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Learning Objectives

 Summarize results of the CREDENCE Trial

 Describe the proposed mechanism of the renal protective 

effect of SGLT-2 Inhibitors

 Understand the impact of renal protective drug therapy 

and identify the place in therapy of SGLT-2 inhibitors



Diabetic Nephropathy

 Glomerular Hyperfiltration

 Albuminuria



Diabetic Nephropathy

 Treatment Options

 Modification of risk factors

 RAAS inhibition with ACE inhibitor (ACEI) or Angiotensin 

Receptor Blocker (ARB)



IDNT (2001) RENAAL (2001) ADVANCE (2007)

Drug/Comparator Irbesartan vs. Placebo

Amlodipine vs. Placebo

Irbesartan vs. Amlodipine

Losartan vs. Placebo Perindopril-Indapamide vs. 
Placebo

n, duration 1,715 for 2.6 years 1,513 11,140 for 4.3 years

Study Design Prospective, multicenter, 
Double-blind, RCT

Prospective, multicenter, 
double-blind, parallel-group, 
RCT

Population Age 30-70 years, T2DM, HTN, 
proteinuria (≥900 mg/24hr)

Age 31-70 years, T2DM 
complicated by nephropathy 

Mean age 66 years, diabetes 8 
years, BMI 28 kg/m²

Primary Outcome Doubling of baseline serum 
creatinine, development of 
ESRD, or all-cause mortality

Composite of doubling of serum 
creatinine, ESRD, or all-cause 
mortality

Composite of major macro and 
microvascular endpoints, 
including renal  (analyzed jointly 
and separately)

Result Irbesartan vs. Placebo

32.6% vs. 39% (RR 0.8,95% CI 
0.66-0.97, p = 0.02)

Amlodipine vs. Placebo

41.1% vs. 39% (RR 1.04, 95% CI 
0.86-1.25, p = 0.69)

Irbesartan vs. Amlodipine

32.6% vs. 41.1% (RR 0.77, 95% CI 
0.63-0.93, p = 0.006)

43.5% vs. 47.1% (RR 0.84, p = 
0.02, NNT 28)

Independently, as secondary 
outcomes, doubling of 
creatinine and progression to 
ESRD were reduced 
significantly, but mortality was 
not.

15.5% vs. 16.8% (HR  0.91, 95% CI 
0.83-1.00, p = 0.04)

Significant reduction in BP 

5.6 mmHg vs. 2.2 mmHg

Reduction in Microalbuminuria

19.6 % vs. 23.6% (HR 0.21, 95% CI 
0.14-0.27, p <0.001)

Bottom Line Irbesartan delays progression of 
nephropathy due to Type 2 
Diabetes.

Amlodipine no better than 
placebo despite similar BP 
target to Irbesartan group

In patients with diabetic 
nephropathy, losartan reduced 
risk of doubling serum 
creatinine and progression to 
ESRD but did not have a 
mortality benefit.

Perindopril/Indapamide reduces 
incidence of major macro and 
microvascular endpoints, and the 
rate of new onset albuminuria





SGLT-2 Inhibitors

 Inhibitors of the sodium-glucose co-transporter 2



EMPA-REG (2015) CANVAS (2017) DECLARE-TIMI 

(2019)

Drug Empagliflozin (10 mg and 25 mg) Canagliflozin (100 mg and 300 

mg)

Dapagliflozin (10 mg)

n 7, 020 10, 142 17, 160

GFR at enrolment ≥ 30 mL/min/1.73m²

Mean GFR ~74 mL/min

≥ 30 mL/min/1.73m²

Mean GFR ~76.5 mL/min

CrCl ≥ 60 mL/min

Mean GFR ~85 mL/min

UACR No criteria

ACR <30 mg/g in ~60%

30-300 mg/g in ~30%

>300 mg/g in ~10%

No criteria

Median ACR  12.3 mg/g

Not reported/No criteria

Primary Endpoint MACE MACE MACE

Renal Outcome Prespecified? Prespecified secondary 

outcome*

(Incident or worsening 

nephropathy defined as 

progression to 

microalbuminuria ACR >300 

mg/g, doubling of serum 

creatinine (SCr) + eGFR ≤45 

mL/min, initiation of RRT, or 

death from renal causes)

Yes

Progression of albuminuria 

(secondary)

40% reduction in eGFR, RRT, or 

renal death (exploratory)

Yes

Composite of > 40% decline in 

GFR to <60 mL/min, ESRD, 

renal or CV death

Renal Outcome 12.7% vs. 18.8% (HR 0.61, CI 

0.53-0.70, 

p < 0.01)

Doubling SCr RRR 44% vs. 

placebo

Initiation of RRT 55% vs. placebo

Albuminuria – HR 0.73; 95% CI, 

0.67 to 0.79

Exploratory Outcomes - HR 0.60; 

95% CI, 0.47 to 0.77)

4.3% dapagliflozin vs. 5.6% 

placebo (HR 0.76, 95% CI, 0.67 

to 0.87) – hypothesis generating 

only as did not meet 

significance for MACE



SGLT2 Inhibitors



In patients with diabetes and established, 

albuminuric chronic kidney disease, can 

SGLT-2 Inhibitors improve renal 

outcomes?



CREDENCE



Study Design

2 week placebo run-in
Randomization 

1:1, Double 
Blind

Canagliflozin 100 mg

Placebo

 Planned subgroup analyses stratified based on eGFR (30 to < 45 mL, 45 to 

<60 mL, and 60 to <90 mL/min/1.73m²)

 Clinic follow up at weeks 3, 13, and 26, then every 13 weeks (alternating 

between clinic/telephone)

 Continued treatment until observance of primary outcome, completion of 

trial, occurrence of DKA, or receipt of a disallowed therapy

 Foot care at each clinic follow up added after results of CANVAS in 2016



Study Design

 Primary Outcome

 Composite of ESRD, doubling of serum creatinine level from 

baseline, or death from renal or cardiovascular cause

 Secondary Outcomes

 Composite of CV death or hospitalization for heart failure

 Composite of cardiovascular death, MI, or stroke

 Hospitalization for heart failure

 Composite of ESRD, doubling of serum creatinine, or renal death

 Cardiovascular death

 Death from any cause

 Composite of cardiovascular death, MI, stroke, or hospitalization 

for heart failure or for unstable angina



Study Design
Inclusion Criteria Exclusion Criteria

≥ 30 years of age History of dialysis or kidney 

transplantation

T2DM, HbA1c 6.5-12% Dual ACEI/ARB therapy, direct renin 

inhibitor, or mineralocorticoid 

receptor antagonist

eGFR 30-90 mL/min/1.73m² Serum K+ ≥ 5.5 mmol/L at screening

uACR 300 to 5000 mg/g CV event within 12 weeks of 

screening

ACE inhibitor/ARB therapy at a 

stable max tolerated dose for ≥ 4 

weeks

NYHA Class IV heart failure

Diabetic Ketoacidosis or T1DM



Study Design

 Event-driven duration, Intention to Treat 

 Pre-determined enrolment of at least 4200 patients for 

90% power to detect difference of 20% in primary 

outcome

 Interim Analysis

 Pre-specified to be conducted by independent data 

monitoring committee after 405 occurrences of the 

primary outcome

 May recommend to stop trial if clear evidence of benefit 

seen for primary outcome (p <0.01) or the composite of 

end-stage kidney disease or death from renal or 

cardiovascular causes (<0.025)

 Pre-specified hierarchical testing



Results

 4401 patients enrolled between March 2014 to May 

2017

 Requisite number of primary outcome events (405) 

to trigger the interim analysis reached in July 2018







Results
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Results



Limitations

 Stopped early, results based on Interim Analysis

 Short follow up period, median 2.62 years

 Excluded patients with eGFR <30 mL/min

 Limited applicability to patients with non-albuminuric or  

microalbuminuric kidney disease, transplant patients, or 

to patients with other causes of kidney disease

 Unknown effect of variations in dose



Conclusions

Author’s Conclusion:

“In patients with type 2 diabetes and kidney 

disease, the risk of kidney failure and 

cardiovascular events was lower in the 

canagliflozin group than in the placebo group at 

a median follow-up of 2.62 years.”



Questions?
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