reveal a decrease in colateral 
circulation and increased infarction in the presence 
of severe hyperglycemia.4,5

In diabetic patients, postprandial hyperglycemia is 
associated with defects of myocardial perfusion, due 
to the microvascular dysfunction, a contition that 
improves with glycemic control. 6,7

It is also demonstrated that high levels of glucose 
are associated with a prothrombotic condition, as well 
as an increase in markers of vascular inflammation 
and products of oxidation, which could induce tissue 
damage.8-13

In the particular case of ACS, hyperglycemia is 
associated with an increased concentration of free 
fatty acids, insulin resistance, and dysfunction of 
the use of glycose by the myocardium; thus, oxygen 
consumption increases, potentiation of ischemia, as 
well as the incidence of ventricular dysrhythmias.14,15 
Finally, hyperglycemia proved to be associated with 
immune response dysfunction (Figure 1).

Clinic interpretation of plasmatic glycemia 

Glycemia, mg/dL Clinical Interpretation

Fasting

< 100 Normal 

100-125 Abnormal fasting glycemia /pre-diabetes

≥ 126 Diabetes Mellitus

Glucose tolerance test ( 2 hours after oral intake of 75 g glucose)

< 140 Normal

140-199 Reduced tolerance to glucose/ pre diabetes

≥ 200 Diabetes Mellitus

Diagnosis criteria for Diabetes Mellitusa

Diabetes symptoms  (polyuria, polydipsia, non explained weight loss, + occasional plasmatic glycemia > 200 mg/dL

or

Fasting Glycemia  > 126 mg/dL

or

Glycemia >200 mg/dL 2 hours after the glucose tolerance test with 75g of oral glucose

a) One of these three criteria is enough to establish a diagnosis of Diabetes Mellitus. These parameters must be confirmed repeating the test on a subsequent day, in the 
absence of unequivocal hyperglycemia.  

TABLE I

Diagnosis criteria for Diabetes Mellitus (A.D.A. 2007)
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Monitoring of glycemic controling during 
hospitalization of the ACS patient 
Despite the usefulness of Hemoglobin A

1C
 (HbA

1C
) 

in the outpatient, this parameter has limited useful-
ness as a predictive factor of morbility and mortality 
in ACS.16 In reality, there is a simple laboratory test 
(like HbA

1C
) that permits adequate monitoring of gly-

cemic control during hospitalization. The best form 
of verifying glycemic control is regular medication 
with capillary glucose, in different times of the day, 
and linking it to the patient’s nutritional state at a 
give time. 

New technologies, such as continual glucose 
monitors, are currently being developed, and could 
simplify the function of monitoring glycemic control 
in the patient.

Treatment of hyperglycemia: Relationship 
between glycemic control and evolution of 
the ACS patient
Although there is little doubt as to the benefits of 
agressive and intensive control of hyperglycemia in 
the clincial evolution of the ACS patient, there re-
mains, among health professionals, an underlying fear 
of using insulin therapy when indicated. Effectively, 
the adequate and timely use of insulin, with the most 
rigorous control possible of glucose levels, is the best 
treatment option for these patients.

The most relevant studies in this area demonstrate 
a significant association between hospitalization time, 
mortality and/or morbility vs. glycemic control.17-22 

Faced with this evidence, the use of insulin is re-
commended in the presence of hyperglycemia, from 
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the time the patient is admitted, and with adequate 
use during the hospitalization, according to the 
glucose levels in the ACS. Intensive therapy appears 
to be the most appropriate, with its benefits largely 
outweighing the risk of side effects (hypoglycemia).

The maximum benefit was found for an average 
average glucose level <110mg/dL; hyperglycemia 
should be controlled in patients with or without a 
history of diabetes (a definition of hyperglycemia is 
suggested as being a plasma glucose level on admis-
sion >140mg/dL). The protocols for use of insulin 
should be adapted according to the evolution of the 
glycemic values.

General recommendations for the approach 
of hyperglycemia in ACS (Adpted from the 
American Heart Association, March 2008)
Glucose level should be a part of the initial laboratory 
evaluation in all patients with suspected or confirmed 
ACS.

In patients admitted to an Intensive Care Unit 
(ICU) with ACS, glucose levels should be monito-
red closely. Glucose levels > 180mg/dL, regardless of 
prior diabetes history, should be treated agressively; 
although an optimum level of treatment has not yet 
been defined, a value of  <110mg/dL is suggested, with 
an acceptable range of 90 to 140mg/dl.

Insulin, administered as an intravenous infusion, 
is currently the most effective method for controlling 
glucose among patients hospitalized in the ICU; care 
should be taken to avoid hypoglycemia.

Treatment should be instituted as soon as feasible, 
without compromising the administratation of urgent 
and therapeutic measures appropriate for ACS.

In patients hospitalized in the non-ICU setting, 
efforts should be directed at maintaining plasma 
glucose levels <180mg/dL with subcutaneous insulin 
regimens.

ACS patients with hyperglycemia, but without 
prior history of diabetes, should have further evalu-
ation (preferably before hospital discharge) to deter-
mine the severity of their metabolic derangements; 
this evaluation may include fasting glucose and HbA

1C 

assessment and, in some cases, a postdischarge oral 
glucose tolerance test.

Before discharge, plans for optimal outpatient glu-
cose control should be determined in those patients 
with established diabetes, newly diagnosed diabetes, 
or evidence of insuline resistance.

Conclusion
Hyperglycemia is very common in the context of ACS, 
and is often dealth with inappropriately, despite being 
clearly associated with unfavorable evolution in these 
patients. The concrete mechanism that measures this 
unfavorable association remains obscure, and doubts 
remain as to whether hyperglycemia is a marker or a 
mediator of high mortality, and the target value to be 
achieved in the treatment.

Future studies may answer these questions, ena-
bling the care and evolution of ACS patients to be 
improved.  

References
1. Sean M. Donahoe, MD et al. Diabetes and Mortality Following Acute Co-
ronary Syndromes; JAMA 2007;298(7):765-775.

2. Kristen Franklin, MD et al. Implications of Diabetes in Patients With Acute 
Coronary Syndromes; Arch Intern Med 2004;164:1457-1463.

3. Prakash Deedwania, et al.Hyperglycemia and Acute Coronary Syndrome: A 
Scientific Statement From the American Heart Association Diabetes Committee 
of the Council on Nutrition, Physical Activity, and Metabolism; Circulation 
2008;117;1610-1619.

4. Kersten JR, Toller WG, Tessmer JP, Pagel PS, Warltier DC. Hyperglycemia 
reduces coronary collateral blood flow through a nitric oxidemediated mecha-
nism. Am J Physiol Heart Circ Physiol 2001;281:2097-2104.

5. Kersten JR, Schmeling TJ, Orth KG, Pagel PS, Warltier DC. Acute 
hyperglycemia abolishes ischemic preconditioning in vivo. Am J Physiol 
1998;275(2):721-725.

6. Scognamiglio R, Negut C, De Kreutzenberg SV, Tiengo A, Avogaro A. 
Postprandial myocardial perfusion in healthy subjects and in type 2 diabetic 
patients. Circulation 2005;112:179-184.

7. Scognamiglio R, Negut C, de Kreutzenberg SV, Tiengo A, Avogaro A. Effects 
of different insulin regimes on postprandial myocardial perfusion defects in 
type 2 diabetic patients. Diabetes Care 2006;29:95-100.

8. Pandolfi A, Giaccari A, Cilli C, Alberta MM, Morviducci L, De Filippis EA, 
Buongiorno A, Pellegrini G, Capani F, Consoli A. Acute hyperglycemia and 
acute hyperinsulinemia decrease plasma fibrinolytic activity and increase plas-
minogen activator inhibitor type 1 in the rat. Acta Diabetol 2001;38:71-76.

9. Gresele P, Guglielmini G, De Angelis M, Ciferri S, Ciofetta M, Falcinelli 
E, Lalli C, Ciabattoni G, Davi G, Bolli GB. Acute, short-term hyperglycemia 
enhances shear stress-induced platelet activation in patients with type II 
diabetes mellitus. J Am Coll Cardiol 2003;41:1013-1020.

10. Morohoshi M, Fujisawa K, Uchimura I, Numano F. Glucose-dependent 
interleukin 6 and tumor necrosis factor production by human peripheral blood 
monocytes in vitro. Diabetes 1996;45:954 -959.

11. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M, 
Quagliaro L, Ceriello A, Giugliano D. Inflammatory cytokine concentrations 
are acutely increased by hyperglycemia in humans: role of oxidative stress. 
Circulation 2002;106:2067-2072.

12. Guha M, Bai W, Nadler JL, Natarajan R. Molecular mechanisms of tumor 
necrosis factor alpha gene expression in monocytic cells via hyperglycemia-
induced oxidant stress-dependent and –independent pathways. J Biol Chem 
2000;275:17728-17739.

13. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P. Glucose 
challenge stimulates reactive oxygen species (ROS) generation by leucocytes. 
J Clin Endocrinol Metab 2000;85:2970-2973.

14. Tansey MJ, Opie LH. Relation between plasma free fatty acids and ar-
rhythmias within the first twelve hours of acute myocardial infarction. Lancet 
1983;2:419-422.



235PUBLICAÇÃO TRIMESTRAL          

VOL.17 | Nº 4 | OUT/DEZ 2010

review articles   Medicina Interna 

15. Oliver MF. Metabolic causes and prevention of ventricular fibrillation 
during acute coronary syndromes. Am J Med 2002;112:305-311.

16.  Hadjadj S, Coisne D, Mauco G, Ragot S, Duengler F, Sosner P, Torremocha 
F, Herpin D, Marechaud R. Prognostic value of admission plasma glucose and 
HbA in acute myocardial infarction. Diabet Med 2004;21:305-310.

17.  Malmberg K; DIGAMI (Diabetes Mellitus, Insulin Glucose Infusion in 
Acute Myocardial Infarction) Study Group. Prospective randomised study 
of intensive insulin treatment on long term survival after acute myocardial 
infarction in patients with diabetes mellitus. BMJ. 1997;314:1512-1515.

18.  Malmberg K, Norhammar A, Wedel H, Ryden L. Glycometabolic state 
at admission: important risk marker of mortality in conventionally treated 
patients with diabetes mellitus and acute myocardial infarction: long-term 
results from the Diabetes and Insulin-Glucose Infusion in Acute Myocardial 
Infarction (DIGAMI) study. Circulation 1999;99:2626-2632.

19. Malmberg K, Rydén L, Wedel H, Birkeland K, Bootsma A, Dickstein K, 
Efendic S, Fisher M, Hamsten A, Herlitz J, Hildebrandt P, MacLeod K, Laak-
so M, Torp-Pedersen C, Waldenström A; DIGAMI 2 Investigators. Intense 
metabolic control by means of insulin in patients with diabetes mellitus and 
acute myocardial infarction (DIGAMI 2): effects on mortality and morbidity. 
Eur Heart J. 2005;26:650-661.

20. Christos Pitsavos et al. Characteristics and In-hospital Mortality of Dia-
betics and Nondiabetics with An Acute Coronary Syndrome; The GREECS 
Study; Clin Cardiol 2007;30(5):239-244.

21. Kristen Franklin, MD et al. Implications of Diabetes in Patients With Acute 
Coronary Syndromes; Arch Intern Med 2004;164:1457-1463.

22. Pamela N Peterson et al. The impact of diabetes on one-year health status 
outcomes following acute coronary syndromesM; BMC Cardiovascular Disor-
ders 2006, 6:41 doi:10.1186/1471-2261-6-41


