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David Fitchett, MD

The number of patients with diabetes is
increasing at epidemic proportions.

Between 1994 and 1999 the prevalence of dia-
betes increased 30% in Ontario, from 4.8% to
> 6%.1 It is projected that between the years
2000 and 2016 the total number of patients in
Canada with diabetes will almost double, grow-
ing from 1.4 million to 2.5 million. Diabetes
confers an equivalent risk to aging 15 years2 and
patients with diabetes have a 12-year shorter life
expectancy.1 Diabetes increases the risk for
coronary vascular and cerebrovascular events
two fold to three fold.3 Almost three-quarters of
patients with diabetes will die from cardiovascu-
lar (CV) disease and the majority of these from
coronary heart disease (CHD). Diabetes has the
highest lifetime risk for CHD out of any of the
classical risk factors. Ontarians with diabetes
make up 7.5% of the population, but account for
approximately:
• 32% of heart attacks,
• 30% of strokes,
• 51% of new dialysis cases and
• 70% of limb amputations.1

When a patient with diabetes has an acute coro-
nary syndrome (ACS), early and late mortality are
50% to 100% greater than the patient without dia-
betes,4,5 despite advances in the management of
patients with acute CHD. Patients with diabetes
and MI also have:
• a greater pre-hospital mortality,
• more reinfarction,

• a greater impairment of coronary blood flow
despite “successful” angioplasty,

• a greater risk of early and late congestive
heart failure and

• longer intensive care and hospital stay.
The patient with diabetes and coronary artery

disease (CAD) has special management issues
related to:
• coronary artery pathology,
• myocardial dysfunction and
• co-morbidity, such as renal dysfunction.
The present discussion will consider several

controversial issues that impact upon the out-
come of patients with diabetes and CAD.

Fighting the Epidemic:
Diabetes and Heart Disease
The prevalence of diabetes in today’s society is at epidemic proportions and with it comes
serious risk of cardiovascular disease and coronary heart disease. In this article, Dr. Fitchett
details the controversies in the treatment and management of diabetes and heart disease.
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Why is evidence-based treatment
of ACS underused in patients
with diabetes?

Despite worse outcomes, patients with diabetes
are less likely to receive recommended evidence-
based treatment for the management of ACS
than non-diabetic subjects.6-10 Patients with dia-
betes and ST elevation acute MI (AMI) are less
likely to have early reperfusion, either by
thrombolysis or by primary angioplasty6,10,11

(Figure 1A). Diabetes is an independent predic-
tor of not receiving thrombolytic therapy,6

despite thrombolysis having an enhanced bene-
fit in the patient with diabetes.12

The reason for this treatment gap is uncer-
tain. Patients with diabetes may present at a
later time, making them less suitable for throm-
bolysis. In addition, concern for intraocular
hemorrhage in the patient with retinopathy
makes physicians apprehensive about initiating
thrombolysis. However, the risk of thrombolysis-
induced intraocular hemorrhage is extremely
small and should not be a reason for withhold-
ing treatment.

Compared to a conservative strategy for
patients with non-ST segment ACS, major CV
events are reduced by 18% with a strategy of
routine coronary angiography and revascular-
ization, by percutaneous coronary intervention
(PCI) or bypass surgery.13 The Treat Angina
with aggrastat® and determine Cost of Therapy
with Invasive or Conservative Strategy—
Thrombolysis In Myocardial Infarction 18
(TACTICS-TIMI 18) study14 shows that the ben-
efit of an early invasive strategy was enhanced in
the 28% of patients with diabetes. The event
rates of death, MI, or need for urgent revascu-
larization in patients managed by invasive vs.
conservative strategy in patients without dia-
betes was 14.2% vs. 16.5%. The risk in those
with diabetes was 20.1% vs. 27.7%. Despite the
higher risk and greater benefit, patients with
diabetes are less likely to undergo early coro-
nary angiography or in-hospital PCI,6,9 even
after adjustment for comorbidity and possible
contraindications (Figure 1B). Medical treat-
ment for patients with diabetes and ACS is also
less likely to follow guideline recommendations.6,8

Heparin and glycoprotein (GP) IIb/IIIa inhibitors

Figure 1A. Proportion of patients (with and without diabetes) with acute coronary syndromes receiving guideline
recommended in-hospital treatment.
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are utilized less6 despite a meta-analysis showing
that GP IIb/IIIa inhibitors have an especially large
benefit in this population.15

Despite a significantly higher long term risk
of death and recurrent vascular events, patients
with diabetes are less likely to be followed by a
cardiologist,16 or to receive all recommended
evidence based treatment at the time of hospital
discharge.6,8,10,17,18 Despite enhanced benefit,
patients with diabetes are less often treated with
ß-blockers because of concerns for hypoglycemia
related complications.19,20

The underutilization of evidence-based treat-
ment may be one reason for the worse CV out-
come of patients with diabetes. Factors associ-
ated with a better outcome6 include whether
patients underwent revascularization during the
index hospitalization and if they received:
• antiplatelet therapy,
• ß-blockers, or
• lipid-lowering treatment.
Efforts should be directed at promoting

adherence to proven therapies in high-risk
patients with MI and diabetes.

Which is the preferred
revascularization strategy in
patients with multivessel CAD?
Compared to the patient without diabetes, coronary
revascularization in the patient with diabetes, either
by PCI or coronary artery bypass surgery (CABG),
is associated with worse long-term outcomes.
Patients with diabetes are often older and have
increased comorbidity, such as chronic renal and
peripheral vascular disease. Contemporary practice
may have improved early post-operative mortality
so that patients with and without diabetes have
similar early survival rates.21 However, despite
reduced early mortality, long-term survival in
patients with diabetes remains worse, with mortal-
ities 1.5 fold to two fold greater at 10 years after
surgery,21 especially in those receiving insulin. 

Although the early success rates with angio-
plasty and stenting are similar in patients with
and without diabetes, long-term outcomes are
worse in the patient with diabetes.22,23 Studies
with both balloon-only angioplasty and bare-
metal stent show increased restenosis rates due
to exaggerated intimal hyperplasia24 and a
greater need for early target vessel revascular-
ization. Yet, a meta-analysis of stent assisted
PCI trials in patients with diabetes suggests that
when patient populations are adjusted for age,
the restenosis rates were only modestly
increased.25 Diabetes has an independent effect
on long-term outcomes after PCI beyond that
predicted by either incomplete revasculariza-
tion26 or small vessel diameter.27

The introduction of drug-eluting stents
(DES) has had an important impact on reducing
restenosis in both patients with and without dia-
betes. A meta-analysis showed that DES reduced
the incidence of important restenosis (> 50%)
within the first year of the procedure by 80% in
patients with diabetes.28 Despite the success of
DES, diabetes remains a significant risk factor
for restenosis, with an almost two fold greater
incidence than in subjects without diabetes.
Recently there has been concern that despite
DES reducing angiographic and clinical
restenosis, they do not confer any benefit in

Figure 1B. Proportion of patients (with and without diabetes)
with non-ST segment acute coronary syndromes undergoing
early coronary angiography or revascularization.
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hard clinical outcomes and may even predis-
pose to stent thrombosis.29 A recent report30 of
a combined analysis of the Randomised Study
with Sirolimus Coated BX Velocity Balloon
Expendable Stent in the Treatment of Patients
with Denovo Native Coronary Artery Lesions
(Ravel) and Sirolimus-eluting Stents in Denovo
Native Coronary Lesions (Sirius) trials suggests
increased mortality in diabetic patients with
DES compared to those receiving bare metal
stents. The four year mortality rate with DES
was 12.2%, compared to 4% with bare metal
stent. 
The choice of the optimal revascularization

procedure for the individual patient depends
upon multiple factors that include:
• symptoms,
• ischemic severity,
• complexity of the coronary disease,
• left ventricular function and 
• patient preference.
For patients with diabetes and multivessel

CAD, who are suitable candidates for either
CABG or PCI, early clinical trials suggested that
those who had CABG had better long-term sur-
vival benefits. 
The Bypass Angioplasty Revascularization

Investigation (BARI) Trial (Figure 2) showed
that for all patients undergoing multivessel
revascularization there was no significant dif-
ference in long term mortality between CABG
or PCI (in hospital mortality was 1.3% vs. 1.1%
and the five year survival rate was 89.3% vs.
86.3%).31 However, in the 353 patients with dia-
betes, there was a five year absolute survival
benefit of 15% for patients randomized to
CABG compared to PCI. Registry studies32 and
a risk-adjusted observational study33 provided
support for the BARI trial findings. A meta-
analysis of 13 randomized trials (with a total of
7,964 patients) that compared PCI and CABG34

showed an absolute five year survival advan-
tage of 1.9% in those who had CABG vs. PCI,
but no survival advantage after one year, three
years and eight years. Patients undergoing PCI
had more repeat revascularization procedures,
whether or not stents were used and had a
greater incidence of persistent angina than
CABG patients. In the 537 patients with dia-
betes there was a survival advantage of CABG
over PCI after four years but no significant ben-
efit could be shown after 6.5 years.
More recent comparisons of CABG and PCI

in patients with diabetes were analyzed in a sys-
tematic review.35 Between 1985 and 2004, six
randomized controlled trials were identified
comparing CABG and PCI, with a total of 950
diabetic subjects. The analysis concluded that
although a mortality benefit of CABG over

Figure 2. Mortality in patients with and without diabetes
randomized to either multivessel PCI or CABG (BARI trial).
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balloon-only PCI had been established for
patients with diabetes and multivessel CAD, no
benefit had been shown for CABG over stent-
assisted PCI. The only advantage offered by
CABG over stent-assisted PCI is the decreased
need for repeat procedures. In the future, the
use of DES may eliminate, or markedly reduce
this advantage.
There is a lack of data comparing CABG

surgery and PCI as currently practiced in
patients with diabetes. DES and the use of GP
IIb/IIIa inhibitors have improved restenosis
rates in PCI. A greater use of off-pump CABG
and arterial conduits has also improved early
and long-term outcomes after surgery.
Consequently, for patients with diabetes and
multivessel CAD that are candidates for both
PCI and CABG, there is equipoise as to the
optimal treatment. Ongoing clinical trials, such
as the FREEDOM trial, will compare the use of
DES with CABG in patients with diabetes and
multivessel CAD. In the absence of definitive
evidence for the optimal revascularization strat-
egy in the patient with diabetes and multivessel
CAD, the choice of either CABG or PCI has to
be individualized. It is of interest that in the

BARI registry, where patients were treated
according to the clinical judgment of their
physician, outcomes in patients with diabetes
were similar with PCI and CABG. This is in
striking contrast to the large benefit of CABG for
patients with diabetes in the randomized trial.

Figure 3B. The impact of tight glycemic control with both
early intravenous insulin and a three-month treatment
with multi-dose insulin on mortality in patients with AMI.
Control patients received standard care (DIGAMI trial). 

Figure 3A. The impact of hyperglycemia on mortality in
patients (with or without diabetes) with AMI.
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Does tight glycemic control
improve outcomes in acute
coronary artery syndromes?
Elevated glucose after AMI in patients not
known previously to have diabetes, is associat-
ed with an adverse outcome. A combined
analysis showed that for patients with AMI
not known to have diabetes, glucose levels
above 6 mmol/L to 7 mmol/L were associated
with an in hospital mortality almost four fold
greater than in patients with lower fasting glu-
cose levels.36 A significant, yet smaller increase
in mortality is observed in patients with known
diabetes and hyperglycemia (Figure 3A). The
failure of an elevated glucose to fall in the first
24 hours after AMI is also associated with a
decreased survival rate.37 The mechanisms of
hyperglycemia -induced adverse outcomes are
not established but include:
• abnormal fatty acid metabolism,
• impaired ventricular function,
• pro-thrombosis and
• an inflammatory response provoked by 
oxidative stress.

Clinical trials have addressed the following
issues:
• Is hyperglycemia a marker of an adverse
outcome, or does it play a causative role in
increased event rates? 

• If so, will tight glycemic control improve
outcomes?

• How long is it necessary to maintain tight
glycemic control?
The Diabetes Mellitus Insulin Glucose

Infusion in Acute Myocardial Infarction
(DIGAMI) Study (Figure 3B) was designed to
show that metabolic control improves the prog-
nosis of patients with AMI and hyperglycemia.
Intensive insulin and glucose therapy with a
goal to keep the glucose level below 6 mmol/L
to 7 mmol/L during the first 24 hours after
admission, was followed by multidose insulin
treatment for three months. Compared to 
conventional treatment, intensive treatment
resulted in a 28% reduction of mortality after a
mean follow-up of 3.4 years (RR 0.72, 95%
confidence interval [CI] 0.55 to 0.92) with an
absolute risk reduction of 11%. Hence, treatment
with intensive glycemic control by the DIGAMI
protocol in nine patients with AMI and blood
glucose > 11 mmol/L will save one life.38

Patients that benefited most from intensive
glycemic control were those with the higher
fasting blood sugars39 and patients with a lower
risk profile.
The DIGAMI 2 trial40 attempted to separate

the benefit of early glycemic control with intra-
venous (IV) insulin from the benefits of tight,
longer-term control with multidose insulin.
Unfortunately, the study was terminated early
because of poor recruitment. Furthermore,
glycemic control was poor, with little difference
in glucose or A1C levels in the three subgroups
in the study. Consequently, the DIGAMI 2 study
has not been able to answer whether acute glucose
control with IV insulin is beneficial. However, the
study did show a significant relationship between

Figure 4A. The prevalence of abnormal glucose 
metabolism in patients with acute and chronic CAD.
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glycemic control and hemoglobin (Hb) A1C
achieved on treatment and enhanced survival to
whatever group the patient was allocated.
It is important to recognize that glucose

insulin and potassium (GIK) treatment of
patients with AMI is not equivalent to tight
glycemic control in patients with hyper-
glycemia, as GIK therapy does not aim to nor-
malize glucose levels. The Clinical Trial of
Metabolic Modulation Acute Myocardial
Infarction Treatment Evaluation—Estudios
Cardiologicos Latinoamerica (CREATE-
ECLA) trial41 included 20,000 patients and
showed no overall benefit from GIK. However,
for patients in the upper third of blood glucose
level on treatment mortality was increased.
Hypoglycemia may also be harmful for patients
with AMI. An analysis of two ACS trials,
Thrombosis in Myocardial Infarction [TIMI]
10A/B and TIMI 16, showed a U-shaped out-
come curve for blood glucose on presentation
and death or MI42 with hypoglycemia and
hyperglycemia associated with adverse out-
comes, compared with glucose levels in a nor-
mal range.
Currently, there is no definitive trial to support

aggressive glycemic control in the patient with

hyperglycemia and AMI. Nevertheless, observa-
tions of patients after coronary bypass surgery43,44

and general intensive care45 as well as those from
the DIGAMI trials38,40 support the concept that
tight, early and sustained glucose control by the
most effective method (possibly including IV
insulin), is an important part of the management
of critically ill patients with diabetes, MI and
hyperglycemia. 

Should we search for abnormal
glucose metabolism in the
patient with CHD?

The Euro Heart Survey on Diabetes and the
Heart46 recently reported the prevalence of
abnormal glucose metabolism (dysglycemia) in
a cohort of 4,961 individuals from 110 centers
in Europe who presented with acute and chron-
ic CAD. The majority of patients with CAD had
abnormal glucose metabolism (Figure 4A).
Normal glucose metabolism was present in
only 29% of acute CAD patients and in 34% of
chronic CAD patients. The prevalence of preex-
isting diabetes was 31%. Twenty-two per cent
of patients with ACS as well as 14% of patients
with chronic CAD had previously undiagnosed
diabetes. In patients with both acute and chron-
ic CAD, 32% were found to have impaired glu-
cose tolerance (IGT) and 4% to 5% were found
to have impaired fasting glucose. 

Figure 4B. The prevalence of abnormal glucose metabo-
lism in patients with ACS at the time of hospital discharge
and three months after discharge compared with an age
and sex matched population with no clinical evidence of
CAD (GAMI trial).
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The GAMI trial47 examined the prevalence
of dysglycemia in 181 patients with ACS and no
prior diagnosis of diabetes immediately before
hospital discharge and then three months and 12
months later. Newly detected diabetes was pre-
sent in 31% of patients at the time of hospital
discharge and in 25% of patients when tested
three months after discharge. IGT (fasting
blood sugar < 6.1 mmol/L and two hour post
load blood glucose between 7.8 mmol/L to 11.0
mmol/L) was present in 31% at discharge and
25% three months later (Figure 4B). This study
confirmed that glucose metabolism, determined
shortly after the event and at a later time point,
showed only 34% of patients with AMI had nor-
mal glucose metabolism. A comparison with an
age- and sex-matched control group, without
clinically apparent CAD, showed that abnormal
glucose tolerance (including undiagnosed dia-
betes) was almost twice as frequent in patients
with AMI.48 Diabetes, whether newly diagnosed

or previously known,49 increases short- and
long-term mortality by approximately 50% in
patients with ACS.50 Abnormal glucose toler-
ance is also a strong predictor of future CV
events after a MI. In a recent series of studies of
patients with MI and previously unknown dia-
betes51 abnormal glucose tolerance (hazard
ratio [HR] 4.18 [95% CI 1.26 to 13.8]) and prior
MI (HR 3.38 [1.62 to 7.04]) were the strongest
predictors of future CV events. 
Two additional studies have examined the

prevalence of abnormal glucose metabolism in
patients with chronic CAD undergoing cardiac
catheterization or PCI.52,53 In these studies, 17% to
24% had known diabetes and 18% had previously
unrecognized diabetes. Impaired fasting glucose
was found in an additional 19%.53 In a group of
patients with CAD undergoing PCI,53 mortality
over the next 2.8 years was:
• 24% in patients with previously diagnosed
diabetes,

Figure 4C. The prevalence of abnormal glucose metablolism in patients with acute coronary artery disease and chronic
coronary disease determined by FPG and by OGTT.
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• 18% in patients with unrecognized diabetes,
• 19% with impaired fasting glucose and only
• 1.9% in those with normal fasting glucose. 
A fasting blood glucose (FBG) of 5.5 mmol/L

was shown to be the best discriminator of increased
mortality (sensitivity 81%, specificity 51%). 

Screening of patients with CAD
for abnormal glucose metabolism

Although FBG measurements are widely used
to screen for unrecognized diabetes, the test is
insensitive. In the recently reported EURO-
HEART survey, < 30% of the patients with pre-
viously unrecognized diabetes (later diagnosed
with an oral glucose tolerance test), were iden-
tified by an abnormal FBG alone (Figure 4C).
IGT, determined by the blood sugar level mea-
sured two hours after the ingestion of a standard
75 g oral glucose load, not only detected more
patients with new diabetes, but also identified
patients with IGT who had an increased risk of
adverse outcomes, even in the absence of dia-
betes. An oral glucose tolerance test is required
to determine the true glucometabolic status of
these high-risk patients, as two thirds of patients
with abnormal glucose metabolism would be
missed if only FBG had been measured. 

A more aggressive strategy of lifestyle mod-
ification and risk factor management is justified
in patients who are identified as having a high-
er risk associated with abnormal glucose metab-
olism. Most importantly, the recognition of
patients with newly-diagnosed diabetes allows
immediate initiation of glycemic control. More
evidence is currently accumulating to show that
effective glycemic control, over long periods,
reduces both the microvascular54 and macrovas-
cular complications of diabetes.55-57 Furthermore, a
multifaceted approach to risk factor manage-
ment halves adverse CV outcomes in the dia-
betic patient.58 This management includes:
• tight glycemic control, 
• BP reduction, 
• lifestyle modification and
• therapy with:
- statins,
- acetylsalicylic acid and
- angiotensin-converting enzyme
inhibition.

For patients with impaired fasting glucose or
IGT, lifestyle modification, especially weight
loss and increased physical activity, reduces the
risk of dysglycemia progressing to established
diabetes mellitus.59

The risk profile of the patient with CAD has
changed over the past 20 years. Cigarette smok-
ing and hypercholesterolemia have been over-
shadowed as the predominant risk factors by the
metabolic effects of dysglycemia. Consequently it
is important to recognize dysglycemia and initi-
ate changes that will prevent the progression of
atherosclerosis and the development of dia-
betes. 

For references, please contact cardio@sta.ca.

PCard
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