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BACKGROUND People with type 2 diabetes mellitus (T2DM) have elevated cardiovascular (CV) risk, including for

hospitalization for heart failure (HHF). Canagliflozin reduced CV and kidney events in patients with T2DM and high CV risk

or nephropathy in the CANVAS (CANagliflozin cardioVascular Assessment Study) Program and the CREDENCE (Canagli-

flozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation) trial.

OBJECTIVES The aim of this study was to assess the effects of canagliflozin on CV outcomes according to baseline

estimated glomerular filtration rate (eGFR) and urine albumin:creatinine ratio (UACR) in pooled patient-level data from

the CANVAS Program and CREDENCE trial.

METHODS Canagliflozin effects on CV death or HHF were assessed by baseline eGFR (<45, 45-60, and

>60 mL/min/1.73 m2) and UACR (<30, 30-300, and >300 mg/g). HRs and 95% CIs were estimated by using Cox

regression models overall and according to subgroups.

RESULTS A total of 14,543 participants from the CANVAS Program (N ¼ 10,142) and the CREDENCE (N ¼ 4,401) trial

were included, with a mean age of 63 years, 35% female, 75%White, 13.2% with baseline eGFR <45 mL/min/1.73 m2, and

31.9% with UACR >300 mg/g. Rates of CV death or HHF increased as eGFR declined and/or UACR increased. Canagli-

flozin significantly reduced CV death or HHF compared with placebo (19.4 vs 28.0 events per 1,000 patient-years;

HR: 0.70; 95% CI: 0.62-0.79), with consistent results across eGFR and UACR categories (all P interaction >0.40).

CONCLUSIONS Risk of CV death or HHF was higher in those with lower baseline eGFR and/or higher UACR. Canagli-

flozin consistently reduced CV death or HHF in participants with T2DM and high CV risk or nephropathy regardless of

baseline renal function or level of albuminuria. (Canagliflozin Cardiovascular Assessment Study [CANVAS],

NCT01032629; A Study of the Effects of Canagliflozin [JNJ-24831754] on Renal Endpoints in Adult Participants With

Type 2 Diabetes Mellitus [CANVAS-R], NCT01989754; and Evaluation of the Effects of Canagliflozin on Renal and Car-

diovascular Outcomes in Participants With Diabetic Nephropathy [CREDENCE], NCT02065791)

(J Am Coll Cardiol 2022;80:1721–1731) © 2022 Published by Elsevier on behalf of the American College of Cardiology

Foundation.
N 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2022.08.772
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P eople with type 2 diabetes mellitus
(T2DM) have an elevated risk of car-
diovascular (CV) events, including

CV death or hospitalization for heart failure
(HHF), particularly in the presence of chronic
kidney disease.1,2 Estimated glomerular
filtration rate (eGFR) and albuminuria are
complementary markers of chronic kidney
disease that are each associated with an
increased risk of adverse CV events, leading
to recommendations for regular assessment
of these parameters in patients with T2DM.2-5
SEE PAGE 1732
Canagliflozin is a sodium-glucose cotransporter-2
(SGLT2) inhibitor that decreased renal and CV events,
including CV death or HHF, in patients with T2DM
and elevated CV risk in the CANVAS (CANagliflozin
cardioVascular Assessment Study) Program and in
patients with T2DM and nephropathy in the
CREDENCE (Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical
Evaluation) trial.6,7 It has been postulated that the
protective mechanisms of SGLT2 inhibition may be
related in part to decreased glomerular hyper-
filtration and albuminuria.8 Secondary analyses
investigating interactions between eGFR and cana-
gliflozin outcomes have suggested largely consistent
CV benefits of canagliflozin across eGFR subgroups in
the CANVAS Program9 and the CREDENCE trial10; the
evidence, however, was borderline in CREDENCE that
benefit for CV death or HHF may be greater in pa-
tients with a lower eGFR. In CREDENCE, although
canagliflozin exhibited CV and renal benefit across
albuminuria subgroups, absolute renal benefits were
highest in those with severely increased albuminuria
(urine albumin:creatinine ratio [UACR] >300 mg/g).11

It remains uncertain whether the CV benefits of can-
agliflozin are generalizable regardless of baseline
albuminuria and renal function across a wide range of
people with T2DM and elevated CV risk or nephrop-
athy, who are at elevated risk for adverse CV events
(including CV death or HHF).
ta from the CANVAS Program (comprising the Canagliflozin Card

rdiovascular Assessment Study-Renal [CANVAS-R] trials) are ava

Access Project. Data from the CREDENCE (Canagliflozin and Ren

luation) trial will be made available in the public domain via the

d relevant indication studied have been approved by regulators in

een completed for 18 months.

s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received December 15, 2021; revised manuscript received July 2
In these analyses of integrated data from the
CANVAS Program and the CREDENCE trial, the risk
of CV death or HHF, HHF, and CV death in sub-
groups defined according to baseline eGFR (<45, 45-
60, and >60 mL/min/1.73 m2) and UACR (<30, 30-
300, and >300 mg/g) were investigated along with
the CV benefits of canagliflozin across these
subgroups.

METHODS

The study used an individual patient data meta-
analysis from the CANVAS Program and CREDENCE
trial. The trial protocols were reviewed by relevant
regulatory authorities and ethics committees
responsible at each trial site, and all participants
provided written informed consent. The design and
main results of the CANVAS Program12-14 and the
CREDENCE trial6,7 have been previously published.
The CANVAS Program comprises 2 randomized pla-
cebo controlled trials with 10,142 participants with
increased CV risk that was designed to assess the CV
safety and efficacy of canagliflozin compared with
placebo. CREDENCE was a placebo-controlled trial of
canagliflozin in 4,401 patients with T2DM and
increased risk of progressive chronic kidney disease.

PARTICIPANTS. Participants in both studies had T2DM
(glycated hemoglobin $7.0% and #10.5% and eGFR
>30 mL/min/1.73 m2). Participants in the CANVAS Pro-
gram were either aged $30 years with a history of
symptomatic atherosclerotic CV disease, or aged $50
years with $2 risk factors for CV disease. CREDENCE
participants hadT2DMwith similar glycatedhemoglobin
values, eGFR 30 to <90 mL/min/1.73 m2, and a UACR
>300 to 5,000 mg/g.

RANDOMIZATION, TREATMENT, AND FOLLOW-UP.

CANVAS Program and CREDENCE trial participants
were randomly assigned to receive canagliflozin or
placebo. Participants and all study and sponsor staff
were blinded to individual treatment allocations.
Glycemic, renal, and CV therapies were managed ac-
cording to best practice. Face-to-face follow-up
iovascular Assessment Study [CANVAS] and Cana-

ilable in the public domain via the Yale University

al Events in Diabetes with Established Nephropathy

Yale University Open Data Access Project. Once the

the United States and the European Union and the

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

0, 2022, accepted August 12, 2022.
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occurred at least once every 6 months after random-
ization, with alternating telephone follow-up
between face-to-face assessments.

STATISTICAL ANALYSIS. Data were pooled from the
CANVAS Program and the CREDENCE trial. All ana-
lyses used the intention-to-treat set unless otherwise
specified. Demographic and baseline disease charac-
teristics were summarized for each treatment group.
Frequency counts and percentages were provided for
the categorical variables. Summary statistics (number
of subjects, mean � SD, median [minimum and
maximum]) were provided for the continuous
variables.

The effects of canagliflozin compared with placebo
on CV death or HHF, HHF, and CV death were
assessed in subgroups defined according to baseline
eGFR (<45, 45-60, and >60 mL/min/1.73 m2) and
UACR (<30, 30-300, and >300 mg/g). The Modifica-
tion of Diet in Renal Disease equation was used to
determine eGFR in the CANVAS Program analysis,
and the CKD Epidemiology Collaboration Frequency
equation was used in the CREDENCE trial.6,7 Event
rates per 1,000 patient-years of follow-up were
calculated for all outcomes. HRs and 95% CIs were
determined from Cox proportional regression models
including treatment as the explanatory variable.

To assess heterogeneity of the treatment effects
across subgroups of baseline eGFR and/or UACR for
all outcomes, P values for the interaction of treatment
by subgroup were obtained based on Cox propor-
tional hazards regression, including terms of treat-
ment, baseline eGFR and/or UACR subgroup,
and their interaction. No adjustment was made for
multiple comparisons.

RESULTS

PARTICIPANT CHARACTERISTICS. There were 10,142
participants in the CANVAS Program (4,330 in
CANVAS and 5,812 in CANVAS-R), with an overall
median follow-up of 2.4 years (IQR: 2.0-6.0 years).
There were 4,401 participants in the CREDENCE trial,
with a median follow-up of 2.6 years (IQR: 2.1-3.1
years). The CREDENCE trial was stopped in 2018 at the
interim analysis for efficacy at the recommendation of
the data monitoring committee. Among the total of
14,543 participants, the mean age was 63 years, 35% of
participants were female, and 75% were White.
Overall, 14,540 patients had available eGFR values at
baseline and 14,434 patients had baseline UACR
values available. Of the 14,540 participants with
baseline eGFRmeasurements included in this analysis
(Table 1, Supplemental Table 1), 1,919 (13.2%) partici-
pants had baseline eGFR <45 mL/min/1.73 m2 (mean
36.7 mL/min/1.73 m2), 2,972 (20.4%) participants had
eGFR 45 to 60 mL/min/1.73 m2 (mean 53.1 mL/min/1.73
m2), and 9,649 (66.4%) participants had eGFR
>60 mL/min/1.73 m2 (mean 82.3 mL/min/1.73 m2).
Within these eGFR groups, 1,352 (70%), 1,380 (46%),
and 1,901 (20%) participants, respectively, had base-
line UACR >300 mg/g. In addition, within these
groups, a total of 319 (16.6%), 471 (15.8%), and 1,321
(13.7%) had a history of heart failure at baseline.
Baseline characteristics between participants
assigned to receive canagliflozin vs placebo were
balanced among eGFR groups (Supplemental Table 1).

EVENT RATES AND EFFECT OF CANAGLIFLOZIN ON

CV OUTCOMES ACCORDING TO eGFR. Rates of CV
death or HHF, HHF, and CV death increased as eGFR
declined in this integrated analysis of the CANVAS
Program and CREDENCE trial (Central Illustration,
Figure 1, and Supplemental Figures 1 to 3). Overall,
canagliflozin consistently decreased CV death or
HHF, CV death, and HHF compared with placebo
across all eGFR subgroups (all P heterogeneity >0.50).

EVENT RATES AND EFFECT OF CANAGLIFLOZIN ON

CV OUTCOMES ACCORDING TO UACR. Rates of CV
death, HHF, and CV death or HHF increased as UACR
increased, with the highest rates in those with UACR
>300 mg/g (Central Illustration, Figure 2). Canagli-
flozin consistently reduced CV events across UACR
subgroups compared with placebo (all P heterogene-
ity >0.40).

EFFECT OF CANAGLIFLOZIN ON CARDIOVASCULAR

OUTCOMES BY eGFR AND UACR. Within each eGFR
group, rates of CV death or HHF, CV death, and HHF
increased as UACR increased (Central Illustration,
Figure 3). In participants assigned placebo, the risk of
HHF was lowest in participants with UACR <30 mg/g
and eGFR >60 mL/min/1.73 m2 (corresponding to low
renal risk according to Kidney Disease Improving
Global Outcomes criteria) and greatest in those with
UACR >300 mg/g and eGFR <45 mL/min/1.73 m2

(corresponding to very high renal risk according to
Kidney Disease Improving Global Outcomes criteria).
Among placebo participants, HHF rates increased 6.5-
fold between those with UACR 30 mg/g and UACR
300 mg/g and eGFR >60 mL/min/1.73 m2 at baseline
and almost 10-fold as eGFR declined from >60
to <45 mL/min/1.73 m2 in those with UACR <30 mg/g
at baseline.

Overall, compared with placebo, canagliflozin
reduced the risk of CV events, including CV death or
HHF, CV death, or HHF, across subgroups of UACR
within each eGFR category. Among the 9 sets of
subgroups examined in this analysis, there were 2 P
values for homogeneity of effects across subgroups

https://doi.org/10.1016/j.jacc.2022.08.772
https://doi.org/10.1016/j.jacc.2022.08.772
https://doi.org/10.1016/j.jacc.2022.08.772


TABLE 1 Baseline Demographic Characteristics According to eGFR Categories in the Combined Data Set

eGFR <45 mL/min/1.73 m2

(n ¼ 1,919)
eGFR 45 to 60 mL/min/1.73 m2

(n ¼ 2,972)
eGFR >60 mL/min/1.73 m2

(n ¼ 9,649)

Age, y 65.5 � 9.2 65.3 � 8.5 62.0 � 8.2

Female 693 (36.1) 1,121 (37.7) 3,311 (34.3)

Racea

White 1,330 (69.3) 2,204 (74.2) 7,338 (76.0)

Black 87 (4.5) 106 (3.6) 367 (3.8)

Asian 344 (17.9) 463 (15.6) 1,354 (14.0)

Otherb 158 (8.2) 199 (6.7) 590 (6.1)

Region

North America 576 (30.0) 783 (26.3) 2,252 (23.3)

Central/South America 311 (16.2) 447 (15.0) 1,204 (12.5)

Europe 510 (26.6) 853 (28.7) 3,110 (32.2)

Rest of the world 522 (27.2) 889 (29.9) 3,083 (32.0)

Current smoker 220 (11.5) 362 (12.2) 1,863 (19.3)

History of hypertension 1,862 (97.0) 2,835 (95.4) 8,685 (90.0)

History of heart failure 319 (16.6) 471 (15.8) 1,321 (13.7)

Duration of diabetes, y 16.9 � 8.8 15.7 � 8.4 13.2 � 7.7

Drug therapy

Insulin 1,348 (70.2) 1,861 (62.6) 4,770 (49.4)

Sulfonylurea 535 (27.9) 1,018 (34.3) 4,073 (42.2)

Biguanides 694 (36.2) 1,851 (62.3) 7,824 (81.1)

GLP-1 receptor agonist 71 (3.7) 123 (4.1) 396 (4.1)

DPP-4 inhibitor 329 (17.1) 463 (15.6) 1,220 (12.6)

Statin 1,450 (75.6) 2,200 (74.0) 6,985 (72.4)

Antithromboticc 1,277 (66.5) 2,104 (70.8) 6,713 (69.6)

RAAS inhibitor 1,802 (93.9) 2,671 (89.9) 8,035 (83.3)

Beta-blocker 1,001 (52.2) 1,511 (50.8) 4,678 (48.5)

All diuretics 1,115 (58.1) 1,568 (52.8) 3,864 (40.0)

History of microvascular disease

Retinopathy 774 (40.3) 1,030 (34.7) 2,206 (22.9)

Nephropathy 1,615 (84.2) 1,762 (59.3) 2,797 (29.0)

Neuropathy 848 (100.0) 1,217 (100.0) 3,191 (100.0)

History of atherosclerotic vascular diseased

Coronary 794 (41.4) 1,407 (47.3) 4,832 (50.1)

Cerebrovascular 343 (17.9) 582 (19.6) 1,732 (18.0)

Peripheral 480 (25.0) 725 (24.4) 1,954 (20.3)

History of CV disease 1,117 (58.2) 1,843 (62.0) 5,914 (61.3)

History of amputation 106 (5.5) 139 (4.7) 227 (2.4)

Body mass index, kg/m2 31.7 � 6.2 31.7 � 6.1 31.8 � 6.0

Systolic blood pressure, mm Hg 139.3 � 17.1 138.6 � 15.8 137.0 � 15.5

Diastolic blood pressure, mm Hg 76.2 � 10.1 77.1 � 9.7 78.5 � 9.4

HbA1c, % 8.2 � 1.2 8.2 � 1.1 8.3 � 1.0

Cholesterol, mmol/L

Total 4.5 � 1.3 4.5 � 1.2 4.4 � 1.2

HDL 1.1 � 0.3 1.2 � 0.3 1.2 � 0.3

LDL 2.4 � 1.0 2.4 � 1.0 2.3 � 1.0

Ratio of LDL to HDL 2.2 � 1.1 2.2 � 1.0 2.1 � 1.0

Triglycerides, mmol/L 2.3 � 1.5 2.2 � 1.5 2.0 � 1.5

eGFR, mL/min/1.73 m2 36.7 � 5.4 53.1 � 4.6 82.3 � 15.9

UACR, mg/g 687.0 (229.0-1,745.0) 233.6 (13.8-964.0) 15.9 (7.2-133.8)

<30 249 (13.0) 992 (33.4) 5,795 (60.1)

30-300 312 (16.3) 582 (19.6) 1,868 (19.4)

>300 1,352 (70.5) 1,380 (46.4) 1,901 (19.7)

Values are mean� SD, n (%), or median (IQR). aPercentages may not total 100% due to rounding. bIncludes American Indian or Alaska Native, Native Hawaiian or other Pacific
Islander, multiple, other, and unknown. cIncludes anticoagulation and antiplatelet agents, including aspirin. dSome participants had $1 type of atherosclerotic disease.

DPP ¼ dipeptidyl peptidase; eGFR ¼ estimated glomerular filtration rate; GLP ¼ glucagon-like peptide; HbA1c ¼ glycated hemoglobin; HDL ¼ high-density lipoprotein;
LDL ¼ low-density lipoprotein; RAAS ¼ renin-angiotensin-aldosterone system; UACR ¼ urine albumin:creatinine ratio.
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CENTRAL ILLUSTRATION Cardiovascular Death or Hospitalization for Heart Failure According
to Baseline Estimated Glomerular Filtration Rate and Urine Albumin:Creatinine Ratio Categories
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Sarraju A, et al. J Am Coll Cardiol. 2022;80(18):1721–1731.

Effects of canagliflozin compared with placebo on cardiovascular death or hospitalization for heart failure were assessed in subgroups defined

according to baseline estimated glomerular filtration rate (<45, 45-60, and >60 mL/min/1.73 m2) and urine albumin:creatinine ratio (<30,

30-300, and >300 mg/g) categorized by renal risk from low to very high. Annualized incidence rates per 1,000 patient-years of follow-up

were calculated for all outcomes in addition to HRs and 95% CIs determined from Cox proportional regression models using treatment as

the explanatory variable. Overall, rates of cardiovascular death or hospitalization for heart failure increased as estimated glomerular

filtration rate declined and the urine albumin:creatinine ratio increased. 3-way interaction P value was 0.002. *Participants in the cana-

gliflozin group with an event per 1,000 patient-years. †Participants in the placebo group with an event per 1,000 patient-years. ‡P < 0.05.
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that reached standard levels of significance (P ¼ 0.02
and P ¼ 0.04), but there was no clear pattern of
modification of the effects of canagliflozin identified.

DISCUSSION

In these integrated analyses of nearly 15,000 partici-
pants from the CANVAS Program and the CREDENCE
trial, people with T2DM and reduced eGFR, increased
UACR, and especially both, were at increased risk of CV
events. CV death and HHF risk rose progressively with
decreasing baseline eGFR and increasing UACR.
Compared with placebo, canagliflozin consistently
reduced the risk of CV death or HHF across subgroups
defined according to eGFR or UACR, suggesting
greatest absolute benefits in patients with the highest
renal risk as indicated by low eGFR and high UACR.
Significant heterogeneity values identified in the an-
alyses by combined eGFR and UACR exhibited no clear
pattern and likely occurred by chance. Together, these
findings support the clinical use of eGFR and UACR as
key complementary biomarkers to assess the risk of CV
death or HHF in patients with T2DM, as well as the
efficacy of canagliflozin for CV benefit in populations
with T2DM and elevated CV risk or nephropathy
regardless of baseline renal function or albuminuria.

This integrated CANVAS Program and CREDENCE
trial analysis validates the CV prognostic importance
of baseline renal function and albuminuria in
T2DM. Among participants stratified according to
eGFR only, participants with the lowest eGFR
(<45 mL/min/1.73 m2) exhibited the highest CV event
rates. Among the albuminuria groups, the highest
albuminuria (UACR >300 mg/g) group had the highest
CV event rates. Among placebo-assigned participants
within the highest eGFR group, those with high albu-
minuria (UACR >300 mg/g) experienced an w6.5-fold
higher event rate for HHF compared vs those with
UACR <30 mg/g, suggesting that the combined
assessment of both parameters allows more refined CV
death or HHF risk assessment in patients with T2DM.
The mechanisms of association between albuminuria
and CV risk are not well defined and have been hy-
pothesized to be related to vascular damage, endo-
thelial dysfunction, and kidney injury leading to
impaired systemic volume regulation.15 Overall, our



FIGURE 1 Effects of Canagliflozin on CV Outcomes According to Baseline eGFR
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Effects of canagliflozin compared with placebo on cardiovascular (CV) death or hospitalization for heart failure (HHF) were assessed in subgroups defined according to

baseline estimated glomerular filtration rate (eGFR) alone (<45, 45-60, and >60 mL/min/1.73 m2). Annualized incidence rates per 1,000 patient-years of follow-up

were calculated for all outcomes in addition to HRs and 95% CIs determined from Cox proportional regression models using treatment as the explanatory variable.

To assess heterogeneity of the treatment effects across subgroups of baseline eGFR for all outcomes, P values for the interaction of treatment by subgroup were

obtained based on Cox proportional hazards regression, including terms of treatment, baseline eGFR subgroup and their interaction.
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findings provide a compelling rationale for the com-
bined monitoring of eGFR and UACR in clinical prac-
tice across specialties to assess the risk of CV death or
HHF in patients with T2DM.

Consistent proportional canagliflozin CV benefits
across baseline eGFR subgroups among pooled
CANVAS Program and CREDENCE participants in this
study are consistent with other contemporary SGLT2
inhibitor studies. An analysis of the EMPA-REG
OUTCOME (Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus Patients) trial
revealed that empagliflozin reduced the risk of CV
death or HHF and HHF alone with consistent pro-
portional effects according to baseline eGFR.16

Consistent effects according to baseline eGFR were
also reported for dapagliflozin for the outcomes of CV
death or HHF and HHF alone in the DECLARE-TIMI 58
(Dapagliflozin Effect on Cardiovascular Events–
Thrombolysis In Myocardial Infarction 58) study and
for ertugliflozin for the outcome of CV death or HHF
in the VERTIS-CV (Evaluation of Ertugliflozin Efficacy
and Safety Cardiovascular Outcomes Trial) trial.17,18
In data from CREDENCE, there was a potential inter-
action between eGFR and the effects of SGLT2 in-
hibitor vs placebo on preventing total stroke, with
possible benefit in those with the lowest eGFR.19

Another consistent finding in our study which is
similar to other studies is that even though albu-
minuria is an independent CV risk factor in T2DM and
may be related to SGLT2 inhibitor mechanisms, can-
agliflozin conferred CV death or HHF benefit regard-
less of albuminuria status at baseline, including
across baseline eGFR groups.20,21 In a recent explor-
atory analysis from the DECLARE-TIMI 58 trial,
dapagliflozin reduced the incidence of a composite
cardiorenal endpoint compared with placebo in all
subgroups with UACR $30 mg/g.22 In our study,
although the absolute benefits of canagliflozin for CV
death and HHF may be greatest among those with the
highest renal risk (ie, those with low eGFR, high
UACR, or both), the relative risk reductions were
consistent and robust across eGFR and albuminuria
categories. Particularly with the growing evidence of
SGLT2 inhibitor benefit specifically in patients with



FIGURE 2 Effects of Canagliflozin on CV Outcomes According to Baseline UACR
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Effects of canagliflozin compared with placebo on CV death or HHF were assessed in subgroups defined by baseline urine albumin:creatinine ratio (UACR) alone (<30,

30-300, and >300 mg/g). Annualized incidence rates per 1,000 patient-years of follow-up were calculated for all outcomes in addition to HRs and 95% CIs

determined from Cox proportional regression models using treatment as the explanatory variable. To assess heterogeneity of the treatment effects across subgroups of

baseline UACR for all outcomes, P values for the interaction of treatment by subgroup were obtained based on Cox proportional hazards regression including terms of

treatment, baseline UACR subgroup, and their interaction. Abbreviations as in Figure 1.
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chronic kidney disease, our study provides important
evidence to support the use of canagliflozin for CV
death or HHF reduction efficacy in people with T2DM
and elevated CV risk or nephropathy regardless of
baseline renal function or albuminuria status.

Two of 9 subgroup analyses in patients with eGFR 45
to 60 mL/min/1.73 m2 had P interaction values below
the standard threshold for statistical significance; that
is, for CV death or HHF (P interaction 0.04) and CV
death alone (P interaction 0.02). Similar findings were
not observed in the lower or higher eGFR groups, with
discordant HR trends in the middle UACR group of 30
to 300 mg/g vs the higher and low groups of
UACR <30 mg/g and >300 mg/g, respectively. These
directionally inconsistent trends seem less biologi-
cally plausible and are most likely a result of chance in
the setting of multiple hypothesis testing. A less likely
explanation is an interaction between UACR and the
CV effects of canagliflozin only in patients with base-
line eGFR 45 to 60mL/min/1.73 m2 but not in the lower
or higher eGFR groups.
STUDY STRENGTHS AND LIMITATIONS. As an inte-
grated analysis of large, randomized trials, this study
has certain strengths and limitations. The CANVAS
Program and CREDENCE trials had rigorous clinical
trial conduct, large sample sizes, careful outcome
assessment by a blinded and independent adjudica-
tion committee in each study, and the inclusion of
patients with renal dysfunction down to 30 mL/
min/1.73 m2. A total of 174 of 4,401 participants in
CREDENCE had eGFR <30 mL/min/1.73 m2 at
randomization.23 The CREDENCE trial was stopped
early for efficacy at interim analysis in 2018 at the
recommendation of the data monitoring committee;
this reduced power to analyze secondary endpoints.
However, the CV outcome findings in this study are
broadly similar to those of other contemporary SGLT2
inhibitor studies. Measures of N-terminal pro–B-type
natriuretic peptide are available in 4,300 patients
from the CANVAS Program but not yet available for
CREDENCE participants, and thus we were unable to
incorporate N-terminal pro–B-type natriuretic



FIGURE 3 Effects of Canagliflozin on CV Outcomes According to Baseline eGFR/UACR
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Effects of canagliflozin comparedwith placebo on CV death or HHF (A), HHF (B), and CV death (C)were assessed in subgroups defined according to eGFR (<45, 45-60, and

>60 mL/min/1.73 m2) and UACR (<30, 30-300, and >300 mg/g). Annualized incidence rates per 1,000 patient-years of follow-up were calculated for all outcomes in

addition to HRs and 95% CIs determined from Cox proportional regression models using treatment as the explanatory variable. To assess heterogeneity of the treatment

effects across subgroups of baseline eGFR and/or for all outcomes,P values for the interaction of treatment by subgroupwere obtainedbased onCoxproportional hazards

regression including terms of treatment, baseline eGFR and/or UACR subgroup, and their interaction. *Overall P value across eGFR and UACR subgroups is 0.002. P

interaction values for the eGFR subgroups within each UACR subgroups are 0.47, 0.06, and 0.97 for the UACR<30, 30-300, and>300mg/g subgroups, respectively. P

interaction values for the UACR subgroups are shown within each eGFR subgroup. †Overall P value across eGFR and UACR subgroups is 0.022. P interaction values for the

eGFR subgroups within each UACR subgroups are 0.05, 0.25, and 0.79 for the UACR<30, 30-300, and>300mg/g subgroups, respectively. P interaction values for the

UACR subgroups are shown within each eGFR subgroup. ‡Overall P value across eGFR and UACR subgroups is 0.011. P interaction values for the eGFR subgroups within

each UACR subgroups are 0.90, 0.05, and 0.61 for the UACR <30, 30-300, and >300 mg/g subgroups, respectively. P interaction values for the UACR subgroups are

shown within each eGFR subgroup. UACR ¼ urine albumin:creatinine ratio; other abbreviations as in Figures 1 and 2.
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FIGURE 3 Continued
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peptide into analyses of biomarkers and outcomes.
This analysis of pooled CANVAS Program and
CREDENCE patient level data was not prespecified.
Study was not incorporated in statistical models, and
uncontrolled effects by study may result in variation
in outcomes by factors that differ between the
studies. The use of different equations to estimate
eGFR (Modification of Diet in Renal Disease in the
CANVAS Program and CKD Epidemiology Collabora-
tion Frequency in the CREDENCE trial) may represent
a potential source of bias in the pooled analysis. Pa-
tients with type 1 diabetes or a history of dialysis or
renal transplantation were excluded from the
CANVAS Program and CREDENCE trial, which may
limit generalizability among these populations.

CONCLUSIONS

In these integrated analyses from the CANVAS Pro-
gram and the CREDENCE trial, rates of CV death or
HHF, CV death, and HHF events increased with
decreasing baseline eGFR and/or increasing UACR in
patients with T2DM. Canagliflozin significantly
reduced the risk of CV death or HHF, jointly and
individually, in patients with T2DM and elevated CV
risk or nephropathy; these results were consistent
across eGFR or UACR subgroups. These results sup-
port the prognostic value of assessing eGFR and
UACR in combination to assess future CV death or
HHF risk when managing people with T2DM, as well
as the efficacy of canagliflozin to reduce CV death or
HHF risk in populations with T2DM and elevated CV
risk or nephropathy regardless of baseline renal
function or albuminuria status, with the likely
greatest absolute benefits in the very high renal risk
group.
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