
Diabetic Cardiomyopathy

I t has been over 30 years since Rubler et
al. (1) described four diabetic patients
with congestive heart failure (CHF),

normal coronary arteries, and no other
etiologies for CHF and proposed that it
was due to diabetic cardiomyopathy.
Eight years ago, I reviewed the evidence
for diabetic cardiomyopathy as a unique
entity unassociated with coronary artery
disease and concluded that diabetic car-
diomyopathy was a distinct entity charac-
terized by diastolic dysfunction, which
was rarely clinically apparent unless asso-
ciated with hypertension (when it was
likely to become clinically apparent)
and/or with myocardial ischemia (when it
was likely to present with severe clinical
manifestations) (2). At that time the evi-
dence also suggested that diastolic dys-
function was due to myocel lular
hypertrophy and myocardial fibrosis, and
at the cellular level there were defects in
calcium transportation, myocardial con-
tractile protein collagen formation, and
fatty acid metabolism (2). Since then we
have learned that diabetic cardiomyopa-
thy is not a rare condition but instead a
very common one, and that its etiology is
largely due to hyperglycemia with con-
tributions from the insulin resistance
syndrome that cause left ventricular
hypertrophy.

Left ventricular diastolic dysfunction
is characterized by impairment in early
diastolic filling, prolongation of isovolu-
metric relaxation, and increased atrial fill-
ing, and these characteristics have even
been documented in young type 1 dia-
betic patients (3). Older studies (4–6) of
well-controlled type 2 diabetic subjects
showed that 30% had diastolic dysfunc-
tion. However, this prevalence was based
on standard echocardiography testing, in
which mild and early diastolic dysfunc-
tion is not detectable in approximately
one-third of subjects. When more rigor-
ous Doppler methods are used, early and
mild diastolic dysfunction can be diag-
nosed. Using these methods in Olmstead
County, Minnesota, 52% of diabetic sub-
jects were shown to have diastolic dys-
function (7). Using similarly sensitive
methods, Porier et al. (8) showed the
prevalence of diastolic dysfunction to be

60% in well-controlled type 2 diabetic pa-
tients. Therefore, it is not surprising that
in this issue of Diabetes Care, Bertoni et al.
(9) have documented that the diagnosis of
idiopathic cardiomyopathy is more com-
mon in the diabetic patient.

While these studies of diastolic dys-
function were performed in diabetic pa-
tients with a normal left ventricular mass,
left ventricular hypertrophy is more prev-
alent in type 2 diabetic patients and con-
tributes to ventricular dysfunction. In the
Framingham Heart study, diabetic
women had a left ventricular mass 10%
greater than that of their nondiabetic
peers; and in the Tayside Study, left ven-
tricular hypertrophy was present in 32%
of normotensive type 2 diabetic subjects
who were not utilizing ACE inhibitors and
had no known coronary artery disease (10,
11). Unlike myocardial fibrosis, which is
likely due to hyperglycemia, left ventric-
ular hypertrophy is most likely related to
the insulin resistance syndrome (12).

The high prevalence of diastolic dys-
function is due to myocardial fibrosis, and
in the Strong Heart Study, the extent and
frequency of diastolic dysfunction was di-
rectly proportional to the HbA1c level
(13,14). The most likely reason for this
intimate association is the accumulation
of advanced glycosylation end products
(AGEs) in the myocardium (15). In ani-
mal studies the presence of diabetes re-
sults in increased myocardial AGE
receptor expression, increased cross-
linking of collagen, and myocardial fibro-
sis. With lysis of the collagen cross-links,
there was a decrease in myocardial fibro-
sis and an improvement in diastolic dys-
function (16). Intracellular myocardial
glycation also alters calcium homeostasis,
leading to myocardial dysfunction, which
can be reversed with an aminoguanidine-
induced reduction in glycosylation (17).
In animal studies, activation of protein ki-
nase C (PKC)-� activity by hyperglycemia
has resulted in myocardial necrosis and
fibrosis and ventricular dysfunction,
which again improved with the inhibition
of PKC-� (18). Hyperglycemia also in-
creases the myocardial content of free rad-
icals and oxidants, which decrease nitric
oxide levels, worsen endothelial function,

and induce myocardial inflammation
through stimulation of poly(ADP-ribose)
polymerase-1; yet poly(ADP-ribose)
polymerase-1 inhibition prevents and re-
verses these effects (19). Lipotoxicity due
to the elevation of free fatty acids (FFAs)
associated with hyperglycemia and/or in-
sulin resistance may also be a factor be-
cause FFAs and their oxidation products
may be directly toxic to the myocardium
and contribute to the development of di-
abetic cardiomyopathy (20).

Since diabetic cardiomyopathy is
now known to have a high prevalence in
the asymptomatic type 2 diabetic patient,
screening for its presence at the earliest
stage of development would be appropri-
ate in order to prevent the progression to
CHF. The most sensitive test for that is a
standard echocardiogram with pulsed-
wave Doppler examinations during the
second stage of the Valsalva maneuver
(7,8). However, the cost of this screening
is prohibitive, and a less expensive pre-
screening method needs to be devised.
Fortunately, detection of microalbumin-
uria, which should be performed annu-
ally in all diabetic patients, is an adequate
prescreening test. The Strong Heart Study
(21) showed that the degree of diastolic
dysfunction was proportional to the level
of microalbuminuria, even after adjusting
for age, sex, BMI, systolic blood pressure,
duration of diabetes, left ventricular mass,
and presence of coronary artery disease.
Furthermore, the Heart Outcomes Pre-
vention Evaluation (HOPE) (22) study
showed that the presence of microalbu-
minuria was associated with significant
risk for CHF. Because microalbuminuria
is a marker of endothelial dysfunction in
the glomerulus, which is an arteriole, it is
logical to postulate that endothelial dys-
function in the myocardium leads to in-
creased ventricular scarring and stiffness
(2). Therefore, the presence or develop-
ment of microalbuminuria warrants the
cost of echocardiography with pulsed-
wave Doppler evaluation, even in the
asymptomatic diabetic patient.

Documentation of diastolic dysfunc-
tion should result in the initiation of ther-
apy to prevent advancement to heart
failure. Achievement of glycemic control,
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preferably with agents that reduce insulin
resistance, is essential. In the future, the
availability of agents that prevent or re-
verse glycosylation and cross-linking of
collagen or decrease lipotoxicity or its ef-
fects will be helpful. At the present time,
we know that �-blockers and thiazo-
lidinediones shift the metabolism of the
myocardium from the use of FFAs to that
of glucose (23,24). In addition, thiazo-
lidinediones have been shown in animals
to decrease myocardial FFA content and
their toxic metabolites and improve ven-
tricular function (25). The initial defini-
tive therapy should be the use of ACE
inhibitors, which decrease left ventricular
hypertrophy and myocardial fibrosis,
prevent myocardial remodeling, improve
endothelial function, and lower insulin
resistance (26). Because the new diagnos-
tic criteria for heart failure regard the
presence of diabetes as stage 1 heart fail-
ure, even the addition of a �-blocker at
this early stage to prevent or reverse any
present myocardial remodeling is appro-
priate (27). Use of a third-generation
�-blocker such as carvedilol, which
through its �1 blockade has the advan-
tages of vasodilatation and lowering of in-
sulin resistance in addition to its proven
efficacy in heart failure, provides a dis-
tinct advantage in the diabetic patient
(28). Either spironolactone or eplerenone
because of antifibrotic effects in the myo-
cardium, also seem to be a logical therapy,
but they are unproven in diabetic cardio-
myopathy (29).

Therefore, the prevalence of diabetic
cardiomyopathy in the type 2 diabetic pa-
tient is higher than was previously be-
lieved, and diabetic cardiomyopathy is due
to diastolic dysfunction caused by myo-
cardial fibrosis, which occurs in response
to hyperglycemia. A definitive diagnosis
of diabetic cardiomyopathy can be made
by echocardiographic techniques, and
echocardiographic screening for asymp-
tomatic diabetic cardiomyopathy should
be performed in all asymptomatic dia-
betic subjects with microalbuminuria.
Identification of diabetic cardiomyopathy
should result in the initiation of therapies
to prevent the progression of diabetic car-
diomyopathy to CHF.
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