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Abstract: The mechanisms leading to the development of heart failure (HF) in diabetes mellitus (DM)
patients are multifactorial. Assessing the risk of HF development in patients with DM is valuable not
only for the identification of a high-risk subgroup, but also equally important for defining low-risk
subpopulations. Nowadays, DM and HF have been recognized as sharing similar metabolic pathways.
Moreover, the clinical manifestation of HF can be independent of LVEF classification. Consequently,
approaching HF should be through structural, hemodynamic and functional evaluation. Thus, both
imaging parameters and biomarkers are important tools for the recognition of diabetic patients at
risk of HF manifestation and HF phenotypes, and arrhythmogenic risk, and eventually for prognosis,
aiming to improve patients’ outcomes utilizing drugs and non-pharmaceutical cardioprotective tools
such as diet modification.
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1. Introduction

Diabetes mellitus (DM) is a global health problem. The prevalence of DM worldwide
continues to increase, with a projected rise from 425 million in 2017 to 629 million by
2045 globally. The effects of this pathological entity on cardiovascular health (CV) create
further public health challenges and remain responsible for the increased prevalence of
cardiovascular disease (CVD) [1]. Beyond coronary artery disease (CAD) progression, DM
can precipitate or worsen heart failure (HF) due to multifactorial mechanisms (i.e., the
accumulation of advanced glycation end products (AGEs), oxidative stress, inflammatory
status impairment, decay of intracellular calcium, changes in microRNAs expression) [2—4].
Patients with diabetes develop HF at more than two-times the rate of patients without
diabetes [1]. The underlying mechanisms that interconnect DM to HF merit further in-
vestigation, although diabetic cardiomyopathy and the frequent concomitant presence of
microvascular dysfunction have been implicated as the principal insults. Nowadays, DM
and HF have been recognized as sharing similar metabolic pathways; thus, the clinical
manifestation of heart failure can be noticed in the entire spectrum of ejection fraction [5].
Thus, HF approach should be through structural, hemodynamic and functional evaluation,
while the need for the early detection of functional and morphological alterations in the car-
diovascular system in diabetic patients has emerged. Therefore, the necessity comes forth
for evidence-based cardioprotective tools, apart from drugs, such as the implementation of
a Mediterranean diet [6].
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2. Major Interconnections between DM and HF

Nowadays the concept of HF has been disconnected from the presence of reduced
ejection fraction [7], while symptoms and signs of HF can be acknowledged in the whole
spectrum of left ventricular (LV) volume exchange, which is prescribed as LV ejection
fraction (LVEF). Dichotomizing function using LVEF is a major oversimplification, as pa-
tients who present with a small LV cavity size and ventricular hypertrophy, or significantly
impaired longitudinal contraction may also develop low flow status. HF can be present
with normal or reduced end-diastolic volume or even with increased end-diastolic volume
but reduced stroke volume [8].

2.1. Structural Cardiac Alterations

DM has been recognized as sharing similar pathophysiological pathways with HF,
even in the absence of clinical recognition. In clinical diabetic cardiomyopathy, we usu-
ally recognize two faces: the dilated and the restrictive one. The first one may be due to
extended coronary atherosclerotic disease or due to the inflammatory process predispos-
ing to dilatation [9,10], while the second one may be due to microvascular dysfunction,
infiltration, fibrotic accumulation or even low metabolic state [11].

2.2. Energetic Impairment

DM causes several alterations in cardiac energy handling and myocardial perfor-
mance [12]. In the presence of any disturbance of glucose metabolism, cardiac adenosine
triphosphate (ATP) production is affected. Under normal circumstances, the major energy-
providing substrates for the heart are fats (triglycerides and fatty acids) and carbohydrates
(glycogen, glucose and lactate). Depending on its environment, the heart selects the most
efficient fuel for respiration, and continues likewise even when stressed (adaptation). The
absence or the overabundance of any fuel may result in metabolic toxicity and contractile
dysfunction [13]. The failing heart relies on an exogenous substrate for energy provision
due to the lack of endogenous energy reserves. It has been presented that even if the heart
is unable to synthesize creatinine, its contractile performance can be preserved under rest
conditions. However, this performance is reduced when challenged with an inotropic
agent; this can be attributed to increased susceptibility to ischemic injury and electrical
instability, which in turn can also lead to a state of low metabolism, where the intrinsic
myocardial performance is depressed [14].

2.3. Other Contributors of HF Development in DM

DM rarely presents in isolation. Not infrequently, diabetic patients concomitantly present
with several other cardiovascular risk factors such as obesity or arterial hypertension (HTN) [15].

Obesity affects myocardial structure and performance through systemic inflammation,
epicardial adipose tissue (EAT) accumulation and consequently the development of the
clinical condition described as “Cardiac steatosis”. Furthermore, myocardial fibrosis, aug-
mented production of reactive oxygen species (ROS) and reduced production of nitric oxide
(NO) by endothelium and increased myocyte stiffness are several mechanisms behind
cardiac dysfunction in diabetes [12]. In obese type 2 diabetes mellitus (T2DM) patients, the
unfavorable metabolic environment characterized by hyperglycemia, lipotoxicity, abun-
dance of AGEs and hyperinsulinemia can induce coronary microvascular dysfunction,
and lead to the development of heart failure with preserved ejection fraction (HFpEF) [8].
Hyperglycemia causes impairment in endothelial NO generation and a reduction in the
production of cyclic guanosine monophosphate (cGMP), which in turn down-regulates
protein kinase G (PKG) activity in cardiomyocytes and consequently titin protein function,
causing diastolic distensibility. Similarly, AGEs impair endothelial NO production and
predisposes to concentric LV remodeling and myocardial stiffness as observed in diabetic
cardiomyopathy patients with HFpEF [8,12]. In addition, in T2DM there is an increase in
glucose autooxidation and free fatty acid concentrations, which can create oxidative stress
in the myocardium and consequently induce concentric ventricular remodeling [3].
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The EAT exhibits a direct interplay with the heart, in metabolic and mechanica as-
pects. The lack of muscle fascia between the EAT and the myocardium makes the two
tissues dependent on the same microvasculature, whereas, on the other hand, it allows
direct paracrine and vasocrine interactions. In fact, it has been shown that in obese pa-
tients, the EAT secretes several proinflammatory chemokines and cytokines, collectively
called adipokines (including among others, tumor necrosis factor alpha (TNF-c), mono-
cyte chemoattractant protein-1 (MCP-1), interleukin (IL)-6, IL-1§3, plasminogen activator
inhibitor-1 (PAI-1), resistin and 5100 calcium-binding protein A9 (S100A9). All together,
they create a proinflammatory state in the myocardium associated with cardiomyocyte
stiffness, coronary endothelial dysfunction and fibrosis, which are all implicated in the
development of HFpEF [16].

Moreover, high levels of ROS produced by the EAT are responsible for the oxidative
stress in the myocardium and the coronary vasculature. As a source of angiotensin II, the
EAT triggers coronary vasoconstriction leading to ischemia, especially in patients with
DM due to coexisting vasculopathies [17]. Metabolically, EAT expansion is associated
with intramyocardial accumulation of triglycerides causing cardiac steatosis. It seems
that myocardial triglyceride content is independently associated with reduced pumping
function and impaired ventricular strain parameters. Cardiac steatosis induces fetal gene
transcription that favors the utilization of myocardial glucose instead of free fatty acids,
which further aggravates lipid accumulation, even under physiological conditions [16-18].

3. Diabetic Cardiomyopathy as a Standalone Disease

Diabetic cardiomyopathy can represent an important solitary etiology of HFpEF in
patients without coronary artery disease, arterial hypertension or other forms of structural
heart disease [11]. Despite not being fully elucidated yet, it seems to share similar molecular
pathways of impaired energy utilization leading to low performance status.

Those patients diagnosed may have the dilated or restrictive phenotype with concen-
tric LV remodeling and diastolic LV dysfunction and even low levels of natriuretic peptides
(NP). Patients with HFpEF and normal NP levels usually display mild diastolic dysfunction
and preserved cardiac output reserve during exercise, despite the marked elevation in
filling pressures. While clinical outcomes are not as poor compared with patients with high
NP, patients with normal NP HFpEF exhibit increased risk of death or HF readmissions
compared with patients without HF. These patients also reveal worse right ventricular
function, which is associated with low levels of NP, and, more often, secondary valvular
regurgitation. The increased morbidity and mortality that they show in comparison with
patients without heart failure, emphasize the importance of this phenotype [19-21].

4. Arrhythmogenic Considerations in DM

The pathophysiology of ventricular arrhythmias in non-ischemic cardiomyopathy
(non-ICM) involves complex remodeling of both ventricles with interstitial and perivascular
patchy fibrosis (extensive endocardial scarring is detected by magnetic resonance imaging
(MRI)) in 33% of DCM patients, with a propensity for epicardial and mid-myocardial layers,
intertwined with surviving myocytes, localized necrosis and cellular infiltrates [22]. In
addition to the altered electrophysiological properties of hibernating/stunned myocytes
around the scar, fibroblasts themselves have been found to affect ionic currents by providing
mechanoelectrical feedback via stretch-activated ion channels, establishing connexin-based
gap junctions with surrounding myocytes and altering the orientation of cardiac lamellae.
Thus, reentry is the most common (89%) mechanism for sustained Ventricular Tachycardia
(VT) in DCM. Other mechanisms include increased automaticity and afterdepolarizations
caused by abnormalities in ventricular myocytes’ resting potential (stretch-induced reduc-
tion in SERCA activity and backwards NCX function ZIPES) and assisted by the increased
levels of circulation catecholamines [23,24].
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5. How to Follow up the Progression of Diabetic Cardiomyopathy

Ejection fraction is used to assess LV function, and in the majority of situations, dictates
the treatment of cardiovascular diseases [5]. However, LVEF as a measure of LV function
has some important limitations. In particular, in DM patients, it loses its prognostic capacity,
as there is an altered relationship between LVEF and death or HF in patients with diabetes.
The risk for death or HF in a diabetic patient with an LVEF of 40% is equivalent to the risk
in a non-diabetic patient with an LVEF of 25% [25].

Deformation imaging (strain and strain rate) using speckle-tracking echocardiography
has been shown to be more sensitive than EF in detecting myocardial contractility [26]. A
significant advantage over classical Doppler-based measurements of these parameters is
the independence of speckle tracking from angle-related effects on measurements (whereas
proper alignment is necessary in Doppler techniques).

Following the introduction of deformation imaging, mainly including the study of
tissue strain and strain rate, a more precise characterization of myocardial systolic and
diastolic function has been made possible. More specifically, myocardial strain, longitudinal,
circumferential and radial, has appeared to be relatively load-independent, given that they
compensate for the initial condition of the myocardium [27].

The capability for real time three-dimensional imaging has allowed the inclusion of
transplanar segment motion, occurring because of myofibrillar orientation that would
have otherwise not been taken into account, simultaneously reducing examination time.
Three-dimensional speckle-tracking-based deformation measurements have been shown
to assess LV volume, function, dysynchrony and rotation, even when only subclinical
derangements exist and can give more sensitive information of the effects of fibrosis than
the estimation of EF. Thus, it has important prognostic value in the case of HFpEF [28].
However, a wide range of correlation has recently been noted between three-dimensional
real-time speckle tracking voxel and tagged cardiac MRI (gold standard) circumferential
strain measurements, emphasizing the need for further improvement [29]. The most
important limitation in applying the above measurements is the requirement for regular
cardiac cycles.

Following combination of the aforementioned advances, echocardiography has been
shown to carry significant prognostic value in DCM patients, regarding not only myocardial
function but also arrhythmogenesis and sudden cardiac death [30]. Although segmental
strain curves are synchronized in normal myocardium, in DCM, alterations in the curves’
form (signifying abnormal stretching in systole and post-systolic shortening in diastole),
peak systolic values (result of reduced contractility) and dispersion of their peak values
(highlighting the, often subclinical, dysynchrony) are evident [31].

The diagnosis of EAT expansion is warranted for the identification of EAT-related
HFpEF phenotypes. Transthoracic echocardiography can assess EAT thickness, measured
as the echo-lucent area between the epicardial surface and parietal pericardium, although
it cannot be used to estimate EAT volume, having also relatively poor inter-observer and
intra-observer variability among other limitations. The gold standard method for the
assessment of EAT volume is cardiac magnetic resonance (CMR). In line with this, the
European society of cardiology consensus recommends the use of a stepwise score-based
algorithm to diagnose HFpEF [32].

6. The Role of N-Terminal-Pro Hormone BNP (NT-proBNP)

NPs, particularly brain natriuretic peptide (BNP) and atrial natriuretic peptide (ANP),
are hormones secreted from cardiac chambers whenever an increased strain is imposed
on them. Their main function is to promote natriuresis in the kidneys through direct
inhibition of Na* reabsorption, stimulation of their guanylyl cyclase receptor and inhibition
of the renin-angiotensin-aldosterone axis and vasodilation induction through the latter
mechanism. They have been used by clinicians in order to differentiate between dyspnea
of cardiac and non-cardiac origin and may potentially assist in prognosis in the setting
of heart failure, myocardial infarction and pulmonary embolism [33]. As in diabetic
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cardiomyopathy, there is an increased strain imposed on the left ventricle, and the use
of natriuretic peptides (NPs) can be correlated with increased left ventricular diastolic
pressures and LV hypertrophy. Thus, their use may act as prognosticators for the clinical
course of patients.

The use of the NPs has been proven in the initial diagnosis of patients presenting with
shortness of breath and in the clinical management of patients with HF [34]. Furthermore,
the long-term prognostic role of natriuretic peptides has been studied in subjects without
clinical overt HF but with risk factors for HF development (ACC stage A) [34]. In a meta-
analysis of primary data from 40 studies including 95,617 individuals without a history
of CV disease, NT-proBNP strongly predicted first-onset HF and offered augmented risk
prediction for coronary heart disease (CHD) and stroke [34]. The incremental predictive
ability of NT-proBNP for CHD and stroke was greater than HDL cholesterol or CRP, and
NT-proBNP could serve as a multipurpose biomarker in new approaches that integrate HF
into CVD primary prevention. Additionally, in 16,492 patients with T2DM and a history
of or at risk of CV events, a stepwise increased risk of hospitalization for heart failure
was related with higher quartiles of baseline NT-proBNP values. There was a significantly
increased risk of hospitalization for heart failure with the use of an established dichotomous
cut-off point of 125 pg/mL (for age < 75 years) [34], whereas an absolute increase in NT-
proBNP by 400 pg/mL was associated with a significantly elevated risk of CV events. In
addition, dynamic changes in NT-proBNP over 6 months follow-up have shown a clear
discrimination of risk and may be most pragmatic for clinical practice in high and low
categories of NT-proBNP concentrations [34].

However, the mechanisms involved in the concept of DM-associated HF and the
risk factors implicated in the prognosis of patients with DM are unknown. Assessing
the risk in patients with DM is valuable not only for the identification of a high-risk
subgroup but equally important also to define low-risk subpopulations. NP measurement
by general practitioners (GP) and diabetologists in high-risk populations such as those
with hypertension or T2DM aids in identifying patients with elevated ventricular diastolic
pressures in order to strengthen the initiation of preventive measures, including medicine
up-titration of renin—angiotensin system antagonists or the introduction of novel therapies
such as sodium/glucose cotransporter 2 inhibitors (SGLT2i), and therefore, in preventing
or slowing the development of HF [35-37].

The development of a standardized strategy to screen and intervene in patients at risk
of developing HF is challenging, mainly due to the different definitions of HF risk, the
heterogeneity of prevalence in different populations, the variable duration of subclinical
course and the variable interventions for risk factor modification or treatment. Nowadays,
it has become more obvious that the diagnosis of HF cannot be based only on clinical signs
and symptoms, and markers reflecting hemodynamic condition, as elevated NP levels can
determine HF diagnosis especially concerning heart failure with mid-range ejection fraction
(HFmEF) and HfpEF [19,38]. Further studies are needed to determine the cost-effectiveness
of such a screening and its impact on quality of life (QoL) and mortality.

At the moment, the focus should be on T2DM since it is perceived as a major
risk factor for CVD and patients might benefit from an optimized treatment with renin—
angiotensin system antagonists and (3-blockers regarding cardiac events or the optimiza-
tion/introduction of novel therapies. PONTIAC evaluated the primary preventative effect
of optimal neurohormonal therapy in patients with DM without coronary artery disease,
selected according to their higher values of NT-proBNP. The study showed that the primary
end-point, which was hospitalizations or death, from heart failure was significant reduced
in the group of optimal treatment in the two years of follow-up. Those findings need to be
validated by more robust studies where key opinion leaders, payers and regulatory bodies
may play a significant role [39].

Both NT-proBNP and BNP have shown a predictive value for both short- and inter-
mediate-term CV events in individuals with DM. Indeed, the SAVOR-TIMI 53 trial reported
that diabetic individuals without known CVD but with elevated NT-proBNP levels had
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a 3-fold increased risk of HF development compared to counterparts with known CVD
and normal NT-proBNP levels. Similarly, the ADVANCE and other trials demonstrated
that NT-proBNP strongly predicts HF risk, the overall excess mortality and CV mortality in
people with T2DM [40-42]. Similarly with the PONTIAC study, the STOP-HF trial supports
the finding that BNPs are a reliable screening tool in an at-risk population identifying
subjects who appear with HF or LV dysfunction. NT-proBNP levels also correlated signifi-
cantly with the functional NYHA classes of HF [43]. However, despite their importance
as prognostic tests, natriuretic peptides are still not used regularly in ambulatory care

settings [38,44-46] Figure 1.
..
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Figure 1. Multifactorial pathogenesis of heart failure in patients with T2DM. AGEs: Advanced glycation

end products, EAT: epicardial adipose tissue, NO: nitric oxide, ROS: reactive oxygen species.

7. Lifestyle Interventions

Lifestyle interventions are a crucial step for the prevention and management of DM
according to the American and European Guidelines [1]. Adaptation of an overall healthy
lifestyle by diabetic patients has been related with a reduction in CVD mortality and
morbidity, including hospitalizations due to HF, as shown in a recent study of 3804 diabetics
of the ARIC population followed up for 26 years [47].

7.1. Weight Management

Data from cohort studies and a recent meta-analysis by Galaviz et al. including
17,272 patients [48] have provided evidence that a lifestyle modification targeting weight
loss can prove beneficial in the prevention and management of T2DM. A modest weight
loss of 5-10% has been associated with a significant reduction in HbAlc in diabetics and
delayed onset of T2DM in prediabetics. Furthermore, it was related with an improvement
in CVD risk factors, including blood pressure, thus implying a favorable impact in terms of
the cardiovascular prognosis of these patients [1,49].
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7.2. Physical Activity

Current guidelines recommend a moderate-to-vigorous physical activity of at least
150 min/week for the prevention and treatment of DM. A combination of aerobic and
resistance training is the preferred regime as studies have demonstrated an additive benefit
in terms of glycemic control, lipid profile and BP values. Furthermore, increased physical
activity seems to delay the evolution of prediabetic conditions, such as IGT to T2DM, and
improves CVD outcomes [1].

According to recent research data, exercise training in diabetic patients has been
associated with an improvement in echocardiographic parameters assessing systolic and
diastolic function and a further improvement in cardiorespiratory fitness as assessed via
the cardiopulmonary exercise test (CPET) [50]. Interestingly, the beneficial impact of
physical activity on myocardial function was even noticed in adolescents with T1IDM [51].
These observations may imply a favorable effect of physical activity in the prevention and
management of diabetic cardiomyopathy.

7.3. Diet

Nutritional guidance is an integral part of the management of every chronic condition.
This is even more evident in the setting of a cardiometabolic disease such as DM. Many
dietary patterns have been tried and suggested in diabetic populations, including low
carbohydrate diets (LC), high protein diets (HP) and popular moderate macronutrient ones
such as DASH and the Mediterranean diet. In diabetic patients, special dietary recommen-
dations have been proposed according to individual caloric requirements, personal food
preferences, medications administered, obesity status and the presence of other comor-
bidities. The intake of saturated fats should be reduced, while trans fat intake should be
eliminated. A decrease in energy density is also recommended (<125 kcal per 100 g of food),
while food should be enriched with whole grains, vegetables, nuts, poultry, legumes and
vegetable oils [52]. Moreover, legumes, have a rich content in soluble and insoluble dietary
fiber, reducing the rate of the absorption of glucose, are also excellent sources of peptides
and phytochemicals with reported antidiabetic properties and can modulate the release
of gastric hormones. Dietary habits play an important role in the composition of the gut
microbiota, determining the microbial metabolites. Adherence to the Mediterranean diet
were found to have beneficial microbiome-related metabolomic profiles. This is of extreme
importance as specific metabolites have shown changes in their circulating levels prior
to the onset of diabetes. Thus, the human gut microbiome profile can be modified by the
action of dietary phytochemicals, implying probable bidirectional interactions [7,52-57].

Regarding LC diets, studies have provided controversial results [58]; however, there is
evidence supporting their role in achieving better glycemic control and reduced insulin
resistance. These effects contribute to a more favorable metabolic environment that could
prevent the development of diabetic cardiomyopathy [59]. Usually, LC diets also imply a
high protein intake. Although data are scarce, diets with high protein consumption have
been associated with a significant improvement in major cardiometabolic parameters in
diabetic patients with HF [60].

On the other hand, studies with moderate macronutrient diets in populations with or
without DM have exhibited positive results in terms of cardiometabolic risk reduction. In a
recent meta-analysis by Siervo et al., the DASH diet was related to a significant reduction
in BP, total cholesterol and LDL, but it did not impact blood glucose and triglycerides [61].
Interestingly, Ge et al., in a meta-analysis including 21,942 participants, compared the
cardiometabolic impact of 14 popular named dietary patterns on cardiovascular risk re-
duction and found that LC-HP diets, low fat diets and moderate macronutrient DASH
and Mediterranean diets were associated with a significant reduction in weight and BP
at 6 months compared to common diet plans. However, these beneficial effects seemed
to fade away after 12 months, except for the sustained LDL reduction provided by the
Mediterranean diet [62].
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The Mediterranean diet has been widely studied for its cardiometabolic properties
and its beneficial effects on general health. It is associated with an improvement in blood
pressure control, lipid profile, glucose metabolism and arrhythmias. Therefore, the Mediter-
ranean diet is suggested to play a significant role in reducing risk factors for heart disease,
such as obesity, dyslipidemia, hypertension and diabetes [6,63]. For DM, in particular, the
adoption of the Mediterranean diet has been linked to a reduction in fasting and postpran-
dial glucose levels [58,59]. At the same time, it has been found that diabetic patients who
follow the standard Mediterranean diet show lower levels of hemoglobin Alc (HbAlc) and
improved insulin resistance [64,65].

Several research data and meta-analyses indicate that the various benefits of following
a Mediterranean-style diet come from the synergistic effect of various nutrients of the diet
and not from a single ingredient. The diet consists mainly of olive oil, fish, fruits, vegetables,
legumes, and high-fiber unprocessed cereals. Thus, it is rich in monounsaturated and
polyunsaturated fatty acids, fiber and antioxidants, while the intake of saturated fat is
limited, and the amount of carbohydrate intake comes mainly from complex carbohydrates.
All the above nutritional factors seem to contribute to a better control of glucose levels in
patients with diabetes [66-72].

7.4. Smoking

Smoking in the setting of DM has been associated with significantly worse outcomes
regarding cardiovascular mortality and morbidity, including CAD, stroke, peripheral vas-
cular disease and HF. Considering that smoking is another standalone classic risk factor
for CVD, its cessation is imperative in this high-risk population [73]. Regarding electronic
cigarettes, data are scarce and raise significant concerns regarding their cardiovascular
impact in people with or without diabetes mellitus. Taking into account the heterogeneity
of the included substances and the emerging phenomenon of dual-smokers (smoking
both electronic and classic cigarettes), vaping cannot be safely suggested as an alterna-
tive or means of quitting smoking. Consulting a specialized smoking cessation clinic is
warranted [74] Figure 2.

NPs

i &
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Figure 2. Prognostication of heart failure in patients with T2DM. CMR: cardiac magnetic resonance,
CPET: cardiopulmonary exercise test, ECHO: echocardiogram, HF: heart failure, Med: Mediterranean,
NPs: natriuretic peptides, T2DM: type 2 diabetes mellitus. The diagram presents a proposed evalua-
tion of T2DM patients for risk stratification of heart failure, involving cardiac imaging, functional
capacity, the Mediterranean diet score and biomarkers.
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8. The Role of Medical Therapy—What Is an Effective Treatment?

There is a debate about the effectiveness of intensive glycemic control of DM patients
in the primary prevention of HF. In a recent meta-analysis, intensive therapy for glycemic
control did not provide an important impact on the risk of hospitalization due to HF [75].

Pioglitazone, a thiazolidinedione, increases the risk of developing heart failure, thus it
has not gained any indication for use in HF patients, although it does not reduce cardiac
function. Pioglitazone exhibits its main mechanism by promoting Na + reabsorption and
fluid retention by activating sodium transporters in the proximal tubule and epithelial
sodium channels in the collecting duct via peroxisome proliferator-activated receptor y
(PPARY). Thus, its use in combination with a mineralocorticoid receptor antagonist or
thiazide diuretics, can prevent fluid retention [76].

DPP4 inhibitors increase sympathetic nerve activity by increasing their bioactive pro-
teins, which may be involved in the onset of heart failure. The SAVOR-TIMI 53 study,
showed an increased risk of developing heart failure in the saxagliptin group [35]. Met-
formin is the most used medication in DM patients. Its main mechanism of action is by the
activation of AMP-activated protein kinase (AMPK), which regulates energy metabolism
in various tissues including the heart, liver and muscles, independently of blood glucose
levels improvement.

Recently, it has been acknowledged that patients with HF share with DM patients’
similar pathophysiological characteristics, such as endothelium dysfunction, insulin re-
sistance mitochondrial dysfunction, neurohormonal activation and inflammation. Thus,
medications that were first used for the treatment of DM, gained recognition as medications
for HF. In the EMPA-REG OUTCOME trial, empagliflozin, an SGLT2 inhibitor, was associ-
ated with a significant reduction in heart failure hospitalization and death in patients with
T2DM with a history of CVD. Similarly, in the CANVAS trial, canagliflozin, another SGLT2
inhibitor, revealed a reduction in HF hospitalization in patients with T2DM at a high car-
diovascular risk. Given these findings, SGLT2 inhibitors seem to be effective in preventing
HF in patients with T2DM who have a history of CVD. There are two major mechanisms by
which SGLT2 inhibitors prevent and improve the clinical status of HF, including metabolic
and hemodynamic mechanisms. Metabolic mechanisms involve a hypoglycemic effect, pro-
tection from lipotoxicity, weight loss, increase in ketones in blood, decrease in insulin levels
and improvement in insulin resistance. Hemodynamic mechanisms include a diuretic effect
and decrease in blood pressure levels. An additional mechanism is the down-regulation in
sympathetic activity [77,78]. Additionally, Empagliflozin seems to slow the progression of
kidney disease and reduce the risk of renal events compared with a placebo.

Regarding other treatment, all patients with DM, in addition to metabolic control,
should receive treatment with an angiotensin-converting enzyme (ACE) inhibitor (unless
contraindicated) regardless of the level of left ventricular dysfunction.

The HOPE (Heart Outcomes Prevention valuation) study, in a population of 9297
high-risk patients (3577 diabetics), illustrated significant benefits for both cardiovascular
morbidity and mortality with ramipril, but this benefit was even more impressive in
DM patients.

The only large ACE-inhibitor trial in HFrEF to provide detailed information on patients
with T2DM was the ATLAS, which compared low-dose (2.5-5.0 mg daily) to high-dose
(32.5-35.0 mg daily) lisinopril. The occurrence of adverse effects with high-dose lisinopril
was similar in those with and without T2DM with respect to hypotension/dizziness (35%
vs. 32%), renal dysfunction/hyperkalemia (29% vs. 22%) and cough (12% vs. 10%). The
possible preventive effect of losartan in diabetic patients with type 2 diabetes was evaluated
in the subset analysis of two large, randomized trials: RENAAL for renal protection and
LIFE for hypertension with left ventricular hypertrophy.

Compared to a placebo, losartan significantly reduced the incidence of the first hospi-
talization for HF: 39 versus 54% in RENAAL (adjusted HR 0.69), and 11 versus 19 percent
in LIFE (adjusted HR 0.50).
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There is little information about the tolerability of angiotensin receptor blockers (ARBs)
in T2DM. In the overall CHARM program, patients with T2DM had double-fold the risk of
developing hyperkalemia on candesartan compared to those without T2DM.

In the CHARM trial, a significant reduction in CV death, HF hospitalization and all-
cause mortality was achieved with candesartan in patients with HF and HFrEF, irrespective
of the presence of T2DM [79-81].

9. Conclusions

The mechanisms involved in the concept of DM-associated HF as well as prognostica-
tor factors are multifactorial. Assessing the risk in patients with DM is valuable not only
for the identification of a high-risk subgroup but also to define low-risk subpopulations.
Nowadays, DM and HF have been recognized as sharing similar metabolic pathways; thus,
the clinical manifestation of HF can be independent of LVEEF classification. Consequently,
approaching HF should be through structural, hemodynamic and functional evaluation of
each patient.

A predictive model that includes imaging data, functional capacity index, lifestyle
factors, such as a score for a health diet, and biological markers could give information on
the risk stratification of DM patients. Identifying high-risk patients among those with DM
that are prone to the occurrence of HF, can establish the initiation of more intense preventive
measures, including medicine up-titration of renin—angiotensin system antagonists or the
introduction of novel therapies of HF for patients with preserved ejection fraction. The
promotion of a healthy lifestyle including the cardioprotective Mediterranean diet, regular
exercise and lack of smoking, is always encouraged in order to slow the development
of HFE.
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Abbreviation

Adenosine triphosphate ATP
Advanced glycation end products AGEs
Atrial natriuretic peptide ANP
Brain natriuretic peptide BNP
Cardiac magnetic resonance CMR
Cardiovascular disease CVD
Cardiovascular health (&Y
Coronary artery disease CAD
Coronary heart disease CHD
Cyclic guanosine monophosphate cGMP
Diabetes mellitus DM
Dilated cardiomyopathy DCM
Ejection fraction EF
Epicardial adipose tissue EAT
General practitioner GP
HbAlc: hemoglobin Alc
Heart failure HF

Heart failure with mid-range ejection fraction =~ HFmEF
Heart failure with preserved ejection fraction =~ HFpEF
Interleukin IL
Left ventricular LV
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Left ventricular ejection fraction LVEF
Magnetic resonance imaging MRI
Monocyte chemoattractant protein-1 MCP-1
Natriuretic peptides NP
Nitric oxide NO
N-terminal-pro hormone BNP NT-proBNP
Plasminogen activator inhibitor-1 PAI-1
Protein kinase G PKG
Quality of life QoL
Reactive oxygen species ROS
Sodium/glucose cotransporter 2 inhibitors ~ SGLT2i
Tumor necrosis factor alpha TNF-
Type 2 diabetes mellitus T2DM
Ventricular Tachycardia VT

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

Cosentino, F.; Grant, P; Aboyans, V.; Bailey, C.J.; Ceriello, A.; Delgado, V. The Task Force for diabetes, pre-diabetes, and
cardiovascular diseases of the European Society of Cardiology (ESC) and the European Association for the Study of Diabetes
(EASD). Eur. Heart J. 2020, 41, 255-323. [CrossRef]

Januzzi, J.L.; van Kimmenade, R.; Lainchbury, J.; Bayes-Genis, A.; Ordonez-Llanos, J.; Santalo-Bel, M.; Pinto, Y.M.; Richards, M.
NT-proBNP testing for diagnosis and short-term prognosis in acute destabilized heart failure: An international pooled analysis of
1256 patients. Eur. Heart J. 2006, 27, 330-337. [CrossRef]

Zhang, L.; Ai, C.; Bai, M.; Niu, J.; Zhang, Z. NLRP3 Inflammasome /Pyroptosis: A Key Driving Force in Diabetic Cardiomyopathy.
Int. ]. Mol. Sci. 2022, 23, 10632. [CrossRef]

Cui, X.; Wang, Y.; Liu, H.; Shi, M.; Wang, J.; Wang, Y. The Molecular Mechanisms of Defective Copper Metabolism in Diabetic
Cardiomyopathy. Oxidative Med. Cell. Longev. 2022, 2022, 5418376. [CrossRef]

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel,
O.; et al. Corrigendum to: 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: Developed by
the Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)
with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur. Hear. J. 2021, 42, 4901.

Lopez-Garcia, E.; Rodriguez-Artalejo, F,; Li, T.Y.; Fung, T.T,; Li, S.; Willett, W.C.; Rimm, E.B.; Hu, EB. The Mediterranean-style
dietary pattern and mortality among men and women with cardiovascular disease. Am. J. Clin. Nutr. 2014, 99, 172-180. [CrossRef]
[PubMed]

Brener, ML.I.; Borlaug, B.A.; Burkhoff, D. HF?EF: The Mysterious Relationship Between Heart Failure and Ejection Fraction
Continues. Circulation 2022, 146, 519-522. [CrossRef] [PubMed]

Elsanhoury, A.; Nelki, V.; Kelle, S.; Van Linthout, S.; Tschope, C. Epicardial Fat Expansion in Diabetic and Obese Patients with
Heart Failure and Preserved Ejection Fraction—A Specific HFpEF Phenotype. Front. Cardiovasc. Med. 2021, 8, 720690. [CrossRef]
Wilson Tang, W.H.; Maroo, A.; Young, ].B. Ischemic heart disease and congestive heart failure in diabetic patients. Med. Clin. N.
Am. 2004, 88, 1037-1061. [CrossRef]

Crisafulli, A.; Pagliaro, P.; Roberto, S.; Cugusi, L.; Mercuro, G.; Lazou, A.; Beauloye, C.; Bertrand, L.; Hausenloy, D.J.; Aragno,
M.; et al. Diabetic Cardiomyopathy and Ischemic Heart Disease: Prevention and Therapy by Exercise and Conditioning. Int. J.
Mol. Sci. 2020, 21, 2896. [CrossRef]

Jia, G.; Hill, M.A_; Sowers, ].R. Diabetic Cardiomyopathy: An Update of Mechanisms Contributing to This Clinical Entity. Circ.
Res. 2018, 122, 624-638. [CrossRef] [PubMed]

Longo, M.; Scappaticcio, L.; Cirillo, P.; Maio, A.; Carotenuto, R.; Maiorino, M.I; Bellastella, G.; Esposito, K. Glycemic Control and
the Heart: The Tale of Diabetic Cardiomyopathy Continues. Biomolecules 2022, 12, 272. [CrossRef] [PubMed]

Chess, D.J.; Stanley, W.C. Role of diet and fuel overabundance in the development and progression of heart failure. Cardiovasc.
Res. 2008, 79, 269-278. [CrossRef] [PubMed]

Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, ].G.F; Coats, A.].S.; Falk, V.; Gonzalez-Juanatey, ].R.; Harjola, V.P;
Jankowska, E.A.; et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the
spec. Eur. J. Heart Fail. 2016, 18, 891-975. [CrossRef]

Dhingra, R.; Vasan, R.S. Diabetes and the Risk of Heart Failure. Heart Fail. Clin. 2012, 8, 125-133. [CrossRef]

Paulus, W.J.; Tschope, C. A Novel Paradigm for Heart Failure with Preserved Ejection Fraction. J. Am. Coll. Cardiol. 2013,
62,263-271. [CrossRef]

Tschope, C.; Van Linthout, S. New Insights in (Inter)Cellular Mechanisms by Heart Failure with Preserved Ejection Fraction. Curr.
Heart Fail. Rep. 2014, 11, 436—444. [CrossRef]

Tacobellis, G.; Bianco, A.C. Epicardial adipose tissue: Emerging physiological, pathophysiological and clinical features. Trends
Endocrinol. Metab. 2011, 22, 450-457. [CrossRef]


http://doi.org/10.1093/eurheartj/ehz486
http://doi.org/10.1093/eurheartj/ehi631
http://doi.org/10.3390/ijms231810632
http://doi.org/10.1155/2022/5418376
http://doi.org/10.3945/ajcn.113.068106
http://www.ncbi.nlm.nih.gov/pubmed/24172306
http://doi.org/10.1161/CIRCULATIONAHA.122.060540
http://www.ncbi.nlm.nih.gov/pubmed/35969653
http://doi.org/10.3389/fcvm.2021.720690
http://doi.org/10.1016/j.mcna.2004.04.008
http://doi.org/10.3390/ijms21082896
http://doi.org/10.1161/CIRCRESAHA.117.311586
http://www.ncbi.nlm.nih.gov/pubmed/29449364
http://doi.org/10.3390/biom12020272
http://www.ncbi.nlm.nih.gov/pubmed/35204778
http://doi.org/10.1093/cvr/cvn074
http://www.ncbi.nlm.nih.gov/pubmed/18343896
http://doi.org/10.1002/ejhf.592
http://doi.org/10.1016/j.hfc.2011.08.008
http://doi.org/10.1016/j.jacc.2013.02.092
http://doi.org/10.1007/s11897-014-0219-3
http://doi.org/10.1016/j.tem.2011.07.003

Nutrients 2023, 15, 1384 12 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Verbrugge, FEH.; Omote, K.; Reddy, Y.N.V.; Sorimachi, H.; Obokata, M.; Borlaug, B.A. Heart failure with preserved ejection
fraction in patients with normal natriuretic peptide levels is associated with increased morbidity and mortality. Eur. Heart J. 2022,
43, 1941-1951. [CrossRef]

Triposkiadis, F.; Giamouzis, G.; Parissis, J.; Starling, R.C.; Boudoulas, H.; Skoularigis, J.; Butler, J.; Filippatos, G. Reframing the
association and significance of co-morbidities in heart failure: Co-morbidities in heart failure. Eur. |. Heart Fail. 2016, 18, 744-758.
[CrossRef]

Lam, C.S. Diabetic cardiomyopathy: An expression of stage B heart failure with preserved ejection fraction. Diabetes Vasc. Dis.
Res. 2015, 12, 234-238. [CrossRef]

Camelliti, P.; Borg, T.; Kohl, P. Structural and functional characterisation of cardiac fibroblasts. Cardiovasc. Res. 2005, 65, 40-51.
[CrossRef] [PubMed]

Koutalas, E.; Kanoupakis, E.; Vardas, P. Sudden cardiac death in non-ischemic dilated cardiomyopathy: A critical appraisal of
existing and potential risk stratification tools. Int. J. Cardiol. 2013, 167, 335-341. [CrossRef]

Richardson, P.J. Assessment of myocardial damage in dilated cardiomyopathy. Eur. Heart ]. 1996, 17, 489—490. [CrossRef]
[PubMed]

Kenny, H.C.; Abel, E.D. Heart Failure in Type 2 Diabetes Mellitus. Circ. Res. 2019, 124, 121. Available online: https://www.
ahajournals.org/doi/10.1161/CIRCRESAHA.118.311371 (accessed on 8 November 2022). [CrossRef]

Nesbitt, G.C.; Mankad, S. Strain and Strain Rate Imaging in Cardiomyopathy. Echocardiography 2009, 26, 337-344. [CrossRef]
Pirat, B.; Khoury, D.S.; Hartley, C.J.; Tiller, L.; Rao, L.; Schulz, D.G.; Nagueh, S.F.; Zoghbi, W.A. A Novel Feature-Tracking
Echocardiographic Method for the Quantitation of Regional Myocardial Function: Validation in an Animal Model of Ischemia-
Reperfusion. J. Am. Coll. Cardiol. 2008, 51, 651-659. [CrossRef]

Potter, E.; Marwick, T.H. Assessment of Left Ventricular Function by Echocardiography: The Case for Routinely Adding
Global Longitudinal Strain to Ejection Fraction. JACC Cardiovasc. Imaging 2018, 11 2 Pt 1, 260. Available online: https://www.
sciencedirect.com/science/article/pii/S1936878X17310860 (accessed on 8 November 2022). [CrossRef] [PubMed]

Faragli, A.; Alogna, A.; Bin Lee, C.; Zhu, M.; Ghorbani, N.; Muzio, EPL.; Schnackenburg, B.; Stehning, C.; Kuehne, T.; Post,
H.; et al. Non-invasive CMR-Based Quantification of Myocardial Power and Efficiency under Stress and Ischemic Conditions in
Landrace Pigs. Front. Cardiovasc. Med. 2021, 8, 689255. [CrossRef]

Kosiuk, J.; Dinov, B.; Bollmann, A.; Koutalas, E.; Miissigbrodt, A.; Sommer, P.; Arya, A.; Richter, S.; Hindricks, G.; Breithardt, O.-A.
Association between ventricular arrhythmias and myocardial mechanical dispersion assessed by strain analysis in patients with
nonischemic cardiomyopathy. Clin. Res. Cardiol. 2015, 104, 1072-1077. [CrossRef]

Haugaa, K.H.; Goebel, B.; Dahlslett, T.; Meyer, K.; Jung, C.; Lauten, A.; Figulla, H.R.; Poerner, T.C.; Edvardsen, T. Risk Assessment
of Ventricular Arrhythmias in Patients with Nonischemic Dilated Cardiomyopathy by Strain Echocardiography. |. Am. Soc.
Echocardiogr. 2012, 25, 667-673. [CrossRef] [PubMed]

Ying, W.; Sharma, K.; Yanek, L.R.; Vaidya, D.; Schar, M.; Markl, M.; Subramanya, V.; Soleimani, S.; Ouyang, P.; Michos, E.D.; et al.
Visceral adiposity, muscle composition, and exercise tolerance in heart failure with preserved ejection fraction. ESC Heart Fail.
2021, 8, 2535-2545. [CrossRef] [PubMed]

Huelsmann, M.; Neuhold, S.; Strunk, G.; Moertl, D.; Berger, R.; Prager, R.; Abrahamian, H.; Riedl, M.; Pacher, R.; Luger, A ; et al.
NT-proBNP has a high negative predictive value to rule-out short-term cardiovascular events in patients with diabetes mellitus.
Eur. Heart J. 2008, 29, 2259-2264. [CrossRef] [PubMed]

Neuhold, S.; Resl, M.; Huelsmann, M.; Strunk, G.; Adlbrecht, C.; Rath, C.; Prager, R.; Luger, A.; Clodi, M.; Pacher, R. Repeat
measurements of glycated haemoglobin Alc and N-terminal pro-B-type natriuretic peptide: Divergent behaviour in diabetes
mellitus: Repeat measurements of HbAlc and NT-proBNP. Eur. |. Clin. Investig. 2011, 41, 1292-1298. [CrossRef] [PubMed]
Scirica, B.M.; Bhatt, D.L.; Braunwald, E.; Steg, P.G.; Davidson, J.; Hirshberg, B.; Ohman, P.; Frederich, R.; Wiviott, S.D;
Hoffman, E.B.; et al. Saxagliptin and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus. N. Engl. ]. Med. 2013,
369, 1317-1326. [CrossRef]

Rosenstock, J.; Chuck, L.; Gonzalez-Ortiz, M.; Merton, K,; Craig, J.; Capuano, G.; Qiu, R. Initial Combination Therapy with
Canagliflozin Plus Metformin Versus Each Component as Monotherapy for Drug-Naive Type 2 Diabetes. Diabetes Care 2016,
39, 353-362. [CrossRef]

Bhatt, D.L.; Szarek, M.; Pitt, B.; Cannon, C.P,; Leiter, L.A.; McGuire, D.K.; Lewis, ].B.; Riddle, M.C.; Inzucchi, S.E.; Kosiborod,
M.N; et al. Sotagliflozin in Patients with Diabetes and Chronic Kidney Disease. N. Engl. . Med. 2021, 384, 129-1399. [CrossRef]
Tarnow, L.; Gall, M.A.; Hansen, B.V.; Hovind, P,; Parving, H.H. Plasma N-terminal pro-B-type natriuretic peptide and mortality in
type 2 diabetes. Diabetologia 2006, 49, 2256-2262. [CrossRef]

Huelsmann, M.; Neuhold, S.; Resl, M.; Strunk, G.; Brath, H.; Francesconi, C.; Adlbrecht, C.; Prager, R.; Luger, A.; Pacher, R.; et al.
PONTIAC (NT-proBNP Selected PreventiOn of cardiac eveNts in a populaTion of dlabetic patients without A history of Cardiac
disease). . Am. Coll. Cardiol. 2013, 62, 1365-1372. [CrossRef]

Welsh, P.; Woodward, M.; Hillis, G.S.; Li, Q.; Marre, M.; Williams, B.; Poulter, N.; Ryan, L.; Harrap, S.; Patel, A.; et al. Do Cardiac
Biomarkers NT-proBNP and hsTnT Predict Microvascular Events in Patients with Type 2 Diabetes? Results from the ADVANCE
Trial. Diabetes Care 2014, 37, 2202-2210. [CrossRef]

Jarolim, P.; White, W.B.; Cannon, C.P,; Gao, Q.; Morrow, D.A. Serial Measurement of Natriuretic Peptides and Cardiovascular
Outcomes in Patients with Type 2 Diabetes in the EXAMINE Trial. Diabetes Care 2018, 41, 1510-1515. [CrossRef]


http://doi.org/10.1093/eurheartj/ehab911
http://doi.org/10.1002/ejhf.600
http://doi.org/10.1177/1479164115579006
http://doi.org/10.1016/j.cardiores.2004.08.020
http://www.ncbi.nlm.nih.gov/pubmed/15621032
http://doi.org/10.1016/j.ijcard.2012.07.014
http://doi.org/10.1093/oxfordjournals.eurheartj.a014894
http://www.ncbi.nlm.nih.gov/pubmed/8733074
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.311371
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.311371
http://doi.org/10.1161/CIRCRESAHA.118.311371
http://doi.org/10.1111/j.1540-8175.2008.00867.x
http://doi.org/10.1016/j.jacc.2007.10.029
https://www.sciencedirect.com/science/article/pii/S1936878X17310860
https://www.sciencedirect.com/science/article/pii/S1936878X17310860
http://doi.org/10.1016/j.jcmg.2017.11.017
http://www.ncbi.nlm.nih.gov/pubmed/29413646
http://doi.org/10.3389/fcvm.2021.689255
http://doi.org/10.1007/s00392-015-0875-7
http://doi.org/10.1016/j.echo.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22421028
http://doi.org/10.1002/ehf2.13382
http://www.ncbi.nlm.nih.gov/pubmed/33939300
http://doi.org/10.1093/eurheartj/ehn334
http://www.ncbi.nlm.nih.gov/pubmed/18650200
http://doi.org/10.1111/j.1365-2362.2011.02539.x
http://www.ncbi.nlm.nih.gov/pubmed/21615391
http://doi.org/10.1056/NEJMoa1307684
http://doi.org/10.2337/dc15-1736
http://doi.org/10.1056/NEJMoa2030186
http://doi.org/10.1007/s00125-006-0359-4
http://doi.org/10.1016/j.jacc.2013.05.069
http://doi.org/10.2337/dc13-2625
http://doi.org/10.2337/dc18-0109

Nutrients 2023, 15, 1384 13 of 14

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Fralick, M.; Schneeweiss, S.; Redelmeier, D.A ; Razak, E; Gomes, T.; Patorno, E. Comparative effectiveness and safety of sodium-
glucose cotransporter-2 inhibitors versus metformin in patients with type 2 diabetes: An observational study using data from
routine care. Diabetes Obes. Metab. 2021, 23, 2320-2328. [CrossRef]

Ledwidge, M.; Gallagher, J.; Conlon, C.; Tallon, E.; O’Connell, E.; Dawkins, I.; Watson, C.; O'Hanlon, R.; Bermingham, M.; Patle,
A.; et al. Natriuretic Peptide-Based Screening and Collaborative Care for Heart Failure: The STOP-HF Randomized Trial. JAMA
2013, 310, 66. [CrossRef]

Kahn, S.E.; Haffner, S.M.; Heise, M.A.; Herman, W.H.; Holman, R.R.; Jones, N.P,; Kravitz, B.G.; Lachin, ].M.; O'Neill, M.C.;
Zinman, B.; et al. Glycemic Durability of Rosiglitazone, Metformin, or Glyburide Monotherapy. N. Engl. ]. Med. 2006,
355, 2427-2443. [CrossRef]

McKie, PM.; Cataliotti, A.; Lahr, B.D.; Martin, EL.; Redfield, M.M.; Bailey, K.R.; Rodeheffer, R.J.; Burnett, J.C. The Prognostic
Value of N-Terminal Pro-B-Type Natriuretic Peptide for Death and Cardiovascular Events in Healthy Normal and Stage A/B
Heart Failure Subjects. J. Am. Coll. Cardiol. 2010, 55, 2140-2147. [CrossRef]

Wang, J.; Song, Y.; Wang, Q.; Kralik, PM.; Epstein, PN. Causes and Characteristics of Diabetic Cardiomyopathy. Rev. Diabet. Stud.
2006, 3, 108. [CrossRef]

Li, D, Jia, Y;; Yu, J.; Liu, Y.; Li, E; Liu, Y.; Wu, Q.; Liao, X.; Zeng, Z.; Wan, Z.; et al. Adherence to a Healthy Lifestyle and the Risk
of All-Cause Mortality and Cardiovascular Events in Individuals with Diabetes: The ARIC Study. Front. Nutr. 2021, 8, 698608.
[CrossRef]

Galaviz, K.I.; Weber, M.B.; Straus, A.; Haw, J.S.; Narayan, KM.V.; Ali, M.K. Global Diabetes Prevention Interventions: A
Systematic Review and Network Meta-analysis of the Real-World Impact on Incidence, Weight, and Glucose. Diabetes Care 2018,
41, 1526-1534. [CrossRef]

Sikand, G.; Severson, T. Top 10 dietary strategies for atherosclerotic cardiovascular risk reduction. Am. J. Prev. Cardiol. 2020,
4,100106. [CrossRef]

Anand, V.; Garg, S.; Garg, J.; Bano, S.; Pritzker, M. Impact of Exercise Training on Cardiac Function among Patients with Type 2
Diabetes: A Systematic Review and meta-analysis. ]. Cardiopulm. Rehabil. Prev. 2018, 38, 358-365. [CrossRef]

Gusso, S.; Pinto, T.; Baldi, ].C.; Derraik, ].G.; Cutfield, W.S.; Hornung, T.; Hofman, P.L. Exercise Training Improves but Does Not
Normalize Left Ventricular Systolic and Diastolic Function in Adolescents with Type 1 Diabetes. Diabetes Care 2017, 40, 1264-1272.
[CrossRef]

Khan, M.S.; Khan, E,; Fonarow, G.C.; Sreenivasan, J.; Greene, S.J.; Khan, S.U.; Usman, M.S.; Vaduganathan, M.; Fudim, M.; Anker,
S.D.; et al. Dietary interventions and nutritional supplements for heart failure: A systematic appraisal and evidence map. Eur. J.
Hear. Fail. 2021, 23, 1468-1476. [CrossRef]

Loo, Y.T.; Howell, K.; Chan, M.; Zhang, P.; Ng, K. Modulation of the human gut microbiota by phenolics and phenolic fiber-rich
foods. Compr. Rev. Food Sci. Food Saf. 2020, 19, 1268-1298. [CrossRef]

De Filippis, F; Pellegrini, N.; Vannini, L.; Jeffery, L.B.; La Storia, A.; Laghi, L.; Serrazanetti, D.I.; Di Cagno, R.; Ferrocino, I.; Lazzi,
C.; et al. High-level adherence to a Mediterranean diet beneficially impacts the gut microbiota and associated metabolome. Gut
Microbiota 2016, 65, 1812-1821. [CrossRef]

Ahonen, L.; Jantti, S.; Suvitaival, T.; Theilade, S.; Risz, C.; Kostiainen, R.; Rossing, P.; Oresi¢, M.; Hyotyldinen, T. Targeted Clinical
Metabolite Profiling Platform for the Stratification of Diabetic Patients. Metabolites 2019, 9, 184. [CrossRef]

Yin, R.; Kuo, H.-C.; Hudlikar, R.; Sargsyan, D.; Li, S.; Wang, L.; Wu, R.; Kong, A.-N. Gut Microbiota, Dietary Phytochemicals, and
Benefits to Human Health. Curr. Pharmacol. Rep. 2019, 5, 332-344. [CrossRef]

Kouvari, M.; Panagiotakos, D.B.; Chrysohoou, C.; Georgousopoulou, E.; Notara, V.; Tousoulis, D.; Pitsavos, C.; ATTICA &
GREECS Studies Investigators. Gender-specific, Lifestyle-related Factors and 10-year Cardiovascular Disease Risk; the ATTICA
and GREECS Cohort Studies. Curr. Vasc. Pharmacol. 2019, 17, 401-410. [CrossRef]

Kleissl-Muir, S.; Rasmussen, B.; Owen, A.; Zinn, C.; Driscoll, A. Low Carbohydrate Diets for Diabetic Cardiomyopathy: A
Hypothesis. Front. Nutr. 2022, 9, 865489. [CrossRef]

Evangelista, L.S.; Jose, M.M.; Sallam, H.; Serag, H.; Golovko, G.; Khanipov, K.; Hamilton, M.A.; Fonarow, G.C. High-protein vs.
standard-protein diets in overweight and obese patients with heart failure and diabetes mellitus: Findings of the Pro-HEART
trial. ESC Heart Fail. 2021, 8, 1342-1348. [CrossRef]

Siervo, M,; Lara, J.; Chowdhury, S.; Ashor, A.; Oggioni, C.; Mathers, J.C. Effects of the Dietary Approach to Stop Hypertension
(DASH) diet on cardiovascular risk factors: A systematic review and meta-analysis. Br. J. Nutr. 2015, 113, 1-15. [CrossRef]

Ge, L.; Sadeghirad, B.; Ball, G.D.C.; Da Costa, B.R.; Hitchcock, C.L.; Svendrovski, A.; Kiflen, R.; Quadri, K.; Kwon, H.Y,;
Karamouzian, M.; et al. Comparison of dietary macronutrient patterns of 14 popular named dietary programmes for weight and
cardiovascular risk factor reduction in adults: Systematic review and network meta-analysis of randomised trials. BM] 2020,
369, m696. [CrossRef] [PubMed]

Pitsavos, C.; Panagiotakos, D.B.; Tzima, N.; Chrysohoou, C.; Economou, M.; Zampelas, A.; Stefanadis, C. Adherence to the
Mediterranean diet is associated with total antioxidant capacity in healthy adults: The ATTICA study. Am. J. Clin. Nutr. 2005,
82, 694-699. [CrossRef] [PubMed]

Rossi, M.; Turati, F; Lagiou, P; Trichopoulos, D.; Augustin, L.S.; La Vecchia, C.; Trichopoulou, A. Mediterranean diet and
glycaemic load in relation to incidence of type 2 diabetes: Results from the Greek cohort of the population-based European
Prospective Investigation into Cancer and Nutrition (EPIC). Diabetologia 2013, 56, 2405-2413. [CrossRef]


http://doi.org/10.1111/dom.14474
http://doi.org/10.1001/jama.2013.7588
http://doi.org/10.1056/NEJMoa066224
http://doi.org/10.1016/j.jacc.2010.01.031
http://doi.org/10.1900/RDS.2006.3.108
http://doi.org/10.3389/fnut.2021.698608
http://doi.org/10.2337/dc17-2222
http://doi.org/10.1016/j.ajpc.2020.100106
http://doi.org/10.1097/HCR.0000000000000353
http://doi.org/10.2337/dc16-2347
http://doi.org/10.1002/ejhf.2278
http://doi.org/10.1111/1541-4337.12563
http://doi.org/10.1136/gutjnl-2015-309957
http://doi.org/10.3390/metabo9090184
http://doi.org/10.1007/s40495-019-00196-3
http://doi.org/10.2174/1570161116666180608121720
http://doi.org/10.3389/fnut.2022.865489
http://doi.org/10.1002/ehf2.13213
http://doi.org/10.1017/S0007114514003341
http://doi.org/10.1136/bmj.m696
http://www.ncbi.nlm.nih.gov/pubmed/32238384
http://doi.org/10.1093/ajcn/82.3.694
http://www.ncbi.nlm.nih.gov/pubmed/16155285
http://doi.org/10.1007/s00125-013-3013-y

Nutrients 2023, 15, 1384 14 of 14

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.

Georgoulis, M.; Kontogianni, M.; Yiannakouris, N. Mediterranean Diet and Diabetes: Prevention and Treatment. Nutrients 2014,
6, 1406-1423. [CrossRef] [PubMed]

Martinez-Gonzalez, M. A.; Guillén-Grima, E; De Irala, J.; Ruiz-Canela, M.; Bes-Rastrollo, M.; Beunza, J.J.; Lopez del Burgo, C.;
Toledo, E.; Carlos, S.; Sdnchez-Villegas, A. The Mediterranean Diet Is Associated with a Reduction in Premature Mortality among
Middle-Aged Adults. J. Nutr. 2012, 142, 1672-1678. [CrossRef]

Mtintsilana, A.; Micklesfield, L.K.; Chorell, E.; Olsson, T.; Shivappa, N.; Hebert, ].R.; Kengne, A.P.; Goedecke, ]. H. Adiposity
Mediates the Association between the Dietary Inflammatory Index and Markers of Type 2 Diabetes Risk in Middle-Aged Black
South African Women. Nutrients 2019, 11, 1246. [CrossRef]

Abdurahman, A.A.; Azadbakhat, L.; Rasouli, M.; Chamari, M.; Qorbani, M.; Dorosty, A.R. Association of dietary inflammatory
index with metabolic profile in metabolically healthy and unhealthy obese people. Nutr. Diet. 2019, 76, 192-198. [CrossRef]
Park, Y.-M.M.; Choi, M.K;; Lee, S.-S.; Shivappa, N.; Han, K.; Steck, S.E.; Hébert, ].R.; Merchant, A.T.; Sandler, D.P. Dietary
inflammatory potential and risk of mortality in metabolically healthy and unhealthy phenotypes among overweight and obese
adults. Clin. Nutr. 2018, 38, 682—688. [CrossRef]

Kouvari, M.; Damigou, E.; Florentin, M.; Kosti, R.I.; Chrysohoou, C.; Pitsavos, C.S.; Panagiotakos, D.B. Egg Consumption,
Cardiovascular Disease and Cardiometabolic Risk Factors: The Interaction with Saturated Fatty Acids. Results from the ATTICA
Cohort Study (2002-2012). Nutrients 2022, 14, 5291. [CrossRef]

Kouvari, M.; Tsiampalis, T.; Kosti, R.I,; Naumovski, N.; Chrysohoou, C.; Skoumas, J.; Pitsavos, C.S.; Panagiotakos, D.B.; Mantzoros,
C.S. Quality of plant-based diets is associated with liver steatosis, which predicts type 2 diabetes incidence ten years later: Results
from the ATTICA prospective epidemiological study. Clin. Nutr. 2022, 41, 2094-2102. [CrossRef]

Kosti, R.I; Tsiampalis, T.; Kouvari, M.; Chrysohoou, C.; Georgousopoulou, E.; Pitsavos, C.S.; Panagiotakos, D.B. The association
of specific types of vegetables consumption with 10-year type II diabetes risk: Findings from the ATTICA cohort study. J. Hum.
Nutr. Diet. 2023, 36, 226-240. [CrossRef] [PubMed]

Pan, A.; Wang, Y.; Talaei, M.; Hu, E.B. Relation of Smoking with Total Mortality and Cardiovascular Events among Patients with
Diabetes Mellitus: A Meta-Analysis and Systematic Review. Circulation 2015, 132, 1795-1804. [CrossRef] [PubMed]

Khadka, S.; Awasthi, M.; Lamichhane, R.R.; Ojha, C.; Mamudu, H.M.; Lavie, C.J.; Daggubati, R.; Paul, T.K. The Cardiovascular
Effects of Electronic Cigarettes. Curr. Cardiol. Rep. 2021, 23, 40. [CrossRef]

Castagno, D.; Baird-Gunning, J.; Jhund, P.S.; Biondi-Zoccai, G.; MacDonald, M.R,; Petrie, M.C.; Gaita, F.; McMurray, ].]. Intensive
glycemic control has no impact on the risk of heart failure in type 2 diabetic patients: Evidence from a 37,229 patient meta-analysis.
Am. Heart J. 2011, 162, 938-948.e. Available online: https://www.sciencedirect.com/science/article/pii/S000287031100634X
(accessed on 8 November 2022). [CrossRef] [PubMed]

Tzoulaki, I.; Molokhia, M.; Curcin, V.; Little, M.P; Millett, C.J.; Ng, A.; Hughes, R.I; Khunti, K.; Wilkins, M.R.; Majeed,
A.; et al. Risk of cardiovascular disease and all cause mortality among patients with type 2 diabetes prescribed oral antidiabetes
drugs: Retrospective cohort study using UK general practice research database. BM]J 2009, 339, b4731. Available online:
https:/ /www.bmj.com/content/339/bmj.b4731 (accessed on 8 November 2022). [CrossRef] [PubMed]

Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Silverman, M.G.; Zelniker, T.A.; Kuder, ].E.; Murphy,
S.A,; et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347-357. Available online:
https:/ /www.nejm.org/doi/10.1056/NEJMoa1812389 (accessed on 8 November 2022). [CrossRef]

Szekeres, Z.; Toth, K.; Szabados, E. The Effects of SGLT2 Inhibitors on Lipid Metabolism. Metabolites 2021, 11, 87. [CrossRef]
Theofilis, P.; Oikonomou, E.; Tsioufis, K.; Tousoulis, D. Diabetes Mellitus and Heart Failure: Epidemiology, Pathophysiologic
Mechanisms, and the Role of SGLT2 Inhibitors. Life 2023, 13, 497. [CrossRef]

Paridari, P,; Jabermoradi, S.; Gholamzadeh, R.; Vazifekhah, S.; Vazirizadeh-Mahabadi, M.; Roshdi Dizaji, S.; Forouzannia,
S.A.; Hosseini, M.; Yousefifard, M. Can metformin use reduce the risk of stroke in diabetic patients? A systematic review and
meta-analysis. Diabetes Metab. Syndr. 2023, 17,102721. [CrossRef]

Melichova, J.; Sivco, P.; Rusnak, M.; Phuong Truc, P.; Majdan, M. International evidence-based guidelines on hypertension and
type 2 diabetes mellitus: A systematic review. ]. Public Health Res. 2023, 12, 22799036221146913. [CrossRef]

Cherney, D.Z.I1; Bell, A.; Girard, L.; McFarlane, P.; Moist, L.; Nessim, S.J.; Soroka, S.; Stafford, S.; Steele, A.; Tangri, N.; et al.
Management of Type 2 Diabetic Kidney Disease in 2022: A Narrative Review for Specialists and Primary Care. Can. ]. Kidney
Health Dis. 2023, 10, 20543581221150556. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/nu6041406
http://www.ncbi.nlm.nih.gov/pubmed/24714352
http://doi.org/10.3945/jn.112.162891
http://doi.org/10.3390/nu11061246
http://doi.org/10.1111/1747-0080.12482
http://doi.org/10.1016/j.clnu.2018.04.002
http://doi.org/10.3390/nu14245291
http://doi.org/10.1016/j.clnu.2022.07.026
http://doi.org/10.1111/jhn.13056
http://www.ncbi.nlm.nih.gov/pubmed/35770418
http://doi.org/10.1161/CIRCULATIONAHA.115.017926
http://www.ncbi.nlm.nih.gov/pubmed/26311724
http://doi.org/10.1007/s11886-021-01469-4
https://www.sciencedirect.com/science/article/pii/S000287031100634X
http://doi.org/10.1016/j.ahj.2011.07.030
http://www.ncbi.nlm.nih.gov/pubmed/22093212
https://www.bmj.com/content/339/bmj.b4731
http://doi.org/10.1136/bmj.b4731
http://www.ncbi.nlm.nih.gov/pubmed/19959591
https://www.nejm.org/doi/10.1056/NEJMoa1812389
http://doi.org/10.1056/NEJMoa1812389
http://doi.org/10.3390/metabo11020087
http://doi.org/10.3390/life13020497
http://doi.org/10.1016/j.dsx.2023.102721
http://doi.org/10.1177/22799036221146913
http://doi.org/10.1177/20543581221150556
http://www.ncbi.nlm.nih.gov/pubmed/36726361

	Introduction 
	Major Interconnections between DM and HF 
	Structural Cardiac Alterations 
	Energetic Impairment 
	Other Contributors of HF Development in DM 

	Diabetic Cardiomyopathy as a Standalone Disease 
	Arrhythmogenic Considerations in DM 
	How to Follow up the Progression of Diabetic Cardiomyopathy 
	The Role of N-Terminal-Pro Hormone BNP (NT-proBNP) 
	Lifestyle Interventions 
	Weight Management 
	Physical Activity 
	Diet 
	Smoking 

	The Role of Medical Therapy—What Is an Effective Treatment? 
	Conclusions 
	References

