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Introduction

The prevalence of diabetes mellitus (DM) is approaching pandemic
proportions. Current estimates project DM will affect 300 million
people worldwide by 2025 [1]. DM predisposes the affected individuals
to serious cardiovascular complications, implicated as the leading
cause of diabetic-associated morbidity and mortality [2]. Thus, there is
need for a precise clinical understanding of the exact role of DM in the
pathophysiology of structural and functional cardiac abnormalities to
inform prompt and appropriate therapeutic interventions. To advance
such an understanding, this review aggregates available experimental
and clinical knowledge on the definition, epidemiology, risk factors,
pathophysiology, diagnosis and clinical management of diabetic
cardiomyopathy.

Description

Historical Context:The historical connection between diabetes
mellitus and heart failure has been well documented in literature,
but the recognition of diabetic cardiomyopathy as a distinct clinical
entity has remained a subject of intense scholarly discussion. In 1881,
Leyden et al. [3] made the seminal description of diabetic-associated
heart disease captured in the statement, “heart failure is a frequent and
noteworthy complication of diabetes mellitus”. In 1888, Mayer [4] further
described an association between diabetic-associated heart disease and
abnormalities in metabolism. Later in 1954, Lundbaek [5] observed
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myocardial dysfunction was a frequent DM-related complication in
about two thirds of elderly DM patients. In 1969, Lundbaek [6] again
made the initial suggestion for a specific diagnosis of DM-related
myocardial dysfunction. While these early studies would have anchored
the understanding of diabetic cardiomyopathy as a clinical entity, the
publications were in non-English journals and translational research
issues undermined both scholarly and clinical understanding as well
as consensus.

In 1972, a landmark study by Rubler et al. [7], currently embraced
as a citation classic, produced the most compelling evidence of a
cardiomyopathy-like condition resulting directly from DM rather
than indirectly from concomitant structural heart diseases. The study
assessed post-mortem findings of four patients with DM-related
nephropathy and heart failure (HF) in the absence of any demonstrable
valvular, congenital or hypertensive heart disease, alcoholism or
coronary artery disease (CAD). Rubler et al. [7] concluded that the four
patients suffered from a novel DM-related myocardial dysfunction, and
thus originated and popularized the term “diabetic cardiomyopathy”.
The term was based on the definition of cardiomyopathy: a cardiac
condition characterized by structural and/or functional myocardial
abnormalities in the absence of any demonstrable CAD, hypertension
(HT), valvular or congenital heart disorders [8]. Table 1 provides
a summary of documented historical understanding of diabetic
cardiomyopathy.

Clinical Definition: About five decades since Rubler et al. [7]
landmark study, diabetic cardiomyopathy has remained the subject of
much research and controversy. The focus of current research emphasis
is also skewed towards obtaining the best clinical management strategies
rather and less on epidemiology and pathophysiology. Rubler et al. [7]
originally defined diabetic cardiomyopathy as ventricular dysfunction
in the absence of CAD and HT. To date, diabetic cardiomyopathy lacks
a standardized or a strict clinical definition, with authors providing
various definitions (Table 2). The various definitions identify diabetic
cardiomyopathy generally as a myocardial dysfunction in the absence
of underlying structural heart disease and/or hypertension. Litwin
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Table 1. Historical Context of Diabetic Cardiomyopathy

Year  First Author [Ref #] Description

Provided the initial description of a heart disease

1881 Leyden etal. [3] associated with diabetes mellitus.

Described an association between diabetic-associated

1888 Mayer [4] heart disease and metabolic abnormalities.

Described myocardial dysfunction as a common

1954 Lundback [3] complication in elderly DM patients.

Suggested the need for developing specific diagnosis
criteria for myocardial dysfunction associated with
diabetes mellitus.

1969 | Lundbaek [6]

Originated the term diabetic cardiomyopathy, describing
the condition as myocardial dysfunction in the absence of
coronary artery disease, hypertension and alcohol.

1972 Rubler et al. [7]

Table 2. Summary of Current Definitions of Diabetic Cardiomyopathy

First Author [Ref #]  Definition

“A primary disease process developing secondary of metabolic
insult, resulting in structural and functional abnormalities of the
myocardium leading to heart failure”

Asghar et al. [9]

“Ventricular dysfunction (both systolic and diastolic) occurring

Mardikar et al. [10] in the absence of coronary artery disease and hypertension”

“The presence of myocardial dysfunction in the absence of

Mehta etal. [11] coronary artery disease and hypertension”

“A disease characterized by morphological, functional and
Westermeier et al. [12] metabolic changes in the heart produced by Type 2 DM

(T2DM)”
Bell [13]/Fein et al. “Ventricular dysfunction in diabetic patients that is out of
[14] proportion to their underlying vascular disease”

[15] states it is clinically significant to have a generalized definition
because a strict definition of changes in cardiac structure secondary
to DM and resulting in myocardial dysfunction would mean diabetic
cardiomyopathy does not exist in patients with Type 1 diabetes mellitus
(T1DM). However, the current definitions of diabetic cardiomyopathy
excludes cardiomyopathy secondary to structural heart diseases, which
exists in diabetic patients but poses a clinical challenge because of the
difficulty in assessing the contribution of diabetic cardiomyopathy to
the overall ventricular dysfunction [16].

Epidemiology: Over the past three decades, epidemiological link
between DM and the development of heart failure in the absence of
any demonstrable structural or atherosclerotic cardiovascular disease
has been well demonstrated in both large-scale population-based and
cross-sectional studies.

Large-Scale Studies: The reported prevalence of HF in DM
patients is significantly higher than that reported in the general
population. The prevalence in the general population is 1 to 4% while
in diabetic population is 12% [17], which increases considerably to
22% in DM patients aged > 64 years [18]. Further, up to three thirds
of all admitted HF patients have been diagnosed with DM [19] and
30% of inpatients with cardiac failure [20], which rises to four times
for those newly diagnosed with HF [21]. The Framingham Heart Study
[22] found 2.4 and 5.1 times increase in incidence of HF in diabetic
men and women respectively in comparison to age-matched cohort
adjusted for hypertension, obesity, CAD and dyslipidemia. Breton et
al [23] nationwide study yielded similar findings. Several other large-
scale population-based studies have supported these findings. The
Cardiovascular Health Study (CHS) [24] recruiting patients > 65 years
associated DM with increased HF incident. The Strong Heart Study
(SHS) [25] reported association between DM and increased LV mass,
wall thickness and systolic dysfunction in comparison to age-matched
cohort. The Multi-Ethnic Study of Atherosclerosis (MESA) study
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reported inter-racial differences in LV mass, volume and function
among DM patients [26].

Cross-Sectional Studies: Cross-sectional studies also support the
findings of large-scale studies reporting a significantly higher incidence
of HF among DM patients [18]. Nichols et al. [27] reported 12% T2DM
patients with HF at presentation with an annual incidence of 3.3%. Ina
related study of over three years, Aronow et al. [28] report the incidence
of HF in DM patients was significantly higher (39%) compared to non-
DM patients (23%) and having a relative risk of 1.3 to develop HE. The
United Kingdom Prospective Diabetes Study (UKPDS) [29] reports
higher prevalence of HF in T2DM patients with elevated levels of
glycated hemoglobin (Hba). The study further revealed that for every
1% rise in Hba, there is a corresponding 8% increase in the likelihood of
developing HE. Cheung et al. [30] and sub-group analysis of the MESA
study [31] support the association between retinal arteriolar narrowing
and LV remodeling increasing the risk of HF in DM patients with
retinopathy. Both largescale and cross-sectional studies support the
over-representation of DM patients in large population-based HF trials
including Studies of Left Ventricular Dysfunction (SOLVD: 26%) [32];
Assessment of Treatment with Lisinopril and Survival (ATLAS: 19%)
[33]; and Randomized Evaluation of Strategies for Left Ventricular
Dysfunction (RESOLVD: 27%) [34].

Risk factors: The two main factors that have been implicated to
predispose diabetic patients to increased risk of developing DM-
associated HF are (a) hyperglycemia and (b) hypertension [9]. However,
these two factors lack conclusive research support for their association
with increased risk of DM-associated HF, and thus warrants the need
for additional research to elucidate the association.

Hyperglycemia: Current research findings on whether
hyperglycemia elevates the risk of developing HF in patients with
diabetic cardiomyopathy remains fragmented, and at most, inconclusive.
Although the large scale UKPDS trial [29] associated poor glycemic
control with increased risk of developing HF, on the other hand,
intensive glycemic control did not convey any significant acute effect
on reducing the incident of HE. However, in a recent study of T2DM
patients, Andersen et al. [35] observed improved rate of systolic strain
and decreased LV mass associated with improved Hba fructosamine
levels, which was independent of changes in blood pressure lowering
effects (Figure 1). There was also an improvement in diastolic function
in the first three months, which reversed to normal in 12months. In a
related study on the determinants of subclinical diabetic heart disease,
Fang et al. [36] reported similar findings of the association between
lower Hba and improved systolic strain. In a sub-group analysis of
the UKPDS trial followed for 10 years, Holman et al. [37] report risk
reduction for myocardial infarction (MI) and all cause cardiovascular
death after intensive glucose-lowering therapies although there was no
data relating to heart failure.

Hyperglycemia

| RAAS Activation Altered CPC Function |

Diabetic
Cardiomyopathy

Altered Myocardial |

| Cytokine-induced Damage Metahalicm

Microvascular Disease

Figure 1. Pathophysiologic Mechanism of Diabetic Cardiomyopathy. (Adapted from Aneja
etal., 2008, p. 750 [49])
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Hypertension: Hypertension (HT) has also been linked to increased
risk of developing heart failure in patients with diabetic cardiomyopathy
but its true effect in research findings remains conflicting. Hayat et al.
[38] study on mechanism, diagnosis and treatment report independent
association between HT and LV hypertrophy, diastolic dysfunction, HF
and cardiovascular risk. The UKPDS trial [29] also associated acute
reduction of blood pressure level obtained using pharmacotherapy
(beta-blocker or Angiotensin Converting Enzyme [ACE] - Inhibitor)
with reduced risk of HF than observed in control patients receiving less
intensive blood pressure control. However, in long-term follow-up (10
years) the reduction of blood pressure did not yield risk reduction for
MI or all-cause cardiovascular death.

Clinical presentation: Clinical presentation of diabetic
cardiomyopathy has been classified into two distinct phases:
(a) asymptomatic subclinical phase, and (b) clinically-evident
(symptomatic) phase [39].

Asymptomatic Subclinical Phase: A unique feature of diabetic
cardiomyopathy is a prolonged subclinical phase that is completely
asymptomatic [10]. In most cases, this subclinical phase is detected
with co-occurring CAD or HT. However, an important initial clinical
sign is usually echocardiographically defined mild LV hypertrophy
and diastolic dysfunction defined as the inability of the heart to
relax appropriately between contractions. Diastolic dysfunction not
accompanied by any other determinable clinical sign of cardiac disease
such as depressed ventricular filling is often always the initial observable
cardiac changes in DM patients [39]. Echocardiography characterizes
diastolic dysfunction as increased time of isovolumic relaxation and
Doppler flow changes in LV filling time. However, very subtle changes
in diastolic function may require tissue Doppler echocardiography
imaging and measurement of strain and strain rate [40,41]. Some
DM patients in the subclinical phase may present with subtle signs of
diabetic cardiomyopathy including decreased LV compliance or LV
hypertrophy, or both. There may also be a prominent “a” wave and
overactive or sustained cardiac apical pulse throughout systole [10].

Clinically Evident (Symptomatic) Phase: The second clinical
phase is marked by clinically evident diabetic cardiomyopathy described
by the presence of congestive heart failure (CHF) but in the absence of
arteriosclerotic changes in coronary arteries and hypertension [39]. The
development of systolic dysfunction, LV dilatation and symptomatic HF
have also been reported. The jugular venous pressure may increase and
apical pulse displaced downward to the left and some reported cases
of systolic mitral murmurs [10]. These changes accompany a variety
of electrocardiographic changes linked to diabetic cardiomyopathy
in about two-thirds of patients without structural cardiac diseases.
Prolonged QT may also suggest fibrosis. Frustaci et al. [42] suggest the
deposition of collagen and its organization into irreversible fibrosis
is the histological hallmark of diabetic cardiomyopathy. Since the
definition of diabetic cardiomyopathy does not include co-occurring
CAD or HT, there are no changes in perfusion or in the levels of atrial
natriuretic peptide (ANP) until in the later stages of the disease when
hypertrophy and fibrosis have become very noticeable [10].

Prognosis: A majority of studies on diabetic cardiomyopathy
have focused on understanding pathogenesis or pathophysiology
and clinical management strategies. However, some of these studies
have mentioned, although in brief, prognostic predictors of patients
with diabetic cardiomyopathy. Insulin resistance and metabolic
syndrome have been reported to indicate poor prognosis since they
are independent predictors of the development of HF in DM patients
[43,44]. In support of these findings, Hassan et al. [45] examined a
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retrospective cohort of HF patients, and reported metabolic syndrome
in 68%. However, the study also reported lower mortality in patients
with higher percentage of metabolic syndrome (44%) compared to those
with 58%. Inflammatory markers such as C-reactive protein (CRP) and
interleukin (IL)-6 and microalbuminuria, which are increased in DM
patients with metabolic syndrome, suggest poor prognosis associated
with the development of HF, and as such, cardiomyopathy may develop
in pre-diabetic individuals [46]. Worsening glycemic control may also
suggest unfavorable prognosis of diabetes and HF in patients with
diabetic cardiomyopathy [9].

Pathophysiology

A precise understanding of the pathophysiologic mechanisms of
diabetic cardiomyopathy remains tenuous. However, experimental
animal models and human studies [11,16,47-54] have suggested several
mechanisms underlying morphological and functional pathological
changes in the development of diabetic cardiomyopathy. These
mechanisms are highly interrelated despite different studies presenting
them as separate topics. The goal of this review is to present a concise
introductory description of the complex pathophysiologic mechanisms
of diabetic cardiomyopathy as a road map for more detailed exploration.
Whereas several mechanisms have been proposed, the common ones
include hyperglycemia, renin-angiotensin-aldosterone system (RAAS)
activation, cytokine-induced damage, microvascular disease, altered
myocardial metabolism (increased free fatty acid [FFA]) utilization and
altered cardiac progenitor cells (CPC) function (Figure 2).

Hyperglycemia has been repeatedly mentioned as an important
factor in the pathophysiology of diabetic cardiomyopathy. It is
implicated as a trigger for several adaptive and maladaptive changes
observed in diabetic patients. Figure 2 illustrates the pathophysiologic
processes triggered by hyperglycaemia.

Altered Myocardial Metabolism: In non-diabetic individuals,
myocardial glucose and free fatty acids (FFA) oxidation provide about
the same proportions of energy for cardiac contractility whereas in
diabetic patients, the dominant source of energy is FFA. DM patients
have a marked increase in the uptake and oxidation of FFAs in relation
to myocardial glucose uptake, glycolysis and glucose oxidation [55-
57]. Reduced glucose metabolism is a consequence of depleted glucose
transport proteins and FAA’s inhibition of pyruvate dehydrogenase. The
inhibition impairs the production of myocardial glucose and increases
the levels of ceramide and toxic glycolytic intermediaries [58-60]
resulting into increased myocyte apoptosis, impaired myocyte calcium

| Hyperglycemia |

l

| Cytokine and RAAS Activation |

| Collagen/Fibrotic Tissue Deposition |

Advanced Glycosylation I \i/

| Stiffened Myocardium |

| Myocardial Dysfunction |

Figure 2. Effect of Glycaemia on Myocardial Dysfunction in Diabetic Cardiomyopathy.
Adapted from Aneja et al., 2008, p. 750 [49]
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handling and impaired myocardial contractility [61-63]. Increased
FFA oxidation is also associated with increased myocardial oxygen
consumption, which is not accompanied by a relative increase in cardiac
contractility suggesting reduced cardiac efficiency [56,64]. Figure 3
illustrates the role of increased FFA utilization in the development of
diabetic cardiomyopathy.

Apoptotic and Necrotic Myocyte Death: Diabetic patients
generally exhibit accelerated myocyte death through apoptosis and
necrosis [49,50]. Many pathophysiologic mechanisms that increase
fibrosis and myocardial inflammation could also accelerate pro-
apoptotic signaling pathways or trigger necrosis signaling. Accelerated
apoptotic and necrotic cell death has been observed in hearts of
humans with TIDM and T2DM as well as in the hearts of diabetic
rodent models [42,65-68]. Suggested mechanisms that may precede
apoptotic effect of hyperglycemia include: (a) increased production of
hyperglycemia-associated reactive oxygen species (ROS); (b) increased
levels of circulating inflammatory cytokines and chemokines; (c)
increased glycosylation and phosphorylation of p53; and (d) increased
production of angiotensin II [67-69]. However, it is not clear whether
accelerated myocyte apoptotic death is the cause or the effect of diabetic
cardiomyopathy [49]. In addition to apoptosis, emerging evidence links
other processes such as autophagy, mitophagy and PARP-dependent
cell death pathways to myocyte necrosis during the clinical course of
diabetic cardiomyopathy [70,71]. However, the role of autophagy and
mitophagy in the pathophysiology of diabetic is an ongoing research
area [50].

Myocardial Fibrosis and Necrosis: Myocardial fibrosis and
collagen deposition are the primary histological changes observed in
the diabetic myocardium [42,72]. Diabetes contributes to myocyte
necrosis and fibrosis by triggering locally active RAAS and endothelium
system [73,74]. Hyperglycemia-associated apoptotic myocyte death
may cause interstitial collagen accumulation but not in significant
amounts. On the other hand, myocyte necrotic death results into
significant deposition of collagen in both diffuse and scattered patterns
[65]. Collagen deposition in a diabetic myocardium may also result
from impaired collagen degradation due to glycosylation of lysine
residues on collagen [75]. The interaction of collagen interacts with
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/

Figure 3. The Role of Increased FFA Utilization in Diabetic Cardiomyopathy (Adapted
from Aneja et al., 2008, p. 750 [49])
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glucose forms Schiff bases, which with time re-organize into glycated
collagen (also known as Amadori products). Glycated collagen then
undergoes further chemical modification to form advance glycation
end-products (AGE), which contribute to myocardial stiffness and the
development of atherosclerotic plaque [73,75]. Advance glycation end-
products may also contribute to myocyte damage through increasing
intracellular oxidative stress [77]. These findings associate fibrosis and
collagen deposition due to altered collagen structure and the formation
of advance glycation end-products with altered myocardial reflectivity
and LV dysfunction in diabetic cardiomyopathy.

Microvascular (Small Vessel) Disease: Structural and functional
changes in microvascular architecture in diabetic patients have also
been incriminated in the development of cardiomyopathy [48]. Biopsy
studies report patients with diabetic cardiomyopathy have normal to
mildly depressed LV systolic function, thickened capillary membrane,
fibrosis surrounding arterioles, and smaller myocytes compared to non-
diabetic subjects [48,49]. Diabetic patients with or without obstructive
CAD and LV hypertrophy have reduced coronary blood flow reserve
[49]. These findings suggest alterations in capillaries in diabetic patients
may contribute to myocyte injury and interstitial fibrosis and eventually
diabetic cardiomyopathy. Hamby et al. [78] conducted autopsy study on
diabetic patients and observed an association between microvascular
and myocardial diseases. Small coronary arteries of diabetic patients
had endothelial and sub-endothelial fibrosis [78].

Despite these findings supporting association between
microvascular changes and diabetic myocardium, they are insufficient
to explain diffuse myocardial degeneration and interstitial fibrosis
in patients with diabetic cardiomyopathy [48]. Further, there is no
significant difference in the extent of microvascular disease or the
density of micro-vessels between diabetic and non-diabetic patients
[78]. Zhi et al. [79] also report no direct evidence of microvasculopathy
as one of the etiologies of diabetic cardiomyopathy [79].

Altered Mitochondrial Function: Altered mitochondrial function
has also been associated with the pathogenesis of diabetes and its
complications in diabetes-affected tissues. In a recent review, Duncan
[80] implicated altered mitochondrial metabolism as a pathogenic
factor in the development of contractile dysfunction and ventricular
failure in patients with diabetic cardiomyopathy [80]. However, it was
Anderson and associates. [81,82], who provided the most compelling
evidence of mitochondrial dysfunction in the myocardium of diabetic
patients. They observed impaired mitochondrial respiratory capacity
- increased mitochondrial oxidative stress and increased sensitivity to
Ca?* triggered opening of the mitochondrial permeability transitional
pore in atrial tissues of T2DM patients.

Despite these recent studies, research evidence of mitochondrial
dysfunction in rodent models had already existed for more than three
decades [50].In 1985, Kuo et al. [83] was the first to observe reduced state
3 mitochondrial respiration in hearts of obese and T2DM db/db mice.
In a review of literature on rodent models of diabetic cardiomyopathy,
Bugger et al. [84] report impaired state 3 respiration, and abnormal
mitochondrial oxidative stress and ultrastructure in experimental
murine model with various degrees of obesity and types of diabetes:
insulin-resistant, insulin-dependent and non-insulin dependent. The
underlying pathological mechanism in altered mitochondrial function
and morphology include oxidative damage, alterations in oxidative
phosphorylation, impaired mitochondrial Ca** handling and alterations
in cardiac insulin handling [85,86].
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Diagnosis

Diagnosis Status: Clinical diagnosis of diabetic cardiomyopathy
has two important components: (a) the detection of myocardial
abnormalities; and (b) the exclusion of other known causes of
cardiomyopathies such as structural heart diseases and hypertension
[49]. Still, diagnosis is problematic because of the lack of distinguishing
pothognomic histologic changes or imaging characteristics specific
to diabetic-associated alterations in cardiac functions. Although
endomyocardial biopsy could differentiate diabetic cardiomyopathy
from other cardiomyopathies or similar cardiac diseases such as
hypertrophic cardiomyopathy or infiltrative cardiac diseases, it is rarely
recommended because of its invasive nature [11]. However, myocardial
fibrosis or collagen deposition remain an important histological feature
of diabetic cardiomyopathy.

Diagnostic Methods

Non-Invasive Imaging: Non-invasive imaging is considered the
mainstay of diagnosing diabetic cardiomyopathy because it is able to
visualize and characterize myocardial dysfunction across the spectrum
of its clinical manifestation. Echocardiography-defined cardiac
dysfunction or morphological abnormalities in patients with overt
HF often provide confirmatory diagnosis of diabetic cardiomyopathy.
In the absence of symptoms in overt HE, the American College of
Cardiology/American Heart Association (ACC/AHA) recommend
imaging diagnosis [87]. Imaging diagnosis could be complemented
by assessing circulating cardiac biomarkers produced by alterations in
biochemical tissue composition [88].

Echocardiography: Echocardiography is an inexpensive non-
invasive imaging tool for characterizing cardiac structure and function
as well as enabling real time visualization of cardiac cycle [9]. It is
the accepted imaging standard for the assessment of systolic and
diastolic dysfunction in diabetic patients. Nevertheless, current
clinical understanding of diabetic cardiomyopathy lack consensus on
precise echocardiographic imaging criteria for the diagnosis of diabetic
cardiomyopathy. However, the presence of hypertrophy (increase in LV
mass) or diastolic dysfunction provides important supportive evidence
for diagnosis. In particular, two recent reviews of echocardiographic-
defined diagnosis of diabetic cardiomyopathy suggest imaging criteria
should include one or both of the following features as listed in
Table 3 [11,49]. Further, the criteria suggests conventional Doppler
echocardiography may be sufficient but tissue Doppler imaging of
mitral annular motion is of particular importance in confirming
diagnosis.

Echocardiography images enable quantitative and qualitative
assessment of cardiac function including LV geometry, regional wall
motion, systolic/diastolic function and valvular anatomy and function.
Two-dimensional (2D) echocardiography is the traditionally validated
imaging method of choice for detecting and quantifying LV hypertrophy.
However, because 2D echocardiography has important limitations is
assessing DM patients exhibiting major distortion in LV geometry, a
majority of existing studies have assessed LV hypertrophy and LV mass

Table 3. Suggested Imaging Criteria for Diagnosis of Diabetic Cardiomyopathy

Criteria Imaging Description Imaging Technique
Conventional echocardiography or

Evidence of cardiac hypertroph . . . .
v 14C NYPEIOPRY | o ardiac magnetic resonance imaging

Evidence of LV diastolic Echocardiography: Transmitral Doppler
dysfunction with or without or Tissue Doppler, or provocative testing
systolic dysfunction; or Evidence |(strain/strain rate imaging or stress

of left atrial enlargement imaging).
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using a combination of 2D and M-mode echocardiography. Although
cardiac catheterization is considered the gold standard in assessing LV
diastolic dysfunction, in diabetic patients, it is rarely considered [89].
Pulsed-wave Doppler echocardiography is thus the most clinically
practical method for assessing diastolic dysfunction, which includes
measurement of transmitral and pulmonary venous flow or velocities,
and atrial volumes [90].

Cardiac Magnetic Resonance: Cardiac magnetic resonance
imaging (CMRI) has been shown to have superior accuracy and
reproducibility and thus has been considered the gold standard in
assessing LV mass [91]. It is able to perform myocardial perfusion
imaging (MPI) and assess myocardial flow reserve (MFR) [92].
Further, CMRI has been demonstrated as a useful imaging modality
in accurately assessing diastolic function better than echocardiography
[93]. However, the current use of CMRI is limited because of high cost,
time constraints and the requirement for expertise assessment [9].

Cardiac Biomarkers: Assessment of circulating cardiac
biomarkers produced by alterations in biochemical tissue composition
may complement imaging findings in the diagnosis of diabetic
cardiomyopathy [88]. The most recognized cardiac biomarker is
brain natriuretic peptide (BNP) hormone produced in response to
ventricular volume and pressure overload. A study examining BNP
levels in relation to findings in echocardiography reports patients with
diabetic cardiomyopathy have elevated levels of BNP accompanying
LV dysfunction [94]. In a related study comparing BNP levels and
echocardiographic findings, Epshteyn et al. [95] reported in patients
with diabetic cardiomyopathy, BNP levels have a high positive predictive
value for detecting LV dysfunction, (96% with BNP levels > 90 pg/
ml). However, although BNP levels may provide additional diagnostic
information, it is a sensitive and specific marker for congestive heart
failure but cannot reliably distinguish between systolic and diastolic
heart failure, which limits its clinical use in the diagnosis of diabetic
cardiomyopathy [36,94].

Meta-Analysis of Diagnosis of Diabetic Cardiomyopathy:
The search for studies on the diagnosis of diabetic cardiomyopathy
was carried out on online databases: PubMed, EMBASE and Google
Scholar. To find as many as possible published studies, a combination
of wide search terms were used. This included diabetic cardiomyopathy,
diabetes and heart failure, diabetes and depressed ventricular function,
diabetes and LV hypertrophy. Studies were included if they: (a) used
original data; (b) assessed LV function using echocardiography; and (c)
included at least one of the following key diagnostic features represented
in numerical or percentage form: diastolic dysfunction, impaired
relaxation, pseudo-filling pattern, LV mass index, E/A or E/e ratio,
peak strain and strain rate. Titles and abstract of studies retrieved from
online search as well as studies obtained from reviewing bibliographies
suspected to meet the inclusion criteria were included for further
review. Studies on experimental animal models and case series with
less than ten patients (because of issues of statistical inadequacy) were
excluded from this meta-analysis. Table 4 summarizes study features
relevant to this meta-analysis.

Study Characteristics: A combined search on online databases,
library and a review of bibliography returned more than 200 studies for
further review. However, only fourteen (14) met the inclusion criteria
and were included in this meta-analysis [25,96-108]. Table 4 provides
a summary of the main diagnostic methods and features relevant
the current analysis. The main echocardiographic methods used
were conventional Doppler echocardiography to measure blood flow
velocities in eight (57%) of the studies [25,96-102] and tissue Doppler
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Table 4. Summary of Key Diagnostic Features of Diabetic Cardiomyopathy

Pseudo-

1st Author [Ref. Year of No. of Men | Mean = Diagnostic Dlastoll.c lmpan{ed filling .LV mass | Mean | Mean E/e’ Pea!{ Strain
#] Publication | Patients = (%) Age Method Dysfunction | Relaxation pattern index (g/ | E/A DT Ratio Strain | Rate
(%) (%) (%) m?) Ratio | (ms) (%) (s
0
'[Dgere“x ctal. 2000 1810 32 60 Doppler NR NR NR 85 NR  NR | NR NR | NR
Khan et al. [96] 2006 50 72 48 Doppler 60 36 24 83 0.76 260 NR NR NR
éa;’]alg"‘“a etal 2001 86 52 46 Doppler 47 30 17 101 NR | NR NR NR | NR
From et al. [98] 2010 1760 49 60 Doppler 23 NR NR 97 NR | 217 130 | NR  NR
Poirier et al. [99] 2001 46 100 52 Doppler 60 32 28 88 079 | 279 NR | NR | NR
Liu et al. [100] 2001 616 25 58 Doppler NR 50 NR 40 083 | 202 NR | NR | NR
Eren etal. [101] 2004 24 37 51 Doppler 59 41 17 86 080 245 | NR | NR | NR
Zarich et al. [102] 1988 21 43 32 Doppler 29 20 NR NR 124 NR | NR NR | NR
Ha et al. [103] 2007 53 51 53 TDI NR NR NR 110 193  NR  NR | NR
Fang et al. [104] 2003 48 69 60 TDI NR 53 NR 95 102 NR | NR | 241 14
ﬁ'(‘)(é‘]“se“ ctal. 2003 32 56 53 TDI 43 28 15 99 110 198 | NR | NR 12
Nakai et al. [106] 2009 60 57 63 TDI NR NR NR 115 080 | 243 129 | 231 | NR
fl“(l)‘;‘]le” ctal. 2008 25 68 33 TDI 8 0 0 NR 1.50 56 | 190 | 14
ﬁ‘(’)‘;‘]l““’“ka ctal. 2007 185 52 35 TDI 0 0 0 NR 130 | 191 75 NR  NR
Total/Average 4816 55 50 36.6 29.0 14.4 88.9 1.0 2253 | 98 | 221 13

(*E/e’: Mitral early diastole velocity/ peak mitral annular velocity during early diastole: TDI: Tissue Doppler Imaging; E/A: Early ventricular filling wave (E)/Late ventricular filling wave

(A); DT: E-wave Deceleration Time; STE: Speckle Tracking Echocardiography)

echocardiography to measure myocardial tissue velocities in six studies
(43%) of the studies [103-108]. Outcome analysis assessed LV diastolic
dysfunction, impaired relaxation and pseudo-normal filling pattern
using LV mass index (g/m?), E/A or E/¢’ ratio, deceleration time (DT),
peak strain and strain rate.

Patient Characteristics: The combined patient population in the
14 studies was 4,816. Twelve (12) of the 14 studies included 4,606
asymptomatic, normotensive T2DM patients [25,96-106] while the
remaining two included 201 uncomplicated or chronic (>10years)
T1DM placed under intensive insulin therapy [107,108]. The mean age
was 50 years, range 32 years [102] to 63 years [106] with an almost
equal gender presentation (men = 55%, female 45%). However, the
duration of diabetes was not considered in this meta-analysis since
several studies reported it did not influence the development or severity
of ventricular systolic dysfunction [96,97,99,102,106].

Echocardiographic Findings: The main diagnostic feature
assessed in the 14 studies was LV diastolic dysfunction. Nine studies
[96-99,101,102,105,107,108] reported 36.6% (range 0% [131] to 60%
[96,99]) of the patients had LV diastolic dysfunction. In terms of
patient characteristics, Konduracka et al. [131] studied patient sample
of TIDM patients under intensive insulin therapy, while the rest of
the studies investigated T2DM patients that were well associated with
diabetic cardiomyopathy.

Based on the 14 studies, two key factors used to define ventricular
diastolic dysfunction were impaired relaxation and pseudo-normal
filling pattern accounting for 29.0% and 14.4% in ten [96,97,99-102,104,
105,107,108] and seven [96,97,99,101,105,107,108] studies respectively.
The ratio of ventricular filling (during rapid E-wave [E] and atrial
contraction [A], E/A) and E-wave deceleration time [DT]) were also
used to determine diastolic dysfunction, defined as normal diastolic
(E/A >1, DT 160 ~ 240 ms); impaired relaxation (E/A <1. DT >240ms),
and pseudo-normal filling (E/A > 1, Decreased ratio by > 25% during
Valsalva maneuver relative to baseline) [119]. The mean E/A ratio in 11
studies [96,99-108] was one (1.0) and DT in nine of the studies [96,98-
101,103,105,106,108] was 225.3 ms.
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In addition to E/A ratio, tissue Doppler imaging assessed E/¢ ratio
(mitral early diastole velocity/ peak mitral annular velocity during early
diastole). E/€’ ratio >15 suggests diastolic dysfunction [98]. Finally,
using tissue Doppler imaging, peak strain and strain rate was assessed
to detect diastolic dysfunction [104,105,107]. The mean peak strain in
three studies using tissue Doppler imaging [104,106,107] was 22.1%
and strain rate was 1.3/s. On the other hand, LV mass index was used
to assess LV hypertrophy, a key feature of diabetic cardiomyopathy,
defined as LV mass >131 g/m* in men and > 100gm* in women [104].

Discussion

A range of diagnostic methods may help to characterize and
detect morphological and functional alterations in the normal cardiac
function in many cardiomyopathy phenotypes as well as in other
cardiac conditions. However, none of these alterations is specific
to diabetic cardiomyopathy [49]. The assessment of LVEF is a well-
established standard in characterizing LV dysfunction in many cardiac
conditions but it has a limited use in diabetic cardiomyopathy because
alterations in pre- and afterload reduce its sensitivity more so in HF
patients with preserved ejection fraction [9]. Further, leading national
heart associations and cardiologists societies such as AHA and
ESC have not provided specific guidelines for diagnosis of diabetic
cardiomyopathy. This meta-analysis aimed to determine specific
alterations in the LV myocardium that could improve the diagnosis of
diabetic cardiomyopathy.

In the present findings, a combination of LV functional and
morphological indices could support the diagnosis of diabetic
cardiomyopathy. Impaired relaxation and pseudo-filling LV diastolic
pattern are described as key functional diagnostic characteristics. The
key variables to demonstrate impaired relaxation and pseudo-filling LV
diastolic pattern are: (a) early ventricular filling wave (E-wave) and the
late ventricular filling wave (A-wave) reported as E/A ratio; (b) E-wave
peak velocity (E)’ and (c) E-wave deceleration time (DT) as measured
by Tissue Doppler Imaging (TDI). These variables categorize diastolic
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function into four patterns; (a) normal; (b) impaired relaxation; (c)
pseudo-normal, or (d) restrictive pattern. An important limitation of
impaired relaxation defined as E/A < 1, DT >240ms is that it is non-
specific to diabetic cardiomyopathy because it is a characteristic shared
by several other cardiac conditions such as microvascular myocardial
ischemia, hypertension or LV overload [88,96]. However, the use of
Valsalva maneuver improves the diagnostic value of pseudo-filling
pattern, which is defined as (E/A > 1, decreased ratio by > 25% during
Valsalva maneuver relative to baseline.

In the present findings, diastolic dysfunction is also detectable by
TDI assessed as a ratio of mitral early diastole velocity/ peak mitral
annular velocity during early diastole (E/€’) >15. Further, the findings
suggest TDI-based strain and strain rate analysis is a promising
diagnostic method for diabetic cardiomyopathy but its use is limited
since it is an emerging research area. In addition to functional LV
parameters, LV hypertrophy (LV mass index > 131g/m? for men and
100 g/m? for women) and atrial enlargement are key morphological
features supporting the diagnosis of diabetic cardiomyopathy. However,
a paucity of studies specifically investigating atrial enlargement means
insufficient evidence of its true value in the diagnosis of diabetic
cardiomyopathy [49].

The present findings are consist with proposals by Aneja et al.
[49] and Mehta et al. [11] that the presence of LV hypertrophy and/
or LV diastolic dysfunction are the key characteristic features of
diabetic cardiomyopathy. However, whereas the present findings
suggest functional alterations could support the diagnosis of diabetic
cardiomyopathy, Aneja et al. [49] proposed that they are non-specific.
Instead, the two proposals [11,49] suggest morphological characteristics,
particularly LV hypertrophy, is the hallmark of diagnostic characteristic
in patients with diabetic cardiomyopathy. In addition, LV hypertrophy
had also been shown to be readily demonstrated by conventional
echocardiography or CMR imaging modalities. In support, several
large-scale population-based heart studies — Framingham Heart Study
(FHS) [90], Cardiovascular Health Study (CHS) [22] and Strong Heart
Study (SHS) [25] - have reported significant increases in LV mass in
diabetic patients. According to Aneja et al. [49] proposed diagnostic
guidelines, increases in LV mass (indicating LV hypertrophy) supports
the diagnosis of diabetic cardiomyopathy.

Whereas echocardiographic-defined LV ejection fraction (LVEF) is
the well-established standard for assessing LV dysfunction, alterations
in pre-load and after-load can influence LVEF reducing its sensitivity
for assessing contractile function in HF patients with normal ejection
fraction [9]. The present findigns reveal that tissue Doppler Imaging
(TDI) echocardiography enables better detection of subtle regional
abnormalities in LV function. TDI has also been demonstrated to assess
myocardial strain and identify global and regional abnormalities in the
diabetic myocardium [9]. TDI is different from conventional Doppler
because it uses a filter to eliminate high velocity and low amplitude
signals reflection from blood cells and thus enables visualization and
analysis of low velocity and high amplitude tissue signals. Further, TDI
enables assessment of strain and strain rate as dimensionless indices of
changes in length signifying tissue deformation [90].

Summary of Findings

Diagnosis of diabetic cardiomyopathy is challenging because of
the lack of pothognomic imaging characteristics. However, growing
evidence suggests alterations in LV functions such as impaired diastolic
function and pseudo-filling patterns as well as LV hypertrophy could
support diagnosis. Conventional echocardiography is useful for
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assessing changes in LV mass (hypertrophy), tissue Doppler imaging is a
better echocardiography imaging modality for assessing LV dysfunction
in diabetic cardiomyopathy since it measures hemodynamic alterations:
blood flow and myocardial tissue velocities, or myocardial strain and
strain rate. While atrial enlargement could also support diagnosis of
diabetic cardiomyopathy, its use is undermined by insufficient evidence.

Clinical management: Unlike other primary forms of
cardiomyopathy such as dilated cardiomyopathy, hypertrophic
cardiomyopathy ~ and  restrictive  cardiomyopathy,  diabetic
cardiomyopathy lacks specific clinical guidelines. However, the
American College of Cardiology/American Heart Association Task
Force (ACC/AHA) recommends treatment of diabetes should include
management diabetes and associated risk factors, and the treatment of
heart failure.

Therapeutic targets: The ACC/AHA recommend the main
therapeutic targets in the clinical management of diabetic
cardiomyopathy are (a) lifestyle modification; (b) regulation of blood
glucose (glycaemia); (c) modification of risk factors for the development
of cardiovascular diseases; and (d) the treatment of heart failure [47].

Management Methods

Lifestyle Modification: Lifestyle has been associated with the
development or the exacerbation of diabetes, and this association has
isolated lifestyle modification as an important prophylactic management
strategy for diabetic cardiomyopathy [47]. The recommended lifestyle
modifications mostly include smoking cessation, healthy eating habits,
and aerobic exercise (intendent to reduce body weight). Several animal
models and human studies [95,109-112] have demonstrated that
reduction in body weight and increased aerobic exercise significantly
reduce the incidence of T2DM and diabetic cardiomyopathy.

Glycemic Control: The control of hyperglycemia has important
clinical benefits in the management of diabetic cardiomyopathy. Several
studies have suggested hyperglycemia induces increased production
and oxidation of FFA and growth factors leading to abnormalities in
substrate supplies and utilization. Thus, glycemic control is the most
basic and important strategy to prevent the development of diabetic
cardiomyopathy [48] since it reduces the risk of cardiovascular events
including myocardial infarction, stroke and the likelihood of developing
diabetic cardiomyopathy. Although current management of diabetes
uses a range of medication — metformin, sulfonylureas, insulin and
other modern drugs including GLP1 agonists and antagonists of DPP4,
these medications have important limitations for diabetic patients with
co-occurring heart failure. Metformin for instance introduces the risk
of lactic acidosis in HF patients but the risk is not significant [113].
However, Metformin has been demonstrated to have a preventive effect
against the development of diabetic cardiomyopathy in murine models
[101] as well as reduces mortality and hospital admission [115,116].
Insulin treatment has also been used as a glycemic control strategy in
high-risk diabetic patients [47].

Heart Failure Treatment: For DM patients with depressed LV
function and symptomatic heart failure, the 2013 European Society
of Cardiologists (ESC) on diabetes, pre-diabetes and cardiovascular
diseases recommend three neuro-hormonal antagonists: ACE-
inhibitor, angiotensin receptor blocker (ARB) and mineralocorticoid
receptor antagonist (MRA). These are the leading pharmacologic agents
in the treatment of HF and depressed LVEE, which includes diabetic
patients. These medications should be used concomitantly with diuretic
to relieve congestion [47].
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Angiotensin-Converting ~ Enzyme  Inhibitors/Angiotensin
Receptor Blockers: Angiotensin-converting enzyme (ACE) - inhibitors
are usually indicated in patients with T2DM and HF to improve
symptoms and survival [117-120]. Angiotensin receptor blockers
(ARB) provide equivalent beneficial effect to that provided by ACE-
inhibitors and thus ARB could be used as an alternative for patients
intolerant to ACE-inhibitors [121]. However, the use of ACE-inhibitors
and ARBs in DM patients requiring monitoring of kidney function and
potassium because of the frequent occurrence of nephropathy [47].

Beta-Blockers: Beta-blockers are the accepted standard
pharmacologic care for patients with systolic heart failure [109,110].
In a sub-group analysis of the 1999 Metoprolol CR/XL Randomized
Intervention Trial in Congestive Heart Failure (MERIT-HF),
Deedwania et al. [124] observes beta-blockers had a protective effect
on mortality and hospital admissions, and improve survival rate
without significant differences between T2DM patients and non-
diabetic patients. The main recommended beta-blocker medications
in HF and T2DM patients include metoprolol [124], Bisoprolol in the
Cardiac Insufficiency Bisoprolol Study (CIBIS II) [125], Carvedilol
in the Carvedilol Prospective Randomized Cumulative Survival
(COPERNICUSY) [126], and Carvedilol or Metoprolol European Trial
(COMET) [127]. Administration of beta-blockers in T2DM patients
should be monitored because of the risk of adverse effects including
negative metabolic effect such as hypoglycemia, dyslipidemia and
reduced insulin sensitivity [128,129].

Mineralocorticoid Receptor Antagonists: Mineralocorticoid
receptor antagonists (MRA) is recommended for all symptomatic
patients with depressed LV function with or without ACE-Inhibitor/
ARB treatment to reduce the risk of HF hospitalization and premature
death [16]. The effect of MRA does not differ between patients with or
without T2DM and HF [130]. However, monitoring of kidney function
and potassium is mandatory due to increased risk of nephropathy in
DM patients [47].

Diuretics: Diuretics are usually recommended for relief of dyspnea
and edema in HF patients with fluid retention with or without depressed
ejection fraction. However, there is no demonstrated protective effect
against mortality or morbidity. In diabetic patients, loop diuretics are
preferred over ACE-inhibitors/ARB due to their superior effect on
glycemic profile [47].

Table 5. Comparing Standard and Intensive Glycemic Control in Diabetic Patients

Trial [Ref #] ACCORD [132] UKPDS [133]
Study Period 2001-2005 1977-1997
No. of Patients 10,251 4,620
Mean Age (years) 62.2 53.0
Female (%) 38 41
Median Follow up (yrs.) 35 10.1
Mean Duration of Diabetes (yrs.) 10 ND

Conventional diet

Standard Standard medication
therapy
Glycemic Control (Strategies) Metformin, insulin - .
. ’ ’ Metformin, insulin
Intensive sulfonylurea, or sulfonvlurea
thiazolidinedione uHtonyiy
HbA | (%) (Baseline) 8.3 7.1
Standard 7.5 7.9
HbA, (%) (Follow-up) X
¢ Intensive 6.4 7.0
Cardiovascular Mortality Standard 1.8 --
Intensive 2.6 --
. Standard 4.0 16.2
All-cause Mortality -
Intensive 5.0 19.5

(HbA, : Glycated Hemoglobin, ND: Newly Diagnosed).
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Calcium Channel Blockers: Intracellular calcium retention
depletes high-energy phosphate stores and impairs cardiac function.
Calcium channel blockers are indicated to reverse intracellular calcium
deficits and prevent against diabetic-induced myocardial changes
[47]. Verapamil has been reported to improve contraction and rate of
relaxation as well as improve altered myofibrillar. ATPase activities and
reticular calcium pump activities [131].

Meta-analysis of Clinical Management: Hyperglycemia has been
recognized as an important pathogenic factor contributing to altered
myocardial metabolism, which precedes the development of diabetic
cardiomyopathy. However, the efficacy of glycemic control in the
management of diabetic cardiomyopathy has only been demonstrated
in murine models but remains inconclusive in human studies. This
meta-analysis reviews five large randomized control trials: ACCORD
[132], UKPDS [133], ADVANCE [134], PROactive [135], and VADT
[136] that compared standard and intensive glycemic control in the
management of cardiovascular events in diabetic patients. The aim is
to determine whether intensive glycemic control compared to standard
therapy conveys a protective effect against cardiovascular events and
cardiovascular deaths. Table 5 provides a summary of the main features
of the five RCTs in relation to glycemic control in diabetic patients.

Study Characteristics: Five large randomized controlled trials
[132-136] with long follow-up periods were included in this meta-
analysis. The combined total patient population was 33,040 (mean
age = 60.7years; female 31.8%). The median follow-up was 5.3 years,
range 10.1 [133] to 2.1 years [135]. The mean duration of diabetes
was 8.6 years in four RCTS [132,134-136]. The UKPDS trial [133]
recruited patients with newly diagnosed diabetes. Standard therapy
used standard medication based on local guidelines [132,134,135],
conventional diet therapy [133] or half the dose of intensive glycemic
control [136]. Intensive glycemic control on the other hand used a
combination of medication including insulin, metformin, sulfonylurea,
thiazolidinedione, glinide, rosiglitazone or glimepiride.

Clinical Outcomes

The main clinical endpoints of interest were the reduction in the
concentration of glycated hemoglobin between baseline and follow-
up, cardiovascular deaths, and all-cause mortality. Intensive glycemic
control reduced the concentration of glycated hemoglobin (HbA, )

ADVANCE [134] PROactive [135] VADT [136] Sum/Average
2002-2007 2001-2002 2000-2007 -
11,140 5,238 1,791 33,040
66.0 61.8 60.4 60.7
43 34 3 31.8
43 29 5.6 5.3
5.0 8.0 11.5 8.6
Standard medication Standard medication intefllsailvfe_:dt?lz&;apy -
Glicazide, metformin, Metformin, Metformin,
glinide, thiazolidinedione = sulfonylurea, insulin | rosiglitazone, or -
or insulin or a combination glimepiride
7.5 7.8 9.4 8.0
7.3 7.6 8.4 7.7
6.8 7.0 6.9 6.8
4.6 -- 3.7 34
3.8 - 4.5 3.6
8.5 24.6 10.6 12.8
7.3 23.6 11.4 13.4
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from baseline (8.0%) to follow-up (6.8%) compared to standard therapy
(7.7%). However, intensive glycemic control had comparable rates of
cardiovascular and all-cause mortality to standard therapy (3.6% vs.
3.4%) and (13.4% vs. 12.8%) respectively. Intensive glycemic control
significantly reduced the concentration of glycated hemoglobin with
no significant increase in the risk of death. However, the five RCTs
did not directly compare glycemic control in patients with diabetic
cardiomyopathy nor assessed the effect on ventricular systolic
dysfunction and heart failure.

Discussion

Glycemic control has been the mainstay of treatment in patients
with diabetes mellitus. Several trials have demonstrated that glycemic
control also inhibits the progression of microvascular diseases [29,137]
but its effect on macrovascular diseases remains unclear. However,
epidemiological studies [29,138,139] and small short-term trials
[140,141] have had inconsistent findings on the association between
glycemic control and cardiovascular diseases some indicating beneficial
effects while others indicating adverse effects. Since CVD is a serious
complication and a leading cause of death in diabetic patients, its
effective management is important to improve survival. In relation,
the aim of the present meta-analysis was to determine the effect of
intensive glycemic control compared to standard control on patients
with diabetic cardiomyopathy.

The present analysis finds intensive glycemic control compared to
standard glycemic control has beneficial protective effect against the
progressive development of diabetic cardiomyopathy. According to
Mishra et al. [48], intensive glycemic control reduces hyperglycemia,
which is a key pathologic factor in diabetic cardiomyopathy because
it contributes to apoptosis of cardiac myocytes and increases the
production and oxidation of FFA and growth factors, which contribute
to the pathophysiology of diabetic cardiomyopathy by interfering with
substrate supply and utilization [36]. In support, Holman et al. [37]
associate the reduction of Hba levels with improvement in both systolic
function and systolic strain as measured by TDI. The study concludes
that intensive glycemic control significantly reduces the concentration
of glycated hemoglobin with no significant increase in the risk of death.
Although glycemic control is an important prophylactic therapy, for
DM patients with significantly depressed LV function and symptomatic
heart failure, traditional HF treatment using pharmacotherapy (ACE-
inhibitors/ARB, beta-blockers, diuretics and calcium channel blockers),
device therapy (ICD) or heart transplantation is recommended
[47,121,109,124].

All the five RCTs strongly demonstrate the therapeutic value of
intensive glycemic control in reducing the concentration of glycated
hemoglobin (a key etiologic feature in the development of diabetic
cardiomyopathy). However, the five RCTs only assessed intensive
glycemic control versus standard glycemic control in diabetic patients.
The RCTs did not specifically identify or assess the effect of intensive
glycemic control on diabetic patients with cardiomyopathy nor assessed
the effect on ventricular systolic dysfunction. Furthermore, most current
studies on glycemic control in patients with diabetic cardiomyopathy
rely on experimental murine models and the application of the findings
to human studies are still ongoing. Thus, there is a need for additional
studies to determine the therapeutic value of intensive glycemic control
in the management of patients with diabetic cardiomyopathy.

Summary of Findings

Hyperglycemia is one of the pathophysiologic mechanisms of
diabetic cardiomyopathy. It results in apoptotic and necrotic myocyte
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death causing increased production and oxidation of FFA and growth
factors, which contribute to ventricular dysfunction. Hyperglycemic
control inhibits this pathophysiologic mechanism to convey a protective
effect against the development of diabetic cardiomyopathy. However,
although intensive glycemic control has superior effect in the reduction
in the concentration of glycated hemoglobin compared to standard
glycemic control, its clinical efficacy in preventing systolic dysfunction
in diabetic patients has inconsistent results.

Conclusion

Diabetic cardiomyopathy is a heart muscle disease characterized
by structural and functional abnormalities in the myocardium
occurring in the absence of hypertension and/or structural heart
disease in patients with diabetes. These abnormalities lead to systolic
heart failure, which is one of the leading causes of diabetic-related
morbidity and mortality. The prevalence of diabetic cardiomyopathy
ranges between 1% and 4% in the general population and increases
to 12% in diabetic patients. Diabetic patients with hyperglycemia and
hypertension are at a higher risk of developing myocardial dysfunction.
Clinically, diabetic cardiomyopathy has a long asymptomatic sub-
clinical phase usually detected with concomitant coronary artery
disease or hypertension, and a clinically distinct symptomatic phase,
described as congestive heart failure in the absence of hypertension and
coronary atherosclerosis. The main predictors of poor prognosis are
worsening glycemic control (or insulin resistance), high concentration
of inflammatory markers (C-reactive protein, interleukin (IL)-6 and
microalbuminuria), the presence of metabolic syndrome and the
development of heart failure. Key pathophysiologic mechanisms
include altered myocardial metabolism, mitochondrial dysfunction,
myocardial fibrosis, microvascular disease, and myocyte apoptosis
or necrosis. Preceding these mechanisms is a series of maladaptive
stimuli triggered by hyperglycemia. Diagnosis requires the evidence
of echocardiographic-defined LV hypertrophy (increase in LV mass)
and/or diastolic dysfunction (impaired relaxation and pseudo-
filling pattern) or atrial enlargement. Finally, treatment depends on
management of diabetes mainly through lifestyle modification and
intensive glycemic control. The other treatment option is management
of heart failure using conventional heart failure pharmacotherapy.
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