
S18 VOL. 7 SUPPL. 2  2006   REVIEWS IN CARDIOVASCULAR MEDICINE

DIABETES, HYPERGLYCEMIA, AND THE CARDIOLOGIST

Prevalence of Newly Diagnosed
Diabetes in Clinical Settings
Richard W. Nesto, MD
Department of Cardiovascular Medicine, Lahey Clinic Medical Center, Burlington, MA

A substantial number of patients being evaluated or treated for cardiovascular disease
are found to have glucometabolic disorders. Identification of such patients is important
because treatment for coronary artery disease and stroke needs to be individualized.
Hyperglycemia on admission or during hospitalization regardless of whether diabetes
mellitus is known to exist in these patients is associated with increased morbidity and
mortality. Despite the fact that this has been known for some time, various strategies
to reduce hyperglycemia have had mixed results in cardiac outcomes. Another impor-
tant factor is that a new diagnosis of diabetes mellitus in these patients should result
in the patient’s triage to appropriate healthcare professionals to optimize glycemic con-
trol. The prevalence of hyperglycemia in patients admitted with acute cardiovascular
disease and the effect of hyperglycemia on outcome are reviewed.
[Rev Cardiovasc Med. 2006;7(suppl 2):S18-S24]
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The in-hospital mortality after acute myocardial infarction in the 1950s
was approximately 30% for all patients and nearly 50% for those with
diabetes mellitus (DM). By the late 1990s, numerous advances in the

treatment of acute myocardial infarction including, most recently, the use of
fibrinolytic therapy and percutaneous coronary intervention, has greatly
reduced early mortality today to less than 10% (Figure 1).1 However, despite this
significant progress in the treatment of acute coronary syndromes, patients
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with DM still have approximately
twice the 30-day mortality rate of pa-
tients without DM. This gap in sur-
vival between patients with and
without DM suggests that the mech-
anisms by which diabetes causes
heart disease are poorly understood
and not totally corrected by current
treatment strategies for acute my-
ocardial infarction.

Recently there has been a new ap-
preciation of the prevalence and role
of hyperglycemia as a factor account-
ing for the increased risk of mortality
in acute myocardial infarction.2 Ele-
vated glucose on admission is now
recognized as a risk factor for a wide
variety of in-hospital adverse out-
comes.3 Hyperglycemia is not only a
feature of patients with known DM,
but is also seen in patients without a
history of DM. The association of ei-
ther hyperglycemia or glycosuria in
patients with diabetes with myocar-
dial infarction was noted many years
ago. It was not clear at that time
whether the recognized disorder of
glucose metabolism was a cause or
effect of the acute cardiac event. Fur-
thermore, the finding of admission
hyperglycemia in a patient without a

diagnosis of DM was largely a clinical
curiosity and not regarded as a target
for treatment.

Hyperglycemia in the setting of an
acute cardiac illness is due to several
factors.4 Stress during illness leads to
a release of counter-regulatory hor-
mones (catecholamines, glucagons,
cortisol, growth hormone) and
mediators of inflammation such as

cytokines. These hormones cause hy-
perglycemia by gluconeogenesis and
glycogenolysis, principally in the
liver. In addition, peripheral insulin
resistance can be induced acutely in
response to these counter-regulatory
hormones as well as a consequence
of the increase in plasma level of free
fatty acids. The release of tumor
necrosis factor–alpha, an important
mediator of inflammation, also can
cause “acute” insulin resistance in
patients under these circumstances.
Patients with DM may exhibit a
greater glycemic response to these

hormones because such patients will
have an inadequate release of insulin
due to beta cell dysfunction and al-
ready have some degree of insulin re-
sistance made only worse by these
acute metabolic phenomena. During
the course of hospitalization, numer-
ous other factors can contribute to
hyperglycemia. In a patient with
known DM, insufficient insulin ad-
ministration typically due to an in-
adequate individualized sliding scale
can lead to hyperglycemia. The use
of dextrose in parenteral infusions
(as nutrition and in solution with
drugs) in acutely ill patients may
lead to excessive glucose exposure.
Refeeding a patient with excessive
calories can elevate glucose levels.
The use of steroids and sympath-
omimetics can cause hyperglycemia.
Sliding scales often play “catch up”
once any of these factors intervenes.
In prolonged hospitalizations, hy-
perglycemia may indicate infection
often not clinically evident. 

In general, the presence of DM is
associated with a greater likelihood
of pre-hospital death in patients
with acute myocardial infarction5 as

well as a higher rate of reinfarction
after successful percutaneous coro-
nary intervention (PCI). Further-
more, these patients tend to have
impairment of coronary blood flow
despite successful PCI6 and also may
experience reactivation of ischemia
before discharge typically once anti-
thrombotic therapies are withdrawn.
Diabetic patients are also thought to
lack the benefit of ischemic precon-
ditioning that can limit infarct size.7

Early and late congestive heart fail-
ure is also more common in these
patients after myocardial infarction,

In prolonged hospitalizations, hyperglycemia may indicate infection often
not clinically evident.
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Figure 1. Effect of diabetes mellitus on mortality of acute myocardial infarction, pre-1962 to 2000. MI, myocar-
dial infarction; PCI, percutaneous coronary intervention; CCU, cardiac care unit. Adapted from Braunwald E.1
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resulting in longer intensive care
unit and hospital stays.8 All of these
adverse events occur despite the fact
that patients with DM experience
similar patency rates after PCI as pa-
tients without DM. In the past the
reason explaining this increased rela-
tive risk associated with DM was the
fact that these patients presented
with more extensive coronary dis-
ease at the time of their myocardial
infarction. At least 2 studies have
shown that even after statistical ad-
justment for the extent of coronary
artery disease, patients with DM still
exhibit twice the mortality com-
pared to patients without DM. In the
Global Utilization of Streptokinase
and tPA for Occluded Coronary ar-
teries trial, which examined the effi-
cacy of fibrinolytic therapy with
streptokinase in patients with acute
MI, an angiographic substudy found
that even after adjusting for clinical
factors known to affect outcome
such as previous myocardial infarc-
tion, age, gender, congestive heart
failure, and so on, and angiographic
measures such as extent of coronary
artery disease, the likelihood of 30-
day mortality associated with DM re-
mained significantly elevated (odds
ratio 2.0: P � .02).9 Most recently,
the Fragment and Fast Revasculariza-
tion During Instability in Coronary
Disease Trial, which examined
invasive versus conservative man-
agement of acute coronary artery
disease and efficacy of a low-molecu-
lar-weight heparin, dalteparin, a
multivariate analysis found that the
strongest independent risk factor for
early mortality was a diagnosis of
DM and that multivessel disease was
not a significant independent predic-
tor of mortality in the analysis even
though diabetic patients tended to
present with more double, triple,
and left main coronary artery dis-
ease.10 In this study, the mortality risk
ratio associated with a diagnosis of

diabetes was 5.42 after controlling
for other clinical variables and the
extent of coronary artery disease.

The real question that remains,
however, is what factor specific to di-
abetes is responsible for this in-
creased relative risk. More recently
attention has turned to the possibil-
ity that it may be hyperglycemia it-
self that drives the risk and that this
is more likely to occur in patients
with diabetes when acute myocardial
infarction occurs. A review of the lit-
erature by Capes and colleagues in
2000 showed that stress hyper-
glycemia in acute myocardial infarc-
tion increased the risk of mortality in
patients without a history of diabetes
(Figure 2).2,11-17 The increased rela-
tive risk was quite dramatic and var-
ied from 2- to 10-fold compared to
patients with normoglycemia on ad-
mission. This relative risk may be
somewhat exaggerated in this study
because there was not a complete ad-
justment for other factors typically
seen in these patients that could
have accounted for this increased

risk. Hyperglycemia could have been
a manifestation of undiagnosed DM,
or a marker of other factors, such as
hypertension, dyslipidemia, and obe-
sity, that would tend to cluster in
these patients who undoubtedly are
insulin resistant. In 1986 an interest-
ing study by Oswald and colleagues18

showed that infarct size measured
by peak aspartate transaminase was
loosely related to the plasma
glucose on admission. For many
years, clinicians have thought that
the level of glycemia seen during
acute myocardial infarction was a
direct result of the size of myocar-
dial injury and an index of stress
hyperglycemia due to the release of
counter-regulatory hormones, as
mentioned previously. Admission
hyperglycemia probably reflects a
combination of several factors, only
one of which is the “stress” compo-
nent. An insulin-resistant patient
will develop higher glucose levels
for any degree of cardiovascular
stress than a patient who is not
insulin resistant.

Reference

Relative risk compared to patients
with normoglycemia

Diabetes Care. 1991;14:758

Definition of
Hyperglycemia (mmol/L)

>8.0

Cor Vasa. 1979;21:305 >6.7

JAMA. 1981;246:1690 >6.1

BMJ. 1986;293:917 >8.0

Am J Cardiol. 1989;64:885 >6.7

JAMA. 1975;233:807 >6.7

QJM. 1989;71:461 >8.0

Pooled
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Figure 2. Mortality risk for stress hyperglycemia in patients without diabetes mellitus. Data from references 11-17.
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The majority of patients entering
the hospital for evaluation of cardio-
vascular disease typically have clus-
tering of risk factors indicative of in-
sulin resistance (Figure 3).19-25 Many
of these patients meet criteria for
metabolic syndrome, impaired glu-
cose tolerance (IGT), or DM. Data
from the Bruneck study show that
when “common” risk factors such as
low high-density lipoprotein, hyper-
tension, or hypercholesterolemia
occur together in a patient, the likeli-
hood of insulin resistance as mea-
sured by homeostasis model assess-
ment is very high.26 In a series of
men without known DM referred for
coronary angiography, oral glucose
tolerance testing (OGTT) showed
that as the severity of coronary artery
disease increased so did the discovery
of undiagnosed IGT or DM so that
patients with double or triple vessel
coronary disease had nearly a 50%
likelihood of having either IGT or a
new diagnosis of DM.27 These data
were corroborated in the GAMI
study, which evaluated the preva-
lence of IGT in DM in patients with

acute myocardial infarction.28 Sub-
jects were excluded if they had a pre-
vious diagnosis of DM or if they had
a markedly elevated glucose on ad-
mission (� than 11.1 mm/L). The
prevalence of IGT in this group was
34%, and 33% had a new diagnosis
of DM. One might think that the
acuity of the illness might cause a
“temporary” dysglycemia in this
study and that the diagnosis of IGT
or type II DM was transient, but
when patients were retested 12
months later, 40% were found to
have IGT and 25% retained a diagno-
sis of DM. These data indicate that
IGT and type II DM are commonly
discovered in patients presenting
with coronary artery disease syn-
dromes. One of the most compre-
hensive analyses of this issue was car-
ried out by Norhammar and
colleagues.29 This group performed
an oral glucose tolerance test at dis-
charge on 181 patients presenting
with acute myocardial infarction
without known DM. At discharge
35% of the patients were found to
have IGT and 31% had a new diag-

nosis of DM. When the same patients
were tested 3 months later, 40% had
IGT and 25% retained a diagnosis of
DM. Preliminary findings from a
study by Chung and colleagues
demonstrated that approximately
50% of patients with myocardial in-
farction who were younger than 45
years of age met criteria for metabolic
syndrome.30 Similar findings were
seen in a large community hospital
with the same prevalence of meta-
bolic syndrome in young heart attack
victims.31 In summary, insulin resis-
tance syndromes occur in the major-
ity of people seen by the cardiologist,
and these patients are likely to have
hyperglycemia on admission. 

The level of glucose on admission
in patients with type II DM experi-
encing acute myocardial infarction
does relate to the degree of glycemic
control before the event, so that pa-
tients with lower A1Cs on admis-
sion will present with lower admis-
sion glucose levels compared to
those patients with a high A1C.32 In
patients presenting with admission
hyperglycemia, 2 other factors spe-
cific to glycemia appear important
in determining the prognosis. In an
evaluation of 735 patients with
acute myocardial infarction without
a diagnosis of DM, blood glucose
level on admission as well as within
24 hours after an 8-hour fast were
measured in each patient. The fast-
ing glucose 24 hours after admis-
sion was a more powerful indepen-
dent predictor of outcome at 30
days than the admission level of
glucose.33 The CARDINAL study
analyzed 1469 patients with acute
myocardial infarction with both
baseline and 24-hour glucose mea-
surements (Figure 3). Baseline glu-
cose and the 24-hour change in
glucose (24-hour glucose level sub-
tracted from the baseline glucose)
were included in multivariate mod-
els for 30- and 180-day mortality.
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Figure 3. Insulin resistance is relatively common in clinical practice, as indicated by results shown here. As ex-
pected, the vast majority of patients with DM are also insulin resistant. Insulin resistance is highly prevalent among
patients with low levels of high-density lipoprotein cholesterol (HDL-C) and high triglyceride (TG) levels. Approxi-
mately half of all patients referred to a cardiologist are also insulin resistant, as are many patients with stroke and
congestive heart failure (CHD). Forty percent of patients aged 40 to 74 years, as well as at least half of patients
with hypertension (HTN), are also insulin resistant. Data from references 19-25.
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In patients without a history of DM,
higher baseline glucose predicated
higher mortality, and a greater 24-
hour change in glucose predicted
lower mortality.34 Taken together,
these 2 studies indicate that the
overall degree and time course of
glucometabolic derangement im-
pacts the outcome. The failure of glu-
cose to decrease in a patient with ad-
mission hyperglycemia is a poor
prognostic sign and is one of the
strongest pieces of evidence suggest-
ing that therapeutic intervention in
these patients could change outcome. 

The situation is very similar in the
setting of acute stroke. In general,
the prevalence of IGT or undiag-
nosed DM is seen somewhat less
than in the setting of an acute
myocardial infarction but neverthe-
less indicates that vascular disease in
general is associated with recognized
and unrecognized disorders of glu-
cose metabolism. For instance, Matz
and coworkers35 showed that in 238
patients presenting with acute
thromboembolic stroke submitted to
OGTT that 23% had a diagnosis of
IGT and 16% had a new diagnosis of
type II DM. In another study,36

Kernan and coworkers submitted 98
patients without a previous diagno-
sis of DM who had experienced a re-
cent transient ischemic attack or is-
chemic stroke to an oral glucose
tolerance test at a mean of 105 days
after hospitalization. IGT was found
in 28% and a new diagnosis of type
II DM was confirmed in 24%. In the
Glucose Infusion in Stroke Trial in
which patients with acute stroke
were given OGTT 12 weeks after dis-
charge, a blood glucose level greater

than or equal to 6.1 mmol/L com-
bined with a glycosylated hemoglo-
bin level greater than or equal to
6.2% on admission accurately pre-
dicted the presence of DM.37 Contin-
uous glucose monitoring in 59 pa-
tients with acute hemispheric
ischemic stroke for up to 88 hours
indicated that there are early and
late hyperglycemia phases in both
nondiabetic and diabetic patients de-
spite current treatments. Hyper-
glycemic patients also had a worse
neurologic outcome and a higher
rate of infectious complications. Fur-

thermore, a retrospective study of
patients discharged with a diagnosis
of ischemic stroke indicated that ad-
mission hyperglycemia was associ-
ated with a higher mortality rate but
normalization of glucose (� 130
mg/dL) was associated with a 4.6-
fold reduction in mortality risk com-
pared to the group whose blood glu-
cose did not fall in the first 48 hours

of hospitalization.38 Given the preva-
lence and risk of glucometabolic dis-
orders in these patients, some have
suggested that there is an urgent
need to apply insulin infusions to re-
duce hyperglycemia in patients with
thromboembolic stroke.39 The ratio-
nale for the insulin infusion in these
patients is based on the fact that hy-
perglycemia may impair cerebral
blood flow (see article by Dr. Dandona
in this issue) and worsen ischemia/

reperfusion injury to brain tissue
through hyperglycemia’s vasocon-
strictive, pro-thrombotic, and pro-
inflammatory effects.40 Acute hyper-
glycemia in this setting has been
implicated in lower tissue plasmino-
gen activator–induced recanalization
rates in stroke patients with intracra-
nial artery occlusion.41

Another situation in which blood
glucose concentration is related to
outcomes is in the setting of coro-
nary artery bypass grafting (CABG).
Similar to acute myocardial infarc-
tion, CABG is associated with acute
vascular and myocardial injury, and
it is not surprising that the toxic
effect of hyperglycemia plays an im-
portant role in the outcome in
patients undergoing this procedure.
Although it has been known for
some time that DM increases the
likelihood of poor outcomes in
patients undergoing bypass surgery,
it is not clear whether this was due to
diabetes per se or to the hyper-
glycemia triggered at the time of
CABG. In the Society of Thoracic
Surgeons database,42 the incidence of
mortality following CABG was 4.5%
among patients with DM, and 2.7%
among those without DM. In the

Portland Diabetic Project,43 a strong
relationship between post-CABG
mortality and plasma glucose con-
centration was described.

In the multivariate analysis of this
database, the blood glucose concen-
tration in the perioperative period as
well as in the 2 days following
surgery was independently associ-
ated with high risk for adverse
outcome even after adjustment for
clinical variables such as cardiogenic

The failure of glucose to decrease in a patient with admission hyperglycemia
is a poor prognostic sign and is one of the strongest pieces of evidence sug-
gesting that therapeutic intervention in these patients could change outcome. 

Given the prevalence and risk of glucometabolic disorders in these patients,
some have suggested that there is an urgent need to apply insulin infusions
to reduce hyperglycemia in patients with thromboembolic stroke.

RICMS0006(Sanofi2)_12-12.qxd  12/12/06  8:43 PM  Page S22



Diabetes: Prevalence of New Diagnoses

VOL. 7 SUPPL. 2  2006    REVIEWS IN CARDIOVASCULAR MEDICINE    S23

shock, age, left ventricular function
status, history of atrial fibrillation,
and the use of pressors. Interestingly,
blood glucose concentration after
the third postoperative day was not
as significant an independent predic-
tor of increased mortality nor was
the preoperative blood glucose level
or the state of glycemic control
(hemoglobin A1C) measured before
DM. This situation resembles that of
acute myocardial infarction during
which the glucose level at the time
of the cardiac insult has a direct ef-
fect on outcome; the glucotoxic ef-
fect may be more important than the
presence or absence of DM per se. In-
stitution of a continuous infusion of
insulin in hyperglycemic patients at
the time of CABG in the Portland Di-
abetic Project reduced postoperative
mortality of 5.3% to 2.5% when
management was changed from sub-
cutaneous insulin to continuous in-
fusion of insulin. Cardiac-related
mortality was also significantly re-
duced for all patients undergoing
coronary artery bypass graft surgery
from 4.4% with subcutaneous in-
sulin to 1.6% with continuous infu-
sion of insulin. Management of hy-
perglycemia during this 3-day period
has resulted in a similar outcome fol-
lowing CABG for patients with and
without DM and signifies the impor-
tant causative role of hyperglycemia.
The mechanisms by which continu-

ous infusion of insulin and rigorous
control of hyperglycemia lead to bet-
ter outcomes are outlined in other
articles in this supplement issue to
Reviews in Cardiovascular Medicine. 

In conclusion, emerging guide-
lines44,45 indicate that cardiologists
need to become more familiar with
detecting and treating hyper-
glycemia in acutely ill patients. Fur-
thermore, almost one third of
patients presenting with acute coro-
nary syndromes will have a new
diagnosis of DM and another one
third will have IGT. The cardiologist
has a responsibility to diagnose
such conditions because earlier in-
tervention in type II DM can pre-
vent diabetes-related end organ
complications.
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