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PPAR-gamma agonists (Rosiglitazone)  → insulin sensitizer
by binding to PPAR in fat cells and making the cells more responsive to insulin

TZDTZD

>1999 in clinical use because of its effectiveness at decreasing blood glucose

→ EASD 2005: increased risk of heart failure/attacks, death (>13000 lawsuits against GSK)

FDA guideline >2008:  To establish the safety of a new antidiabetic therapy to treat type 2 
diabetes, sponsors should demonstrate that the therapy will not result in an unacceptable 
increase in cardiovascular risk. 



Cijfers & Context
Ruim 1,1 mi ljoen mensen met
diabetes

Heintjes et al. Trends in diabetes complications and risk factors. Neth J Med: 2019.

(Type 2) diabetes increases the risk of AMI by 69%, 
CHF by 185% and stroke by 57% 
(data from the Netherlands) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7305477/


Cijfers & Context
Ruim 1,1 mi ljoen mensen met
diabetes

• Globally, CKD (Chronic Kidney Disease) in diabetes occurs in ±30% in patients with type 1 diabetes and
±40% in type 2 accounting for nearly half of the cases of kidney failure requiring replacement therapy1.

• In the Netherlands the prevalence of CKD stage 1-5 in age group 20-74 years is estimated 3,7% in non-
diabetes and 14,1% in diabetes (Lifelines*) and 8,6% vs 21,4% (PREVEND#)2. 

• However, patients with (type 2) diabetes and CKD are more likely to die (±90%) than progress to kidney
failure (±10%)3.

• The most common causes of death are atherosclerotic cardiovascular disease and heart failure. 

1. National Kidney Foundation. KDOQI clinical guideline for diabetes and CKD: 2012 update. AmJ Kidney Dis: 2012.
2. Brück K. et a l . CKD prevalence varies acrossthe European General Population. J Am Soc Nephrol: 2016.
3. Al icic R. et al. Diabetic Kidney Disease: challenges, progress, and possibilities. Cl indamycine J Am Soc Nephrol: 2017

* Age range: 20+, general practitioners
# Age range 28-75, population register



Heart Failure, Diabetes Mellitus, and Chronic Kidney Disease
A Clinical Conundrum

Tuttle K.R. et al. AKKD 2021; 2. Jankowski J. et al. Ci rculation 2016; 3. Agui lar D. Ci rculation 2016.



• Heart Failure, Diabetes Mellitus, and Chronic Kidney Disease
A Clinical Conundrum

Organ protection

Tuttle K.R. et al. AKKD 2021; 2. Jankowski J. et al. Ci rculation 2016; 3. Agui lar D. Ci rculation 2016.



AMPLITUDE-0
N=4.076

3-P MACE

SGLT2 inhibitors



Sodium-glucose cotransporter 2 inhibitors (SGLT2-inh.)

gliflozin



Normal and diabetic nephron with altered renal hemodynamics.

Radica Z. Alicic et al. CJASN doi:10.2215/CJN.11491116

©2017 by  American Society of Nephrology









McGuire et al., JAMA Cardiology 2020

Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Major Adverse Cardiovascular Events—Composite of 
Myocardial Infarction, Stroke, or Cardiovascular Death

3,7 → 3,3%/yr



Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Cardiovascular Death

McGuire et al., JAMA Cardiology 2020

1,67 → 1,35 %/yr



Vertis-CV

HR 0.80
95% (0.75 to 1.03)

SCORED

HR 0.76
95% (0.65 to 0.89)

DAPA-CKD

HR 0.71
95% (0.55 to 0.92)

EMPEROR-reduced

HR 0.69
95% (0.59 to 0.81)

Vertis-CV

HR 0.92
95% (0.77 to 1.11)

SCORED

HR 0.90
95% (0.73 to 1.12)

DAPA-CKD

HR 0.81
95% (0.58 to 1.12)

EMPEROR-reduced

HR 0.92
95% (0.75 to 1.12)

HR 0.85

HR 0.70

Hazard ratios (HRs) for key cardiovascular outcomes in cardiovascular and renal outcome trials with the SGLT2 inhibitors

In addition to Rangaswami et al., Ci rculation 2020



Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Hospitalization for Heart Failure

McGuire et al., JAMA Cardiology 2020

6,75 → 4,4%/yr



Vertis-CV

HR 0.80
95% (0.75 to 1.03)

SCORED

HR 0.76
95% (0.65 to 0.89)

DAPA-CKD

HR 0.71
95% (0.55 to 0.92)

EMPEROR-reduced

HR 0.69
95% (0.59 to 0.81)

Vertis-CV

HR 0.92
95% (0.77 to 1.11)

SCORED

HR 0.90
95% (0.73 to 1.12)

DAPA-CKD

HR 0.81
95% (0.58 to 1.12)

EMPEROR-reduced

HR 0.92
95% (0.75 to 1.12)

HR 0.85

HR 0.70

Hazard ratios (HRs) for key cardiovascular outcomes in cardiovascular and renal outcome trials with the SGLT2 inhibitors

In addition to Rangaswami et al., Ci rculation 2020



Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Kidney-Related Outcomes

McGuire et al., JAMA Cardiology 2020

Remarks:
1. studies were designed as
non-inferiority cardiovascular
safety trials
2. Different renal outcomes



AMPLITUDE-0
N=4.076

3-P MACE

SGLT2 inhibitors



Vertis-CV

HR 0.81
95% (0.63 to 1.04)

SCORED

HR 0.71
95% (0.46 to 1.08)

DAPA-CKD

HR 0.56
95% (0.45 to 0.68)

EMPEROR-reduced

HR 0.50
95% (0.32 to 0.77)

HR 0.63

Hazard ratios (HRs) for key kidney outcomes* in cardiovascular and renal outcome trials with the SGLT2 inhibitors

In addition to Rangaswami et al., Ci rculation 2020

Kidney outcomes:
• Decline in kidney function (doubling Screat, 40 or 50% decline GFR)
• ESRD
• Renal and cardiovascular death









Renal specific outcomes in CREDENCE and DAPA-CKD

Renal composite outcome:
a decline of at least 50% in the estimated GFR/doubling of serum creatinine, the onset of end-stage 
kidney disease (defined as maintenance dialysis for ≥28 days, kidney transplantation, or an estimated GFR 
of <15 ml per minute per 1.73 m2 confirmed by a second measurement after ≥28 days), or death from 
renal causes



Effects on e-GFR in CREDENCE and DAPA-CKD

Decline in GFR: –1.85±0.13 vs. –4.59±0.14 
ml/min/1.73 m2 per year

Decline in GFR: –1.67±0.11 vs. –3.59±0.11 
ml/min/1.73 m2 per year



Dapagliflozin in Patients with Chronic Kidney Disease (with and without diabetes)

Heerspink et al., NEJM 2020



from DAPA-CKD, NEJM 2020



Key outcomes of RCTs assessing SGLT2 inhibitors in patients with HF or CKD. 





• 115 participants with FSGS randomized to dapagliflozin (n=53) or placebo (n=62) on top of standard treatment.

• The combined primary endpoint included a ~50% decrease in eGFR, reaching dialysis requirement, or 
cardiovascular death. In the present analysis, the course of kidney function (eGFR) was specifically 

investigated during the median 2.4-year follow-up. 

• The FSGS patients were 53.7±13.9 years old, eGFR of 41.6±11.6 ml/min/1.73 m2 and a median urinary protein 
excretion of 1553 (758-2257) mg/g.

• Four out of 53 patients on dapagliflozin (7.5%) and nine out of 62 patients on placebo (14.5%) reached 
the primary endpoint (HR 0.54). 

• In the first two weeks after the start of the study, the familiar phenomenon of initial eGFR decline occurred 
(eGFR dip of -4.5 ml/min/1.73m2 in the dapagliflozin group compared to -0.8 ml/min/1.73m2 in the placebo 

group). Over the remainder of the study, the annual eGFR loss was -1.9 versus -4.2 ml/min/1.73 m2. 

ERA-EDTA juni 2021

A pre-specified subgroup analysis specifically investigated safety and efficacy in study patients with FSGS. 

https://medicalxpress.com/tags/kidney+function/


SGLT2 INHIBITORS ADDITIONALLY IMPROVE KIDNEY AND CV OUTCOMES IN NON-DIABETIC PATIENTS 
WITH CKD

A further RCT of SGLT2 inhibitors in diabetics and non-diabetics with CKD is ongoing, testing
empagliflozin. 

The Study of Heart and Kidney Protection With Empagliflozin (EMPA-KIDNEY) will be a larger
trial that will also enroll patients with Type 1 diabetes (T1DM) in addition to T2DM and non-
diabetics and will have a lower eGFR entry criteria (20–90 mL/min/1.73 m2) than other CKD trials 
and will not require pathological albuminuria to enroll patients with low eGFR (20–
<45 mL/min/1.73 m2), potentially expanding the population that benefits from SGLT2 inhibition
if it meets the primary endpoint



AMPLITUDE-0
N=4076

3-P MACE

GLP-1 receptor agonists



GLP-1 exerts its main effect 

by stimulating glucose-
dependent insulin release from 
the pancreatic islets. It has also 

been shown to slow gastric 
emptying, inhibit inappropriate 

post-meal glucagon release,
and reduce food intake .



Glucagon‐like peptide‐1 (GLP‐1) receptor agonists and their cardiovascular benefits—The role of the GLP‐1 receptor

Helmstädter et al. British Journal of Pharmacology, 2021 



Incretin drugs in diabetic kidney disease: biological mechanisms and clinical evidence

Alicic R.Z. et al., Nature Reviews Nephrology, 2021 



AMPLITUDE-0
N=4076

4-P MACE



Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients
with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials

S.L. Kristensen et al., Lancet Diabetes Endocrinol. 2019

3P MACE



S.L. Kristensen et al., Lancet Diabetes Endocrinol. 2019

Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients
with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials



S.L. Kristensen et al., Lancet Diabetes Endocrinol. 2019

Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients
with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials

All-cause mortality

Heart failure



Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients
with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials

S.L. Kristensen et al., Lancet Diabetes Endocrinol. 2019

Kidney outcomes



ELIXA
Lixisenatide

EXSCEL
Exenatide

LEADER
Liraglutide

LEADER
Liraglutide

SUSTAIN-6
Semaglutide

SUSTAIN-6
Semaglutide

REWIND
Dulaglutide

REWIND
Dulaglutide

REWIND
Dulaglutide

REWIND
Dulaglutide

HARMONY/PIONEER-6: 
no kidney endpoints
analyzed

MA

AWARD-7

Dulaglutide

RENAL

Efpeglenatide



Liraglutide and 
Renal Outcomes in 

Type 2 Diabetes
NEJM 2017



AMPLITUDE-O TRIAL
NEJM september 2021



• GLP-1 receptor agonists have an important role in the management of hyperglycemia in type 2 diabetes 
given their potent glucose-lowering actions. 

• They improve blood pressure, body weight and dyslipidemia and reduce CVD in a high-risk T2D 
population. 

• The GLP-1 receptor agonists are safe to use in people with DKD, however, whether they are truly 
nephroprotective remains to be seen. Trials have shown that GLP-1 receptor agonists lower 
albuminuria, however it is uncertain whether this will translate into improvements in hard renal 
outcomes. Similarly, the small changes in eGFR trajectories (i.e. subtle reductions in eGFR decline 
versus placebo or titrated insulin) do not necessarily indicate renoprotection. As the GLP-1 receptor 
agonists induce an initial upsurge in eGFR with similar trajectories over time, this pattern may not 
indicate a reduction of glomerular pressure. 

• The answers to these outstanding gaps in knowledge are currently addressed in the FLOW trial 
(Semaglutide on the Progression of Renal Impairment in Subjects With Type 2 Diabetes and Chronic 
Kidney Disease; NCT03819153). In this trial, the effects of once weekly subcutaneous semaglutide in 
patients with macro-albuminuria and impaired eGFR are examined over 5 years of follow-up. The 
primary endpoint is a composite of persistent eGFR decline of > 50%, reaching ESKD, death from 
kidney disease or death from CVD.

Modified after Mosterd et al; J Nephrol 2019





Glucose-lowering 

medication in type 2 
diabetes: 2021 ADA 

Professional Practice 

Committee (PPC) 
adaptation of Davies 

et al. 

American Diabetes 
Association Diab Care 
2021;44:S111-S124



EINDE en dank voor jullie aandacht en geduld!



Anders H et al. N Engl J Med 2016;375:2096-2098.

Glomerular Filtration Pressure That Drives Albuminuria, Podocyte Loss, 
and Glomerulosclerosis in Diabetes.



Cardiorenal outcomes with SGLT2i across strata of e-GFR and albuminuria



Cardiorenal outcomes with SGLT2i across strata of e-GFR and albuminuria

SCORED SCORED
SCORED

SCORED SCORED

SCORED

SCORED
SCORED



De SGLT-2-remmers zijn al opgenomen in het GVS op bijlage 1A (cluster 0A10BXAO V) en 
worden vergoed voor specifieke patiëntengroepen. Deze patiëntengroepen zijn per SGLT-
2-remmer gedefinieerd in de vergoedingsvoorwaarden op Bijlage 2 van het GVS.
Voor vergoeding van canagliflozine (Invokana®), dapagliflozine (Forxiga®), empagliflozine
(Jardiance®) bij de behandeling van volwassenen met diabetes mellitus type 2 met een 
zeer hoog risico op hart- en vaatziekten gelden de volgende aanvullende bijlage-2 
voorwaarden:

•Eerder bewezen hart- en vaatziekten;
en/of
•chronische nierschade met
− eGFR 30-59 ml/min per 1,73m2 met matig verhoogde albuminurie (ACR> 3 mg/mmol/l); 
of
− eGFR ≥ 60 ml/min per 1,73m2 met ernstig verhoogde albuminurie (ACR>30 mg/mmol).

https://www.farmacotherapeutischkompas.nl/algemeen/regeling-zorgverzekering#bijlage-2-bij-de-regeling-zorgverzekering






Pee

Rinse

Wipe



Sick Day Medication List

Instructions for Healthcare Professionals:
• If patients become ill and are unable to maintain

adequate fluid intake, or have an acute decline in
renal function (e.g. due to gastrointestinal upset of dehydration),
they should be instructed to hold medications which will:

A/ Increase risk for a decline in kideny function:
• Angiotensin-converting enzyme inhibitor
• Angiotensin receptor blockers
• Direct renin inhibitors
• Non-steroidal anti-inflammatory drugs
• Diuretics
• SGLT2 inhibitors

B/ Have reduced clearance and increase risk for
adverse effects: 

• Metformin
• Sulfonylureas (gliclazide, glimepiride, glyburide)

S          sulfonylureas
A         ACE-inhibitors
D         diuretics, direct renin inhibitors

M        metformin
A         angiotensin receptor blockers
N         non-steroidal anti-inflammatory
S          SGLT2 inhibitors



Kalra S et al., Diabetes Therapy 2019 



SGLT2 INHIBITORS ADDITIONALLY IMPROVE KIDNEY AND CV OUTCOMES IN NON-DIABETIC PATIENTS 
WITH CKD

There were no statistically significant differences in DAPA-CKD in the primary endpoint between
diabetics and non-diabetics, however, the HR was 22% lower for non-diabetics. 

Thus the kidney benefit afforded by dapagliflozin was at least as large in patients with non-DKD 
(including ischaemic/hypertensive nephropathy, IgA nephropathy and focal segmental
glomerulosclerosis, among others) than in DKD. 

Additionally, dapagliflozin reduced all three secondary endpoints compared with placebo: 
worsening renal function or death from kidney failure [HR 0.56 (95% CI 0.45–0.68)], 
hospitalization for HF or CV death [HR 0.71 (95% CI 0.55–0.92)] and all-cause mortality [HR 0.69 
(95% CI 0.53–0.88)].

Results on albuminuria and proteinuria for non-diabetic patients enrolled in DAPA-CKD are 
awaited, as this may provide clues as to the mechanism of nephroprotection afforded by SGLT2 
inhibitors.



GLP-1 exerts its main effect by stimulating glucose-dependent insulin release 

from the pancreatic islets. It has also been shown to slow gastric emptying, 

inhibit inappropriate 

post-meal glucagon release,

and reduce food intake .


