
The known and unknown of 

SGLT2 inhibition in CKD

OFFICIAL WCN 2019 SPONSORED LUNCH SYMPOSIUM

April 15, 2019 - Melbourne, Australia

Carol Pollock, MD
University of Sydney

Sydney, Australia



The knowns and unknowns of SGLT2 
inhibitors in CKD

Professor Carol Pollock MB.BS. PhD. FRACP.

University of Sydney.  Kolling Institute

Royal North Shore Hospital Sydney Australia



Knowns…….

• SGLT2 inhibition
– Improves glycaemic control, reduces weight, lowers BP, serum uric 

acid and albuminuria

– Provides cardiovascular protection

• Reduces 3 point MACE (EmpaReg and CANVAS), hospitalisation for 

heart failure (EmpReg, CANVAS, DECLARE) CV death (EmpaReg) 

and all cause mortality (EmpaReg)

– Reduces progression of CKD 
• All CV studies positive for pre-specified renal endpoints in favour of 

SGLT2 inhibition



Meta-analysis of SGLT2i trials on the composite endpoints of 
worsening renal function, ESKD or renal death stratified by 

the presence of atherosclerotic CV

Zelniker Lancet 2019



Unknowns of SGLT2i in patients with CKD…….
• Are SGLT2 inhibitors renoprotective in patients with DKD and across all 

levels of albuminuria?

• Are all stages of CKD equally benefited in DKD?

• Are SGLT2 inhibitors likely to be renoprotective in non-DKD renal disease 

and does the degree of proteinuria/level of GFR influence efficacy

• Are some forms of non-DKD more likely than others to be benefited by 

SGLT2 inhibition?

• What is the mechanism of action of potential renal benefit?

• Is the safety profile of SGLT2i in DKD similar to the non-DKD population 



Dapa-CKD
Diabetic and non-diabetic nephropathy in renal and CV outcomes

Announced Jan 2017

Empagliflozin
Diabetic and non-diabetic nephropathy in renal and CV outcomes

Announced June 2017



ESKD, Doubling of Serum Creatinine, or Renal Death
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Perkovic et al NEJM april 15, 2019



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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SGLT2 inhibitors and renoprotection in non-DKD
• Weight loss and BP control independent of initial degree of HbA1c and 

glycaemic control

• Mechanisms of renoprotection common to all forms of CKD depend 
on (amongst others):

– Inhibition of tubular Na reabsorption

– Activation of tubuloglomerular feedback thus limiting glomerular 
hyperfiltration

– Reduction in oxygen consumption in the renal cortex

– Normalisation of impaired autophagy

– Reduction in oxidative stress

– Shift to a more efficient metabolic substrate



Tubular Na reabsorption in diabetes mellitus

Pollock CA et al. Tubular sodium handling and tubuloglomerular 

feedback in experimental diabetes mellitus. (1991) Am. J. Physiol. 260: 

F946-F952



Tubuloglomerular feedback

GFR

U [Na] at the distal tubule0



Empa-Reg and renal outcomes

Wanner et al NEJM 2016



NHE-3 expression in 5 and 25 mM glucose

Saad et al. Kidney Int 2005

5 mm Glucose 25 mm Glucose



SGLT2i and inhibition of NHE-3

Nokikov and Vallon Curr Opinion in Nephrol and Hypertension 2016





Autophagy is impaired in DKD
• Normally functions in all cells 

• Plays a crucial role in removing protein aggregates as well as 

damaged or excess organelles to maintain intracellular 

homeostasis and cell integrity. 

• Constitutive and induced autophagy is a major protective 

mechanism against podocyte aging and glomerular injury 

• Four key stages involving the autophagy pathway: initiation, 

elongation, maturation, and fusion with the lysosomes 

• In the final stage autophagosomes merge with the lysosomal 

compartment to form autolysosomes 



Huang… Pollock… Lab Investigation 2014

Impaired autophagy flux in DKD



Mitophagy and DKD

Huang… Pollock… Scientific Reports 2016



mTOR signalling mediates impaired 
mitophagy in DKD

Huang… Pollock… 

Scientific Reports 2016



• Proposed that cardiorenal benefits shown with SGLT2 inhibitors may be 

due to their ability to drive consistent overnight periods of catabolism 

induced by glycosuria

• Key steps driving catabolism include:

– an increased glucagon/insulin ratio which depletes liver glycogen, activating 

GNG utilizing circulating amino acids

– A general fuel switch from glucose to FFA, with associated change in 

mitochondrial function from a fission to a sustained fusion state

– Decrease in circulating aa and insulin which drives inhibition of mTOR which 

enhances autophagy

• Resumption of eating in the morning restores anabolic biogenesis of new 

functional organelles and proteins
Esterline et al European J Endocrinology 2018



Glucagon secretion in response to an 
SGLT2 inhibitor

Hattersley et al. New Eng J Med. 373: 974-976, 2015



SGLT2 inhibition and hepatic metabolism

Esterline et al European J Endocrinology 2018



SGLT2 inhibition inhibits mTOR and 
normalises autophagy

Esterline et al European J Endocrinology 2018



Metabolic mechanism of benefit for SGLT2 
inhibitors

Esterline et al European J Endocrinology 2018



Renal handling of ketone bodies and lowering 
of  uric acid

Qiu et al. Diabetes, Metab Res Review, 2017



SGLT2 inhibitors reduce sympathetic outflow.

Sano. J Cardiology 2018 



Physiological effects of SGLT2i on K 
excretion and Hct in CKD

• In CKD the remaining nephrons have markedly increased SNGFR 

• SGLT2i reduces glucose and Na absorption. The glycosuria osmotically 
binds water and reduces luminal Na concentrations and secondarily 
increased paracellular Na secretion in proximal tubules.

• The increase in distal Na load induces kaliuresis and facilitates ongoing 
use of RAAS blockade.

• SGLT2i increases cortical oxygen but due to enhanced glucose and Na 
reabsorption in distal segments, medullary hypoxemia may be 
exacerbated.

• Lower pO2 in the medulla induces HIF activation and EPO production 
which may lead to an increased Hct, which in turn increases O2 delivery 
to heart and kidney



Relative benefits of combined SGLT1/2 inhibitors

• In the kidney SGLT2 absorbs 90% glucose but inhibition reduces absorption 
by about 50% due to increased SGLT1 absorption. Hence dual blockade 
enhances glucose lowering effect.

• SGLT1 plays a pivotal role in intestinal glucose absorption

• Diabetes increases intestinal SGLT1 expression in the gut, thus increasing gut 
absorption of glucose and contributing to hyperglycaemia 

• Acute increase in SGLT1 mediated glucose absorption stimulates the 
secretion of GLP1 which lowers blood glucose

• Blocking SGLT1 inhibits proximal intestinal absorption of glucose, which is 
metabolised by the microbiome to short chain fatty acids, which are 
reabsorbed by L-cells and induce a sustained  increase in GLP-1 secretion

• In contrast to phorizin, non-absorbable SGLT1 inhibitors and the combined 
SGLT1/2 inhibitor sotagliflozin do not induce diarrhoea

Rieg and Vallon Diabetologia 2018



SGLT1 inhibition in the gut

Rieg and Vallon Diabetologia 2018



Role of SGLT1 in inhibition of TGF and    GFR

Zhang et al JASN April 2019 and Carlstrom JASN April 2019



Current SGLT inhibitors

• Several SGLT1 inhibitors in development for obesity and diabetes

• Relative potency of SGTL2i to SGLT1i
• Canagliflozin 260 to1 
• Empagliflozin 2700 to 1
• Dapagliflozin 1400 to 1
• Ertugliflozin 2000 to 1
• Sotagliflozin 20 to 1. Hence a dual inhibitor and in phase 3 trials.

• SGLT2 inhibition in the pancreatic alpha cells increase glucagon secretion and 
increases hepatic glucose output in addition to increasing lipolysis and ketogenesis.

• SGLT1 inhibition increases GLP1, reduces glucagon production and reduces 
ketogenesis ? Less likely to cause DKA



Conclusions

•The Known – It works

•The unknown  - Why?


