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SGLT2 inhibitors: further evidence for heart failure
with preserved ejection fraction as a metabolic disease?
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Heart failure with

preserved ejection fraction:
therapeutic challenges

Heart failure (HF) affects 6 million Amer-
ican adults, over half of whom have HF
with preserved ejection fraction (HFpEF;
ref. 1). HFpEF is a distinct syndrome
from HF with reduced ejection fraction
(HFrEF) and is now the predominant
form of HF in older adults (2). Obesity,
metabolic syndrome, hypertension, and
diabetes predispose to HFpEF, and its
incidence is only expected to rise with an
aging population and increasing burden
of metabolic comorbidities (3). The prog-
nosis for HFpEF is poor, and effective
therapies to reduce adverse outcomes are
lacking. Of note, conventional cardiovas-
cular agents that improve outcomes in
HFrEF patients, including vasodilators,
venodilators, inotropes, and neurohor-
monal blockade, are largely ineffective in
reducing primary outcomes in HFpEF tri-
als (4). Metabolic interventions may offer
a novel but largely unexplored approach
to reduce adverse outcomes in HFpEF
patients, considered the single largest
unmet need in cardiovascular (CV) med-
icine today (5).

Myocardial metabolic demands are
the highest per gram of any organ in the
body, and cardiac metabolism is altered
in all animal models of HF and in patients
with HF across etiologies (6). Whole body
insulin resistance, impaired cardiac fat-
ty acid oxidation, and reduced cardiac
high-energy phosphate levels and creatine
kinase energy reserve are among the most
commonly observed myocardial metabol-
ic hallmarks of experimental and human
HF (6). On this background of HF as a met-
abolic disease, the results of the EMPER-
OR-Preserved trial were recently reported

in The New England Journal of Medicine, and
suggest that a metabolic approach with
a sodium glucose cotransporter 2 inhibi-
tor (SGLT2i) may answer this therapeutic
challenge in HFpEF patients (7). Perhaps
after years of neutral pharmacologic trials
of conventional cardiovascular medica-
tions in HFpEF patients, it is apropos that
the first medication to meet the primary
endpoint in an HFpEF trial is an SGLT2i,
arguably a “metabolic intervention.”

SGLT2is and clinical outcomes
in HF

SGLT2is were initially developed as antidi-
abetic drugs because they inhibit glucose
reabsorption in the proximal convoluted
tubule of the kidney, leading to glucosuria
and natriuresis. Reduced risk of CV death
and HF hospitalizations in high-risk dia-
betic patients with SGLT2i use was first
shown in the 2015 EMPA-REG trial of
empagliflozin (8). Subsequent random-
ized trials of SGLT2is in HFrEF demon-
strated significant and early reductions in
the risk of HF hospitalization or CV death
in patients with and without diabetes (9).
Subgroup analyses of SGLT2is in HFrEF
studies identified benefit even in the
absence of volume overload, suggesting
nondiuretic, possibly metabolic benefits
of SGLT2is (10). Despite these results in
HFYEF patients, trial data exclusively in
HFpEF populations were lacking.

The recently reported EMPEROR-Pre-
served trial investigated the effects of
empagliflozin exclusively among individ-
uals with HFpEF (7). This phase III trial
randomized 5,988 individuals (mean age
72 years, 45% women, 76% White par-
ticipants) with class II-IV HF, an ejection
fraction (EF) of 40% or greater, elevated
NT-proBNP levels (>300 pg/mL, or >900
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pg/mL for patients with atrial fibrillation)
to empagliflozin (10 mg daily) or placebo;
the primary endpoint was a composite of
CV death or hospitalization for HF. Over
a 26-month period, the primary outcome
was significantly reduced by empagli-
flozin versus placebo, with 21% and 29%
relative reductions in the risks of the com-
posite endpoint and of HF hospitaliza-
tion, respectively. Empagliflozin did not
decrease the overall and cause-specific
death rates; thus, the benefit was mainly
driven by reduction in HF hospitalizations.
The empagliflozin effects were consistent
across subgroups defined by age, diabetes
status, obesity status, EF, and renal func-
tion. In addition, the benefits were rapidly
apparent, with lower rates of HF hospital-
ization observed as early as 1 month after
randomization in the empagliflozin group
compared with the placebo group. How-
ever, in HFpEF patients, empagliflozin did
not exhibit similar renal protective effects
to those previously reported in individuals
with HFrEF in the EMPEROR-Reduced
trial (ClinicalTrials.gov NCT03057977),
suggesting that renal effects are unlike-
ly to be the primary mode of benefit in
HFpEF. Although the use of empaglifloz-
in was associated with more side effects
(uncomplicated genital and urinary tract
infections and hypotension) than place-
bo, there were similar rates of medication
discontinuation in both study groups. The
EMPEROR-Preserved results provide
robust, novel evidence for the benefit of
SGLT2is for treating HFpEF irrespective
of diabetes status and will contribute to
a major change in the management of
HFpEF patients.

Mechanism of SGLT2i
protection in HFpEF

The mechanisms mediating the significant
salutary effects of empagliflozin in HFpEF
patients largely remain unclear, especially
as SGLT2 expression in the healthy or fail-
ing heart is negligible (11), and SGLT2is do
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not bind to cardiac tissue (12). A number of
molecular and cellular mechanisms have
been suggested to account for the benefits
of SGLT2is in HF and merit future investi-
gation (as recently reviewed in ref. 13). The
main putative explanatory mechanisms of
the SGLT2i cardiac benefits include the
following: (a) decreased ventricular load-
ing conditions via reduced preload (sec-
ondary to natriuresis and osmotic diuresis)
and afterload (secondary to reduction in
blood pressure and improvement in vascu-
lar function), (b) improved cardiac metab-
olism and energetics, (c) a reduction in
cytosolic Ca?" and Na* in the myocardium
through inhibition of the Na*/H* exchang-
er, (d) regression of left ventricular hyper-
trophy, (e) reduced necrosis and cardiac
fibrosis, and (f) antiinflammatory and anti-
oxidative effects via enhanced myocardial
autophagy and reduced epicardial adipose
tissue mass (including a reduction in its
production of leptin; refs. 13, 14).

The early HF-related benefits in
EMPEROR-Preserved (observed less than
1 month after randomization) may point
to either improved loading conditions
or metabolic mechanisms. However, the
diuretic effects of SGLT2is are relatively
short-lived in many studies, while SGLT2i
benefit in HFrEF was reported to be inde-
pendent of volume status (14). Although
some of the cardiovascular effects of SGL-
T2is could in theory be secondary to renal
effects (13), no significant renal protection
was observed in EMPEROR-Preserved
(9). Indeed, SGLT2is may improve cardiac
metabolism by increasing myocardial ATP
production, possibly through enhanced
ketone body availability (15). Circulating
ketones can increase with SGLT2i treat-
ment and provide an additional, advan-
tageous myocardial carbon substrate for
ATP production. Furthermore, ketone
utilization is enhanced independently of
diabetes status in end-stage HF patients
(16). SGLT2is may also improve cardiac
performance by affecting mitochondrial
turnover, normalizing mitochondrial size
and number (17), and also suppressing
mitochondrial fission (18). The beneficial
effects of SGLT2is in HFpEF may extend
beyond the myocardium, with possible
metabolic peripheral effects in skeletal
muscle. Indeed, skeletal muscle metabol-
ic abnormalities are prominent features of
HFpEF, and are closely linked to its hall-

mark symptoms of exercise intolerance
and fatigue (19). Metabolic alterations in
skeletal muscle of HFpEF patients include
reduced mitochondrial oxidative capaci-
ty, increased muscle fat content, and rap-
id high-energy phosphate decline during
exercise (20).

A reasonable focus of future research
exploring SGLT2i metabolic effects could
include an assessment of cardiac and
skeletal muscle substrate utilization and
high-energy phosphate metabolism, given
that energetic abnormalities are observed
in animal models of HF and human HF,
including HFpEF. Human translational
research on mechanisms of SGLT2i benefit
in HF are critically needed and promise to
fundamentally expand our understanding
of HFpEF pathogenesis. Such an under-
taking may identify additional therapeutic
avenues for HFpEF.

Implications for clinical practice
Empagliflozin is the first pharmacologic
therapy shown to reduce the composite of
CV death or hospitalization in adults with
symptomatic HFpEF, with or without dia-
betes mellitus (7). Although empaglifloz-
in did not reduce CV death or all-cause
mortality in HFpEF, HF hospitalizations
are a particularly poor prognostic predic-
tor and exact a high personal and soci-
etal toll. Additional insights regarding
the impact of SGLT2is on cardiovascular
mortality in HFpEF may be forthcoming
from the pending DELIVER trial (Clini-
calTrials.gov NCT03619213), a study of
dapagliflozin in HFpEF.

Because HFpEF populations are often
heterogeneous, it is important to consid-
er the predominant phenotype enrolled
in the positive EMPEROR-Preserved tri-
al. The population consisted of predom-
inantly older adults, 45% women, with
mean left ventricular EF of 54%, mild HF
symptoms, and borderline obesity, with an
average body mass index of 30. Many par-
ticipants were on renin-angiotensin sys-
tem inhibitors (81%), beta blockers (86%),
mineralocorticoid receptor antagonists
(37%), and statins (69%). Only 2% were
on sacubitril-valsartan. In contrast to the
disproportionate burden of HF prevalence
in African Americans, the enrollment of
African Americans was less than 5% (7).
Thus, evaluation of outcomes in pooled
data from EMPEROR-Preserved and
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future HFpEF clinical trials as well as in a
real-world population of HFpEF patients
with increased racial/ethnic diversity and
varying severity of metabolic risk factors
should be prioritized.

Nevertheless, meaningful experi-
ence previously gained from SGLT2is in
HFrEF treatment should be helpful now in
HFpEF management, affording clinicians
added comfort with initiation, counseling
regarding surveillance of genitourinary
side effects, and clinical judgement in
adjustment of background diuretic and
glucose-lowering therapies. A practical
point is that SGLT2is are relatively expen-
sive medications whose affordability will
depend on an individual’s insurance cov-
erage and socioeconomic status. Concom-
itant management of obesity, an import-
ant comorbid condition in many HFpEF
patients, with appropriate lifestyle modi-
fication and cardioprotective therapy such
as a glucagon-like peptide 1 receptor ago-
nist may afford additional benefits (21). In
the future, different HFpEF phenotypes
will probably be considered to better eluci-
date which HFpEF patients are best suited
to SGLT2i therapy.

In summary, the EMPEROR-Pre-
served trial represents a long-awaited
breakthrough in the treatment of HFpEF.
Empagliflozin reduced the primary com-
posite endpoint of CV death or HF hos-
pitalization in HFpEF patients and did so
rapidly across demographic subgroups,
including those without diabetes. After
years of unsuccessful studies using con-
ventional cardiovascular medications in
HFpEF, these new clinical findings with an
SGLT2i offer a new treatment and further
our understanding of HFpEF as a meta-
bolic disease. Future studies are needed to
define the specific mechanisms of cardiac
protection and the role of metabolic repro-
graming therapy (using SGLT2is or other
novel drugs) to reduce the disability, hos-
pitalizations, and mortality from HFpEF.
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