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Abstract  

We aimed to assess the efficacy and safety of canagliflozin in patients with type 2 diabetes and 

nephropathy according to prior history of heart failure in the Canagliflozin and Renal Events in 

Diabetes With Established Nephropathy Clinical Evaluation (CREDENCE) trial. We found that 

participants with a prior history of heart failure at baseline (15%) were more likely to be older, 

female, white, have a history of atherosclerotic cardiovascular disease, and use diuretics and beta 

blockers (all P<0.001), and that, compared with placebo, canagliflozin safely reduced renal and 

cardiovascular events with consistent effects in patients with and without a prior history of heart 

failure (all efficacy P interaction >0.150). These results support the efficacy and safety of 

canagliflozin in patients with type 2 diabetes and nephropathy regardless of prior history of heart 

failure. 
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Introduction  

Sodium glucose co-transporter 2 (SGLT2) inhibitors reduce the risk of cardiovascular (CV) 

events including hospitalization for heart failure (HHF) in patients with type 2 diabetes mellitus 

(T2DM) and in patients with heart failure (HF) with reduced ejection fraction (EF) independent 

of the presence or absence of diabetes.
1-6

 Canagliflozin is an SGLT2 inhibitor that decreases 

renal and CV events including HHF in patients with T2DM and nephropathy.
4
 In this population 

that is at elevated risk for adverse outcomes, it remains uncertain whether CV and renal benefits 

and safety outcomes of canagliflozin are preserved regardless of prior history of HF. We tested 

whether canagliflozin safely decreases CV and renal events in participants with T2DM and 

nephropathy with and without a prior history of HF before randomization in the Canagliflozin 

and Renal Events in Diabetes With Established Nephropathy Clinical Evaluation (CREDENCE) 

trial.  

 

Materials and Methods 

CREDENCE was a multicenter, double-blind, randomized trial of canagliflozin in participants 

with T2DM and nephropathy (ClinicalTrials.gov identifier: NCT02065791).
4
 As detailed 

previously, 4401 participants with hemoglobin A1c between 6.5% to 12.0%, an estimated 

glomerular filtration rate (eGFR) of 30 to <90 mL per minute per 1.73 m
2
 of body surface area 

and elevated albuminuria (urinary albumin:creatinine ratio, >300 to 5000 mg/g) were 

randomized to canagliflozin 100 mg or placebo. Patients were required be on a stable dose of an 

angiotensin-converting enzyme inhibitor or angiotensin receptor blocker for at least 4 weeks 

prior to randomization. Patients with New York Heart Association (NYHA) Class IV HF or on 

                  



mineralocorticoid receptor antagonist or direct renin inhibitor therapy were excluded. History of 

HF and NYHA class were recorded by local site investigators at the time of study entry. After 

identification of increased amputation risk in another canagliflozin trial, a CREDENCE protocol 

amendment was performed in May 2016, at which time approximately 75% of the study had 

been enrolled, for which investigators were asked to examine patients’ feet and exclude patients 

with risks for amputation from treatment.
2,4

 The study was approved by the applicable regulatory 

authorities and ethics committees, and participants provided informed consent.  

 

Categorical variables were summarized as the number of patients with corresponding 

percentages, and continuous variables were summarized as the mean and standard deviation. 

Differences in baseline characteristics between participants with a prior history of HF compared 

with participants without a prior history of HF were evaluated using a χ2 test for categorical 

variables, a t test for continuous normally distributed variables, and a Wilcoxon 2-sample test for 

continuous variables with a skewed distribution (distributions were evaluated using an 

Anderson–Darling test). In an intention-to-treat approach, prespecified CV, renal, and safety 

outcomes were analyzed using Cox proportional hazards regression in participants with and 

without a history of HF and in participants with HF stratified by NYHA class. Homogeneity of 

treatment effects was tested using P values for interaction without adjustment for multiple 

comparisons and results were interpreted in the context of multiple post hoc analyses performed. 

Analyses were performed using SAS Enterprise Guide version 7.1, and STATA version 13.1. 

 

                  



Results 

A total of 652 (15%) participants had a history of HF. Participants with prior history of HF were 

older (65 years vs 63 years), were more likely to be white (88% vs 63%) and female (39% vs 

33%), had a shorter mean duration of diabetes (15 years vs 16 years), had a similar eGFR (57 

mL/min/1.73 m
2 

vs 56 mL/min/1.73 m
2
), and had a higher prevalence of established 

atherosclerotic CV disease (81% vs 45%) compared to those without prior history of HF (Table 

I). More participants with prior history of HF were on beta-blockers (60.6% vs 36.7%) and loop 

diuretics (40.5% vs 18.4%). Among participants with a history of HF, 204 (31%) had NYHA 

Class I HF, 359 (55%) had NYHA Class II HF, 70 (11%) had NYHA Class III HF, and 19 (3%) 

had missing NYHA class information at baseline. 

 

Overall, compared with placebo, canagliflozin significantly reduced the risk of the primary 

composite outcome, composite of CV death and HHF, and HHF alone in CREDENCE.
4
 

Participants with a prior history of HF had higher CV event rates during the study compared to 

those without (Figure 1). Canagliflozin consistently reduced events, including the primary 

composite endpoint, CV death or HHF, HHF alone, and renal outcomes compared with placebo 

in participants with and without a history of HF (all P interaction >0.150). In participants with 

HF stratified by NYHA class, canagliflozin reduced the risk of the primary composite endpoint 

compared with placebo with no evidence of heterogeneity of treatment effect by NYHA class 

subgroup (P interaction 0.227). In those without a prior history of HF, the Number Needed to 

Treat (NNT) was 20 for the primary composite outcome, 28 for CV death or HHF, and 45 for 

HHF alone.  

 

                  



Canagliflozin use led to significantly decreased risk of all adverse events (AEs) compared with 

placebo though with some evidence of treatment effect heterogeneity by prior history of HF (P 

interaction 0.024; Figure 2). Canagliflozin resulted in significantly lower risk of serious AEs and 

renal-related AEs compared with placebo with consistent effects in patients with or without prior 

HF (P interaction >0.50). Across additional safety outcomes including amputation, fracture, 

osmotic diuresis, and volume depletion, there were no significant differences between patients 

randomized to canagliflozin or placebo, with consistent effects in patients with or without prior 

HF (P interaction >0.06).  

 

Sources of Funding  

This study was supported by Janssen Research & Development, LLC. 

 

Discussion 

Overall, canagliflozin safely reduced renal and CV events in participants with T2DM and 

nephropathy with consistent effects in patients with or without a prior history of HF. In patients 

without a prior history of HF, canagliflozin use was associated with robust effect sizes for the 

reduction of CV death and HHF and HHF alone. There is accumulating evidence regarding 

SGLT2 inhibitor efficacy specifically in patients with HF, including in patients with HF with 

reduced EF in the published Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure 

(DAPA-HF) trial and the recently completed Empagliflozin Outcome Trial in Patients with 

Chronic Heart Failure with Reduced Ejection Fraction (EMPEROR-REDUCED) trial, which met 

its primary endpoint, as well as the recent SOLOIST-WHF trial in patients with T2DM and HF 

with reduced and preserved EF.
5-7

 Several trials are ongoing in patients with HF with preserved 

                  



EF.
8
 Our present findings support the initiation of canagliflozin in patients with T2DM and 

nephropathy for CV and renal outcome benefit regardless of a prior history of HF. Our findings 

align with 2019 European Society of Cardiology guidelines that recommend SGLT2 inhibitor 

initiation in patients with T2DM and proteinuria given elevated CV risk.
9
  

 

In the Canagliflozin Cardiovascular Assessment Study (CANVAS) Program Analysis, the 

benefit of canagliflozin on CV death or HHF compared with placebo was potentially greater in 

those with a prior history of HF compared to those without.
10

 This finding was not matched in 

the present CREDENCE analysis. It is unclear whether this is due to differences in population 

characteristics or HF classification or findings due to chance. 

 

Strengths of this study include rigorous trial conduct and outcome adjudication by independent 

committees blinded to trial arm assignment. Findings may be limited by low numbers of events 

among participants with prior history of HF and considered hypothesis-generating. Classification 

of history of HF was not verified by study investigators, and EF information, echocardiography 

data, or baseline HF biomarker data were not collected. There may therefore be misclassification 

of patients regarding the presence or absence of a prior history of HF, and the study is unable to 

differentiate between prior HF with reduced versus preserved EF.  

 

In conclusion, canagliflozin safely reduced renal and CV events in patients with T2DM and 

nephropathy with consistent effects in patients with or without a prior history of HF. These 

                  



results support the initiation of canagliflozin for CV and renal benefit in patients with T2DM and 

nephropathy regardless of a prior history of HF. 
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Figure 1. Efficacy outcomes by prior history of HF. 

HF, heart failure; CI, confidence interval; NYHA, New York Heart Association; ESKD, end-

stage kidney disease; CV, cardiovascular; HHF, hospitalization for heart failure; MI, myocardial 

infarction. 

*ESKD, doubling of serum creatinine, or renal or CV death.  

  

                  



 

Figure 2. Safety outcomes by prior history of HF. 

HF, heart failure; CI, confidence interval; AE, adverse event; AKI, acute kidney injury. 

 

                  


