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Mod. from DeFronzo RA. 
Diabetes. 2009;58:773-795;

Tahrani AA et al. Lancet 2011;378:182–197.

The Ominous Octet Pathways 
(and Agents That Target Them)
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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
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Effects of sodium-glucose cotransporter-2 inhibitors 
on cardiovascular disease, death and safety outcomes 
in type 2 diabetes – a systematic review

Radholm
K etAl. Diabetes Research and Clinical Practice 

(2018) https://doi.org/10.1016/j.diabres.2018.03.027

Associations of SG
LT2 inhibitors w

ith 
cardiovascular outcom

es and death, 
overall and for each com

pound

- 15%

- 25%

- 16%

- 33%

- 21%
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Associations of SG
LT2 inhibitors w

ith 
renal outcom

es, overall 
and for each com

pound

- 41%

- 28%
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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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Esterline RL et Al. European Journal of Endocrinology 
2018, 178, R113–R125

Impact of SGLT2 inhibitor-enhanced fasting on hepatic metabolism. 
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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. 

Esterline RL et Al. European Journal of Endocrinology 
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Esterline RL et Al. European Journal of Endocrinology 
2018, 178, R113–R125

The impact of SGLT2 inhibitor treatment on mitochondrial function
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Proposed mechanism of cardiovascular protection by SGLT2 inhibitors. 

Motoaki Sano
Journal of Cardiology 71 (2018) 471–476 
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Milton Packer. Diabetes Obes Metab. 2018;1–6.
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Milton Packer. Diabetes Obes Metab. 2018;1–6.
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Motoaki Sano
Journal of Cardiology 71 (2018) 471–476 

Clinical trials currently investigating the cardiovascular effects of SGLT2 inhibitors. 
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Sugiyama S et Al. 
Intern Med Advance Publication

DOI: 10.2169/internalmedicine.0701-17
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Clinically-relevant canagliflozin concentrations directly inhibit endothelial 
pro-inflammatory chemokine/cytokine secretion by AMPK-dependent and

-independent mechanisms without affecting early IL-1β signalling.
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Gilbert R et al, Kidney Intern 2014

The Tubuloglomerular Feed-Back 

Single Nephron GFR is modulated by
sodium delivery to the macula densa

Delivery* GFR

Delivery° GFR

*Glomerular Hyperperfusion; °Glomerular Hypoperfusion

Courtesy of P. Ruggenenti

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



Tubuloglomerular Feedback (TGF) 
Mechanisms in Normal Physiology

Mod. from Cherney, Circulation 2014

SGLT: 
Sodium-Glucose Linked Cotransporter

Courtesy of P. Ruggenenti
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Tubuloglomerular Feedback (TGF) Mechanisms
in Diabetes and during SGLT 2 Inhibition

Diabetes SGLT 2 Inhibition

Glucosuria
Natriuresis

Courtesy of P. Ruggenenti

Impaired TGF
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Obesity-associated increased proximal tubular
sodium reabsorption and hyperfiltration

Increased
Proximal
Tubular
Sodium
Reabsorption
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Weight loss in obesity-associated increased
proximal tubular sodium reabsorption and hyperfiltration

Increased
Proximal
Tubular
Sodium
Reabsorption
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The possible role of SGLT2 inhibition in Obesity,
additional to the effects of weight loss 

In obesity, SGLT2 inhibition might prevent
single nephron GFR increase

by restoring tubulo-glomerular feed back 
via inhibition of obesity-mediated proximal

tubular salt reabsorption
and decreased delivery to the macula densa.

Delivery GFR

Delivery GFRTubular salt 
reabsorptionObesity

SGLT2 inhibition

Courtesy of P. Ruggenenti
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Sano M, et Al.
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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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Overview of the proposed effects of SGLT2-inhibitors on different organ systems.

Michael E. Roeder. Ther Adv Chronic Dis 2018, Vol. 9(1) 33–50
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Antonio C. Bossi 
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GRAZIE 
per la Vostra Attenzione!
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