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SGLT-2-inhibitors

Mode of Action



SGLT2i effect on bodyweight
Maximal after 12 – 28 weeks

Data on filePost-hoc analysis of the EMPAREG trial , RCT in patients with T2DM
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BP lowering with SGLT2i
Comparison to placebo

Mancia et al, Hypertension 2016;68:1355-64Substudy of the EMPAREG trial, RCT lasting 12 weeks in 823 patients with T2DM

Systolic Blood Pressure (mmHg) Diastolic Blood Pressure (mmHg)



Cardioprotective effects of SGLT2i
Similar with/without a diuretic

Butler, Packer et al, JAMA Cardiol 2023;8:640-9
Post-hoc analysis of the EMPEROR trial (n=5,815) , subgroups according to diuretic use
Loop diuretic (n=3,346), thiazide (n=755), both (535), no diuretic (n=589)



BP + albuminuria lowering with SGLT2i
Combining with RASi

Vogt L et al, Am J Nephrol. 2021;52:351-3



BP + albuminuria lowering with SGLT2i
Combining with RASi

Cruz-Lopez, Danser et al, J Hypertens 2023 (in press)Rats with streptozotocin induced T2D treated with vehicle, A2A or SGLT2i



SGLT2i effects with/without RAAS inhibition
Incidence of the combined kidney outcome (ESKD, 57% eGFR, death)

Neuen and Heerspink, New Eng J Med 2023;388:2300Meta-analysis of RCTs with SGLT2i reporting kidney outcomes in people with T2D

Pheterogeneity for use of RAS inhibition = 0,31 



Positioning the SGLT2 inhibitor trials
Lowering the threshold?

Lambers Heerspink et al, Nephrol Dial Transplant 2020;35:274-82



The DAPA-CKD trial
Severely impaired eGFR, does it matter ? 

Participants: 

CKD with or without T2D, eGFR <30 ml/min, n = 624

Primary outcome:

Incidence of 50% decrease in eGFR, kidney failure,  
or renal and cardiovascular mortality

Chertow et al, JASN 2021;32:2352-2361Inclusion: eGFR 25-75 mL/min/1.73m2 and ACR >200 mg/g



The EMPA-KIDNEY trial
Severely impaired eGFR, does it matter? 

Herrington et al, N Eng J Med 2023;388:117-27Inclusion: eGFR 20-45 OR eGFR 45-75 mL/min/1.73m2 and ACR >200 mg/g



SGLT2 inhibition
Effects independent of tubular SGLT2 ?

Reactive Oxygen Species (ROS) levels
Vasoconstricting

Nitric oxide (NO) levels
Vasodilating

Uthman et al, Cell Physiol Biochem 2019;53:865-886In vitro stimulating growth of human coronary artery endothelial cells with TNFα / SGLT2i



SGLT2 inhibition
SGLT2 is expressed in the heart

Lee et al, Kor Cir J 2021;51:251-62Mice myocardial infarction model, pretreated with vehicle or empagliflozin, staining DNA (blue), TnT (green), SGLT2 (red)  



Udell et al, J Am Col Cardiol 2022;79:2058-2068

SGLT2 inhibition
Pleiotropic, direct effects on the kidney and the heart?

Tubular SGLT2 
related effects



SGLT2 inhibition in dialysis
Limited experience

Lambers Heerspink et al, Eur Heart J 2021; 42:1216-27Post-hoc analysis of the DAPA-CKD trial



SGLT2 inhibition in kidney transplant recipients
Limited experience

Lim et al, Transplantation 2022; 106:e404-12Retrospective cohort study, 226 SGLT2i users and 1857 controls, all KTR with diabetes

All cause mortality Death censored graft failure Doubling sCreat



Lim et al, Transplantation 2022; 106:e404-12Retrospective cohort study, 226 SGLT2i users and 1857 controls, all KTR with diabetes

SGLT2 inhibition in kidney transplant recipients
Limited experience



Convincing results in kidney patients with or without T2D. 
But all trials performed in patients with relatively preserved kidney function.

GP guidelines: prescribe ONLY to patients with eGFR > 30 (or 25 or 20)*1-3 mL/min/1.73m2

Patients can continue SGLT2i use when kidney function decreases to below this level1-3

The advice is to stop SGLT-2i when starting dialysis or when receiving a kidney transplant1-3

Interim

* Dependent on guideline: 1. NHG Standaard DM >30 mL/min/1.73m2; 2.UK Kidney Associaton >25 mL/min/1.73m2 ; 3.KDIGO >20 mL/min/1.73m2



Efficacy unknown in CKD G4/5, dialysis or living with a kidney transplant, whereas these are 
the high risk patients.

Pharma not able to single sponsor new large-scale FDA approved RCTs (patent runs off)

Such large scale RCTs are expensive

How to address this knowledge gap ?

The problem



The solution



The Renal Lifecycle trial
Design

A pragmatic approach

1) Research procedures with a minimal burden for patients and
researchers as often as possible as part of routine clinical care

2) Central support and monitoring by the UMC Groningen 

3) Support by regional representatives and local research nurses

In total 1500 – 2000 patients (endpoint driven)

or 1) severely impaired kidney function; eGFR ≤25 ml/min/1.73m2

or 2) patients on dialysis with a residual diuresis ≥500 ml/24hr

or 3) kidney transplant recipients with an eGFR ≤45 ml/min/1.73m2

Gansevoort et al, Nephrol Dial Transplant 2024 (in press)RCT, double-blind, placebo vs dapagliflozin 10 mg, in 1500-2000 patients with severe CKD 



End points
A combined primary endpoint

▪ Mortality

▪ Kidney failure (incidence of start of dialysis or a kidney transplant)

▪ Hospitalization for heart failure 

Secondary endpoints

▪ Each component of the primary endpoint for the overall study population

▪ The combined primary endpoint in each of the 3 subgroups of patients

▪ Safety and tolerability (SAEs, AESI hypoglycemia, UTI, ketoacidosis)

▪ Quality of life

▪ Cost-effectiveness



The Netherlands
In total 67 centers
▪ 59 centers participate
▪ Only 8 declined (limited local feasibility)

A joint project

Belgium
▪ Leuven (prof. Dirk Kuypers) + 9 sites

Germany
▪ Wurzburg (prof. Christoph Wanner) + 15 sites

Australia
▪ Sydney (dr. Sunil Badve) + 13 sites



Conclusies

SGLT2-remmers beperkt diuretisch effect met weinig consequenties voor bloeddruk

Vooralsnog moeten SGLT2-remmers i.g.v. ernstig nierfalen vermeden worden

▪ Theoretisch minder effectief igv verminderde nierfunctie

▪ Slechts zeer beperkt klinische data (verrassend genoeg effectifiteit suggererend)

▪ Dierexperimentele studies suggereren directe, nierfunctie onafhankelijke effecten

▪ Mogelijk veiligheids aspect, mn in niertranplantatie patienten (rUWIs/genitale infecties)

De Renal Lifecycle trial zal duidelijk moeten maken of de balans effectiviteit / veiligheid 
voldoende is in deze groep patiënten



BP lowering with SGLT2i
Comparison to other glucose lowering agents

Tsapas, Matthews et al, Diab Obes Metabol. 2021;23:2116-2124Network meta-analysis including 424 RCTs studying 21 glucose lowering drugs

Systolic Blood Pressure (mmHg) Diastolic Blood Pressure (mmHg)



Ge et al, Int Heart J 2023 and Herrington, Lancet 2022Meta-analyses of RCTs with SGLT2i reporting morbidity and mortality

Fracture

Diabetic keto-acidosis

Amputation

Urinary tract infection

Genital infection

Acute kidney injury

Severe hypoglycemia

NNT 522, not significant

NNTH 1014

NNT 418 not significant

NNT 319, not significant

NNTH 41

NNTB 157

NNTB 561

Number Needed to Treat

100 NNTB 30 NNTH

Safety of SGLT2 inhibition
Meta-analysis

ESKD

CV death or HF admission

All Cause mortality

NNTB 102

NNTB 134

NNTB 299
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