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Bernard Zinman et al., N Engl J Med 373;22, November 26, 2015

Empagliflozin, Metabolic  Outcomes, and Mortality in Type 2 Diabetes: 
The EMPA-REG study



HbA1c change

Fasting glucose 

Forest plot showing the estimated HbA1c and fasting glucose  change from baseline SGLT2 inhibitor vs placebo as add-on to metformin plus a 
dipeptidyl peptidase-4 (dpp-4) inhibitor. 

C. De Buitléir et al., Diabetic Medicine. 2021;38:e14409

Clinical trials on the effect of SGLT-2 inhibitors on metabolic compensation



Forest plot illustrating the results of the composite of HF hospitalization and cardiovascular mortality outcome

Heart Failure Reviews (2022) 27:951–960

Clinical trials on the effect of SGLT2 inhibitors  on cardiovascular outcome



SGLT2 inhibitors in patients with heart failure with reduced ejection 
fraction: a meta-analysis of the EMPEROR-Reduced and DAPA-HF trials

Faiez Zannad et al., Lancet. 2020 Sep 19;396(10254):819-829



Stefan D. Anker et al. N ENGL J MED 385;16 nejm.org October 14, 2021

Empaglifozin in  Heart Failure with a preserved Ejection Fraction



Muthiah Vaduganathan et al.,  Lancet 2022; 400: 757–67

SGLT-2 inhibitors in patients with heart failure: 
a comprehensive meta-analysis of five 
randomised controlled trials



Decline in NT-proBNPconcentration
Changes in echocardiographic parameters

Empagliflozin in acute Myocardial Infarction: the EMMY trial

Dirk von Lewinski et al, Eur Heart J . 2022 Aug 
29;ehac494.



Infarct Size, Infammatory Burden, And Admission Hyperglycemia In Diabetic Patients With Acute Myocardial 
Infarction Treated With SGLT2-inhibitors:  Insights From A Multicenter International Registry

Paolisso P,  et al. , Cardiovasc Diabetol. 2022 May 15;21(1):77.



Paolisso P et al. Cardiovascular Diabetology (2022) 21:77

SGLT2-I, Hyperglycemia, Infammation, Infarct size, Acute myocardial 
infarction:Data from the observational registry: SGLT2-I AMI PROTECT
 



Mechanims of cardiovascular benefits:

?

Improved CV Outcomes 

?

Amir Fathi et al., Heart Failure Reviews (2021) 
26:623–642



SGLT2‑inhibitors:  more than just extracardiac effects

HM. Salah, J. Card. Translat. Res., March 2022 

https://link.springer.com/article/10.1007/s12265-022-10220-5#auth-Husam_M_-Salah


Controversial results 
on SGLT2 expression 
in cardiomyocytes

 Reference Experimental Model SGLT2 Expression

Lee et al, 2021 Mouse myocardial  infarct zone TRANSIENTLY EXPRESSED  

Hammoudi et al, 
2017

Mouse model (Male 10- to 12-week-old 
leptin-deficient homozygous ob/ob
T2DM obese mice and lean ob/+ mice

NOT EXPRESSED
 

Kondo et al, 2021
Differentiated H9C2 and primary human 
cardiomyocytes (hCM) NOT EXPRESSED

Steenbergen et al., 
2017

Adult rat cardiomyocytes NOT EXPRESSED

Di Franco et al., 
2017

Cardiomyocytes sarcolemma NOT EXPRESSED

Vrhovac et al., 
2015

Baby hamster kidney (BHK)-21 cells NOT EXPRESSED

Ng et al., 2018
Human hiPSC-derived cardiomyocytes and 
human heart tissue

EXPRESSED

Sabatino et al, 
2020

Mice LV myocardium EXPRESSED

Sayour et al.,2020 Myocardial LV tissue samples NOT EXPRESSED

D. von Lewinski, 
2010 Myocardial samples NOT EXPRESSED

GTex Portal Single cell sequencing EXPRESSED

ATLAS database Cardiomyocytes NOT EXPRESSED

SGLT-2  IS 
NOT EXPRESSED  OR 

UNDETECTED        

 



Marfella R et al, Pharmacological Research 184 (2022) 106448

SGLT2 protein 
localization in human 
cardiomyocyte 



SGLT2 protein expression in human cardiomyocyte cell line 
exposed to high glucose concentration

Marfella R et al., Pharmacological Research 184 (2022) 106448



Sardu et al Metabolism, 2022 Dec:137:155243. 

SGLT2-inhibitors reduce the cardiac autonomic neuropathy dysfunction and vaso-vagal syncope recurrence 
in patients with tipe 2 diabetes mellitus: the SCAN study

SGLT2-I users at 1 year follow-up showed a significant reduction of CRP, serum norepinephrine, HR, LF/HFratio, 
WHR and a significant increase of Heart to Mediastinum Ratio; the Non-SGLT2-I users exhibited a significant 
reduction of CRP and WHR, with a significant increase of LF/ HF ratio.



Anti-aging cellular effects of SGLT2 inhibitors

Scisciola et al Ageing Research Reviews, 2023; under revision



Take Home Messages
1. SGLT-2 inhibitors were born as drugs for diabetes 
but we can now consider them «ALSO drugs for 
diabetes»
2. Their protective effects at the cardiovascular level 
are well proven.

3. Extracardiac molecular mechanisms seem to be 
very well defined ( mainly the anti-inflammatory  
action) 
4. Cardiomyocyte SGLT2 expression is mainly 
detectable in presence of myocardial structural and 
functional impairment.

5. There are several evidences for a more HUGE 
effect of SGLT2 inhibitors than ones reported at 
cardiovascular level 
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