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History, Completed, and Ongoing Clinical Trials of SGLT2 Inhibitors

Kolesnik E, et al. Int J Mol Sci 2022;23:1678-1690.



Updated meta-analysis of 38,723 patients including EMPA-REG OUTCOME, 
CANVAS program, DECLARE-TIMI 58 trial, and the CREDENCE trial

Treatment Effect of SGLT2i on Cardiorenal Outcomes

Zelniker & Branwuald E. J Am Coll Cardiol 2020;75:435-44. 



Meta-Analysis of EMPEROR-

Reduced and DAPA-HF Trials

Zannad et al. Lancet. 2020;396:819-829.



Primary Outcome: A Composite of CV Death or Hospitalization for HF

• 5988 patients with class II–IV HF and an EF of >40% to receive empagliflozin 

(10 mg once daily) or placebo, in addition to usual therapy

• The primary outcome was a composite of CV death or HF hospitalization

❖ The effects of 
empagliflozin 
appeared consistent 
in patients with or 
without diabetes



Effect of Empagliflozin in Patients With Heart 

Failure Across the Spectrum of LVEF

▪ A pooled analysis of both the EMPEROR-Reduced and 

EMPEROR-Preserved trials (9,718 pts)

Butler J et al. Eur Heart J. 2021 Dec 8: 8:ehab798. doi:10.1093/eurheartj/ehab798.
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Suggested Mechanisms of the Cardiovascular and 

Renal Benefits of SGLT2 Inhibitors

Cowie & Fisher. Nat Rev Cardiol. 2020;17:761-772. 
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Effects of SGLTi on Atrial Arrhythmias
Insights from the DECLRARE-TIMI 58 Trial

Zelniker TA, et al. Circulation 2020; 15:1227-1234

• DECLARE-TIMI 58 Trial: 17,160 patients with 

T2DM and either multiple risk factors for 

ACVD (n=10,186) or known ACVD disease 

(n=6974)

• Dapagliflozin decreased the incidence of 

reported episodes of AF/AFL adverse events in 

high-risk patients with T2DM



• First event, additional events, and total events of atrial fibrillation 

and atrial flutter with dapagliflozin versus placebo 

• This effect was consistent regardless of the patient’s previous 

history of AF, ACVD, or HF

Zelniker TA, et al. Circulation 2020; 15:1227-1234

Effects of SGLTi on Atrial Arrhythmias
Insights from the DECLRARE-TIMI 58 Trial



Effects of SGLTi on Atrial Arrhythmias
Insights from the DAPA-HF Trial

Butt JH, et al. Eur J Heart Fail. 2022;24:513-525.

• Dapagliflozin reduced the risk of 

worsening HF events, CV death, 

and all-cause death, and improved 

outcomes in patients with and 

without AF (irrespective of 

definition or type) 

• Dapagliflozin did not reduce the 

risk of new-onset AF 



Effects of SGLTi on Atrial Arrhythmias
Insights from Real-World Practice 

Ling A, et al. Cardiovasc Diabetol. 2020;19:188-199. 

• Medical data from 15,606 and 12,383 patients with T2DM 

treated with SGLT2i and DPP4i, respectively

• The use of SGLT2i was associated with a lower risk of new-

onset AF compared with DPP4i after propensity-score 

weighting 

• The advantage of SGLT2i over DPP4i persisted with 

different SGLT2i (dapagliflozin or empagliflozin) 



Effects of SGLTi on Atrial Arrhythmias
Meta-Analysis of Randomized Controlled Trails 

Pandey AK, et al. JAHA. 2021;10: 0(17):e022222.

• Overall, 31 eligible trials reported on AF 

events (75,279 patients, mean age 62, 

35.0% women). 

• Moderate quality evidence supported a 

lower risk of serious AF/AFL events

with SGLTi (1.1% versus 1.5%; risk 

ratio 0.75 [95% CI, 0.66–0.86]; I2=0%). 

• A similar reduction in total AF events 

was also noted with SGLT inhibitors. 



• Three trials reported on HF hospitalization/CV death stratified by a baseline h/o of AF (18,832 patients)

• SGLT inhibitors resulted in a lower risk in HF hospitalization or CV death (HR 0.70 [95% CI, 0.57–

0.85]; I2=0%) similar to the effect estimate for patients without AF

Effects of SGLTi on Atrial Arrhythmias
Meta-Analysis of Randomized Controlled Trails 

Pandey AK, et al. JAHA. 2021;10: 0(17):e022222.



Effects of SGLTi on Ventricular Arrhythmias and SCD
Insights from the DAPA-HF Trial

Curtain JP, et al. Eur Heart J 2021;42:3727–3738.



Effects of SGLTi on Ventricular Arrhythmias and SCD
Insights from the DAPA-HF Trial

Curtain JP, et al. Eur Heart J 2021;42:3727–3738.



Effects of SGLTi on Ventricular Arrhythmias and SCD
EMPA-REG OUTCOME and SCD

Zinman B, et al. N Engl J Med 2015;373:2117–2128.

• EMPA-REG OUTCOME trial: 5687 (empagliflozin) 

vs. 2333 (placebo)

• Empagliflozin reduced incidence of SCD: 53 (1.1%) 

vs. 38 (1.6%) events



Effects of SGLTi on Ventricular Arrhythmias and SCD
Meta-Analysis of Randomized Controlled Trails 

Sfairopoulos D, et al. Europace 2022;24:20-30.

• SGLT2i therapy was not associated with an overall 

lower risk of SCD or VAs in patients with T2DM and/or 

HF and/or CKD.

• Further research is needed since the number of SCD 

and VA events were relatively small. 

Incidence of SCD Incidence of VAs

Incidence of VAs



Effects of SGLTi on Hyperkalemia
EMPEROR-Pooled Cohort 

Ferreira JP, et al. Eur Heart J 2022 Jun 10;ehac306.doi:10.1093/eurhearti/ehac306.

• EMPEROR-Pooled (EMPEROR-Reduced and EMPEROR-Preserved combined) 

included 9,583 patients with HF and available potassium levels at baseline.

• Empagliflozin reduced the composite of investigator-reported 

hyperkalemia or initiation of potassium binders

[6.5% vs. 7.7%, HR 0.82, 95% (CI) 0.71–0.95, P = 0.01].



Effects of SGLTi on Hyperkalemia
CREDENCE Trial

Neuen BL, et al. Eur Heart J 2021;42:4891-4901.



Effects of SGLTi on Hyperkalemia
Meta-Analysis of Randomized Controlled Trails 

Neuen BL, et al. Circulation 2022 8 April;145:1460-1470.

• Nearly 50,000 participants from clinical outcome trials of SGLT2i in people with T2DM at high CV risk or with 

CKD, SGLT2i reduced the risk of serious hyperkalemia (≥6.0 mmol/L) with no increased risk of hypokalemia.



Effects of SGLTi on Hyperkalemia
Meta-Analysis of Randomized Controlled Trails 

Neuen BL, et al. Circulation 2022 8 April;145:1460-1470.

• The lower risk of hyperkalemia with SGLT2i was consistent across a range of participant characteristics, 

including different levels of kidney function, albuminuria, history of HF, and use of diuretics.

Effects of SGLT2i on hyperkalemia across the spectrum 

of kidney function in CREDENCE and DAPA-CKD



Verma S. Eur Heart J 2022 2022 Jun 10;ehac304. doi: 10.1093/eurheartj/ehac304.

Emerging Role for SGLT2 Inhibitors in Mitigating the Risk of Hyperkalemia



Connection and Interaction Between Diabetes Mellitus, 

Heart failure, and Arrhythmias

Kolesnik E, et al. Int J Mol Sci 2022;23:1678-1690.



Suggested Mechanisms Underlying the Antiarrhythmic 

Effects of SGLT2 Inhibitors at the Myocardial Level

Manolis AA, et al. Trends Cardiovasc Med 2022 April; 18:S1050-1738(22)00062-7.

Sawacki KT, et al. JAHA 2021;10:e021949. doi: 10.1161/JAHA.121.021949.



Mechanisms and Pathways Responsible for Antiarrhythmic 

Properties of SGLT2 Inhibitors

Manolis AA, et al. Trends Cardiovasc Med 2022 April; 18:S1050-1738(22)00062-7. 



▪ SGLT2 inhibitors are associated with reduced risk of hyperkalemia and atrial arrhythmias 

(AF/AFL), and they may confer protection against ventricular arrhythmia and reduce sudden 

cardiac death.

▪ This may, at least partially, explain the decreased risk of CV death in patients with T2DM and HF. 

▪ Most data are derived from subgroup analysis of large RCTs and based on investigator reports 

rather than monitoring devices. 

▪ Multiple mechanisms are suggested for the underlying antiarrhythmic effects of SGLT2 inhibitors. 

▪ Further prospective studies are warranted to specifically examine the impact of SGLT2 inhibitors 

on arrhythmic burden in patients with T2DM, CKD and HF, and using recording systems.

Conclusions



Rabea Asleh

rasleh@hadassah.org.il

Questions?

Thank You

mailto:rasleh@hadassah.org.il


Mechanisms and Pathways 

Responsible for Antiarrhythmic 

Properties of SGLT2 Inhibitors

Manolis AA, et al. Trends Cardiovasc Med 2022 April; 18:S1050-1738(22)00062-7.

Sawacki KT, et al. JAHA 2021;10:e021949. doi: 10.1161/JAHA.121.021949.



Mechanisms and Pathways Responsible for Antiarrhythmic 

Properties of SGLT2 Inhibitors

Manolis AA, et al. Trends Cardiovasc Med 2022 April; 18:S1050-1738(22)00062-7.

Sawacki KT, et al. JAHA 2021;10:e021949. doi: 10.1161/JAHA.121.021949.



Mechanisms and Pathways Responsible for Antiarrhythmic 

Properties of SGLT2 Inhibitors

Manolis AA, et al. Trends Cardiovasc Med 2022 April; 18:S1050-1738(22)00062-7.

Sawacki KT, et al. JAHA 2021;10:e021949. doi: 10.1161/JAHA.121.021949.


