
SGLT-2i e cuore
Andrea Giaccari
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Il sottoscritto prof. Andrea Giaccari dichiara di aver ricevuto negli ultimi due anni
compensi o finanziamenti dalle seguenti Aziende Farmaceutiche e/o Diagnostiche:
• Amgen
• Astra Zeneca
• Boehringer Ingelheim
• Eli-Lilly
• MSD
• Novo-Nordisk
• Sanofi
Dichiara altresì il proprio impegno ad astenersi, nell’ambito dell’evento, dal nominare, in
qualsivoglia modo o forma, aziende farmaceutiche e/o denominazione commerciale e di
non fare pubblicità di qualsiasi tipo relativamente a specifici prodotti di interesse sanitario
(farmaci, strumenti, dispositivi medico-chirurgici, ecc.).
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SGLT-2i are phloridzin analogues
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SGLT-2i act on glucose toxicity
both on insulin-resistance and secretion (dapagliflozin vs. placebo)

Merovci A et al.: JCI 124: 509; 2014
Merovci A et al.: JCEM 100:1927; 2015
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EMPAREG NEJM
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FINALLY!happy doctors
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possible mechanisms for CV protection

• reduced atherosclerosis
• vasoconstriction glomerular afferent arteriole
• other transporters
• hemoglobin
• hematocrit increase / fluid loss
• increased β OH oxidation
• increased glucose oxidation
• improved FFA oxidation
• many others!
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SGLT-2i stabilize Diabetes‐Induced Atherosclerotic
Plaque Instability

Yung‐Chih Chen. Journal of the American Heart Association 2022 doi: 10.1161/JAHA.121.022761Diap
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SGLT-2i effect
fat oxidation
glucose uptake/oxidation
P/O ratio
cardiac work efficiency

diabetic heart
fat oxidation
glucose uptake/oxidation
P/O ratio
cardiac work efficiency

Mudaliar S et al.: Diabetes Care 39:1115, 2016

Shift in Fuel Energetics

Diap
os

itiv
a p

rep
ara

ta 
da

 ANDREA G
IACCARI e

 ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



SGLT-2i increase ß-OH-butyrate

Ferrannini E et al.: Diabetes 65:1190, 2016 doi: 10.2337/db15-1356
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Thrifty Substrate Hypothesis
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Ferrannini E et al.: Diabetes Care 39:1108, 2016Diap
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Fuel Hypothesis: Not so Soon
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Lopaschuk GD and Verma S. Cell Metab. 24:200, 2016

BDH1: b-hydroxybutyrate dehydrogenase
SCOT: succinil-CoA:3-ketoacid CoA transferase
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Author glucose
oxidation

FFA
oxidation

βOHB
oxidation

Mudaliar 1

Ferrannini 2

Lopaschuk 3 =

the βOHB hypotheses compared

1. Diabetes Care 39:1108, 2016. doi: 10.2337/dc16-0330.
2. Diabetes Care 39:1115, 2016. doi: 10.2337/dc16-0542.
3. Cell Metab. 24:200, 2016. doi: 10.1016/j.cmet.2016.07.018
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SGLT-2i increase GLUT-1 (in vitro)
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Mustroph J et. al.: Diabetologia 2019   doi: 10.1007/s00125-019-4819-z Diap
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SGLT-2i increase glucose oxidation
(in isolated hearts)
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Verma S. et al.: JACC Basic Transl Sci 3:575, 2018;      doi: 10.1016/j.jacbts.2018.07.006
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SGLT-2i improve metabolic efficacy
(in isolated hearts)
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SGLT-2i on NHE1
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Zelniker TA and Braunwald E: JACC 2020 Feb 4;75(4):422-434. doi: 10.1016/j.jacc.2019.11.031
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SGLT-2i may directly inhibit cardiomyocyte NHE1
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SGLT-2i do not inhibit cardiac NHE1 or lower [Na+]i
cardiomyocytes in vitro

EMPA does not inhibit NHE1 flux in isolated cardiomyocytes. (A–E) Acid extrusion flux (JH; mM/min) plotted at matching pHi for control  (DMSO) and in presence of drug (EMPA or cariporide) at the concentrations indicated. Red 
or blue lines show best fit through origin, and the slope  describes NHE1 activity in the presence of drug (where 1.0 is no inhibition, indicated in broken black line). (F) Slope of flux–flux relationships for EMPA,  DAPA, CANA, and 
cariporide (Carip.). (G) Steady-state pHi attained at the end of pH recovery. All data are means ± SEM; means ± 95% confidence inter- val for (F). Data from EMPA and mEMPA were combined. For EMPA and cariporide, n = 30–
49 cells from three rats per condition. For DAPA and  CANA, n = 31–43 cells from two rats per condition. *P < 0.05 by one-way ANOVA.

Chung YJ et al.: Cardiovascular Research (2021) 117, 2794–2806  doi:10.1093/cvr/cvaa323Diap
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SGLT-2i differentially regulate the interstitial vs 
intravascular compartments

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

SGLT-2 inhibitorsLoop diuretics
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SGLT-2 inhibition and Na+ handling

SGLT-2 inhibition

Na+ increased

more Na+ to macula densa

Na+ finally reabsorbed

afferent constriction
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Ferrannini E. et al.: 40:771, 2017 doi: 10.2337/dc16-2724 
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the renal hypothesis

Cherney DZ Circulation 129:587, 2014

afferent efferent

RAAS blockade

afferent efferent

SGLT-2 inhibition

afferent efferent

RAAS blockade +
SGLT-2 inhibition
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in type 2 diabetes, SGLT-2i dilate efferent 
glomerular arteriole

van Bommel EJM ert al.: Kidney Int. 2020 Jan;97(1):202-212. doi: 10.1016/j.kint.2019.09.013.
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SGLT-2i cardioprotective effects

Vallon V and Verma S: Annu. Rev. Physiol. 2021. 83:503–28 https://doi.org/10.1146/annurev-physiol-031620-095920
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Dapa-CKD: with vs. w/o diabetes analysis

effect on eGFR declineeffect on albuminuria

Heerspink HJL et al.: Lancet DE 2021 Nov;9(11):743-754
doi: 10.1016/S2213-8587(21)00242-4

Jongs N et al.: Lancet DE 2021 Nov;9(11):755-766
doi: 10.1016/S2213-8587(21)00243-6.Diap
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domanda
con quale affermazione sei più d’accordo

gli effetti cardio-nefro protettivi sono principalmente 
mediati da:

A. modulazione del metabolismo
B. effetti puramente emodinamici
C. modulazione della pressione intraglomerulare
D.tutti e nessuno: non sono ancora ben definiti
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viewing (and measuring) myocardial metabolism
and blood flow (before and after an SGLT-2i)
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SGLT-2i DO NOT improve myocardial glucose uptake
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SGLT-2i improve myocardial blood flow
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