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This editorial refers to ‘Effect of dapagliflozin on ventricular arrhythmias, resuscitated cardiac arrest, or sudden death in

DAPA-HF’, by J.P. Curtain et al., doi:10.1093/eurheartj/ehab560.

Sodium–glucose co-transporter 2 inhibitors (SGLT2is), such as
empagliflozin and dapagliflozin, have been developed as antidiabetic
drugs that promote urinary excretion of glucose to improve

glycaemic control.1 Surprisingly, recent large-scale cardiovascular
(CV) safety trials demonstrate that SGLT2is significantly reduce the
incidence of heart failure (HF) by 30–40% in diabetes patients.2–6

DAPA-HF CV safety trial data
(4,744 patients)

Cox proportional hazards 
regression models 

for sensitivity analysis

Composite outcome:
Ventricular arrhythmias 

(VT, VF, TdP),
Resuscitated cardiac arrest 
and sudden cardiac death

Major findings
Dapagliflozin + standard HF therapy:
140/2373 patients with composite outcome
= 5.9%
Standard HF therapy alone: 
175/2371 patients with composite outcome
= 7.4% 
HR = 0.79 (p=0.037)

Investigator-led selective 
  adverse events reporting

CV, cardiovascular; 
VT, ventricular tachycardia; 
VF, ventricular fibrillation; 
TdP, Torsade de pointes;
HR, hazard ratio. 

Graphical Abstract Experimental design and major conclusions.
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..Furthermore, results from the EMPEROR-Reduced and DAPA-HF
trials7–9 demonstrate that the marked cardioprotective effects of the
SGLT2is are preserved in the absence of diabetes, suggesting protect-
ive mechanisms that are independent of improved glycaemic control.

While the SGLT2i-mediated reduction in HF has understandably
received the majority of attention, other signals such as reduction in
sudden cardiac death (SCD) were also detected in these CV safety
trials. These additional findings raise the possibility that SGLT2is may
also possess an unexpected beneficial effect against ventricular
arrhythmias which are one of the principal causes of SCD in patients
with HF. Therefore, it is important to decode the trial data regarding
any potential effects of the SGLTis on the incidence of ventricular
arrhythmias.

In this issue of the European Heart Journal, Curtain et al. directly ad-
dress this notion by performing a post-hoc analysis of the DAPA-HF
trial data to examine the incidence of adverse events reporting of
ventricular arrhythmias, resuscitated cardiac arrest, and sudden death
in the dapagliflozin and placebo trial cohorts.10 The DAPA-HF data
set8 is ideal for such an analysis on HF patients with reduced ejection
fraction (HFrEF) as data from 4744 patients were available where ad-
verse events were logged by investigators. The authors employed
Cox proportional hazard regression models to perform sensitivity
analyses on variables including age, sex, presence of ischaemic dis-
ease, implantable cardioverter defibrillators (ICDs), N-terminal pro-
brain natriuretic peptide (NT-proBNP) status, and hypertension.
Findings from this study indicate that dapagliflozin, when added to
standard HF pharmacotherapy, reduced the composite outcome
(ventricular arrhythmias, resuscitated cardiac arrest, or sudden
death) to 5.9%, vs. 7.4% in the placebo group that received standard
HF pharmacotherapy alone, resulting in a hazard ratio (HR) of 0.79 (P
= 0.037). Furthermore, the authors also observed that this reduction
in the composite outcome was further decreased in patients with
below median NT-proBNP levels (HR = 0.58) when compared with
patients with above-median NT-proBNP levels (HR = 0.83). Taken
together, these results provide evidence for a protective effect of
dapagliflozin against life-threatening electrical disturbances and that
dapagliflozin may bestow additional protection in patients who were
in the earlier stages of HFrEF at the time of enrolment, as defined by
lower NT-proBNP levels. The strongest separation of the HR values
was observed >9 months post-randomization, suggesting that the
observed beneficial effects of dapagliflozin require time to develop
and may involve cellular mechanisms that slow the progression of
HFrEF. In this regard, there have been several pre-clinical studies that
have provided insights as to precisely how the SGLT2is might afford
protection against HF and cardiac arrhythmias. These include a re-
duction in the priming and activation of the cardiac NLRP3 (nucleo-
tide-binding domain-like receptor protein 3) inflammasome,11,12

inhibition of the late component of the cardiac sodium current,12 and
the sodium–hydrogen exchanger.13 SGLT2is may also confer protec-
tion against structural (and perhaps electrical) remodelling through
beneficial haemodynamic and metabolic alterations, as well as
changes in sympathetic and parasympathetic tone. The use of the
DAPA-HF trial data also supports the notion that the SGLT2is are of
direct cardiovascular benefit for the tested composite outcome in
patients without cardiac dysfunction resulting from diabetes. This
study adds further evidence to the emerging concept that the

SGLT2is possess a direct protective effect on the heart. Whether or
not the SGLT2is reduced the composite outcome primarily as a re-
sult of a reduction in ionic disturbances that are associated with
HF,14,15 and the subsequent decrease of a proarrhythmic electro-
physiological substrate, or secondary to the beneficial effects of
SGLT2is on structural remodelling, remains to be determined in fu-
ture studies. In this respect, Curtain et al. show that the observed re-
duction in composite outcome was not observed in patients with
ICDs, suggesting that the SGLT2is may directly influence the syn-
chronicity of cardiac excitation. However, it may be the case that
patients with ICDs are at a later stage of HF progression and are
therefore unreceptive to the potential benefits afforded by SGLT2i
pharmacotherapy.

There are several limitations to this study, namely the analysis was
performed post-hoc and not pre-specified in the original DAPA-HF
trial design, and logging of the adverse events was investigator led ra-
ther than adjudicated. However, the authors speculate that
investigator-led reporting may actually result in an under-reporting of
the adverse events in the composite outcome. Furthermore, the
beneficial effects of the SGLT2is on CV outcomes are a class effect
and have been observed in all the different SGLT2is tested to date.
Curtain et al. analysed data from the DAPA-HF trial where only dapa-
gliflozin was evaluated. Therefore, additional analysis of the datasets
from other trials, such as the EMPEROR-Reduced CV safety trial
data,7 is warranted and will help determine if the effects reported by
Curtain et al. are specific to dapagliflozin or a generalized drug class
effect.

To date there have been no reports of a direct antiarrhythmic ef-
fect of SGLT2is in humans, although a recent meta-analysis of data
from 22 trials does indicate a reduction in cardiac arrhythmias in the
SGLT2i treatment groups.16 Results from the study by Curtain et al.
now provide the initial direct evidence that the SGLT2is may reduce
the incidence of ventricular arrhythmias in patients with HFrEF.

In conclusion, the results presented by Curtain et al. advance our
knowledge of this important class of drug and should be considered
as proof of principle and hypothesis generating. Given the compelling
evidence that has recently emerged—from clinical trials to cellular
mechanisms, it seems that new trials and pre-clinical studies designed
to specifically interrogate the antiarrhythmic efficacy of the SGLT2is
will be key avenues to pursue in the near future. These are indeed
exciting times for SGLT2i research.
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