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Abstract. Cardiovascular causes are the leading complications attributed to the increased mortality 

and morbidity in diabetic patients. Diabetes is associated with various micro- and macrovascular 

complications, including arterial hypertension, myocardial infarction and stroke. The latest 

addition to the growing list of target organ damaged by diabetes is diabetic cardiomyopathy (DC). 

DC has recently been identified as an independent entity in the absence of established diabetes-

concomitant cardiac disorders.  

         Several mechanisms are involved in the pathogenesis of DC. At cellular level, DC-induced 

left ventricular remodeling include cardiomyocyte hypertrophy, enhanced apoptosis and 

myocardial fibrosis. Changes in energy source utilization, generation of free oxygen radicals, 

activation of the renin-angiotensin system and mitochondrial dysfunction in response to chronic 

hyperglycemia and dyslipidemia are well-established major pathogenetic factors. These changes 

lead eventually to the development of the full-fledged diastolic and systolic heart failure.   

         Here, we review the pathophysiological basis and clinical features of DC, and discuss 

currently available therapeutic options. 
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1.       Introduction   

 

          Diabetes-associated heart disorders include coronary artery disease (CAD), 

cardiac autonomic neuropathy and diabetic cardiomyopathy (DC). While the first 

two entities are widely recognized by the healthcare community, there is still a 

low awareness for the latter disorder in clinical practice.  

The term “diabetic cardiomyopathy” was introduced by Rubler et al., who 

first described a marked left ventricular (LV) hypertrophy and fibrosis in 

autopsies from patients with diabetis mellitus and heart failure (HF) but without 

known CAD or hypertension [1]. Similar findings were later confirmed by Regan 

et al., who reported increased cardiac collagen and lipid accumulation in diabetes 

without CAD [2].  

Despite these reports, it remained controversial for decades whether DC 

exists independently from the common diabetes-associated co-morbidities. 

However, increasing experimental and clinical evidence in the last years identified 

diabetes as an independent risk factor for the HF development.  
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Key findings in DC include LV hypertrophy, fibrosis, diastolic and systolic 

dysfunction, calcium (Ca
2+

) dysregulation and mitochondrial dysfunction in 

response to the hyperglycemia- and dyslipidemia-induced cellular toxicity. 

Accordingly, the major diagnostic criteria include cardiac hypertrophy determined 

by conventional echocardiography or cardiac magnetic resonance imaging (MRI), 

and LV diastolic or systolic dysfunction in the absence of other contributory 

causes, such as CAD or hypertension [3]. 

In this review, we provide a brief update on pathophysiology, 

clinical/diagnostical features and management of DC.  

 

2.      Epidemiology 

 

Patients with diabetes often develop atherosclerosis and hypertension, both 

of which are major contributors to the development of HF. In addition, diabetic 

patients are more likely than non-diabetics to develop HF following myocardial 

infarction, despite comparable infarct sizes [4].  

The Framingham Heart Study reported a 2.4-fold increase in the HF 

incidence in diabetic men and a 5.1-fold increase in diabetic women, when 

compared with age-matched controls [5]. This association was independent of 

age, hypertension, dyslipidemia, obesity and CAD.  

More recently diabetes has been shown to act as an independent risk for HF 

when the effects of age, weight, cholesterol, blood pressure and CAD history have 

been considered [6]. In addition, patients with idiopathic dilated cardiomyopathy 

were found to be 75% more likely to have diabetes than age-matched controls [7]. 

Other large epidemiological studies have yielded similar results [8,9]. However, 

the exact prevalence of DC remains yet unknown. 

 

3.      Pathogenesis and pathophysiology 

 

The pathogenesis of DC is complex and multifactorial. Early abnormalities 

seen in animal models involve changes in myocardial structure, Ca
2+

 signaling 

and metabolism, induced by the hyperglycemia, dyslipidemia and inflammatory 

processes [10]. Besides, a number of other complex mechanisms, molecules and 

metabolic pathways including the renin angiotensin aldosterone system (RAAS), 

reactive oxygen species (ROS) are implied in the DC pathogenesis, leading to 

fibrosis and myocardial hypertrophy, the pathogenetic hallmarks of DC, and 

eventually to HF (Figure 1). 

 

Hyperglycemia and dyslipidemia-induced cardiac injury 

Diabetes is characterized by hyperglycemia and relative insulin resistance in most 

cases. Hyperglycemia-induced glucotoxicity plays a central role in the 

pathogenesis of DC. Enhanced glucose metabolism due to chronic hyperglycemia 

leads to the ROS overproduction from mitochondria and increased oxidative 

stress, which in turn induces cellular DNA damage and cell death [11]. 

Additionally, hyperglycemia causes an altered Ca
2+

 homeostasis in the diabetic 

cardiomyocytes, which is characterized by Ca
2+

 cytosolic overloading and 
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reduced mitochondrial adenosine triphosphate (ATP) production [12]. These 

pathways eventually promote myocyte fibrosis and lead to decreased systolic and 

diastolic function [13]. 

 

 
 

Figure 1. Pathophysiological basis of diabetic cardiomyopathy. Overview of major gluco- and 

lipotoxicity-induced cellular, structural and functional changes in DC. Abbreviations: FFA, free 

fatty acids; ROS, reactive oxygen species; RAAS, renin-angiotensin-aldosetrone-system. 

 

Another suggested pathophysiology for the cardiac dysfunction is the increased 

lipid toxicity due to the high levels of accumulating free fatty acids (FFA), leading 

to the additional abnormalities in Ca
2+

 handling [14]. Moreover, elevated FFA 

plasma levels also induce cellular insulin resistance by various mechanisms, such 

as activation of protein kinase C and peroxisome proliferator-activated receptor-

gamma and alpha [15]. Enhanced FFA oxidation and decreased glucose utilization 

lead to excess of glycolytic intermediates and increase the synthesis of ceramide 

leading to apoptosis. This combined gluco- and lipotoxicity induces mitochondrial 

uncoupling and dysfunction, decreases ATP synthesis, causing the perturbation of 

myocardial contraction/relaxation coupling, and finally, impaired systolic and 

diastolic function [16]. 

On the other hand, relative hyperinsulinemia causes an up-regulation of the 

RAAS. Consequently, the angiotensin II receptor density and mRNA expression 

are elevated in diabetic hearts [17,18]. RAAS activation leads to activation of 

mitogen activated protein kinases, which promote fibroblast proliferation and 

induce cardiomyocyte fibrosis and apoptosis, and triggers LV hypertrophy and 
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remodeling [19,20]. Elevated plasma aldosterone also aggravates cardiac fibrosis 

by stimulating the pro-inflammatory factors through activation of matrix 

metalloproteinases and the transforming growth factor beta [21]. 

 

4.     Clinical feature of diabetic cardiomyopathy 

 

As described above, diabetes induces a profound structural and functional 

remodeling in the heart. DC is a progressive disease with three developmental 

stages, beginning from the early asymptomatic stage to diastolic dysfunction and 

systolic HF at latest stage. During the initial step -where all changes take place at 

cellular and metabolic level- patients are largely asymptomatic. There is no 

impairment in systolic function. The intermediate stage is characterized by mild 

decrease in EF, LV ventricular dilatation and diastolic dysfunction. With further 

DC progression overt diastolic and systolic HF develops, accompanied by 

cardiovascular autonomic neuropathy, CAD and hypertension. 

The diastolic dysfunction usually precedes the systolic impairment in DC, 

and is the first clinical manifestation of this disease. The underlying mechanism of 

diastolic dysfunction in DC is likely due to the increased myocardial wall stiffness 

caused by myocardial hypertrophy, fibrosis and sub-endothelial edema, and 

subsequently resulting in high filling pressures of the LV and left atrium [22]. It is 

characterized by the inadequate relaxation of the myocardium during diastole, 

leading to impaired ventricular relaxation with reduction of the early and late 

phase of ventricular filling, as recorded by Doppler echocardiography.  

 

5.      Diagnostic approach 

 

Echocardiography 

Echocardiography is an easy and non-invasive technique for the determination of 

LV hypertrophy and the reduction of both systolic and diastolic myocardial 

function (Table 1).  

 
Table 1. Diagnostic tools in diabetic cardiomyopathy 

 

1. Serological markers 

- Hyperglycemia 

- Elevated HbA1c 

- Increased plasma BNP/NT-proBNP 

2. Echocardiography 

- LV-hypertrophy 

- Diastolic dysfunction (E/A<1; deceleration time >200 ms; isovolumetric 

relaxation time >80 ms) 

- Systolic heart failure (LV ejection fraction <55%) 

3. Magnetic resonance imaging 

- LV mass and volume 

- Systolic and diastolic dysfunction 

4. Heart catheterization 

- Hemodynamic assessment in cardiac chambers 

- Exclusion of coronary artery disease 
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Another accurate method to detect the global performance of the myocardium 

during the diastole and systole is the total ejection isovolemic index, which is 

directly proportional to the increased ventricular arrhythmogenicity and is directly 

associated with DC. The disadvantage of this echocardiographic marker is that it 

cannot predict the pathogenetic substrate involved in the dysfunction, as it could 

not measure the myocardial filling pressure or the systolic preload  

During tissue Doppler imaging, the myocardial tissue velocity during the 

cardiac cycles is measured and can be used to accurately assess the diastolic and 

systolic functions. The systolic dysfunction, as an indicator of the reduced 

contractility of the myocardium and LV ejection fraction, usually occurs after the 

diastolic impairment, suggesting a poor prognosis with increased mortality rate in 

these patients. 

Interestingly, the combination of LV dysfunction and diabetes influences 

the right ventricle function later in advanced stages of DC, and is associated with 

a poorer prognosis.  

 

Magnetic resonance imaging 

Cardiac MRI allows the accurate measurement of cardiac chamber size, ejection 

fraction and myocardial mass. Furthermore, cardiac MRI is useful in detection of 

myocardial scar, fibrosis or inflammation [23].  

Other modern techniques such as positron emission tomography and cardiac 

MRI with different radionuclides enabling the measurement of cardiac 

metabolism are now being validated in the DC diagnosis. Currently, their use is 

mainly limited to research, due to high costs, time constraints and the expertise 

required for assessment. 

 

Cardiac catheterization  

In general, invasive cardiac catheterization is a gold standard for hemodynamic 

assessment of the heart chambers allowing definite diagnosis of both diastolic and 

systolic HF. LV end-diastolic pressure or mean pulmonary capillary wedge 

pressure, the pillars of diastolic dysfunction, can be readily diagnosed by heart 

catheterization. 

Coronary angiography is used to rule out an underlying or concomitant 

CAD in the clinical setting of HF.  

 

Molecular and laboratory diagnosis 

Collagen deposition, one of the well-established pathogenetic factors of DC, 

provides another diagnostic tool at the molecular levels. Biomarkers of collagen 

synthesis, collagen degradation, extracellular matrix (ECM) turnover can be 

utilized in the detection of myocardial fibrosis. There is a strong correlation 

between changes in serum levels of biomarkers for the turnover of ECM proteins 

and ongoing cardiac remodeling [24]. These results support the concept that the 

combined used of ECM biomarker assays and imaging techniques may provide 

valuable information on diabetes-induced changes in cardiac structure/function 

[24,25]. 
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Plasma BNP, an important marker of cardiac hypertrophy released from the 

ventricles in response to myocardial stretch, is both sensitive and specific for 

congestive HF. Interestingly, the significantly up-regulated BNP gene expression 

was found in among animal models of hyperinsulinemia and insulin resistance 

[26]. However, plasma BNP can not reliably distinguish between systolic and 

diastolic HF, thus, limiting its routine diagnostic use in DC. 

The use of cardiac enzymes like troponin I or T in the DC diagnosis needs also 

further elucidation. However, some studies showed a high level of troponin T in 

infants with cardiomyopathy from diabetic mothers [27].  

 

6.      Treatment strategies 

 

DC is probably the complication of a long standing uncontrolled diabetes 

with other influencing metabolic factors like dyslipidemia and obesity. Currently, 

no specific treatment exists for DC. Therefore, efforts should be made to 

effectively treat the underlying disease and, thus, to prevent progression to DC. 

These include changes in lifestyle, improving diabetic control (e.g. metformin-

based treatment) and lipid lowering therapy (e.g. with statins). When HF becomes 

evident, treatment principles should be as same as for non-diabetic HF, which 

include β-blockers, diuretics, aldosterone antagonists and preload/afterload 

reduction.  

There are very few, if any, clinical trials on HF treatment available that 

specifically address HF in diabetic patients. The most evidence derives from the 

subgroup analysis of large HF studies. 

Angiotensin-converting enzyme (ACE) or angiotensin receptor (AR) 

antagonists inhibit the RAAS overactivity and improve diastolic dysfunction by 

reducing LV dilatation and wall thickness. In addition, ACE/AR-inhibitors have 

been shown to significantly reduce cardiovascular mortality in diabetic patients 

[28,29]. In addition, both drug classes diminished the incidence of new onset 

diabetes in large HF trials [30,31].  

Aldosterone antagonists reduce mortality in HF patients with reduced EF 

and are of benefit in patients with systolic HF and recent myocardial infarction, 

with or without concomitant diabetes [32,33]. 

The beta-adrenergic blockade emerged as a cornerstone therapeutic 

approach in systolic HF in the last two decades. Similarly, the beneficial effect of 

beta-blocker therapy in conventional HF treatment was also evidenced in the 

subgroup of diabetic patients. In the CIBIS II trial the efficacy of bisoprolol was 

similar in diabetic and non-diabetic HF patients with respect to all mortality and 

morbidity endpoints [34]. A subgroup analysis of MERIT-HF, COPERNICUS 

and COMET trials showed that beta-blockers reduce mortality and morbidity in 

both diabetes mellitus type 2 and non-diabetic patients without significant 

differences between the groups [35,37]. 

For diastolic HF, mortality reducing therapy is still missing.Trials 

investigating the use of ACE or AR inhibitors in diastol ic HF failed to show a 

reduction in mortality [38-40]. Similar results were very recently reported for 

aldosterone blocker spironolactone in the TOPCAT trial [41]. Even role of beta-
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blockers in diastolic HF remains also uncertain and needs further investigation 

[42,43]. 

A new realm in the therapy for DC is currently being researched in the areas 

of miRNA and stem cell therapy. Recent studies have uncovered key roles for a 

family of newly discovered small non-coding regulatory RNA molecules, known 

as microRNAs (miRNAs), in the control of diverse aspects of cardiac function 

and dysfunction in diabetes [44]. They have emerged as a therapeutic target for 

diabetes and diabetes-associated cardiovascular diseases. MiRNAs regulates 

insulin production, beta-cell differentiation, cardiac hypertrophy, fibrosis, and 

rhythm, and thereby may play a crucial role in cardiac remodeling in diabetes. 

Differential expression of circulatory miRNAs has potential as a biomarker for 

DC. It is documented that miRNAs regulate inflammation, epigenetic 

modifications, and autophagy and are altered by matrix metalloproteinase 9, 

homocysteine, and exercise, which are potentially associated with DC [45]. 

A number of studies show that miRNAs may play an important role in the 

etiology and pathogenesis of diabetes and its complications [46,47]. Though 

miRNAs and their roles in diabetes remain largely unknown, results from a 

number of studies and experimental evidence indicate that miRNAs may serve as 

potential biomarkers for the diagnosis and prognosis of diabetes. 

Cell therapy for human islet transplantation has been a successful treatment 

option for patients with type 1 diabetes for over 10 years, but is significantly 

limited by lack of suitable donor material. Stem cell therapy uses the ability of 

various stem cell types to generate pancreatic insulin-producing beta cells which 

may help to overcome the problem of the lack of donors for islet or pancreas 

transplantation, thereby reducing the chronic hyperglycemic state and indirectly 

reducing the whole cascade of events leading to DC [48]. A replenishable supply 

of insulin-producing cells has the potential to address this problem; however to 

date success has been limited to a few preclinical studies [49,50]. 

 

7.     Conclusion 

 

Cardiac abnormalities are common in patients with diabetes. DC is still a 

less-recognized complication of longstanding diabetes that is associated with 

significant cardiac morbidity and mortality. Pathogenesis of DC is multifactorial 

with major involvement of hyperglycemia- and dyslipidemia-induced cellular 

toxicity, apoptosis and impaired Ca
2+

 signaling, causing cellular hypertrophy, 

fibrosis and eventually leading to the development of overt diastolic or systolic 

HF. 

Clinical management of DC targets the underlying disease with life style 

changes, diet, battling the obesity and medication to reduce the hyperglycemia 

state, and management of HF in accordance with the current guidelines.  
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