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Type 2 diabetes is a well-known independent risk factor for coronary artery disease, and its presence 
adds substantially to any risk conferred by other factors . In the absence of known coronary heart disease, pa
tients with type 2 diabetes have a risk of future cardiovascular disease equal to a nondiabetic patient with one 
prior myocardial infarction. Type 2 diabetes also modifies the consequences of established coronary heart 
disease or congestive heart failure in numerous respects . For example, once a patient has sustained a 
myocardial infarction, the risk of complications and death are about twice as high among patients with 
diabetes compared to a nondiabetic population. The risk of late complications after angioplasty is higher 
among patients with diabetes, as is the risk of graft closure among patients with diabetes after bypass 
surgery. Left heart failure is at least twice as common in diabetic patients compared with the age matched 
control population. Interestingly, the prevalence of congestive heart failure complicating a myocardial 
infarction is greater among diabetic patients at equal ejection fractions, evidence that diabetics are more 
likely to experience diastolic and systolic dysfunction. Type 2 diabetes is associated with premature 
development of coronary heart disease and worse outcomes after therapy. 

Interventions to improve survival for patients with coronary heart disease have been exhaustively 
evaluated in well-designed trials over the last 20 years . Their value for a large subset of these patients, those 
with type 2 diabetes, is not well understood because diabetics are underrepresented in many of the important 
trials. Scattered evidence suggests that some interventions actually confer a greater survival benefit effect 
among patients with type 2 diabetes, and that other therapies may be less effective compared to outcomes in 
nondiabetic patients . This uncertainty is regrettable because three of five patients with type 2 diabetes 
mellitus die of coronary artery disease. Considering the prevalence of type 2 diabetes and the extraordinary 
morbidity and mortality added by this disease, it is surprising that only a small handful of prospective 
randomized clinical trials have addressed two questions: Are standard therapies for coronary disease as 
effective in type 2 diabetes compared to nondiabetic patients? What are the effects of hypoglycemic therapy 
on the progression of coronary disease? 

Selected trials will be reviewed with an emphasis on insights for managing patients with both type 2 
diabetes and coronary heart disease. Since the first manifestations of coronary artery disease may be evident 
within only a few years after the diagnosis oftype 2 diabetes (unlike the situation with type 1 diabetes), these 
comments may be relevant soon after diagnosis . The focus will be on drug and revascularization therapies. 
Although results from patients with type 1 compared to type 2 diabetes are often not reported separately in 
subset analyses of larger trials, type 2 diabetes usually predominates. Diet, exercise, estrogen replacement 
therapy, weight control, and smoking cessation all represent important opportunities for reducing 
cardiovascular risk, but they are beyond the scope of this summary. 

MECHANISMS OF ACCELERATED CORONARY ARTERY DISEASE 

Type 2 diabetes mellitus is a complex disorder that is due to a combination of insensitivity to the 
effects of insulin plus relatively impaired output of insulin by the pancreas . Intrauterine growth retardation, 
genetic predisposition to obesity and genetic predisposition to insulin resistance have all been postulated as 
important factors. Once a western lifestyle is imposed on this background, the risk oftype 2 diabetes is high. 
A further confounding factor is that type 2 diabetes is associated with other genetically determined risk 
factors such as hypertension and dyslipidemia (77, 78). In its later manifestations, type 2 diabetes is a 
multiorgan disorder with diverse complications. Hence, the factors responsible for the adverse outcomes 
among patients with coronary artery disease are difficult to disentangle, but have been attributed to two 
factors: 1) the severity, distribution and progression of coronary artery disease increases risks and reduces the 
efficacy oftherapy, and 2) altered perception of ischemia. The metabolic environment that causes the 
abnormal progression of coronary disease is thought to be a complex interaction among hyperglycemia, 
dyslipidemia, and clustering of other genetically and environmentally determined risk factors. 
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Hyperinsulinemia and hyperglycemia 

Insulin resistance and hyperinsulinemia are 
the characteristic defects of type 2 diabetes that 
have been reviewed extensively (42). Insulin 
resistance simply means that some organs do not 
respond normally to the effects of insulin. Skeletal 

Table 1. Definition of atherogenic dyslipidemia (26). 

• 

• 

Increased triglyceride levels, usually 150- 250 
mg/d.L, occasionally higher 
Depressed high-density lipoprotein (HDL)
levels, less than 40 mg/d.L 

muscle may be particularly important since it resists • Mildly increased low-density lipoprotein (LDL) 
levels, between 130 and 159 mg/d.L the effects of insulin on stimulation of glucose 

uptake. Resistance by adipose tissue may also play 
a key role since it influences lipoprotein metabol
ism (described below). However, other cells may 

• Increased levels of small dense LDL particles 

remain sensitive to some effects of insulin. It stimulates arterial smooth muscle proliferation and deposition 
of connective tissue in arteries, and it has complex effects on the coagulation system. Because of these 
effects, hyperinsulinemia has been suggested to be a key factor in premature coronary artery disease. Hyper
insulinemia precedes the diagnosis of type 2 diabetes, and it clusters with other cardiovascular risk factors 
such as hypertension. However, in spite ofthe theoretical support for an adverse effect of insulin on pro
gression of coronary disease, epidemiological and cross-sectional clinical studies are ambiguous . In some 
studies, hyperinsulinemia is associated with coronary artery disease. Although this relation could indicate an 
atherogenic potential of insulin, elevated insulin levels may be a consequence of an underlying factor, insulin 
resistance, that is itself associated with coronary disease. The intrinsic disease process is also more likely to 
be severe among patients with insulin-treated diabetes (50, 88). There is also direct evidence against a 
clinically significant atherogenic effect of insulin in patients with diabetes . In the United Kingdom Prospec
tive Diabetes Study involving relatively healthy newly diagnosed type 2 diabetics, fasting insulin was not 
correlated with either myocardial infarction or new onset angina (4). Surprisingly, hyperinsulinemia may be 
a risk factor for CAD only in patients without diabetes. 

Hyperglycemia, by contrast, strongly correlates with cardiovascular morbidity and mortality (43). 
Even in nondiabetics, hyperglycemia confers an increased risk of death from all causes and from coronary 
heart disease in men. Based on this and other observations, it has been suggested that ''the clock for coronary 
heart disease starts ticking before the onset of clinical diabetes" (7, 32). The mechanism by which 
hyperglycemia could promote large vessel complications is not known but is likely linked to generation of 
advanced glycation end products. These glycated products may inhibit the effects of nitrous oxide and 
damage endothelial cells. Glycated end products in the arterial vessel wall may reduce vascular compliance 
and increase diastolic shear forces on the endothelium. 

In sum, both hyperinsulinemia and hyperglycemia could play a role in promoting coronary artery 
disease (18). Clinical evidence supports a close correlation of coronary artery disease with sustained 
hyperglycemia (33), but the independent significance ofhyperinsulinemia is less convincing. 

Atherogenic dyslipidemia 

Patients with type 2 diabetes with reasonable control of blood glucose generally have LDL 
cholesterol similar to the nondiabetic population. Since dramatic elevation of LDL is not common among 
type 2 diabetes, therapy may focus solely on the hyperglycemia. However, since excellent control of blood 
glucose does not "normalize" the risk of cardiovascular complications, there are other factors which are not 
being corrected. Modestly increased triglyceride-rich lipoproteins (mainly VLDL) and decreased HDL 
particles, termed "atherogenic dyslipidemia" are more common features of type 2 diabetes and may both play 
a role in accelerated coronary disease (34). 
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The interaction of type 2 diabetes with lipoprotein metabolism has been extensively investigated. As 
noted above, insulin resistance impairs the normal inhibition of fatty acid release from adipose tissue, that is, 
fatty acids are released from adipose tissue and delivered to the liver at an abnormally high rate. A normal 
function of insulin is to balance the generation of triglycerides from the liver with generation from the 
gastrointestinal tract after a meal. With sustained delivery of free fatty acids from the periphery in type 2 
diabetes, the liver may be forced to inappropriately produce triglycerides which favors hypertriglyceridernia. 
Further complicating the picture is the influence of type 2 diabetes on catabolism of triglyceride rich lipo
proteins . Lipoprotein lipase hydrolyzes triglycerides to free fatty acids for oxidation in tissues like the heart 
and skeletal muscle. Lipoprotein lipase is generally reduced somewhat in type 2 diabetes. Thus, the hypertri
glyceridernia of type 2 diabetes is multifactorial and relates to both overproduction and underutilization of 
triglycerides. 

The other characteristic feature of diabetic dyslipidernia, depressed HDL, may be related to the 
hypertriglyceridernia and in particular the delayed metabolism oftriglyceride rich lipoproteins. This 
prolonged residence time in the blood and slow metabolism of triglyceride rich lipoproteins reduces the 
availability of surface remnants which must be incorporated into the HDL. Further, triglycerides are thought 
to be exchanged with the HDL core which increases their catabolic rate, also reducing HDL levels. 

The excess risk of coronary events in patients with type 2 diabetes is due at least in part to this 
dyslipidernia. Hypertriglyceridernia and depressed HDLs probably play significant and independent roles . 
The importance of recently emphasized small dense LDLs in atherogenesis in these patients is less clear (67). 

Atherothrombotic state 

The potential effects of type 2 diabetes on the coagulation and fibrinolytic systems are complex. The 
constellation of high triglycerides plus vascular disease plus abnormalities of the coagulation cascade has 
been described as the atherothrombotic state. There is evidence that hypertriglyceridernia may be weakly 
associated (13) with a decreased fibrinolytic capacity due to elevated of plasminogen activator inhibitor 
(PAI-l). The concentration ofPAI-1 also is increased byhyperinsulinernia. Other factors being equal, these 
effects would decrease fibrinolysis. Endothelial dysfunction may further increase the risk of thrombosis and 
platelet adhesion. 

Impaired arteriogenesis 

Angiogenesis is defined as the sprouting of 
new capillaries (73). Arteriogenesis is defined as the 
structural enlargement, remodeling and growth of 
arterioles into functioning collateral arteries (73). One 
histological difference, of course, is that capillaries 
lack smooth muscle cells and are therefore likely to 
rupture. The physiological difference is that coronary 
flow can be substantial through collateral arteries. 
More recently it has also become apparent that the 
physiological stimulus for angiogenesis, hypoxia, 
plays little if any role in arteriogenesis. Since diabetes 
stimulates angiogenesis in the retina, it might be 
anticipated that collateral arteries are also more pro
minent in diabetics. In a recent angiographic study (1) 
patients with diabetes were less likely to demonstrate 
coronary collateral arteries in spite ofhaving some
what more extensive coronary artery disease. In spite 
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of numerous limitations in this study (retrospective, uncontrolled, nonrandomized, coronary artery evaluation 
by visual inspection) it nevertheless suggests another reason why patients with diabetes may not tolerate 
coronary artery disease. 

Autonomic dysfunction and silent ischemia 

Silent ischemia, defined as ST depression without obvious symptoms, is more common among 
people with diabetes during normal activities or on a treadmill test (87). Similarly, silent myocardial infarc
tion, defined as new Q waves on surveillance electrocardiograms without obvious symptoms, are more 
common among patients with diabetes mellitus (57). The inability of patients with diabetes mellitus to 
perceive or communicate symptoms of ischemia may contribute to the increased risk of cardiac complica
tions, particularly after PTCA or in the period after an MI. 

A distinct but conceivably related abnormality among patients with diabetes mellitus is the apparent
ly attenuated parasympathetic innervation. This results in an increased heart rate, abnormal circadian varia
tion in heart rate, and may cause QT prolongation which may increase the risk of arrhythmic death (21, 85). 
This suggestion may have direct clinical significance in two respects. First, optimal glycemic control may 
reduce the development of the autonomic neuropathy. Second, 13-blockers increase heart rate variability after 
MI, (72), 13-blockers may be particularly indicated among diabetic patients with atypical or absent symptoms 
of ischemia. 

The cardiac autonomic dysfunction oftype 2 diabetes has been assessed recently using 1231 -labeled 
metaiodobenzylguanidine (MIBG, see Figure 2). It is a norepinephrine analogue that is actively transported 
into sympathetic nerve terminals . MIBG imaging is considered to reflect cardiac sympathetic innervation. 
Although MIBG uptake was not always uniform in the normal controls, it was more inhomogeneous amog 
patients with diabetes and uptake ofMIBG was reduced (46). 

HYPERGLYCEMIA 

Traditionally, therapy for patients with type 2 diabetes focuses on normalizing glucose levels as 
monitored by the hemoglobin Ate· For patients with coronary disease, the wisdom of this approach depends 
on the answer to two questions: 1) Will control ofhyperglycemia reduce the risk of future coronary events? 
and 2) Does the therapy itself make any difference? This topic is far beyond the scope of this review, but one 
basic controversy revolves around the value of controlling blood glucose by increasing blood insulin. Since 
hyperinsulinemia is thought to be undesirable, it is theoretically most attractive to improve insulin sensitivity 
through weight loss and exercise or through pharmacologic therapy with either a thiazolidinedione or 
metformin which will reduce both insulin and 
glucose levels. Two other agents, sulfonylureas 
and insulin, lower glucose by increasing insulin 
levels. Ifhyperinsulinemia per se has contributes 
to the progression of CAD, then these 
approaches may be undesirable. 

Sulfonylureas 

Sulfonylureas are the most widely used 
oral hypoglycemic agents. Although they are 
effective in reducing plasma glucose, for the last 
30 years their safety for patients with known or 
suspected CAD has been in doubt because of 
results from the University Group Diabetes 

Table 2. First events among 1,441 patients with type 1 
diabetes randomized to conventional or intensive 
insulin therapy. From reference 16. 

conventional intensive 
fatal cardiac event 1 1 
sudden death 0 1 
nonfatal cardiovascular 13 1 
Major peripheral event 26 20 

TOTAL 40 23 
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Program (82). Patients with diabetes who were treated with tolbutamide experienced a higher cardiovascular 
mortality rate compared to patients treated with placebo. This study was widely criticized, but, since there 
were few alternatives for glucose control, their use was continued. More recently (80) there was no increase 
in cardiovascular events with sulfonylurea therapy. 

Sulfonylureas have complex nonpancreatic effects which appear to be closely related to the 
mechanism of insulin release in the p cell (47, 76). Under normal conditions an increase in blood glucose is 
thought to increase intracellular [A TP] which in turn inhibits potassium flux through the KATP channel, 
increases intracellular potassium and stimulates insulin release. Sulfonylureas close the A TP sensitive 
potassium channels in pancreatic p cells which enhances insulin secretion. Receptors for sulfonylureas are 
also present in the myocardium, but normally in cardiomyocytes the KATP channels are closed because of 
high levels of intracellular ATP. Little effect of sulfonylureas would be anticipated under normal conditions, 
but during ischemia a number of factors (intracellular acidosis, ATP depletion and accumulation of ADP) 
may allow opening of the KATP channels. Under these conditions sulfonylureas could conceivably influence 
the "normal" response to ischemia. Sulfonylureas increase the size of experimental myocardial infarction in 
animals, and the potassium ion channels may play also a role in ischemic preconditioning. Interestingly, 
sulfonylureas reduced the sensitivity of the surface ECG to ischemia. This property, if clinically relevant, 
could decrease the sensitivity of the ECG to ischemia, possible in patients with atypical chest discomfort 
when an accurate ECG might be most important. 

In addition to the UGDP study, there is other evidence that sulfonylureas have adverse effects in 
patients with coronary disease. Sulfonylureas are weak vasoconstrictors and have been reported to worsen 
outcomes after both elective (64) and urgent (24) coronary angioplasty. Thus, in spite of their glucose
lowering effects on insulin secretion, nonpancreatic activity may counterbalance these benefits. Some of the 
newer members of this drug class have reduced nonpancreatic activity and theoretically may have fewer 
adverse effects on the cardiovascular system. 

Against this background, however, a recent analysis of about 25,000 patients on sulfonylureas and 
19,000 patients on insulin from the Cooperative Cardiovascular Project found no adverse effects of sulfonyl
ureas on cardiovascular mortality (35). Sulfonylureas were not associated with increased rates of complica
tions or death after an MI in this older 
population. In sum, in spite ofthe 
very widespread use of sulfonylureas, 
their safety for patients with coronary 
artery disease is unclear. 

Insulin 

If insulin promotes athero
sclerosis then administration of insulin 
to a patient with high risk for coronary 
disease is inappropriate. Alternatively, 
it is plausible that the benefit of tight 
glucose control outweighs this risk. 

Some insight into the poten
tial value of tight glucose control 
comes from the Diabetes Control and 
Complications Trial (DCCT). This 
study was restricted to young patients 
(13-39 years) with type 1 diabetes but 

50 

40 
Absolute risk: 

30 
Events per 

1000 20 
patient-years 

10 

0 

Metformin • Intensive 0 
Conventional R 

Any diabetes All cause 
re lated endpoint morta lity 

Myocardial 
infarction 

Figure 2. Clinical endpoints among patients assigned 
intensive control with metformin (n=342), intensive 
control with chlorpropamide, glibenclamide, or insulin 
(intensive; n=951 ), or conventional control (n=411 ). *, 
p< 0.01; **, p< 0.05. From the UKPDS. 
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without known coronary artery disease and without hypertension or hypercholesterolemia (15, 16). The key 
finding, of course, was that intensive treatment reduced the risk of nephropathy, retinopathy and neuropathy, 
an observation confirmed in other studies ( 68). The investigators also reported the risk of coronary events, 
although the trial was not designed to investigate the effect of insulin on coronary disease. In the conven
tional treatment group (Table 2) there were 40 events and in the intensive group there were 23 events, al
though the difference was not statistically significant (p = 0.08). Patients enrolled in the intensive treatment 
are had a two fold increase in the risk of severe hypoglycemia. These results are consistent with the notion 
that tight control reduces the risk of major cardiac events, but at the risk of significant hypoglycemic 
episodes. 

These established benefits of insulin in type 1 diabetes and the trend for reduced complications 
related to coronary disease cannot be extended from patients in the DCCT to patients with type 2 diabetes 
since the latter often have vascular disease at the time of presentation and are often much older with 
associated risk factors such as hypertension and hypercholesterolemia that were excluded in DCCT. Further, 
the consequences of severe hypoglycemia in an older patient with vascular disease may be more serious than 
in a young patient without established atherosclerosis. 

A small number of randomized trials do have arms that compared intensive or moderately intensive 
insulin therapy to an alternative. Each of these trials is in some respect unsatisfactory. The UGDP has design 
flaws that have been extensively reviewed. The DIGAMI, discussed below, only enrolled patients 
immediately after an MI and may not be relevant to other patients. The UK and Japanese (63) trials enrolled 
relatively healthy patients, and the VA pilot study was quite small. None of these trials adequately addresses 
whether insulin therapy in type 2 diabetes accelerates the progression of coronary artery disease, but on the 
balance (Table 3) a clear adverse effect of insulin has not been demonstrated. 

Hyperinsulinemia is probably best considered to be associated with other risk factors. Based on this 
conclusion and the beneficial effects of insulin after MI (see below), control ofhyperglycemia with insulin 
even in patients with coronary artery disease is a reasonable option. 

Table 3. Randomized prospective trials of insulin compared to an alternative therapy among patients 
with type 2 diabetes: influence on coronary events. 

DIG AMI 
ref: 52,53 

UGDP 
ref: 82 

UKPDS 
Ref: 81 

VA 
Ref: 2 

UKPDS 
Ref: 81 

Design 

Insulin compared to oral agents 

Insulin compared to sulfonylurea 

Insulin compared to sulfonylurea 

Tight control with insulin compared to insulin 

Insulin compared to metformin 

*marginal statistical significance in a small trial 
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Insulin better 

Insulin better 

Insulin equivalent 

Tight control with insulin worse* 

Insulin worse 
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Metformin 

20 

10 

0 

Type 2 DM [~):t~J other D 

Metformin reduces hyperglycemia by enhancing 
insulin sensitivity and suppressing hepatic glucose Percent -1 0 
output which together result in a decrease in both insulin change 
and glucose levels. It also has the advantage of less -20 
weight gain. Since metformin as monotherapy is nearly 
as effective as a sulfonylurea in decreasing blood 
glucose, it makes sense to use it in patients with type 2 
diabetes. This agent was studied in a prospective trial of 
patients with type 2 diabetes and obesity (81). 
Considering all cause mortality, metformin achieved a 
36% reduction compared to either insulin or a sulfonyl
urea . Metformin is a biguanide, like phenformin which 
is no longer on the market because of a risk of lactic 
acidosis. The adverse effects ofmetformin include a 

-30 

-40 Chol HDL TG LDL 

Figure 3. Effects of gemfibrozil on lipids . The 
response of patients with type 2 diabetes compared 
to nondiabetic patients is shown. Results redrawn 
from the Helsinki Heart Trial. 

very rare lactic acidosis and it is contraindicated among patients with mild renal insufficiency and under con
ditions of reduced cardiac output. In spite ofthese concerns, the beneficial effects on both plasma insulin and 
glucose, the overall safety record, and the demonstrated mortality benefits make it a logical first line agent if 
adequate control can be achieved. As monotherapy, metformin is unlikely to perform better than a 
sulfonylurea in terms of glucose control. Combination of two complementary oral agents or combination of 
metformin (which increases sensitivity to the effects of insulin) with insulin to reduce the insulin dose could 
be justified. Unfortunately, whether these combinations have an influence on cardiovascular complications is 
not known. 

Troglitazone 

Troglitazone, one of the recently introduced thiazolidinediones, improves insulin sensitivity in 
skeletal muscle and liver. It is nearly as effective as sulfonylureas in reducing glycated hemoglobin (74). The 
insulin-sensitizing effect has the theoretical advantage of improving a fundamental defect in type 2 diabetes, 
and therefore it is an attractive long-term agent. Troglitazone also lowers triglycerides and increase HDLs. 
An asymptomatic hepatocellular injury, usually manifest as an increase in serum transaminases, has been 
reported in 1-2% of patients. A small number of patients have sustained severe injury (84). Since metformin 
decreases hepatic glucose production and troglitazone increases insulin sensitivity, it may be attractive to 
combine these agents because of differing mechanisms of action. The combination of metformin and troglit
azone is effective and well-tolerated, but the effects on progression of coronary disease are unknown (30). 

DYSLIPIDEMIA 

As noted, type 2 diabetes is often associated with an abnormal lipid profile that may be causative in 
the progression of coronary disease. Aerobic training, a high fiber diet, estrogen replacement therapy where 
appropriate and weight loss may significantly improve the lipid profile. However, if these measures are 
unsuccessful, specific pharmacotherapy, integrated into therapy for hyperglycemia, is indicated. Since the 
association between triglycerides and subsequent coronary events seems to be strong in patients with type 2 
diabetes, hypertriglyceridemia deserves particular attention. Subgroup analyses of three large trials have been 
reported (Table 4). 
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The benefits of treating dyslipidemia in diabetics has been reported in subset analyses from three 
larger studies. The Helsinki Heart Study (HHS, ref 41) enrolled 4081 men, of whom 135 had type 2 diabetes 
at entry. Criteria for diagnosis included diet treated diabetes (93 patients), fasting hyperglycemia (26 
patients), or treatment with oral hypglycemics (16 patients). The incidence of coronary events, defined as 
myocardial infarction or cardiac death, was significantly greater among patients with type 2 diabetes than 
among nondiabetics over 5 years. Among the patients with type 2 diabetes, the risk of coronary events was 
3.4% on gemfibrozil and 10.5% on placebo. This difference was not statistically significant (p = 0.19) but the 
trend for this low-risk population favored gemfibrozil. Within the entire study, the patients who benefited the 
most were those with low HDL and high triglycerides, that is, among patients with the atherogenic dys1ipid
emia profile. Although type 2 diabetes may disrupt normal triglyceride and HDL metabolism, a differential 
effect of gemfibrozil on lipids in patients with diabetes was not detected (Figure 3). High triglycerides may 
predict beneficial effects from gemfibrozil (56). 

Table 4. Subgroup analysis of three trials of lipid-lowering treatment: 5 year risk of coronary events. 

STUDY 
(total pts) 

HHS 
(4,081) 
ref: 41 

CARE 
(4,159) 
ref: 71 

ssss 
(4,444) 
ref: 66 

Patients with 
diabetes 

135 

586 

202 

Patient features 

No known CAD, non-
HDL cholesterol > 200 
mg/dL 

Prior MI, average 
cholesterol was 209 
mg/dL 

Prior MI or angina, 
average cholesterol was 
262 mg/dL 

Intervention Events on Events on 
placebo therapy 

gemfibrozil 10.5 3.4 

pravastatin 37 29 

simvastatin 45 23 

The Scandinavian Simvastatin Survival Study (SSSS) enrolled patients with prior MI or angina, and 
reported on the subset of patients with diabetes. Patients had increased total cholesterol, but triglycerides 
were less than 220 mg/dL. In that study, the difference between placebo (25% mortality) and simvastatin 
(14% mortality) was not significant, but the risk of a cardiac event was reduced among patients with type 2 
diabetes, with a risk reduction similar to nondiabetic patients. 

The Cholesterol and Recurrent Events Trial (CARE) enrolled patients with prior myocardial 
infarction and average cholesterol levels, 209 mg/dL. Among those with diabetes, the major coronary event 
rate was reduced from 37% on those treated with placebo to 29% for those on pravastatin, a difference that 
was statistically significant (p < 0.05). Interestingly, the greatest benefit in the overall trial was among 
patients with triglycerides less than 144 mg/dL. 

These trials suggest that treating dyslipidemia among patients with diabetes confers approximately 
the same benefit, defined as relative risk reduction for coronary events, as similar treatment among patients 
without diabetes. Other benefits may accrue from cholesterol lowering therapy such as retarding diabetic 
nephropathy (45). Unfortunately, the absolute event rate is higher for all patients with diabetes, whether or 
not they receive therapy. Hence, patients with diabetes benefit at least as much as patients without diabetes, 
but the therapy does not normalize the risk, i.e., bring the risk down to the level of a nondiabetic patient. 
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A statin is indicated among patients with type 
2 diabetes mellitus and hypercholesterolemia with 
normal or mildly elevated triglycerides. Among 
patients with low HDL and marked elevation oftri
glycerides, gemfibrozil should be considered. Combi
nation of fib rates and a statin theoretically offer 
optimal treatment of the diabetic dyslipidemia, but the 
effects on coronary events are unknown, and rhab
domyolysis has been reported (65). 

Patients with diabetes often have a recently 
characterized form of LDL which is smaller and 
denser than normal LDL particles. Since these 
particles are easily oxidized, antioxidant therapy may 
prevent coronary artery disease. One trial suggested 
that vitamin E reduces the risk of infarction, but this 
was not confirmed in two recent reports. 

Niacin is effective in improving the profile of 
atherogenic dyslipidemia. It improves levels ofHDL, 

One year 
mortality 

(%) 

20 

15 

10 

5 

0 

beta blocker 

no beta blocker • D 

Diabetic Diabetic not Not 
on insulin on insulin Diabetic 

Figure 4. Effect of outpatient beta blocker therapy 
on one year mortality among elderly patients with 
diabetes who survived a myocardial infarction. 
From data in reference 12. 

triglycerides, and small dense LDL. Interestingly it also improves levels ofLp(a) lipoprotein, fibrinogen, and 
plasminogen activator inhibitor-!. Thus, unlike other agents, it improves some of the hemostatic 
abnormalities that may contribute to the risk of coronary disease. However, in nondiabetics niacin increases 
fasting glucose levels but does not increase Hb Ate. Glycemic control may deteriorate among patients with 
type 2 diabetes on niacin. In general, the concerns of impaired glycemic control plus the symptomatic side 
effects of niacin seem to outweigh its benefits, and niacin is not widely used for management of dyslipidemia 
among patients with type 2 diabetes. 

ANGINA 

Calcium-channel blockers are safe antianginal agents in diabetic patients. In one report (11), they 
had no effect on mortality among patients with diabetes. The dyslipidemia and glucose control were not 
affected. Nitrates are effective among patients with diabetes, but some may require higher doses (58). 

Table 5. 

STUDY 
(total pts) 

BHAT 
(4,163) 
ref: 39 

Norwegian 
(1,884) 
ref: 28 

Goteberg 
(1,395) 
ref: 51 

Subgroup analysis of beta blocker trials 

Number of Duration of followup 
patients with (months) 

diabetes 

55 25 

99 17 

120 3 

- 11 -

intervention Cardiac Cardiac 
mortality in mortality in 

diabetics nondiabetics 

propranolol t35% t25% 

timolol t63% t34% 

metoprolol t58% t30% 
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~ adrenergic blockers 

B-blockers impair the sensation of hypoglycemia 
(14) and for this reason have traditionally been avoided in 
patients with diabetes because they may mask adrener
gically- mediated symptoms of hypoglycemia (59). The 
American Heart Association and American College of 
Cardiology previously indicated that insulin use is a rela
tive contraindication to use of B blockers (70). However, 
hypoglycemia is a rare complication ofbeta blockers (25, 
44), so the relevant question is whether patients with 
diabetes mellitus actually benefit from B blockers. The 
important cardiac indications for B-blockers with type 2 
diabetes are to 1) reduce mortality after myocardial 
infarction, 2) improve survival for patients with a dilated 
cardiomyopathy, and 3) treat unstable angina (36, 37). 

20 

15 
cumulative 
myocardial 10 
infarction 

(%) 5 

0 
..... ~·· 

plaoeb~ 
/ 

/ 
/ 

:· aspirin 

0 1 2 3 4 5 6 7 

Time, years 

Figure 5. Effect of aspirin on 
myocardial infarction among patients 
with diabetes (20). 

Although the ideal studies have not been performed to analyze the efficacy of B-blockers for each of 
these indications among patients with diabetes, in general, the benefit for patients with diabetes mellitus is at 
least as great for patients without diabetes. Among a population of patients with type 2 diabetes, those 
patients treated with B-blockers have lower mortality than patients with diabetes who are not taking B
blockers. Perhaps the strongest evidence of benefit comes from a randomized trial ofatenolol among 
patients at risk of cardiac complications during noncardiac surgery. Diabetic patients randomized to atenolol, 
compared with non-diabetic patients, had no increased risk of death. Diabetic patients randomized to placebo 
had a four-fold increase in risk (55). Finally, results from subgroup analysis ofthe large secondary 
prevention trials also support J3 blockers (Table 5). 

The use of ~ - blockers to manage hypertension is less attractive because of the availability of ACE 
inhibitors (see below). 

Aspirin 

Table 6. Effects of antiplatelet therapy on vascular events. Data from reference 5. 

Diabetes 

No diabetes 

Number of patients 
assigned to a treatment 

group 

antiplatelet 

2248 

21136 

control 

2254 

21197 

Number of vascular events 

antiplatelet 

18.5 

12.8 

(%) 

control 

22.3 

18.4 

Among patients with diabetes at high risk for vascular disease or with known vascular disease, the 
Antiplatelet Trialists' Collaboration found a benefit of antiplatelet treatment in people with diabetes. The 
magnitude of that benefit was similar to the benefit among patients without diabetes. In a specific trial 
enrolling only diabetics on high dose (650 mg/day) aspirin, the Early Treatment Retinopathy Study found 
that aspirin reduced cardiac events over 7 years. Furthermore, aspirin did not increase intraocular bleeding 
among those patients with retinopathy. One caveat was raised by the ISIS-2 trial which found that patients 

- 12-



Type 2 diabetes and coronary artery disease- March 9, 2CXXl 

with diabetes mellitus did not benefit from aspirin at 
150 mg I day (31) . Since hyperglycemia may reduce 
the immediate antiplatelet effect of aspirin, perhaps a 
higher initial dose of aspirin is appropriate among 
patients with hyperglycemia in the setting of an 
unstable coronary syndrome. Of course, control of 
hyperglycemia may also be beneficial. 

HYPERTENSION 

Hypertension is often associated with type 2 
diabetes and is often present at the time of diagnosis. 
Perhaps the most important point to appreciate is that 
even mild hypertension amplifies the risk of 
coronary disease and vascular complications among 
diabetics. Control of blood pressure is associated 
with preserved renal function, and angiotensin
converting enzyme inhibitiors reduce the rate of 

100 
No diabetes 

Patients 95 · 

surviving 90 

after Ml 
(%) 85 

80 

0 5 10 15 20 25 

days 

Figure 6. The effects of diabetes on early survival 
after myocardial infarction. Redrawn from 
reference 86. 

progression of nephropathy in both type 1 and type 2 diabetes (48). Presumably, delay in progression of renal 
disease reduces the risk of cardiovascular complications, but this is not known. It is also likely that ACE 
inhibitors improve endothelial dysfunction which may be important in patients at high risk for coronary 
disease (54). In at least one report (19), fatal and nonfatal infarctions were more frequent in type 2 diabetics 
on nisoldipine compared to enalapril. 

Very recently, ramipril was shown to have remarkable beneficial effects among patients at high risk 
for cardiovascular disease but without heart failure or known left ventricular dysfunction (29). In this study 
38% of the participants had diabetes, and the magnitude of the beneficial effects were similar among patients 
with and without diabetes. The benefit of ramipril was almost certainly not due to its antihypertensive effects 
which were trivial in this study. It is interesting that ramipril had no effect on the more severe manifestations 
of either coronary disease or left heart failure such as hospitalization for congestive heart failure, hospitaliza
tion for angina, and angina associated with ECG changes. It is not clear ifthe benefits oframipril in this 
relatively healthy population are a class effect, but similar studies underway with other ACE inhibitors 
should prove helpful. 

Table 7. Effects oframipril on primary and selected secondary endpoints in the HOPE trial. All results are in 
percent, and all differences in this table (ramipril vs. placebo) where statistically significant (29). 

Ramipril 
Placebo 

MI, stroke, CV death 
14 

17.8 

revascularization 
16.0 
18.3 

New diabetes 
3.6 
5.4 

AUCHF 
11.5 
9.0 

Generally, cardioselective 6-blockers, calcium channel blockers and ACE inhibitors are all suitable 
for management of hypertension among patients with diabetes, and thiazide diuretics should be avoided. 
These recent results may indicate that ACE inhibitors are the first line of therapy for hypertension, and raise 
the question of whether all patients with type 2 diabetes should be on ramipril. 

ACUTE MYOCARDIAL INFARCTION 

Diabetics with a myocardial infarction are more likely to be older and female compared to a 
nondiabetic population, and they tend to seek medical attention later in the course of the infarction. Left 
ventricular function tends to be worse in patients with diabetes, and they have a higher incidence of 
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multivessel disease. Thus, it is not sur
prising that prospective trials found that 
insulin treated diabetics had an early 
mortality of twice control and noninsulin 
treated diabetics a mortality of about 1.5 
times control (Figure 6). However, 
analysis of the mechanism of this excess 
mortality is difficult because simple 
clinical variables such as older age and 
delay to therapy that predict poorer 
outcome are more prevalent among 
patients with diabetes . Other potential 
mechanisms of the excess mortality may 
be more subtle and include decreased 
success rate of lytic therapy, larger MI 
and a greater complication rate from 
primary PTCA. The Global Utilization of 
Streptokinase and Tissue Plasminogen 
Activator for Occluded Coronary Arteries 
(GUSTO -1) Angiographic Study 
provides some insight interaction of 
diabetes with clinical variables as well as 
angiographic variables after fibrinolytic 
therapy (Figure 7) . After correction, 
diabetes conferred a 2-fold excess 
mortality risk over a nondiabetic population. 

None 

Clinical: age , gender, prior 
Ml, HR, BP 

Angiographic: 90 min IRA 
TIM I flow and MV disease 

Angiographic and clinical 

-2.7 -2.1 

-2.4 

2.0 

0 1 2 3 4 5 

Odds ratio for 30 day mortality 

Figure 7. Effect of diabetes on 30 day mortality and 
interaction with clinical variables, angiographic variables, 
or·both. "None" indicates the raw excess risk of diabetes. 
"Clinical" indicates the risk after correction for the clinical 
variables, and "angiographic" is the risk after correction 
for angiographic covariates. Redrawn from reference 86. 

Table 8. Summary of results from Fibrinolytic Therapy Trialists Collaborative (reference 23). 

Number of patients Number of deaths, 
assigned to a treatment 0-35 days 

group (%) Benefit per 
1, 000 patients 

Fibrinolytic Control Fibrinol;y!ic Control treated (± s.d.) 

Diabetes 2236 2260 303 (13.6%) 391 (17.3%) 37 ± 11 

No diabetes 19423 19424 1697 (8.7%) 1981 (10.2%) 15 ± 3 

Fibrinolytic therapy 

The immediate goal of fibrinolytic therapy, restoration of patency in the infarct related artery, is 
equally likely to be achieved among patients with diabetes and without diabetes (86). Since vessel patency 
predicts outcome, this observation indirectly supports the use of thrombolytic therapy among diabetics. 
Direct support for the use of fibrinolytic agents comes from the Fibrinolytic Therapy Trialists Collaborative 
Group which summarized the results from all nine prospective randomized trials of fibrinolytic therapy 
involving over 1000 patients. Among the aggregate 58,600 patients, 4,496 had diabetes. The proportional 
reduction in mortality due to fibrinolytic therapy among diabetics tended to be greater than among 
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nondiabetics. The calculated absolute benefit of treatment, lives saved per 1,000 patients treated, was greater 
for patients with diabetes. 

Insulin and glucose 

When the myocardium is exposed to physiological concentrations of long chain fatty acids, glucose, 
lactate and ketones, the dominant source of energy production is through oxidation of long chain fatty acids 
with lesser contributions from lactate and ketones . The source of energy could influence outcome after 
ischemia through at least two well-investigated mechanisms. First, although glucose makes only a minor 
contribution to total energy production, ATP derived from substrate level phosphorylation during glycolysis 
is preferentially available for membrane-bound ion pumps. During or after ischemia it is conceivable that 
disruption of the intracellular ionic environment is corrected more rapidly when glucose is available for 
metabolism. Second, complete oxidation of long chain fatty acids produces less A TP per unit of oxygen 
consumed than does oxidation of carbohydrates . Although this difference is negligible for a well-oxygenated 
myocardium it is possible that under conditions of limited oxygen delivery improved myocardial efficiency 
may unprove recovery. 

Since at least the early 1960s there has been interest in improving left ventricular function after MI 
by modifying intermediary metabolism, particularly by stimulating glucose oxidation. There is some 
evidence for benefit by driving glucose oxidation among patients without diabetes (17, 22). In the Diabetes 
Insulin Glucose Acute Myocardial Infarction trial (DIGAMI, 620 patients, 80% with type 2 diabetes) patients 
with myocardial infarction were assigned to either intense combined glucose and insulin infusion for 24 
hours followed by subcutaneous insulin, or usual care. The remainder of patient management was up to the 
physician and included fibrinolysis, 13 blockers and aspirin in the majority of patients. Mortality was reduced 
by 30% in the intensive treatment group at 1 year, and the survival advantage persisted. An important 
observation may be that the benefit of insulin is most apparent in low risk patients, that is, young with no 
prior MI or heart failure (Figure 8). Perhaps an early switch to insulin has a much greater benefit than has 
been appreciated. 

This trial examined a complex treatment strategy which involved aggressive insulin therapy plus 
discontinuation of other hypoglycemic drugs during both the periinfarct and late period. Hence, the 
mechanism of the benefit could include reduced infarct size, reduced risk from oral hypoglycemic drugs 
during the periinfarct period, improved metabolic control late after MI, or other factors. Since the greatest 
benefit appeared to have been in patients not previously on insulin, the discontinuation of oral 
hypoglycemics may have played a role. The limitations of this study include its relatively small size and 
heterogeneous population which included type 1 and type 2 diabetes. Nevertheless, 80% of the patients had 
type 2 diabetes and this is one of the few trials to explicitly enroll only patients with diabetes. Since the 
magnitude was substantial and there is animal and theortical support 

Primary coronary artery angioplasty for acute myocardial infarction 

The P AMI trial confirmed the high in hospital risk for diabetics. Interestingly, the mortality rate for 
patients randomized to PTCA was 0% compared to 20.8% among patients managed with thrombolytic 
therapy. One should hastily emphasize that these are small numbers of patients analyzed in a retrospective 
manner. Together with the results from thrombolytic therapy trials, these results indicate that prompt 
reperfusion therapy is critical for patients with diabetes. 
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Figure 8. Long term 
60 mortality curves among 

patients in the total Mortality in the total 40 --··· DIGAMI cohort (top DIGAMI cohort(%) -··· -···· panel) compared to patients 20 ,_ ••• .-·· • insulin 
identified prior to •• 
randomization as low risk 0 

(bottom panel). Among the 
total DIGAMI cohort, 

Mortality among low absolute reduction in risk 40 

was 11%, p = 0.011. risk patients (%) ____ , .. 
Among the low risk 

20 .-·-.·· . 
[age<70, no prior -·-·--··· msuhn 

patients, absolute reduction •"" 0 ,. 
in risk was 15%, p = 0.004. Ml, no CHF] 0 2 3 4 5 

LEFT VENTRICULAR DYSFUNCTION 

Left ventricular dysfunction among patients with type 2 diabetes is often multifactorial and may 
include influences from left ventricular hypertrophy due to hypertension, prior unrecognized Mls, ongoing 
silent ischemia, endothelial dysfunction, collagen deposition, and abnormal substrate oxidation. Hence, the 
term "diabetic cardiomyopathy" is imprecise and perhaps misleading because of the depressingly negative 
connotations of cardiomyopathy. The combination of depressed left ventricular systolic function and type 2 
diabetes should be evaluated by cardiac catheterization. 

ACE inhibitors are better studied than most drugs for heart failure, and some randomized trials of 
ACE inhibitors in left ventricular dysfunction have reported a diabetic cohort. Subset analysis found similar 
benefits of ACE inhibitors for patients with and without diabetes. These drugs are indicated when systolic 
dysfunction is present, and may also benefit patients with diastolic dysfunction. When left-ventricular 
dysfunction is evident in a patient with type 2 diabetes, significant coronary artery disease must be excluded, 
and an ACE inhibitor is strongly indicated. Unfortunately, however, patients with type 2 diabetes and mild 
renal insufficiency are at increased risk ofhyperkalemia in the presence of ACE inhibitors. 

Table 9: Effect of enalapril on the risk of death or hospitalization in the Study of Left 
Ventricular Dysfunction. From reference 75 . 

DM 

67% 

55% 

Treatment trial 

NoDM 

54% 

46% 

Placebo 

Enalapril 
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CORONARY ANGIOPLASTY 

The initial success of PTCA in patients with diabetes is not different from the general population 
(Figure 9). However, the risk of restenosis, after either conventional balloon angioplasty (79) or 
intracoronary stenting, was initially thought to be increased among patients with diabetes . One report (69) 
suggested that diabetes increases the rate of new coronary lesions as a consequence of entering a coronary 
artery for angioplasty. A number of reports confirm the excess restenosis rate after balloon angioplasty (6), 
but the picture after stenting is less clear. In some studies diabetics had a much higher risk of restenosis after 
stenting, but Van Belle (83) recently reported the opposite: the restenosis rate was 25o/oamong diabetics and 
27% among nondiabetics . On the other hand, direct intravascular ultrasound studies indicate that the reason 
for exaggerated restenosis is due to neointimal hyperplasia (40). 

Table 10. Effect of abciximab on 6 month event rates among patients with diabetes. The number 
of patients experiencing each event is shown. TVR, target vessel revascularization. 

Stent + placebo (n= 173) 

Stent + abciximab (n= 162) 

p, abciximab vs placebo 

death 

3 

1 

0.35 

MI 

19 

10 

0.11 

TVR 

28 

13 

0.02 

Death, MI or TVR 

43 

21 

0.005 

Overall survival after PTCA among diabetics is worse than for patients without diabetes. The reasons 
are not clear, but higher rates of restenosis, more diffuse disease leading to incomplete revascularization, 
impaired sensation of recurrent ischemia, and other factors may contribute. 

The platelet lib/Ilia receptor antagonists have received intense evaluation because of their ability to 
reduce the frequency of acute coronary thrombotic events during and after percutaneous revascularization. 
Recently, a Ilbillla blocker, abciximab, was reported to have a surprising effect in patients with diabetes 
undergoing stenting. In that study a subset of patients with diabetes were randomly assigned to stent plus 
placebo, stent plus abciximab or balloon angioplasty plus abciximab (Table 1 0). 

Figure 9. Risk of complications 
related to PTCA. The risk of 
death, Q wave MI, emergency 
CABG, nonemergency or elective 
CABG and stroke among patient 
with diabetes and without diabetes 
are compared. There were no 
significant differences between 
the groups. Results from the 
BARI trial. 

RiskofPTCA 
Complications 

(%) 
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CORONARYARTERYBYPASSSURGERY 

The procedural success rate for bypass surgery among patients with diabetes is identical to those 
patients without diabetes. Perioperative mortality rates are not increased among patients with diabetes after 
bypass graft surgery, although the risk of wound infections is increased, and some surgeons avoid bilateral 
IMA grafts for this reason (3). Hospital stays tend to be longer for patients with diabetes after CABG (3). For 
the average patient (diabetic or not) the standard 
coronary artery bypass operation includes one 
internal mammary artery bypass (IMA). The 
primary benefit of an IMA, of course, is 
improved long term patency compared to 
reversed saphenous vein grafts. This benefit is at 
least as great among diabetics compared to 
nondiabetic patients (60). Overall, not using an 
IMA in a patient without diabetes generates about 
the same subsequent risk as bypass surgery 
including one IMA in a patient with diabetes. 

The long term prognosis is unfortunately 
(Figure 1 0) much worse among diabetics which 
may be a consequence of inexorable progression 
of vein graft disease in the setting ofhyper
glycemia and dyslipidemia. For example, in a 

5 year 
Mortality 
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40 

30 

20 
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0 
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D • 
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Figure 10. Five year CABG mortality rates. From 
references 8, 9, and 10. 

retrospective study from the Duke data base (8), unadjusted mortality after bypass surgery was significantly 
greater among diabetics than among nondiabetics . Even after adjustment for age, heart failure, severity of 
coronary disease and comorbid illnesses, the adverse impact of diabetes persisted. Similar observations were 
reported from the Coronary Artery Surgery Study Registry (9). In that report which focused on 317 patients 
with diabetes older than 65 years, the authors emphasized that elderly patients with diabetes benefit from 
bypass surgery. Nevertheless, diabetes remained an independent predictor of mortality die after CABG. In 
the Bypass Angioplasty Revasularization Investigation (BARI), diabetes also was associated with a higher 
mortality rate after CABG (10). 

Among the many trials with similar design (38), the BARI trial compared survival after bypass graft 
surgery or angioplasty in 1829 patients with multivessel disease suitable for revascularization by either 
method. In that study, 19% ofpatients were diabetic, a rather large proportion compared to many randomized 
trials. Patients with left main coronary artery 
disease, acute coronary syndromes or prior 
revascularization were excluded. Notably, 
recruitment was from 1988 to 1991, prior to 
widespread availability of stents or Ilb/illa 
inhibitors. Associated risk factors were 
significantly worse for the diabetic patients 
(compared to nondiabetic patients in the trial) 
and included higher triglycerides, higher 
prevalence of congestive heart failure, and more 
3 vessel disease. However, there were no 
significant differences in risk factors between 
the diabetic patients assigned to surgery 
compared to those assigned to PTCA. The 
primary endpoint was mortality at 5 years. 

Table 11. Outcomes in the randomized arm of the BARI 
trial (8). 

Cardiac death rate 
Diabetic patients n n % 

CABG with IMA 140 4 2.9 
CABG, SVG only 33 6 18.2 
PTCA 170 35 20.6 

Others 
CABG with IMA 586 27 4.6 
CABG, SVG only 130 7 5.4 
PTCA 734 35 4.8 
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Figure 11. Survival in the 
BARI trial. 1829 patients 
with multivessel coronary 
artery disease wer 
randomized to CABG or 
PTCA. Results are based on 
intention-to-treat analysis 
(from reference 8). 

Diabetic patients had a lower 5-year survival than non-diabetic patients, regardless of the treatment group, 
continuing earlier observations. Significantly, within the diabetic subgroup, the survival was 80.6% among 
patients assigned to bypass surgery but only 65 .5% among patients assigned to angioplasty. This superiority 
of CABG has also been supported in some observational studies (27). 

The poorer outcomes have been attributed to three factors . First, in patients with diabetes, disease is 
more extensive and revacularization by PTCA more difficult. Second, the rate of progression of coronary 
disease may is more rapid in patients with diabetes. Third, restenosis may be more difficult to detect in 
patients with diabetes mellitus (because of altered symptoms) and therefore the risk of USA or myocardial 
infarction may be increased. 

The difference in outcome between CABG and PTCA in this trial generated controversy which 
remains unresolved. One important question is the consistency of these findings with other trials. Similar to 
BARI, the Coronary Angioplasty versus Bypass Revascularization Investigation trial reported that patients 
with diabetes had better outcomes with bypass surgery. By contrast, the Emory Angioplasty Surgery Trial 
did not find a difference between outcomes among diabetics assigned to surgery compared to PTCA. The 
BARI registry of eligible patients not randomized also did not demonstrate the survival advantage of CABG 
(Table 12). The reasons for these discrepancies are unclear. Interventionalists may be quite adept at 
identifying subtle features of the angiogram or other factors that predict poor outcome. Surgery may be 
preferred with diffuse small vessel mulilesion coronary disease. 

Table 12. Comparison of outcomes for patients with diabetes: results from BARI, Duke, and BARI 
eligible but not randomized patients. 

Duke (9) 

BARI 

BARI eligible, not randomized 

PTCA CABG 

19% 

50% 

61% 

81% 

50% 

39% 
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CONCLUSIONS 

Most of the evidence for clinical decisions involving patients with type 2 diabetes and coronary 
disease is derived from 1) uncontrolled observational studies, 2) small retrospective subgroup analysis of 
larger trials, 3) extrapolation of results from trials involving type 1 diabetes, or 4) randomized trials of 
relatively healthy patients with type 2 diabetes. There is some evidence that therapies for type 2 diabetes may 
influence the consequences of coronary artery disease, but control of hyperglycemia (rather than the therapy) 
is the cornerstone. Patients with type 2 diabetes may respond differently to conventional therapy compared to 
nondiabetic patients. 

Key points: 

• After coronary artery disease is evident, the prognosis for patient with type 2 diabetes mellitus is 
much worse than for patients without diabetes. 

• Risk factor modification should include reasonably aggressive glycemic control and treatment of any 
dyslipidemia . 

• Widely- used therapies including beta blockers, angiotensin converting enzyme inhibitors, and 
calcium channel blockers are appropriate and effective for patients with type 2 DM. For some of 
these therapies, notably beta blockers and angiotensin converting enzyme inhibitors, the benefit may 
be substantially greater among patients with diabetes than among nondiabeteic patients . 

• The immediate procedural success rates for acute interventions -thrombolytic therapy, angioplasty, 
bypass surgery- are equivalent among patients with type 2 diabetes compared to a nondiabetic 
population. However, the long-term outcome after acute interventions is uniformly worse. 

• Management of type 2 diabetic patients with acute myocardial infarction should include rapid 
administration of fibrinolytics or primary PTCA, aspirin, and early B-blockade, all according to 
conventional protocols, except that at least 325 mg of aspirin should be given initially. Tight glucose 
control with insulin is likely beneficial if maintained throughout the post infarct period. 

• Revascularization by either angioplasty or by bypass surgery is appropriate for patients with type 2 
diabetes and poorly controlled angina. However, CABG may be preferred for patients with 
multilesion, multivessel coronary disease or three vessel disease plus depressed left ventricular 
function. 
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