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ABSTRACT
Aims/Introduction: The sodium–glucose cotransporter 2 inhibitor, canagliflozin,
reduced kidney failure and cardiovascular events in the Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trial. We carried out
a post-hoc analysis to evaluate the efficacy and safety of canagliflozin in a subgroup of
participants in East and South-East Asian (EA) countries who are at high risk of renal com-
plications.
Materials and Methods: Participants with an estimated glomerular filtration rate of 30
to <90 mL/min/1.73 m2 and urinary albumin-to-creatinine ratio of >300–5,000 mg/g were
randomized to 100 mg of canagliflozin or a placebo. The effects of canagliflozin treatment
on pre-specified efficacy and safety outcomes were examined using Cox proportional haz-
ards regression between participants from EA countries (China, Japan, Malaysia, the Philip-
pines, South Korea and Taiwan) and the remaining participants.
Results: Of 4,401 participants, 604 (13.7%) were from EA countries; 301 and 303 were
assigned to the canagliflozin and placebo groups, respectively. Canagliflozin lowered the
risk of primary outcome (composite of end-stage kidney disease, doubling of serum crea-
tinine level, or renal or cardiovascular death) in EA participants (hazard ratio 0.54, 95% con-
fidence interval 0.35–0.84). The effects of canagliflozin on renal and cardiovascular
outcomes in EA participants were generally similar to those of the remaining participants.
Safety outcomes were similar between the EA and non-EA participants.
Conclusions: In the CREDENCE trial, the risk of renal and cardiovascular events was
safely reduced in participants from EA countries at high risk of renal events.

INTRODUCTION
An increasing prevalence of diabetes has occurred worldwide.
The Diabetes Atlas, published in 2019, reported that, of the

463 million adult diabetes patients worldwide, 35% reside in
the International Diabetes Federation Western Pacific Region,
with a significant proportion in East and South-East Asia
(EA)1. Diabetes mellitus is a major cause of end-stage kidney
disease (ESKD)2, which is often associated with cardiovascularReceived 3 December 2020; revised 23 June 2021; accepted 27 June 2021
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(CV) and renal death3,4. Presently, treatment options to dimin-
ish the development of chronic kidney disease are limited to
inhibition of renin–angiotensin–aldosterone systems5,6.
The high risk of kidney complications in Asian patients with

type 2 diabetes mellitus has been observed across many multi-
ethnic studies7–10. Additionally, among 10 countries with a high
incidence of treated ESKD, as many as five countries were from
the EA region11. Thus, it seems very likely that the patients
with type 2 diabetes in EA countries are at high risk of ESKD.
The Canagliflozin and Renal Events in Diabetes with Estab-

lished Nephropathy Clinical Evaluation (CREDENCE) trial was
an international trial set to renal end-points, showing that the
sodium–glucose cotransporter 2 (SGLT2) inhibitor, canagliflo-
zin, safely decreases the risk of renal and CV events in patients
with type 2 diabetes mellitus and chronic kidney disease12–15.
Based on the data from that study, the US Food and Drug
Administration approved canagliflozin in 2019 for lowering the
risk of ESKD, doubling of the serum creatinine (DoSC), hospi-
talization for heart failure (HHF), and CV death in patients
with type 2 diabetes and kidney disease with albuminuria16. In
the CREDENCE study, approximately 20% (877/4,401) of par-
ticipants were of an Asian race. A subpopulation analysis
showed no evidence of difference in the benefit for the primary
outcome between the racial subgroups, including the Asian
race subgroup. In the present study, we explored whether the
effects of canagliflozin on a comprehensive range of renal, car-
diovascular and safety outcomes were consistent between the
EA participants, who had a high risk of renal complications,
and the remaining participants (non-EA participants). As EA
countries, six nations of China, Japan, Malaysia, the Philip-
pines, South Korea and Taiwan were included in the analysis.
East and South-East Asia populations were considered to meet
the present study objectives because of the high risk of ESKD
and the genetic relatedness of the various ethnic groups17,18. In
contrast, although Indian patients participated in the CRE-
DENCE study, they were excluded from the analysis, because
India geographically belongs to South Asia, and the Indian
population is genetically distant from East and South-East
Asian populations17,18.

MATERIALS AND METHODS
Study design
CREDENCE was an international, double-blind, randomized,
multicenter, placebo-controlled trial, the details of which have
been published previously12,19. The efficacy and safety outcomes
were examined in the current post-hoc analyses in EA partici-
pants. Data of the participants reported from the investigators
in the EA countries (China, Japan, Malaysia, the Philippines,
South Korea and Taiwan) and of the rest of participants were
compared.
As this study was a post-hoc analysis of anonymized data,

no ethics committee or institutional review board approvals
were required – all such approvals were obtained in the original
study (CREDENCE ClinicalTrials.gov number, NCT02065791.)

Study participants
Participants in the CREDENCE study were those with glycated
hemoglobin (HbA1c) of 6.5–12.0%, aged ≥30 years, with an
estimated glomerular filtration rate (eGFR) of 30 to <90 mL/
min/1.73 m2, with a urinary albumin-to-creatinine ratio
(UACR) of >300 to 5,000 mg/g, and who were being treated
for ≥4 weeks with an angiotensin receptor blocker or
angiotensin-converting enzyme inhibitor. An equation of
Chronic Kidney Disease Epidemiology Collaboration was used
to determine the eGFR. Key exclusion criteria were type 1 dia-
betes, nondiabetic renal disease, prior immunosuppressive treat-
ment of renal disease, or a history of renal replacement
therapy. Table S1 presents detailed inclusion and exclusion cri-
teria.

Study treatment
Participants were stratified by screening eGFR categories (30 to
<45, 45 to <60, and 60 to <90 mL/min/1.73 m2) using ran-
domly permuted blocks and were randomized to receive oral
canagliflozin 100 mg or corresponding placebo daily. The study
treatment was to be ceased at the development of diabetic
ketoacidosis, start of dialysis, renal transplant, receipt of disal-
lowed therapy, pregnancy, or study completion. Background
treatment intensification based on practice guidelines was rec-
ommended for glycemic management and CV protection.

End-points
The primary outcome was the same as that in the CREDENCE
trial for these analyses: the composite of ESKD (chronic dialysis
for ≥30 days, kidney transplantation, or eGFR <15 mL/min/
1.73 m2 for ≥30 days), DoSC from baseline values sustained for
≥30 days, or renal or CV death. Renal outcomes included
DoSC; ESKD; renal death; the composite of ESKD, DoSC, or
renal death; the composite of start of renal replacement therapy
(start of chronic dialysis or kidney transplantation) or renal
death; and the composite of ESKD or renal or CV death. CV
efficacy outcomes included the composite of HHF or CV death;
the composite of myocardial infarction, CV death, or stroke;
CV death; HHF; all-cause mortality (ACM); and the composite
of CV death, myocardial infarction, stroke, HHF, or unstable
angina.
This analysis also evaluated the following possible intermedi-

ate markers for reduced renal and CV risks: change from base-
line in UACR, eGFR, HbA1c, systolic blood pressure, diastolic
blood pressure and bodyweight. Additionally, annualized
changes in eGFR slope were evaluated as described previ-
ously19.
Safety events were explored during treatment with canagliflo-

zin including all adverse events (AEs), serious AEs and renal-
related AEs. Renal-related AEs were defined as the composite
of investigator-reported AEs that were coded as primarily ‘re-
nal’ in accordance with the Medical Dictionary for Regulatory
Activities Terminology. Additionally, we analyzed events includ-
ing acute kidney injury, volume depletion, osmotic diuresis,
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urinary tract infection, amputation, fracture and genital mycotic
infection.

Statistical analysis
Renal, CV and mortality outcomes were analyzed in the
intention-to-treat principle, based on the stratified Cox propor-
tional hazards regression model according to the treatment
effects and the category of eGFR at screening in EA partici-
pants and non-EA participants. The interaction of treatment
effects between EA and non-EA participants was tested by add-
ing regional factor (i.e., EA or non-EA participants), and a
treatment interaction term and regional factor to the model.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were
estimated for canagliflozin versus placebo. The incidence rates
were calculated per 1,000 patient-years of follow up. The num-
ber of patients needed to treat to prevent one event (NNT) for
2.5 years was estimated as the multiplicative inverse of the dif-
ference in cumulative incidence between groups, and CIs for
the NNT were calculated on HRs and 95% CIs20.
For intermediate outcomes in the on-treatment population

over time, a mixed model for repeated measures included the
fixed effects of treatment, screening eGFR strata (30 to <45, 45
to <60, 60 to <90 mL/min/1.73 m2), visit, treatment-by-visit
interaction, baseline value and baseline-by-visit interaction (co-
variance matrix: unstructured). Because the distribution of
UACR data was highly skewed, UACR was log transformed to
estimate the geometric mean of post-baseline UACR using a
similar model. The changes of the geometric mean of UACR
from baseline was used to calculate the reduction in post-
randomization UACR for canagliflozin compared with the pla-
cebo. Using a two-slope model with a knot at week 3, the on-
treatment eGFR slope was estimated as described previously12.
P-values are presented for descriptive purposes only, given the
post-hoc nature of analyses.
Safety outcomes were analyzed up to 30 days in all treated

participants after the last dose (on-treatment), except for ampu-
tation and fracture events, which were evaluated in the all
follow-up time. HR and 95% CIs for canagliflozin versus pla-
cebo, the interaction of treatment effects between EA and non-
EA participants, and annualized incidence rates were calculated
by the methods described earlier. All analyses were carried out
using SAS (version 9.4; SAS Institute, Cary, NC, USA).

RESULTS
From the 4,401 total participants in the CREDENCE trial, 604
(13.7%) and 3,797 (86.3%) were identified as EA participants
and non-EA participants, respectively. The number of partici-
pants by country was 129, 110, 135, 71, 122 and 37 for China,
Japan, Malaysia, the Philippines, South Korea and Taiwan,
respectively. Compared with the non-EA participants, EA par-
ticipants were younger (60.8 vs 63.4 years) and more likely to
be male (71.7 vs 65.2%); had a lower body mass index (27.5 vs
31.9 kg/m2) and HbA1c (8.05 vs 8.30%), higher UACR (1054
vs 902 mg/g), and similar diabetes duration, eGFR and blood

pressure; were with lower prevalence of heart failure (3.1 vs
16.7%), CV disease (45.5 vs 51.2%) and neuropathy (43.2 vs
49.7%), and greater prevalence of retinopathy (51.2 vs 41.4%);
and were less likely to be taking beta-blockers (25.7 vs 42.5%)
and diuretics (27.8 vs 49.7%) at baseline. Baseline characteristics
for EA participants were well balanced between the canagliflo-
zin and placebo groups (Table 1).
As shown in Figure 1, in placebo-treated participants, most

renal events occurred more frequently in EA participants com-
pared with those in non-EA participants. The renal outcomes
were as follows: the composite of ESKD, DoSC or renal death
(65.31 vs 36.56 per 1,000 patient-years; HR 1.92, 95% CI 1.40–
2.65); the composite of dialysis, kidney transplantation or renal
death (35.57 vs 15.94 per 1,000 patient-years; HR 2.44, 95% CI
1.57–3.79); DoSC (55.72 vs 30.44 per 1,000 patient-years; HR
1.97, 95% CI 1.39–2.79); and ESKD (49.58 vs 26.35 per 1,000
patient-years; HR 2.03, 95% CI 1.40–2.92).
Canagliflozin reduced the risk of the primary outcome (com-

posite of ESKD, DoSC, or renal or CV death) compared with
the placebo in EA participants (40.83 vs 73.45 per
1,000 patient-years; HR 0.54, 95% CI 0.35–0.84) with no
observed heterogeneity of treatment effect in EA and non-EA
participants (P interaction = 0.2035; Figure 1). Beneficial effects
of canagliflozin were observed across other renal outcomes in
EA participants, and these effects were generally consistent with
those seen in non-EA participants (all, P interaction > 0.05),
except the composite of dialysis, kidney transplantation or renal
death (P interaction = 0.0499). The NNTs for 2.5 years for
renal outcomes are shown in Table 2. The NNT in EA partici-
pants for the primary composite outcome; DoSC; ESKD; the
composite of ESKD, DoSC or renal death; the composite of
dialysis, kidney transplantation or renal death; and the compos-
ite of ESKD, renal death or CV death were 13, 13, 15, 11, 24
and 18, respectively, which were all numerically lower than
those in non-EA participants.
Canagliflozin reduced the risk of CV outcomes, including the

composite of CV death or HHF; the composite of CV death,
myocardial infarction or stroke; HHF; and the composite of
CV death, myocardial infarction, stroke, HHF or unstable ang-
ina in EA participants. The results were consistent with those
in non-EA participants (all, P interaction > 0.05; Figure 2). The
neutral findings for CV death and ACM in EA participants
were also consistent with those seen in non-EA participants (P
interaction = 0.8563 and 0.8986, respectively).
There was only a small difference between the effect of cana-

gliflozin and placebo on HbA1c in EA participants over the
course of the study (overall least square [LS] mean difference
throughout the trial, -0.29%; 95% CI -0.41 to -0.17; Fig-
ure S1). Canagliflozin slightly lowered bodyweight (LS mean
difference -0.89 kg; 95% CI -1.15 to -0.62), systolic blood
pressure (LS mean difference -4.08 mmHg; 95% CI -5.53 to -
2.63) and diastolic blood pressure (LS mean difference -
0.69 mmHg; 95% CI -1.56 to 0.18) in EA participants. The
geometric mean of UACR change from baseline decreased by
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Figure 1 | Effects of canagliflozin on renal outcome in participants in East and South-East Asian and non-East and South-East Asian countries in
Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE). Cana, canagliflozin; CI, confidence interval;
CV death, cardiovascular death; DoSC, doubling of serum creatinine; EA, East and South-East Asia; ESKD, end-stage kidney disease; non-EA, non-East
and South-East Asia.

Table 2 | Numbers needed to treat for the renal outcomes of participants in East and South-East Asian and non-East and South-East Asian
countries in Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE)

NNT for 2.5 years (95% CI)

EA participants Non-EA participants

Primary composite end-point 13 (8–48) 25 (16–52)
DoSC 13 (8–37) 35 (23–81)
ESKD 15 (9–63) 61 (31–1470)
ESKD, DoSC or renal death 11 (7–30) 37 (23–111)
Dialysis, kidney transplantation or renal death 24 (13–204) 105†

ESKD, renal death or CV death 18 (9–551) 33 (20–96)

†95% confidence interval (CI) for number needed to treat (NNT) is not provided when the 95% CI for absolute risk reduction at 2.5 years includes
0. CV death, cardiovascular death; DoSC, doubling of serum creatinine; EA participants, participants in East and South-East Asian countries; ESKD,
end-stage kidney disease; non-EA participants, participants other than East and South-East Asian participants.
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39% (95% CI 31–45; Figure 3a) and 29% (95% CI 25–35) in
EA and non-EA participants, respectively, during the follow-up
period in the canagliflozin groups. The reduction in UACR was
comparable between non-EA and EA participants.
The mean eGFR in EA participants over the course of the

study is shown in Figure 3b. The annual mean slope in eGFR
was lower in the canagliflozin group than that in the placebo
group (-3.38 vs -5.68 mL/min/1.73 m2/year; placebo-
subtracted difference 2.30 mL/min/1.73 m2/year; 95% CI 1.33
to 3.26). The eGFR decreased from baseline to week 3 by
3.29 mL/min/1.73 m2/3 weeks, and by 0.51 mL/min/1.73 m2/3
weeks in the canagliflozin and placebo groups, respectively
(placebo-subtracted difference -2.78 mL/min/1.73 m2/3 weeks;
95% CI -3.88 to -1.68). From week 3 to the last measurement,
the decline in eGFR was slower in the canagliflozin group than
that in the placebo group (-2.27 vs -5.63 mL/min/1.73 m2/
year; placebo-subtracted difference 3.35 mL/min/1.73 m2/year;
95% CI 2.40–4.31). Also, the difference in eGFR slopes between
the canagliflozin and placebo groups was similar in EA and
non-EA participants (Table S2).

The incidence of AEs and renal-related AEs was lower in the
canagliflozin group than that the placebo group in EA partici-
pants (HR 0.83, 95% CI 0.70–0.98 and HR 0.52, 95% CI 0.34–
0.79, respectively), and the results were similar between EA and
non-EA participants (P interaction = 0.4738 and 0.1134,
respectively; Figure 4). The incidence rates of other AEs,
including serious AEs, acute kidney injury, volume depletion,
osmotic diuresis, urinary tract infection, genital mycotic infec-
tions, amputation and fracture, were not different between the
canagliflozin and placebo groups overall, and the results were
consistent between the EA and non-EA subgroups (all, P inter-
action > 0.05). No unexpected safety signals were observed in
EA participants.

DISCUSSION
In agreement with the analysis in the overall population of the
CREDENCE study12, canagliflozin consistently reduced the risk
of renal and CV events, including the primary composite out-
come of ESKD, DoSC, or renal or CV death, in EA partici-
pants. The EA participants represent a high-risk subpopulation
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Figure 2 | Effects of canagliflozin on cardiovascular and mortality outcomes in participants of East and South-East Asian and non-East and South-
East Asian countries in Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE). ACM, all-cause
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among the overall CREDENCE participants, because the pla-
cebo group in EA participants compared with non-EA partici-
pants showed higher incidence of renal outcomes across the

renal composite and individual renal outcome components.
The efficacy of canagliflozin on the primary outcome was gen-
erally consistent between EA and non-EA participants, as well
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as with previous subanalysis of all Asians in the CREDENCE
study12. These results show that canagliflozin reduces the risk
of renal and CV events across a diverse group of participants
with type 2 diabetes mellitus and albuminuria, including EA
participants who are at high risk for renal complications.
The NNT for 2.5 years for renal outcomes ranged from 11

to 24 and 25 to 105 in EA and non-EA participants, respec-
tively. The CREDENCE study reported NNTs between 22 and

43 for primary and renal outcomes in the overall population12.
Although the reason for low NNTs in EA participants remains
to be determined, it might be relevant to the higher risk at
baseline in these participants. Regardless of the underlying
mechanism of low NNTs, it is plausible that risk reduction is
more robust in EA participants compared with that in non-EA
participants. This result might support the use of canagliflozin,
particularly in high-risk EA participants.
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Figure 4 | Effects of canagliflozin on safety outcomes in participants in East and South-East Asian and non-East and South-East Asian countries in
Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE). Cana, canagliflozin; CI, confidence interval;
EA, East and South-East Asia; non-EA, non-East and South-East Asia.
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The effects of canagliflozin on intermediate outcomes in the
EA subgroup were broadly consistent with those observed in the
overall CREDENCE population. A small difference between the
effect of canagliflozin and the placebo on HbA1c suggests that
at least some renal and CV benefits are derived from a glucose-
independent mechanism(s) of action. Other subanalyses of CRE-
DENCE have also supported the existence of glucose-
independent mechanisms, as similar risk reductions have been
shown regardless of baseline HbA1c levels and even in patients
for whom glycemic efficacy of canagliflozin was attenuated
because of reduced renal function14,21. The differences in
changes in bodyweight, systolic blood pressure and diastolic
blood pressure were all modest, and it appears likely that the
contributions of these factors to the renal and cardioprotective
effects are limited. Among the renal effects of SGLT2 inhibitors,
control of glomerular hyperfiltration through the tubu-
loglomerular feedback is assumed to mediate the renoprotective
effects22. In the EA subgroup analysis, there was an initial acute
drop in eGFR followed by suppression of eGFR decline in the
canagliflozin group. However, the relationship between the acute
drop of eGFR and the long-term eGFR trajectories remains
unclear. Because albuminuria might cause a direct damage of
the glomerulus and the tubule, and ultimately lead to nephron
loss23, it is possible that UACR reduction by canagliflozin is
related to the renoprotective effect. Association of both the ini-
tial decrease in UACR and the residual UACR level with reno-
protection (decreased risk of renal events) has been reported
after canagliflozin administration in the overall analysis of the
CREDENCE study24. Other potential mechanisms of renal pro-
tection by SGLT2 inhibitors are actively being studied25–27.
The AE profile of canagliflozin in EA participants was also

consistent with that in non-EA participants. Most notably, the
incidence of renal-related AEs was lower in the canagliflozin
group, although it is not clear whether this reduction was rele-
vant to the renoprotective effect of canagliflozin. No increased
risk of amputation and fractures was shown with canagliflozin
in the present study, as is the case in the overall CREDENCE
participants12,28, although increased risk of these events was
reported with canagliflozin in patients at high risk of CV events
in the Canagliflozin Cardiovascular Assessment Study29,30. As
aforementioned, no new safety concern of canagliflozin was
identified in this population.
The present findings had some limitations. This study used

post-hoc analysis and was not powered to draw definite conclu-
sions for the EA participants. In addition, as the design of the
CREDENCE trial was to analyze the effect in patients with type 2
diabetes mellitus and macroalbuminuria, the findings might not
be generalized to patients who do not meet the inclusion criteria
(e.g., those with normo- or micro-albuminuria). Nevertheless, the
present study represents the largest analysis to date dedicated to
evaluating the kidney outcomes of an SGLT2 inhibitor in high-
risk patients in EA countries.
In conclusion, canagliflozin decreased the risk of renal and

CV events in the subpopulation of EA participants with high

risk of renal events in the CREDENCE study, without any
additional adverse effects.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Effects of canagliflozin on intermediate outcomes over time in participants in East and South-East Asian countries in
Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE).

Table S1 | Inclusion and exclusion criteria.

Table S2 | Annualized estimated glomerular filtration rate slopes in the acute phase, chronic phase, and total period in East and
South-East Asian and non-East and South-East Asian participants.
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