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The ‘Wonder Pil’ in 
Nephrology

SGLT2 Inhibitors
Dapaflozine
Canaflozine
Empaflozine
Ertugliflozin
Sotagloflozin







A Little (recent) History

Type 2 diabetes mellitus (T2DM) is a worldwide growing public health problem 

Good blood glucose control early in the disease can reduce the risk of micro- and macrovascular complications, 
including cardiovascular disease (CVD), diabetic nephropathy, and mortality 

However, for many current blood glucose–lowering drugs, including insulin, adequate glycemic control may be 
difficult to establish without clinically relevant unwanted side effects, such as weight gain and hypoglycemia, and 
these strategies may not reduce the risk of cardiovascular complications 

Since 2008, the US Food and Drug Administration (FDA) requires proof of cardiovascular safety for new glucose-
lowering therapies :

SGLT2 inhibitors were in development when the guidance came into effect  .



A Little (recent) History

2014

Inhibitors of the sodium-glucose cotransporter 2 (SGLT2-I) are a new 
class of antihyperglycemic drugs

-inhibiting renal glucose reabsorption in the early proximal tubule 
-enhancing urinary glucose excretion  
-lowering the glucose burden on the organism





Glucose dependent Actions of SGLT2 
Inhibitors

SGLT2 I induce a sustained urinary glucose loss preventie hyperglycemia

-in T2DM decreases glycated hemoglobin (HbA1C) levels by 0.5–0.7% 

-the higher the blood glucose level (and GFR), the more glucose is filtered and thus excreted in 
response to SGLT2 blockade.

SGLT2 I prevent hypoglycemia 

-because they stop lowering blood glucose levels once the filtered glucose load falls to ~80 
g/day, which can be reabsorbed by downstream SGLT1

-because they increase plasma glucagon concentrations and thereby hepatic gluconeogenesis 



Glucose dependent Actions of SGLT2 
Inhibitors

SGLT2 I induce  Weight reduction

-Diuretic effect ( osmotic diuresis and natriuresis)
-Shifting substrate utilization from carbohydrates to lipids, thereby reducing body fat, 
including visceral and subcutaneous fat 
-Indirect improvement in beta-cell function and insulin sensitivity that is sustained)

SGLT2 I induce formation of Ketone Bodies

-Spilling glucose and calories into the urine, mimics fasting and triggers counter regulatory 
metabolic readjustments
-Keton bodies provide additional energy substrates to other organs)



A Little (recent) History

Since 2008, the US Food and Drug Administration (FDA) has required 
proof of cardiovascular safety for new glucose-lowering therapies :

Patients with T2DM and severe ASCVD and CV Disease were included  
-Lowering the risk of Cardiovascular death, Myocardial Infarction, 
Stroke, and Hospitalization for Heart Failure
-Slowing the progression of established diabetic Kidney Disease 
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Primary Outcome: 3-point MACE (CV death, Nonfatal MI, Nonfatal stroke)¹

N Engl J Med 2015; 373:2117-2128



EMPA-REG OUTCOME®CV Death¹

N Engl J Med 2015; 373:2117-2128



EMPA-REG OUTCOME® Hospitalization for Heart Failure¹

N Engl J Med 2015; 373:2117-2128



EMPA-REG OUTCOME® All-cause Mortality¹

N Engl J Med 2015; 373:2117-2128 17
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EMPA-REG OUTCOME®: summary

3P-MACE, 3-point major adverse cardiovascular events
Empagliflozin is not indicated for CV risk reduction. CV, cardiovascular; T2D, type 2 diabetes
1-Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117-28.
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Empagliflozin in addition to standard of care reduced CV risk and improved 
overall survival in adults with T2D at high CV risk¹

↓ 3P-MACE

14%

↓ CV death

38%

↓ All-cause 
mortality

32%

The overall safety profile of empagliflozin was consistent with previous clinical 
trials and current label information¹

35%

↓ Heart failure 
hospitalisations



Since 2015

Implementation and  
Reimboursement in T2DM

When GFR >60ml/min





SGLT2 I ‘prevention’ of heart failure in T2DM: also 
‘treatment’ of heart failure in non T2DM?

DAPA-HF
Assesment of HF as primary outcome

Inclusion of 4744 patients
Patients with and without DM

NYHA  Classes II-IV HF
EF <40%
On Standard Care
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Dapagliflozin in Patients with Heart Failure and Reduced Ejection 
Fraction

New England Journal of medecine

November 21, 2019

HFrEF patients on SGLT2 I, in addition to excellent background 
therapy, was associated with a significant 26% reduction in the 
primary outcome of cardiovascular death or worsening heart 
failure and a marked improvement in quality of life parameters. 

Clinical Observations: (a) prevention and treatment of heart failure; (b) rapid benefit, 
which appears to emerge within weeks of treatment initiation; (c) efficacy that is 
independent of glycemia; (d) reduction in hospitalization for heart failure on top of 
excellent(e) close association with renal protection; and (f) modest benefits on 
atherosclerotic outcomes. 

background therapy beta-blockers, blockers of the renin-angiotensin-aldosterone system (RAAS)

https://www.nejm.org/toc/nejm/381/21?query=article_issue_link


More distal tubular O2 demand 
and induction of ischemia: increase in EPO production

Vasodilation efferent arteriole

Osmotic diureses en Natriurese:
Increase sodium excretion by 15–20% 
Reduction of fluidoverload > interstitial

Glucosuria mimics fasting with ketone bodies: extra fuel

attenuation of SNS activity (?)

Modulate Cardiac Inflammation and Fibrosis

Promote Cardiac Reverse Remodeling

Can Improve Vascular Function

Increased kaliuresis
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Wanner, Christoph, et al. "Empagliflozin and progression of kidney disease in type 2 diabetes." New England Journal of Medicine 375.4 (2016): 323-334.

Change in eGFR over 192 Weeks

SGLT2 Inhibitors Induce a Temporary Reduction in eGFR, but Preserve Renal 
Function Overtime¹ ( ook bij GFR <60ml/min)



Composite Renal Outcomes of SGLT2i

Kluger, Aaron Y., 
et al. "Class 
effects of SGLT2 
inhibitors on 
cardiorenal 
outcomes." Card
iovascular 
diabetology 18.1 
(2019): 99.
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Dapagliflozin in Patients 
with Chronic Kidney Disease 

New England Journal
Nov 2020

Empagliflozine in Patients with Chronic 
Kidney Disease
Results announced 4 November 2022

Completed final follow-up 5 July 2022

Randomisation completed 16 April 2021 with 6609 participants randomised

1st participant randomised 15 May 2019







Results

Primary outcome:
Sustained ≥50% eGFR decline, end-

stage kidney disease, renal or 
cardiovascular death

Secondary outcome:
All-cause mortality











More distal tubular O2 demand 
and induction of ischemia: increase in EPO production

Vasodilation efferent arteriole

Increased kaliuresis

Reduction of fluidoverload > interstitial

NHE3 activity  decrease
Less Oxidative stress
Uric acid secretie









➢ Recommended starting dose: 10/5mg
(10mg Empagliflozin/ 5mg Linagliptin).

➢ Do not initiate GLORENTA if eGFR is
below 45 mL/min/1.73 m².

➢ Discontinue GLORENTA if eGFR falls
persistently below 45 mL/min/1.73 m²

Dosage and Administration (Once Daily Tablet)

GLYXAMBI® (empagliflozin and linagliptin) tablets label FDA 2018
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Diabetes en obesitas/metabool syndroom

• Activatie RAAS systeem met 
topregulatie SGLT 2

• Hyperinsulinisme en hyperglycemie: 
opregulatie van SGLT 2

• Opregulatie SGLT 2: ook opregulatie 
Na/H uitwisseling en 
uraatreabsorprie proximale tumulus

• Down regulatie Na/h uitwisseling: 
acidose en hierdoor 
gluconeogenese










