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macula densa, decreasing the tubule-glomerular feedback 
promoting the vasoconstriction of afferent arteriole and, 
therefore, the intraglomerular pressure is reduced.46,47 

There are several other possible pathogenetic mechanisms 
explaining the  nephroprotective action of SGLT-2i, includ-
ing their effect on blood pressure, fat mass, and uric acid,  
the reduction of kidney hypoxia , and thus the reduction 
of energy requirements.48 finally, experimental data 
suggest that SGLT-2i have anti-fibrotic, anti-inflammatory 
and antioxidant actions.49-51 An animal study showed that 
SGLT-2i improve histological lesions (interstitial fibrosis, 
glomerular enlargement, mesangial matrix accumulation), 
a finding associated with the reduction of progression of 
diabetic nephropathy.52 In a human study, empagliflozin 
reversed the glomerular hyperfiltration by modulating 
the tone of afferent arteriole. In hyperfiltrating patients, 
treatment with empagliflozin for 8 weeks resulted in 
reduction of GFR from 172 ±23 to 139±25 mL/min/1.73 
m² (P<0.01). This was associated by a significant increase 
in renal vascular resistance, suggesting that this was due 
to decreased afferent arteriole vasodilation.53 

The EMPAREG-OUTCOME and CANVAS trials have sup-
ported the renoprotective action of SGLT-2i expressed in 
terms of reduction of urine albumin excretion (Table 2).12,13 
In the EMPAREG OUTCOME trial8, empagliflozin reduced the 
composite end point of progression of macroalbuminuria, 
death from renal disease or renal replacement therapy, and 
doubling of serum creatinine significantly (HR:0.61, 95% CI: 

0.73-0.90). The renal analysis of the EMPAREG-OUTCOME 
trial examined further the effect of empagliflozin on eGFR 
using the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) formula. observed A decrease of eGFR 
compared to placebo was observed with empagliflozin 
10 and 25 mg during the firtst month of the trial, while . 
From week 4 to the end of the study, eGFR was stabilized 
in both groups, while after the cessation of the study, 
eGFR increased in both empagliflozin groups compared 
to placebo (p<0.001). In a post-hoc analysis, empagliflozin 
reduced the composite point of renal replacement therapy 
or renal death and doubling serum creatinine significantly 
(HR:0.54, 95% CI: 0.40-0.75). Furthermore, empagliflozin re-
duced the progression of macroalbuminuria (HR:0.62, 95% 
CI: 0.54-0.72), doubling of serum creatinine (HR:0.56, 95% 
CI: 0.39-0.79) and initiation of renal replacement therapy 
(HR:0.45, 95% CI: 0.21-0.97). Finally, it must be mentioned 
that the EMPAREG OUTCOME trial did not enrolled patients 
with overt diabetic nephropathy. The study enrolled 5,201 
patients with an eGFR>60 mL/min/1.73 m² of which 64% 
had no albuminuria, 27% had microalbuminuria and 8.5% 
had macroalbuminuria. Only 1,819 patients with eGFR<60 
mL/min/1.73 m² (of which 47% had no albuminuria, 34% 
had microalbuminuria and 19% macroalbuminuria) were 
enrolled into the study.8 This was the main limitation of 
this study regarding the results of renal composite point. 

Similar results were observed in the CANVAS trial.9 In 
the CANVAS trial, whereas 20.1% of patients had eGFR 

TABLE 2. Cardiovascular and renal outcomes of SGLT-2 inhibitors

EMPA-REG CANVAS DECLARE

Patients with established cv disease 99% 65.6% 40.6%

CV outcomes

MACE-3 0.86 (0.74 – 0.99) 0.86 (0.75-0.97) 0.93 (0.84 – 1.03)

CV death 0.62 (0.49 – 0.77) 0.87 (0.72-1.06) 0.98 (0.82 – 1.17)

Non-fatal MI 0.87 (0.70 – 1.09) 0.85 (0.69-1.05) 0.89 (0.77 – 1.01)

Non-fatal stroke 1.24 (0.92 – 1.67) 0.90 (0.71-1.15) 1.01 (0.84 – 1.21)

Mortality 0.68 (0.57 – 0.82) 0.87 (0.74-1.11) 0.93 (0.82 – 1.04)

HF hospitalization 0.65 (0.50 – 0.85) 0.67 (0.47-0.77) 0.73 (0.61 – 0.88)

Renal outcomes

Composite renal outcome 0.61 (0.53 – 0.70) 0.64 (0.46 – 0.88) 0.53 (0.43 – 0.66)

Progression of albuminuria - 0.73 (0.67–0.79)

40% reduction in eGFR, renal-
replacement
therapy, or renal death

- 0.60 (0.47–0.77) 0.53 (0.43−0.66)

*Data are presented as hazard ratio, 95% confidence intervals
Abbreviations: CV: cardiovascular, MACE: major adverse cardiovascular events, MI: myocardial infraction, HF: heart failure




