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1 | BACKGROUND

Global prevalence of diabetes in 2021was�537million adults and is pro-

jected to rise to 783.2 million in 2045.1 Type 2 diabetes (T2D) is com-

monly associated with cardiovascular (CV) risk factors and co-morbidities,

including chronic kidney disease (CKD), CV disease (CVD) and peripheral

arterial disease (PAD).2 PAD is an independent predictor of CV and cere-

brovascular events, with greater incidence in patients with versus those

without T2D.3 Canagliflozin, a sodium-glucose co-transporter-2 inhibitor,

reduced the risk of CV and kidney events in patients with T2D and high

CV risk or nephropathy in the CANVAS Program and CREDENCE trial,

respectively.4,5 The CANVAS Program showed significant benefits of
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canagliflozin, including lowering the risk of the primary composite CV out-

come and three-point major adverse CV events (MACE; CV death, non-

fatal myocardial infarction and non-fatal stroke) by 14% in the overall

cohort and 18% in patients with established CVD.4 CREDENCE showed a

30% reduction in the primary outcome of end-stage kidney disease

(ESKD), doubling of serum creatinine (dSCr), or death from renal or CV

causes with canagliflozin in participants with T2D and albuminuric CKD.5

Additionally, canagliflozin has been associated with a risk of amputation in

the CANVAS Program but not CREDENCE; however, no explanation for

this finding has been uncovered.6 Recently, Barraclough et al. conducted

an individual patient data analysis of the CANVAS Program and CRE-

DENCE that reported the proportional and absolute benefits of canagliflo-

zin in patients who have T2D with and without PAD, and examined a

novel PAD composite outcome of extended major adverse limb events

(MALE), including acute and chronic limb ischaemia, thrombosis and arte-

rial restenosis.7 To further investigate this subgroup of high-risk partici-

pants, the present pooled analysis assessed the efficacy of canagliflozin in

patients who have CKDwith andwithout PAD at baseline.

2 | METHODS

This post hoc analysis integrated individual pooled data from the CAN-

VAS Program and CREDENCE trial. CKD was defined as an estimated

glomerular filtration rate (eGFR) of less than 60 mL/min/1.73m2. PAD

was defined based on investigator classification on the electronic case

report form without requirement for specific clinical evaluation or imag-

ing. PAD excluded cerebrovascular disease and was specific to lower

extremity disease. Propensity score matching (PSM) analysis balanced

patient demographics and baseline clinical characteristics between

groups to address potential residual confounding (Data S1).

The CANVAS Program consisted of two double-blind,

placebo-controlled, randomized, multicentre trials, CANVAS and

CANVAS-R.4 Eligible participants had T2D (HbA1c ≥ 7.0% and

≤ 10.5%), an eGFR of 30 mL/min/1.73m2 or higher and were either

aged at least 30 years with a history of symptomatic atheroscle-

rotic CVD or at least 50 years with at least CVD risk factors

(i.e. T2D duration ≥ 10 y, systolic blood pressure > 140 mmHg on

≥ 1 medication, current smoker, microalbuminuria [urine albumin-

creatinine ratio {UACR} 30-300 mg/g] or macroalbuminuria [UACR

≥ 300 mg/g], or high-density lipoprotein cholesterol < 1 mmol/L).

CANVAS Program participants were randomized to canagliflozin

100 mg, canagliflozin 300 mg or placebo.

CREDENCE was a randomized, double-blind, placebo-controlled,

multicentre trial that investigated the safety and efficacy of canagliflozin

in participants with T2D and albuminuric CKD, an eGFR of 30 to less

than 90 mL/min/1.73m2, and a UACR of more than 300 to 5000 mg/g

(33.9-565 mg/mmol).5 All participants were established on the maximum

labelled or tolerated dose of an angiotensin-converting enzyme inhibitor

or angiotensin receptor blocker for 4 or more weeks prior to randomiza-

tion. To assess the impact of canagliflozin on the progression of

CKD, �60% of participants had stage 3 CKD with an eGFR of

30 to 60 mL/min/1.73m2. CREDENCE participants were random-

ized to canagliflozin 100 mg or placebo.

3 | RESULTS

Of the 14 543 participants in the pooled population, 3514 had CKD

without PAD (canagliflozin, n = 1792; placebo, n = 1722; mean

eGFR, 46 mL/min/1.73m2; mean age, 65 years; symptomatic CVD

history, 49%; insulin use, 64%), and 1156 had CKD and PAD

TABLE 1 Baseline characteristics of patients with CKD (no PAD) and CKD with PAD

CKD (no PAD) CKD with PAD

Full cohort PSM cohort Full cohort PSM cohort

Canagliflozin

(n = 1792)

Placebo

(n = 1722)

Canagliflozin

(n = 1605)

Placebo

(n = 1605)

Canagliflozin

(n = 626)

Placebo

(n = 508)

Canagliflozin

(n = 483)

Placebo

(n = 483)

Mean age, y 65 65 65 65 66 66 66 66

Female, % 38 38 38 38 36 35 35 35

Mean duration of diabetes, y 16 16 16 16 17 17 17 17

History of CV disease, % 50 48 49 49 95 97 98 97

History of hypertension, % 97 98 98 98 98 98 98 98

History of heart failure, % 14 13 14 14 23 25 24 25

Mean HbA1c, % 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2

SBP, mmHg 139 139 139 139 140 139 139 139

DBP, mmHg 77 77 77 77 76 76 76 76

Mean eGFR, mL/min/1.73m2 46 46 46 46 46 45 46 45

Median UACR, mg/mmol (mg/g) 44 (388) 53 (464) 46 (408) 48 (421) 50 (439) 56 (499) 52 (460) 51 (453)

Insulin use, % 65 63 65 63 73 75 73

Abbreviations: CKD, chronic kidney disease; CV, cardiovascular; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; PAD, peripheral

arterial disease; PSM, propensity score matching; SBP, systolic blood pressure; UACR, urine albumin-creatinine ratio.
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(canagliflozin, n = 626; placebo, n = 530; mean eGFR, 46 mL/

min/1.73m2; mean age, 66 years; symptomatic CVD history, 96%;

insulin use, 74%) at baseline (Table 1).

In those with CKD and PAD, canagliflozin reduced the risk of

MACE (hazard ratio [HR], 0.62; 95% confidence interval [CI], 0.47,

0.83), the composite of hospitalization for heart failure (HHF) or CV

death (HR, 0.62; 95% CI, 0.46, 0.82), dSCr (HR, 0.45; 95% CI, 0.27,

0.74), ESKD (HR, 0.47; 95% CI, 0.29, 0.77), and the composite of

ESKD or dSCr (HR, 0.51; 95% CI, 0.33, 0.79; Figure 1A). There was no

heterogeneity of effect or absolute risk reduction (ARR) with canagli-

flozin treatment between participants with and without PAD

(P interaction > .20 for all outcomes).

After PSM, 3210 participants had CKD without PAD (mean

eGFR, 46 mL/min/1.73m2; symptomatic CVD history, 49%; insulin

use, 64%), and 966 had CKD and PAD (mean eGFR, 46 mL/

min/1.73m2; symptomatic CVD history, 98%; insulin use, 74%),

with equal numbers in the canagliflozin and placebo groups

(Table 1). There was no heterogeneity of effect with canagliflozin

between groups (P interaction > .20 for all outcomes; Figure 1B). The

outcomes were similar between the full and PSM cohorts.

No increase in the relative risk of serious adverse events (SAEs),

kidney-related SAEs or lower limb amputation was observed with

canagliflozin, regardless of baseline PAD status (P = .331; Table S1).

4 | CONCLUSIONS

The present analysis examined individual pooled data from the CAN-

VAS Program and CREDENCE trial in participants with CKD with or

without PAD at baseline. In these high-risk participants, canagliflozin

showed consistent CV and kidney benefits irrespective of PAD. The

MACE benefit with canagliflozin in individuals with T2D, CKD and

PAD translates into an ARR of �26.0 events/1000 patients over

2.5 years versus placebo.

PAD is present among 24% to 37% of those with CKD, with con-

tributions from both traditional and non-traditional CV risk factors,

Full cohort HR (95% CI)
P 

interaction
P 

interaction
ARR per 1000

patients/2.5 years

CKD
CKD + PAD

HHF or CV death
CKD
CKD + PAD

dSCr
CKD
CKD + PAD

ESKD
CKD
CKD + PAD

ESKD or dSCr
CKD
CKD + PAD

182/1792
92/626

154/1792
85/626

76/1792
25/626

84/1792
26/626

102/1792
35/626

207/1722
106/530

186/1722
99/530

120/1722
41/530

113/1722
42/530

145/1722
51/530

0.77 (0.63, 0.94)
0.62 (0.47, 0.83)

0.73 (0.59, 0.91)
0.62 (0.46, 0.82)

0.56 (0.42, 0.75)
0.45 (0.27, 0.74)

0.67 (0.50, 0.88)
0.47 (0.29, 0.77)

0.62 (0.48, 0.80)
0.51 (0.33, 0.79)

.20

.36

.48

.22

.43

–12.5 (–21.4, –3.5)
–26.0 (–46.9, –5.2)

–11.2 (–19.6, –2.9)
–30.9 (–50.5, –11.3)

–12.4 (–18.6, –6.1)
–15.2 (–26.3, –4.0)

–8.2 (–14.5, –1.8)
–15.7 (–27.5, –3.8)

–11.9 (–18.9, –4.8)
–17.4 (–30.4, –4.5)

.70

.34

.63

.32

.51

Favours canagliflozin Favours placebo

MACE

(A)
Number of participants

with an event (n/N)
Canagliflozin Placebo

Favours canagliflozin Favours placebo

Favours canagliflozin Favours placebo

(B)

PSM cohort

Number of participants
with an event (n/N)

Canagliflozin Placebo
P 

interaction

CKD
CKD + PAD

HHF or CV death
CKD
CKD + PAD

dSCr
CKD
CKD + PAD

ESKD
CKD
CKD + PAD

ESKD or dSCr
CKD
CKD + PAD

157/1605
76/483

129/1605
67/483

68/1605
20/483

78/1605
22/483

93/1605
29/483

201/1605
96/483

179/1605
92/483

107/1605
36/483

99/1605
37/483

130/1605
45/483

MACE
0.73 (0.59, 0.90)
0.69 (0.51, 0.93)

0.67 (0.53, 0.84)
0.63 (0.46, 0.87)

0.60 (0.44, 0.81)
0.50 (0.29, 0.86)

0.75 (0.55, 1.00)
0.54 (0.32, 0.92)

0.67 (0.51, 0.88)
0.59 (0.37, 0.93)

.74

.74

.58

.29

.58

HR (95% CI)

0.25 0.5 1.0 2.0 –60 –50 –40 –30 –20 –10 0 10

0.25 0.5 1.0 2.0

F IGURE 1 Effects of canagliflozin on CV and kidney outcomes by PAD status in A, The full cohort, and B, The PSM cohort. ARR, absolute risk
reduction; CI, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; dSCr, doubling of serum creatinine; ESKD, end-stage kidney
disease; HHF, hospitalization for heart failure; HR, hazard ratio; MACE, major adverse cardiovascular event; PAD, peripheral arterial disease; PSM,
propensity score matching
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including inflammation, mineral-bone disease and other metabolic

complications of CKD.8,9 The presence of both CKD and PAD confers

a 2-fold higher risk of death than either condition alone.8 Our analysis

of participants with baseline CKD with or without PAD shows the rel-

ative and absolute benefits conferred by canagliflozin on CV and kid-

ney outcomes in this high-risk CV population. The rates of SAEs were

lower with canagliflozin relative to placebo, with no increase in the

rates of serious kidney-related AEs or lower limb amputation. Simi-

larly, Barraclough et al. showed that canagliflozin consistently

decreased the risk of major CV and kidney outcomes in patients with

T2D, regardless of PAD status at baseline. Participants with PAD had

higher risk for CV events and showed greater ARR with canagliflozin,

without an increase in total SAEs.7 Furthermore, no increase in the

relative risk of extended MALE was observed with canagliflozin,

regardless of PAD status. Although this analysis did not assess

extended MALE, the incidence of lower limb amputation was similar

in both treatment groups—with or without PAD—thus extending the

findings of Barraclough et al. to an even higher-risk subpopulation:

those with T2D, CKD and PAD.

The strengths of this analysis include the diligent conduct and

robust design of the randomized outcome trials; a cohort of individ-

uals with T2D, CKD and PAD at baseline (> 1100 participants); and a

considerable follow-up period. However, this post hoc analysis was

exploratory and not powered to detect differences between partici-

pants with and without PAD.

In conclusion, canagliflozin significantly reduced the risk of three-

point MACE, the composite of HHF or CV death, dSCr, ESKD, and the

composite of ESKD or dSCr in participants with T2D co-morbid with

CKD, regardless of PAD history.
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