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A significant breakthrough in contemporary cardiometabolic
medicine was the finding that some medications to treat type
2 diabetes mellitus (T2DM) are associated with reduced
mortality and a lower risk of heart failure (HF) hospitalization
when such patients have already established cardiovascular
(CV) disease [EMPA-REG 1]. In the EMPA-REG OUTCOME trial,
including 7020 patients with T2DM, established CV disease
(not including HF as qualifying co-morbidity), and an esti-
mated glomerular filtration rate > 30 mL/min/1.73 m2, there
was a pronounced reduction in HF hospitalization (hazard ra-
tio 0.65) and CV death (hazard ratio 0.62) with the sodium-
glucose co-transporter-2 (SGLT2) empagliflozin compared
with placebo.1 These benefits were more related to a reduc-
tion in incident HF events rather than to any impact on isch-
aemic vascular outcomes. Importantly, reductions in the risks
of CV death with empagliflozin were consistent across the
two doses used and the categories of baseline HbA1c and
therefore occurred irrespective of glycaemic control.2 The
results of the EMPA-REG OUTCOME trial triggered a lively
discussion on mechanisms contributing to the beneficial
effects on HF outcomes.3–7

So far, the ‘magic bullet’ responsible for the favourable HF
outcomes of empaglifozin has not yet been identified, and
most likely, there is no such single mechanism of action that
can explain the benefits in its entirety. Promising mechanisms
under discussion refer to an improved oxygen supply to the
failing heart via an increase of the haematocrit, a metabolic
shift towards the consumption of more ketone bodies when
other fuels like glucose fail in HF, an unloading of the kidney
with a reduction of glomerular pressure and reduced oxygen
consumption in the proximal tubule, as well as natriuresis
and volume depletion.3,7 All these mechanisms may deal with
different co-morbidity aspects of patients with T2DM that
lead to the development or deterioration of HF.8–11

An interesting novel mode of action for empaglifozin has
now been suggested by Mustroph et al.12 In this issue of the
ESC Heart Failure, they show for the first time that

empagliflozin potently reduces Ca2+/calmodulin-dependent
kinase (CaMKII) activity in isolated failing and non-failing
murine ventricular myocytes. Importantly, empagliflozin also
reduced CaMKII-dependent phosphorylation of the cardiac
ryanodine receptor (RyR2) not only inmurine but also in failing
human ventricular myocytes. This results in a significantly
reduced sarcoplasmic reticulum Ca2+ leak and improved con-
tractility as measured by increased Ca2+-transient amplitude
in murine and human failing ventricular myocytes. These data
demonstrate that empagliflozin may be useful in the treat-
ment of pathologies with increased CaMKII activity, such as
HF. Does this mean that the magic bullet has now been identi-
fied which is responsible for the favourable HF outcomes with
empaglifozin in clinical trials? While we would like to congrat-
ulate the authors to this new ‘piece of the puzzle’, the answer is
most likely not. We rather believe in a multifactorial explana-
tion, and for that, many puzzle pieces make the full picture.

But let us have a closer look into empaglifozin itself and
how it may differentiate from others in the class of SGLT2
inhibitors. Interestingly, the authors also report12 that in con-
trast to a robust SGLT2 expression in murine kidney, no SGLT-
2 signal was detected in human or mice myocardium. So does
SGLT2 expression in the heart matter? And again, the answer
is most likely not.

There may also be another explanation for the differing
effects and side effects of different SGLT2 inhibitors—namely,
the specificity of the glifozins to the SGLT2 receptor, the
transporter responsible for the majority of glucose reabsorp-
tion by the kidney, over its affinity for SGLT1, the transporter
responsible for the majority of glucose absorption by the
small intestine. This specificity for SGLT2 can vary greatly
and is more than 2500-fold for empaglifozin, 2235-fold for
ertugliflozin, 1200-fold for dapagliflozin, 200-fold for
canagliflozin, and 20-fold for sotagliflozin. With a more than
2500-fold higher affinity to SGLT2 over SGLT1, empaglifozin
has the highest selectivity for SGLT2 within the class, which
makes empaglifozin stand out within its class13–15 (Figure 1).
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So does transporter selectivity matter? Maybe yes but we
do not yet know the answer. We only know some pieces of
the puzzle but have not yet seen the full picture. Most of
the pharmacological effects of SGLT2 inhibitors have the
potential to reduce the development and progression of
HF. Thus, the potential for benefit with these agents
should be properly tested across the spectrum of HF, i.e.
in patients with reduced, mid-range, and preserved left
ventricular ejection fraction (LVEF), in randomized controlled
trials. Empagliflozin is currently being studied in patients
with HF and preserved LVEF (EMPEROR-Preserved,
NCT03057951) and with reduced LVEF (EMPEROR-Reduced,
NCT03057977), including HF patients with and without
T2DM. Dapagliflozin is also being studied but only in
patients with reduced ejection fraction (Dapa-HF,
NCT03036124). Sotaglifozin is now studied in HF patients af-
ter acute worsening of HF, and these patients mostly have
reduced LVEF with some added with preserved LVEF (SOLO-
IST-WHF; NCT03521934). We are not aware of a study in HF
using canagliflozin.

While it is intriguing to speculate about mechanisms of ac-
tion, the clinical benefits shown in trials are what finally will
matter most clinically. By that time when the clinical HF trials
will report their results, we can only hope that more pieces of
the puzzle will be identified that will explain the ‘why’ and
‘how’ behind the clinical effects seen in T2DM patients where
SGLT2 inhibitors are now the mainstay of therapy.

In summary, of the clinically used or currently tested SGLT2
inhibitors, empagliflozin has the highest SGLT2 specificity.
Whether this receptor specificity or the previously mentioned
CaMKII activity is truly relevant and explains the benefits
seen in T2DM, future studies will tell.
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