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Sodium/glucose cotransporter 2 (SGLT-2) inhibition and glomerular 

hemodynamics in diabetes. 

Katherine R. Tuttle et al. Diabetes 2021;70:1-16

SGLT2  riassorbe 90% 
del glucosio filtrato 

~180 gr/die negli individui sani
Sino 240 mg/dl in iperglicemia  GLUT9 Glu/uruc acid antiporter
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CLINICAL IMPLICATIONS

SGLT2 inhibition and RAAS inhibition both reduce glomerular pressure 
and hyperfiltration by complementary mechanisms1ï3

RAAS, reninïangiotensinïaldosterone system; SGLT2, sodiumïglucose co-transporter 2

1. Van Bommel EJ, et al. Clin J Am Soc Nephrol 2017;12:700ï710; 2. Seidu S, et al. Prim Care Diabetes 2018;12:265ï283; 3. Cherney DZ, et al. Circulation 2014;129:587ï
597; 
4. Heerspink HJL, et al. Diabetes Care 2011;34(Suppl. 2):S325ïS329

Efferent vasodilation1

SGLT2 inhibitors 

RAAS inhibitors

ÅDecreased glomerular pressure1,3

ÅReduction in albuminuria1,2

ÅDecreased glomerular pressure1,3

ÅReduction in albuminuria4
Afferent constriction1ï3

Due to increased Na+ delivery to 

the macula densa1-3

Efferent arteriole

Afferent arteriole

Bowmanôs capsule
Glomerular capillaries

Efferent arteriole

Afferent arteriole

Bowmanôs capsule
Glomerular capillaries



© AstraZeneca 2020

SGLT2 inhibition has been shown to promote afferent arteriole constriction in 
Akita T1DM mice, reducing intraglomerular pressure and inhibiting hyperfiltration

SGLT2, sodiumïglucose co-transporter 2

Kidokoro K, et al. Circulation 2019;140:303ï315
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In vivo imaging showed that empagliflozin therapy increased 

afferent arteriole tone

Vasoconstriction
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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;94(1):26-39. 2. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 3. Shin SJ, et al. PLoS One. 2016;11:e0165703. 4. Sano M. J Cardiol. 
2018;71(5):471-476.

Preserved 

Renal Function2

Neurohormonal Improvement
ŹIntrarenal RAAS activity3

ŹSNS activity4

ŹTubular/Glomerular Injury1,2

ŹAlbuminuria

ŹBlood Pressure1

Stabilization of eGFR2

ŹRenal Ischemic Injury1

ŷHb/hematocrit2

Inflammation/Fibrosis 
Reductions1,2

ŹInflammatory markers
ŹFibrotic markers

Decreased Renal Workload   
and Hypoxia1,2

ŹSolute transport
ŹOxygen demand

SGLT-2 INHIBITION

Reduce Glomerular Pressure1

ŷAfferent vasoconstriction
ŹGlomerular hyperfiltration

O2

CLINICAL EFFECTS

Protection Against 

Diabetic

Nephropathy1,2



The kidney-heart connection for organ protection. 

Katherine R. Tuttle et al. Diabetes 2021;70:1-16



Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes

Incidence or worsening of renal dysfunction and CV death

Baseline characteristics Empaglifozin Placebo

Type2 diabetes (%) 100 100

Cardiovasculardisease(%) 99 99

Heart failure (%) 10 10

RAASi 81 82

Estimated GFR

җсл ƳƭκƳƛƴκмΦто Ƴн76 75

30 to <60 ml/min/1.73 m2 24 25

Urinary albumin-to-creatinine ratio

< 30 57 59

30-300 28 27

>300 15 14

HR 0.61 (95% CI 0.55-0.69)
P<0.001

Wanner C NEJM 2016

Incident or worsening nephropathy: progression to macroalbuminuria, 
ŘƻǳōƭƛƴƎ ƻŦ ǘƘŜ ǎŜǊǳƳ ŎǊŜŀǘƛƴƛƴŜ  ŀƴŘ ŜDCw ƻŦ Җпр ƳƭκƳƛƴκмΦто Ƴн Σ 
initiation of renal-replacement therapy or death from renal disease. 



Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes

Wanner C NEJM 2016



Perkovic V et al NEJM 2019 

Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy

Baseline characteristic Dapagliflozin Placebo

Type 2 diabetes (%) 100 100

Cardiovascular disease  (%) 51 50

Heart failure  (%) 15 15

RASi 100 100

Estimated GFR

Mean τml/min/1.73 m2 43±12 43±12

җсл ƳƭκƳƛƴκмΦто Ƴн41 41

45 to <60 ml/min/1.73 m2 29 29

30 to <45 ml/min/1.73 m2 30 30

Urinary albumin-to-creatinine ratio

Median (interquartile range) 931 (473ς1868) 927 (463ς1833)

>1000 mg/g  (%) 50 50

Primary outcome: composite of ESRD (dialysis, kidney transplantation, 
or an estimated GFR <15); doubling of the serum creatinine or death 
from renal or CV disease



Perkovic V et al NEJM 2019 



Dapaglifozin in DECLARE TIMI 58 

Characteristic Dapagliflozin 10 Placebo

Type 2 diabetes (%) 100 100

Cardiovascular disease  (%) 41 41

Heart failure  (%) 10 10

ACEi or ARBs (%) 81 81

Estimated GFR

Mean τml/min/1.73 m2 ур± мс ур± мр

җфл ƳƭκƳƛƴκмΦто Ƴн48 48

60 to 90 ml/min/1.73 m2 45 45

<60 ml/min/1.73m2 7 7

wŜƴŀƭ ŎƻƳǇƻǎƛǘŜ ƻǳǘŎƻƳŜΥ ǎǳǎǘŀƛƴŜŘ ŘŜŎǊŜŀǎŜ ƻŦ җпл҈ ƻŦ ŜDCwύ 
to <60 ml/min/ per 1.73 m2 of body-surface area, new ESRD
or death from renal or CV causes

Wiviott SD et al NEjM 2019 



Dapagliflozin and CardiovascularOutcomesin Type2 Diabetes

Wiviott et al NEJM  2019 



Dapagliflozin in Patients with Chronic Kidney Disease

Primary composite outcome: reduction 50% eGFR; ESRD; renal or CV 
death

Baseline characteristics Dapagliflozin Placebo

Type2 diabetes(%) 68 67

Cardiovasculardisease(%) 38 37

Heart failure(%) 11 11

ACE inhibitor (%) 31 32

ARB (%) 67 66

Estimated GFR

Mean τml/min/1.73 m2 43±12 43±12

җсл ƳƭκƳƛƴκмΦто Ƴн11 10

45 to <60 ml/min/1.73 m2 30 32

30 to <45 ml/min/1.73 m2 46 43

<30 ml/min/1.73 m2 14 15

Urinary albumin-to-creatinine ratio

Median (interquartile range) 965 (472ς1903) 934 (482ς1868)

>1000  (%) 49 48

Heerspink HJL et al NEJM  2020



Heerspink HJL et al NEJM  2020



1Wanner C et al NEJM 2016; 2Percovik V et al NEJM 2019;  3Heerspink HJL et al NEJM 2020, 4Cannon CP et al NEJM 2020 

eGFR variations during  SGLUT2- i treatment 



Kidney outcomes associated with use of SGLT2 inhibitors in real-world clinical 
practice (CVD-REAL 3): a multinational observational cohort study

Heerspink HJL The Lancet diabetes & endocrinology 2020

ɲ мΦро ƳƭκƳƛƴ όмΦоп ǘƻ мΦтнύΤ
p<0.0001

Characteristics at baseline SGLT2-i Others

Type 2 diabetes (%) 100 100

Cardiovasculardisease(%) 23 22

Heart failure  (%) 4 4

ACEi (%) 38 38

ARBs (%) 32 31

Estimated GFR

Mean τml/min/1.73 m2 фм± нн фм± но

җфл ƳƭκƳƛƴκмΦто Ƴн51 54

60 to <90 ml/min/1.73 m2 39 37

<60 ml/min/1.73 m2 8 9

Tipe of SGLUT2-1 (%)

Dapagliflozin 58

Empagliflozin 34

Canagliflozin 6

Ipragliflozin 1.6

Luseogliflozin 0.5

Luseogliflozin 0.4



eGFR variation associated with use of SGLT2 inhibitors in real-world clinical 
practice (CVD-REAL 3): a multinational observational cohort study

Heerspink HJL The Lancet diabetes & endocrinology 2020

SGLT2-i Others 
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Hazard ratios fro CV outcomes in renal trials 

Molecule follow up MACEs MI Stroke HHF HHF and CV death CV death

Empagliflozin 10 or 25 mg1 3.1 yrs 0.86 (0.74-0.99) 0.87 (0.70-1.09)
1.18 (0.89-

1.56)
0.65 (0.50- 0.85) 0.62 (0.49-0-67)

Canagliflozin100 mg2 2.6 yrs 0.80 (0.77-0.95) 0.81 (0.59-1.10)
0.80 (0.56-

1.15)
0.61 (0.47-0-80) 0.69 (0.57-0.83) 0.78 (0.61 -1.00)

Dapagliflozin 10 mg3,4 2.6 yrs 0.73 (0.61-0.88) 0.69 (0.53ς0.88)

Ertugliflozin5 or 15 mg 4 3.5 yrs 0.96 (0.83-1.11) 0.96 (0.83-1.11)

Summary of CV benefits from SGLUT2-i in CV and renal outcomes trials 

1Zinman B et al NEJM 2015; 2Mahaffey KW et al Circulation 2019;
3Heerspink HJL NEGM 2020; 4Wiviott SD et al NEjM 2019; 
3Cannon CP NEJM 2020 



Adverseevents (%) Cana1 Placebo Empa1 PlaceboDapa3,4 Placebo Ertu5 Placebo

SAEs 33* 37 25 25 29* 34 85 86

AEsdurgsuspension 3 3 8 7 7 7

Volume depletion 7 5 5 5 6 4 4 4

AKI 4 4 5 7 1.5 2 2 2

UTI 11 10 20 19 1 1 12* 10

Externalgenital infections 2* <0.01 6 2 0.9 0.1 7* 2

Diabetcketoacidosis 0.05* 0 0.1* <0.1 0.3 0.1 0.3 0.1

Amputations 3 3 2 2 2 2

Fractures 3 3 4 4 4 3

Summary of AEs from SGLUT2-i in CV and renal outcomes trials 

1Zinman B et al NEJM 2015; 2Mahaffey KW et al Circulation 2019;
3Heerspink HJL NEGM 2020; 4Wiviott SD et al NEjM 2019; 
3Cannon CP NEJM 2020 



RACCOMANDAZIONI AMD/SID 2021

Pazienti senza precedenti eventi CV

1) Metformina
2) GLP1-A o SGLT2i

Pazienti con precedenti eventi CV

1) Metformina o GLP1-A o SGLT2i

Pazienti con scompenso cardiaco

1) SGLT2-i
2) Metformina o SGLT2i



Metformina (se GFR >30 mlmin), se tollerata ed efficace
Se HbA1c > del traget individuale (<7% o 52 mmol/mol) 

ÅPrevenzione secondaria 
ÅRischio CV elevato

SGLT2-i o GLP1-A 

ÅPaziente con MRC 
eGFR30-60 
e/o A/C >30mg/gr

ÅScompenso cardiaco

SGLT2-i

NORME PRESCRITIVE NOTA 100



CANA
eGFR< 60 Ą 100 mg

< 30 non iniziare
DAPA
eGFR< 25 non iniziare

EMAPA ed ERTU
eGFR<45 sospendere



Summary of finrenone clinical efficacy outcomes in FIDELITY

Agarwal R et al Eur Heart Journal 2022

7352 pts 13171 pts

5674 pts, FU 2.6 yrs
Bakris GL et al NEJM 2020

7437 pts, FU 3.4 yrs
Pitt b et al NEJM 2021



Baseline patients characheristics  

48%

41%

11%

Agarwal R et al Eur Heart Journal 2022



Cardiovascular and kidney outcomes in the FIDELITY pooled analysis

Characteristic Finrenone Placebo

Type 2 diabetes (%) 100 100

Cardiovascular disease  (%) 46 45

Heart failure  (%) 7 8

ACEi (%) 39 61

ARBs (%) 61 61

Estimated GFR

Mean τml/min/1.73 m2 ру± нн ру± нн

җсл ƳƭκƳƛƴκмΦто Ƴн40 40

45 to <60 ml/min/1.73 m2 26 26

25 to <45 ml/min/1.73 m2 33 33

Urinary albumin-to-creatinine ratio

Median ACR 514 (198ς1129) 515 (198ς1163

30-300 32 31

>300 66 67

Months 

Composite CV outcome

ŜDCw җрт҈ ŎƻƳǇƻǎƛǘŜ ǊŜƴŀƭ ƻǳǘŎƻƳŜ

Agarwal R et al Eur Heart Journal 2022



Cardiovascular and kidney outcomes in the FIDELITY pooled analysis

Agarwal R et al Eur Heart Journal 2022



Treatment-emergentAEsa
Patients with event (%)

Finerenone Placebo 

AnyAE 86 86

AE leading to treatment discontinuation 6 5

Serious AEbleading to treatment discontinuation 2 2

Hyperkalaemia 12 6

Hyperkalaemia related to study drug 9 4

Serious hyperkalaemia 1 0.2

Permanent discontinuation due to hyperkalaemia 1.7 0.6

Acute kidneyinjury 3 4

Frequent adverse events  registered in FIDELITY  



EFFICACIA E SUCUREZZA DELLE PROCEDURE DI 
DENERVAZIONE RENALE NEI PAZIENTI CON CKD 



A Controlled Trial of Renal Denervation 
for Resistant Hypertension

Bhat DL et al NEJM 2014


