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Diabetes is associated with several diabetic-related abnormalities which increase the risk of onset or worsening of heart failure.
Recent studies showed that the majority of diabetic patients present with heart failure with preserved ejection fraction
(HFpEF), and the prevalence of HFpEF in diabetics is alarming. Moreover, outcomes in HFpEF are poor and could be
compared to those of heart failure with reduced ejection fraction (HFrEF), with 1-year mortality ranging between 10 and 30%.
In contrast to HFrEF, there is very limited evidence for pharmacologic therapy in symptomatic patients with preserved ejection
fraction, and therefore, the optimal selection of treatment for diabetic HFpEF remains challenging. This narrative review article
summarizes the currently available data on the pharmacological treatment of HFpEF in patients with diabetes.

1. Introduction

Cardiovascular diseases (CVD) and heart failure represents
an important clinical problems in patients with type 2 diabe-
tes (T2D), with reported prevalence of CVD 6.9–40.8%,
reported prevalence of heart failure 4.3-21.0%, and in-
hospital CVD-related mortality of 5.6–10.8% [1]. A previous
screening of the prevalence of heart failure in outpatients
with T2D showed a 2.4% prevalence of heart failure with
reduced left ventricular ejection fraction (HFrEF) and a
17.5% prevalence of heart failure with preserved ejection
fraction (HFpEF) in screened population [2]. Thus, the
majority of T2D patients present with HFpEF, at least at
early stages, and the prevalence of HFpEF in diabetics is
alarming. In contrast to HFrEF [3, 4], there is very limited
evidence for pharmacologic therapy in symptomatic patients
with preserved ejection fraction, and therefore, the optimal
selection of treatment for diabetic HFpEF (DHFpEF)
remains challenging. This narrative review article summa-
rizes the currently available data on the pharmacological
treatment of DHFpEF.

2. Diabetic Heart Failure with Preserved
Ejection Fraction as a Challenging
Clinical Problem

Diabetes is associated with several diabetic-related abnormali-
ties, such as ischemia from either coronary artery atheroscle-
rosis, or microvascular dysfunction, myocardial hypertrophy,
dysfunction of mitochondria, dysfunction of autonomic ner-
vous system, proinflammation, and increased retention of
sodium (upregulation of sodium-glucose cotransporters)
which increase the risk of onset or worsening of heart failure
[5, 6]. Unfortunately, outcomes in HFpEF are poor and could
be compared to those of HFrEF, with 1-year mortality ranging
between 10 and 30% [7]. A subanalysis of I-Preserve Trial
(Irbesartan in Heart FailureWith Preserved Ejection Fraction)
showed (Table 1) that, in HFpEF, patients with diabetes have
more signs of congestion, worse quality of life, higher levels
of heart failure biomarkers (N-terminal pro-B-type natriuretic
peptide: NT-proBNP), and a poorer prognosis [8]. In addition,
comparing in-patient costs of heart failure admissions,
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patients with diabetes have the highest cost, and cost per day
alive appears to be the highest for HFpEF patients with diabe-
tes [9]. As already mentioned, the data for heart failure phar-
macotherapy in HFpEF are so far very limited, and no trial
has achieved convincing morbidity/mortality endpoints to
date. This probably reflects the disease complexity, as there
are multiple pathophysiologic mechanisms in HFpEF, such
as impaired diastolic function and impaired systolic reserve,
impaired longitudinal ventricular systolic and atrial function,
impaired autonomic heart function, and peripheral mecha-
nisms such as endothelial and skeletal muscle dysfunction [6,
10–13]. Now, the question is: “How should we treat patients
with DHFpEF?”

3. “Established Heart Failure Drugs” in the
Treatment of DHFpEF

3.1. Angiotensin-Converting Enzyme Inhibitors, Angiotensin
Receptor Blockers, and Angiotensin Receptor/Neprilysin
Inhibitors. Angiotensin-converting enzyme inhibitors
(ACEi) reduce morbidity and mortality in patients with
HFrEF and represent currently the standard of HFrEF phar-
macotherapy [3, 4]. The evidence for the use of ACEi in
HFrEF is coming from multiple randomized controlled trials
[14–16]. Angiotensin receptor blockers (ARB), drugs
directly blocking angiotensin receptor 1, have similar hemo-
dynamic effect to ACEi, with a lower risk of cough and
angioedema (side effects frequently limiting the tolerability
of ACEi therapy). ARB have been shown to reduce morbid-
ity and mortality in patients with HFrEF, especially in those
not tolerating ACEi [17–19]. Considering these data, one
could assume that ACEi or ARB should be preferred for
HFpEF. This assumption might be supported with beneficial
effects of these agents, such as reduction of afterload, reduc-
tion of myocardial fibrosis and myocardial remodeling [20,
21], anti-inflammatory effect, and improvement of endothe-
lial function [22]. Nevertheless, looking more closely to this
issue, the current evidence for the use of ACEi or ARB in the
treatment of HFpEF is limited to that coming from CHARM
(Candesartan in Heart failure: Assessment of Reduction in
Mortality and morbidity)-Preserved Trial [23]. This trial
(Table 1) enrolled 3023 patients with symptomatic heart fail-
ure and left ventricular ejection fraction >40% who were
randomly assigned to candesartan (n = 1514, target dose
32mg once daily) or matching placebo (n = 1509). The pri-
mary outcome of this trial was cardiovascular death or need
for in-hospital admission for heart failure; patients were
followed for a median of 36.6 months. In this trial, cardio-
vascular death did not differ between candesartan-treated
patients and controls, but candesartan therapy reduced the
need for in-hospital admissions (230 versus 279, p = 0:017).
Although 28.7% of patients in candesartan group and
28.0% of patients in placebo group had a history of diabetes,
the subanalysis of trial results in diabetic patients was not
reported. On the other side, in the I-Preserve Trial [24], irbe-
sartan therapy failed to improve the outcomes of HFpEF. In
this trial enrolling 4128 patients with HFpEF, who were
followed for a median of 49.5 months, the primary outcome
occurred in 742 patients in the irbesartan group and in 763

patients in the placebo group, which was not statistically sig-
nificant. Overall rates of death were 52.6 and 52.3 per 1000
patient-years, respectively (p = 0:98); rates of hospitalization
for cardiovascular causes were 70.6 and 74.3 per 1000
patient-years, respectively (p = 0:44). The study groups did
not differ significantly in diabetes status (27% of patients
in irbesartan group and 28% of patients in placebo group),
and similarly with previous trial, a subanalysis of study
results in patients with diabetes was not specifically reported.
Additionally, the Perindopril in Elderly People with Chronic
Heart Failure Trial (PEP-CHF) was a randomized, placebo
controlled, double-blind trial, which aimed to compare peri-
ndopril (dosed 4mg/day) versus placebo in patients aged
≥70 years who were diagnosed to have heart failure (on
diuretics) and an echocardiographic finding suggesting dia-
stolic dysfunction and excluding substantial LV systolic dys-
function (LVEF > 40%) or valve heart disease [25]. The
primary endpoint of this trial was a composite of all-cause
mortality and unplanned heart failure-related hospitaliza-
tion with a minimum follow-up of 1 year. In this trial, by
the 1 year of follow-up period, reductions in the primary
outcome (hazard ratio: HR 0.692, 95% confidence interval:
CI 0.474-1.010; p = 0:055) and hospitalization for heart fail-
ure (HR 0.628, 95% CI 0.408-0.966; p = 0:033) were
observed with perindopril. Furthermore, a functional class
(p < 0:030) and 6-minute corridor walk distance (p = 0:011)
had improved in those assigned to perindopril. Nevertheless,
the enrollment and event rates in this study were lower than
anticipated, which significantly reduced the power of the
study to show a difference in the primary endpoint (to
35%). A significant amount of patients withdrew from study
drugs (28% of patients taking perindopril and 26% of
patients taking placebo) after 1 year and started taking
open-label ACEi. The authors concluded that although
improved symptoms and exercise capacity and fewer hospi-
talizations for heart failure in the first year were observed on
perindopril, the study had insufficient power for its primary
endpoint. The subanalysis of patients with diabetes was not
reported (Table 1). Summarizing these data, currently, there
is no clear evidence supporting the use of ACEi or ARB for
the treatment of DHFpEF (as there are no data on global
benefit of these agents in HFpEF from CHARM-Preserved
and I-Preserve trials); however, looking on possible benefits,
the therapy (preferring candesartan) could be probably con-
sidered in those patients with hypertension, left ventricular
hypertrophy, prior myocardial infarction, in case of microal-
buminuria/proteinuria, and diabetic kidney disease [4, 26].
Angiotensin receptor/neprilysin inhibitors, an ARB com-
bined with a neprilysin inhibitor, commercially available as
sacubitril/valsartan molecule, adds additional effect on heart
failure by inhibition of enzyme which degrades natriuretic
peptide, adrenomedullin, and other vasoactive peptides,
leading to vasodilation and decreased retention of sodium
[27]. The benefit of ARNI (compared to ACEi enalapril) in
patients with HFrEF was demonstrated in PARADIGM-HF
(Prospective Comparison of Angiotensin Receptor–Neprily-
sin Inhibitor with Angiotensin-Converting–Enzyme Inhibi-
tor to Determine Impact on Global Mortality and
Morbidity in Heart Failure) trial [28] which showed

4 Journal of Diabetes Research



significant (by 20%) reduction of the composite endpoint of
cardiovascular death or heart failure hospitalization with
ARNI. ARNI therapy seemed promising in patients with
HFpEF, considering the data from phase 2 clinical trial
[29] which showed in patients with HFpEF a greater reduc-
tion of heart failure biomarkers with ARNI than with valsar-
tan alone, and promising data from studies on animal
models [30, 31] or data regarding beneficial effect of ARNI
on left ventricular diastolic function coming from small
postmarketing study [32]. However, these promises were
not verified in PARAGON-HF (The Prospective Compari-
son of ARNI with ARB Global Outcomes in HF with Pre-
served Ejection Fraction) trial [33], a randomized trial
comparing the effect of ARNI (sacubitril/valsartan) and val-
sartan alone in patients (with or without diabetes) with
HFpEF (defined as left ventricular ejection fraction ≥ 45%)
on a composite end-point of total hospitalizations for heart
failure and death from cardiovascular causes. The study ran-
domized totally 4822 patients with symptomatic HFpEF
(left ventricular ejection fraction ≥ 45%), from whom 42.2%
had diabetes. In this trial (Table 1), ARNI administration
did not result in a significantly lower rate of total hospitali-
zations for heart failure and was not connected with signifi-
cantly lower cardiovascular mortality (a trend towards
benefit in reduction of primary events was observed, but
the differences did not reach statistical significance: 894 pri-
mary events in the ARNI group versus 1009 primary events
in the valsartan group; HR 0.87; 95% CI: 0.75-1.01; p = 0:06).
Unfortunately, the subanalysis of trial outcomes in diabetic
patients was not reported, and there is no other study
reporting the efficacy and safety of ARNI for the treatment
of DHFpEF. Undoubtedly, such a subanalysis/study could
be off clinical interest, as ARNI could have in individuals
with diabetes positive effect on glycaemic control [34] and
renal function [35], suggesting a possible pleiotropic benefit
for diabetic patients with heart failure. Nevertheless, the
administration of ARNI still remains reserved for patients
with HFrEF.

3.2. Mineralocorticoid Receptor Antagonists and Diuretics.
Mineralocorticoid (aldosterone) receptor antagonists
(MRA)—spironolactone and eplerenone—are recom-
mended in all symptomatic patients with HFrEF to reduce
mortality and heart failure-related hospitalizations [3]. The
role of these agents in HFpEF is being intensively studied,
with conflicting results. First, Deswal et al. reported in their
small randomized study enrolling 44 patients with HFpEF
that eplerenone therapy lead to a significant reduction in
markers of collagen turnover and to an improvement in left
ventricular diastolic function. However, in this trial, eplere-
none did not improve exercise capacity during 6-minute
walking test [36]. The TOPCAT (Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antag-
onist) trial [37] examined the effect of spironolactone (dosed
15 to 45mg daily) versus placebo on a composite endpoint
of death from cardiovascular causes, aborted cardiac arrest,
and hospitalization for heart failure. The study (Table 1)
randomized totally 3445 patients with symptomatic heart
failure and left ventricular ejection fraction ≥ 45%; from

these patients, 32.5% had diabetes. Although spironolactone
therapy in this study failed to improve primary composite
endpoint (18.6% in spironolactone group versus 20.4% in
placebo group, p = 0:14), patients treated with spironolac-
tone had significantly lower incidence of hospitalizations
for heart failure (12.0% versus 14.2%; p = 0:04). Based on
these data, the American College of Cardiology formed its
current recommendation on the use of MRA in HFpEF
which states that MRA therapy might be considered in
appropriately selected patients with HFpEF
(left ventricular ejection fraction ≥ 45%, elevated markers of
heart failure, heart failure-related hospitalization within 1
year, estimated glomerular filtration rate > 30mL/min:, and
blood potassium level < 5mmol/L) to decrease heart failure-
related hospital admissions [4]. Looking on DHFpEF, a sub-
analysis of TOPCAT trial [38] showed that diabetic patients
enrolled in this trial had higher levels of cardiac, profibrotic,
and proinflammatory biomarkers. The administration of
spironolactone in patients with diabetes appeared to
improve the markers of extracellular matrix remodeling in
an antifibrotic fashion. Additionally, Brandt-Jacobsen et al.
[39] reported that the addition of high-dose eplerenone in
patients with T2D and high risk for cardiovascular diseases
was associated with a clear reduction in left ventricular mass
and a clear reduction of NT-proBNP levels. Based on these
data, MRA therapy could be probably recommended in
selected patients with DHFpEF; however, due to diabetic-
related kidney impairment, it might be more difficult to
select appropriate DHFpEF patients for this therapy. Loop
diuretics (furosemide, bumetanide, and torasemide) are rec-
ommended to reduce signs and symptoms of congestion in
patients with HFrEF and HFpEF [3], but their effects on
mortality and morbidity have not been studied in random-
ized trials. This recommendation should be probably applied
also to DHFpEF patients, as there is no other pharmacologic
approach to relieve signs and symptoms of congestion in
HFpEF. However, the risk of side effects of the therapy,
mainly the risk of orthostatic hypotension, worsening of
renal function, and the risk of loss of minerals, could be
higher in patients with diabetes [40].

3.3. Beta Blockers, Ivabradine, and Digoxin. A previous sub-
analysis of already mentioned I-PRESERVE trial showed
that in this trial, heart rate (in sinus rhythm) was an inde-
pendent predictor of adverse clinical outcomes. Each stan-
dard deviation (12.4 beats per minute) increase in heart
rate was associated with an increase in risk of 13% for car-
diovascular death or heart failure hospitalization (p = 0:002
). Considering the data, “optimal” heart rate achieved with
beta blockers or If-inhibition with ivabradine might be a
“therapeutic target” in HFpEF. However, data regarding
the use of beta blockers for HFpEF are inconsistent. The
SENIORS (Study of Effects of Nebivolol Intervention on
Outcomes and Rehospitalization in Seniors With Heart Fail-
ure) trial showed an overall benefit of beta blockage with
nebivolol compared to placebo in 2128 heart failure
patients > 70 years of age. The primary outcome was similar
in the impaired and preserved left ventricular ejection frac-
tion groups. However, the preserved left ventricular ejection
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fraction (HFpEF) was in this trial defined as left ventricular
ejection fraction > 35% (and impaired left ventricular ejec-
tion fraction as ejection fraction ≤ 35%) [41]. On the other
side, in the Japanese Diastolic Heart Failure Study (J-
DHF), carvedilol therapy did not improve the prognosis of
HFpEF patients (Table 1) [42]. In contrast, data from the
Croatian heart failure registry showed a higher overall sur-
vival rate, improvement in ejection fraction, and NYHA
class in HFpEF patients on long-term (at least 4 years) car-
vedilol therapy [43]. None of these studies was dedicated
on patients with DHFpEF, and there is no other study exam-
ining the effect of beta blockage on clinical outcomes in
those with DHFpEF. Therefore, routine beta blockage in
patients with DHpEF is currently not recommended. How-
ever, beta blockers might be considered in patients with
DHFpEF and arterial hypertension or known coronary
artery disease [4, 26]. If-inhibition with ivabradine improved
vascular stiffness, left ventricular contractility, and diastolic
function in a mouse model of HFpEF [44]. Moreover, ivab-
radine therapy improved diastolic left ventricular function in
an observational study performed by Cacciapuoti et al. [45]
and significantly reduced the need of hospital admissions
for worsening heart failure in a previous randomized
placebo-controlled study enrolling patients with HFrEF
[46]. The effect of ivabradine therapy on clinical outcomes
in patients with HFpEF was specifically examined in the
EDIFY (prEserveD left ventricular ejectIon fraction chronic
heart Failure with ivabradine study) trial [47]. This random-
ized, placebo-controlled trial (Table 1) included 179 patients
with symptomatic (NYHA classes II and III) HFpEF (left
ventricular ejection fraction 45%), who were in sinus rhythm
(with heart rate of ≥70 beats per minute) and had an eleva-
tion of heart failure biomarkers (NT-proBNP of ≥220 pg/mL
or BNP ≥ 80 pg/mL). Patients were randomized to ivabra-
dine (uptitrated to 7.5mg b.i.d.) or placebo and followed
for 8 months for the incidence of primary end-point defined
as improvement in left ventricular diastolic function
(assessed by echocardiography), distance on the 6-minute
walking test, and change of plasma NT-proBNP levels. In
this trial, ivabradine did not improve any of the three clinical
outcomes (although there was a significant decrease in heart
rate by ivabradine therapy). 43.2% of patients randomized to
ivabradine and 44.1% of patients randomized to placebo had
diabetes; the subanalysis of outcomes among patients with
diabetes was not reported. Additionally, there is no other
study examining the efficacy/safety profile of ivabradine in
patients with DHFpEF. Summarizing, although several small
studies pointed on a possible positive effect of heart rate
reduction with ivabradine in patients with HFpEF, based
on the results of EDIFY trial, ivabradine is not indicated
for the treatment of HFpEF/DHFpEF. Thus, ivabradine
should not be administrated in diabetic patients with
HFpEF, unless there is other indication for ivabradine ther-
apy (such as symptomatic angina despite beta blocker ther-
apy). Digoxin might be considered as a treatment option in
patients with HFrEF in sinus rhythm who remain symptom-
atic despite ACEi (or ARB), a beta blocker, and MRA ther-
apy to reduce the risk of hospitalizations, or in patients
with HFrEF and atrial fibrillation to slow a rapid ventricular

rate [3]. Currently, there is no randomized study examining
the efficacy/safety profile of digoxin in the treatment of
HFpEF/DHFpEF. Furthermore, in a previously published
analysis of a heart failure registry, the initialization of
digoxin therapy in patients with HFpEF requiring heart
failure-related hospitalization prior their discharge was not
associated with lower rates of rehospitalizations or all-
cause mortality [48]. Moreover, data from another observa-
tional multicentre study suggested that digoxin therapy in
patients with HFpEF might be associated with increased
mortality and/or heart-failure-related readmission, espe-
cially in patients with lower heart rate [49]. Therefore,
digoxin is not indicated in patients with HFpEF, and this
could be probably applied also to patients with DHFpEF.

4. Novel Antidiabetic Drugs: Promising
Agents for the Treatment of DHFpEF?

4.1. Sodium-Glucose Cotransporter 2 Inhibitors. The data
regarding significant benefit of sodium-glucose cotranspor-
ter 2 (SGLT-2) inhibition on heart failure-related mortality
and heart failure-related hospitalizations came firstly from
studies which were not specifically dedicated on heart failure
patients. The EMPA-REG OUTCOME (Empagliflozin Car-
diovascular Outcome Event Trial in Type 2 Diabetes Melli-
tus Patients) trial [50] randomized a total of 7020 patients
with T2D at high cardiovascular risk (left ventricular ejec-
tion fraction was not reported) to receive 10mg or 25mg
of empagliflozin or placebo once daily. The primary com-
posite outcome was death from cardiovascular causes, non-
fatal myocardial infarction, or nonfatal stroke, as analyzed
in the pooled empagliflozin group versus the placebo group.
The primary outcome occurred in 10.5% of patients in the
pooled empagliflozin group and in 12.1% of patients in the
placebo group (p = 0:04 for superiority). In the empagliflozin
group, there were significantly lower rates of death from car-
diovascular causes (3.7%, versus 5.9%; 38% relative risk
reduction), hospitalization for heart failure (2.7% versus
4.1%, 35% relative risk reduction), and death from any cause
(5.7% versus 8.3%, 32% relative risk reduction). The study
showed cardiovascular benefit of SGLT2 inhibition in T2D
patients; there was no specific mention of HF or left ventric-
ular ejection fraction status in this study. Similar data in
patients with T2D and higher risk of cardiovascular diseases
were subsequently published with dapagliflozin [51] and
with canagliflozin [52]. The EMPEROR-Reduced (EMPagli-
flozin outcomE tRial in Patients With chrOnic heaRt Failure
With Reduced Ejection Fraction) trial [53] tested the effect
of empagliflozin (10mg once daily) on a composite end-
point of cardiovascular death or hospitalization for worsen-
ing heart failure in patients with symptomatic HFrEF
(left ventricular ejection fraction ≤ 40%). This study random-
ized totally 3730 patients (with or without diabetes) who
were followed for a median of 16 months. The primary out-
come was less frequent in the empagliflozin group (19.4%
versus 24.7%, p < 0:001). The effect of empagliflozin on the
primary outcome was consistent in patients regardless of
the presence or absence of diabetes. The total number of
hospitalizations for heart failure was lower in the
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empagliflozin group than in the placebo group. In addition,
empagliflozin-treated patients had lower risk of serious renal
outcomes. The study confirmed significant cardiovascular
benefit of SLGT2 inhibitor therapy in a cohort of patients
with HFrEF, regardless of T2D status. Another robust evi-
dence for the use of SGLT-2 inhibition in patients with
HFrEF comes from DAPA-HF (Study to Evaluate the Effect
of Dapagliflozin on the Incidence of Worsening Heart Fail-
ure or Cardiovascular Death in Patients With Chronic Heart
Failure) trial [54]. This randomized, placebo-controlled trial
enrolled 4744 patients (with or without diabetes) with symp-
tomatic heart failure and reduced left ventricular ejection
fraction (≤40%) who were randomized to receive either dap-
agliflozin (10mg once daily) or placebo, in addition to stan-
dard of care therapy. Patients were followed for a median of
18.2 months for the incidence of primary outcome defined
as a composite of worsening heart failure (hospitalization
or an urgent visit resulting in intravenous therapy for heart
failure) or cardiovascular death. During the follow-up
period, the primary outcome occurred in 16.3% of patients
in the dapagliflozin group and in 21.2% of patients in the
placebo group (p < 0:001). A first worsening heart failure
event occurred in 10.0% of patients in the dapagliflozin
group and in 13.7% of patients in the placebo group; cardio-
vascular disease-related death occurred in 9.6% of patients in
the dapagliflozin group and in 11.5% of patients in the pla-
cebo group, respectively. In addition, results in diabetic
patients were similar to those in patients without diabetes.
Although promising, the results of upper-mentioned studies
cannot be directly applied to patients with DHFpEF. There-
fore, it is not surprising that EMPEROR Preserved (EMPa-
gliflozin outcomE tRial in Patients With chrOnic heaRt
Failure With Preserved Ejection Fraction) trial [55] and
DELIVER (Dapagliflozin Evaluation to Improve the LIVEs
of Patients With PReserved Ejection Fraction Heart Failure)
trial [56], studies directly dedicated on patients with
(D)HFpEF, have been designed. The DELIVER (Dapagliflo-
zin Evaluation to Improve the LIVEs of Patients With PRe-
served Ejection Fraction Heart Failure) trial [57] is designed
as an international, multicentre, randomized, placebo-
controlled study which aims to test the effect of SGLT-2
inhibition with dapagliflozin (10mg daily) versus placebo,
in addition to standard of care, in patients with HFpEF
(left ventricular ejection fraction ≥ 40%). Study (Table 1)
plans to enroll patients with or without diabetes (6263
patients), with preserved ejection fraction, with signs and
symptoms of heart failure, elevation in natriuretic peptides,
and evidence of structural heart disease. The primary end-
point will be the time-to-first cardiovascular death or wors-
ening heart failure event (heart failure hospitalization or
urgent heart failure visit). Finally, the results of the
EMPEROR-Preserved (EMPagliflozin outcomE tRial in
Patients With chrOnic heaRt Failure With Preserved Ejec-
tion Fraction) trial [55] have been recently reported [57].
The study was designed to test the SGLT-2 inhibition with
empagliflozin in patients with HFpEF. The study (Table 1)
enrolled 5988 patients with class II–IV heart failure and
left ventricular ejection fraction > 40%, with and without
T2D, who were randomized to receive empagliflozin

(10mg daily) or placebo, in addition to standard therapy.
In this study, 2997 patients received empaliflozin and 2991
patients received placebo. The primary end-point of this
study was a composite of cardiovascular death or hospitali-
zation for heart failure. In a median of 26.2 months of clin-
ical follow-up, the primary outcome occurred in 13.8% in
the empagliflozin group and in 17.1% in the placebo group
(hazard ratio, 0.79; 95% confidence interval [CI]: 0.69-0.90;
p < 0:001). This effect was mainly related to a lower risk of
hospitalization for heart failure. The efficacy of empagliflo-
zin was consistent in patients with or without T2D. The total
number of hospitalizations for heart failure was lower in the
empagliflozin group than in the placebo group (407 with
empagliflozin versus 541 with placebo; HR 0.73; 95% CI:
0.61-0.88; p < 0:001). Looking on the side effects of the ther-
apy, unsurprisingly, uncomplicated genital and urinary
infections and hypotension were reported more frequently
with empagliflozin. The results of the EMPEROR-
Preserved trial confirmed the efficacy of empagliflozin in
patients with HFpEF (with and without T2D) and will prob-
ably establish SGLT-2 inhibition as a first evidence-based
and clinical practice guideline-recommended pharmacologic
therapy for HFpEF and also for DHFpEF.

To summarize, empagliflozin is the first agent with
evidence-based efficacy data for the treatment of HFpEF
(irrespectively on diabetes status). Based on a robust evi-
dence in T2D patients with higher cardiovascular risk, in
patients with HFrEF, as well as in those with HFpEF,
SGLT-2 inhibitors should be administrated in patients with
DHFpEF (unless contraindicated) to treat diabetes (to safely
improve glycaemic control), to reduce the risk of heart
failure-related hospitalizations and cardiovascular mortality
and to improve renal outcomes.

4.2. Glucagon-Like Peptide 1 Receptor Antagonists. Gluca-
gon-like peptide 1 receptor antagonists (GLP-1 RA), such
as liraglutide, semaglutide, or dulaglutide, are novel antidia-
betic agents with the evidence for reduction of cardiovascu-
lar events [26]. In previous randomized controlled trials in
patients with T2D, liraglutide reduced the rate of the first
occurrence of death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke [58], semaglutide
significantly reduced the rate of cardiovascular death, nonfa-
tal myocardial infarction, or nonfatal stroke [59], and dula-
glutide reduced the primary outcome defined as the first
occurrence of the composite endpoint of nonfatal myocar-
dial infarction, nonfatal stroke, or death from cardiovascular
causes [60]. Nevertheless, the cardiovascular benefit of GLP-
1 RA was mostly due to reduction of adverse vascular events
and reduced cardiovascular mortality and not due to
reduced incidence of heart failure or reduced rate of heart
failure-related hospitalizations. Additionally, none of these
studies were dedicated on a population of patients with dia-
betic heart failure. Withaar et al. previously demonstrated in
a study using HFpEF animal model that treatment with
liraglutide improved the cardiometabolic dysregulation and
cardiac function, reduced cardiac hypertrophy, reduced
myocardial fibrosis, and improved atrial weight, natriuretic
peptide levels, and lung congestion [61]. In another animal
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model, liraglutide improved pressure-overload induced car-
diac hypertrophy and cardiac apoptosis [62], and liraglutide
administration had favorable effects on BNP and left ven-
tricular diastolic function, but not on left ventricular ejection
fraction, in a small-sample clinical study in patients with
T2D and preserved left ventricular ejection fraction per-
formed by Yagi et al. [63]. Nonetheless, there is no clinical
study examining the effect of GLP-1 RA therapy on clinical
outcomes in patients with DHFpEF (reported or on-going).
Thus, GLP-1 RA cannot be considered as a treatment option
for DHFpEF. However, it is probably rational to administer
GLP-1 RA in patients with T2D and known cardiovascular
disease (including heart failure), especially in those with
known coronary artery disease or other known atherosclero-
tic vascular diseases, to treat diabetes (to safely improve gly-
caemic control), and to prevent future vascular events.

5. Conclusion

How to treat DHFpEF? Right now, there is no conclusive
answer to this question. Obviously, there is a need to treat
the cause of the HFpEF (if treatable) and manage comorbid-
ities as is currently recommended in HF guidelines (T2D is a
common comorbidity in HFpEF) [3, 64]. In addition, con-
sidering the discussed data, it is probably reasonable to
administer loop diuretics in those patients with signs or
symptoms of congestion; ARB in patients with left ventricu-
lar hypertrophy, hypertension, or concomitant diabetic kid-
ney disease and SGLT-2 inhibitors in all reliable patients
with DHFpEF to treat diabetes, reduce the risk of heart
failure-related hospitalizations and cardiovascular mortality,
and improve renal outcomes. Additionally, selected patients
with DHFpEF could benefit from beta blocker and MRA
therapy. Moreover, it is probably rational to administer
GLP-1 RA in patients with T2D and known cardiovascular
(especially atherosclerotic) disease to treat diabetes and pre-
vent future vascular adverse events. Nevertheless, the issue of
optimal pharmacotherapy for DHFpEF is still open for
future research.
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