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Reducing the impact of the diabetic heart’s
increased vulnerability to cardiovascular disease
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The relative impact of diabetes on cardiovascular
mortality is steadily increasing. The manifestations of
heart disease have an incidence several times higher in
diabetic patients than in their nondiabetic counterparts.
This is complicated by a specific risk factor complex
(hypertension; dyslipidemia; and autonomic, platelet,
and coagulation dysfunction) that requires incorporation
into study design and routine therapeutics. The phys-
iological specificity of diabetic cardiomyopathy s
diastolic dysfunction. The inability to increase
myocardial blood flow in response to ischemia even in
the absence of overt heart disease is independently
related to long- and short-term blood glucose control.
This forms the rationale for aggressive metabolic
management of acute events with insulin-glucose-
potassium infusion, combined with therapeutic strategies
such as preferential B-blockade with ACE inhibitor cover
for the increased risk of heart failure in infarction, and
the deployment of the same risk factor interventions as in
nondiabetics, only to markedly tighter targets: blood
pressure control <140/80 mm Hg, platelet stabilizing
and fibrinolytic therapy, lipid-lowering therapy,

and revascularization of multivessel disease,
preferentially with bypass surgery. However, all such
strategies require urgent ongoing review in prospective
clinical trials prestratified for diabetes, while patients
themselves deserve better structured cooperation between
diabetologists and cardiologists.
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espite considerable improvement in the
treatment of cardiovascular disease, a recent
US survey by Gu et al! clearly shows that

_ patients with diabetes mellitus have not
benefited from this to the same extent as their non-
diabetic counterparts. This survey makes it plain that
the decline in heart disease mortality in the general
US population is not paralleled by a similar decline
in patients with diabetes mellitus. Reduction in car-
diovascular risk factors and improvement in the treat-
ment of heart diseases thus seem to be less effective
in the diabetic population, with women being at a
particular disadvantage. In actual fact, the relative
impact of diabetes on cardiovascular mortality is
steadily increasing. Several explanations may be
advanced for the above.

First of all, there seems to be a misconception among
cardiologists that diabetes is an infrequent, unexciting
disease and, in any event, that it is usually “mild” and
“easy to treat.” In addition, cardiologists tend to focus
more on therapeutic measures directed toward the
cardiac manifestations of the condition, while not fully
appreciating that it is also necessary to address the
underlying metabolic disorder in order for the treatment
of the cardiac disorder to fully achieve its goal.

Such an attitude runs the risk of jeopardizing the out-
come of the condition, since, if not properly managed,
the metabolic disorder may cause unnecessary harm,
thus contributing to the prevailing dismal prognosis
of diabetic patients with cardiovascular disease.

For their part, diabetologists have, over the years,
made significant headway in the management of
insulin-dependent diabetes mellitus and the risk of
cardiovascular complications in non—insulin-dependent
diabetes. However, despite undeniable progress,

as reported for instance in the United Kingdom
Prospective Diabetes Study (UKPDS),2 many issues
still remain unresolved. Therefore, in our opinion,

the key to improved care for the diabetic population
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is increased cooperation between diabetologists,

who manage diabetic patients before the development
of cardiovascular complications, and cardiologists,
who come in at a more advanced stage of the disease.

A second explanation is that the true magnitude of
this subgroup of patients may be underestimated,
particularly in the context of interpreting the results of
clinical trials. This is because the incidence of diabetes
mellitus increases with age, and, since clinical trials
often set an upper age limit, this effectively excludes
many diabetics from inclusion—a factor that is exac-
erbated by the fact that patients with diabetes are
more likely than nondiabetics to be excluded from
clinical trials due to cardiovascular complications and
renal dysfunction. Proof of this is provided by clinical

trials that show that the diabetic subgroup usually
makes up 15% to 25% of all patients, a figure that is
considerably lower than the incidence of diabetics in
unselected populations of patients with cardiovascular
disease. The same is true of cardiology practice,
where diabetic patients are common, presenting
themselves with angina pectoris, myocardial infarction,
and congestive heart failure (CHF), with many requiring
coronary revascularization.

So what conclusions can be drawn from this?

First of all, more knowledge is definitely needed on
specifically tailored treatment for the diabetic patient
with cardiovascular disease. Studies on accurately
characterized diabetic patients with cardiovascular
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disease, including precise information on how the
condition was diagnosed and treated, are scarce.

This is also the case for large clinical trials with
prospective stratification of diabetic patients and
precise data on antidiabetic treatment and metabolic
characteristics, not to mention studies exclusively tar-
geting diabetic populations. This means that many of
the current therapeutic recommendations for diabetic
patients with coronary artery disease (CAD) are based
on retrospective subgroup analyses of clinical trials
conducted without any particular characterization or
stratification of the diabetic patients. This is astonish-
ing in light of the increasing prevalence of diabetes
mellitus in general and the increasing number of dia-
betic patients with manifestations of CAD in particular.
There is a clear need for further research in this field.

Second, contributing factors to the unfavorable prog-
nosis of diabetic patients with CAD have to be taken
into account when considering therapy. These include
widespread and diffuse CAD, microvascular dysfunction,
decreased vasodilatory reserve, decreased fibrinolytic
activity, elevated spontaneous platelet aggregability,
an atherogenic lipoprotein profile, autonomic dysfunc-
tion, and coexisting diabetic cardiomyopathy.
Metabolic factors also contribute to the poor prognosis,
in particular decreased insulin production associated
with increased insulin resistance, and increased and
less efficient metabolism of free fatty acids. The effect
of metabolic factors is further aggravated by the stress
induced by worsening angina or heart failure, and the
anxiety associated with impending myocardial infarction.

This article reviews some of the factors that contribute
to rendering the heart of the diabetic patient vulnerable.
It also looks at some of the preventive and therapeutic
options that may be proposed to reduce the impact
of cardiovascular disease in the diabetic subject.

EPIDEMIOLOGY

The worldwide prevalence of diabetes mellitus and,
in particular, type 2 or non—insulin-dependent diabetes,
which makes up about 90% of the diabetic population,
is currently increasing. The reasons for this increase
include the aging of the population, an increase in
average body mass, and decreased demands on
physical activity. Changing food habits also contribute,
particularly in the developing world. The worldwide
prevalence of diabetes mellitus in the adult population
was estimated to be 4.0% in 1995, a figure that is
expected to increase to 5.4% by the year 2025. Thus,

the number of diabetic patients is projected to rise
from the 135 million reported in 1995 to reach about
300 million by the year 2025. A major part of this
increase will occur in developing countries, from 84 to
228 million. However, a considerable rise is also to be
expected in the developed world, from 51 to 72 million.
In developed countries, the majority of diabetic
subjects are 65 years or older, a pattern that should be
even more pronounced in the future. In the developing
world, the majority of diabetic subjects are and will
continue to remain in the 45- to 65-year-old age-group.3

In type 2 diabetes, manifestations of atherosclerosis
are frequently already present at the time of diagnosis.
Conversely, approximately 20% of patients admitted
to Swedish coronary care units for myocardial infarc-
tion have diabetes. A recent health survey* reported
that 22% of diabetic patients had seen a cardiologist
during the previous 12 months and that up to 50%
had cardiovascular disease. Type 2 diabetes,
including the prediabetic period, is an important risk
factor for atherosclerosis. The increasing prevalence
of diabetes therefore suggests that a considerable
increase in diabetes-related cardiovascular disease
will take place in the near future.

In spite of therapeutic improvements, CHF continues
to be an important problem in cardiology, and mortality
and morbidity remain high. The current substantial
hospitalization rates for CHF account for a sizable
proportion of total health care expenditure.

Possible links between diabetes mellitus and heart
failure are therefore of considerable interest.

The Framingham study® was the first epidemiological
study to demonstrate an increased risk of CHF in
diabetic subjects. Compared with nondiabetic males
and females, the estimated increase in the incidence
of heart failure was multiplied by a factor of four and
eight in young diabetic males and females, respectively.
Ten percent of patients hospitalized for CHF in western
Sweden had diabetes mellitus according to a retro-
spective survey.¢ However, since this study excluded
individuals over the age of 65 and only patients on
insulin were classified as having diabetes, this number
is an underestimate of the true proportion.

The large angiotensin-converting enzyme (ACE) inhibitor
clinical heart failure trials offer somewhat less age-
restricted data. For example, the proportion of subjects
with diabetes was 23% in the COoperative North
Scandinavian ENalapril SUrvival Study (CONSENSUS)7?
and 25% in Studies Of Left Ventricular Dysfunction
(SOLVD).8 As studies are always carried out on selected
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populations, these figures also need to be interpreted
with caution. In the Randomized Evaluation of
Strategies for Left Ventricular Dysfunction (RESOLVD)
study,? the prevalence of diabetes was 27% at the time
of randomization. In this study, blood glucose was
measured at baseline and the most recent diagnostic
criteria for diabetes were applied, yielding a prevalence
of 35%. The discrepancies observed between the differ-
ent studies are due to several factors, principally age,
etiology, severity of heart failure, and the definition of
diabetes mellitus.

Reis et all0 evaluated specialty-related differences in
the care and outcome of patients admitted to hospital
for heart failure. They noted that as many as 38% of
all patients had diabetes mellitus requiring pharmaco-
logical treatment. Recent Italian cross-sectional data !l
indicate a 30% prevalence of diabetes in an elderly
heart failure population. The association with diabetes
was independent of age, sex, blood pressure, body mass
index, waist/hip ratio, and family history of diabetes.
Interestingly, the incidence of diabetes, calculated over
3 years of follow-up, was 29% in heart failure patients
initially free from this disease, compared with 18% in
a group of matched controls. Multivariate analysis
indicated that CHF independently predicted subsequent
type 2 diabetes. A possible explanation is that heart
failure increases the adrenergic drive, in turn resulting
in an increase in free fatty acid oxidation and insulin
resistance, thereby decreasing glucose oxidation and
precipitating type 2 diabetes.

A population-based study of elderly patients!?2
concluded that diabetes mellitus is an independent
risk factor for heart failure and that the risk increases
with severity of disease. Furthermore, multivariate
adjustment showed that an increase in baseline
HbA,. of 1% increased the risk of developing heart
failure by 15% in patients with and without known
diabetes. This indicates that the independent risk for
developing heart failure in diabetic patients may to
some extent be mediated by poor metabolic control.

In summary, there is consistent epidemiological evi-
dence that diabetes mellitus is frequent in a heart
failure population and that diabetes and heart failure
may be interrelated.

DIABETIC CARDIOMYOPATHY

Ever since the Danish internist Lundb&ck proposed the
concept in 1954,13 it has been customary to attribute

the increased susceptibility of diabetic patients to
ischemic heart disease to a diabetes-specific form of
myocardial disease termed “diabetic cardiomyopathy.”
Although the most common cause of death in diabetic
patients is not cardiomyopathy but CAD, heart failure
is more frequent in diabetic than in nondiabetic
patients with myocardial ischemic injury. This does not
seem to be due to more extensive myocardial damage,
as many reports show that infarct size is no larger in
diabetic than in nondiabetic patients.

Morphology

According to a recent extensive review by Hardin!4 of
the numerous investigations devoted to morphological
alterations in the diabetic heart, the most consistent
findings are myocyte hypertrophy, interstitial fibrosis,
increased periodic acid-Schiff (PAS)—positive material,
and intramyocardial microangiopathy. The fact that
there are no lesions specific to diabetes suggests that
the cause of diabetic cardiomyopathy may be found
at a functional or biochemical level. The structural
changes usually attributed to hypertension seem to
exert a synergistic effect, which may have important
implications for treatment in the light of the favorable
effect of antihypertensive therapy in diabetic patients,
as noted for instance in the Hypertension Optimal
Treatment (HOT)!5 study and UKPDS.2

Diastolic dysfunction

When a noninfarcted myocardial area is subjected to
acute ischemia, the usual response is compensatory
hyperkinesia, the purpose of which is to correct the
ejection fraction as far as possible. The Global Utiliza-
tion of Streptokinase and TPA for Occluded arteries
(GUSTO) trial,'¢ which included more than 300 diabetic
subjects in whom coronary angiograms were performed
90 minutes after thrombolysis, showed that there was
no difference in global ejection fraction between
diabetic and nondiabetic patients. In contrast,

the compensatory hyperkinetic response in noninfarct-
ed myocardium appears to be blunted in diabetic
patients, resulting in decreased regional ejection
fraction in noninfarcted myocardial areas. Follow-up of
the GUSTO trial indicated that CHF was almost twice
as frequent in the diabetic as in the nondiabetic cohort.
This is consistent with findings of Stone et al,17

who reported a higher incidence of heart failure in
diabetic patients despite smaller infarct sizes and
ejection fractions similar to those in subjects without
diabetes. In all, these findings are suggestive of
impaired diastolic function, which appears to be the
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most characteristic feature of diabetes-related
myocardial disease. Several studies!8 have established
that CAD, even in its asymptomatic form, is more
frequent in diabetics than nondiabetics, which may
provide an explanation for the blunting of the compen-
satory hyperkinetic response to ischemia and the
development of diastolic dysfunction. Diastolic dys-
function is an early sign of myocardial ischemia.

Most studies!? reporting diabetic cardiomyopathy did
not angiographically exclude coexistent CAD.

This must clearly be a requirement in future studies.

Myocardial blood flow

Impaired endothelium-dependent vasodilation
(endothelial dysfunction) is another factor liable to
compromise myocardial blood flow or impair its
ability to increase when required. Although endothelial
dysfunction has been documented in both type 1 and
type 2 diabetes, its mechanism is not fully understood.
Diabetic patients have a reduced myocardial flow
reserve compared with matched controls even in the
absence of overt heart disease. Acute hyperglycemia
may impair endothelium-derived vasodilation in
healthy humans. The inability to increase myocardial
blood flow is independently related to long-term blood
glucose control, but not to age, blood pressure,

or blood lipid profile.20 Accordingly, it may be assumed
that elevated blood glucose by itself plays a consider-
able role in the impaired vascular response, thus con-
tributing to the lack of hyperkinetic response and the
diastolic dysfunction seen in diabetes mellitus.

This provides a rationale for treatment aiming at strict
glucose control in order to reduce cardiovascular
events in the diabetic population.

Metabolic aspects

In an excellent review, Rodrigues et al?2! suggest that
metabolic factors may play a fundamental role in the
development of myocardial dysfunction unrelated to
macrovascular disease in diabetic patients. In addition
to hyperglycemia, diabetes is characterized by an
increased turnover of free fatty acids, which leads to
increased myocardial oxygen utilization and enhanced
intracellular accumulation of intermediates. This results
in a range of various deleterious effects such as pro-
motion of intracardiac conduction disturbances and
arrhythmias, interference with adenosine triphos-
phate—dependent ion pumps, and increased
o,-adrenergic response. As a result, intracellular
calcium is mobilized, causing calcium overload and
contractile dysfunction. The increase in free fatty

acids inhibits glucose transport and metabolism
independently of the effects of insulin deficiency.
Increased levels of citrate, produced by free fatty acid
oxidation, inhibit phosphofructokinase, leading to
decreased glycolysis and promoting glycogen
synthesis. Impaired glucose oxidation also leads to
lactic acid accumulation, which further promotes the
degradation of free fatty acids.

In summary, diabetes-related myocardial dysfunction—
in other words, diabetic cardiomyopathy—does exist
and has important clinical implications. It is charac-
terized by the absence of compensatory response to
myocardial ischemia or injury, and early impairment
of diastolic function. The pathophysiological
mechanisms, which are not yet fully elucidated, are
multifactorial, and include metabolic and vascular
components. This suggests that interventions aimed at
reducing hyperglycemia and increased free fatty acid
oxidation, eg, through intensive insulin treatment,
may be beneficial. Moreover, diabetes and hypertension
appear to exert a synergistic action on the development
of structural myocardial changes. This may explain
why vigorous treatment of hypertension is of
particular value in the diabetic patient.

AUTONOMIC DYSFUNCTION

Cardiac autonomic imbalance is a common conse-
quence of diabetes. One of its effects is decreased or
even abolished perception of ischemic pain.

Silent ischemia may cause asymptomatic myocardial
injury, with subsequent development of heart failure.
Some studies indicate that silent ischemia is more
frequent in diabetic patients than in their nondiabetic
counterparts, but this is not a completely consistent
finding.22 An increase in the pain perception threshold
following the onset of ST-segment depression during
exercise-induced myocardial ischemia has been
reported in some diabetic patients. These patients may
therefore be insensitive to anginal chest pain as a
warning sign of myocardial ischemia, thereby exposing
their hearts to an increased risk of injury.

Painless myocardial infarction has been related to
diabetic autonomic dysfunction. Atypical chest
discomfort as an expression of myocardial ischemia is
more frequent in patients with diabetes mellitus than
in those without.

Even more important may be the effects of decreased
vagal tone. Diabetic patients with disturbed autonomic
function have a higher heart rate than nondiabetic
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patients as a result of predominant parasympathetic
dysfunction preceding the involvement of the sympa-
thetic system.23 Tachycardia increases myocardial oxy-
gen demand and, as diastole is shortened, decreases
myocardial blood flow duration. Impairment of vagal
tone may also result in decreased heart rate variability,
which is of prognostic importance since it is associ-
ated with increased risk of sudden cardiac death.

PROTHROMBOTIC FACTORS

Diabetes mellitus impairs platelet function by acting

on various platelet activators, which results in increased
platelet aggregation. Furthermore, release of platelet

factor 4 and synthesis of thromboxane A, are increased
in diabetic patients. Glycosylation of the glycoprotein
[b/11la (GPIIb/1lla) receptor induces an increase in the
binding of fibrinogen to the receptor.24 This may explain
recent observations?> of a particularly favorable effect of
glycoprotein receptor antagonists in diabetic patients.

Diabetic patients are characterized by a concomitant
increase in fibrinogen concentration and decrease in
fibrinolytic activity. Although levels of tissue plasmino-
gen activator are usually normal or even somewhat
increased, its activity is decreased. Two reasons may
be invoked to explain this: increased concentration of
plasminogen activator inhibitor—126 and/or glycosyla-
tion of plasminogen .24

To summarize, as a result of these disturbances in
platelet function and the coagulation cascade,
diabetic patients are at higher risk of developing
thrombotic occlusions. Furthermore, the spontaneous
lysis of clots may also be considerably compromised
in these patients. The diabetic patient with acute
coronary syndromes therefore has a special need for
efficient platelet-stabilizing and fibrinolytic therapy.

CORONARY RISK FACTORS
AND THE DIABETIC PATIENT

Hypertension

Up to 70% of adults with type 2 diabetes have hyper-
tension, and several prospective studies indicate that
an increase in systolic blood pressure of 10 mm Hg
increases the risk of cardiovascular events by 20%.
Placebo-controlled trials have convincingly demon-
strated the efficacy of antihypertensive treatment in
reducing the risk of cardiovascular events in both dia-

10

betic and nondiabetic subjects (for a review see refer-
ence 27). Thus, the Systolic Hypertension in the Elderly
Program (SHEP)28 showed a twofold absolute risk
reduction with chlorthalidone-based and atenolol-
supplemented antihypertensive therapy in elderly
type 2 diabetic patients compared with nondiabetic
subjects. The SYSTolic hypertension in elderly in
EURope trial (SYST-EUR)29 recently reported similar
findings with the calcium antagonist nitrendipine.
The HOT study recently confirmed that diabetic patients
benefited more from intensive blood pressure reduction
than nondiabetic patients. Treatment in HOT was
initiated with the dihydropyridine calcium antagonist
felodipine and supplemented by an ACE inhibitor and
a B-blockers in case of insufficient blood pressure
control. The fundamental importance of tight blood
pressure control in patients with type 2 diabetes was
further emphasized by the recently published UKPDS
study,30 which indicated that B-blocker— and captopril-
based treatment were equally effective in the prevention
of macrovascular events. Furthermore, this study also
showed, for the first time, the efficacy of such treatments
in preventing microvascular events. However, compared
with patients treated with atenolol, patients allocated
to captopril treatment had lower HbA,. values over
the initial 4 years of follow-up and required less
additional glucose-lowering treatment during the end
of the study. A subgroup analysis from the recent
CAPtopril Prevention Project (CAPPP) study3! indicated
that captopril-based treatment was more effective than
B-blocker— and diuretic-based treatment in reducing
cardiovascular events in diabetic subjects. Interestingly,
captopril-treated nondiabetic patients had a 20%
lower incidence of new diabetes than patients
allocated to conventional treatment. The general
impression that arises from these studies is that the
target blood pressure should be low, of the order of
140/80 mm Hg or probably even lower in diabetic
subijects. In order to accomplish this goal, multiple
drug therapy is often needed. In the UKPDS study,30
for example, almost one third of the intensively
treated patients were at least on three different drugs.

A point of contention is whether calcium antagonists
are harmful in the treatment of hypertension in diabetic
patients, as ACE inhibitors have been shown to be
superior to calcium antagonists in two head-to-head
comparisons.32.33 At present, however, there is no
convincing evidence to support this. On the contrary,
it seems that ACE-inhibitor therapy, and possibly also
B-blocker therapy, protect the diabetic patient from
cardiovascular events beyond the effect of blood-
pressure lowering. Thus, it is suggested that the
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STUDY Risk reduction (%)

Risk reduction (%) Risk reduction (%)

Risk reduction (%)  Meta-analyses Meta-analyses

primary primary combined combined risk reduction (%)  risk reduction (%)
outcome outcome end pointf end point¥ combined combined
no DM DM no DM DM end pointt end pointt
no DM DM
48% 30 43 (NS) 34 55
CARE* 26 13 (NS) 26 13 (NS) 29 (18 to 39) 29 (-3 to 36)
LIPID*4! 24 Not given 25 19 (NS)

Table I. Effect of lipid lowering in patients with or without diabetes (DM) in large secondary prevention statin trials.

*Data are given for the total patient cohort, since patients with diabetes were not characterized separately.

tCombined end point, CHD-death, or nonfatal myocardial infarction.

drugs of choice for first-line use in diabetic patients
with hypertension are the ACE inhibitors, B-blockers,
and diuretics, while calcium antagonists should only
be considered following failure to fully control blood
pressure by other means.27

Dyslipidemia

Diabetic dyslipidemia is characterized by hypertriglyc-
eridemia and decreased high-density lipoprotein (HDL)
cholesterol levels. Hypertriglyceridemia is generally
two to three times more frequent in the diabetic than
in the nondiabetic population. The same is true for low
HDL levels. There are strong indications that hyper-
triglyceridemia is an independent risk factor for
cardiovascular disease in diabetic patients in whom
low-density lipoprotein (LDL) levels are relatively low,
as is the case in nondiabetics. Type 2 diabetic
patients also have an increased proportion of small
dense LDL particles compared with normoglycemic
individuals. Besides the altered LDL composition,
there is also firm evidence of increased oxidative stress
in type 2 diabetes. In diabetic patients, LDL is more
often glycated and therefore more likely to be oxidized,
thus increasing the atherogenic risk in these patients,
since oxidized LDL is more atherogenic than
nonoxidized LDL.34

So far, no trial has addressed the effect of lipid lowering
on hard clinical end points specifically in patients with
type 2 diabetes. Available data are derived from subgoup
analyses of clinical trials. The American Diabetes
Association3> currently recommends active pharmaco-
logical treatment in diabetic patients without known
cardiovascular disease when the LDL level is 3.4 mmol/L,
and in those with cardiovascular disease when the LDL
level is 2.6 mmol/L. Similar levels are also given in the
guidelines of the European Society of Cardiology.36

11

Previous primary prevention trials only included small
proportions of patients with type 2 diabetes. In trials
that focused on LDL reduction (eg, with statins),

it seems that diabetic patients benefited as much as
the overall study population.37 As regards fibrates,
the Helsinki Heart study38 showed promising data in the
diabetic subgroup; however, the numbers were small
and the overall trend toward increased total mortality
makes these findings difficult to interpret.

Several primary prevention studies including thousands
of patients with diabetes are currently under way with
different agents. The large secondary prevention studies,
such as the Scandinavian Simvastatin Survival Study
(4S),39 the Cholesterol And Recurrent Events (CARE)
trial 40 and the Long-term Intervention with Pravastatin
in Ischemic Disease (LIPID) trial4! are summarized in
Table I. Although the results vary somewhat, they are
consistent. A meta-analysis showed that risk reduction
for patients with and without diabetes was of the
same magnitude, 29%, but since the event rate is
higher in diabetic cohorts, the absolute benefit from
intensive lipid lowering is greater in diabetics.

REVASCULARIZATION

It is well known that life expectancy is decreased in
diabetic patients having undergone percutaneous
transluminal coronary angioplasty (PTCA) and coro-
nary artery bypass grafting (CABG), compared with their
nondiabetic counterparts.

No randomized trials have been performed to check
whether either of these two coronary interventions
actually improves the long-term prognosis in diabetic
patients. The available information is therefore based
on observational studies and registry data.
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According to the findings of the Bypass Angioplasty
Revascularization Investigation (BARI) 42 the 5-year
mortality in diabetic patients with ischemic heart
disease and 2- or 3-vessel disease was 35% in patients
randomized to PTCA, and significantly less, 19%,

in those randomized to CABG. These findings strongly
suggest that CABG should be preferred over PTCA in
diabetic patients with multivessel disease. In a two-
center database study43 totaling 15 809 patients
(including patients with 1- to 3-vessel disease) having
undergone either PTCA or CABG as initial revascular-
ization procedure, 1938 subjects (19%) had diabetes.
The overall 10-year survival for these diabetic patients
was better following CABG (60%) than PTCA (46%).
The survival advantage of surgery over angioplasty
was greatest for patients treated with oral antidiabetic
agents, less impressive for those on diet only,

and nonexistent for those on insulin. The principal
factors independently related to worse outcome in dia-
betic patients following PTCA were incomplete revascu-
larization and sulfonylurea treatment. There are also
indications that patients on sulfonylurea treatment
during direct PTCA for myocardial infarction have higher
in-hospital mortality than insulin- or diet-treated
patients with diabetes.44 The outcome of these
registry-based reviews reinforces the conclusions of
BARI according to which some subgroups of diabetic
patients may derive particular benefit from CABG.
PTCA in diabetic patients has also been associated
with a very high rate of restenosis and a higher
likelihood of procedure-related myocardial injury.4>

The purported risk of adverse cardiac effects with some
sulfonylurea compounds is of particular interest in the
context of revascularization, and the following expla-
nations are offered to fuel the ongoing debate on this
issue. In most species, the ATP-dependent potassium
channels play an important role in ischemic precondi-
tioning, which has a myocardial protective effect during
ischemia followed by reperfusion. Traditional sulfony-
lureas such as glibenclamide act to stimulate insulin
secretion by inhibiting the opening of the ATP-sensitive
potassium channels in the pancreatic B cell. However,
glibenclamide is not specific to the pancreas, but also
influences ATP-dependent potassium channels in
myocytes, mitochondria, and the vascular endothelium,
thereby inactivating preconditioning. Inhibition of ATP-
dependent potassium channels may also alter coronary
vasorelaxation and diminish the decrease in myocardial
contractile strength, impairing the protection of energy-
depleted myocytes. Second-generation sulfonylureas
such as glimepiride and gliclazide are considered more
pancreas-specific, thus less liable to be active on
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myocardial and vascular tissue.46 However, this needs
to be tested in large trials with clinical outcomes.

In light of the above, it may be speculated that CABG,
through the more complete revascularization it affords,
is less dependent on ischemic preconditioning than
PTCA, in which ischemic preconditioning may play a
more important role. Another speculation is that
improved metabolic control, presumably with insulin,
may improve the outcome of PTCA in diabetic
patients, since many factors associated with insulin
resistance and hyperglycemia are implicated in the
process of restenosis. Furthermore, strict insulin-based
metabolic control would probably decrease platelet
aggregability and improve spontaneous fibrinolytic
activity, two factors of importance in the process of
restenosis, and possibly even more so in the promotion
of acute ischemic complications following PTCA.
Diabetics treated with GPIIb/Illa-blocking agents have
recently been shown to fare particularly well thanks
to a reduction in postprocedural myocardial injury.

As emphasized in the introduction to this section,
comparisons between PTCA and CABG in diabetic
patients are limited by the fact that they are based on
subgroup analysis or retrospectively collected registry
data. Considering the large numbers of diabetic patients
that undergo either PTCA or CABG, prospective
randomized trials are needed and should be feasible.
These should include the best available backup therapy
and randomization to aggressive, rational insulin-
based metabolic intervention or conventional
antidiabetic treatment. There is a possibility that such
treatment may considerably improve the outcome in
PTCA and CABG, and decrease the currently reported
difference in outcome between these two procedures.

MYOCARDIAL INFARCTION

Until recently, some treatments that may be particularly
effective in diabetic patients have often been withheld.
One example is thrombolysis, which, based on a
single case report, was discouraged due to unverified
worries about bleeding. Likewise, B-blockade has often
been withheld on the strength of concerns about
deterioration of metabolic control and blunting of the
warning signals of hypoglycemia. These are typical
examples of myths that may have cost lives. Although
only partly based on prospective trials, there is firm
evidence that aggressive treatment with B-blockers
and metabolic intervention in fact improve prognosis
in diabetic patients with acute myocardial infarction.
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Thrombolysis and acetylsalicylic acid

Diabetic patients have a higher mortality following
myocardial infarction than nondiabetic patients.

A meta-analysis of 43343 myocardial infarction
patients, of whom 10% had a history of diabetes,
showed that thrombolysis resulted in a considerable
reduction in mortality in both groups, and that this
reduction was more prominent in the diabetic group:
the number of lives saved by thrombolytic therapy was
37 per 1000 treated patients in the diabetic cohort,
compared with 15 per 1000 in those without diabetes
mellitus.47 Angiographic data indicate a similar patency
rate in patients with and without diabetes mellitus
after thrombolytic therapy. Due to the higher risk,

the benefit-to-risk ratio of thrombolytic treatment is
more favorable in diabetic than in nondiabetic patients.
Extensive review of the literature does not reveal any
increased propensity for hemorrhagic complications
in subjects with diabetes mellitus who have been
subjected to thrombolytic treatment.

Reduction in platelet aggregation by means of aspirin
results in a substantial mortality and morbidity
reduction in all patients with manifestations of CAD,
including in the post-myocardial infarction phase.48
It has been claimed that diabetic patients need large
doses of aspirin for the suppression of platelet-
derived thromboxane A,. There is, however, no evidence
that aspirin would be ineffective in diabetic patients.
For the time being, and in the absence of further
data, it is recommended that aspirin be used for the
same indications and at the same dosage in diabetic
patients as in those without diabetes.

ACE inhibitors

The only study that reports on the outcome of diabetic
patients receiving ACE inhibitors early after myocardial
infarction is Gruppo Italiano per lo Studio della
Sopravvivenza nell'Infarto miocardico (GISSI-3).49
Fifteen percent of the study’'s 18 131 patients had dia-
betes mellitus. The decrease in 6-week mortality was
significantly greater in diabetic than in nondiabetic
patients receiving the ACE inhibitor lisinopril, whereas
this decrease was not statistically significant in the
nondiabetic group. The explanation may be that patients
with diabetes are at increased risk of heart failure
following acute myocardial infarction. Several studies
have indicated that ACE inhibition is most effective in
patients with compromised left ventricular function.
This finding should encourage more widespread use
of ACE inhibitors in diabetic postinfarction patients.

13

B-Blockers

B-Blockers decrease postinfarction mortality and new
infarcts in patients with a history of diabetes mellitus.
In the Gothenburg metoprolol trial, this decrease was
much more marked in the diabetic subgroup than
among nondiabetic patients (Figure 1).50 This finding
was confirmed in similarly defined patients such as in
the Norwegian timolol study®! and the Beta-blocker
Heart Attack Trial 52

There are several possible explanations for the partic-
ularly favorable effect of B-blockers during and after
myocardial infarction in diabetic patients. B-Blockers
have been shown to redirect myocardial metabolism
toward glucose utilization, decreasing free fatty acid
utilization. This shift reduces myocardial oxygen
consumption and may contribute to myocardial tissue
preservation. B-Blockade may also improve diabetic
autonomic dysfunction through a decrease in vagal tone
and an increase in sympathetic tone. Several studies
have reported that diabetic patients have a higher
admission heart rate than nondiabetic patients.

This tachycardia is reduced by B-blockade, thus protect-
ing the myocardium at risk. Furthermore, diabetics
are at increased risk of heart failure, and recent trials>3
have clearly documented the beneficial effects of
B-blockade in heart failure patients.

To conclude, liberal use of B-blockade is advocated in
diabetic patients with CAD, even though its rationale
is based on subgroup analysis. The fact that the
beneficial effects that have been reported in available
studies have a solid pathophysiological basis lends
further support to this view.
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Figure 1. Three-month mortality in diabetic and nondiabetic patients
treated with the f-blocker metoprolol in connection with myocardial
infarction in the Gothenburg metoprolol trial. Total number of patients =
1395, diabetic patients = 120 (9%). Based on data from ref 50.
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Metabolic intervention

Metabolic control is of major importance during
acute myocardial infarction, since, in diabetic patients,
fatty acid metabolism is increased and glycolysis
compromised, impairing both ischemic and non-
ischemic myocardial tissues. One way to decrease free
fatty acid oxidation is by infusing insulin and glucose.
Continuous intensive insulin treatment may also
improve platelet function, correct the disturbed
lipoprotein pattern, and decrease plasminogen
activator inhibitor (PAI-1) activity, thereby improving
spontaneous fibrinolysis. All these factors are closely
interrelated and may play a major role in the increased
mortality and morbidity following myocardial infarction
in diabetic patients.

These concepts are supported by the findings from the
Swedish DIGAMI study (Diabetic patients receiving
Insulin-Glucose infusion during Acute Myocardial
Infarction).>4.55 In DIGAMI, 620 patients with diabetes

and acute myocardial infarction were randomly assigned
to a control group or a group receiving intensive
insulin treatment initiated by insulin-glucose infusion
during the first 24 hours following a myocardial
infarction. The 1-year mortality rate was reduced by 30%
in the intensively treated group, and therapy tended
to favorably influence all cardiovascular causes of death.
Long-term follow-up of between 1.6 and 5.6 years
(mean 3.4) showed an 11% absolute mortality reduction
in the group subjected to intensive insulin treatment,
amounting to 1 saved life for every 9 patients treated
(Figure 2A). Of particular interest is the fact that
patients without previous insulin and at relatively low
risk benefited the most (Figure 2B). The average
decrease in HbA. (used as an index of improved
metabolic control) in these patients was 1.4%.
Multivariate analysis showed that old age, previous heart
failure, diabetes duration, admission blood glucose,
and admission HbA,. were independent predictors of
mortality in the total DIGAMI cohort. Parameters such
as previous myocardial infarction, hypertension,
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Figure 2. A: Actuarial
mortality curves during
long-term follow-up (mean
3.4 years) in patients
receiving insulin-glucose
infuston and in a control
group among the total
DIGAMI study cohort.

Death rate is No. of deaths /
No. originally in group. Total
number of patients = 620.
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Figure 3. Long-term mortality (mean, 3.4 years; range, 1.6-5.6 years)
according to admission blood glucose tertiles in the DIGAMI study.

Adapted from ref 56: Malmberg K, Norhammar A, Wedel H, Rydén L.
Glycometabolic state at admission: important risk marker of mortality in
conventionally treated patients with diabetes mellitus and acute
myocardial infarction. Long-term results from the Diabetes and Insulin-
Glucose Infusion in Acute Myocardial Infarction (DIGAMI) Study.
Circulation. 1999;99:2626-2632. Copyright © 1999, American Heart

Association, Inc.

smoking, or female gender did not have independent
predictive value. An interesting finding was that the
well-established relationship between admission
glucose and mortality was seen only among the control
patients, suggesting that appropriate metabolic treat-
ment during the peri-infarction period could attenuate
the harmful effect of a high admission glucose

(Figure 3).56 The findings also indicated that B-blockers
improved survival more in control subjects, whereas
thrombolysis was most efficient in the insulin group.
Thus, age, previous myocardial damage, and, not least,
the current state of glucose metabolism, were predictive
of long-term outcome in diabetic patients with myocar-
dial infarction. Institution of intensive insulin treatment
reduced the risk considerably, while B-blockers also
demonstrated striking secondary preventive effects.

The results of the DIGAMI study were lent further
credence by a recent meta-analysis®? and the ECLA
(Estudios Cardiologicos Latino America) glucose-
insulin-potassium (GIK) pilot trial,® while a Polish
study seemed to strike a discordant note.>?

e The meta-analysis,>” which included a total of 1932
predominantly nondiabetic patients, showed a propor-
tional mortality reduction of 28%, and an absolute
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number of lives saved of 49 per 1000 patients treated

with GIK. The treatment effect was even more manifest
when only studies utilizing high-dose intravenous GIK
regimens were taken into consideration. The effect of

GIK treatment might be even more dramatic in the field
of reperfusion, since experimental studies have estimated
that GIK treatment before reperfusion has the potential
to protect ischemic myocardium for 10 hours or more.

e The ECLA trial 58 which included 400 patients, showed
a nonsignificant trend toward reduction in major and
minor in-hospital events in patients allocated to GIK.
However, among the 252 patients who underwent reper-
fusion therapy, there was a significant (66%) reduction
in mortality and a consistent trend toward fewer in-hos-
pital events in the GIK group compared with controls.

e [n contrast, a recent study from Poland> reported that
there was actually an increase in mortality with the use
of GIK. However, the Polish study used a lower dose of
glucose and insulin and targeted a low-risk population,
which may explain the discordant results.

To conclude, this evidence in favor of GIK therapy
prompted a recent editorial in 7he Lancet,60

which stated that “these data are so convincing that
diabetic patients with acute myocardial infarction
should be given a modified regimen in accordance
with the DIGAMI protocol.”

CONGESTIVE HEART FAILURE

The treatment of symptomatic CHF is currently based
on principles such as those outlined in the ESC
guidelines 6! as discussed below.

Diuretics

Diuretics are mandatory in symptomatic patients, but
whether their use improves or worsens the prognosis
is not known. Although no studies have specifically
looked into the outcome of the use of diuretics in a
diabetic heart failure population, loop diuretics are
recommended rather than diuretics that risk further
impairing the glucose metabolic state.

ACE inhibitors

Subgroup analysis of mortality from large clinical trials
of ACE inhibitors in heart failure reveals that mortality,
as might be expected, is higher in the diabetic cohort
than in nondiabetic patients.
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e In the prevention arm of SOLVD,62 the efficacy of the
ACE inhibitor enalapril was found to be somewhat
more marked in diabetic than nondiabetic patients,
while it was approximately similar in the treatment
arm of SOLVD 8

e The Assessment of Treatment with Lisinopril And
Survival (ATLAS) trial®3 compared high and low doses of
the ACE inhibitor lisinopril over a period of 45 months
in heart failure patients of New York Heart Association
(NYHA) classes II-IV. Out of the total patient cohort of
3164 patients, 611 were diabetics. Mortality was consid-
erably higher in the diabetic subgroup than in the non-
diabetics. When compared with the respective low-dose
lisinopril groups, nondiabetic patients in the high-
dose lisinopril group had a 6% lower risk of death,
whereas diabetic patients in the high-dose lisinopril
group had a 14% lower risk of death. This emphasizes
the need for appropriate doses of ACE inhibitors for
diabetic as well as nondiabetic patients.64

e Post—-myocardial infarction patients with compro-
mised left ventricular function (left ventricular ejection
fraction |[LVEF] <40%) were assessed in the Survival
And Ventricular Enlargement (SAVE) study.65

The diabetic cohort had a higher morbidity and total
mortality than the nondiabetic group. In the diabetic
patients, treatment with the ACE inhibitor captopril
improved this unfavorable outcome to an extent similar
to that in nondiabetic patients.

In conclusion, ACE inhibitors are of value in diabetic
patients with CHF. Perhaps the relative efficacy is
more apparent in this subgroup than in nondiabetic
patients, in keeping with the fact that patients at high
risk benefit the most.

B-Blockers

No studies specifically address the use of B-blockers
in diabetic patients with heart failure except for a small
subgroup analysis from one of the branches of the
American carvedilol program,6¢ which indicated an
even larger treatment effect in patients with diabetes.
Findings from this analysis and experience gained from
treating acute myocardial infarction and post-myocar-
dial infarction patients suggest that B-blockers are of
benefit in diabetics with CHF.

Metabolic intervention

There are several reasons to assume that the prognosis
of patients with concomitant heart failure and diabetes
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mellitus would improve with strict metabolic control.
Thus, the suggested harmful effect of increased free
fatty acid oxidation and decreased glucose utilization
could be attenuated by such treatment. Metabolic inter-
vention with dichloroacetate has been used in nondia-
betic patients with severe heart failure 67 This compound
stimulates pyruvate dehydrogenase activity, thereby
facilitating glucose oxidation, while inhibiting free
fatty acid metabolism. Dichloroacetate resulted in an
increase in myocardial lactate extraction, together with
an increase in forward stroke volume and left ventric-
ular minute work, and a concomitant decrease in
myocardial oxygen consumption. It would be of consid-
erable interest to test such treatments in diabetic
populations with heart failure. Also of interest would
be to study whether improved metabolism favorably
influences the efficacy of conventional therapy in
diabetic patients with heart failure and has preventive
value regarding the development of heart failure in
diabetic subjects with cardiac disease. Studies on the
impact of strict metabolic control in patients with
congestive heart failure are urgently needed.

CONCLUDING REMARKS

This review attempted to summarize the available
information on diabetic patients with cardiovascular
disease. It is evident that few studies have addressed
this topic using a prospective trial design in diabetic
patients only, or with prestratification of diabetic
patients according to a strictly defined diagnosis and
treatment. Data from the only study conducted specif-
ically in diabetic patients, DIGAMI,>4.55 strongly favor the
concept of strict metabolic control based on insulin,
at least in diabetic patients with myocardial infarction.
There are several reasons to believe that such improved
metabolic intervention would make sense in several
other manifestations of cardiovascular disease in
diabetic subjects. Improved knowledge among diabetol-
ogists about the treatment and prevention of cardio-
vascular complications, and among cardiologists about
diabetology, is a prerequisite for progress in the care
of patients with diabetes mellitus and cardiovascular
disease. In view of the large and rapidly increasing
number of patients at risk, it is certainly urgent to get
started. The high costs associated with the management
of diabetic patients with cardiovascular disease
suggest that improved therapy will very likely be cost-
effective, as, for example, proved to be the case with
the aggressive metabolic intervention implemented
in diabetic patients with myocardial infarction in the
DIGAMI study.
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THREE KEY QUESTIONS

Having established that ensuring stricter meta-
bolic control is of paramount importance in
reducing the diabetic heart’s vulnerability to car-
diovascular disease, it is now time to turn to the
subtler aspects of the management of specific car-
diovascular complications in the diabetic patient,
which we could only touch upon here. This task
now falls to the experts who will address three
major topics. In “What is the most effective man-
agement of hypertension in diabetes?” Lionel
Opie looks at the implications of the forecast
increase in the number of diabetic patients devel-
oping hypertension; in “What is the most effec-
tive management of heart failure in diabetic
patients?” Aldo Maggioni and Giulio Zuanetti give
their view on how to deal with what they believe
is by far the most important complication of dia-
betes; finally, in “How can coronary artery
disease and infarction be best managed in
diabetes?” Laura Benzaquen and Richard Nesto
take stock of the increased propensity of diabetic
patients, compared with their nondiabetic coun-
terparts, to suffer acute coronary events, and give
a roundup of the means at our disposal for both
the acute and long-term management of diabetic
patients with CAD.
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