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Abstract

Purpose of Review Type 2 diabetes (T2D) is associated with an increased risk of heart failure (HF), with diabetic cardio-
myopathy (DbCM) referring to abnormal heart structure in the absence of other driving cardiac factors such as hypertension,
coronary artery disease (CAD), and valvular heart disease. Stage B DbCM is commonly asymptomatic and represents a form
of stage B HF; DbCM thus represents a transitional phenotype prior to onset of symptomatic HF. The pathogenesis of DbCM
is not fully elucidated but involves hyperglycemia, insulin resistance, increased free fatty acids (FFA), lipotoxicity, oxidative
stress, advanced glycation end product (AGE) formation, activation of the renin—angiotensin—aldosterone system (RAAS)
with an increase in angiotensin II, and dyshomeostasis of calcium, which all contribute to left ventricular hypertrophy (LVH)
and cardiac systolic and diastolic dysfunction. Although DbCM is an established pathogenic process, it is underrecognized
clinically due to its commonly asymptomatic nature. Raising awareness to identify high-risk individuals with stage B HF due
to DbCM, who may subsequently progress to overt HF (stage C/D HF), as well as identifying new pharmacological agents
and approaches to prevent functional decline, may help reduce this global health problem. The aim of this review is to focus
on stage B DbCM; provide data on diagnostic approaches, current therapies, and potential therapies under investigation; and
highlight the need to raise awareness and interdisciplinary dialogue among clinicians and researchers.

Recent Findings There are no currently approved therapeutic strategies to treat or prevent progression of stage B DbCM, but
multiple attempts are being made to target different pathogenic mechanisms involved in the development of DbCM. Recent
cardiovascular (CV) outcome trials (CVOTs) have identified newer therapeutic agents with CV benefit, such as sodium-
glucose cotransporter-2 (SGLT-2) inhibitors that reduce hospitalization for HF and glucagon-like peptide-1 (GLP-1) receptor
agonists that reduce major adverse CV events (MACE), though without consistent effect on HF outcomes. Recent clinical
practice guidelines recommend screening patients at high risk for HF. Further definition and interdisciplinary discussion
of high-yield populations to screen, appropriate subsequent evaluation and intervention are needed to advance this area.
Summary DbCM is a complex entity that results from multiple pathogenic mechanisms triggered by impairment of glucose
and lipid metabolism over many years. DbCM is commonly asymptomatic and represents a form of stage B HF. It is an
underrecognized process that may progress to functional decline and overt HF. Although newer medications approved for the
treatment of T2D may play an important role in reducing the risk of HF complications, less focus has been placed on earlier
recognition and treatment of DbCM while asymptomatic. Additional efforts should be made to further study and target this
stage in order to decrease the overall burden of HF.
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Introduction

This article is part of the Topical Collection on Macrovascular

Complications in Diabet . . .
ompriedtions tn Zabetes The prevalence of HF in T2D is estimated between 9 and

B< Vanita R. Aroda 22%, or four times that of the general population, and
varoda@bwh.harvard.edu higher in adults with T2D over 60 years old [1]. The pres-
Extended author information available on the last page of the article ence of T2D itself confers increased risk of mortality, with
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increased risk for CV mortality, HF-related hospitaliza-
tion, and longer hospital stay [2]. Hence, understanding
how to identify and prevent progression of HF in T2D is
of pressing importance.

DbCM is a specific form of heart disease characterized by
the presence of abnormal heart structure due to underlying
metabolic derangements associated with diabetes mellitus
(DM), not due to known risk factors such as hypertension
and CAD. While DbCM has been described in both type 1
and type 2 DM, early descriptions of DbCM did not specify
type of diabetes. Underlying mechanisms of DbCM in type
1 and type 2 DM likely overlap, with duration and increased
glycemia contributing to increased risk of DbCM in both [3].
Herein, type of diabetes is specified if done so in the studies
cited, otherwise referred to as DM.

Described in 1972 when found in postmortem analyses of
4 patients with DM, cardiomegaly, and HF without a clear
cause, DbCM was initially attributed to diabetic microangi-
opathy and abnormal metabolism seen in diabetes [4]. This
was later confirmed in the Framingham study with data sug-
gesting that diabetes was another cause of cardiomyopathy
conferring a 4- to fivefold increased risk of HF after adjust-
ing for other risk factors [5]. The presence of DM confers
a high risk for the development of cardiomyopathy [6] and
additionally induces important changes in myocardial struc-
ture and function even prior to overt symptoms related to
cardiac disease [7, 8].

Clinical practice guidelines from the American College of
Cardiology (ACC) and American Heart Association (AHA)
[9], as well as consensus recommendations from the recent
Universal Definition and Classification of HF [10ee], iden-
tify 4 stages of HF, spanning at risk (stage A), asymptomatic
structural heart disease or with abnormal cardiac biomarkers
(stage B or pre-HF), symptomatic (stage C), and refractory
(stage D). Unlike New York Heart Association (NYHA)
class, which is based on symptoms and is bidirectional,
reflecting improvements or decline of functional status, the
HF staging classification categorizes HF based on underly-
ing pathophysiology, which is typically progressive.

It is estimated that the number of patients with left ven-
tricular systolic dysfunction (LVSD) in stage B HF is 4 times
higher than in the clinically symptomatic stages C and D HF
combined [11, 12]. However, these high-risk individuals are
usually clinically underrecognized.

While achieving glucose control has been the cornerstone
of preventing DM complications, no consensus has been
reached regarding the best strategies to prevent, identify,
or treat DbCM [8]. Thus, raising awareness and identify-
ing the high-risk individuals with stage B DbCM, who may
subsequently progress to overt HF, as well as identifying
novel therapeutic approaches to prevent and/or treat stage
B DbCM, are critical in order to reduce the global health
burden of HF.
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In this review, we will summarize the pathogenic mecha-
nisms involved in the development of DbCM (focusing on
stage B DbCM as a pivotal stage for identifying individuals
at risk) and provide data on diagnostic approaches, current
therapies, and potential therapeutic strategies, with the goal
of raising interdisciplinary awareness and dialogue on the
underrecognized entity of stage B DbCM.

Definition of DbCM

HF is a multifactorial clinical syndrome resulting from ana-
tomic or functional alterations of ventricular filling or blood
ejection and is not synonymous with the terms cardiomyo-
pathy or left ventricular (LV) dysfunction, as these describe
cardiac structural or functional changes. In most patients
with HF, systolic and diastolic abnormalities may concur,
regardless of the ejection fraction (EF) [6]. In patients with
DM, different factors have been associated with HF and
include age, duration of DM, poor glycemic control, urinary
albumin-to-creatinine ratio (UACR), peripheral vascular dis-
ease, ischemic heart disease, and obesity [13—18].

Pathophysiologic Connection Between
Diabetes and the Heart

DbCM is a complex entity that results in cardiac remod-
eling and impairment of excitation and contraction coupling.
The altered glucose and lipid metabolism seen in T2D pro-
motes increased oxidative stress, inflammation, cellular and
endothelial damage, mitochondrial dysfunction, fibrosis, and
systolic and diastolic dysfunction [8, 19] (Fig. 1).

Hyperinsulinemia, Insulin Resistance, Lipid
Accumulation

Insulin is an anabolic hormone that exerts metabolic and
mitogenic properties. The metabolic effects of insulin occur
after a short and low hormonal exposure, while the mito-
genic effects occur after a prolonged and high hormonal
exposure. The two main signaling pathways, metabolic and
mitogenic, through which insulin acts are the phosphati-
dylinositol 3-kinase (PI3K)/AKT (also known protein kinase
B or PKB) and mitogen-activated protein kinase (MAPK)/
Ras pathways, respectively [20]. Insulin resistance mediates
hyperglycemia, hyperlipidemia, and lipotoxicity. Hyperin-
sulinemia and insulin resistance promote LVH through the
activation of the MAPK/Ras pathway [21] and promote the
increase of free fatty acids (FFA) to maintain energy produc-
tion, which leads to a shift in energy production, decreased
glucose utilization, and intracellular accumulation of FFA,
favoring lipotoxicity. This subsequently results in loss of
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Fig. 1 Pathophysiologic links between diabetes and the heart. Type 2
diabetes (T2D) is a complex metabolic disorder. Hyperglycemia plays
a crucial role in the pathophysiology of complications related to T2D.
Multiple pathways illustrated here (polyol pathway, hexosamine path-
way, PKC pathway, AGE pathway) contribute to an increased risk of
diabetic cardiomyopathy. Abbreviations: AGEs advanced glycation

metabolic substrate flexibility in the diabetic heart and
increased production of reactive oxygen species (ROS) that
further contributes to stress and cardiomyocyte apoptosis,
making the heart susceptible to ischemia—reperfusion injury
[21,22] (Fig. 1).

Hyperglycemia

Hyperglycemia induces oxidative stress through the activa-
tion of multiple pathways of non-oxidative glucose metabo-
lism such as the AGE pathway, the polyol pathway, the pro-
tein kinase C (PKC) pathway, and the hexosamine pathway,
resulting in mitochondrial damage, impairment in cardiac
protein contractility, disruption in calcium handling, and
changes in gene expression seen in the diabetic heart [23,
24]. Abnormal cell metabolism and oxidative stress lead to
endoplasmic reticulum (ER) stress, cardiomyocyte death,
endothelial dysfunction and damage, inflammation, and

Myocyte apoptosis, LVH, Cardiac dysfunction

end products, Ang II angiotensin II, ER endoplasmic reticulum, FFA
free fatty acids, GLUT glucose transporters, LVH left ventricular
hypertrophy, O-GlcNAc O-linked N-acetylglucosamine, PDK pyru-
vate dehydrogenase kinase, PFK phosphofructokinase, PKC protein
kinase C, RAAS renin—angiotensin—aldosterone system, ROS reactive
oxygen species. Figure created with BioRender.com

profibrotic responses [8]. The increase in collagen deposition
and expression of profibrotic molecules such as transforming
growth factor beta 1 (TGFf-1) cause abnormal extracellular
matrix (ECM) deposition. AGEs have directly been impli-
cated in aberrant ECM changes [21]. Furthermore, hypergly-
cemia activates RAAS and increases angiotensin II (Ang II),
inducing proliferation of cardiac fibroblasts and contributing
to LVH while also exacerbating insulin resistance, hyperten-
sion, and hyperlipidemia [22] (Fig. 1).

Inflammation

Diabetes can be characterized as a chronic state of inflam-
mation, and a maladaptive proinflammatory response con-
tributes to the impairments seen in DbCM. Different altera-
tions of the innate immune system as well as activation of
multiple proinflammatory cytokines (tumor necrosis factor
alpha via activation of nuclear factor kappa B), interleukins
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(IL) 6 and 8, monocyte chemotactic protein 1 (MCP-1), and
adhesion molecules (such as intercellular adhesion molecule
1 and vascular cell adhesion molecule 1) are present in the
diabetic heart and contribute to abnormal cardiac remod-
eling and function [3].

Identifying Stage B Cardiomyopathy

As noted, DbCM is a form of stage B HF, also known as
pre-HF. The challenge in recognizing stage B HF is the fact
that these patients are asymptomatic or have minimal symp-
toms. High clinical suspicion on the basis of the clinical risk
factors (Table 1) is needed; adjunctive testing, as outlined
below, may then be applied to support clinical judgment
regarding presence of DbCM.

Biomarkers

As noted in the Universal Definition and Classification of
HF, elevated concentrations of B-type natriuretic peptide
(BNP) or N-terminal pro-BNP (NT-proBNP) are criteria to
help identify the presence of stage B HF. Serum concentra-
tions of these biomarkers correlate with the presence and
severity of HF, with increasing evidence supporting their
use for screening and early intervention to prevent HF [6,
25]. Furthermore, therapeutic strategies such as accelerated
up-titration of RAAS blockers and beta-blockers for primary
prevention of cardiac events for patients with T2D have
been shown as a safe and effective intervention in patients
pre-selected by NT-proBNP levels [26]. It is important to
consider that both BNP and NT-proBNP may be increased
in a variety of conditions, including kidney disease, atrial

arrhythmias, and advanced age, and may be decreased in
patients with obesity or HF with preserved EF and in Black
patients, hence limiting universal cutoffs. Nonetheless,
efforts are ongoing toward standardizing diagnostic criteria
for use of BNP or NT-proBNP in identifying patients at risk
for HF during stage A/B HF to support prevention of HF
(ACC/AHA Class of Recommendation IIa) [27, 28].

Echocardiographic Criteria

Multiple echocardiographic abnormalities have been noted
in stage B HF. These include higher LV mass, increased
wall thickness, left atrial enlargement (LAE), LV diastolic
dysfunction, and impaired global longitudinal strain (GLS).

Specifically, the echocardiographic definition of stage B
HF includes the presence of at least one of the following
[29-31]:

e [LVH, defined as left ventricular mass index
(LVMi)> 115 g/m? in men and > 95 g/m? in women

e LAE, defined as left atrial volume index (LAVi) >34 ml/
m?

e Abnormal ratio of mitral inflow peak early diastolic
velocity (E) to tissue Doppler mitral annular early dias-
tolic velocity (e'), defined as E/e’ > 13

e Impaired GLS, defined as GLS < 18%

According to Yang et al. [30], LAE is the strongest pre-
dictor of stage B HF, followed by impaired GLS and abnor-
mal E/e’. Furthermore, diastolic dysfunction (DD), which is
present in at least 50% of asymptomatic patients with T2D,
is associated with LAE; impaired GLS is also commonly
found in asymptomatic patients with stage B DbCM and is a

Table 1 Definition of stages of heart failure [10®®], with risk factors to consider in stage B DbCM

representing asymptomatic
structural heart disease.

Risk factors include:
-Longstanding DM

-Poorly controlled DM
-Microvascular complications
of DM: diabetic kidney
disease (T UACR, LeGFR),
retinopathy, neuropathy

Stage A HF Stage B Stage C Stage D
“At risk’ ‘Pre-HF’ ‘Symptomatic’ "Refractory’
Patients with DM with NO Patients with NO current or Patients with stage B findings | Patients with severe
signs or symptoms of HF prior symptoms of HF, PLUS current or prior symptoms of HF

symptoms and signs of HF

DbCM diabetic cardiomyopathy, DM diabetes mellitus, eGFR estimated glomerular filtration rate, HF heart failure, UACR urinary albumin cre-

atinine ratio
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sensitive marker of systolic dysfunction; and LVH represents
an early change in myocardial structure [32ee].

Cardiopulmonary Exercise Test (CPET)

Exercise intolerance is a common manifestation of HF, yet
many patients with stage B HF may not declare typical exer-
tional symptoms of HF due to sedentary lifestyle or limited
exertion on a day-to-day basis. However, when evaluated
with exercise testing, impaired functional capacity may be
identified. Cardiopulmonary exercise testing (CPET) ena-
bles measurement of peak oxygen uptake (VO,) and other
variables to assess exercise capacity, and when integrated
with cardiac imaging and invasive hemodynamic monitor-
ing, CPET provides a comprehensive characterization of
multisystem reserve capacity, thus providing an important
role in delineating previously unappreciated symptoms [33].

Early Detection of DbCM

The 2017 update from the AHA, ACC, and Heart Fail-
ure Society of America (HFSA) on the management of
HF incorporates recommendations for evaluating patients
at risk of developing HF, based on the multicenter, rand-
omized STOP-HF (The St. Vincent’s Screening to Prevent
Heart Failure) study [25], in which BNP-based screening of
patients at risk for HF (defined by presence of hypertension,
DM, or known vascular disease and without LVSD or HF)
resulted in reduction of asymptomatic LV dysfunction and
fewer hospitalizations. Another single-center, small, rand-
omized trial, PONTIAC (“NT-proBNP selected prevention
of cardiac events in a population of diabetic patients without
a history of cardiac disease”) [26], found that accelerated
up-titration of RAAS and beta-blockers reduced CV events
in patients with T2D and elevated NT-proBNP and without
cardiac disease at baseline when compared to usual care.
Of note, in STOP-HF and PONTIAC, the concentrations
of BNP (=50 pg/ml) or NT-proBNP (>125 pg/ml) used to
identify eligible patients were considerably lower than those
used for diagnosis of symptomatic HF.

Berg et al. [34] developed a clinical risk prediction score
for hospitalization for HF (HHF) using data from the pla-
cebo arm of the SAVOR-TIMI 53 CVOT, externally vali-
dated by data from the placebo arm of the DECLARE-TIMI
58 study and identified 5 key independent clinical risk pre-
dictor variables of HHF: prior HF, history of atrial fibrilla-
tion, CAD, estimated glomerular filtration rate (¢GFR) and
UACR. Looking broadly at the interconnection between
T2D and CV disease (CVD), the stage of elevated UACR
and depressed eGFR corresponds to the microvascular com-
plication stage of T2D, often associated with longstand-
ing or inadequately controlled hyperglycemia. Thus, from

a diabetes management perspective, this clinical stage, in
which other microvascular complications are noted or sus-
pected, may also prompt consideration of screening for
DbCM.

Despite the recommendation that patients at risk of devel-
oping HF should be screened for HF, further study and inter-
disciplinary dialogue are needed to more precisely define
who to screen for DbCM, when to screen for DbCM, and
the extent of additional evaluation needed prior to making a
diagnosis of DbCM, as well as how to prevent further pro-
gression once diagnosed.

As mentioned before, DbCM refers to an entity that
excludes other underlying causes such as CAD or valvular
heart disease. However, there is no reason to believe that a
patient with DbCM could not get CAD. Part of the reason
for identifying DbCM would be to recognize the possible
subsequent complications, in the absence of other clinical
disease or complications, allowing opportunity for preven-
tion. Moreover, identifying a “clean” phenotype that lacks
obvious CAD, prior MI, etc., could contribute to the better
understanding of this entity as well as allow the development
of therapies for this specific phenotype.

Current Glucose-Lowering Medications
and Risk of HF

In this section, we review evidence surrounding current
glucose-lowering medications and their effects on risk of
HF or use in established HF.

The general management for patients with T2D includes
achieving and maintaining glycemic control, with early stud-
ies establishing the relationship between degree of glycemia
and incidence of HF. Recent studies have focused on the
CV safety of glucose-lowering medications, as mandated
by the US Food and Drug Administration (FDA); have
assessed MACE, i.e., CV death, MI, or stroke; and many
have included HF complications as a secondary endpoint.
Notably, HF benefits seen in recent CVOTs did not correlate
with glycemic control achieved, suggesting non-glycemic
mechanisms may be at play.

Metformin

Metformin is the preferred initial pharmacotherapy for the
treatment of hyperglycemia in T2D [35] that has demon-
strated safety and efficacy and may reduce the risk of CV
events and death [36]. Although a reduction in HF among
patients with T2D has not been a prominent feature of stud-
ies examining effects of metformin, some data have sug-
gested lower rates of incident HF among those treated with
metformin. For example, in a retrospective cohort study [37],
Tseng et al. reported a dose-dependent association between
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metformin use and a 40% reduction in HHF. More recently,
Richardson and colleagues [38] examined rates of new-onset
HF among metformin versus sulfonylurea users, reporting
a 15% lower rate of HHF. However, neither of these studies
specifically examined patients with DbCM.

An ongoing trial, Investigation of Metformin in Pre-
Diabetes on Atherosclerotic Cardiovascular Outcomes VA-
IMPACT (ClinicalTrials.gov NCT02915198) is evaluating
metformin in patients with prediabetes and established CVD,
may provide further information on the effect on HF.

Sulfonylureas

There are limited data regarding the use of sulfonylureas and
the development of HF in patients with T2D [1]. However,
a recent RCT [39] comparing linagliptin vs. glimepiride in
6042 patients with T2D and elevated CV risk resulted in
noninferior risk of a composite CV outcome and no differ-
ence in HHF (HR 1.21, 95% CI 0.92-1.59) or investigator-
reported HF events (HR 1.06, 95% CI 0.85-1.32).

Insulin

Insulin alone or in combination with other pharmacologic
therapies is used to achieve glycemic targets in patients with
T2D. Different studies have included insulin and have not
demonstrated increased rates of HF [1]. The ORIGIN trial,
a CVOT that randomized 12,537 participants with dysgly-
cemia to receive insulin glargine vs. standard of care, found
no difference in CV outcomes, including HF hospitalization
[40].

Insights from CVOTs with DPP-4i, GLP-1 RA,
and SGLT2i

In 2008, the US FDA mandated that all medications for T2D
demonstrate CV safety in adequately powered CVOTs. Since
then, various medications, including dipeptidyl peptidase-4
(DPP4) inhibitors, glucagon like peptide 1 receptor ana-
logues (GLP1-RA), and sodium-glucose cotransporter-2
inhibitors (SGLT21), have undergone large, rigorous CVOTs
[41] and have provided further insights of their efficacy in
populations at high risk of CV events. Most of the DPP4
inhibitors (i.e., sitagliptin, linagliptin, and alogliptin) have
shown CV neutrality for all MACE endpoints including HF
hospitalization [42-44]. However, a 27% increase in HF
hospitalization with saxagliptin vs. placebo (HR 1.27, 95%
CI 1.07-1.51) was seen [45]. In sum, DPP-4 inhibitor tri-
als have not shown evidence of benefits in HF, and specific
DPP4 inhibitors may increase the risk of HF hospitalization
in high-risk patients; thus, their use is recommended with
caution in patients at risk for HF.

@ Springer

Recent evidence from large RCTs has demonstrated the
benefits of SGLT2i in reducing MACE and HHF [46]. The
first of the SGLT2i CVOTs, the EMPA-REG OUTCOME
trial (Empagliflozin, Cardiovascular Outcomes, and Mor-
tality in Type 2 Diabetes Patients) [47], showed that HHF
was reduced by 35% with empagliflozin treatment. Notably,
the reduction in adverse HF events has been consistently
demonstrated in other SGLT?2i trials [48, 49], including in
dedicated HF outcome trials [50, 51]. These studies have
positioned SGLT2i as important therapeutic agents for treat-
ment of T2D [1, 35, 52].

Several GLP1-RA have demonstrated reduction in MACE
in patients with T2D with established atherosclerotic CVD
(ASCVD) or at high risk of ASCVD but have not demon-
strated consistent reductions in HF adverse outcomes. HHF
was lower with albiglutide vs. placebo in the Harmony Out-
comes trial [53] (HR 0.71, 95% CI 0.53-0.94) and non-sig-
nificantly lower with liraglutide vs. placebo (HR 0.85, 95%
CI 0.70-1.04) in the LEADER trial [54]. Meta-analyses of
the GLP1-RA CVOTs [55] indicate an overall HR of 0.91
(0.83-0.99) for effects of GLP1-RA on HHF. However, dedi-
cated studies evaluating the potential of GLP1-RA therapy
in patients with HF have not shown improvements in out-
comes or LVEF [56, 57], though this remains an active area
of study.

Despite the advances of the recent CVOTs, significant
gaps remain in our understanding, largely because HF itself
has not traditionally been characterized in the large CVOTs.
Detailed characterization in future studies [58], including
functional class and clinical stage, EF, and HF therapy regi-
men, will better identify treatments for the various stages of
HF treatment and prevention.

Additional Therapeutic Strategies

A meta-analysis [59] of 6 angiotensin-converting enzyme
(ACE) inhibitor studies that stratified data by diagnosis of
DM and included 2398 patients with DM showed similar
reductions in mortality in patients with LV systolic dys-
function, both with DM (RR 0.84; 95% CI, 0.70-1.00) and
without DM (RR 0.85; 95% CI, 0.78-0.92). Importantly,
various studies of angiotensin receptor blockers (ARBs) had
similar benefits in reducing CV morbidity and mortality out-
comes which were not modified by having DM at baseline
[1, 2, 60-62]. In addition to the benefits shown in the ACE
inhibitor and ARB trials, a subgroup analysis [63] of the
PARADIGM-HF trial (Prospective Comparison of ARNI
with ACEI to Determine Impact on Global Mortality and
Morbidity in Heart Failure) showed that in patients with
HF with reduced ejection fraction, the angiotensin receptor-
neprilysin inhibitor (ARNi) sacubitril-valsartan was benefi-
cial compared to enalapril irrespective of glycemic status.
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Additional information may come from the PARADISE-MI
study (ClinicalTrials.gov NCT02924727), which is evaluat-
ing the efficacy and safety of sacubitril/valsartan compared
to ramipril on morbidity and mortality in high-risk patients
following an MI. Mineralocorticoid receptor antagonists
(MRASs) have also shown benefits in patients with HF in
patients with and without DM. A subset analysis [64] of
1483 patients with DM with LVSD from the EPHESUS trial
(the Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study) showed that treatment
with eplerenone reduced the primary composite endpoint of
CV mortality or CV hospitalization by 17%.

Finally, 3 FDA-approved beta-blockers (carvedilol, meto-
prolol succinate, and bisoprolol) have been shown to reduce
morbidity and mortality in patients with DM and HF [1].

Thus, the four key pillars of treatment of HF with reduced
ejection fraction include SGLT2i, ARNi, MRA, and evi-
dence-based BB. All appear to be similarly beneficial for
those with and without diabetes. Given the higher baseline
risk of HF among patients with diabetes, the anticipated
absolute risk reduction of these therapies is greater.

Potential Therapeutic Strategies for Stage B
DbCM

No strategies to treat and/or prevent stage B DbCM have
been specifically approved. Yet multiple attempts to target
cardiac remodeling, oxidative stress, inflammation, and met-
abolic disturbances have been made to restore the different
alterations in the diabetic heart [8].

Phosphodiesterase Inhibitors

Cyclic guanosine monophosphate (cGMP) acts as a second-
ary messenger, transducing nitric oxide (NO) and natriuretic
peptide coupled signaling and stimulating phosphorylation
by protein kinase G [65]. Cyclic GMP phosphodiesterase
type 5 (PDES) protein is upregulated in myocardial hyper-
trophy, and chronic inhibition of PDES in animal models
has shown improvements in LVH and ischemia/reperfusion
injuries and prevented cardiac remodeling. A small RCT
[66] using sildenafil in 59 men with non-ischemic DbCM
for 3 months and assessed by magnetic resonance imaging
improved LV torsion and strain, LV mass/volume ratio, LV
contraction, and circulating markers such as MCP-1 and
TGF-B. The role of phosphodiesterase type 9A (PDE9A)
in the development of cardiac hypertrophy has been also
explored as it is also upregulated in cardiac hypertrophy and
HF. PDE9A regulates natriuretic peptide, reverses heart dis-
ease independent of NO-synthase (NOS) activity, and it may
become a potential therapeutic agent [65].

Anti-inflammatory Agents

Inflammation has been described as part of the complex
pathogenesis of HF. Different data suggest that targeting
inflammation without affecting the lipid profile may reduce
CVD. In the CANTOS study [67], canakinumab, a thera-
peutic monoclonal antibody targeting IL1f in over 10,000
patients with previous MI and high-sensitivity C-reactive
protein (hsCRP), significantly reduced levels of high-sen-
sitivity CRP and IL-6 as well as the rate of recurrent CV
events when compared to placebo, all independent of lipid-
level lowering mechanisms. The subsequent analysis of the
CANTOS trial [68] showed that canakinumab significantly
reduced HHF in patients with prior MI and elevated hsCRP,
suggesting that targeting inflammation and especially IL-1f
may provide further benefits in patients with HF. However,
further studies to understand the potential role of canaki-
numab in DbCM are required.

Colchicine is an anti-inflammatory drug with broad cel-
lular effects that significantly lowered the risk of ischemic
CV events in patients after a recent MI [69], as well as in
patients with chronic CAD [70]. Thus, further studies to
evaluate the role of colchicine in DbCM could also be of
interest.

Agents Targeting Oxidative Stress

Zinc has been studied for its putative roles in reducing
inflammation and oxidative stress. Polymorphisms in the
gene that encodes metallothionein, which binds to zinc under
physiological conditions, affects metal ion homeostasis, and
regulates cellular redox status and signaling, are involved
in DM-related CV complications, suggesting a potentially
beneficial role of zinc in patients with DM [8, 71, 72].

Aldose reductase inhibitors (ARI) prevent glucose from
being metabolized in the polyol pathway and have been stud-
ied for the treatment of diabetic neuropathy [73-76], yet the
effects on cardiac function and performance were not clear
in these studies. A small study with the ARI zopolrestat [75]
which evaluated its beneficial effects on asymptomatic car-
diac abnormalities in patients with type 1 or type 2 DM and
neuropathy showed a clinically significant increase in LVEF
(P <0.02), cardiac output (P <0.03), LV stroke volume
(P<0.004), and exercise LVEF (P <0.001) as compared
to placebo. Additional information could come from the
ARISE-HF study (ClinicalTrials.gov NCT04083339) which
is evaluating the safety and efficacy of the ARI AT-001 in
patients with T2DM and Stage B DbCM. Interestingly this
study is evaluating whether this ARI can improve or prevent
the decline of functional capacity in patients with DbCM
and without other causes of cardiac disease including CAD,
stroke, valvular disease, arrhythmia, and other forms of
cardiomyopathy.
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Conclusions

Both T2D and HF represent global health problems and are
closely intertwined. DbCM is a complex entity that has been
recognized for almost 50 years and is the result of multiple
pathogenic mechanisms triggered by alterations in glucose
and lipid metabolism. Stage B DbCM represents a unique
window of opportunity for prevention of HF and HF compli-
cations. While advances have been made in treating patients
with established HF, significant progress needs to be made
regarding early identification of patients with DbCM at risk
of development or progression of HF, with continued incor-
poration of evidence-based approaches to slow the physi-
ologic and clinical progression of DbCM.
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