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Outline

• Effetti non glicemici degli SGLT2i
– Cardiovascolari (SGLT2 indipendenti)

– Metabolici (SGLT2 dipendenti e indipendenti)
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Key Outcomes in the CANVAS Program
and EMPA-REG OUTCOME 

Zinman Bet al. N Engl J Med. 2015;373:2117-2128; Wanner K et al. N Engl J Med. 2016;375:323-334;
Neal B et al N Engl J Med. 2017 DOI: 10.1056/NEJMoa1611925
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Verma and McMurray (2018) Diabetologia

The cardiovascular benefits with empagliflozin (EMPA-REG OUTCOME 
trial) and canagliflozin (CANVAS) in participants with and without a 

history of heart failure
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CVD-Real: outcomes in patients with and without 
cardiovascular disease at baseline

Cavender, M.A. et al. J Am Coll Cardiol. 2018;71(22):2497–506
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SGLT2 inhibitor-associated cardiovascular
benefits

• The concept that SGLT2 inhibitors reduced cardiovascular
events primarily through prevention of heart failure (vs 
atherothrombotic events) has gained broad acceptance.

• But the most important question remained unanswered, being: 
‘how’?
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Empagliflozin, heart failure and control of blood
pressure, LDL-cholesterol and HbA1c 

Fitchett D et al. Eur Heart J. 2017; 38 (suppl_1)
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CVD Clinical Outcomes and Chronic Kidney 
Disease in Empa-Reg Trial

Wanner C et al. Circulation. 2017;137:119–129
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Verma and McMurray (2018) Diabetologia

Cardiovascular protection by SGLT2 inhibitors

Diabetes-associated 
ventricular remodelling Healthy heart
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Putative mechanisms underlying SGLT2
inhibitor-associated cardiovascular benefits
1. Improvement in ventricular loading conditions through a 

reduction in preload (secondary to natriuresis, osmotic
diuresis) and afterload (reduction in blood pressure and 
improvement in vascular function)

2. Improvement in cardiac metabolism and bioenergetics
3. Myocardial Na+/H+ exchange inhibition
4. Reduction of necrosis and cardiac fibrosis
5. Alteration in adipokines, cytokine production and epicardial
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SGLT2 inhibitors improve ventricular loading
conditions

• SGLT2 inhibitors exert their beneficial actions via improvement of 
ventricular loading conditions, secondary to a reduction in preload primarily
due to the diuretic and natriuretic effects
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Verma and McMurray (2018) Diabetologia

SGLT2 inhibitors improve ventricular loading conditions 
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Postulated tubuloglomerular feedback (TGF) mechanism

Circulation. 2014;129:587-597.
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SGLT2 inhibitors improve ventricular loading
conditions

• Volume contraction as a key determinant of benefit 
noted
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Relationship between Changes in BP and Urinary Na+ and Glucose
Excretion after 2-week SGLT2 inhibitors

Kawasoe et al. BMC Pharmacol Toxicol 2017;18:23-33
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Hematocrit over time in patients treated with 
empagliflozin

Inzucchi et al. Diabetes Care. 2018
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EMPA-REG CV OUTCOME – Main Results

Favours 
empagliflozin

Favours placebo

Zinman B et al N Engl J Med 2015;373:2117-28
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Hallow KM et al (2017) DOM

SGLT2 inhibitors may differentially regulate the interstitial vs 
intravascular compartment when compared with loop diuretics

Loop diureticsSGLT2 inhibitors
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SGLT2 inhibitors and Uric Acid

Davis MJ et al. DOM 2015

Bailey CJ Lancet 2010
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		Uric acid 

[bookmark: btbl4fn2](μmol/L)†

		Placebo group

		Dapagliflozin 2·5 mg group

		Dapagliflozin 5 mg group

		Dapagliflozin 10 mg group



		n

		136

		137

		136

		132



		Baseline

		314·1 (79·0)

		322·4 (80·4)

		323·0 (88·3)

		323·0 (79·9)



		Change at week 24

		−4·2 (4·2)

		−30·9 (4·2)

		−36·3 (4·2)

		−47·6 (4·3)









Uricosuric effect of SGLT2 inhibitors

Chino Y et al. Biopharm Drug Dispos. 2014
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Dapagliflozin acutely improves endothelial dysfunction, 
reduces aortic stiffness and renal resistive index in type 2 
diabetic patients

Solini et al. Cardiovasc Diabetol (2017) 16:138
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Putative mechanisms underlying SGLT2
inhibitor-associated cardiovascular benefits

1. Improvement in ventricular loading conditions through a reduction in 
preload (secondary to natriuresis, osmotic diuresis) and afterload
(reduction in blood pressure and improvement in vascular function)

2. Improvement in cardiac metabolism and bioenergetics
3. Myocardial Na+/H+ exchange inhibition
4. Reduction of necrosis and cardiac fibrosis
5. Alteration in adipokines, cytokine production and epicardial adipose 

tissue mass 
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Myocardial 18F‐FDG uptake after hydroxybutyrate
infusion in 80 healthy humans

Gormesen LC et al. J Am Heart Assoc. 2017
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SGLT2 inhibition and direct effects on Na+/H+ 
exchange in the myocardium

Verma and McMurray (2018) Diabetologia
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In silico analysis of SGLT2i binding to homology 
model of NHE

Diabetologia (2018) 61:722–726
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Impact of sodium-hydrogen exchange inhibition by cariporide on 
death or myocardial infarction in high-risk CABG surgery patients: 

Results of the CABG surgery cohort of the GUARDIAN study

The Journal of Thoracic and Cardiovascular Surgery ● Volume 126, Number 2 2003

EV every 8 hrs for 2-7 days
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Sodium-Hydrogen Exchange Inhibition by Cariporide to 
Reduce the Risk of Ischemic Cardiac Events in Patients 
Undergoing Coronary Artery Bypass Grafting: Results of the 
EXPEDITION Study

N=5791

Cariporide () ev (180 mg in a 1-hour preoperative loading dose, then 
40 mg per hour over 24 hours and 20 mg per hour over the 
subsequent 24 hours) vs placebo (☐)
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Putative mechanisms underlying SGLT2
inhibitor-associated cardiovascular benefits

1. Improvement in ventricular loading conditions through a reduction in 
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SGLT2 inhibition and cardiac fibrosis
• Infiltrated macrophages play a role for adverse postinfarction

remodeling and fibrosis.
• Increased M1 vs.M2 macrophage phenotype transition is

considered one of the major factors for adverse ventricular
remodeling

• Post-infarction increased M1 macrophages , which was
associated with increased levels of superoxide and nitrotyrosine

• Increased M1 macrophages were inhibited by dapagliflozin.
• Dapagliflozin mediated M2 polarization through a STAT3-related 

pathway.
Lee TM et al Free Radical Biology and Medicine 2017
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Effects of empagliflozin on cardiac injuries in db/db
mice

Lin B et al. Cardiovascular Diabetology 2014, 13:148
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The effect of dapagliflozin treatment on 
epicardial adipose tissue volume
• EAT volume significantly decreased

in the DG at the 6-month follow-up 
compared with the CTG 
(− 16.4 ± 8.3 vs. 4.7 ± 8.8 cm3, 
p = 0.01).

Sato T  et al. Cardiovascular Diabetology 2018
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Effects of canagliflozin versus glimepiride on 
adipokines and inflammatory biomarkers in type 2 
diabetes after 52 weeks

Garvey WT Metabolism 2018
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Verma and McMurray (2018) Diabetologia

Cardiovascular protection by SGLT2 inhibitors

Diabetes-associated 
ventricular remodelling Healthy heart
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Outline

• Effetti non glicemici degli SGLT2i
– Cardiovascolari (SGLT2 indipendenti)

– Metabolici (SGLT2 dipendenti e indipendenti)
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Bonner C et al Nat Med 2015
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Diabetes & Metabolism, 43(6), 512–520, 2017. 
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Chronic shifts in metabolic substrate utilisation and 
ketogenesis after 4 weeks Empagliflozin

Ferrannini E. Cell Metabolism 26, 1, 2017
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Lipid Changes with SGLT2i

Zaccardo F. et al DOM 2016
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Effect of ipragliflozin and pioglitazone on liver
histopathological changes
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Liver parameters after 24 weeks dapagliflozin

Shimizu M et al. DOM 2018
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SGLT2 inhibitors and weight loss

Monami M et al. DOM 2014
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Weight loss and energy expenditure in men and women with 
T2DM treated with empagliflozin (25 mg/day) for 90 weeks

Ferrannini G et al. Diabetes Care 2015

Diapositiva preparata da MARCO GIORGIO BARONI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiva preparata da MARCO GIORGIO BARONI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Future directions
• SGLT2i show renal and cardiovascular glucose-independent

beneficial effects
• The rationale for undertaking trials with SGLT2 inhibition in 

patients who do not have T2D is to take advantage of glucose-
independent cardiorenal protective pathways in response to 
SGLT2 inhibition

• Smaller mechanistic studies in patients with or without T2D are 
warranted to better define SGLT2 inhibition–mediated 
mechanisms resulting in clinical cardio-renal benefits:

• sympathetic nervous system and neurohumoral activation.
• peripheral arterial disease, 
• obesity, 
• NAFLD, 
• Hypertension, 
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Potential medical repurposing for SGLT2i
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