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Mechanism of renal glucose transport in proximal 

tubule   

• John P. H. Wilding,Diabetes Obes Metab. 2019;21(Suppl. 2):9–18. 



Mechanism of action of sodium glucose 

cotransport 2 inhibitors 

Kidney International (2018) 



De Fronzo et al. Nat Rev Nephrol 2017;1:11  



• Diabetes Obes Metab. 2019;21(Suppl. 2):9–18. 



SGL2i AND THEIR CLINICAL EFFECTS 

• SGL2 inhibition results in 70 to90 g of UGE 

• Energy loss of about 300 kcal/d. 

• SGL2i reduce blood glucose & HbA1c between 
0.6% to 1% 

• Weight loss of around 2 to 3 kg is expected 

• Modest reduction in blood pressure(2-3mmHg of 
systolic BP). 

 
        Emily Brown, et al . Diabetes Obes Metab. 2019;21(Suppl. 2):9–18. 

 



Effects on energy balance 

• The glucosuria and osmotic diuresis reduce glycaemia 

• and body weight.  

• The reduction in steatosis, visceral and subcutaneous 

•  adipose tissue accounts for the late effects on 
bodyweight. 

•   

 
• Emily Brown, et al . Diabetes Obes Metab. 2019;21(Suppl. 2):9–18 

 

 



 

• The reduction in insulin levels secondary to SGLT2 

• inhibition also results in lipolysis and an increase 

• in circulating free fatty acids (FFA). 



• This influx of FFA is directed into ketogenesis  

• in the liver resulting in production of ketone 

• bodies which is taken up by most tissues including  
heart. 

• This has been postulated one of the reasons for 
the cardio protective effect of SGLT2i.   

  
• Marc Evans. Diabetes Ther (2019) 10:1719–1731 

 

 





 

•  More recently, skin sodium content has been closely associated 
with left ventricular mass and systolic blood pressure. 
 

• With 23Na-magnetic resonance  imagingstudies suggest  
• that the skin may act as a buffer for excessive sodium intake. 

 
• Treatment with dapagliflozin was shown to decrease 
• the sodium content of the skin by 5.8% in one study. 

 
 
 

 
•                    Schneider MP, et al. Skin sodium concentration correlates 
•                   with left ventricular hypertrophy in CKD. J Am Soc Nephrol. 
•                                                 2017;28:1867-1876 

 



• Marc Evans. Diabetes Ther (2019) 10:1719–1731 



Renoprotective pathways 

• SGLT2 inhibition is consistently associated with an  

acute, dose-dependent reduction in eGFR by~5 mL/min/1.73 
m2  and ~30% to 40% reduction in albuminuria and 
hyperfiltration.. 



• As CKD progresses, increases in intraglomerular pressure 
• are associated with glomerular fibrosis and inflammation. 

 
• SGL2 inhibition  reduce oxygen-consuming workload of 

reabsorption, with possible improvements tubulointerstitial 
cell structure and even function. 
 

 
 Increased EPO may be a sign of tubulointerstitial recovery 

after treatment with SGLT2i. 
• . 

 
 



 



  

• Three SGL2 inhibitors have been studied in 
cardiovascular outcome trials(CVOTs). 

• EMPA-REG OUTCOME  

• CANVAS  and CANVAS_R 

• DECLARE-TIMI 58 

• CREDENCE 



• Kluger et al. Cardiovasc Diabetol (2019) 18:99 



• Kluger et al. Cardiovasc Diabetol (2019) 18:99 

 



 



 

 

 

 

 

 

 

 
Kluger et al. Cardiovasc Diabetol (2019) 18:99 

 



Baseline Renal Characteristics 

  
Canagliflozin 

(n = 2202) 
Placebo 

(n = 2199) 
Total 

(N = 4401) 

Mean eGFR, mL/min/1.73 m² 56 56 56 

eGFR ≥90, % 5 5 5 

eGFR ≥60 to <90, % 36 35 35 

eGFR ≥45 to <60, % 29 29 29 

eGFR ≥30 to <45, % 27 27 27 

eGFR <30, % 4 4 4 

Median UACR (IQR), mg/g 
923  

(459-1794) 
 931  

(473-1868) 
927  

(463-1833) 

UACR <30, % <1 <1 <1 

UACR 30-300, % 11 11 11 

UACR >300-≤3000, % 77 76 77 

UACR >3000, % 11 12 11 



• Kluger et al. Cardiovasc Diabetol (2019) 18:99 

 



Primary Aim of the CREDENCE Trial 

To assess the effects of the SGLT2 inhibitor, canagliflozin,  
on clinically important renal outcomes in people with  
T2DM and established CKD 



Primary Outcome: 
ESKD, Doubling of Serum Creatinine, or 

Renal or CV Death 
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Months since randomization 

Hazard ratio, 0.70 (95% CI, 0.59–0.82) 
P = 0.00001 
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340 participants 

245 participants 

Placebo 

Canagliflozin 

No. at risk 

Placebo 2199 2178 2132 2047 1725 1129 621 170 

Canagliflozin 2202 2181 2145 2081 1786 1211 646 196 
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End-stage Kidney Disease 
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Months since randomization 

Hazard ratio, 0.68 (95% CI, 0.54–0.86) 
P = 0.002 
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No. at risk 

Placebo 2199 2182 2141 2063 1752 1152 641 178 

Canagliflozin 2202 2182 2146 2091 1798 1217 654 199 

Placebo 

Canagliflozin 



Effects on eGFR 
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Months since randomization 

No. of Participants 

Placebo 2178 2084 1985 1882 1720 1536 1006 583 210 

Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241 

56.4 56.0 

Canagliflozin Placebo 

Chronic eGFR slope 
Difference: 2.74/year (95% CI, 2.37–3.11) 

–4.59/year 
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Baseline 

–3.72 

Acute eGFR slope (3 weeks) 
Difference: –3.17 (95% CI, –3.87, –2.47) 

On treatment 

–0.55 

–1.85/year 



   Hazard ratio  
   (95% CI) P value 

Primary composite outcome 0.70 (0.59–0.82) 0.00001 

Doubling of serum creatinine 0.60 (0.48–0.76) <0.001 

ESKD 0.68 (0.54–0.86) 0.002 

eGFR <15 mL/min/1.73 m2 0.60 (0.45–0.80) – 

Dialysis initiated or kidney transplantation 0.74 (0.55–1.00) – 

Renal death 0.39 (0.08–2.03) – 

CV death 0.78 (0.61–1.00) 0.0502 

CV death or hospitalization for heart failure  0.69 (0.57–0.83) <0.001 

CV death, MI, or stroke 0.80 (0.67–0.95) 0.01 

Hospitalization for heart failure 0.61 (0.47–0.80) <0.001 

ESKD, doubling of serum creatinine, or renal death  0.66 (0.53–0.81) <0.001 

Summary of Key Renal and CV 
Outcomes 

Favors 

Canagliflozin 

Favors 

Placebo 
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Summary 

• Canagliflozin reduced the risk of the primary outcome of ESKD, 
doubling of serum creatinine, or renal or CV death by 30% (P = 
0.00001) 
– The results were consistent across a broad range of prespecified subgroups 

• Canagliflozin also reduced the risk of the secondary outcome of ESKD,  
doubling of serum creatinine, or renal death by 34% (P <0.001) 

• Similar risk reductions were seen for exploratory outcomes assessing 
components of the primary outcome 
– ESKD: 32% lower (95% CI, 14–46) 

– Dialysis, transplantation, or renal death: 28% lower (95% CI, 3–46) 

• Canagliflozin attenuated the slope of chronic eGFR decline  
by 2.7 mL/min/1.73 m2/year (1.9 vs 4.6) 

 



 



 



The potential for improving cardio-renal outcomes 

by sodium-glucose co-transporter-2 inhibition in 

people with chronic kidney disease: a rationale for 

•               the EMPA-KIDNEY study.  

• Herrington WG, Preiss D, Haynes R et al. 

 
•            Clin Kidney J 2018; 11:749–761 

 

 

 



      Effects of the SGLT-2 inhibitor dapagliflozin  

        on glomerular and tubular injury markers. 

 
• Dekkers CCJ, Petrykiv S, Laverman GD et al. 

 

• Dapagliflozin treatment decreases urinary kidney injury 
molecule 1(u KIM 1)levels. 

 

 

 
• Diabetes Obes Metab 2018; 20: 1988–1993 



  Sodium-glucose linked cotransporter-2 inhibition  

  does not attenuate disease progression in the rat  

   remnant kidney model of chronic kidney disease. 
• Zhang Y, Thai K, Kepecs DM et al. 

 

 

• Dapagliflozin did not improve the GFR in the subtotal nephrectomy 
model of glomerulosclerosis in the rat. 

 

 
• PLoS One 2016; 11: e0144640 



• In a mouse model, luseogliflozin  prevented fibrosis after kidney  
      Injury induced by ischaemia–reperfusion.  
• Increased expression (VEGF-A) in the kidneys of these animals was 

also observed. 
 

• . Both the decrease of fibrosis and the VEGF-A overexpression  
• were suppressed when luseogliflozin was associated  
• with sunitinib—a VEGF receptor inhibitor. 
• These results suggest that the protective effects of luseogliflozin 
• were in part mediated by the VEGF-A pathway 



 Empagliflozin , SGL T2 inhibitor, attenuates renal                     
fibrosis in rats exposed to unilateral ureteric 

 obstruction: potential role of klotho expression. 
• Abbas NAT, El Salem A, Awad MM. 

 

 

 
• Naunyn Schmiedebergs Arch Pharmacol 2018; 39: 1347–1360 

 



• SGLT2 inhibition decreased kidney fibrosis and 
inflammation biomarkers, such as (TGF-b1), 

   alpha smooth muscle actin (a-SMA) or fibronectin. 

• There is downregulation of the (NF-ĸB/TLR4) signalling 
pathway, as well as a partial recovery of tubular  

• klotho levels . 

• Empagliflozin may have a protective effect against 

• inflammation and fibrosis. 



• SGLT2 inhibitor dapagliflozinlimits podocyte damage in proteinuric 
nondiabetic nephropathy. 

 
         Cassis P, Locatelli M, Cerullo D et al. JCI Insight 2018; 3: pii: 98720 
 

• In a murine protein-overload proteinuria model, dapagliflozin 
reduced proteinuria and glomerular damage.  

• . In the in vivo model and in cultured cells, bovine serum albumin 
upregulated SGLT2 expression in podocytes in an NFĸB-dependent  

     manner. 
 
 

• . This induced cytoskeleton changes that reverted with the 
administration of dapagliflozin. 

. Interestingly, SGLT2 inhibition may directly target the podocytes and 
contribute to maintain the actin cytoskeleton architecture 
. 

 
 
 
 
 
 
 

 

 



Diabetes Metab Res Rev. 2019 



 



• As not all of the non diabetic CKD animal models 

responded to SGLT2 inhibitors , it is possible that  

the direct effects on the kidney are dependent on 
the specific CKD experimental model studied. 

 



 







 



Thank you for your attention 



Effects on uric acid, phosphate, PTH and 
vitamin D levels 

• SGLT2i increase the renal clearance of uric acid . 

 

•  The uricosuric effect  is due to the increased  

intraluminal concentration of glucose and is mediated 

by GLUT9 isoform 2 in the renal collecting ducts. 

 

 

 

 



 


