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The presence of diabetes in HF patients portends worse prognosis than does HF without DM. Heart failure in diabetes 
mellitus (DM) in the absence of conventional risk factors such as hypertension, coronary artery disease (CAD), and 
congenital or valvular heart disease, has been defined in the literature as diabetic cardiomyopathy (DCM). The question 
what are the link between DM and DCM? The answer of this question is not well understood. This review will identify the 
link between diabetes mellitus and DCM, will also explore the possible mechanisms and triggering factors or associations 
with emphasis upon the implications of new anti-diabetic treatment on preventing development of heart failure in DM. The 
keywords used in the literature search were heart failure, diabetes mellitus, cardiovascular disease in DM, diabetic 
cardiomyopathy and treatment of diabetes with heart failure. These keywords were synced into midline and google search 
to acquire literature reviews and structured topics in order to deliver significant understanding of the mechanism and 
factors contributing to the development of DCM. All heart failure secondary to known etiology such as hypertension, 
valvuler heart disease, coronary artery disease or cardio-myopathy without diabetes mellitus excluded. This literature 
review identify  several link between diabetes mellitus and heart failure in the absence of conventional risk factors (DCM), 
it also explore the possible mechanisms and triggering factors or associations with emphasis upon the implications of 
new anti-diabetic treatment on preventing development of heart failure in diabetic patients. It also give conception on 
what remedy can change the course of this disease. DCMhas a distinct substrate in DM patients with HF in the absence of 
known causes ofheart diseases and its factors. All proven evidence-based medicine for its treatment should be taken into 
consideration. Uses of new anti-diabetic medication may delay or prevent development of DCM. Further clinical studies 
and basic science advancement will recognize the context of DCM. 
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RAAS: Renin Angiotensin Aldosterone System, ACEI: Angiotensin converting enzyme inhibitor, ARBs: Angiotensin receptor blockers, BB: 
Beta Blocker, TZDs:Thiazolidinediones, DPP-4: Dipeptidyl peptidase 4, SGLT: Sodium Glucose-Linked Transporter 
 
 
BACKGROUND 
 
Heart failure (HF) is a complex clinical syndrome that 
results from any structural or functional impairments of 
ventricular filling or ejection of blood (Yancy et al., 2013). 
HF was associated with worse 5-year adjusted mortality 
than that of four common cancers, with the exception of 
lung cancer, in Scotland (Stewart et al., 2001). HF is 

responsible for high morbidity and mortality: in-hospital 
mortality of HF varied from 2.4% in the TSOC-HFrEF 
Registry to 10.2% in a Canadian study (Wang et al., 
2016; Adams et al., 2005; Harikrishnan et al., 2015; Tu et 
al., 2009). In type 2 diabetes mellitus (DM), 65% of death 
was  due  to cardiovascular disease. DM was responsible  
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Table 1. Staging of heart failure. 
 

Stage Descriptions 

A At high risk for HF but without structural heart disease or symptoms of HF. 
B Structural heart disease but without signs or symptoms of HF. 
C Structural heart disease with prior or current symptoms of HF. 
D Refractory HF requiring specialized interventions. 

 
 
 
for a 2-5-fold increase in HF and a 2-4-fold greater stroke 
risk, compared with non-DM. Finally, risk of coronary 
artery disease (CAD) death was 2-4-fold higher in DM 
(Bell, 2003). HF survival was worse in the presence of 
diabetes: the 5-year survival was 46% in those with HF 
alone but only 37% for those with both diabetes and HF 
(From et al., 2006). 

DM as a risk factor for cardiovascular disease is well 
defined and is considered as stage A HF, but DM as a 
direct cause of HF was not recognized until 1972. The 
term diabetic cardiomyopathy (DCM) was introduced by 
Ruble et al. in post-mortem studies in diabetic patients 
with HF in whom alcohol, hypertension, epicardial 
coronary disease and other structural heart disease had 
been ruled out as possible causes (Rubler et al., 1972). 
Since then, reports followed explaining the metabolic 
linkage between DM and HF. In diabetic patients, the 
prevalence of DCM was 12% and reached 22% in people 
over 64 years old (Bertoni et al., 2004). 

Phenotypically, HF is broadly divided into diastolic and 
systolic HF. Reports indicate that diastolic HF is a 
primary presentation of heart disease that is often already 
present in young, apparently ‘healthy’ diabetic people 
without additional cardiovascular risk factors (Zoneraich 
and Mollura, 1993). The diastolic dysfunction in DM 
patients was confirmed by autopsy studies that 
extensively summarized the morphological alterations 
that occur in the diabetic heart. The most consistent 
findings were myocyte hypertrophy, deposition of 
glycoproteins positive for periodic acid–Schiff (PAS) 
staining, interstitial edema, extracellular matrix 
accumulation and myocyte loss with subsequent 
replacement by interstitial connective tissue (Hardin, 
1996; Shehadeh and Regan, 1995). In this review, we will 
address the mechanisms of the biochemical and clinical 
linkages between DM and DCM, in addition to the 
treatment of DCM. 
 
 
METHODS 
 
The factors and mechanisms of DCM has been detected 
as a major eye opener and should not be neglected. We 
addressed the Question is diabetic cardiomyopathy 
standalone entity as a cause of heart failure? The 
following keywords used in the literature search were 
heart failure, diabetes mellitus, and cardiovascular 

disease in diabetic patient, diabetic cardiomyopathy and 
treatment of diabetes with heart failure. These keywords 
were synced into midline and google search to acquire 
literature reviews and structured topics in order to deliver 
significant understanding of the mechanism of diabetic 
cardiomyopathy. It will also lead to comprehension on 
which factors are contributing to the development of DCM 
and will give conception on what remedy can change the 
course of this disease. All heart failure secondary to 
known etiology such as hypertension, valvuler heart 
disease, coronary artery disease or cardio-myopathy 
without diabetes mellitus excluded. 
 
1 The evidence of DCM as stand-alone clinical entity 
 
DM is clearly known as a risk factor for poor 
cardiovascular outcome. What is less appreciated by 
physicians and still considered somewhat controversial 
by some cardiologists is the concept that DM affects 
cardiac structure and function independently of blood 
pressure or CAD. The following evidence strengthens the 
concept of DCM as an independent medical condition.    

First, the 2013 ACCF/AHA Guideline for the 
Management of HF (Yancy et al., 2013) considered DM 
as stage A, predicting the need for the prevention and 
early treatment of HF before it progresses to an 
advanced stage (Table 1). Diabetic patients with 
noprevious cardiovascular disease had the same long-
term mortality as non-diabetic patients with established 
CAD (Haffner et al., 1998).  

Malmberg K et al. confirmed the same facts in OASIS 
registry. (Malmberg et al., 2000). These data gave us the 
concept that DM had its own impact on poor 
cardiovascular outcome in the absence of CAD. Despite 
a comparable infarct size, diabetic patients have a far 
greater risk of developing HF post-myocardial infarction 
(MI) compared with non-diabetic patients (Kouvaras et 
al., 1988; Jaffe et al., 1984). This is explained by a lack of 
normal response in DM following MI: the surviving 
myocardium of non-diabetic patients becomes 
hyperkinetic to compensate for non-viable infarcted 
myocardium in an attempt to maintain cardiac output; 
however, in diabetic patients, these areas of myocardium 
cannot achieve this compensatory enhancement in 
function due to a complex set of intra- and extra-
myocardial factors superimposed on an already reduced 
coronary   artery   flow   reserve  (Nahser et al., 1995).  In  
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Table 2. Prevalence of diabetic patients in HF studies. 
 

Study name (reference) Total no. of patients Percentage of diabetics (%) 

ADHERE (Adams et al., 2005) 187,565 44 
EHFS- II (Nieminen et al., 2006) 3,580 33 
GULF CARE (Sulaiman et al., 2015) 5,005 50 
 EMPHASIS – HF (Zannad et al., 2011) 2,737 34 
ATLAS (Ryden et al., 2000) 3,164 19 
SOLVD (Shindler et al., 1996) 2,569 26 
HEARTS n (AlHabib et al., 2014) 2,610 64.1 
RO-AHFS (Chioncel et al., 2011) 3,224 33 
EPHESUS TRIAL (Pitt et al., 2003) 6,632 32 
ATTEND (Sato et al., 2010) 1110 34 
KOREAN H.F. REGISTRY (Youn et al., 2012) 1,527 31.4 
ITALIAN AHF (Tavazzi et al., 2006) 2,807 38 
OPTIMIZE-HF (Fonarow et al., 2004) 48,612 42 

 
 

 
                                               Yusuf et al., 2004                                                                           Lindström and Tuomilehto, 2003 

 
Figure 1. Relation between DM and HF 

 
 
 

addition, impaired augmentation of left ventricular 
ejection fraction (LVEF) occurs in as many as 40% of 
patients with diabetes (Scognamiglio et al., 1998).  

Second, the prevalence of DM in HF populations was 
overrepresented, varying from 20% to 60% (Table 2) 
compared with a prevalence of 4-6% in the general 
population. 

The explanation is summarized in Figure 1, where DM 
is a direct cause of cardiomyopathy and HF, as well as a 
risk factor for the development of CAD, which is the most 
common cause of HF. 

Third, the similarity of the risk factors for development 
of DM (Lindström and Tuomilehto, 2003) and risk factors 
for development of CAD (Yusuf et al., 2004) may explain 
the high prevalence of HF in DM. There is a relationship 
between microvascular complications and idiopathic 
cardiomyopathy (ICM) based upon a study that showed 

that DM is more likely to have ICM compared to non-
diabetes. The relative odds (RO) were 1.44 in non-
complicated DM, 1.54 in DM complicated by 
macrovascular disease, and 2.74 in DM with 
microvascular complications. This study concluded that 
diabetes was independently associated with ICM in the 
general U.S. population (Bertoni et al., 2003). In addition, 
microangiopathic changes in the small vessels of the 
heart of diabetic patients may contribute to DCM (Van 
Hoeven and Factor, 1989). 

 
2 Pathophysiology of diabetic cardiomyopathy 
 
A clear understanding of the pathophysiologic 
mechanisms of DCM cardiomyopathy is still lacking. 
However, several pathophysiologic disorders have been 
proposed to explain the structural and functional changes  



 
 
 
 
associated with DCM. These processes are not mutually 
exclusive and likely act synergistically to give rise to 
DCM. Hyperglycemia is a central driver in the 
pathophysiology of DCM because it can trigger several 
biological and cellular responses that occur in DCM. The 
following paragraphs will discuss the possible underline 
mechanism of diabetic cardiomyopathy under Nitric 
oxide, endothelial dysfunction and micro-angiopath, 
oxidative stress, fatty acid and Diabetic 
cardiomyopathy, cardiac autonomic neuropathy 
(CAN), myocardial cell hypertrophy, Renin 
Angiotensin Aldosterone System (RAAS) and 
treatment available for diabetic patient with HF secondary 
to diabetic cardiomyopathy. 
 
3.1 Nitric oxide, endothelial dysfunction and 
microangiopathy 
 
Hyperglycemia leads to impairment of endothelial cell 
nitric oxide (NO) production, which results in the 
endothelial dysfunctions that play a major part in the 
development of DCM. By means of protein kinase C 
(PKC)-mediated pathways, hyperglycemia paradoxically 
alters the function of endothelial nitric oxide synthase 
(eNOS) such that it acts as a superoxide generator that 
then becomes systematically activated in the entire 
vascular bed, regardless of the absence of 
atherosclerotic lesions (Guzik et al., 2002). 

Hyperglycemia increases production of vasoconstrictor 
prostaglandins and glycated proteins such as PKC, an 
intracellular signaling molecule activated in diabetes and 
can lead to endothelial dysfunction by reducing the 
bioavailability of nitric oxide while increasing oxygen-
derived free radical production (Aneja et al., 2008). 

Moreover, free radicals are potent stimulators of the 
programmed cell death that is substantially enhanced in 
diabetic hearts (Young et al., 2002). 

Hyperglycemia also increases endothelium adhesion 
molecules and platelet and vascular growth factors that 
cumulatively enhance vasomotor tone and vascular 
permeability, limiting growth and remodeling (Poston and 
Taylor, 1995; Tesfamariam et al., 1991). Endothelial 
dysfunction not only causes atherosclerosis but also 
reduces the development of collateral vessels. 

Hyperglycemia is associated with characteristic 
changes in the microvascular architecture that share 
endothelial dysfunction mechanisms. These changes 
include abnormal capillary permeability, microaneurysm 
formation, subendothelial matrix deposition, and 
formation of fibrosis surrounding arterioles (Aneja et al., 
2008). These changes occur in diabetic nephropathy, 
neuropathy, and retinopathy. Impaired coronary 
microvasculature is frequently observed in patients with 
type 2 diabetes mellitus (DM), insulin resistance, and 
DCM (Factor et al., 1984). This defect is caused by 
reduced levels of bioavailable nitric oxide (Zhou et al., 
2010). 
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Vascular endothelial growth factor is a critical mediator 

of angiogenesis and arteriogenesis. Decreases in these 
proangiogenic proteins are associated with microvascular 
endothelial cell apoptosis and endothelial dysfunction 
(Boudina and Abel, 2007). 
 
3.2 Oxidative stress 
  
Reactive oxygen species (ROS) which produced by 
hyperglycemia is responsible for development of DCM 
(Nishikawa et al., 2000), through changes in excitations 
contractions coupling of myocardial cell (Amour et al., 
2004). 

The ROS production in the heart of diabetic patients 
mechanistically is unknown. However some studies 
proposed that free fatty acids (FA) promote productions 
of ROS (Boudina and Abel, 2010).  

The excess PKC-isoform produced by high ROS will 
cause endothelial dysfunction and subsequently DCM 
(Koya and King, 1998). 
 
3.3 Fatty acid and Diabetic cardiomyopathy 
 
In non-DM, the energy required for cardiac contraction 
comes equally from glucose metabolism and free fatty 
acids (FFAs) (Rodrigues et al., 1998).  

In DM, the reduced glucose uptake caused by cardiac 
and systemic insulin resistance promotes a substrate 
shift toward increased FFA oxidation, resulting in reduced 
cardiac efficiency of muscle fiber function in response to 
electrical stimuli (Mandavia et al., 2012).  

Lipotoxicity of the myocardium results from reduced 
lipid oxidations (McGavock et al., 2006). Additionaly 
ceramide production from the lipid as intermediate 
product may cause cardiac dysfunction through apoptosis 
(Zhou et al., 2000) 

Localized 1H magnetic resonance spectroscopy (1H-MR 
spectroscopy) in DM demonstrated cardiac steatosis 
(increased intracellular triglycerides in the myocardium), 
which preceded the functional impairment of the 
myocardium in the form of diastolic but not systolic 
dysfunction (McGavock et al., 2007). 
 
3.4 Cardiac autonomic neuropathy (CAN) 
 
Diabetic autonomic neuropathy can lead to changes in 
sympathetic innervation and subsequent disordered 
adrenergic receptor expression and altered 
catecholamine levels in the myocardium. The increased 
expression of the beta-1-receptor resulted in enhanced 
apoptosis, fibrosis, hypertrophy, and impaired myocardial 
function (Bisognano et al., 2000). 

Autonomic neuropathy manifests early by tachycardia, 
but with disease progression and involvement of both the 
sympathetic and parasympathetic nervous systems, heart 
rate becomes fixed and unresponsive to exercise, stress, 
or sleep. These findings suggest complete sympathetic  
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and parasympathetic cardiac denervation, which may 
lead to the development of DCM (Vinik and Ziegler, 
2007).  

Ventricular filling abnormalities (diastolic dysfunction) 
are most prominent in patients with autonomic 
neuropathy (Airaksinen et al., 1989). 

Impairment of cardiac sympathetic innervation 
manifests as abnormal responses to exercise in the early 
phase of DCM in the form of defective (blunted) 
recruitment of myocardial contractility in determining left 
ventricular (LV) dysfunction during exercise, despite 
normal contractile reserve (Scognamiglio et al., 1998). 
 
3.5 Myocardial cell hypertrophy 
 
In a multiethnic population, the likelihood of having LV 
mass that exceeds the 75th percentile is greater in 
patients with type 2 diabetes, after adjusting for various 
covariates including hypertension (Eguchi et al., 2008). 
Increased LV mass is an independent risk factor for HF 
that may occur independently of arterial blood pressure in 
type 2 diabetes (Aneja et al., 2008). In the initial stages, 
patients with DCM may be asymptomatic or may have 
only mild exercise intolerance that eventually progresses 
to HF (Owan et al., 2006). The early change in DCM is 
diastolic dysfunction. It progresses further to systolic 
dysfunction and then to overt HF (Owan et al., 2006). 
 
3.6 Renin Angiotensin Aldosterone System (RAAS) 
 
Hyperglycemia-enhanced activity of the local RAAS that 
induces functional abnormalities in ventricular myocytes 
(Falcão-Pires and Leite-Moreira, 2012) has been shown 
to be associated with increased oxidative damage and 
cardiomyocyte and endothelial cell apoptosis and 
necrosis in diabetic hearts (Frustaci et al., 2000). 
 
4 Treatment of diabetic cardiomyopathy 
 
Lifestyle modifications is the first line intervention in the 
treatment of DM, it is recommended by all advisory 
associations like American Diabetic Association (ADA) 
and the European Association for the Study of Diabetes 
(EASD). 

The lifestyle modification may work as a physiological 
adaptations for the early metabolic changes and it should 
be the ultimate intervention to prevent diabetes 
progression. They also recommend, when appropriate, to 
reduce A1c to <7.0%. Such interventions include low-
carbohydrate diet, weight loss and increased physical 
activity. 

In the advanced stage of diabetic complications where 
degenerative changes occur, the reversal of the process 
become dismal and the early stage of DCM in the form of 
diastolic dysfunction will institute where no specific 
therapy are available. 

 

 
 
 
 
If lifestyle changes fail or are not sufficient, the 

guidelines generally agree that the initial pharmacological 
agent should be metformin (Tashko, 2017). However 
when HF is well established and drugs therapy is 
required particularly in the presence of comorbid 
conditions like renal dysfunction the lactic acidosis 
become an important side effect of metformin. 

Observational study reported possible survival benefits 
of metformin with reasonable safety (Eurich et al., 2005). 
Uses of metformin in ambulatory HF diabetic patients 
reported mortality reduction (Aguilar et al., 2011). 

The integration of care to ensure the lifestyle 
modification as early as possible and control 
hyperglycemia, blood pressure, lipid profiles and other 
precipitating factors. 

DCM is associated with coronary perivascular fibrosis, 
cardiac hypertrophy, interstitial fibrosis and myocardial 
mechanical dysfunction these changes can be 
ameliorated by uses of angiotensin converting enzyme 
inhibitors CACEI) (Al‐Shafei et al., 2002). In ATLAS study 
,higher dose of ACEI reduces mortality compared to 
lower dose (Ryden et al., 2000). Alternatively 
candesartan improved the echocardiographic parameters 
of diastolic dysfunction and reduced collagen synthesis in 
diabetic patients without symptoms (Kawasaki et al., 
2007). Cardiac hypertrophy and fibrosis in HF patients 
reported to be reduced by aldosterone antagonist therapy 
(Orea-Tejeda et al., 2007). 

For beta blockers (BB) used in the CIBIS II trial, the 
efficacy was similar in diabetic and non-diabetic patients 
with respect to all mortality/morbidity endpoints (Erdmann 
et al., 2001). 

It is clear that most of the drugs useful in HF had 
greater or equivalent benefits in diabetic patients with HF. 
 
5 Anti-diabetic medications in cardiac patients 
 
Recently, a few classes of new anti-diabetic medications 
demonstrated either neutral or beneficial effects on 
cardiovascular outcomes. However, older drugs such as 
sulfonylureas, as opposed to metformin for initial 
treatment of diabetes, were associated with an increased 
hazard of CVD events or death (Roumie et al., 2012). 
Fewer deaths occurred inmetformin users, alone or in 
combination with sulfonylureas, compared with 
sulfonylureamonotherapy (Evans et al., 2010). 
 
5.1 Thiazolidinediones (TZDs) 
 
Thiazolidinediones work by targeting the agonist of 
Peroxisome-Proliferator–Activated Receptors gamma 
(PPAR-gamma) receptor that activates a number of 
genes in the body and plays an important role in how the 
body metabolizes glucose and body fat. Two drugs have 
been used in this class: pioglitazone and rosiglitazone. 

 
 



 
 
 
 
Rosiglitazone has been banned because of increased 

risk of cardiovascular events in the form of MI and HF, 
compared to pioglitazone, which is safer but should be 
used with caution in HF patients (Nissen and Wolski, 
2007; Psaty and Furberg, 2007; Chen et al., 2012). 
 
5.2 Dipeptidyl peptidase 4 (DPP-4) inhibitors: 
 
This class of drugs works by prolonging the action of 
incretin hormones, including glucagon-like peptide 1 and 
glucose-dependent insulinotropic peptide, by inhibiting 
their breakdown. Three previous cardiovascular outcome 
trials of DPP4 inhibitors did not show an increase or a 
decrease in the number of major adverse cardiovascular 
events (Scirica et al., 2013; White et al., 2013) but raised 
concern regarding recurrent admission for HF. For the 
effects of sitagliptin on cardiovascular outcome in type 2 
diabetes, the TECOS study confirmed no increased or 
decreased in cardiovascular outcome (White et al., 
2013). Meta-analysis of randomized, controlled trials 
suggested an increase of 24 to 25% in the risk of 
cardiovascular events associated with these agents 
(Udell et al., 2015; Clifton, 2014). 
 
5.3 Sodium Glucose Linked Transporter (SGLT) 
inhibitor: 
 
The Sodium Glucose-Linked Transporter (SGLT), located 
in proximal renal tubules, causes renal glucose 
reabsorption. SGLT-2 is responsible for 90% of glucose 
reabsorption compared to 10% for SGLT-1 (Kanai et al., 
1994). Inhibiting this reabsorption of glucose leads to 
serum glucose reduction. 

SGLT-2 inhibitors include empagliflozin (Jardiance), 
canagliflozin (Invokana) and dapagliflozin (Forxiga). 

Empagliflozin reduces cardiovascular events and 
mortality in type 2 diabetes compared to standard care, in 
addition to reducing recurrent admission for HF (Zinman 
et al., 2015). Similarly, canagliflozinshowed reduced 
cardiovascular outcomes, reduced recurrent admission 
for HF and reduced renal events in type 2 diabetes. 
However, there was more amputation in the treated 
group compared to the placebo (Neal et al., 2017). 
 
5.4 Incretin: glucagon-like peptide-1 receptor 
agonists (GLP-1RA): 
 
This class includes exenatide, liraglutide (Victoza, 
Saxenda), albiglutide (Tanzeum), dulaglutide (Trulicity) 
and lixisenatide(Lyxumia). They stimulate insulin and 
suppress glucagon secretion, inhibit gastric emptying, 
and reduce appetite and food intake. An example of this 
class is liraglutide, which was studied in type 2 diabetes 
versus placebo and standard of carein a time-to-event 
analysis. The rate of the first occurrence of death from 
cardiovascular causes, nonfatal myocardial infarction, or 
nonfatal stroke was lower with liraglutide than with the  
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placebo. However, it was neutral for HF (Marso et al., 
2016). 
 
 
CONCLUSIONS 
 
Diabetic cardiomyopathy (DCM) is a separate entity in 
DM patients with HF in the absence of known etiology 
such as CAD, hypertension congenital or valvular heart 
disease. Multiple factors are involved, including oxidative 
stress, endothelial dysfunction, microangiopathy, fatty 
acids, autonomic neuropathy, myocardial cell hypertrophy 
and excessive activation of RAAS. These commonly lead 
initially to diastolic dysfunction that becomes symptomatic 
or asymptomatic and then progresses to systolic 
dysfunction. Treatment should include all proven 
evidence-based medicine treatment including ACEI, 
ARBs, BB, mineralocorticoid receptors antagonists 
(MRA) and symptomatic treatment. With regard to 
hypoglycemic agents, metformin, some TZDs such as 
pioglitazone, DPP-4 inhibitors such as sitagliptin, Sodium 
Glucose-Linked Transporter inhibitors (SGLT-2 i) such as 
empagliflozin,incretin hormone, and glucagon-like 
peptide-1 receptor agonists (GLP-1RA) such as 
liraglutide. Further outcome trials on cardiovascular 
events will add more information in this respect. 
 
 
REFERENCES 
 
Adams KF, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR, 

Abraham WT, et al (2005). Characteristics and outcomes of patients 
hospitalized for heart failure in the United States: rationale, design, 
and preliminary observations from the first 100,000 cases in the 
Acute Decompensated Heart Failure National Registry (ADHERE). 
Am Heart J. 149:209-16. (PubMed: 15846257) 

Aguilar D, Chan W, Bozkurt B, Ramasubbu K, Deswal A (2011). 
Metformin Use and Mortality in Ambulatory Patients With Diabetes 
and Heart Failure Clinical Perspective. Circ. Heart Fail. 4:53-58. 
(PubMed: 20952583) 

Airaksinen KJ, Koistinen MJ, Ikäheimo MJ, Huikuri HV, Korhonen U, 
Pirttiaho H, et al (1989). Augmentation of atrial contribution to left 
ventricular filling in IDDM subjects as assessed by Doppler 
echocardiography. Diabetes care. 12:159-161. (PubMed: 2702899) 

AlHabib KF, Elasfar AA, Alfaleh H, Kashour T, Hersi A, AlBackr H, et al 
(2014). Clinical features, management, and short‐and long‐term 
outcomes of patients with acute decompensated heart failure: phase I 
results of the HEARTS database. Eur. J. Heart Fail. 16:461-469. 
(PubMed: 24515441) 

Al‐Shafei AI, Wise RG, Gresham GA, Bronns G, Carpenter TA, Hall LD, 
et al (2002). Non‐invasive magnetic resonance imaging assessment 
of myocardial changes and the effects of angiotensin‐converting 
enzyme inhibition in diabetic rats. J. Physiol. 538:541-553. 
(PMCID: PMC2290059) 

Amour J, David JS, Vivien B, Coriat P, Riou B (2004). Interaction of 
halogenated anesthetics with α-and β-adrenoceptor stimulations in 
diabetic rat myocardium. Anesthesiol. 101:1145-1152. (PubMed: 
15505450) 

Aneja A, Tang WW, Bansilal S, Garcia MJ, Farkouh ME (2008). 
Diabetic cardiomyopathy: insights into pathogenesis, diagnostic 
challenges, and therapeutic options. Am. J. Med. 121:748-57. 
(PubMed: 18724960) 

Bell DS (2003). Heart failure. Diabetes care. 26:2433-4241. (PubMed: 
12882875) 

 



026 Glo. Adv. Res. J. Med. Med. Sci. 

 
 
 
Bertoni AG, Hundley WG, Massing MW, Bonds DE, Burke GL, Goff DC 

(2004). Heart failure prevalence, incidence, and mortality in the 
elderly with diabetes. Diabetes care. 27:699-703. (PubMed: 
14988288) 

Bertoni AG, Tsai A, Kasper EK, Brancati FL (2003). Diabetes and 
idiopathic cardiomyopathy. Diabetes care. 26: 2791-2795. (PubMed: 
14514581) 

Bisognano JD, Weinberger HD, Bohlmeyer TJ, Pende A, Raynolds MV, 
Sastravaha A, et al (2000). Myocardial-directed overexpression of the 
human β 1-adrenergic receptor in transgenic mice. J. Mol. Cell 
Cardiol. 32:817-830. (PubMed: 10775486) 

Boudina S, Abel ED (2007). Diabetic cardiomyopathy revisited. 
Circulation. 115:3213-3223. (PubMed: 17592090) 

Boudina S, Abel ED (2010). Diabetic cardiomyopathy, causes and 
effects. Rev. Endocr. Metab. Disord. 11:31-39. (PubMed: 20180026) 

Chen X, Yang L, Zhai SD (2012). Risk of cardiovascular disease and 
all-cause mortality among diabetic patients prescribed rosiglitazone 
or pioglitazone: a meta-analysis of retrospective cohort studies. Chin. 
Med. J. (Engl). 125:4301-4306. (PubMed: 23217404) 

Chioncel O, Vinereanu D, Datcu M, Ionescu DD, Capalneanu R, 
Brukner I, et al (2011). The Romanian acute heart failure syndromes 
(RO-AHFS) registry. Am. Heart J. 162:142-153. (PubMed: 21742101) 

Clifton P (2014). Do dipeptidyl peptidase IV (DPP-IV) inhibitors cause 
heart failure?.ClinTher. 36:2072-2079. (PubMed: 25453730) 

Eguchi K, Boden-Albala B, Jin Z, Rundek T, Sacco RL, Homma S, et al 
(2008). Association between diabetes mellitus and left ventricular 
hypertrophy in a multiethnic population. Am. J. Cardiol. 101:1787-
1791. (PubMed: 18549860) 

Erdmann E, Lechat P, Verkenne P, Wiemann H (2001). Results from 
post‐hoc analyses of the CIBIS II trial: effect of bisoprolol in high‐risk 
patient groups with chronic heart failure. Eur. J. Heart Fail. 3:469-
479. (PubMed: 11511434) 

Eurich DT, Majumdar SR, McAlister FA, Tsuyuki RT, Johnson JA 
(2005). Improved clinical outcomes associated with metformin in 
patients with diabetes and heart failure. Diabetes care. 28:2345-
2351. (PubMed: 16186261) 

Evans JM, Doney AS, AlZadjali MA, Ogston SA, Petrie JR, Morris AD, 
et al (2010). Effect of metformin on mortality in patients with heart 
failure and type 2 diabetes mellitus. Am. J. Cardiol. 106:1006-1010. 
(PubMed: 20854965) 

Factor SM, Minase T, Cho SA, Fein F, Capasso JM, Sonnenblick EH 
(1984). Coronary microvascular abnormalities in the hypertensive-
diabetic rat. A primary cause of cardiomyopathy?. Am. J. Pathol. 116: 
9-20. (PubMed: 6742110) 

Falcão-Pires I, Leite-Moreira AF (2012). Diabetic cardiomyopathy: 
understanding the molecular and cellular basis to progress in 
diagnosis and treatment. Heart Fail Rev. 17:325-344. (PubMed: 
21626163) 

Fonarow GC, Abraham WT, Albert NM, Gattis WA, Gheorghiade M, 
Greenberg B, et al (2004). Organized program to initiate lifesaving 
treatment in hospitalized patients with heart failure (OPTIMIZE-HF): 
rationale and design. Am. Heart J. 148:43-51. (PubMed: 15215791) 

From AM, Leibson CL, Bursi F, Redfield MM, Weston SA, Jacobsen SJ, 
et al (2006). Diabetes in heart failure: prevalence and impact on 
outcome in the population. Am. J. Med. 119:591-9. (PubMed: 
16828631) 

Frustaci A, Kajstura J, Chimenti C, Jakoniuk I, Leri A, Maseri A, et al 
(2000). Myocardial cell death in human diabetes. Circ. Res. 87:1123-
1132. (PubMed: 11110769) 

Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al 
(2015). Effect of sitagliptin on cardiovascular outcomes in type 2 
diabetes. N Engl. J. Med. 373:232-242. (PubMed: 26052984) 

Guzik TJ, Mussa S, Gastaldi D, Sadowski J, Ratnatunga C, Pillai R, et 
al (2002). Mechanisms of increased vascular superoxide production 
in human diabetes mellitus. Circulation. 105:1656-1662. (PubMed: 
11940543) 

Haffner SM, Lehto S, Rönnemaa T, Pyörälä K, Laakso M (1998). 
Mortality from coronary heart disease in subjects with type 2 diabetes 
and in nondiabetic subjects with and without prior myocardial 
infarction. N Engl. J. Med. 339:229-234. (PubMed: 9673301) 

 
 

 
 
 
 
Hardin NJ (1996). The myocardial and vascular pathology of diabetic 

cardiomyopathy. Coron Artery Dis. 7:99-108. (PubMed: 8813440) 
Harikrishnan S, Sanjay G, Anees T, Viswanathan S, Vijayaraghavan G, 

Bahuleyan CG, et al (2015). Clinical presentation, management, 
in‐hospital and 90‐day outcomes of heart failure patients in 
Trivandrum, Kerala, India: the Trivandrum Heart Failure Registry. Eur 
J Heart Fail. 17:794-800. (PubMed: 26011246) 

Jaffe AS, Spadaro JJ, Schechtman K, Roberts R, Geltman EM, Sobel 
BE (1984). Increased congestive heart failure after myocardial 
infarction of modest extent in patients with diabetes mellitus. Am. 
Heart J. 108:31-37. (PubMed: 6731279) 

Kanai Y, Lee WS, You G, Brown D, Hediger MA (1994). The human 
kidney low affinity Na+/glucose cotransporter SGLT2. Delineation of 
the major renal reabsorptive mechanism for D-glucose. J. Clin. 
Invest. 93:397-404. (PubMed: 8282810) 

Kawasaki D, Kosugi K, Waki H, Yamamoto K, Tsujino T, Masuyama T 
(2007). Role of Activated Renin-Angiotensin System in Myocardial 
Fibrosis and Left Ventricular Diastolic Dysfunction in Diabetic 
Patients. Circ. J. 71:524-529. 

Kouvaras G, Cokkinos D, Spyropoulo M (1988). Increased mortality of 
diabetics after acute myocardial infarction attributed to diffusely 
impaired left ventricular performance as assessed by 
echocardiography. Jpn Heart J. 29(1):1-9. (PubMed: 3398236) 

Koya D, King GL (1998). Protein kinase C activation and the 
development of diabetic complications. Diabetes. 47:859-866. 
(PubMed: 9604860) 

Lindström J, Tuomilehto J (2003). The diabetes risk score. Diabetes 
care. 26:725-731. (PubMed: 12610029) 

Malmberg K, Yusuf S, Gerstein HC, Brown J, Zhao F, Hunt D, et al 
(2000). Impact of diabetes on long-term prognosis in patients with 
unstable angina and non–Q-wave myocardial infarction. Circulation. 
102:1014-1019. (PubMed: 10961966) 

Mandavia CH, Pulakat L, DeMarco V, Sowers JR (2012). Over-nutrition 
and metabolic cardiomyopathy. Metabolism. 61:1205-1210. 
(PubMed: 22465089) 

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, 
Nauck MA, et al (2016). Liraglutide and cardiovascular outcomes in 
type 2 diabetes. N Engl. J. Med. 375:311-322. (PubMed: 27295427) 

McGavock JM, Lingvay I, Zib I, Tillery T, Salas N, Unger R, et al (2007). 
Cardiac steatosis in diabetes mellitus: a 1H-magnetic resonance 
spectroscopy study. Circulation. 116:1170–1175. (PubMed: 
17698735) 

McGavock JM, Victor RG, Unger RH, Szczepaniak LS (2006). Adiposity 
of the heart, revisited. Ann. Intern. Med. 144:517–524. (PubMed: 
16585666) 

Nahser PJ, Brown RE, Oskarsson H, Winniford MD, Rossen JD (1995). 
Maximal coronary flow reserve and metabolic coronary vasodilation 
in patients with diabetes mellitus. Circulation. 91:635-640. (PubMed: 
7828287) 

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, 
et al (2017). Canagliflozin and Cardiovascular and Renal Events in 
Type 2 Diabetes. N Engl. J. Med. 377:644-657. (PubMed: 28605608) 

Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, Harjola 
VP, et al (2006). EuroHeart Failure Survey II (EHFS II): a survey on 
hospitalized acute heart failure patients: description of population. 
Eur Heart J. 27:2725-2736. (PubMed: 17000631) 

Nishikawa T, Edelstein D, Du XL, Yamagishi SI, Matsumura T, Kaneda 
Y, et al (2000). Normalizing mitochondrial superoxide production 
blocks three pathways of hyperglycaemic damage. Nature. 404:787-
790. (PubMed: 10783895) 

Nissen SE, Wolski K (2007). Effect of rosiglitazone on the risk of 
myocardial infarction and death from cardiovascular causes. N Engl. 
J. Med. 2007:2457-2471. (PubMed: 17517853) 

Orea-Tejeda A, Colín-Ramírez E, Castillo-Martínez L, Asensio-Lafuente 
E, Corzo-León D, González-Toledo R, et al (2007). Aldosterone 
receptor antagonists induce favorable cardiac remodeling in diastolic 
heart failure patients. Rev Invest Clin. 59:103-107. (PubMed: 
17633796) 

 
 
 
 



 
 
 
 
Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield 

MM (2006). Trends in prevalence and outcome of heart failure with 
preserved ejection fraction. N Engl. J. Med. 355:251-259. (PubMed: 
16855265) 

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al 
(2003). Eplerenone, a selective aldosterone blocker, in patients with 
left ventricular dysfunction after myocardial infarction. N Engl. J. Med. 
348:1309-1321. (PubMed: 12668699) 

Poston L, Taylor PD (1995). Endothelium-mediated vascular function in 
insulin-dependent diabetes mellitus. ClinSci (Lond). 88:245-255. 
(PubMed: 7736692) 

Psaty BM, Furberg CD (2007). Rosiglitazone and cardiovascular risk. N 
Engl. J. Med. 356:2522-2524. (PubMed: 17517854) 

Rodrigues B, Cam MC, McNeill JH (1998). Metabolic disturbances in 
diabetic cardiomyopathy. Mol. Cell Biochem. 180:53-37. (PubMed: 
9546630) 

Roumie CL, Hung AM, Greevy RA, Grijalva CG, Liu X, Murff HJ, et al 
(2012). Comparative Effectiveness of Sulfonylurea and Metformin 
Monotherapy on Cardiovascular Events in Type 2 Diabetes MellitusA 
Cohort Study. Ann. Intern. Med. 157:601-610. (PubMed: 23128859) 

Rubler S, Dlugash J, Yuceoglu YZ, Kumral T, Branwood AW, Grishman 
A (1972). New type of cardiomyopathy associated with diabetic 
glomerulosclerosis. Am. J. Cardiol. 30:595-602. (PubMed: 4263660) 

Ryden L, Armstrong PW, Cleland JG, Horowitz JD, Massie BM, Packer 
M, et al (2000). Efficacy and safety of high-dose lisinopril in chronic 
heart failure patients at high cardiovascular risk, including those with 
diabetes mellitus. Results from the ATLAS trial. Eur. Heart J. 
21:1967-1978. (PubMed: 11071803) 

Sato N, Kajimoto K, Asai K, Mizuno M, Minami Y, Nagashima M, et al 
(2010). Acute decompensated heart failure syndromes (ATTEND) 
registry. A prospective observational multicenter cohort study: 
rationale, design, and preliminary data. Am. heart J. 159:949-955. 
(PubMed: 20569705) 

Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, 
et al (2013). Saxagliptin and cardiovascular outcomes in patients with 
type 2 diabetes mellitus. N Engl. J. Med. 369:1317-1326. (PubMed: 
23992601) 

Scognamiglio R, Avogaro A, Casara D, Crepaldi C, Marin M, Palisi M, et 
al (1998). Myocardial dysfunction and adrenergic cardiac innervation 
in patients with insulin-dependent diabetes mellitus. J. Am. Coll. 
Cardiol. 31:404-412. (PubMed: 9462586) 

Scognamiglio R, Avogaro A, Casara D, Crepaldi C, Marin M, Palisi M, et 
al (1998). Myocardial dysfunction and adrenergic cardiac innervation 
in patients with insulin-dependent diabetes mellitus. J. Am. Coll. 
Cardiol. 31:404-12. (PubMed: 9462586) 

Shehadeh A, Regan TJ (1995). Cardiac consequences of diabetes 
mellitus. Clin. Cardiol. 18:301-5. (PubMed: 7664503) 

Shindler DM, Kostis JB, Yusuf S, Quinones MA, Pitt B, Stewart D, et al 
(1996). Diabetes mellitus, a predictor of morbidity and mortality in the 
Studies of Left Ventricular Dysfunction (SOLVD) Trials and Registry. 
Am. J. Cardiol. 77:1017-1020. (PubMed: 8644628) 

Stewart S, MacIntyre K, Hole DJ, Capewell S, McMurray JJ (2001). 
More ‘malignant’ than cancer? Five‐year survival following a first 
admission for heart failure. Eur J Heart Fail. 3: 315-22. (PubMed: 
11378002) 

Sulaiman K, Panduranga P, Al‐Zakwani I, Alsheikh‐Ali AA, AlHabib KF, 
Al‐Suwaidi J, et al (2015). Clinical characteristics, management, and 
outcomes of acute heart failure patients: observations from the Gulf 
acute heart failure registry (Gulf CARE). Eur J Heart Fail. 17:374-384. 
(PubMed: 25739882) 

Tashko G (2017). Metformin and CVD prevention. Curr. Res. Diabetes 
Obes J. 3. CRDOJ.MS.ID.555615 

 
 
 
 
 
 
 
 
 
 

Alshamiri        027 

 
 
 
Tavazzi L, Maggioni AP, Lucci D, Cacciatore G, Ansalone G, Oliva F, et 

al (2006). Nationwide survey on acute heart failure in cardiology ward 
services in Italy. Eur. Heart J. 27:1207-1215. (PubMed: 16603579) 

Tesfamariam B, Brown ML, Cohen RA (1991). Elevated glucose impairs 
endothelium-dependent relaxation by activating protein kinase C. J. 
Clin. Invest. 87:1643-1648. (PubMed: 2022734) 

Tu JV, Nardi L, Fang J, Liu J, Khalid L, Johansen H, et al (2009). 
National trends in rates of death and hospital admissions related to 
acute myocardial infarction, heart failure and stroke, 1994–2004. 
CMAJ. 180:E118-25. (PubMed: 19546444)               

Udell JA, Cavender MA, Bhatt DL, Chatterjee S, Farkouh ME, Scirica 
BM (2015). Glucose-lowering drugs or strategies and cardiovascular 
outcomes in patients with or at risk for type 2 diabetes: a meta-
analysis of randomised controlled trials. Lancet Diabetes Endocrinol. 
3:356-366. (PubMed: 25791290) 

Van Hoeven KH, Factor SM (1989). Diabetic heart disease—part II: the 
clinical and pathological spectrum. Clin. Cardiol. 12:667-671. 

Vinik AI, Ziegler D (2007). Diabetic cardiovascular autonomic 
neuropathy. Circulation. 115:387-397. (PubMed: 23550085) 

Wang CC, Chang HY, Yin WH, Wu YW, Chu PH, Wu CC, et al (2016). 
TSOC-HFrEF registry: a registry of hospitalized patients with 
decompensated systolic heart failure: description of population and 
management. Acta Cardiol. Sin. 32:400-11. (PubMed: 27471353) 

White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris 
GL, et al (2013). Alogliptin after acute coronary syndrome in patients 
with type 2 diabetes. N Engl. J. Med. 369:1327-35. (PubMed: 
23992602) 

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al 
(2013) ACCF/AHA guideline for the management of heart failure: 
executive summary: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on practice 
guidelines. Circulation. 128:1810-52. (PubMed: 23741057) 

Youn YJ, Yoo BS, Lee JW, Kim JY, Han SW, Jeon ES, et al (2012). 
Treatment performance measures affect clinical outcomes in patients 
with acute systolic heart failure. Circ J. 76:1151-1158. (PubMed: 
22343195) 

Young ME, McNulty P, Taegtmeyer H (2002). Adaptation and 
maladaptation of the heart in diabetes: Part II. Circulation. 105:1861-
1870. (PubMed: 11956132) 

Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F, et al 
(2004). Effect of potentially modifiable risk factors associated with 
myocardial infarction in 52 countries (the INTERHEART study): case-
control study. Lancet. 364:937-952. (PubMed: 15364185) 

Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi 
H, et al (2011). Eplerenone in patients with systolic heart failure and 
mild symptoms. N Engl. J. Med. 364:11-21. (PubMed: 21073363) 

Zhou X, Ma L, Habibi J, Whaley-Connell A, Hayden MR, Tilmon RD, et 
al (2010). Nebivolol improves diastolic dysfunction and myocardial 
remodeling through reductions in oxidative stress in the Zucker obese 
rat. Hypertension. 55: 880-888. (PubMed: 20176997) 

Zhou YT, Grayburn P, Karim A, Shimabukuro M, Higa M, Baetens D, et 
al (2000). Lipotoxic heart disease in obese rats: implications for 
human obesity. Proc. Natl. Acad. Sci. U S A. 97:1784-1789. 
(PubMed: 10677535) 

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al 
(2015). Empagliflozin, cardiovascular outcomes, and mortality in type 
2 diabetes. N Engl. J. Med. 373:2117-2128. (PubMed: 26378978) 

Zoneraich S, Mollura JL (1993). Diabetes and the heart: state of the art 
in the 1990s. Can. J. Cardiol. 9:293-299. (PubMed: 8513422)  

 


