
has several advantages over fasting plasma glucose 
or an oral glucose tolerance test in an acute setting. 
The test can be performed in the non-fasting state and 
reflects average glucose concentration over the pre-
ceding 2-3 mo. We therefore proposed an algorithm 
based on pragmatic grounds which could be applied 
in STEMI patients without known diabetes in order to 
detect glucose intolerance abnormalities from the early 
phase. The main advantage of this algorithm is that it 
may help in tailoring the follow-up program, by help-
ing in identifying patients at risk for the development 
of glucose intolerance after MI. Further validation of 
this algorithm in prospective studies may be required 
in the contemporary STEMI population to resolve some 
of these uncertainties around HbA1c screening cutoff 
points.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Glycated hemoglobin; ST-elevation myo-
cardial infarction; Prognosis; Hyperglycemia; Glucose 
intolerance

Core tip: Data on the prognostic role of glycated hemo-
globin A1c (HbA1c) in patients with acute myocardial 
infarction (MI) are not univocal since they stem from 
studies which mainly differ in patients' selection crite-
ria, therapy (thrombolysis vs  mechanical revasculariza-
tion) and number consistency. According to available 
evidence, in contemporary cohorts of ST-elevation 
myocardial infarction (STEMI) patients submitted to 
mechanical revascularization, HbA1c does not seem to 
be associated with short and long term mortality. How-
ever, in STEMI patients, HbA1c, even measured in the 
early phase, may represent a screening tool for glucose 
intolerance since its measurement can be performed 
in the non-fasting state and reflects average glucose 
concentration over the preceding 2-3 mo. We therefore 
proposed an algorithm based on pragmatic grounds 
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Abstract
In population-based studies, including diabetic and 
nondiabetic cohorts, glycated hemoglobin A1c (HbA1c) 
has been reported as an independent predictor of all-
cause and cardiovascular disease mortality. Data on the 
prognostic role of HbA1c in patients with acute myo-
cardial infarction (MI) are not univocal since they stem 
from studies which mainly differ in patients’ selection 
criteria, therapy (thrombolysis vs  mechanical revascu-
larization) and number consistency. The present review 
is focused on available evidence on the prognostic 
significance of HbA1c measured in the acute phase 
in patients with ST-elevation myocardial infarction 
(STEMI) submitted to primary percutaneous coronary 
intervention (PCI). We furthermore highlighted the role 
of HbA1c as a screening tool for glucose intolerance in 
patients with STEMI. According to available evidence, 
in contemporary cohorts of STEMI patients submitted 
to mechanical revascularization, HbA1c does not seem 
to be associated with short and long term mortal-
ity rates. However, HbA1c may represent a screening 
tool for glucose intolerance from the early phase on in 
STEMI patients. On a pragmatic ground, an HbA1c test 
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which could be applied in STEMI patients without 
known diabetes in order to detect glucose intolerance 
abnormalities from the early phase. The main advan-
tage of this algorithm is that it may help in tailoring the 
follow-up program, by helping in identifying patients at 
risk for the development of glucose intolerance after MI.

Lazzeri C, Valente S, Chiostri M, D'Alfonso MG, Gensini 
GF. Clinical significance of glycated hemoglobin in the acute 
phase of ST elevation myocardial infarction. World J Cardiol 
2014; 6(4): 140-147  Available from: URL: http://www.wjg-
net.com/1949-8462/full/v6/i4/140.htm  DOI: http://dx.doi.
org/10.4330/wjc.v6.i4.140

INTRODUCTION
Discovered more than forty years ago by Rahbar et al[1], 
the breakthrough for glycated hemoglobin A1c (HbA1c) 
was achieved when it was discovered in the Diabetes 
Control and Complications Trial in 1993 that the concen-
tration of  HbA1c was an excellent predictor of  diabetes-
related long-term complications[2].

In population-based studies[3], including diabetic and 
nondiabetic cohorts, HbA1c has been reported as an in-
dependent predictor of  all-cause and cardiovascular dis-
ease (CDV) mortality[4-6]. Among individuals with diabetes, 
every 1% rise in HbA1c is associated with a 30% increase 
in all-cause mortality and a 40% increase in CVD mor-
tality[7]. In the Reykjavik Study and in a meta-analysis of  
other Western prospective studies, fasting and post-load 
glucose levels were modestly associated with coronary 
heart disease (CHD) risk in people without diabetes[8], 
while associations of  HbA1c with CHD risk in such peo-
ple appeared somewhat stronger (a RR for CHD of  1.20 
per 1% higher HbA1c). In a community-based popula-
tion study, elevated HbA1c has been recently reported to 
be predictive for CDV and mortality in patients without 
diabetes mellitus, regardless of  fasting glucose levels[9].

Data on the prognostic role of  HbA1c in patients 
with acute myocardial infarction (AMI) stem from studies 
which mainly differ for patients’ selection criteria, therapy 
(thrombolysis vs mechanical revascularization) and num-
ber consistency.

The present review is focused on available evidence 
on the prognostic significance of  HbA1c measured in 
the acute phase in patients with ST-elevation myocardial 
infarction (STEMI) submitted to primary percutaneous 
coronary intervention (PCI). We furthermore highlighted 
the role of  HbA1c as a screening tool for glucose intoler-
ance in these patients.

GLYCATED HEMOGLOBIN AS A 
PROGNOSTIC TOOL IN STEMI PATIENTS
Glycated hemoglobin and patients without known 
diabetes and with ST elevation myocardial infarction
Only small studies assessed the prognostic role of  HbA1c 

in STEMI patients without a history of  diabetes and 
results are not univocal due to differences in patients’ se-
lection criteria and methods[10-13]. In 150 non diabetic pa-
tients with myocardial infarction (MI), mortality rate and 
the risk of  cardiogenic shock increased with HbA1c[10]. 
In a high-risk MI population[12]. HbA1c was a risk mark-
er of  death at follow-up in patients without a history of  
diabetes and not in diabetic patients, while, in a small 
group of  MI patients (diabetic and not diabetic) treated 
with thrombolysis[11], there were significant relationships 
between admission glucose, HbA1c level and mortality 
at follow-up. Similarly, in 374 STEMI patients (diabetic 
and not diabetic), after adjusting for baseline characteris-
tics, HbA1c remained a strong independent predictor of  
in-hospital mortality (OR = 1.412; 95%CI: 1.031-1.935, 
P = 0.03)[14].

On the other hand, in 504 unselected, consecutive 
non diabetic STEMI patients submitted to PCI, hypergly-
cemia (not glycated hemoglobin) was a predictor of  30-d 
outcome[13]. We recently[15] assessed the prognostic role 
of  HbA1c for mortality at short and long terms in 518 
consecutive STEMI patients without previously known 
diabetes, all submitted to mechanical revascularization. 
Patients with HbA1c ≥ 6.5% showed higher values of  
admission, peak and discharge glucose (P < 0.001, P < 
0.001 and P < 0.001, respectively) and a higher incidence 
of  acute insulin resistance [as inferred by the Homeo-
static Model Assessment index (HOMA)] (P = 0.001) 
as well as higher values of  fibrinogen (P < 0.001) and 
triglycerides (P = 0.001) and lower values of  HDL (P = 
0.018). No differences in short and long-term mortality 
rates and in the use of  devices were detectable between 
patients with HbA1c < 6.5% and those with HbA1c ≥ 
6.5%. At multivariate backward logistic regression analy-
sis HbA1c was not associated with in-hospital death (OR 
= 7.210, 95%CI: 0.75-69.69, P = 0.088). At follow-up 
[median 39.7 (22.2-57.1) mo], a Kaplan-Meier survival 
curve documented no significant differences between 
patients with HbA1c < 6.5% and those with HbA1c ≥ 
6.5%. In our study population, patients with HbA1c lev-
els higher than 6.5% did not show a higher infarct size (as 
indicated by TnI and left ventricular ejection fraction) or 
a more critical illness (as inferred by the use of  devices). 
Discrepancies with previous papers are mainly related to 
number consistency[10], population selection criteria[11] and 
type of  revascularization[13]. As a difference from previ-
ous studies[10,11,13], we observed that higher HbA1c values 
help in identifying a subset of  patients who, in the early 
phase of  STEMI, show an abnormal glucose response 
to stress as indicated by higher values of  glucose, worse 
glycemic control during Intensive Cardiac Care Union 
(ICCU) stay (peak glycemia) and a higher incidence of  
acute insulin resistance (HOMA index). All these factors 
have been associated with increased risk of  early death 
as reported by Deedwania et al[16] and by us in previous 
reports[17-21]. Patients with HbA1c > 6.5% also showed 
an increased inflammatory activation (increased values 
of  fibrinogen), suggesting a link between acute glucose 
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dysmetabolism and inflammatory activation in the early 
phase of  STEMI[16].

Similar results were recently reported by Tian et 
al[22] in an observational multicenter study performed 
in 608 STEMI patients submitted to primary PCI. 
The study population was stratified according to the 
new American Diabetes Association criteria, into three 
groups: Ⅰ, HbA1c 5.6% or less (n = 262); Ⅱ, HbA1c 
5.7%-6.4% (n = 182); and Ⅲ, HbA1c at least 6.5% (n = 
164). The 7-d mortality was similar (P = 0.179) between 
groups Ⅰ (1.9%), Ⅱ (2.2%), and Ⅲ (0.0%) as well as the 
30-d mortality (P = 0.241) between groups Ⅰ (3.8%), Ⅱ 
(2.2%), and Ⅲ (1.2%). Major adverse cardiac events at 
the 7-d and 30-d follow-up were not significantly dif-
ferent between the three groups either (P > 0.05). After 
adjusting the baseline characteristics, HbA1c was not an 
independent predictor of  short-term outcomes (HR = 
0.431; 95%CI: 0.175-1.061, P = 0.067).

Glycated hemoglobin and patients with known diabetes 
and with STEMI
In patients with AMI and diabetes, the two Diabetes In-
sulin Glucose in AMI studies both showed that increas-
ing HbA1c levels increased mortality in diabetic patients 
with MI[23,24]. Conversely[12], in Optimal Trial in Myo-
cardial Infarction with the Angiotensin Ⅱ Antagonist 
Losartan trial (including patients with MI complicated by 
heart failure) the level of  HbA1c had no impact on mor-
tality among the patients with well-known diabetes. Simi-
larly, in consecutive diabetic patients undergoing PCI[25], 
HbA1c was not a predictor of  cardiac events at one-year 
follow-up.

In a recent investigation[26], which includes the largest 
series of  consecutive STEMI patients with known diabetes 
submitted to mechanical revascularization, we observed 
that HbA1c was not associated with mortality in either the 
short or the long term. Nevertheless, higher HbA1c values 
(which were detectable in about half  of  the entire popu-
lation) helped to identify a subset of  patients who, in the 
early phase of  STEMI, showed an abnormal glucose re-
sponse to stress as indicated by higher values of  glucose, 
a worse glycemic control during ICCU stay (as inferred 
by peak glycemia) and a higher incidence of  acute insulin 
resistance (as indicated by HOMA index). This subset 
of  patients may deserve a more aggressive treatment for 
glucose management, since previous studies performed 
by other intestigators[16] and by us[17-21,26,27] showed that 
admission glycemia and peak glycemia are independent 
predictors for in-hospital mortality in STEMI patients.

Glycated hemoglobin and long term mortality in STEMI 
patients
In the thrombolytic era, in two small studies both ex-
cluding patients with newly diagnosed diabetes[28,29], an 
independent effect on mortality of  HbA1c was reported 
in nondiabetic patients with MI. HbA1c levels higher 
than 6.5% were associated with higher ischemic score 

in patients with MI (diabetic and non diabetic) submit-
ted to thrombolysis[13], and significant relationships 
were observed between admission glucose, HbA1c level 
and mortality at follow-up. Glycated hemoglobin was 
a potent risk marker of  death at follow-up only in MI 
patients without a history of  diabetes but not in diabetic 
patients[12]. Conversely, elevated admission glucose (and 
not glycated hemoglobin) was an important predictor 
of  30-d outcome after STEMI in 504 unselected, con-
secutive non diabetic patients with STEMI submitted to 
PCI[11]. Chan et al[30] reported, in a small cohort of  317 
diabetic patients with acute coronary syndrome, that 
HbA1c levels before admission were not associated with 
short-term cardiovascular outcome (all-cause mortality, 
cardiovascular mortality, symptom driven revasculariza-
tion, rehospitalization for angina, and hospitalization for 
heart failure).

On the other hand, Timmer et al[31] observed that 
increasing quartiles of  HbA1c (even below the diagnos-
tic threshold for diabetes mellitus) were associated with 
increased mortality rates over an average 3.3 years of  
follow-up in 4176 consecutive STEMI patients without 
known diabetes submitted to PCI. This finding was par-
tially related to the fact that increasing HbA1c levels were 
associated with adverse baseline characteristics such as a 
higher cardiovascular risk profile.

In a large contemporary cohort of  1205 consecutive 
patients with STEMI submitted to PCI, we recently[32] as-
sessed the impact of  increased HBA1c (≥ 6.5%) on long 
term mortality. In our series 276 patients with previously 
diagnosed diabetes (276/1205, 22.9%, Group A), 78 patients 
without previously known diabetes and HbA1c ≥ 6.5% 
(78/1205, 6.5%, Group B) and 851 patients without previ-
ously known diabetes and HbA1c < 6.5% (851/1205, 70.1%, 
Group C). At Cox regression analysis, HbA1c ≥ 6.5% was 
not related to 1-year post discharge mortality in patients with 
previously diagnosed diabetes (Group A) nor in those with-
out previously known diabetes (Group B and C). Kaplan-
Meier survival curve analysis showed that patients in Group 
A exhibited the lowest survival rate, while patients in Group 
B (that is patients without previously known diabetes and 
with HbA1c ≥ 6.5%) showed a significant reduction in their 
survival rate since 6-mo after discharge. In conclusion, in our 
investigation HBA1c levels were not related with outcomes at 
multivariable analysis in a large cohort of  unselected STEMI 
patients submitted to PCI.

GLYCATED HEMOGLOBIN AS A 
SCREENING TOOL FOR GLUCOSE 
INTOLERANCE IN STEMI PATIENTS IN 
THE ACUTE PHASE
More than 18 million people in the United States have 
diabetes mellitus, and approximately 35% of  the popula-
tion is prediabetic[33]. Another 7 million Americans have 
undiagnosed diabetes and are at high risk of  developing 
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It has been recently observed among patients with 
high-risk non-ST-segment elevation acute coronary syn-
drome (NSTE ACS)[42] that a substantial proportion of  
patients admitted with high-risk NSTE ACS had previ-
ously undiagnosed diabetes mellitus (12.2%) or prediabe-
tes (10.8%) as defined by fasting glucose or HbA1c after 
hospital admission.

Table 1 shows the prevalence of  glucose intolerance 
according to existing investigations on this topic in pa-
tients with AMI. These studies were selected by a PubMed 
search matching “acute myocardial infarction/STEMI/
acute coronary syndrome” and “glucose intolerance/hy-
perglycemia/glycated hemoglobin”.

The prevalence of  STEMI patients with glucose in-
tolerance, as detected mainly by HbA1c measured in the 
early phase, varies, ranging from 10% to more than 40%. 
Differences can be mainly related to the chosen value of  
HbA1c. More recently, in an observational multicenter 
study, Tian et al[22] stratified the study population accord-
ing to HbA1c values and observed that the percentage of  
patients with HbA1c > 5.7% accounted for more than 
50%.

On a clinical ground, in STEMI patients, early diag-

diabetic complications, including CDV[34,35]. These num-
bers are expected to continue to rise in the United States 
and worldwide in large part due to the growing obesity epi-
demic[36-38]. In 2010, an estimated 6.4% of  the world’s adult 
population (approximately 285 million individuals) had 
diabetes, and the prevalence is projected to increase to 
7.7% (approximately 439 million individuals) by 2030[39].

Prevalence of glucose intolerance in STEMI patients
In the glucose tolerance in AMI study[40], HbA1c indepen-
dently predicted glucose intolerance (OR = 2.58 95%CI: 
1.17-6.09, P = 0.024) in people with acute coronary syn-
drome without known diabetes, correlating closely with 
the 2-h plasma glucose in an oral glucose tolerance test 
(r = 0.39, P < 0.0001). Furthermore, an HbA1c ≥ 30 
mmol/mol (4.9%) had sensitivity and specificity of  79% 
and 49% for detecting undiagnosed diabetes, respectively, 
with the area under curve of  0.685 (P = 0.001). In the 
Euro Heart Survey on diabetes, 22% of  people admit-
ted to hospital as emergency cases because of  coronary 
artery disease were found to have undiagnosed diabetes 
after a glucose tolerance test, with a further 36% found 
to have impaired glucose tolerance[41].

  Ref. Patients Methods          Prevalence Results 

  Norhammar et al[40], 2002 81 non diabetic AMI patients OGTT Diabetes: 31%
IGT: 35%

HbA1c on admission was independent predictor of 
glucose intolerance at 3 mo (P = 0.024)

  Ishihara et al[53], 2006 200 non diabetic patients 
with AMI

OGTT Diabetes: 27% Fasting glucose and HbA1c were independent 
predictors of abnormal glucose tolerance, but 
admission glucose was not.

  Gustafsson et al[12], 2007 2841 patients with heart 
failure complicating AMI

HbA1c History of diabetes: 17%
HbA1c < 4.9%: 58%
HbA1c 4.9%-5.1%: 15%
HbA1c > 5.1%: 10%

In non diabetic patients, a 1% absolute increase in 
HbA1c level at baseline resulted in a 24% increase 
in mortality
In diabetic patients, the level of HbA1c had no 
impact on mortality

  Rasoul et al[11], 2007 504 non diabetic STEMI HbA1c HbA1c < 6.0%: 82.5%
HbA1c > 6.0%: 17.5%

HbA1c was not associated with 30-d mortality

  Cakmak et al[13], 2008 100 non diabetic patients with
AMI treated with thrombolysis;
patients on antidiabetic 
therapy excluded

HbA1c HbA1c 4.5-6.4%: 25%
HbA1c 6.5-8.5%: 28%
HbA1c > 8.5%: 47%

Admission HbA1c was significantly correlated 
with mortality (P = 0.009)

  Knudsen et al[47], 2009 224 non diabetic STEMI OGTT Abnormal glucose
regulation: 46.9% in the
early phase 24.9% at 3 mo

High levels of HbA1c and admission plasma 
glucose in-hospital significantly predicted 
abnormal glucose regulation at 3 mo (P < 0.001)

  Timmer et al[31], 2011 4176 non diabetic 
STEMI patients

HbA1c 
quartiles

IQR1 ≤ 5.35%: 27%
IQR2 5.6%-5.54%: 24%
IQR3 5.55%-5.80%: 25%
IQR4 ≥ 5.81%: 24%

HbA1c (hazard ratio, 1.2 per interquartile range; 
P < 0.01), but not glucose, was independently 
associated with long-term mortality

  Lazzeri et al[15], 2012 518 non diabetic 
STEMI patients

HbA1c HbA1c < 6.5%: 90.4%
HbA1 c ≥ 6.5%: 9.6%

HbA1c was not associated with short and long 
term mortality

  Tian et al[22], 2013 608 STEMI Hb1c 
groups

I: HbA1c ≤ 5.6%: 43%
II: HbA1c 5.7%-6.4%: 30%
III: HbA1c ≥ 6.5%: 27%

After adjusting the baseline characteristics, HbA1c 
was not an independent predictor of short-term 
outcomes (HR = 0.431; 95%CI: 0.175-1.061, P = 0.067)

  Lazzeri et al[32], 2013 1204 STEMI patients HbA1c Diabetic patients: 22.9%
patients without 
known diabetes:
HbA1c < 6.5%: 70.1%
HbA1c ≥ 6.5%: 6.5%

At Cox regression analysis, HbA1c ≥ 6.5% was not 
related to 1-yr post discharge mortality in diabetic 
and in non diabetic patients

Table 1  Prevalence of glucose intolerance in patients with acute myocardial infarction

HbA1c: Glycated hemoglobin A1c; OGTT: Oral glucose tolerance test; AMI: Acute myocardial infarction; IGT: Impaired glucose tolerance; STEMI: ST-
elevation myocardial infarction; IQR: Interquartile range.
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nosis of  unknown type 2 diabetes or impaired glucose 
regulation allows initiation of  treatment or lifestyle in-
terventions, including diet and exercise to prevent type 2 
diabetes and associated complications. Gaining informa-
tion on family history for diabetes could help in identify-
ing subjects with undiagnosed diabetes or at risk[43,44].

However, in the acute phase of  STEMI, the iden-
tification of  glucose intolerance is quite difficult since 
the common finding of  hyperglycemia, irrespective of  
underlying diabetic status, is to be related mainly to the 
acute stress response[16-21,26] to myocardial ischemia[45].

Strategy for screening for glucose intolerance in STEMI 
patients according to glycated hemoglobin
Recently, National Institute for Health and Clinical Excel-
lence (NICE) guidelines on the management of  hypergly-
caemia in acute coronary syndrome have advocated any 
hyperglycaemia (blood glucose > 11.0 mmol/L) without 
known diabetes be followed up with an HbA1c measure-
ment before discharge and fasting plasma glucose test 4 
d after the onset of  acute coronary syndrome[46]. NICE 
recommend against routine use of  the oral glucose toler-
ance test in patients with acute coronary syndrome and 
with fasting plasma glucose and HbA1c in the normal 
range. However, guidance on categorization of  glycaemic 
status of  those with elevated HbA1c and fasting plasma 
glucose, as well as screening for diabetes in those with-
out hyperglycaemia, is less clear. As a consequence, the 
lack of  simple strategy for early identification of  glucose 
intolerance in acute coronary syndrome is potentially 
leaving many people undiagnosed and under-treated, es-
pecially after the cardiac event.

The oral glucose tolerance test is performed infre-
quently in the acute setting[41], since it is time consuming, 
not always well tolerated and it does not seem to pro-
vide reliable information on long-term glucometabolic 
state[47].

In the early phase of  STEMI, fasting plasma glucose 
can be acutely elevated and therefore unreliable in the 
first 2 d of  an acute event and in a large MI[48]. NICE has 
suggested fasting plasma glucose testing should not be 
conducted within the first 4 d of  the acute event. Howev-

er, in the current era of  early reperfusion therapies, many 
patients with acute coronary syndrome are discharged 
earlier.

On a pragmatic ground, an HbA1c test has several 
advantages over fasting plasma glucose or an oral glucose 
tolerance test in an acute setting. The test can be per-
formed in the non-fasting state and reflects average glu-
cose concentration over the preceding 2-3 mo. Therefore, 
in our opinion, glycated hemoglobin should be measured 
in all patients with STEMI.

Measuring HbA1c assumes International Federation 
of  Clinical Chemistry standardized laboratory assays are 
used. Furthermore, conditions precluding accurate mea-
surement of  HbA1c concentration for diagnosis should 
be excluded, including abnormalities of  red cell turnover, 
chronic renal or liver failure and chronic use of  certain 
medications.

We therefore proposed an algorithm (Figure 1) based 
on pragmatic grounds (and our experience) which should 
be applied in STEMI patients without known diabetes in 
order to detect glucose intolerance abnormalities since 
the early phase.

Above HbA1c > 6.5%, individuals should be assessed 
for symptoms of  diabetes (i.e., increased thirst, polyuria, 
unexplained weight loss, blurred vision, extreme fatigue), 
ruling out other causes, for example polyuria attributable 
to diuretic therapy. In those with unequivocal symptoms 
the diagnosis is confirmed[49]. Conversely, those with am-
biguous or absent symptoms should undergo a confirma-
tory HbA1c measurement 4-8 wk post-discharge for con-
sistency and to counteract any potential laboratory errors 
on the first occasion.

Patients with HbA1c between 6.0% and < 6.4% 
should undergo an oral glucose tolerance test after 6-8 wk.

STEMI patients without known diabetes and HbA1c 
< 6.0% should undergo annual surveillance with HbA1c 
as incident impaired glucose regulation and diabetes is 
higher compared with the general population[50].

The main advantage of  this algorithm is that it may 
help in tailoring the follow-up program, by helping to 
identify patients at risk for the development of  glucose 
intolerance after MI.

Further validation of  this algorithm in prospective 
studies may be required in the contemporary STEMI 
population to resolve some of  these uncertainties around 
HbA1c screening cut points.

Given the increasing focus on managing multiple co-
existing illnesses affecting cardiovascular patients[51], the 
assessment of  glycosylated hemoglobin (HbA1c) in pa-
tients with STEMI could be an important opportunity to 
improve care for these patients[52].
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