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Potential Effects By Which SGLT-2 Inhibition Improves 
Renal Outcomes

eGFR=estimated glomerular filtration rate; Hb=hemoglobin; RAAS=renin angiotensin aldosterone system; SNS=sympathetic nervous system. 
1. Heerspink HJL, et al. Kidney Int. 2018; 2. Tamargo J. Eur Cardiol. 2019; 3. Shin SJ, et al. PLoS One. 2016;. 4. Sano M. J Cardiol. 2018.
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Regolazione del feed-back tubulo-glomerulare e 
riduzione dell’iperfiltrazione con SGLT2 i 
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Diabetes is associated with afferent arteriolar dilatation, which leads to high
intraglomerular pressure and hyperfiltration. Ongoing barotrauma to the glomerulus
may lead to proteinuria
(a). SGLT2 inhibitors, through tubuloglomerular feedback, promote afferent arteriolar
vasoconstriction. This in turn serves as a mechanism to reduce intraglomerular hypertension and
provide nephroprotection (b).
G. Oomen 2018.

Verma, Diabetologia (2018)



Immagini in vivo di vasocostrizione dell’arteriola 
afferente dopo SGLT2 inibitore

Kidokoro ed at Circulation 2019



Riduzione dell’iperfiltrazione renale mediata dall’effetto
complementare di SGLT2 inibitori e blocco del RAAS

1. Van Bommel EJ, et al. Clin J Am Soc Nephrol. 2017;12(4):700-710. 2. Seidu S, et al. Prim Care Diabetes. 2018;12(3):265-283. 3. Cherney DZ, et. al. Circulation. 2014 
Feb 4;129(5):587-97. 4. Heerspink HJ, et al. Diabetes Care. 2011;34 Suppl 2:S325-9. 5. Adapted from: Shiraishi M, et al. FASEB J. 2003;17(15):2284-6.
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Gli SGLT2-i riducono il lavoro renale, 
contrastano l’ipossia renale 

(riduzione spesa energetica e aumento EPO)

Sano and Goto Circulation 2019



Sano, Journal of Cardiology 71 (2018) 
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Ferranini Diabetes 2016;65:1190–1195



Schematic representation of the 
main metabolic and 
hemodynamic effects of
SGLT2-induced inhibition of 
renal glucose reabsorption in 
humans. GFR,
glomerular filtration rate;
BP, blood pressure; 
PV, plasma volume; 
EGP endogenous glucose
production; 
Lip Ox, lipid oxidation;
TGD, tissue glucose

disposal; 
b-OH-B, b-hydroxybutyrate. 
Red boxes stand for decrease 
andgreen boxes for increase; 
red lines imply a negative effect, 
green lines a positive one.

Ferranini Cell Metabolism 2017



A“Thrifty Substrate” Hypothesis

Ferrannini, Diabetes Care 2016
KIDNEY



Chetoacidosi euglicemica

- Bassa riserva di cellule beta pancreatiche funzionanti; 
-condizioni che portano ad una limitata assunzione di cibo o grave disidratazione; 
- riduzione di insulina; 
- incremento del fabbisogno insulinico a causa di malattia acuta; 
- intervento chirurgico; 
- abuso di alcol 



Emodinamici

Ipossia e risparmio energetico

Metabolici 

Anti-infiammatori e riprogrammazione cellulare

Simpatici

Potenziali effetti di protezione renale 
degli SGLT2-i



Avogaro Diabetes Care 2020
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Sano, Journal of Cardiology (2018) 

SGLT-2i potrebbe ridurre l’ attività simpatica renale e centrale
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Diabetes is the single greatest risk factor for CKD, with the 
prevalence of CKD increasing with the duration of diabetes

ACR, albumin:creatinine ratio; CKD, chronic kidney disease; DALY, 
disability-adjusted life year; eGFR, estimated glomerular filtration rate
1. Xie Y, et al. Kidney Int 2018
2. ;Global Burden of Disease Collaborators 2017. Lancet 2018;
3. 3. Zelnick LR, et al. Clin J Am Soc Nephrol 2017;12:1984–1990

Presence of CKD among adults in the 
USA, depending on duration of diabetes3
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ESRD, end-stage renal disease
Gregg EW, et al. New Engl J Med2014;



Secondary renal 
endpoints as 
progression to
macroalbuminuria 
(urinary albuminto-
creatinine ratio, >300 
mg of albumin per 
gramof creatinine); a 
doubling of the serum 
creatininelevel, 
accompanied by an 
eGFR of ≤45; the 
initiation of renal-
replacement therapy; 
or death from renal 
disease.

CKD, chronic kidney disease; CV, cardiovascular; CVOT, cardiovascular outcomes trial; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; ESRD, 
end-stage renal disease; SGLT2, sodium–glucose co-transporter 2; T2D, Type 2 diabetes; UACR, urine albumin:creatinine ratio
Wanner C, et al. N Engl J Med 2016;.; Perkovic V, et al. Lancet Diabetes Endocrinol 2018. Clin4; Mosenzon O, et al. Lancet Diabetes Endocrinol 2019;. Perkovic V, et al. 

N Engl J Med 2019; 8. McMurray JJV, et al. N Engl J Med 2019
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Kluger et al. Cardiovasc Diabetol (2019)



4124 patients



17160 patients, 10.186 without CVD





Death from renal causes, 
Renal replacement therapy,
Doubling of the serum creatinine level

Death from renal causes, 
Renal replacement therapy,
Susteined 40%  reduction in eGFR: HR 0.65

Progressione albuminuria: HR 0.79, p<0.01
Regresssione albuminuria:HR 1.23, p<0.01

Cherney DZ annual meating EAS 2020



aExploratory outcome; bSustained exploratory outcome; cSecondary outcome; dSustained post-hoc outcome
macro, macroalbuminuria; micro, microalbuminuria; normo, normoalbuminuria
1. Raz I, et al. Presented at 79th Scientific Sessions of the American Diabetes Association; June 7th–11th, 2019; San Francisco, CA, USA; 244-OR; 2. Barutta F, et 
al. Diabetes Metab Res Rev 2019;35:e3171
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CANVAS program2
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0.80 (0.73, 
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0.68)b
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0.79)b
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1.70 (1.51, 

1.91)b

EMPA-REG 
OUTCOME2

↓ 16%
0.84 (0.74, 

0.95)b

↓ 38%
0.62 (0.54, 

0.72)c

↓ 33%
0.67 (0.59, 

0.77)d

↑ 61%
1.61 (1.34, 

1.94)d

The beneficial effect of SGLT2i on ALBUMINURIA is consistent 
across trials 



Diab Obes Met 2020

Empagliflozin may improve kidney outcomes and slow the progression
of kidney disease in type 2 diabetes patients with DKD, irrespective of its
clinical form, both with or without the presence of overt albuminuria.



Canagliflozin slowed the loss of kidney function across all UACR subgroups. Effect of 
canagliflozin as indicated by (A) adjusted mean eGFR over time



CVOT  e SGLT2-i : FOCUS SU CKD

H.J.L. Heerspink, Nephrol Dial Transplant (2020) 
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June 13, 2019

Type 2 diabetes
and albuminuric
chronic kidney 
disease 12900 pz

IC: eGFR of 30 to <90 
albuminuria >300 to
5000) and were 
treated with 
renin–angiotensin
system blockade. 

Primary composite
Outcome:
-end-stage kidney 
disease (dialysis, 
transplantation, or
a sustained egfr<15)
- doubling of  
creatinine,
- death from renal or
cardiovascular causes



June 13, 2019



Demonstrated a significant 
and clinically relevant  
reduction in:
- Primary Renal Outcome 
- Renal Specific Outcome

DAPA CKD
Primary Composite Outcome: 

Sustained ≥50% eGFR Decline, ESKD, Renal or CV Deatha

Renal-Specific Composite Outcome: 
Sustained ≥50% eGFR Decline, ESKD, or Renal Deatha

Heerspink HJL et al.  N Engl J Med. 2020



Number of Events

HR (95% CI)

DAPA 10 
mg 

(N=2152)
Placebo 
(N=2152) HR 95% CI

p-value
Interactio

n2

Composite of ≥50% eGFR Decline, ESKD, or Renal or CV Death
All Patients 197 312 0.61 (0.51, 0.72)

T2D at Baseline 0.24
Yes 152 229 0.64 (0.52, 0.79)
No 45 83 0.50 (0.35, 0.72)

UACR (mg/g) at Baseline 0.52
≤1000 44 84 0.54 (0.37, 0.77)
>1000 153 228 0.62 (0.50, 0.76)

eGFR (mL/min/1.73m2) at Baseline 0.22
<45 152 217 0.63 (0.51, 0.78)
≥45 45 95 0.49 (0.34, 0.69)

0.13 0.50 1.001.25

DAPA 10 mg 
Better Placebo 

Better

DAPA DKC Primary Composite Outcome: 
Treatment Benefit Consistent Across Subgroups

CV = cardiovascular; DAPA = dapagliflozin; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard ratio; 
T2D = type 2 diabetes; UACR = urinary albumin-to-creatinine ratio. 1. Heerspink HJL et al. Online ahead of print.  N Engl J Med. 2020; 2. 
Heerspink HJL. Presented at: ESC Congress – The Digital Experience; August 29 – September 1, 2020.





Giugliano el at, Diabetes Obes Metab. 2020



Linee guida ADA-EASD 2018







Comprehensive management of diabetes and CKD

KDIGO 2020 Clinical Practice Guideline for Diabetes Management in Chronic Kidney Disease, 2020 Oct, Kidney International



Patient factors influencing the
selection of glucose-lowering
drugs other than SGLT2i and
metformin in T2D and CKD.
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