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Over the last three decades, several lifesaving therapies for
the treatment of heart failure with reduced ejection fraction
(HFrEF) have emerged; however, this is not the case for heart
failure with preserved ejection fraction (HFpEF). Sodium–glucose
co-transporter 2 (SGLT2) inhibitors have emerged as a novel
foundational therapy in patients with HFrEF.1,2 Initially developed
as a treatment for diabetes, accumulating evidence from the
DAPA-HF (Dapagliflozin and Prevention of Adverse outcomes in
Heart Failure) and EMPEROR-Reduced (Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure and a Reduced Ejection
Fraction) trials have proven that the benefits of SGLT2 inhibitors
extend to patients beyond type 2 diabetes mellitus to those
with HFrEF as well, irrespective of diabetes status.1,2 It remains
uncertain, however, if SGLT2 inhibitors will confer similar benefits
in patients with HFpEF. While trials in this patient population
are ongoing, the current models of HFpEF pathophysiology, the
pharmacodynamic profile of SGLT2 inhibitors, and secondary
analyses of previous trials, all provide hope that these drugs may
indeed benefit patients with HFpEF.

Pathophysiology of heart failure
with preserved ejection fraction
The pathophysiology of HFpEF is complex, multifactorial with a
variety of aetiologies, and remains hotly debated. Although the
exact pathophysiological mechanisms involved in HFpEF remain
uncertain, prevalent theories centre around derangements in four
organ systems with overlapping systemic pathophysiologic under-
pinnings that are thought to play a key role in the development and
progression of HFpEF.3
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.. Cardiac abnormalities

Multiple cardiac structural and functional abnormalities are seen
commonly in patients with HFpEF. Increased passive myocar-
dial stiffness due to impaired titin phosphorylation states has
been proposed as a mechanistic process for the development of
HFpEF.4 Impaired left ventricular (LV) stiffness and relaxation, which
cause elevated LV filling pressures, contribute to dyspnoea and
impaired exercise capacity in patients with HFpEF.5 The under-
lying myocardial inflammation also triggers LV hypertrophy and
diastolic dysfunction.6 While LV ejection fraction (LVEF) is normal
in HFpEF, myocardial contractility and LV systolic mechanics are
impaired and associated with worse prognosis in HFpEF.5 Impaired
chronotropic response of the heart has also been observed in some
patients with HFpEF, which may further contribute to exercise
limitation.

Vascular dysfunction
Reduced aortic distensibility has been shown in some patients
with HFpEF and is linked with impaired exercise capacity. Com-
bined ventricular–arterial stiffening aggravates this and results
in higher blood pressure changes for any variation in after-
load or preload, which further impairs diastolic dysfunction,
LV remodelling and fibrosis. This ventricular–aortic uncou-
pling has been shown to be associated with dyspnoea and
fatigue.5 Moreover, impaired nitric oxide signalling, oxidative
stress and inflammation have been shown to potentially con-
tribute to coronary microvascular dysfunction, which may lead
to myocardial injury at rest and further reduction of cardiac
reserves.5,6

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Renal abnormalities
There is an important bi-directional relationship between kidney
and heart dysfunction. Venous congestion in HFpEF can lead to
activation of the renin–angiotensin–aldosterone system, which
promotes oxidative stress, and systemic inflammation coupled with
release of proinflammatory adipocytokines that augment renal
retention of sodium and water.5 Increased retention of sodium
and water perpetuates a state of volume overload, which causes an
increase in cardiac filling pressures. Moreover, albuminuria has been
hypothesized to be linked with abnormal cardiac mechanics and is
an important risk factor for HFpEF.6 While the role of the kidney
in HFpEF seems certain, the specific mechanism remains elusive.

Adiposity
Obesity is a distinct and common HFpEF phenotype associated
with insulin resistance. Obese HFpEF patients have increased car-
diac filling pressures, impaired myocardial energetics and concen-
tric LV hypertrophy, which leads to diastolic dysfunction.7 Epicardial
adipose tissue deposition in the surrounding myocardium and ves-
sels due to altered adiponectin and leptin regulation is widely impli-
cated in ventricular dysfunction and coronary artery calcification
associated with HFpEF.3 Increased epicardial fat further triggers
release of proinflammatory cytokines, cell-signalling molecules and
enzymes such as aldosterone, neprilysin and leptin, which causes
cardiac remodelling. In addition, visceral adiposity is associated
with a systemic inflammatory state, which results in cytokine medi-
ated damage of myocardium, endothelium and renal parenchyma.6

Moreover, abnormal energy metabolism in cardiomyocytes may
also stem from an increase in xanthine oxidase activity, which
is reflected as an increase in uric acid in the body.8 In addition,
impaired oxidation of ketone bodies, which can provide additional
source of energy for the cardiomyocytes, coupled with decreased
lipolysis of the epicardial adipose tissue deposited in surround-
ing myocardium, may further promote cardiometabolic-induced
inflammation and the development of HFpEF.9 ..
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. Optimism for sodium–glucose

co-transporter 2 inhibitors
in heart failure with preserved
ejection fraction
Accumulated evidence from prior trials serves as the key factor
for optimism regarding the potential therapeutic effects of SGLT2
inhibitors. SGLT2 inhibitors simultaneously target multiple path-
ways (Figure 1) and produce favourable effects on multiple organ
systems thought to be involved in HFpEF. SGLT2 inhibitors can
interfere with the primary pathophysiological mechanisms driving
the underlying aetiology of HFpEF, such as systemic inflamma-
tion, oxidative stress, and neurohormonal activation, reduction
of which can attenuate adverse cardiovascular events in this
cohort.3 The mechanistic pathways of SGLT2 inhibitors have
been shown to reduce cardiac hypertrophy and inflammation.3

It is postulated that SGLT2 inhibitors may reduce the epicar-
dial adipose tissue surrounding the myocardium, which might
ultimately lead to improved distensibility. The direct pleiotropic
effects of SGLT2 inhibitors have also shown to reduce excessive
diastolic tension and decrease LV mass, which improves cardiac
preload.10

SGLT2 inhibitors are also hypothesized to improve microcircula-
tory dysfunction, thereby reducing vascular stiffness and systemic
blood pressure.10 An improvement in endothelial function often
occurs in conjunction with kidney benefits observed with SGLT2
inhibitors. SGLT2 inhibitors promote natriuresis, which may lead
to a decrease in plasma and interstitial volume, while increasing
red blood cell mass and haematocrit. Elevation of haematocrit
observed with SGLT2 inhibitors may lead to reverse renal remod-
elling and alleviate oxidative stress.11

In addition, SGLT2 inhibitors may ameliorate symptoms of
HFpEF in part due to their interference with metabolic pathways.
SGLT2 inhibitors induce ketogenic metabolism, which results in uti-
lization of energy-efficient ketones over less efficient fatty acid and

Figure 1 Possible mechanisms detailing why sodium–glucose co-transporter 2 (SGLT2) inhibitors may work in heart failure with preserved
ejection fraction. RAAS, renin–angiotensin–aldosterone system; SNS, sympathetic nervous system.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1252 Viewpoint

Table 1 Contemporary clinical trials of sodium–glucose co-transporter 2 inhibitors reporting results of participants
with heart failure with preserved ejection fraction

Trial Type of trial Drug Participants with
HFpEF at
baseline, n (%)

Definition of
HFpEF

HF outcomea

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DECLARE-TIMI 5814 CVOT Dapagliflozin 1316 (7.7) LVEF ≥45% HHF: HR 0.72 (0.50–1.04)
SOLOIST-WHF15 Kidney trial Sotagliflozin 256 (20.9) LVEF ≥50% Composite HHF and CV death:

HR 0.48 (0.27–0.86)
SCORED16 Kidney trial Sotagliflozin 1667 (15.8) LVEF ≥50% Composite HHF and CV death:

HR 0.72 (0.52–0.99)
VERTIS-CV17 CVOT Ertugliflozin 1007 (12.2) LVEF >45% HF: HR 0.70 (0.39–1.26)
EMPEROR-Preserved18 HF Empagliflozin 5988 (100) LVEF >40% Results awaited
DELIVER19 HF Dapagliflozin 6263 (100) LVEF >40% Results awaited

VERTIS-CV and DECLARE TIMI-58 categorized ejection fraction <45% with known HF as HFrEF; SOLOIST-WHF categorized ejection fraction <50% as HFrEF.
CV, cardiovascular; CVOT, cardiovascular outcome trial; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HHF, hospitalization for heart failure; HR,
hazard ratio; LVEF, left ventricular ejection fraction.
aResults presented as HR with 95% confidence intervals.

glucose oxidation to generate myocardial energy, thereby improv-
ing efficiency and function of both myocardium and the kidneys.3

Following SGLT2 inhibitor therapy, an increased glucagon-to-insulin
ratio is hypothesized to lead to increased lipid mobilization, which
is primarily responsible for weight loss. In addition, these novel
therapeutics may potentially lower serum uric acid concentrations
by increasing renal urate excretion, and have been shown to have
a positive impact on peri-nephric fat.12

Supportive data
Current clinical evidence of SGLT2 inhibitors in HFpEF, albeit lim-
ited, is encouraging. A recent meta-analysis of SGLT2 inhibitor
trials in HFpEF suggested reduction in composite of heart fail-
ure (HF) hospitalization and cardiovascular mortality.13 Moreover,
analysis of contemporary clinical trials show similar results in
patients with baseline HFpEF (Table 1).14–19 Furthermore, the opti-
mism regarding favourable effects of SGLT2 inhibitors in HFpEF in
the upcoming EMPEROR-Preserved (Empagliflozin Outcome Trial
in Patients with Chronic Heart Failure with Preserved Ejection
Fraction; NCT03057951) trial also stems from the results of a
prior large trial which demonstrated clinical benefit with the same
intervention.18 In the EMPA-REG OUTCOME trial (Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients), empagliflozin significantly reduced the risk of HF hos-
pitalization by 35% and HF mortality or hospitalization by 39% in
patients with or without baseline HF.20,21 The HF cohort comprised
of 10% of the overall trial population, however, the lack of detailed
characterization of type of HF in these patients precludes strong
inference to be drawn whether the HF benefits were observed in
patients with HFpEF or HFrEF.

Although not known for certain, it is plausible that majority
of the HF patients enrolled in EMPA-REG OUTCOME trial had
HFpEF. This is hypothesized as the HF hospitalization event
rates observed in the placebo arm were similar to event rates
observed in other HFpEF trials such as PEP-CHF (Perindopril ..
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.. in Elderly People with Chronic Heart Failure) (74 per 1000
patient-years), CHARM-Preserved (Candesartan in Patients with
Chronic Heart Failure and Preserved Ejection Fraction) (69
per 1000 patient-years), PARAGON-HF (Angiotensin-Neprilysin
Inhibition in Heart Failure with Preserved Ejection Fraction)
(50 per 1000 patient-years), TOPCAT (Spironolactone for
Heart Failure with Preserved Ejection Fraction) (46 per 1000
patient-years), and I-PRESERVE (Irbesartan in Patients with
Heart Failure and Preserved Ejection Fraction) (43 per 1000
patient-years) (Figure 2A).22–26 In contrast, HFrEF trials have had
higher event rates for HF hospitalization in the placebo arm. This
can be substantiated by inferring event rates of HF hospitalization
in trials such as EMPEROR-Reduced (155 per 1000 patient-years),
DAPA-HF (98 per 1000 patient-years), CHARM-Alternative (Can-
desartan in Patients with Chronic Heart Failure and Reduced
Systolic Function Intolerant to Angiotensin-Converting Enzyme
Inhibitors) (128 per 1000 patient-years), CHARM-Added (Can-
desartan in Patients with Chronic Heart Failure and Reduced
Systolic Function Taking Angiotensin-Converting Enzyme
Inhibitors) (110 per 1000 patient-years) and PARADIGM-HF
(Angiotensin-Neprilysin Inhibition vs. Enalapril in Heart Failure)
(78 per 1000 patient-years).1,2,27–29

Similar trends can be observed for event rates of all-cause
mortality, where EMPA-REG OUTCOME results (55 per 1000
patient-years) were comparable with event rates observed in
other HFpEF trials (range 30 to 59 per 1000 patient-years) com-
pared with HFrEF trials (range 91 to 115 per 1000 patient-years)
(Figure 2B). These results suggest that majority of the EMPA-REG
OUTCOME population with HF may have indeed been constituted
of HFpEF patients, and we therefore expect largely similar bene-
fits observed in the HF subgroup of EMPA-REG OUTCOME in
EMPEROR-Preserved as well (Figure 3).

In light of the current clinical evidence, it is also plausible that the
potential applicability of SGLT2 inhibitors may extend to patients
with heart failure with mildly reduced (or mid-range) ejection frac-
tion (HFmrEF) as well. The 2016 Heart Failure Association (HFA)

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Viewpoint 1253

Figure 2 Comparison of placebo event rates (only first events) across heart failure with reduced (HFrEF) and preserved ejection fraction
(HFpEF) trials. (A) Heart failure (HF) hospitalization rates. (B) All-cause mortality rates. *Represents cardiovascular mortality rate.

and European Society of Cardiology (ESC) guidelines define HFm-
rEF as LVEF 40–49% and HFpEF as LVEF >50%.30 Given that major-
ity of the HFpEF trials, including the ongoing EMPEROR-Preserved
and DELIVER (Dapagliflozin evaluation to Improve the Lives
of Patients with Preserved Ejection Fraction Heart Failure;
NCT03619213) trials, have enrolled patients with LVEF >40%
(Table 1), the beneficial effects of SGLT2 inhibitors can potentially
be observed in both HFmrEF and HFpEF.18,19 For this reason, the
EMPEROR-Preserved trial aims to conduct subgroup analysis strat-
ified via LVEF, which may provide further insight to clinical benefits
of SGLT2 inhibitors in both HFmrEF and HFpEF populations.

It is important to acknowledge that different diagnostic crite-
ria are employed to diagnose HFpEF. The American College of
Cardiology/American Heart Association guidelines recommend
a diagnostic approach via exclusion of severe renal, pulmonary,
or hepatic disease in patients with elevated natriuretic pep-
tide biomarkers, preserved LVEF and dyspnoea.31 In contrast,
the American Society of Echocardiography and the European ..
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diographic parameters including mitral E/A ≥2 or two of the
following criteria: mitral average E/e′ >14, left atrial volume index
>34 mL/m2, or tricuspid regurgitation velocity >2.8 m/s to catego-
rize HFpEF.32 The recent HFA/ESC guidelines, however, advocate
for a more comprehensive approach in diagnosing HFpEF by
assessing for HF symptoms, utilizing diagnostic laboratory param-
eters, electrocardiograms and electrocardiography and conducting
functional testing in the absence of any overt non-cardiac cause
of dyspnoea.33 This further substantiates the significance of the
upcoming EMPEROR-Preserved and DELIVER trials, which utilize
a comprehensive diagnostic approach to evaluate HFpEF.18,19 The
results of SGLT2 inhibitors in both of these trials would therefore
aid in ascertaining the magnitude of therapeutic response in
patients diagnosed with HFpEF through various different param-
eters. Future expert consensus and guideline groups should
comprehensively evaluate the most accurate diagnostic approach
which may be universally applicable in diagnosing HFpEF.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1254 Viewpoint

Figure 3 Results for the heart failure (HF) subgroup from the EMPA-REG OUTCOME trial. CI, confidence interval; CV, cardiovascular; HHF,
hospitalization for heart failure; HR, hazard ratio. Adapted from Fitchett et al.21

Conclusion
SGLT2 inhibitors simultaneously target multiple pathophysiological
processes implicated in HFpEF, which may result in improving clin-
ical outcomes in these patients. This is supported by early clinical
data as well. The ongoing EMPEROR-Preserved and DELIVER trials
will provide critical insights into the potential advantage this novel
class of drugs may have for patients with HFpEF.18,19
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