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Abstract
There is an accumulating evidence demonstrating renoprotective and cardioprotective role of sodium-
glucose cotransporter 2 (SGLT2) inhibitors in early to advanced diabetic kidney disease. Data from recently 
published Dapagliflozin and Prevention of Adverse Outcomes in the Chronic Kidney Disease (DAPA-CKD) trial 
clearly show that dapagliflozin is similarly renoprotective in non-diabetic chronic kidney disease in a wide 
range of estimated glomerular filtration rate (eGFR) of 25–75 mL/min/1.73 m2 (0.42–1.25 mL/s/1.73 m2) 
and albumin/creatinine ratio 200–5000 mg/g (approx. 20–500 mg/mmol). Patients with type 1 diabetes, 
autosomal dominant polycystic kidney disease, antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis and lupus nephritis were excluded from the study, but, on the other hand, prespecified subanalysis 
demonstrated that dapagliflozin should be renoprotective also in patients with immunoglobulin A (IgA) 
nephropathy. The renoprotective effect of SGLT2 inhibitors is additive to the renoprotection conferred with 
blockers of renin–angiotensin system, including both inhibitors of angiotensin converting enzyme (ACEI), 
or angiotensin receptor blocker (ARB). These promising data will be hopefully confirmed by the ongoing 
the Study of Heart and Kidney Protection With Empagliflozin (EMPA-KIDNEY) trial, the results of which are 
expected later in 2022.
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Introduction

Inhibitors of sodium-glucose cotransporter 2 (SGLT2) 
in the proximal tubule of the kidney were shown to slow 
down the progression of diabetic kidney disease (DKD) and 
to lower in patients with DKD the cardiovascular morbid-
ity and mortality.

Dapagliflozin, the SGLT2 inhibitor tested in the Dapa-
glif lozin and Prevention of  Adverse Outcomes in 
the Chronic Kidney Disease (DAPA-CKD) study,1 was 
already demonstrated to reduce renal risk in the Dapa-
gliflozin Effect on CardiovascuLAR Events (DECLARE-
TIMI) study with primary cardiovascular endpoints 
in  patients with low renal risk.2 Renoprotective effect 
of another SGLT2 inhibitor – canagliflozin – was recently 
demonstrated in the Canagliflozin and Renal Events in 
Diabetes with Established Nephropathy Clinical Evalu-
ation (CREDENCE) study with primary renal endpoints 
in patients with type 2 diabetes and chronic kidney disease 
(CKD) with high renal risk.3 As SGLT2 inhibitors do not 
induce hypoglycemia in non-diabetic patients and their 
renoprotective effect seems to be predominantly hemo-
dynamically mediated (decrease of glomerular pressure 
due to constriction of the pathologically dilated afferent 
arteriole), they were supposed to be renoprotective also 
in non-diabetic patients.

The DAPA-CKD study

The DAPA-CKD study recruited 4304 patients with 
CKD and either type 2 diabetes or without type 2 dia-
betes, with estimated glomerular filtration rate (eGFR) 
of 25–75 mL/min/1.73 m2 (0.42–1.25 mL/s/1.73 m2) and 
albumin/creatinine ratio of  200–5000  mg/g (approx. 
20–500  mg/mmol) on  stable dose of  either inhibitor 
of angiotensin converting enzyme (ACEI) or angiotensin 
receptor blocker (ARB), or not tolerating any of them. Pa-
tients were randomized in a ratio 1:1 to either SGLT2 in-
hibitor dapagliflozin (at a dose of 10 mg daily) or placebo. 
Patients with type 1 diabetes, autosomal dominant poly-
cystic kidney disease, antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis, and lupus nephritis were 
excluded from the study. Mean age of recruited patients was 
61.8 ±12.1 years, mean eGFR was 43.1 ±12.4 mL/min/1.73 m2 
and mean albumin/creatinine ratio was 949 mg/g. Patients 
with diabetes represented 67.5% of patients. The study was 
preliminarily stopped after 2.4 years because of a clearly 
positive result.

Primary endpoint defined as  the  first occurrence 
of either decrease of GFR by 50%, end-stage renal dis-
ease or cardiovascular or renal death occurred in 9.2% 
of patients treated with dapagliflozin and 14.5% of pa-
tients in the placebo limb (relative risk reduction 39%, 
p < 0.001). Dapagliflozin reduced the risk of all individual 

components of the primary endpoint, and the effect was 
consistent in all predefined subgroups. The risk of pri-
mary endpoint was reduced by  36% in  patients with 
type  2 diabetes and by  50% in  non-diabetic patients. 
Dapagliflozin also decreased the risk of composite renal 
endpoint by 44% and composite cardiovascular endpoint 
(cardiovascular mortality or hospitalization for heart fail-
ure) by 29%. All-cause mortality was decreased by dapa-
gliflozin by 31%.

Dapagliflozin was very well tolerated and the occurrence 
of serious adverse events was similar in patients treated 
with dapagliflozin and placebo. There was no reported 
case of diabetic ketoacidosis in patients with type 2 dia-
betes and no severe hypoglycemia in non-diabetic patients 
with CKD.

The lower limit of eGFR in the CREDENCE study was 
30  mL/min/1.73  m2. In  the  DAPA-CKD study, 14.5% 
of patients had eGFR lower than 30 mL/min/1.73 m2, so 
the DAPA-CKD study provided first data on the renopro-
tectivity of SGLT2 inhibitors in this population of patients 
with CKD and low eGFR. Moreover, the renoprotective 
(and cardioprotective) effect of SGLT2 inhibitors was ex-
tended from patients with type 2 diabetes to non-diabetic 
patients with CKD.

Importantly, the renoprotective effect of dapagliflozin 
observed in the DAPA-CKD study was consistent across 
the whole spectrum of recruited patients: it was compa-
rable in patients with albumin/creatinine ratio higher 
and lower than 1000 mg/kg and in patients with eGFR 
both higher and lower than 45 mL/min/1.73 m2, although 
the patients with higher albuminuria and lower eGFR may 
benefit most.4 In a prespecified analysis, the effect of dapa-
gliflozin on the rate of loss of eGFR was more expressed 
in patients with type 2 diabetes compared to non-diabetic 
patients, and in patients with higher glycated hemoglobin 
and albuminuria.5 In an interesting subanalysis, in 270 pa-
tients with immunoglobulin A (IgA) nephropathy recruited 
to the DAPA-CKD study, dapagliflozin reduced the pri-
mary outcome by 71%, suggesting that dapagliflozin could 
have a great potential to improve renal outcome in the pa-
tients with most frequent glomerulonephritis.6

Other recent and ongoing studies 
in DKD and non-diabetic CKD

There is a great unmet need in non-diabetic CKD pa-
tients. In patients with type 2 diabetes, we currently have 
the evidence for renoprotective effect of not only the inhi-
bition of the renin–angiotensin system (e.g. The Irbesar-
tan Diabetic Nephropathy Trial (IDNT) study7), but also 
endothelin type A (ETA) receptor antagonist atrasentan 
(Study Of Diabetic Nephropathy With Atrasentan (SO-
NAR) study8) and non-steroidal selective inhibitor of min-
eralocorticoid receptor finerenone (FIDELIO-DKD study9). 
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In non-diabetic patients with CKD, there is an evidence 
for renoprotective effect of the renin–angiotensin sys-
tem (RAS) blockade only.10 It is important to stress than 
in the DAPA-CKD study, most patients were treated with 
RAS inhibitors, so the  renoprotective effect of  dapa-
gliflozin is additive to the effect of the RAS blockade.

Since patients with CKD (and especially patients with 
DKD) have high cardiovascular morbidity and mortality, 
any renoprotective drug should be also cardioprotective, 
or at  least without increased cardiovascular risk. Some 
previous studies in patients with DKD were prematurely 
discontinued, e.g.,  studies with sequential inhibition 
of the RAS either with the combination of lisinopril and 
losartan11 or aliskiren and losartan,12 because of an in-
creased rate of cardiovascular events partly related to hy-
perkalemia. It is important to emphasize that in the DAPA-
CKD study, dapaglifozin also decreased all-cause mortality 
and cardiovascular morbidity (hospitalization for heart 
failure and mortality).

Based on the data from CREDENCE and DAPA-CKD 
studies, the SGLT2 inhibitors should be used in all patients 
with DKD and eGFR > 30 (or even 25) mL/min/1.73 m2.13 
Main contribution of DAPA-CKD is, however, the evidence 
for renoprotective effect of dapagliflozin also in patients 
with non-diabetic CKD, as for these patients for the last 
20 years the only option is the inhibition of the renin–an-
giotensin system. Therefore, the results of the DAPA-CKD 
study are of utmost importance for all patients with CKD. 
Similar study, the Study of Heart and Kidney Protection 
With Empagliflozin (EMPA-KIDNEY), recruiting patients 
with type 2 diabetes and CKD and non-diabetic patients 
with CKD to either empagliflozin or placebo group, is cur-
rently ongoing and the results should be available later 
in 2022.13

Hopefully, based on the data from the DAPA-CKD study, 
the treatment with dapagliflozin should be also available 
for non-diabetic patients with CKD at risk of progression 
to end-stage kidney disease.
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