
Impact of Canagliflozin on Kidney and Cardiovascular Outcomes
by Type 2 Diabetes Duration: A Pooled Analysis of the CANVAS
Program and CREDENCE Trials

Sheldon W. Tobe, Thomas A. Mavrakanas, Harpreet S. Bajaj, Adeera Levin, Navdeep Tangri, April Slee,
Brendon L. Neuen, Vlado Perkovic, Kenneth W. Mahaffey, Wally Rapattoni, and Fernando G. Ang

Diabetes Care 2024;47(3):501–507 | https://doi.org/10.2337/dc23-1450

Impact of Canagliflozin on Kidney, Albuminuria  and Cardiovascular outcomes by Type 2 Diabetes dura�on: 
Pooled analysis of the CANVAS Program and CREDENCE trials.                                                                                              
Sheldon W. Tobe, Thomas A. Mavrakanas, Harpreet S. Bajaj, Adeera Levin, Navdeep Tangri, April Slee, Brendon L. Neuen, Vlado Perkovic, Kenneth W. Mahaffey, Wally Rapa�oni, Fernando G. Ang

Canagliflozin consistently confers cardiorenal benefits in pa�ents regardless of type  2  diabetes  dura�on.

*Data are mean (SD) or median (IQR) unless otherwise noted.
ClinicalTrials.gov Iden�fier : NCT01032629, NCT01989754, and NCT0206579. * Composite: Kidney failure requiring therapy or doubling of serum crea�nine, MACE and HHF

† > 1 step increase in ACR category along with an increase in ACR > 30% from baseline; ‡ > 1 step decrease in ACR category along with a decrease in ACR > 30% from baseline

Par�cipants with an event n/N                                 
CANA        Placebo                               HR (95% CI)        

Absolute Risk Reduc�on 
(ARR)/1000 par�cipants/2.5 yrs

Interac�on
P value

Favors PBO      Favors CANA Favors Placebo      Favors CANA

Interac�on
P value

Post hoc analysis of integrated pooled, 
pa�ent level data (n=14,542) CANVAS Program   and    CREDENCE

(n=10,141)                               (n=4,401) 
CV and Kidney composite* 

Albuminuria progression† 

Albuminuria regression‡
Overall                1,782/3,791         1,037/3,367                                                 1.70 (1.57, 1.84)
<5y                       162/325                89/268                                                    1.70 (1.31, 2.21)
≥ 5 - ≤10y             385/807              216/718                                                    1.82 (1.54, 2.16)
>10 - ≤15y           470/1,101            274/848                                                    1.57 (1.35, 1.82)
>15y                     765/1,648           458/1,533                                                   1.72 (1.53, 1.93) 

� Regardless of the dura�on of type 2 diabetes, canagliflozin demonstrated sustained reduc�on of CV and kidney outcomes.
The total risk reduc�on was greater in individuals with higher cardiovascular and kidney risk.

� Within 5 years of type 2 diabetes diagnosis, canagliflozin  posi�vely  impacted  on  albuminuria  progression  and  regression,  an  
important considera�on in primary care

Overall                 1,051/7,992         1,038/6,540      
<5y                          107/875               72/653
≥ 5 - ≤10y              217/1,839          225/1,494
>10 - ≤15y             287/2,311          283/1,837
>15y                       440/2,967          458/2,556

0.71 (0.65, 0.77)
0.98 (0.73, 1.32)           0.17 
0.69 (0.57, 0.83)
0.70 (0.59, 0.82)
0.68 (0.60, 0.78)     

Overall                1,495/5,454        1,306/4,067                                                 0.68 (0.63, 0.73) 
<5y                         189/671            144/474                                                    0.76 (0.61, 0.94)
≥ 5 - ≤10y             345/1,290 304/967                                                    0.70 (0.60, 0.82)                                      
>10 - ≤15y            433/1,665          376/1,248                                                  0.71 (0.62, 0.82)
>15y                      528/1,828          482/1,378                                                  0.61 (0.54, 0.69)

Favors CANA     Favors PBO Favors CANA     Favors Placebo

0.51

Characteris�c* Dura�on of type  2 diabetes  (T2D) ,  years

< 5
n=1,528

≥5 - ≤ 10
n=3,333

>10 - ≤15
n=4,148

>15
n=5,523

Age, y 59.5 (9.3) 62.0 (8.5) 62.7 (8.1) 65.3 (8.1)

Female, % 33.4 33.5 36.0 36.3

Type 2 diabetes dura�on, y 2.7 (1.3) 7.7 (1.7) 12.8 (1.5) 22.4 (6.1)

History Hypertension % 88.2 91.7 91.7 93.6

eGFR mL/min/1.73m2 77.0 (21.8) 73.0 (22.0) 72.7 (21.8) 65.1 (20.9)

UACR, mg/mmol 1.7 (0.8, 23.3)  (0.9, 52.0)  (0.9, 42.8)  (1.2, 84.1)

0.23
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0.59
125.4 (107.8, 142.9)
132.9 (  66.3, 199.5) 0.63

145.1 (106.6, 183.7)
110.3 (  76.1, 144.4)
122.7 (  96.9, 148.6)

−19.5 (−24.6, −14.5)
−0.1 (−13.8, 13.6)

−19.3 (−29.6, −8.9)
−20.3 (−29.5, −11.2)
−23.9 (−32.5, −15.2)

−59.5 (−70.8, −48.2)
−37.0 (−68.1, −5.9)

−57.7 (−80.5, −34.9)
−52.2 (−71.4, −33.0)
−76.8 (−98.0, −55.7)

0.20 

ACR, albumin-to-crea�nine ra�o; ARR, absolute risk reduc�ons; CANVAS, Canagliflozin Cardiovascular Assessment Study; CREDENCE, Evalua�on of the Effects of Canagliflozin on Renal and
Cardiovascular Outcomes in Par�cipants With Diabe�c Nephropathy; CV, cardiovascular, eGFR, es�mated glomerular filtra�on rate; HHF, hospitaliza�on for heart  failure; HR, hazard ra�o; IQR,
interquar�le range; MACE, major adverse cardiovascular event; PBO, placebo; UACR, urinary albumin-to-crea�nine ra�o

2.8 2.6 10.6

ARTICLE HIGHLIGHTS

� Why did we undertake this study?
This pooled analysis of the Canagliflozin Cardiovascular Assessment Study (CANVAS) Program and Evaluation of the Effects of Canagliflozin on
Renal and Cardiovascular Outcomes in Participants With Diabetic Nephropathy (CREDENCE) trials determined whether type 2 diabetes duration
(by 5-year intervals) modified canagliflozin effects on cardiovascular and kidney outcomes, including progression and regression of albuminuria.

� What is the specific question we wanted to answer?
This study assessed the effect of diabetes duration on the efficacy of the sodium–glucose cotransporter inhibitor canagliflozin.

� What did we find?
Canagliflozin imparted benefits in participants with type 2 diabetes, across all time intervals, with no heterogeneity for cardiovascular or kidney
events, including the progression and regression of albuminuria within the first 5 years of diabetes.

� What are the implications of our findings?
Our findings demonstrated treating individuals with type 2 diabetes with canagliflozin confers consistent cardiorenal benefits for recent and long-
standing diabetes duration.
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OBJECTIVE

The study was undertaken because it was unknown whether the duration of type 2
diabetes modifies the effects of sodium–glucose cotransporter 2 inhibitor canagli-
flozin on cardiovascular (CV) and kidney outcomes.

RESEARCH DESIGN AND METHODS

This post hoc analysis of the Canagliflozin Cardiovascular Assessment Study (CAN-
VAS) Program (N = 10,142) and Evaluation of the Effects of Canagliflozin on Renal
and Cardiovascular Outcomes in Participants With Diabetic Nephropathy (CRE-
DENCE) trial (N = 4,401) evaluated hazard ratios and 95% CIs using Cox propor-
tional hazards for the effects of canagliflozin on CV and kidney outcomes,
including progression and regression of albuminuria over 5-year intervals of dis-
ease duration.

RESULTS

Canagliflozin had ranges of benefit across intervals of diabetes duration, with no
heterogeneity for major adverse CV events, CV death or heart failure hospitaliza-
tion, and kidney failure requiring therapy or doubling serum creatinine. Further-
more, canagliflozin reduced albuminuria progression and increased albuminuria
regression with no interaction across all diabetes duration subgroups.

CONCLUSIONS

Our findings suggest that earlier treatment with canagliflozin confers consistent
cardiorenal benefits to individuals with type 2 diabetes.

Type 2 diabetes remains the most common reason for kidney replacement therapy
requiring dialysis. There is persistent residual kidney risk from type 2 diabetes,
even after achieving blood pressure control, including the use of renin angiotensin
aldosterone system inhibitors (1). To address the benefit of sodium–glucose co-
transporter inhibitor (SGLT2i) on cardiovascular (CV) and kidney outcomes, we con-
ducted a post hoc analysis to assess the effects of canagliflozin versus placebo on
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CV and kidney events in participants
with type 2 diabetes and high CV risk
and/or CKD, according to baseline dura-
tion of diabetes.

RESEARCH DESIGN AND METHODS

Study Design and Participants
This post hoc analysis is an integrated,
pooled, patient-level data meta-analysis
from the Canagliflozin Cardiovascular As-
sessment Study (CANVAS) Program and
the Effects of Canagliflozin on Renal and
Cardiovascular Outcomes in Participants
With Diabetic Nephropathy (CREDENCE)
trials. Both were randomized, double-
blinded, placebo controlled, multicenter
studies.The CANVAS Program (N = 10,142)
consisted of twomulticenter, double-blind,
placebo-controlled, randomized trials,
CANVAS and Canagliflozin Cardiovascular
Assessment Study–Renal (CANVAS-R). Eligi-
ble participants had type 2 diabetes (HbA1c
of 7.0–10.5% [53–91 mmol/mol]), an es-
timated glomerular filtration rate (eGFR)
>30 mL/min/1.73 m2, and were either
aged$30 years with a history of symptom-
atic atherosclerotic CV disease or aged
$50 years with at least two CV risk factors
(2,3) The CREDENCE trial consisted of 4,401
participants with type 2 diabetes with
HbA1c of 6.5–12.0% (48–108 mmol/mol),
eGFR of 30–89 mL/min/1.73 m2, and albu-
minuria of>300 to#5,000 mg/g (>33.9–
565.6 mg/mmol) (4). Participants in each
study were randomized to receive cana-
gliflozin or placebo (in addition to stan-
dard of care therapy). Although the study
participants across the two treatment
groups had similar characteristics, there
were differences between the studies
due to inclusion criteria. In CREDENCE, all
participants at baseline had severely
increased albuminuria. In the CANVAS
Program, 18% of participants had ab-
normal urine albumin-to-creatinine ra-
tio (ACR) at baseline and �20% had an
eGFR <60 mL/min/1.73 m2.With respect
to CV risk profile, 66% of participants in
the CANVAS Program had established CV
disease compared with 50% in CREDENCE.
Detailed study methods, statistical analy-
sis plan, and reporting of the CANVAS Pro-
gram and CREDENCE trials have been
previously published (5,6). The CREDENCE
and CANVAS Program studies were ap-
proved by ethics committees at each
site and registered at Clinicaltrials.gov
(CREDENCE study NCT02065791, CANVAS

Program studies NCT01032629 and
NCT01989754).

Outcomes and Analyses
This post hoc analysis was based on the
intent-to-treat analysis set of the CANVAS
Program (N = 10,142) and CREDENCE trial
(N = 4,401), which included participants
who were randomized to canagliflozin or
placebo and had values for all selected
outcomes (4,7). Categorical variables are
represented as counts and percentage of
cohort totals, and continuous variables
are represented as mean and SD or me-
dian and interquartile range. The effects
of canagliflozin versus placebo were ex-
amined for CV and kidney outcomes in
study participants according to baseline
duration of diabetes. Diabetes duration
was divided into four time periods: <5,
$5 to#10, >10 to#15, and >15 years.
This analysis pooled patient-level data
from the CANVAS Program and the CRE-
DENCE trial to determine the effect of
canagliflozin versus placebo on the follow-
ing outcomes:

• CV events (major adverse CV event
[MACE] and the composite of CV death
or hospitalization for heart failure)

• CKD progression (doubling of serum
creatinine)

• The composite of kidney and CV events
(kidney failure requiring therapy or
doubling of serum creatinine, MACE,
and hospitalization for heart failure).

• Albuminuria progression and regression
(change in albuminuria class plus a
change in urine ACR by at least 30%
from baseline). Albuminuria was de-
fined as normo-, micro-, or macroalbu-
minuria, now known as normal (stage
A1; <30 mg/g [3.39 mg/mmol]),
moderate (stage A2; 30–300 mg/g
[3.39–33.9mg/mmol]), and severe (stage
A3;>300mg/g [33.9mg/mmol]) (8).

Hazard ratios (HR) and 95% CI for each
outcome were estimated separately us-
ing Cox regression models, by duration
of diabetes group. Interaction P values
were calculated in a single model for
each outcome by including treatment
group by diabetes duration interaction.
Absolute risk reductions per 1,000 pa-
tients over 2.5 years were calculated. A
Poisson model was used to estimate the
event rates per 100 patient-years of al-
buminuria progression or regression to

compare the impact of canagliflozin on
the risk of improved and worsening
albuminuria.

A two-sided P < 0.05 for the interac-
tion term was deemed probable to re-
flect a difference beyond chance. While
this is a post hoc combined analysis, the
analyses of these outcomes were pre-
specified for each of the included trials,
and the results should be interpreted in
this context. Analyses were performed
using SAS 9.4 software (SAS Institute,
Cary, NC).

Data and Resource Availability
The data sharing policy of Janssen Phar-
maceutical Companies of Johnson &
Johnson is available at https://www
.janssen.com/clinical-trials/transparency.
As noted on this site, requests for ac-
cess to the study data can be submitted
through the Yale Open Data Access
(YODA) Project site at https://yoda.yale
.edu.

RESULTS

With increasing duration of diabetes,
participants in these studies were older,
less likely to have a history of heart fail-
ure, but more likely to have a lower
eGFR and higher ACR (Table 1). There
was no significant interaction between
the duration of type 2 diabetes and the
effect of canagliflozin on cardiovascular
outcomes. The HR for MACE ranged
from 1.08 to 0.77 in those with diabetes
duration<5 to>15 years, and the abso-
lute risk reduction ranged from 2.5 to
�13.6 per 1,000 patients over 2.5 years
(number needed to treat [NNT] 73)
(Fig. 1). The HR for the composite out-
come of CV death or hospitalization for
heart failure ranged from 0.75 to 0.80
in those with diabetes duration <5 to
>15 years, and the absolute risk reduc-
tion ranged from�8.5 to�7.2 per 1,000
patients over 2.5 years. Similarly, the HR
for the composite CV and kidney end
point ranged from 0.98 to 0.68 in those
with diabetes duration <5 to >15 years,
and the absolute risk reduction ranged
from �0.1 to �23.9 per 1,000 patients
over 2.5 years.

There was no significant interaction
between the duration of type 2 diabetes
and the effect of canagliflozin on the
doubling of serum creatinine, on the
doubling of serum creatinine or kidney
failure requiring therapy, or between the

502 Canagliflozin Benefits by Diabetes Duration Diabetes Care Volume 47, March 2024

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/47/3/501/748525/dc231450.pdf by guest on 20 M
arch 2024

https://www.clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02065791
https://clinicaltrials.gov/ct2/show/NCT01032629
https://clinicaltrials.gov/ct2/show/NCT01989754
https://www.janssen.com/clinical-trials/transparency
https://www.janssen.com/clinical-trials/transparency
https://yoda.yale.edu
https://yoda.yale.edu


T
a
b
le

1—
B
as

el
in
e
d
em

o
g
ra
p
h
ic

a
n
d
cl
in
ic
al

ch
ar
ac

te
ri
st
ic
s
o
f
th

e
p
o
o
le
d
C
A
N
V
A
S
P
ro

g
ra
m

a
n
d
C
R
E
D
E
N
C
E
tr
ia
l

<
5
ye
ar
s

$
5
to

#
10

ye
ar
s

>
10

ye
ar
s
to

#
15

ye
ar
s

>
15

ye
ar
s

C
A
N
A

(n
=
87

5)
PB

O
(n

=
65

3)
To
ta
l

(N
=
1,
52

8)
C
A
N
A

(n
=
1,
83

9)
PB

O
(n

=
1,
49

4)
To
ta
l

(N
=
3,
33

3)
C
A
N
A

(n
=
2,
31

1)
PB

O
(n

=
1,
83

7)
To
ta
l

(N
=
4,
14

8)
C
A
N
A

(n
=
2,
96

7)
PB

O
(n

=
2,
55

6)
To
ta
l

(N
=
5,
52

3)

A
ge

(y
ea
rs
)

59
.4

±
9.
4

59
.7

±
9.
2

59
.7

±
9.
3

62
.0

±
8.
5

61
.9

±
8.
6

62
.0

±
8.
5

62
.6

±
8.
2

63
.0

±
7.
9

62
.7

±
81

65
.3

±
8.
0

65
.4

±
8.
3

65
.3

±
8.
1

Se
x Fe

m
al
e

27
7
(3
1.
7)

23
3
(3
5.
7)

51
0
(3
3.
4)

61
1
(3
3.
2)

50
6
(3
3.
9)

1,
11

7
(3
3.
5)

82
8
(3
5.
8)

66
4
(3
6.
1)

1,
49

2
(3
6.
0)

1,
08

0
(3
6.
4)

92
4
(3
6.
2)

2,
00

4
(3
6.
3)

M
al
e

59
8
(6
8.
3)

42
0
(6
4.
3)

1,
01

8
(6
6.
6)

1,
22

8
(6
6.
8)

98
8
(6
6.
1)

2,
21

6
(6
6.
5)

1,
48

3
(6
4.
2)

1,
17

3
(6
3.
9)

2,
65

6
(6
4.
0)

1,
88

7
(6
3.
6)

1,
63

2
(6
3.
8)

3,
51

9
(6
3.
7)

R
ac
e A
si
an

15
2
(1
7.
4)

94
(1
4.
4)

24
6
(1
6.
1)

28
3
(1
5.
4)

21
0
(1
4.
1)

49
3
(1
4.
8)

33
5
(1
4.
5)

25
3
(1
3.
8)

58
8
(1
4.
2)

43
2
(1
4.
6)

40
1
(1
5.
7)

83
3
(1
5.
1)

B
la
ck

o
r
A
fr
ic
an

A
m
er
ic
an

33
(3
.8
)

31
(4
.7
)

67
(4
.2
)

59
(3
.2
)

64
(4
.3
)

12
3
(3
.7
)

74
(3
.2
)

75
(4
.1
)

14
9
(3
.6
)

12
2
(4
.1
)

10
2
(4
.0
)

22
4
(4
.1
)

O
th
er
*

48
(5
.5
)

36
(5
.5
)

84
(5
.5
)

11
0
(6
.0
)

92
(6
.2
)

20
1
(6
.1
)

13
0
(5
.6
)

12
0
(6
.5
)

25
0
(6
.0
)

22
4
(7
.5
)

18
7
(7
.3
)

41
1
(7
.4
)

W
h
it
e

64
2
(7
3.
4)

49
2
(7
5.
3)

1,
13

4
(7
4.
2)

1,
38

7
(7
5.
4)

1,
12

8
(7
5.
5)

2,
51

5
(7
5.
5)

1,
77

2
(7
6.
7)

1,
38

9
(7
5.
6)

3,
16

1
(7
6.
2)

2,
18

9
(7
3.
8)

1,
86

6
(7
3.
0)

4,
05

5
(7
3.
4)

D
ai
ly

ci
ga
re
tt
e
sm

o
ke
r

19
9
(2
2.
7)

18
3
(2
1.
1)

38
2
(2
2.
1)

35
8
(1
9.
5)

27
6
(1
8.
5)

63
4
(1
9.
0)

41
9
(1
8.
2)

34
6
(1
8.
8)

76
5
(1
8.
4)

38
5
(1
3.
0)

32
3
(1
2.
6)

70
8
(1
2.
8)

H
is
to
ry

o
f
hy
p
er
te
n
si
o
n

76
2
(8
8.
1)

58
6
(9
0.
7)

1,
34

8
(8
9.
2)

1,
67

7
(9
2.
2)

1,
37

8
(9
3.
2)

3,
05

5
(9
2.
7)

2,
10

3
(9
1.
8)

1,
70

2
(9
3.
4)

3,
80

5
(9
2.
5)

2,
77

3
(9
4.
2)

2,
39

5
(9
4.
9)

5,
16

8
(9
4.
5)

H
is
to
ry

o
f
h
ea
rt

fa
ilu
re

17
5
(2
4.
2)

13
9
(2
6.
8)

31
4
(2
5.
3)

31
0
(2
1.
8)

26
6
(2
4.
3)

57
6
(2
2.
9)

29
5
(1
5.
6)

25
1
(1
7.
8)

54
6
(1
6.
5)

35
1
(1
6.
9)

32
4
(1
9.
8)

67
5
(1
8.
2)

Ty
p
e
2
d
ia
b
et
es

d
u
ra
ti
o
n

(y
ea
rs
)

2.
7
±
1.
3

2.
7
±
1.
3

2.
7
±
1.
3

7.
7
±
1.
7

7.
8
±
1.
7

7.
7
±
1.
7

12
.8

±
1.
5

12
.8

±
1.
5

12
.8

±
1.
5

22
.3

±
6.
2

22
.6

±
6.
1

22
.4

±
6.
1

B
as
el
in
e
in
su
lin

u
se

19
5
(2
2.
3)

13
1
(2
0.
1)

32
6
(2
1.
3)

72
0
(3
9.
2)

61
5
(4
1.
2)

1,
33

5
(4
0.
1)

1,
26

2
(5
4.
6)

99
8
(5
4.
3)

2,
26

0
(5
4.
5)

2,
16

4
(7
2.
9)

1,
88

9
(7
3.
9)

4,
05

3
(7
3.
4)

H
is
to
ry

o
f
C
V
d
is
ea
se

66
1
(7
5.
5)

46
7
(7
1.
5)

1,
12

8
(7
3.
8)

1,
27

5
(6
9.
3)

1,
03

6
(6
9.
3)

2,
31

1
(6
9.
3)

1,
13

5
(4
9.
1)

95
3
(5
1.
9)

2,
08

8
(5
0.
3)

1,
79

5
(6
0.
5)

1,
54

8
(6
0.
6)

3,
34

3
(6
0.
5)

H
is
to
ry

o
f
am

p
u
ta
ti
o
n

14
(2
.0
)

3
(0
.6
)

17
(1
.4
)

37
(2
.7
)

30
(2
.9
)

67
(2
.8
)

69
(3
.7
)

46
(3
.3
)

11
5
(3
.6
)

13
5
(6
.7
)

13
8
(8
.9
)

27
3
(7
.6
)

A
ny

at
h
er
o
sc
le
ro
ti
c

d
is
ea
se

(c
o
ro
n
ar
y,

ce
re
b
ro
va
sc
u
la
r,

p
er
ip
h
er
al
)

67
5
(8
6.
5)

48
3
(8
6.
3)

1,
15

8
(8
6.
4)

1,
33

1
(8
4.
8)

1,
07

8
(8
6.
3)

2,
40

9
(8
5.
5)

1,
29

5
(6
3.
2)

1,
08

1
(6
8.
0)

2,
37

6
(6
5.
3)

1,
93

5
(7
7.
2)

1,
65

7
(8
0.
9)

3,
59

2
(7
8.
9)

H
is
to
ry
-c
o
ro
n
ar
y
va
sc
u
la
r

d
is
ea
se

51
4
(6
8.
6)

35
4
(6
7.
2)

86
8
(6
8.
0)

1,
00

4
(6
7.
8)

81
2
(6
9.
8)

1,
81

6
(6
8.
7)

95
1
(4
8.
9)

78
4
(5
24

)
1,
73

5
(5
0.
5)

1,
41

4
(6
2.
3)

1,
19

4
(6
5.
8)

2,
60

8
(6
3.
8)

H
is
to
ry
-p
er
ip
h
er
al

va
sc
u
la
r

d
is
ea
se

19
1
(2
6.
0)

12
9
(2
4.
7)

32
0
(2
5.
5)

37
0
(2
5.
9)

31
9
(2
8.
8)

68
9
(2
7.
2)

41
7
(2
1.
6)

34
9
(2
3.
9)

76
6
(2
2.
6)

72
8
(3
2.
7)

65
3
(3
7.
0)

1,
38

1
(3
4.
6)

H
is
to
ry
-c
er
eb

ro
va
sc
u
la
r

d
is
ea
se

18
5
(2
5.
8)

12
7
(2
4.
9)

31
2
(2
5.
4)

38
1
(2
6.
9)

28
8
(2
6.
5)

66
9
(2
6.
7)

35
9
(1
9.
0)

32
0
(2
2.
2)

67
9
(2
0.
4)

53
0
(2
5.
2)

46
8
(2
8.
2)

99
8
(2
6.
5)

H
is
to
ry
-c
o
ro
n
ar
y

re
va
sc
u
la
ri
za
ti
o
n

28
6
(3
9.
9)

19
6
(3
8.
9)

48
2
(3
9.
5)

57
6
(4
1.
2)

47
2
(4
4.
2)

1,
04

8
(4
2.
5)

53
7
(2
8.
8)

45
7
(3
2.
0)

99
4
(3
0.
2)

89
0
(4
2.
3)

73
1
(4
4.
7)

1,
62

1
(4
3.
4)

H
is
to
ry
-c
ar
o
ti
d

re
va
sc
u
la
ri
za
ti
o
n

1
(0
.1
)

0
(0
.0
)

1
(0
.1
)

10
(0
.7
)

9
(0
.9
)

19
(0
.8
)

9
(0
.5
)

12
(0
.9
)

21
(0
.7
)

15
(0
.8
)

19
(1
.3
)

34
(1
.0
)

H
is
to
ry
-p
er
ip
h
er
al

re
va
sc
u
la
ri
za
ti
o
n

34
(4
.8
)

19
(3
.9
)

53
(4
.4
)

85
(6
.3
)

65
(6
.4
)

15
0
(6
.3
)

73
(4
.0
)

70
(5
.1
)

14
3
(4
.5
)

13
5
(6
.9
)

16
1
(1
0.
6)

29
6
(8
.5
)

B
M
I
(k
g/
m

2
)

31
.7

±
6.
0

32
.2

±
6.
2

31
.9

±
6.
1

31
.9

±
6.
0

31
.6

±
5.
9

31
.7

±
6.
0

32
.0

±
6.
0

32
.0

±
6.
0

32
.0

±
6.
0

31
.6

±
5.
9

31
.5

±
6.
1

31
.5

±
6.
0

C
o
n
ti
n
u
ed

o
n
p
.5

0
4

diabetesjournals.org/care Tobe and Associates 503

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/47/3/501/748525/dc231450.pdf by guest on 20 M
arch 2024

https://diabetesjournals.org/care


duration of type 2 diabetes and the
effect of canagliflozin on albuminuria
(Fig. 1). Within the diabetes duration
subgroups, for the albuminuria end
points of progression and regression,
canagliflozin reduced the incidence of
progression, and increased the incidence
of regression, across each subgroup of
diabetes duration, including participants
with type 2 diabetes of <5 years. In
study participants with type 2 diabetes
duration of <5 years, the incidence of
albuminuria progression was reduced
with canagliflozin compared with pla-
cebo (HR 0.76, 95% CI 0.61–0.94; abso-
lute risk reductions for diabetes duration
<5 years 37.0 per 1,000 patients over
2.5 years) and for duration >15 years
(76.8 per 1,000 patients over 2.5 years;
NNT 27 and 13, respectively) (Fig. 1).
Similarly, albuminuria regression was
more frequently observed with canagli-
flozin than placebo in participants with
diabetes duration <5 years (HR 1.70;
95% CI 1.31–2.21; absolute risk improve-
ment for diabetes duration <5 years
132.9 per 1,000 patients over 2.5 years,
NNT 8).

Safety Outcomes
The incidence of any serious adverse
event was significantly lower with cana-
gliflozin compared with placebo in study
participants with type 2 diabetes of any
duration years (P for interaction = 0.74)
(Table 2).

CONCLUSIONS

In this post hoc analysis of participants
with type 2 diabetes and high CV risk or
moderate to severe albuminuria, canagli-
flozin reduced the incidence of CV and
kidney events consistently, regardless of
diabetes duration. Importantly, canagliflo-
zin reduced the incidence of albuminuria
progression and increased albuminuria
regression, regardless of diabetes dura-
tion, including within the first 5 years
from the diagnosis of type 2 diabetes.

This analysis highlights the clinical im-
portance of reducing kidney and CV out-
comes even for people with diabetes of
short duration. These findings suggest
that clinicians should not wait for rising
albuminuria or declining kidney function
to initiate SGLT2i therapy, but rather
consider earlier intervention in people
at highest risk of developing CKD or CV
events. This can be assessed by risk
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calculators (9). Indeed, SGLT2 inhibition
reduces CV, kidney, and mortality out-
comes irrespective of metformin use
(10). The European Society of Cardiology
now has SGLT2i above metformin in the
treatment algorithm for drug-naive pa-
tients with type 2 diabetes at high CV
risk (11).
This analysis has several limitations. It

is a post hoc analysis of three random-
ized controlled trials. As an exploratory
analysis, it was not designedwith adequate

statistical power to evaluate outcomes in
subgroups stratified by diabetes duration.
Further, the trials included moderate- to
high-risk CV disease and CKD popula-
tions; hence, the findings may not be
generalizable to populations with low- to
moderate-risk type 2 diabetes. However,
the large sample size, the inclusion of par-
ticipants with different baseline CV risk,
and different stages of diabetic kidney dis-
ease constitutes important strengths of
our analysis.

In this analysis, earlier treatment with
canagliflozin prevented albuminuria
progression and promoted albuminuria
regression. Canagliflozin demonstrated
CV and kidney benefits, including a re-
duction in CKD progression regardless of
diabetes duration. These findings may
assist clinicians treating individuals with
type 2 diabetes through shared clinical
decision making to manage their disease
more effectively. Treatment with canagli-
flozin confers meaningful and consistent

ARR per 1,000
participants/2.5 years

Interaction
P value 

Interaction
P value PBOCANA
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 Overall
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Figure 1—Effects of canagliflozin (CANA) on CV and kidney outcomes by type 2 diabetes duration. ARR, absolute risk reductions; ESKD, end-stage
kidney disease; PBO, placebo. *Composite that includes MACE, hospitalization for heart failure (HHF), doubling of serum creatinine (dSCr), or kid-
ney failure requiring therapy (KRT). †One-step or more increase in ACR category along with an increase in ACR$30% from baseline. ‡One-step or
more decrease in ACR category along with a decrease in ACR$30% from baseline.
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cardiorenal benefits to individuals living
with type 2 diabetes regardless of the
duration of diabetes.
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