This is the Author’s version of the paper published as:
Author: Wang, Lexin; Owen, Norelle
Email address:- lwang@csu.edu.au
Year:- 2007
Title: Optimal glycemic control improves outcomes of heart failure
Journal The Internet Journal of Cardiovascular Research
Volume: 4
Issue: 2
ISSN: 1540-2592
URL: http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijcvr/vol4n2/glycemic.xml
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diabetes have an increased mortality and hospital readmission than those without diabetes.
Little is known about the impact of diabetes control on the clinical outcomes of heart failure. It
is likely that optimal control of diabetes with insulin or other hypoglycemic agents restores
myocardial metabolic imbalance and reduces mortality and hospital readmission in heart
failure.

CSU Research Output
http://researchoutput.csu.edu.au

1

Optimal glycemic control improves clinical outcomes of heart failure

Lexin Wang, M.D., Ph.D., School of Biomedical Sciences, Charles Sturt University,
Wagga Wagga, NSW 2678, Australia.

Short title: Diabetes and Heart Failure

-----------------------------------------------------------------------------------------------Corresponding author:
Prof Lexin Wang, School of Biomedical Sciences, Charles Sturt University, Wagga
Wagga, NSW 2678, Australia
Tel: +61 2 69332905

Fax: +61 2 69332587 Email: lwang@csu.edu.au

-------------------------------------------------------------------------------------------------------

CSU Research Output
http://researchoutput.csu.edu.au

2

ABSTRACT
There is a high prevalence of heart failure in patients with diabetes mellitus, due to
hyperglycemia-induced metabolic disturbances and remodeling of myocardium, as
well as the increased incidence of ischemic cardiomyopathy. Patients with heart
failure and concurrent diabetes have an increased mortality and hospital readmission
than those without diabetes. Little is known about the impact of diabetes control on
the clinical outcomes of heart failure. It is likely that optimal control of diabetes with
insulin or other hypoglycemic agents restores myocardial metabolic imbalance and
reduces mortality and hospital readmission in heart failure.
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Introduction
Previous studies have suggested that the prevalence of heart failure is several times
higher in diabetic patients than in age-matched control subjects (1, 2). Recent clinical
studies have also demonstrated that diabetes mellitus has a significant impact on the
prognosis in patients with heart failure. Patients with diabetes and heart failure have
higher mortality and hospitalization rates than patients with heart failure but no
diabetes (3-7). The increased risk for adverse cardiovascular outcomes seems to occur
mainly in diabetic and heart failure patients who had developed ischemic
cardiomyopathy (4). In contrast, patients with nonischemic etiology, diabetes was not
a predictor for all-cause death or cardiovascular death, or even associated with a
decrease in cardiovascular mortality (4).
Given the significant negative impact of diabetes on heart failure outcomes, the
potential of glycemic control for improving the outcome of diabetic patients with
heart failure has not been fully examined. It is likely that optimal glycemic control
might be able to reduce mortality and hospitalization in heart failure patients with
diabetes. This should be considered as part of a comprehensive management strategy
in such patients.

Pathophysiology of heart failure in diabetics
The mechanisms of diabetes in leading to heart failure are not entirely clear. Recent
studies have suggested several specific cellular or metabolic pathways in which
diabetes may compromise the myocardium leading to heart failure.
Firstly, the coexistence of myocardial ischemia, hypertension, and a specific diabetic
cardiomyopathy seems to independently and cooperatively contribute to biochemical,
anatomic, and functional alterations in cardiac cells and tissues that impair cardiac
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function (8). Diabetic cardiomyopathy, characterized by myocellular hypertrophy and
myocardial fibrosis, contributes to the high incidence and poor prognosis of heart
failure. Diabetic cardiomyopathy has been found to be associated with a depressed
mechanical function, electrophysiological abnormalities, defects in subcellular
organelles and receptor downregulation due to chronically elevated catecholamine
levels (8). Hypertension is a common complication of diabetes and is associated with
further damage to the myocardial contraction and ventricular function through
increased myocardial fibrosis and development of coronary artery disease or
myocardial ischemia (8).
Diabetic heart failure patients may have a higher risk of coronary plaque rupture
and thrombosis. Recurrent myocardial infarction is a major cause of death in patients
with ischemic heart failure. In addition, non-fatal myocardial infarction may further
deteriorate left ventricular function in patients with ischemic heart failure.
Secondly, autonomic dysfunction commonly seen in patients with diabetes may
contribute to the development of cardiomyopathy and heart failure. Renin-angiotensin
and sympathetic nervous systems are two important compensatory mechanisms to
maintain a relatively stable hemodynamics in the early stage of ventricular
dysfunction. Although activation of the adrenergic and renin-angiotensin systems is
quite effective for short-term compensation, there are long-term adverse consequences
of chronic activation to these systems that may override any initial benefit. The
harmful effect of long-term activation of these systems include progressive loss of
cardiac myocytes, cellular hypertrophy, depletion of high-energy phosphate reserves,
and norepinephrine toxicity, all of which may lead to further decreases of ventricular
function (9).
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Diabetes as a risk predictor for heart failure
The prognostic importance of diabetes in patients with heart failure was
demonstrated in the well-known Framingham publications (3). Retrospective analyses
of the SOLVD trials have suggested diabetic status may be useful as a prognostic
indicator in heart failure patients (10). In this study, both all-cause mortality and
cardiovascular mortality at a mean follow-up of 3 years were significantly higher in
diabetic than in non-diabetic heart failure patients (10). Recent evidence suggests that
the effect of diabetes mellitus on survival is more pertinent to heart failure of ischemic
origin; diabetes mellitus is associated with an increased risk for all-causes of mortality
in patients with ischemic heart failure, but not in patients with non-ischemic heart
failure (11). The effect of etiology was also recently studied in patients with advanced
heart failure whom enrolled in the BEST trial and this showed that diabetes conferred
an increased risk for adverse cardiovascular events in patients with ischemic etiology
(13). In contrast, patients with nonischemic etiology, diabetes was not a predictor for
all-cause death or cardiovascular death (12). Diabetics with heart failure of
nonischemic etiology may have opposite prognostic implications in heart failure with
ischemic etiology. In a relatively large cohort of study, diabetes was actually
associated with a decreased cardiovascular mortality (4). The reasons for the reduced
mortality in the non-ischemic heart failure patients are unknown and the results
should be interpreted with caution.

Conclusions
Although there is strong evidence for increased cardiovascular mortality in patients
with heart failure and diabetes, there is little prospective study on the benefits of
aggressive diabetes control in such patients. Patients with diabetes have an increased
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level of myocardial free fatty acids that have been shown to depress myocardial
contractility and increase myocardial oxygen consumption (13). A tight control of
hyperglycemia is expected to reduce the myocardial free fatty acids and improve
oxygen utilization. Recent studies have shown that optimal management of blood
glucose in a general diabetes population improves cardiovascular outcomes. In a
recent study that included 63% of cardiac surgery patients with and without diabetes,
lowering glucose to normoglycaemia allowed a 32% reduction of mortality from
multi-organ failure (14). In another study, patients with diabetes mellitus and acute
myocardial infarction, standard treatment plus insulin-glucose infusion for at least 24
hours followed by a multidose insulin treatment improved long term survival, and the
effect seen at one year continues for at least 3.5 years, with an absolute reduction in
mortality of 11% (15).
Therefore it is likely that optimal glycemic control with insulin or other
hypoglycemic drugs plays an important role in improving the clinical outcomes of
heart failure. Optimal glycemic control improves cardiac metabolism and
performance in heart failure patients by decreasing myocardial free fatty acid
oxidation and increasing glucose utilization, and may be particularly useful in heart
failure patients with ischemic cardiomyopathy. However, it is unclear as to how to
best achieve the optimal control of diabetes and what target levels of HbA1c are ideal.
Large-scale prospective clinical trials are required to clarify these issues.
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