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Type 2 diabetes has reached epidemic proportions and an increasing proportion of patients with coronary artery disease
(CAD) are diabetics. CAD in diabetics has specificities and, in particular, more extensive atherosclerosis; diabetic patients are
also more frequently asymptomatic, with silent myocardial ischemia, which makes the diagnosis of CAD more difficult. In
addition, diabetic patients with CAD have poorer outcomes than nondiabetics. The management of diabetic patients with
CAD is based on intensive intervention on lifestyle and risk factors, together with the mandatory use of medications of proven
benefit as regards secondary prevention in coronary patients: antiplatelet agents, statins, p-blockers, and angiotensin-
converting enzyme (ACE) inhibitors. Glycemic control is also essential; although the use of sulfonylureas has been contro-
versial, there is now a vast amount of data suggesting a beneficial effect, in particular when agents more specific for the
pancreatic adenosine triphosphate-dependent potassium (K,1p) channels are used. At the acute stage of myocardial infarc-
tion, the Diabetes mellitus, Insulin Glucose infusion in Acute Myocardial Infarction (DIGAMI) trial suggested a beneficial effect
of insulin therapy prolonged for 3 months after hospital discharge; these data will have to be confirmed by larger intervention
trials. Finally, the respective roles of coronary angioplasty and coronary surgery in diabetics are debated; a post hoc analysis
of the Bypass Angioplasty Revascularization Investigation (BARI) trial data showed increased mortality in diabetics with
multivessel CAD treated with angioplasty compared with surgery, but the results of the more recent trials using intracoronary
stents appear more balanced; in this regard, the effects of drug-eluting stents, which dramatically decrease the incidence of

re-stenosis, seem promising.
© 2003 Elsevier Inc. All rights reserved.

IABETES MELLITUS is one of the main risk factors for

coronary artery disease (CAD), and an increasing pro-
portion of CAD patients have diabetes. In France, the percent-
age of patients hospitalized for acute myocardial infarction who
had diabetes increased from 17% to 21% (a 24 % increase)
between 1995 and 2000, and 23% of the patients enrolled in
the recent Euro-Heart Survey of acute coronary syndromes
(ACS) have diabetes.2 Conversely, the outcome of CAD pa-
tients with diabetes is worse than that of their nondiabetic
counterparts. In the present review, we will summarize the
evidence currently available regarding the specificity of the
anatomy of CAD in diabetic patients, the specific outcome of
coronary patients with diabetes, and the optima management
of diabetic patients with CAD.

ANATOMY OF CAD IN DIABETES MELLITUS

A number of angiographic studies have analyzed the speci-
ficity of CAD in diabetic patients. In a study of 466 patients
without myocardial infarction or previous revascularization
procedures undergoing diagnostic coronary angiography, Le-
dru et a3 found that type 2 diabetic patients were more likely
to have coronary artery narrowings than nondiabetics, and that
both the severity score and the extent score were higher in
diabetic patients. In addition, distal lesions were significantly
more frequent in diabetics and both severe and mild lesions
were found to be more common. These findings reinforced
previous data showing that mild or moderate stenoses were
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significantly more frequently observed on coronary angiogra-
phy in diabetic patients.#

CARDIOVASCULAR OUTCOME OF DIABETICS

In a much-publicized survey, Haffner et a showed that
diabetic patients without known CAD had a 7-year risk of death
or acute myocardia infarction similar to that of CAD patients
with a history of myocardia infarction.> More recent studies
are somewhat less pessimistic, but all show that the cardiovas-
cular outcome of diabetic patients is definitely worse than that
of nondiabetics without known CAD, although slightly better
than that of patients with documented CAD. Thus, in the
Framingham study, the risk of coronary heart disease death or
myocardial infarction at 2 yearsin men increases from 1.8% in
subjects without diabetes mellitus or CAD to 3.1% in diabetic
patients without CAD, and 9.4% in coronary patients without
diabetes mellitus.® Likewise, in the Heart Protection Study, the
risk of major vascular events was low in diabetic patients
without additional risk factors, but nearly similar to that of
coronary patients without diabetes in diabetic patients with at
least one additional risk factor? (Fig 1). In all of these studies,
CAD patients with diabetes mellitus fared less well than non-
diabetics with CAD.

DETECTION OF CAD IN TYPE 2 DIABETIC PATIENTS

Myocardial ischemiais more often asymptomatic in diabetic
patients. The inferenceis that specific screening may be needed
even in asymptomatic patients, athough there is no definite
evidence that such a policy improves prognosis. Current guide-
lines, however, recommend that exercise testing be performed
in asymptomatic patients with 2 or more risk factors, electro-
cardiographic (ECG) abnormalities, or a history of peripheral
or carotid artery disease.® Thallium single-photon emission
computed tomography or stress echocardiography may consti-
tute alternative methods to detect the presence of CAD, partic-
ularly in patients who are unable to perform an exercise test.
Imaging techniques, such as radionuclide studies or stress echo-
cardiography, have the advantage of allowing both the positive
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diagnosis and quantification of the extent of myocardial isch-
emia, which have documented prognostic significance® and are
useful criteria to discuss the legitimacy of performing a coro-
nary angiogram or a revascularization procedure.

THERAPEUTIC MANAGEMENT OF DIABETIC PATIENTS
WITH DOCUMENTED CAD

Risk Factor Modification and Secondary Prevention
Medications

Particular attention should be given to associated risk factors,
which are extensively discussed elsewhere in this supplement.

Smoking is associated with an increased risk of microvas-
cular and macrovascular complications in diabetic patients and
smoking cessation should therefore be strongly encouraged.
Blood pressure control is also an absolute necessity in patients
with CAD and diabetes mellitus, as shown, for example, in the
United Kingdom Prospective Diabetes Study (UKPDS),0
where tighter blood pressure control was accompanied by a
significant reduction in diabetes-related deaths, stroke, and
microvascular complications.

Four classes of medications have demonstrated a beneficial
effect in secondary prevention in patients with CAD: antiplate-
let agents, B-blockers, statins, and angiotensin-converting en-
zyme (ACE) inhibitors.

Antiplatelet agents, and particularly aspirin, have been ex-
tensively studied in patients with CAD. In the most recent
meta-analysis,’* which involved more than 200,000 diabetic
and nondiabetic patients, antiplatelet agents reduced the risk of
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Fig 1. Long-term outcome of patients with diabetes mellitus,
compared with patients with CAD. (A) Risk of myocardial infarction
at 7 years in the study from Haffner et al5; (B) risk of major vascular
events in the Heart Protection Study?; (C) risk of coronary heart
disease death or myocardial infarction at 2 years in the Framingham
cohort.® Abbreviations: CHD, coronary heart disease; CVD, cardiovas-
cular disease; DM, diabetes mellitus; Ml, myocardial infarction; RF,
risk factor.

severe cardiovascular events by about one quarter, with a 34%
reduction in nonfatal myocardial infarction and a 26% reduc-
tion in nonfatal myocardial infarction or coronary heart disease
death. In the Clopidogrel vs Aspirin in Patients at Risk of
Ischemic Events (CAPRIE) trial,*2 which compared the effi-
cacy of clopidogrel and aspirin on the outcome of patients with
coronary artery, periphera artery, or cerebrovascular disease,
3,866 patients had diabetes mellitus. The reduction in event
(vascular death, myocardial infarction, stroke, or hospitaliza-
tion for ischemia or bleeding) rates with clopidogrel was 21%
in diabetics, compared with 9% in nondiabetics, suggesting a
more pronounced effect of clopidogrel in this population. Con-
versely, in the Clopidogrel Reduction of Events During ex-
tended Observation (CREDO) trial,*3 which assessed the effi-
cacy of prolonged (1 year) treatment with clopidogrel on top of
aspirin in patients undergoing percutaneous coronary interven-
tions (PCI), the risk reduction for prolonged treatment was 11%
in diabetics, compared with 33% in nondiabetics. Overall,
diabetic patients with CAD seem to benefit from antiplatelet
therapy at least as much as nondiabetics.

B-Blockers are beneficial in post—myocardial infarction pa
tients. The specific outcome in diabetics with myocardial in-
farction has not been assessed in the most recent meta-analy-
sis14 In the Carvedilol Postinfarct Survival Controlled
Evauation (CAPRICORN) trial,*5> which found a 23% reduc-
tion in mortality with carvedilol in patients with large myocar-
dial infarctions, 22% of the population had diabetes mellitus;
there is no indication that the diabetic patients benefited less



than the nondiabetics from the B-blocking agent. In the Cleve-
land Clinic cohort of 4,553 patients who had undergone PCI, of
whom 2,056 received B-blockers, the adjusted odds ratio for
1-year mortality in patients on B-blockers was 0.63 (95%
confidence interval, 0.46 to 0.87) and the benefit was similar in
diabetic and nondiabetic patients.16

Serum lipid abnormalities are frequent in patients with dia-
betes mellitus. In CAD patients, numerous trials have shown
that 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) re-
ductase inhibitors reduce cardiovascular mortality and morbid-
ity, with survival curves increasingly diverging after 12 to 18
months of follow-up.”17-20 The beneficial effects of statins have
been documented in patients with stable CAD, previous myo-
cardial infarction, ACS, or following percutaneous translumi-
nal coronary interventions, irrespective of the initial level of
low-density lipoprotein (LDL) cholesterol and triglycerides,
although patients with very severe hypertriglyceridemia were
excluded from the trials. In most of these studies, subgroup
analyses showed that the benefit was of a similar magnitude in
diabetic patients.”1820 The evidence is less compelling with
fibrates, although some trials have found reductions in cardio-
vascular events, particularly with fenofibrate and gemfibrozil.

A number of clinica trials have demonstrated the major
beneficia effect of ACE inhibitors in patients with myocardial
infarction and symptomatic or asymptomatic left ventricular
dysfunction. In the most recent meta-analysis of trials carried
out in this setting, mortality reduction was 23% in patients
receiving ACE inhibitors with a similar beneficial effect being
suggested for diabetic and nondiabetic patients.2! The Heart
Outcomes Prevention Evaluation (HOPE) trial assessed 9,297
patients aged = 55 years with documented CAD or diabetes
mellitus combined with at least one other risk factor.2223 The
primary outcome (cardiovascular death, acute myocardia in-
farction, or stroke) at the end of the 5-year follow-up period
was significantly lower in patients treated with high-dose (10
mg) ramipril, compared with placebo. The risk reduction in
diabetic patients (n = 3,577) was 25% for the primary outcome
and 37% for cardiovascular death, with similar rates for the
primary outcome being observed in nondiabetic patients. There
is evidence, however, that only high doses of ACE inhibitors
have direct effects on arterial atherosclerosis: in the Study to
Evaluate Carotid Ultrasound changes in patients treated with
Ramipril and vitamin E (SECURE),2* which included 35% of
diabetic patients without left ventricular dysfunction, the
2.5-mg ramipril dose failed to significantly reduce carotid ar-
tery atherosclerosis progression, while the 10-mg dose nearly
halved it. At the end of this year, the EUropean trial on
Reduction Of cardiac events with Perindopril is stable coronary
Artery disease (EUROPA), which compared high-dose (8 mg)
perindopril versus placebo in patients with documented CAD
and no left ventricular dysfunction, will bring the final answer
to the question of systematic treatment with ACE inhibition in
all CAD patients, irrespective of the presence of |eft ventricular
dysfunction.

In addition to the associated risk factors for CAD, it has by
now been well established that hyperglycemia is an important
determinant of cardiovascular disease in type 2 diabetic pa-
tients. However, the beneficial effect of tight blood glucose
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control on macrovascular outcomes has never been convinc-
ingly shown, as discussed in detail elsewhere in this supple-
ment. Large intervention studies, such asthe Action in Diabetes
and Vascular disease: preterAx and DiamicroN MR Controlled
Evaluation (ADVANCE) program, are currently under way to
provide definitive evidence about the value of intensive blood
glucose control in type 2 diabetes patients at high risk for
cardiovascular disease.

Myocardial Revascularization in Stable Patients

In patients with chronic stable CAD, randomized trials per-
formed in the 1970s and 1980s showed that coronary artery
surgery was more efficacious than medical therapy alone on
anginal symptoms, and that it improved long-term outcome in
specific anatomic subsets, such astight stenosis of the left main
coronary artery, proximal left anterior descending artery steno-
Sis, or triple-vessel disease, especialy in the presence of left
ventricular dysfunction. More recently, the Asymptomatic Car-
diac Ischemia Pilot (ACIP) trial25> showed that myocardia
revascularization was superior to medical therapy aone in
stable patients with documented silent myocardia ischemia
Perioperative mortality, however, is increased by more than
20% in diabetics, and PCI might therefore appear particularly
attractive in diabetics. Unfortunately, a post hoc anaysis of the
subset of diabetic patients in the Bypass Angioplasty Revascu-
larization Investigation (BARI) trial, which was designed as a
randomized comparison of PCI and coronary artery surgery in
stable patients with multivessel CAD, showed that 5-year sur-
vival was significantly lower in patients assigned PCI (65.5% v
81%), casting doubt on the appropriateness of using PCI in
diabetic patients.26 More reassuring data, however, have been
collected from large registries, such as the one from Emory
University, in which PCl and coronary artery surgery yielded
similar resultsin type 2 diabetics, while surgery was superior to
PCl in type 1 diabetics.2” More recently, the recent results of
the Angina With Extremely Serious Operative Mortality Eval-
uation (AWESOME) trial,28 in high-risk patients with refrac-
tory angina enrolled from 1995 to 2000, showed no difference
in 3-year survival in diabetic patients randomized to PCI or
coronary bypass surgery. Likewise, the Arterial Revasculariza-
tion Therapies Study (ARTS),2° comparing coronary surgery
and PCI using coronary stents, found nonsignificantly higher
mortality and myocardial infarction rates at 1 year in diabetics
treated with PCI, but a lower risk of stroke. The reintervention
rate remained significantly higher in PCl-treated patients, em-
phasizing the increased risk of re-stenosis in diabetic patients.
In this regard, the results of the RAndomized study with the
sirolimus-eluting Bx Velocity balloon ExpandabLe stent
(RAVEL),30 which compared the re-stenosis rate in patients
receiving conventional stents versus stents coated with the
immunosuppressive agent sirolimus, are extremely encourag-
ing: in the diabetic patients, the re-stenosis rate was 0% with
sirolimus-eluting stents, compared with 42% with conventional
stents. However, the question of re-stenosis and its prevention
is unlikely to erase the whole difference between surgery and
angioplasty; indeed, surgical grafts bypass an entire coronary
artery segment and not only the most severe narrowing,
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whereas angioplasty provides treatment of single narrowings
and therefore does not provide any protection in the case of
subsequent rupture of mild coronary plagues leading to throm-
botic occlusions.

Invasive Versus Noninvasive Management of Acute
Coronary Syndromes

There are 2 types of ACS, both resulting from plague rupture
or erosion. In al instances, diabetic patients are at increased
risk, when developing ACS. ACS with ST-segment elevation
on the ECG correspond to a persistent, complete, acute coro-
nary occlusion and require emergency reperfusion. In this re-
gard, both intravenous thrombolysis and primary coronary an-
gioplasty can be used, the latter having yielded better resultsin
randomized trials carried out in highly specialized centers. Both
methods can be used with similar efficacy in diabetics and
nondiabetics. In the Global Utilization of Streptokinase and
TPA for Occluded arteries (GUSTO) trial,3 90-minute coro-
nary artery patency was similar after thrombolysis in diabetic
and nondiabetic patients, although the reocclusion rate tended
to be higher in diabetics. In the Global Use of Strategies To
open Occluded arteries in acute coronary syndromes (GUSTO
I1b) trial,32 which was the largest trial comparing intravenous
thrombolysis and primary PCI, the magnitude of PCI superior-
ity was similar in diabetics and nondiabetics. ACS without
ST-segment elevation are caused by incomplete or intermittent
coronary artery occlusion. Several trials have evidenced the
beneficial effect of intensive antithrombotic therapy with anti-
platelet agents (glycoprotein l1b/lllainhibitors, clopidogrel) or
heparin, and particularly the low-molecular-weight heparin
enoxaparin. In the Clopidogrel in Unstable angina to prevent
Recurrent Events (CURE) trial,33 testing the effect of clopi-
dogrel in non-ST-segment elevation ACS, as well as in the
meta-analysis of trials using glycoprotein I1b/ll1a inhibitors in
the same setting,34 the efficacy of the antiplatelet agents was
similar in diabetic and nondiabetic patients. The benefit of an
invasive strategy with rapid coronary angiography followed by
myocardial revascularization was assessed in the Second Frag-
min and fast Revascularization during InStability in Coronary
artery disease (FRISC-2), Treat angina with Aggrastat and
Determine Cost of Therapy with an Invasive or Conservative
Strategy— Thrombolysis In Myocardial Infarction (TACTICS-
TIMI 18), and Randomized Intervention Treatment of Angina
(RITA-3) trials.35-37 All 3 trials showed the superiority of the
invasive strategy, particularly in patients with the most severe
forms (especially those with increased troponin levels). In the
FRISC-2 tria, the risk of death or myocardia infarction at 6
months was decreased by 23% in nondiabetics, compared with
25% in diabetics, when the invasive strategy was used. In the
TACTICS-TIMI 18 trial, where all patients were treated with
the glycoprotein I1b/Illa inhibitor tirofiban, the absolute risk
reduction for death, myocardial infarction, or hospitalization
for ACS at 6 months was 7.6% in diabetics, compared with a
nonsignificant absolute reduction of 2.2% in nondiabetics.

THE SULFONYLUREA CONTROVERSY

Oral antidiabetic agents of the sulfonylureafamily have been
used successfully for the treatment of type 2 diabetes for more

Table 1. Cardiovascular Events at 8 Years in the Steno-2 Trial
Comparing a Policy of Intensive, Multifactorial Intervention
Including Gliclazide and/or Metformin Therapy With Conventional
Management in Type 2 Diabetic Patients*5

95%

Confidence
Relative Risk Interval

All cardiovascular events Unadjusted: 0.47 0.24-0.73
Adjusted: 0.47 0.22-0.74

Cardiovascular events

excluding

revascularizations Unadjusted: 0.45 0.23-0.91
Nephropathy Unadjusted: 0.39 0.17-0.87

than 4 decades. However, 30 years ago, the University Group
Diabetes Program (UGDP) raised questions about the potential
cardiovascular deleterious effect of sulfonylurea therapy, a-
though the methodology was heavily criticized and tolbutamide
was the only sulfonylurea used.38 Indeed, sulfonylureas act on
the adenosine triphosphate—dependent potassium (K ,p) chan-
nels of the pancreatic B cells, and the closure of these ionic
channels results in increased insulin secretion.®® However,
K ate Channels are a so present in other organs and in particular
in myocardial cells and vascular smooth muscle cells. In the
heart, activation of the K,¢p is responsible for the so-caled
“ischemic preconditioning effect.” This effect, which resultsin
a better tolerance to ischemia after afirst ischemic episode has
“prepared” (“preconditioned”) the myocardium, has been evi-
denced in many animal experimental models, as well as in
certain experimental models in man.#° Because of this back-
ground, some have recommended that sulfonylureas be avoided
in patients with CAD.#t The clinical importance of ischemic
preconditioning in man, though, had not been clearly demon-
strated until the results of the Impact Of Nicorandil in Angina
(IONA) trial were known.#2 |n this trial, nicorandil, an antian-
ginal medication that acts both as a nitric oxide (NO) donor and
an activator of myocardial K ,+p channels,3 on top of conven-
tional antianginal therapy in stable coronary patients, resulted
in a decreased risk of cardiovascular events (death, myocardial
infarction, or severe angina), suggesting the clinical relevance
of ischemic preconditioning in coronary patients.

However, regarding sulfonylureas as a whole, there is no
clinical evidence of any potent deleterious cardiovascular ef-
fect. In the UKPDS,#4 intensive glycemic control, which was
based on first-line use of sulfonylureas (glibenclamide, chlor-
propamide, and glipizide), was associated with a significant
25% reduction in microvascular events, and a nonsignificant
16% reduction in myocardial infarction, and 12% reduction in
any diabetes-related endpoint. More recently, the Steno-2
study45 showed that intensive management of type 2 diabetics
with microalbuminuria, based on dietary intervention, in-
creased physical activity, and medication (gliclazide and/or
metformin) reduced cardiovascular risk at 8 years by 53%
(Table 1). Conceptually, however, not all sulfonylureas have
the same effects on the myocardium; it has been recently shown
that pancreatic and myocardia K 5+ channels are different and
have different receptors to sulfonylureas (SUR 1 v SUR 2) and
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that the action of sulfonylureas on these 2 types of receptors
differs according to the medication used.¢ Experimentaly,
glibenclamide acts on both receptors and is used to block
ischemic preconditioning in experimental models (this effect
explaining why patients on sulfonylureas were excluded from
the IONA trial),748 while gliclazide acts specificaly on the
pancreatic receptors, and glimepiride has intermediate effects.
In nondiabetic patients with coronary disease, glibenclamide,
but not glimepiride, has been shown to block ischemic precon-
ditioning in a classic model with repeated balloon inflation
during percutaneous coronary angioplasty.4® Discrepant results
have been reported in models using repeated exercise tests at
short intervals of time, glibenclamide suppressing the effects of
ischemic preconditioning in 2 studies’®-53; recently, a study
comparing the effects of insulin and glibenclamide in coronary
patients undergoing stress echocardiography showed that glib-
enclamide treatment resulted in a decrease in gection fraction
and aworsening of regional contractility during stress, whereas
insulin therapy had no effect.>*

At the acute stage of myocardial infarction, hyperglycemiaat
entry is associated with a poorer outcome.5> The open-design
randomized Diabetes mellitus, Insulin Glucose infusion in
Acute Myocardia Infarction (DIGAMI) trial>¢ showed that
insulin therapy continued for at least 3 months after hospital
discharge reduced cardiovascular mortality. Conversely, a
small cohort of patients from the Mayo Clinic undergoing
primary PCI at the acute stage of myocardia infarction showed
an increased risk of death in patients treated with the sulfonyl-
ureas available in the United States (mainly glibenclamide,
glipizide, and glimepiride).5” However, there is no evidence
from large databases of diabetic patients with acute myocardial
infarction that the use of sulfonylureas is associated with in-
creased risk at the acute stage. In the large Medicare database,
the use of sulfonylureas was even associated with a dlight
reduction in the risk of complications.58 Likewise, in the
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French USIC (Unités de Soins Intensifs Cardiologiques) 2000
database, diabetic patients receiving sulfonylureas at the time
of their infarction had a decreased risk of in-hospital mortality,
even after adjustment with other predictors of outcome (per-
sonal data on file). Although the type of medication prescribed
in this database was not recorded, it is noteworthy that glicla-
zide, which has no effect on myocardial K ,1p channels, was
the most prescribed sulfonylurea in France at the time the
survey was performed and these data are in keeping with the
results of the Steno-2 trial .4

CONCLUSION

Ischemic heart disease represents one of the main challenges
in type 2 diabetic patients. The disease is more extensive than
the disease observed in nondiabetics, its diagnosisis often more
difficult because of the frequent presence of clinicaly silent
myocardia ischemia, and the short-term and long-term out-
comes of diabetic patients is poorer than that of nondiabetics.
Therapeutic management is based on intensive intervention for
associated risk factors and the use of secondary prevention
medications with a documented efficacy in patients with CAD;
in particular, antiplatelet agents, statins, B-blockers, and ACE
inhibitors should be used extensively. Glycemic control is aso
an important part of the therapeutic strategy. In this regard,
there is no convincing evidence that sulfonylureas have a
deleterious effect in the clinical setting, and the availability of
medications with no or limited action on the myocardial K o1p
channels, such as gliclazide or glimepiride, is further reassur-
ing. When necessary, myocardial revascularization can be used,
with coronary bypass surgery being the reference technique in
patients with multivessel disease; drug-eluting stents, however,
which considerably reduce the risk of re-stenosis, are likely to
have a profound impact on the use of angioplasty in diabetic
patients.
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