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Summary.
Diabetic cardiomyopathy (DCM) is a distinct condition with a pathogenesis that is independent from coronary artery 

disease and can lead to heart failure in diabetic patients. In some patients, diastolic dysfunction may progress to heart fail-
ure with reduced ejection fraction and results in systolic heart failure. Since DCM is highly prevalent in the asymptomatic 
diabetic patients, screening for its presence and the diagnosis of functional myocardial abnormalities (echocardiography 
and other cardiac imaging techniques) in diabetic populations can have a favorable impact on the progression to chronic 
heart failure.
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Rezumat. Cardiomiopatia diabetică și insuficiența cardiacă diastolică.
Cardiomiopatia diabetica este o afecțiune particulară prin mecanisme de instalare independente de aterosleroza coro-

nariana și în evoluție conduce la instalarea insuficienței cardiace. La unii pacienți disfuncţia diastolică poate progresa spre 
insuficiența cardiacă cu fracția de ejecție păstrată și ulterior spre insuficiența cardiacă sistolică. Deoarece cardiomiopatia 
diabetică are o prevalență înaltă la pacienții cu diabet zaharat, screening-ul populației și diagnosticarea anomaliilor mio-
cardice (examen ecocardiografic și alte teste imagistice) pot duce la prevenirea  progresiei insuficienței cardiace.

Cuvinte-cheie: cardiomiopatia diabetică, insuficiența cardiacă, diabetul zaharat.

Резюме. Диабетическая кардиомиопатия и диастолическая сердечная недостаточность.
Диабетическая кардиомиопатия это особенная патология, характеризующаяся независимыми механизмами 

развития коронарного атеросклероза, и в результате эволюции ведет к установлению сердечной недостаточности. 
У некоторых пациентов диастолическая дисфункция может прогрессировать до сердечной недостаточности с со-
храненной фракцией выброса, и в последующем развитие систолической сердечной недостаточности. Поскольку 
диабетическая кардиомиопатия очень часто встречается у больных с сахарным диабетом, скрининг популяции и 
диагностика аномалий миокарда (ультразвуковое исследование и другие тесты) могут позволить раннюю диагно-
стику прогрессирования сердечной недостаточности. 

Ключевые слова: диабетическая кардиомиопатия, сердечная недостаточность, сахарный диабет

Introduction
The close association between diabetes mellitus 

and heart failure is well-known and is clearly sup-
ported by data from many epidemiological studies 
[1]. Approximately 40% of patients hospitalized with 
heart failure (HF) and reduced ejection fraction (EF) 
have diabetes mellitus (DM) with an important epide-
miologic, economic and clinical impact [1, 2]. 

Diabetic heart disease is a growing and important 
public health risk. It affects the heart in three ways: 
cardiac autonomic neuropathy (CAN), coronary ar-
tery disease (CAD) due to accelerated atherosclero-
sis, and diabetic cardiomyopathy (DCM) [3].

In 1881, Leyden first reported that diabetic cardio-
myopathy is a typical complication of diabetes mel-
litus. In 1888, Mayer asserted that diabetes mellitus 
is a metabolic disorder that can induce heart disease. 
The term “diabetic cardiomyopathy” was proposed in 
1972 by Rubler after postmortem studies in diabetic 
patients with heart failure, but without hypertension 
or coronary artery disease and has been confirmed by 
large epidemiological studies [4].

In 2013, the American College of Cardiology 
Foundation, the American Heart Association, and the 
European Society of Cardiology in collaboration with 
the European Association for the Study of Diabetes 
defined diabetic cardiomyopathy as a clinical condi-
tion of ventricular dysfunction that occurs in the ab-
sence of coronary atherosclerosis and hypertension in 
patients with diabetes mellitus [5]. In its early stages, 
diabetic cardiomyopathy includes a hidden subclini-
cal period characterized by structural and functional 
abnormalities, including left ventricular hypertrophy, 
fibrosis, and cell signaling abnormalities. The patho-
logical changes of cardiac fibrosis, stiffness and as-
sociated subclinical diastolic dysfunction progress 

to heart failure with normal ejection fraction and to 
heart failure with reduced ejection fraction (HFrEF) 
[6, 7].

Epidemiology
Clinical trials showed that the prevalence of HF 

in diabetic patients ranging from 19-26%. The Fram-
ingham Heart Study reported that 19% of patients 
with HF have type 2 diabetes mellitus (T2DM) and 
that the risk of heart failure increases 2- to 8-fold in 
the presence of T2DM [8, 9].  

The prevalence of diastolic dysfunction in pa-
tients with T2DM was up to 30% in some studies. 
However, there are other studies that reported a prev-
alence rate as high as 40% to 60% [9].

Epidemiological studies have affirmed that im-
paired glucose tolerance, increased serum glucose 
levels and glycated haemoglobin levels are associated 
not only with incidence of systolic HF but also with 
the prevalence of diastolic dysfunction [10].  

Pathophysiological mechanism
Patients with HF and DM show specific metabol-

ic, neurohormonal and structural heart abnormalities 
which potentially contribute to worse outcomes com-
pared to those without comorbid DM.  The relation-
ship between DM and HF is bidirectional, with each 
disease independently increasing the risk for the other 
[11].

The most frequent abnormality in the diabetic 
heart is impaired diastolic compliance, setting the 
stage for HF with normal EF. Diastolic dysfunction 
has been detected in up to 75% of asymptomatic pa-
tients with DM [11].

Diabetic cardiomyopathy is manifested by heart 
failure with preserved ejection fraction (HFpEF) at 
an early stage. In some patients, diastolic dysfunction 
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may progress to compromised left ventricular func-
tion and result in overt HFrEF [11]. 

Hyperglycemia is one of the main pathogenic 
factor leading to diabetic cardiomyopathy, initiating a 
series of adaptive and maladaptive processes (fig.1). 
Also, hyperglycemia contributes to the activation of 
free radicals, to consecutive tissue damage in differ-
ent organs, local renin-angiotensin-aldosteron system 
activation, endothelial dysfunction and hypertrophy 
[12, 13].

Hyperglycemia, insulin resistance, and hyper-
insulinemia induce cardiac insulin resistance and 
metabolic disorders that increase mitochondria dys-
function, oxidative stress, advanced glycation end 
products (AGEs), impairment  of mitochondria Ca2+ 
handling, inflammation, activation of  renin–angio-
tensin–aldosterone system (RAAS), autonomic neu-
ropathy, endoplasmic reticulum stress, cardiomyo-
cyte death, as well as microvascular dysfunction. 
These pathophysiological abnormalities promote 

cardiac stiffness, hypertrophy, and fibrosis, resulting 
in cardiac diastolic dysfunction, systolic dysfunction, 
and heart failure [13, 14].

Increased glucose metabolism due to hypergly-
cemia increases oxidative stress via the development 
of nitrogen species or reactive oxygen species from 
the mitochondria [15]. Oxidative stress caused by the 
overproduction of superoxide in the mitochondrial re-
spiratory chain leads to reduced myocardial contrac-
tility and eventually induces myocardial fibrosis [16]. 
Oxidative stress and reactive oxygen species can ac-
celerate cardiomyocyte apoptosis and cellular DNA 
damage. Oxidative stress-induced DNA damage also 
activates DNA repair enzymes such as poly ADP ri-
bose polymerase (PARP) [17]. PARP redirects glu-
cose metabolism from its usual glycolytic pathway 
to an alternative biochemical pathway that results in 
the development of various mediators and causes hy-
perglycemia-induced cellular injury. These injuries 
include increased hexosamine and polyol flux, pro-

Fig.1. Pathophysiological mechanisms of diabetic cardiomyopathy [13].
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tein kinase C activation, and advanced glycation end 
product (AGE) levels [18].

AGEs are a stable form of cross-linked collagen 
that accumulate in vessel walls and in myocardial 
tissue and increase diastolic stiffness of the heart and 
contribute to endothelial dysfunction [16].

Renin Angiotensin Aldosterone System Acti-
vation

Increased activation of the systemic and tissue re-
nin-angiotensin-aldosterone in states of hyperglyce-
mia and insulin resistance plays an important role in 
the pathogenesis of diabetic cardiomyopathy and HF 
(Fig 1) [13].

Intracellular angiotensin   II levels were 3.4-fold 
higher in the myocardial cells of diabetic patients 
compared with non-diabetics. Cytoplasmic angioten-
sin II promotes cell growth in animal models. Exper-
imental evidence also supports a role for increased 
mineralocorticoids in systemic and tissue insulin 
resistance [18]. Both angiotensin II and aldosterone 
cause increased production of reactive oxygen species 
and the activation of nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase, and the increase of 
cytosolic oxidative stress. Aldosterone also worsens 
cardiac fibrosis by triggering pro-inflammatory fac-
tors through activation of metalloproteinases and the 
transforming growth factor β [20].

Large randomized controlled trials have shown 
that inhibition of the aldosterone signaling pathway 
reduces morbidity and mortality in diabetic patients 
with both mild and moderately severe heart failure 
[19].

Cardiac autonomic neuropathy is a common mi-
crovascular complication of DM affecting almost 
17% of the patients with type 1 diabetes and 22% 
of those with type 2 diabetes.  Diabetic autonomic 
neuropathy may result in changes of the sympathet-
ic innervation, through disturbed  expression of ad-
renoreceptors and altered  catecholamine levels in the 
myocardium [11].

The increased expression of β 1-adrenoreceptors 
intensifies apoptosis, fibrosis and hypertrophy, re-
sulting in restricted myocardial function [21].

Cardiac autonomic neuropathy is associated with 
depressed baroreflex function that leads to impaired 
regulation in the heart rate control, stroke volume 
and blood pressure that have been associated with 
both systolic and diastolic dysfunction [22].

Sympathetic overactivity is a common feature in 
DM and HF with different causal chains. In non-di-
abetic HF, sympathetic activation occurs in the later 
HF stages leading to insulin-resistance, whereas car-
diac autonomic neuropathy is a central determinant 

of the diabetes-induced microvascular complication 
worsening metabolic and functional alterations in di-
abetic cardiomyopathy [21].

Evolution of Diabetic Cardiomyopathy to 
Clinical Heart Failure

Diabetic cardiomyopathy is usually asymptomat-
ic in the early stage of its evolution. The first stage is 
characterized by increased fibrosis and stiffness, re-
duction of early diastolic filling and increase in atrial 
filling and enlargement,  and  an elevated LV end-di-
astolic pressure [23].

The second stage of diabetic cardiomyopathy is 
characterized by LV hypertrophy, cardiac remodel-
ing, advancing cardiac diastolic dysfunction. With 
the progression of diabetic cardiomyopathy, diastol-
ic dysfunction and reduced cardiac compliance may 
coexist with systolic dysfunction which leads to re-
duced ejection fraction, prolonged pre-ejection per-
formance, an enlarged LV chamber and shortened 
ejection period [19, 23].

The Cardiovascular Health Study found that, in a 
cohort of 5201 men and women, the ventricular septal 
and left posterior myocardial wall thicknesses were 
greater in diabetic patients than in nondiabetic indi-
viduals and  this was associated with compromised 
systolic or diastolic function [24].

According to echocardiographic studies, approxi-
mately 40-75% of diabetic patients without coronary 
heart disease present with diastolic dysfunction.  Iso-
lated diastolic dysfunction in the presence of normal 
left ventricular ejection fraction can be found in 30-
50% of the patients with clinical symptoms of heart 
failure [24].

 The restriction of cardiac output in HFpEF is 
due to impaired diastolic ventricular filling, especial-
ly under stress. LV dysfunction in diabetic heart can 
be unmasked during exercise even in asymptomatic 
subjects [25]. Patients with type 2 DM with normal 
myocardial function at rest but an abnormal response 
to exercise stress had significantly reduced longitu-
dinal diastolic functional reserve index compared to 
those with a normal stress response, highlighting the 
important role of myocardial diastolic relaxation in 
maintaining normal myocardial function and exercise 
capacity. These findings suggest that impaired cardiac 
performance after exercise could be a potential tool to 
detect early contractile dysfunction in DM [24].

Subjects with type 2 DM are more susceptible to 
preclinical diastolic and systolic dysfunction com-
pared to type 1 patients, supporting a role of insulin 
resistance-mediated alterations in the determination 
of early cardiac dysfunction. Diastolic dysfunction 
was associated with the presence of mild complica-
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tions, suggesting that the extent of systolic dysfunc-
tion may depend more on the magnitude and duration 
of hyperglycemia [26].

The prognostic significance of elevated blood 
glucose levels was shown in a study with 454 pa-
tients who had been hospitalized for decompensat-
ed heart failure. The patients with heart failure with 
concomitant impaired glucose tolerance or diabetes 
mellitus died in 50% of cases compared with 36.6% 
of patients with normal blood glucose levels [27]. In a 
large cohort study of diabetic patient was shown that 
glycemic control is an important prognostic factor, in 
which each 1% increase in glycosylated hemoglobin 
was associated with 8% increased risk of HF [28].

Diagnosis of diastolic dysfunction
Left ventricular hypertrophy and diastolic dys-

function are early and characteristics but not specific 
for diabetic cardiomyopathy.

The European Society of Cardiology has suggest-
ed criteria for the diagnosis of diastolic dysfunction 
[29]: 

1. Signs or symptoms of heart failure;
2. Preserved left ventricular systolic function 

and normal left ventricular volume indices;
3. Evidence of diastolic dysfunction.  
The combination of two assessments such as 

Doppler index E/E’ by echocardiography and the 
measurement of the heart failure marker like brain 
natriuretic peptide (BNP) and  N-terminal- pro- brain 
natriuretic peptide (NT-proBNP in diabetic patients 
may confirm the diagnosis of  diastolic  heart failure 
(Fig.2) [26, 31]:

BNP and pro-BNP levels tend to be lower in pa-
tients with diastolic heart failure (DHF) when com-
pared with patients with systolic heart failure and 
may be within normal limits. BNP showed a sensitivi-
ty of 92% and specificity of 72 % for LV systolic dys-
function [30]. Furthermore, plasma brain natriuretic 
peptide levels have been found significantly higher in 
HF patients with DM than in non-diabetic patients at 
the same HF score. 

Cardiac catherization is the gold standard to as-
sess abnormal left ventricular relaxation, filling, di-

Fig. 2. Algorithm for the diagnosis of diastolic heart failure [29,31].
mPCWP- mean pulmonary capillary wedge pressure; LVEDP- left ventricular end-diastolic pressure, tau- time constant 
of left ventricular relaxation; B- constant of left ventricular chamber stiffness; E-maximum velocity of early diastolic 
transmitral flow; E’- early tissue Doppler lengthening velocity
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astolic distensibility and stiffness. An end-diastolic 
pressure ˃16mmHg measured in the left ventricle 
provides an evidence of diastolic dysfunction (Fig.2) 
[29,31].

Patients with DHF have a high prevalence of 
structural heart disease such as concentric LV remod-
eling and concentric hypertrophy. Left ventricular 
(LV) hypertrophy and mass can be easily identified 
by echocardiography, and it is recommended as the 
primary noninvasive test in the diagnosis of  DHF. 
Echocardiograms obtained in patients enrolled in 
the Treatment of Preserved Cardiac Function Heart 
Failure with an Aldosterone Antagonist (TOPCAT) 
trial before initiation of randomized therapy found 
that 14% had normal LV geometry, 34% concentric 
remodeling, 43% concentric hypertrophy, and 9% 
eccentric hypertrophy [32]. The echocardiographic 
substudy of the Irbesartan for Heart Failure with Pre-
served Ejection Fraction (I-PRESERVE) trial found 
that 46% of the patients enrolled had normal LV ge-
ometry [33].  

The development of new ultrasound techniques 
such as echo strain imaging and the use of magnet-
ic resonance imaging has proved to be effective in 
the measurements of diastolic functional status [32]. 
The Doppler measurement of trans mitral blood flow 
during left ventricular  filling is widely used. The ve-
locity ratio (E/A) of the passive, early diastolic inflow 
(E wave) to the active influx as a result of atrial con-
traction (A wave) is simple to determine. Impaired 
compliance of the left ventricle results in an increased 
proportion of active filling by atrial contraction and 
the E/A ration is reversed (E/A<1) [34]. Color Dop-
pler M-mode is a method for measuring mitral to api-
cal early diastolic flow propagation. 

The time delay of apical filling is related to left 
ventricular relaxation. A velocity of flow propagation 
(V) ˃50 cm/s is considered normal, while a velocity 
<45cm/s reflects diastolic dysfunction. Tissue Dop-
pler techniques allow the measurement of myocardial 
velocities at the level of the mitral ring. The E/e- ratio 
correlates well with the end-diastolic filling pressure 
[34, 35].

Another structural indicator of diastolic dysfunc-
tion is the assessment of left atrial size and function. 
Left atrial (LA) enlargement was present in the ma-
jority of patients with DHF; 53% of patients enrolled 
in the TOPCAT trial and 66% of patients enrolled in 
the I-PRESERVE trial had some degree of left atrial 
enlargement [32,33]. 
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