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BACKGROUND: The sodium-glucose cotransporter 2 inhibitor canagliflozin reduced the risk of first cardiovascular composite 
events in the CREDENCE (Canagliflozin and Renal Events in Diabetes With Established Nephropathy Clinical Evaluation) trial. 
In this post hoc analysis, we evaluated the effect of canagliflozin on total (first and recurrent) cardiovascular events.

METHODS AND RESULTS: The CREDENCE trial compared canagliflozin or matching placebo in 4401 patients with type 2 
diabetes, albuminuria, and estimated glomerular filtration rate of 30 to <90 mL/min per 1.73 m2, over a median of 2.6 years. 
The primary outcome was analyzed as a composite of any cardiovascular event including myocardial infarction, stroke, 
hospitalization for heart failure, hospitalization for unstable angina, and cardiovascular death. Negative binomial regression 
models were used to assess the effect of canagliflozin on the net burden of cardiovascular events. During the trial, 634 
patients had 883 cardiovascular events, of whom 472 (74%) had just 1 cardiovascular event and 162 (26%) had multiple 
cardiovascular events. Canagliflozin reduced first cardiovascular events by 26% (hazard ratio, 0.74 [95% CI, 0.63–0.86]; 
P<0.001) and total cardiovascular events by 29% (incidence rate ratio, 0.71 [95% CI, 0.59–0.86]; P<0.001). The absolute 
risk difference per 1000 patients treated over 2.5 years was −44 (95% CI, −67 to −21) first cardiovascular events and −73 
(95% CI, −114 to −33) total events.

CONCLUSIONS: Canagliflozin reduced cardiovascular events, with a larger absolute benefit for total cardiovascular than first 
cardiovascular events. These findings provide further support for the benefit of continuing canagliflozin therapy after an initial 
event to prevent recurrent cardiovascular events.
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Cardiovascular (cardiovascular) disease is both highly 
prevalent and a major burden in patients with type 
2 diabetes and chronic kidney disease (CKD).1 The 

presence of CKD increases morbidity and mortality as-
sociated with cardiovascular disease.2

Sodium-glucose cotransporter 2 (SGLT2) inhibitors 
were first developed to lower blood glucose levels in 
patients with type 2 diabetes, but many also protect 
against a broad range of cardiovascular outcomes 
including hospitalization for heart failure and major 
adverse cardiac events during follow-up.3,4 The net bur-
den of cardiovascular disease and the potential overall 
benefit that SGLT2 inhibition can afford can better to 
assessed by considering all cardiovascular events—
first and recurrent—reflective of the total cardiovascular 
event burden. This analysis would help us understand 
whether those who experience a cardiovascular event 
while taking an SGLT2 inhibitor derive ongoing bene-
fit from drug continuation. From a clinical, health eco-
nomic, and health services perspective, it is not only first 
events that are important, but also subsequent events 
that contribute to reduced quality of life, poor health out-
comes, and increased health expenditure.

It has been reported that canagliflozin reduced the 
first occurrence of the exploratory composite end point 
of cardiovascular death, nonfatal myocardial infarction 
(MI), nonfatal stroke, and hospitalization for heart failure 
or hospitalization for unstable angina in the CREDENCE 
(Canagliflozin and Renal Events in Diabetes With 
Established Nephropathy Clinical Evaluation) trial, with 

a 26% relative risk reduction.5 In this secondary anal-
ysis, we sought to analyze both first and subsequent 
cardiovascular events for this composite cardiovascu-
lar outcome to better characterize the effect of cana-
gliflozin on the total burden of cardiovascular events.

METHODS
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request. The CREDENCE study was a double-blind, ran-
domized, multicenter, international clinical trial comparing 
the effects of canagliflozin versus placebo on kidney and 
cardiovascular outcomes in patients with type 2 diabe-
tes and CKD. The trial was registered at Clini​calTr​ials.
gov (NCT02065791), institutional review board approval 
was obtained, and all patients provided written informed 
consent.6

Patients
The patients were at least 30 years old, with type 2 dia-
betes with a glycated hemoglobin level of 6.5% to 12.0%, 
and CKD, defined as an estimated glomerular filtration 
rate of 30 to <90 mL/min per 1.73 m−2 and high albuminu-
ria (urine albumin: creatinine ratio of >300 to 5000 mg/g). 
Before randomization, all patients were required to be 
receiving a stable maximum labeled or tolerated dose 
of angiotensin-converting enzyme inhibitor or angioten-
sin receptor blocker for at least 4 weeks. Treatment with 
dual renin-angiotensin pathway inhibitors (eg, angiotensin-
converting enzyme inhibitor and angiotensin receptor 
blocker, or agents in either of these classes with a direct 
renin inhibitor) was not allowed, and patients receiving a 
mineralocorticoid receptor antagonist at baseline were 
excluded. Moreover, patients who had suspected nondia-
betic kidney disease or type 1 diabetes, had been treated 
with immunosuppression for kidney disease, or had a his-
tory of dialysis or kidney transplantation were excluded.6 
Patients who had a prior cardiovascular event were eligi-
ble, unless it had occurred within the preceding 3 months.

Randomization and Study Treatment
After a 2-week placebo run-in period, patients were 
randomly assigned to canagliflozin or matching pla-
cebo in a double-blind 1:1 ratio stratified by screening 
glomerular filtration rate categories (30–45, 45–60, or 
60–90 mL/min per 1.73 m2). Use of other background 
therapies for glycemic, cardiovascular, and kidney risk 
management was encouraged according to local and 
international guidelines.

Follow-Up
Patients were reviewed after randomization at weeks 3, 
13, and 26 and then through alternating in-clinic visits 

CLINICAL PERSPECTIVE

What Is New?
•	 Canagliflozin not only reduces the risk of a first car-

diovascular (cardiovascular) event in patients with 
type 2 diabetes and chronic kidney disease but 
also reduces recurrent cardiovascular events, with 
a larger absolute benefit observed for total events.

What Are the Clinical Implications?
•	 Canagliflozin should be continued after an in-

cident cardiovascular event, as patients will 
continue to derive a clinical benefit from this 
treatment.

Nonstandard Abbreviations and Acronyms

CREDENCE	 Canagliflozin and Renal Events in 
Diabetes With Established 
Nephropathy Clinical Evaluation

SGLT2	 sodium-glucose co-transporter 2
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and telephone calls at 13-week intervals. The occur-
rence of cardiovascular events was evaluated at every 
scheduled follow-up.

Outcomes
The prespecified outcome of this analysis was total 
cardiovascular composite events, which included car-
diovascular death, MI, stroke, hospitalization for heart 
failure, or hospitalization for unstable angina occur-
ring at any time point during study follow-up. These 
events were adjudicated by the Endpoint Adjudication 
Committee using rigorous definitions that were pre-
specified according to standardized criteria.5

Statistical Analysis
Baseline clinical characteristics were assessed as 
frequencies for categorical variables, mean (SD) and 
medians (interquartile ranges) for continuous vari-
ables. Comparisons between baseline characteristics 
for patients with no events, a single event, or multiple 
events were made using the chi-square test for cat-
egorical variables and Kruskal-Wallis test for continu-
ous variables. To improve the performance and validity 
of our models, a bundling approach was used for the 
composite cardiovascular outcome, whereby nonfatal 
events together with a cardiovascular death occurring 
on the same day were excluded, and only cardiovas-
cular death was considered. For example, for coronary 
revascularization occurring after an MI that eventually 
resulted in the patient’s death all on the same day, only 
the cardiovascular death would be included.7

Overdispersion usually arises in such analysis be-
cause the repeated events on a subject may not be 
independent; thus, negative binomial regression was 
used instead of Poisson regression.8 The model in-
cluded an offset for duration of follow-up. Incidence 
rate ratio and corresponding 95% CI for total events 
was calculated. In sensitivity analyses, the Wei, Lin, 
and Weissfeld method,9 a marginal model that extends 
survival models on the basis of the Cox proportional 
hazard, was used to separately analyze the impact of 
canagliflozin on the risk of experiencing a first, second, 
or third event. An additional sensitivity analysis was per-
formed that calculated total events using an Andersen-
Gill model. An on-treatment analysis was performed to 
explore the effect of discontinued blinded study drug 
after an event. Mean cumulative frequencies were cal-
culated using the Nelson-Aalen estimator.10 The Sankey 
diagram is a kind of flow diagram in which the width of 
the flow is proportional to the flow rate, which was used 
to show event sequence change according to the first 
event; it was plotted using R package networkD3.11 All 
efficacy comparisons were performed according to the 
intention-to-treat principle. All tests were 2-sided, with 
a P value <0.05 considered to be significant. Analyses 

were performed using SAS Enterprise Guide 7.15 
(SAS Institute, Cary, NC) and R studio version 1.1.463  
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
During the trial, a total of 883 cardiovascular events 
occurred in 634 patients, over a median follow-up of 
2.62 years. Of these, 634 (72%) were first events, and 249 
(28%) were subsequent cardiovascular events. The ma-
jority of the first, second, and third cardiovascular events 
were either cardiovascular death or hospitalization for 
heart failure. When considering the entire trial popula-
tion of 4401 subjects, 85.6% (n=3767) experienced no 
cardiovascular events, 10.7% (n=472) had a single event, 
and 3.7% (n=162) had at least 2 events. The maximum 
number of events experienced by a patient was 7 events.

Patients who experienced multiple cardiovascular 
events were older, and more likely to have a history of 
heart failure or cerebrovascular or peripheral diseases. 
These patients also had a higher body mass index, gly-
cated hemoglobin, and systolic blood pressure; lower 
estimated glomerular filtration rate; longer diabetic 
duration; and higher urine albumin-to-creatinine ratio. 
With respect to baseline medications, they were more 
often on a loop diuretic, statin, β-blocker, antithrom-
botic, insulin, or calcium channel blocker therapy and 
less likely to be on metformin and non–loop diuretics 
than those who did not have a cardiovascular event 
during study follow-up (Table).

The cumulative event curves for first and recur-
rent cardiovascular events by randomized group are 
shown in Figure 1. As previously reported,5 there were 
88 fewer first cardiovascular events in the canagliflozin 
group compared with the placebo group, resulting in 
a 26% hazard reduction (events/1000 patient-years, 
49.4 versus 66.9, respectively; hazard ratio, 0.74 [95% 
CI, 0.63–0.86]; P<0.001). In addition to the reduction in 
first cardiovascular events, there were 51 fewer sub-
sequent events in the canagliflozin group (99 events 
in the canagliflozin group versus 150 events in the pla-
cebo group), resulting in a 139 fewer total cardiovas-
cular events during the trial follow-up (total events 372 
versus 511, respectively; incidence rate ratio, 0.71 [95% 
CI, 0.59–0.86]; P<0.001; Figure  2). Total events for 
each of the composite end points were also reduced 
with canagliflozin (Figure 3 and Figures S1 through S2).

The risk differences for every 1000 patients 
treated for 2.5 years with canagliflozin for the 5 com-
ponents of the composite primary end point are 
shown in Figure 3. Approximately 73 total cardiovas-
cular composite events could be prevented per 1000 
patients within that time frame: 44 heart failures re-
sulting in death or hospitalization, 13 cardiovascular 
deaths, 11 MIs, 7 strokes, and 5 hospitalizations for 
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unstable angina, separately. The cardiovascular dis-
ease spectrum interface is shown by a Sankey dia-
gram (Figure 4).

The results of sensitivity analyses including the Wei-
Lin-Weissfeld model, the Anderson-Gill model, and an 
on-treatment analysis using a cardiovascular compos-
ite, were consistent with the overall results The hazard 

ratio for the second event and third event in the Wei-Lin-
Weissfeld model is 0.59 (95% CI, 0.43–0.80; P=0.001) 
and 0.65 (95% CI, 0.37–1.15; P=0.141) (Figure  S3 and 
Table S1). Subgroup analysis also showed consistent re-
sults among patient groups defined by different baseline 
characteristics and according to baseline cardiovascular 
history (Figures S4 and S5).

Table.  Baseline Characteristics of Patients With No Events, a Single Event, or Multiple Events

Characteristic No events (n=3767) Single event (n=472) Multiple events (n=162) P value*

Age, y 62.7 (9.3) 64.6 (8.6) 65.7 (7.6) <0.0001

Female sex, n (%) 1296 (34.4) 146 (30.9) 52 (32.1) 0.285

Race, n (%) 0.007

Asian 759 (20.1) 85 (18.0) 33 (20.4)

Black or African American 175 (4.6) 39 (8.3) 10 (6.2)

Other† 330 (8.8) 32 (6.8) 7 (4.3)

White 2503 (66.4) 316 (66.9) 112 (69.1)

Smoking, n (%) 550 (14.6) 62 (13.1) 27 (16.7) 0.509

History of hypertension, n (%) 3641 (96.7) 459 (97.2) 160 (98.8) 0.276

Cardiovascular disease history, n (%) 1798 (47.7) 316 (66.9) 106 (65.4) <0.001

History of coronary, n (%) 1034 (27.4) 210 (44.5) 69 (42.6) <0.001

History of cerebrovascular, n (%) 563 (14.9) 101 (21.4) 36 (22.2) <0.001

History of peripheral disease, n (%) 825 (21.9) 161 (34.1) 60 (37.0) <0.001

History of heart failure, n (%) 508 (13.5) 95 (20.1) 49 (30.2) <0.001

NYHA I, n (%) 162 (4.3) 31 (6.6) 11 (6.8) <0.001

NYHA II, n (%) 287 (7.6) 45 (9.5) 27 (16.7) <0.001

NYHA III, n (%) 48 (1.3) 15 (3.2) 7 (4.3) <0.001

History of microvascular disease, n (%)

Retinopathy 1587 (42.1) 217 (46.0) 78 (48.1) 0.104

Neuropathy 1805 (47.9) 254 (53.8) 88 (54.3) 0.019

Duration of diabetes, y 15.6 (8.6) 16.6 (8.6) 17.5 (9.4) 0.0027

Body mass index, kg/m2 31.2 (6.1) 32.1 (6.8) 32.1 (6.1) 0.0042

Systolic BP, mm Hg 139.6 (15.4) 142.5 (16.4) 142.2 (17.6) <0.0001

Glycated hemoglobin, % 8.2 (1.3) 8.4 (1.4) 8.6 (1.3) 0.0002

eGFR, mL/min per 1.73 m2 56.8 (18.3) 52.9 (17.8) 51.5 (16.9) <0.0001

UACR, mg/g, median (IQR) 882.0 (448.0–1753.0) 1049.5 (528.5–2141.0) 1438.0 (720.0–2900.0) <0.0001

Medications, n (%)

Diuretic 1714 (45.5) 247 (52.3) 96 (59.3) <0.001

Loop diuretic 756 (20.1) 137 (29.0) 62 (38.3) <0.001

Non–loop diuretics 958 (25.4) 110 (23.3) 34 (21.0) 0.289

β-Blocker 1434 (38.1) 240 (50.8) 96 (59.3) <0.001

Statin 2569 (68.2) 339 (71.8) 128 (79.0) 0.005

Antithrombotic 2179 (57.8) 326 (69.1) 119 (73.5) <0.001

ACEI 1642 (43.6) 202 (42.8) 78 (48.1) 0.478

ARB 2128 (56.5) 267 (56.6) 85 (52.5) 0.597

Insulin 2403 (63.8) 354 (75.0) 127 (78.4) <0.001

Metformin 2219 (58.9) 253 (53.6) 73 (45.1) <0.001

ACEI indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blocker; BP, blood pressure; eGFR, estimated glomerular filtration 
rate; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MRA, mineralocorticoid receptor antagonists; NYHA, New York Heart 
Association; and UACR, urine albumin-to-creatinine ratio.

*P<0.05 is consistent with heterogeneity across the 3 groups.
†Other includes American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, multiple, other, unknown, and not reported.
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DISCUSSION
In this secondary analysis of the CREDENCE trial, we 
showed that among patients with type 2 diabetes and 
CKD, canagliflozin reduced not only the relative risk of 
the first cardiovascular event but also the risk of total 

cardiovascular events. The absolute benefit was in-
creased by more than one-third for the prevention of 
total events compared with that of the first event only. 
Taken together, these findings suggest that canagliflo-
zin treatment should be continued even after individu-
als experience a first event. The results of this analysis 

Figure 1.  Cumulative rate of total (first and subsequent) cardiovascular events and time to 
cardiovascular composite outcomes.
CV indicates cardiovascular.

Figure 2.  Total primary end point events by randomized therapy.
P value was produced by negative binomial regression.
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would suggest that a significant number of recurrent 
cardiovascular events would be avoided by continuing 
treatment in this high-risk group.

The patients in the CREDENCE study represent a 
population at high risk for cardiovascular events, as in-
dicated by the absolute risk for 3-point major adverse 
cardiac events being nearly 1.5 times higher than that 
observed in the CANVAS (Canagliflozin Cardiovascular 
Assessment Study) program.12 These rates are con-
sistent with the accepted understanding that patients 
with CKD, particularly those with type 2 diabetes, are 
at a higher risk of cardiovascular events than those 
with preserved kidney function. Our previous analy-
ses of the CREDENCE trial have focused on the ef-
fect of canagliflozin on first events, demonstrating a 
significant benefit on cardiorenal outcomes, but did 
not evaluate the ongoing benefit of canagliflozin follow-
ing an incident event. It has previously been reported 
that ≈6% of patients with diabetes and a prior cardio-
vascular event will experience a recurrent major car-
diovascular event every year.13 Specifically, survivors 
of MI are at increased risk of recurrent MI and have 
an annual mortality rate of 5%. This rate is 6 times 
that seen in patients of the same age who do not 
have coronary artery disease. Similarly, patients who 
have suffered a stroke remain at an increased risk of 

further stroke (about 7% per annum).14 Moreover, be-
yond the first cardiovascular event, the number of re-
current cardiovascular events predicts mortality even 
after accounting for the risk associated with the first 
event, with an 8-fold increase risk of death in those 
with ≥4 recurrent events compared with those with no 
recurrent cardiovascular events in patients with heart 
failure.15 Beyond mortality risk, heart failure events are 
associated with an impaired quality of life16 and higher 
health care costs,17 making prevention of these events 
important for patients, clinicians, and the health care 
system. In this trial, heart failure events were the pre-
dominant type of recurrent cardiovascular event, re-
gardless of the nature of the first event, and accounted 
for nearly one-third of the total cardiovascular burden. 
Patients experiencing recurrent heart failure events are 
at high risk for subsequent events. This new informa-
tion is therefore important in demonstrating that pa-
tients experiencing an event while on canagliflozin will 
continue to receive benefit from the medication and do 
not represent a resistant population. Inclusion of total 
cardiovascular events, rather than just first cardiovas-
cular event, in this analysis has enabled us to better 
estimate the absolute benefit of canagliflozin therapy in 
reducing all cardiovascular events in patients with type 
2 diabetes and CKD.18 Similar analyses from recent 

Figure 3.  Forest plot of total cardiovascular composite end points and individual component end points.
CV indicates cardiovascular; HF, heart failure; HR, hazard ratio; IRR, incidence rate ratio; MI, myocardial infarction; and UA, unstable 
angina.
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trials where first and recurrent cardiovascular events 
have been reported within this class in non-CKD co-
horts also showed significant cardiovascular benefit in 
patients with diabetes and heart failure.18–20

SGLT2 inhibitors may prevent cardiovascular and 
kidney events through multiple pathways. Our previous 
work using mediation analysis suggests that the ben-
eficial effect of canagliflozin in reducing heart failure 
events is mainly mediated by the effects on improved 
volume status, kidney function, and possibly uric acid 
levels.21 The beneficial effect on adverse kidney events 
is mainly mediated through improved volume status, 
uric acid, and systolic blood pressure.22 These mech-
anisms could partially explain the ongoing beneficial 
effect of canagliflozin in patients and thus the reduction 
in total cardiovascular events observed in those with 
diabetes and CKD.6

The absolute benefits of canagliflozin in prevent-
ing total cardiovascular events in patients with type 2 
diabetes and reduced kidney function have broader 

health service and implementation implications. 
Diabetes and CKD frequently coexist, and each dis-
ease independently increases the risk of cardiovascu-
lar events.23 As such, patients with comorbid diabetes, 
CKD, and cardiovascular disease represent an in-
creasingly important public health priority. In the United 
States national health insurance system, Medicare, 
non–dialysis-requiring CKD, diabetes, and heart failure 
together account for close to two-thirds of all health 
costs. Although patients with all 3 diseases represent 
only 2.1% of the population, they account for 9.0% of 
the total Medicare cost in the United States alone.17 
Moreover, there is growing evidence that the health 
care of these complex patients is often suboptimal, 
with treatment target gaps and failure to meet recom-
mended health indicators such as glycated hemoglo-
bin and underrecognition of CKD with subsequent late 
referral to nephrologists.24 It is evident that patients 
with concomitant diabetes and CKD are a population 
with disproportionate rates of events, in whom optimal 

Figure 4.  Sankey diagram for illustration of cardiovascular disease spectrum interface.
The Sankey plot depicts event transitions from the first to third events. Longer indicates more events. CV 
indicates cardiovascular; HF, heart failure; MI, myocardial infarction; and UA, unstable angina.
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treatment should be prioritized. Given the broad car-
diovascular and kidney benefits of canagliflozin and 
other SGLT2 inhibitors3,25 in those with type 2 diabetes, 
CKD, and cardiovascular disease, commencement 
and continuation of these therapies should be strongly 
encouraged unless absolutely contraindicated.

There are limitations to this study. First, it is a post 
hoc analysis of a randomized controlled trial, and al-
though we used multiple statistical models to vali-
date our results, it should be regarded as exploratory. 
Second, after a first nonfatal event, a small proportion 
of subjects (<10%) discontinued the double-blind study 
drug, which would be anticipated to lead to underes-
timation of the real effects of treatment on recurrent 
events. However, discontinuation rates were low, and 
an on-treatment analysis showed findings consistent 
with the intention to treat analysis. Third, we used a 
broad composite outcome (cardiovascular death, MI, 
stroke, hospitalization for heart failure, or hospitaliza-
tion for unstable angina) as the main analysis. These 
results, however, are consistent with the findings for 
the traditional 3-point major adverse cardiac event out-
come, shown in Figure S5. Finally, the duration of fol-
low-up was short, and the analyses benefit of lifelong 
therapy with canagliflozin on first and all recurrent car-
diovascular events are therefore likely underestimated.

In conclusion, canagliflozin significantly reduced 
total cardiovascular events in those with type 2 dia-
betes and CKD, with absolute benefits significantly 
greater than was evident when considering only first 
events. These results provide further support for con-
tinuation of canagliflozin after a cardiovascular event, 
as patients will continue to derive benefit from ongoing 
treatment.
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Table S1. CV composite outcome with and without collapsing events on the same day. 

 Canagliflozin 

(N=2202) 

Placebo (N=2199) IRR 

 Events 

(n) 

Events/ 

1000 

PYs 

Events 

(n) 

Events/ 

1000 

PYs 

Rate 

ratio 

95% CI p-value 

CV 

composite 

outcome 

       

Total 

events 

collapsed§ 

372 71.4 511 100.6 0.71 0.59,0.86 <0.001 

Total 

events 

Non-

collapsed 

396 77.1 539 107.3 0.72 0.59,0.87 0.001 

Total events include all first and recurrent events. Outcomes include fatal or non-fatal events. Total events 

estimates are based on the negative binomial model  

§Events of CV events occurring 1 day or less apart were collapsed into a single event  

PYs=patient years. 
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Figure S1. Number of first and recurrent cardiovascular events by individual components of the cardiovascular composite endpoint. 

 

 

 

Panel A: CV: cardiovascular. Panel B: CV: cardiovascular. 
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Figure S2. Total (First and Subsequent) events and Time to outcomes. 

 

 

 

(A) MI; (B) Stroke (C) Heart Failure Resulting in Death or Hospitalization; (D) Hospitalized 

UA 
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Figure S3. Sensitivity analysis of total CV composite outcomes according to different 

models and first, second, and third events using WLW model, Anderson Grill model 

and on-treatment analysis.  
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Figure S4. Subgroup analysis by age, sex, CV history, baseline HbA1c and BMI of CV 

composite events. 
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Figure S5. Each outcome by baseline status. 

 

 

 

 

*History of coronary artery disease at baseline. 

# History of cerebrovascular disease at baseline. 

Other prior events are the same events as the outcomes. For example, for HF outcomets are 

history of HF at baseline. 
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