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PRIME 10 CAUSE DI RICOVERO ORDINARIO 
NEI PAZIENTI DIABETICI

DATI ARNO 2017

Il 28% circa dei ricoveri
di pazienti diabetici 

sono determinati 
da cause 

Cardio-Cerebro-Vascolari3,8
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Mod. from: Faham S, et Al. 
www.sciencexpress.org, 2008 July 3, Page 1

STRUTTURA DEL COTRASPORTATORE SODIO-GLUCOSIO

Na+

Na+ Glucose

Glucose
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SGLT, sodium glucose cotransporter.
*Loss of ~ 80 g of glucose per day = 240 cal/day.

1. Bakris GL, et al. Kidney Int. 2009;75;1272–1277.

Urinary glucose excretion 
via SGLT2 inhibition1

SGLT2SGLT2
inhibitor

SGLT1

SGLT2 inhibitors 
reduce glucose 
re-absorption 

in the proximal 
tubule, leading to 
urinary glucose 
excretion* and 

osmotic diuresis

Filtered glucose 
load > 180 g/day

Proximal
Tubule

Diapositiva preparata da ANTONIO C. BOSSI e ceduta alla Società Italiana di Diabetologia. 

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



UOC Malattie Endocrine 
Centro Regionale Diabete
Centro Studi Aterosclerosi 

Effetto degli SGLT2 inibitori sullo scompenso cardiaco: 
meccanismi ed evidenze cliniche

AGENDA

 Cenni di epidemiologia (HF & CVD) nel DMT2

 Potenziali meccanismi d’azione degli SGLT2-i

ripristino metabolico diurno

protezione cardio-vascolare

protezione microvascolare

azioni ematologiche

 Evidenze cliniche

ConclusioniDiapositiva preparata da ANTONIO C. BOSSI e ceduta alla Società Italiana di Diabetologia. 

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



UOC Malattie Endocrine 
Centro Regionale Diabete
Centro Studi Aterosclerosi 

HBD: OH Butyrate Dehydrogenase
MCT: Mono-Carboxylate Transporter
SCOT: Succinyl-CoA-3-oxoacid CoA Transferase
Th: mitochondrial Thiolase
PDH: Pyruvate DeHydrogenase
mCPT1: mast Cell Protease 1 
FATP: Fatty Acid Transport Protein
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Impact of SGLT2-i enhanced fasting on hepatic metabolism. 

Esterline RL et Al. 
European Journal of Endocrinology 
2018, 178, R113–R125
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Esterline RL et Al. European Journal of Endocrinology, 2018, 178, R113–R125
Adapted with permission from: Maiese K. Molecules to Medicine with mTOR, 1st Edition. 
Translating Critical Pathways into Novel Therapeutic Strategies. Academic Press Feb 2016. 

mTOR pathways in the fed and fasted states. 
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The impact of ‘insulin’ and SGLT2 inhibitor treatment 
on the mitochondrial fission/fusion cycle. 
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Motoaki Sano
Journal of Cardiology 71 (2018) 471–476 

Sympathetic Overactivity Reduction: a proposed mechanism 
of cardiovascular protection by SGLT2 inhibitors. 
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NHE1-3:  
sodium-hydrogen exchanger
isoform 1 - 3

Milton Packer. Diabetes Obes Metab. 2018;1–6.
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Packer M. Circulation. 2017;136:1548–1559.

NHE-dependent pathways 
that may underlie the interplay 

of the pathogenesis of heart failure 
and diabetes.

NHE-dependent pathways 
that may underlie the interplay 
of treatments of heart failure 

and diabetes mellitus.

Diapositiva preparata da ANTONIO C. BOSSI e ceduta alla Società Italiana di Diabetologia. 

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



UOC Malattie Endocrine 
Centro Regionale Diabete
Centro Studi Aterosclerosi 

SGLT2 inhibition and direct effects on 
Na+/H+ exchange in the myocardium 

Verma and McMurray (2018) 
Diabetologia DOI 10.1007/s00125-018-4670-7 

© G. Oomen 2018
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Cardiovascular protection by SGLT2 inhibitors

Healthy heart
Diabetes-associated 

ventricular remodelling 

Verma and McMurray (2018) 
Diabetologia DOI 10.1007/s00125-018-4670-7 

© G. Oomen 2018
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Santos-Gallego CG et Al. 
J Am Coll Cardiol 2019;73:1931–44

(porcine model)
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Loop diureticsSGLT2 inhibitors

Verma and McMurray (2018) 
Diabetologia DOI 10.1007/s00125-018-4670-7 

© G. Oomen 2018

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

Volume regulation by SGLT2-i (interstitial > intravascular) may limit the aberrant 
reflex neurohumoral stimulation that occurs in the setting of intravascular depletion.

Congestive 
heart failure
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Sugiyama S et Al. 
Intern Med Advance Publication

DOI: 10.2169/internalmedicine.0701-17
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Sano M, Goto S. Circulation. 2019;139:1985–1987.

Tubulo-interstitial hypoxia

Dysfunctional fibroblasts
Injured renal tubules

Neural crest-derived fibroblasts
produce Erythropoietin
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Hematocrit over time in patients treated with 
empagliflozin 10 mg, empagliflozin 25mg, and placebo.
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Univariable mediation analysis of risk of CV death with empagliflozin versus placebo: 
time-dependent covariate analysis adjusting for the updated mean of each variable
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EMPA-REG OUTCOME: Hospitalisation for HF

- 35%

Zinman B, et Al, for the EMPA-REG OUTCOME 
Investigators.  This article was published 
on  September 17, 2015, at NEJM.org.

DOI: 10.1056/NEJMoa1504720
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- 33%

Neal B. et Al., for the CANVAS Program Collaborative Group.
This article was published on June 12, 2017, 
at NEJM.org. DOI: 10.1056/NEJMoa1611925
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Viviott SD, et Al, for the DECLARE-TIMI 58 Investigators. 
This article was published on November 10, 2018, at 

NEJM.org. DOI: 10.1056/NEJMoa1812389

- 27%
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Different representation of the T2D patients with CV risk 
among the of the SGLT2i CV outcomes studies

CV, cardiovascular; SGLT2, sodium glucose co-transporter 2; 
T2D, type 2 diabetes; eCVD, established CV disease.

1. Zinman B, et al. N Engl J Med 2015;373:2117–2128;; 2. Neal B, et al. N 
Engl J Med 2017; DOI: 10.1056/NEJMoa1611925;3. Sattar Diabetologia

(2013) 56:686–695 4. Raz I, et al. Diabetes Obes Metab 2018.
http://dx.doi.org/10.1111/dom.13217

34%
of patients did
not have eCVD

~60%
of patients did 
not have  eCVD

1%
of patients did 
not have eCVD

The proportion of patients with and without  established CV disease 
varied across the three SGLT2 CV outcome studies

EMPA-REG OUTCOME
(N=7,020)

CANVAS
(N=10,142)

DECLARE
(N=17,160)
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Verma S and McMurray JJV
Circulation. 2019;139:2537–2541.
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This article was published on 
September 19, 2019, at NEJM.org.

DOI: 10.1056/NEJMoa1911303

N = 4744 patients with NYHA class II, III, or IV heart failure and 
an ejection fraction ≤40% to receive either dapagliflozin (10 mg daily) 
or placebo, in addition to recommended therapy. 
The primary outcome was a composite of worsening heart failure 
(hospitalization or an urgent visit resulting in intravenous therapy for 
heart failure) or cardiovascular death.
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This article was published on 
September 19, 2019, at NEJM.org.

DOI: 10.1056/NEJMoa1911303

26% RRR
NNT = 21

DAPA-HF
Primary Endpoint: CV Death or hHF or an Urgent HF Visit
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This article was published on 
September 19, 2019, at NEJM.org.

DOI: 10.1056/NEJMoa1911303

30% RRR

DAPA-HF
Hospitalization for HF
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Majority of Patients in DAPA-HF 
did not have Type 2 Diabetes

• *ADA guidelines define prediabetes as A1C 5.7 to 6.4%2

• HbA1c = glycated hemoglobin; T2D = type 2 diabetes.
• 1. McMurray JJV et al. Article and supplementary appendix. Eur J Heart Fail. 2019;doi: 10.1002/ejhf.1548. 

Accessed August 21, 2019. 2. ADA Standards of Care. Diabetes Care. 2019; 42(Supplement 1):S1-S193.

45%55%
Diabetes

No Diabetes

N=4744

History of Diabetes (n=2137)

• Pre-existing diagnosis of T2D: (42%; 
n=1983)

• Previously undiagnosed T2D: HbA1c 
≥6.5% at Visits 1 and 2 (3%; n=154)
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