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ABSTRACT
Introduction Relationships between glycemic- lowering 
effects of sodium glucose co- transporter 2 inhibitors 
and impact on kidney and cardiovascular outcomes are 
uncertain.
Research design and methods We analyzed 4395 
individuals with prebaseline and postbaseline hemoglobin 
A1c (HbA1c) randomized to canagliflozin (n=2193) or 
placebo (n=2202) in The Canagliflozin and Renal Events in 
Diabetes with Established Nephropathy Clinical Evaluation 
trial. Effects on HbA1c were assessed using mixed models. 
Mediation of treatment effects by achieved glycemic 
control was analyzed using proportional hazards regression 
with and without adjustment for achieved HbA1c. End 
points included combined kidney or cardiovascular 
death, end- stage kidney disease or doubling of serum 
creatinine (primary trial outcome), and individual end point 
components.
Results HbA1c lowering was modified by baseline 
estimated glomerular filtration rate (eGFR). For baseline 
eGFR 60–90, 45–59, and 30–44 mL/min/1.73 m2, overall 
HbA1c (canagliflozin vs placebo) decreased by −0.24%, 
−0.14%, and −0.08% respectively and likelihood of >0.5% 
decrease in HbA1c decreased with ORs of 1.47 (95% CI 
1.27 to 1.67), 1.12 (0.94 to 1.33) and 0.99 (0.83 to 1.18), 
respectively. Adjustment for postbaseline HbA1c marginally 
attenuated canagliflozin effects on primary and kidney 
composite outcomes: unadjusted HR 0.67 (95% CI 0.57 to 
0.80) and 0.66 (95% CI 0.53 to 0.81); adjusted for week 
13 HbA1c, HR 0.71 (95% CI 0.060 to 0.84) and 0.68 (95% 
CI 0.55 to 0.83). Results adjusted for time- varying HbA1c 
or HbA1c as a cubic spline were similar and consistent 
with preserved clinical benefits across a range of excellent 
and poor glycemic control.
Conclusions The glycemic effects of canagliflozin are 
attenuated at lower eGFR but effects on kidney and cardiac 
end points are preserved. Non- glycemic effects may be 
primarily responsible for the kidney and cardioprotective 
benefits of canagliflozin.22

INTRODUCTION
Sodium glucose co- transporter 2 (SGLT2) 
inhibitors lower the kidney threshold for 
glucose reabsorption, thereby increasing 

urinary sodium and glucose excretion. This 
results in improved glucose control which 
may result in modest body weight reduc-
tion in patients with type 2 diabetes mellitus 
(T2DM).1 In the Canagliflozin and Renal 
Events in Diabetes with Established Nephrop-
athy Clinical Evaluation (CREDENCE) trial, 
canagliflozin significantly reduced the risk of 
kidney failure and cardiovascular events in 
participants with T2DM and chronic kidney 
disease (CKD).2 3 These benefits were seen 
across the range of baseline hemoglobin A1c 
(HbA1c) levels,4 but whether reductions in 
risk of cardiorenal outcomes are associated 
with on- treatment reductions in HbA1c have 
not previously been explored in the context of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Sodium glucose co- transporter 2 (SLGT2) inhibitors 
improve cardiorenal outcomes in type 2 diabetes. 
The mechanisms of protection, although thought 
to extend beyond glycemic control, are not fully 
understood.

WHAT THIS STUDY ADDS
 ⇒ In this post hoc analysis of the Canagliflozin 
and Renal Events in Diabetes with Established 
Nephropathy Clinical Evaluation trial, we demon-
strate that the clinical benefits associated with 
randomization to canagliflozin as compared with 
placebo were independent of the initial hemoglobin 
A1c (HbA1c), the extent of early reduction in HbA1c, 
and the time- averaged HbA1c during the study.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Future exploration of the cardiorenal benefits of 
SGLT2 inhibitors in patients with type 2 diabe-
tes should focus on non- glycemic mechanisms of 
action.
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CKD. Reductions in HbA1c- lowering efficacy of SGLT2 at 
low estimated glomerular filtration rate (eGFR) underlie 
the relatively high eGFR cut- offs for the initial labelled 
indications for marketed SGLT2 inhibitors in the USA.5–8 
However, large outcomes trials3 9 10 have now led to wide-
spread use of SGLT2 inhibitors in the setting of CKD 
despite remaining uncertainty regarding mediation of 
the cardiovascular and kidney benefits by improvement 
in glycemic control. The objective of this analysis was to 
quantify differences in the time- varying glycemic effects 
of canagliflozin in the CREDENCE trial according to 
baseline kidney function and to assess the extent to which 
reductions in HbA1c during the trial were associated with 
kidney and cardiovascular outcome benefits.

METHODS
Cohort
The design and primary outcomes of CREDENCE have 
been reported previously.2 3 Briefly, CREDENCE was a 
double- blind, randomized controlled trial. Individuals 
with diabetes and CKD were randomized to canagliflozin 
100 mg/day or placebo until trial completion, death, 
initiation of dialysis, kidney transplantation, an event 
of diabetic ketoacidosis, pregnancy, or use of prohib-
ited therapy. Key inclusion criteria included diabetes, 

eGFR of 30 to <90 mL/min/1.73 m,2 urinary albumin- 
to- creatinine ratio >300 up to 5000 mg/g and HbA1c 
≥6.5% to ≤12.0%. Treatment with a maximum- labelled/
tolerated dose of ACE inhibitor or angiotensin receptor 
blocker (ARB) for ≥4 weeks prior to randomization was 
required.

Glycemia and eGFR assessment
HbA1c was measured centrally at screening, baseline, 
week 13, week 26, week 52, and every 26 weeks thereafter. 
Serum creatinine (with eGFR assessment) was measured 
centrally at screening, during run- in, week 3, week 13, 
week 26, week 52, week 78, and every 26 weeks thereafter.

Outcomes
We analyzed glycemic control at each protocol- specified 
assessment of HbA1c as well as mean changes over time. 
In addition to looking at mean changes in HbA1c, we 
looked at two binary definitions of glycemic effect: (a) 
>0.5% decrease in HbA1c, the threshold considered 
to represent moderate glucose- lowering efficacy in the 
American Diabetes Association and European Associ-
ation for the Study of Diabetes guidelines11 12 and (b) 
>0.3%, which has been used by the US Food and Drug 
Administration (FDA) as a threshold for a minimal clini-
cally meaningful reduction in HbA1c.13

Table 1 Baseline characteristics of the study population according to median HbA1c at 13 weeks

Variable

Week 13 HbA1c <7.7% Week 13 HbA1c ≥7.7

All
n=2036

Placebo
n=912

Canagliflozin
n=1124

All
n=2162

Placebo
n=1187

Canagliflozin
n=975

Demographics

  Age (years) 63.4 (9.5) 63.6 (9.4) 63.2 (9.6) 62.4 (8.8) 62.7 (9.0) 62.1 (8.6)

  Female 588 (28.9) 264 (28.9) 324 (28.8) 830 (38.4) 429 (36.1) 401 (41.1)

Race

  White 1332 (65.4) 577 (63.3) 755 (67.2) 1469 (67.9) 803 (67.6) 666 (68.3)

  Black 95 (4.7) 44 (4.8) 51 (4.5) 116 (5.4) 61 (5.1) 55 (5.6)

  Asian 437 (21.5) 212 (23.2) 225 (20.0) 400 (18.5) 222 (18.7) 178 (18.3)

  Other or unknown 172 (8.4) 79 (8.7) 93 (8.3) 177 (8.2) 101 (8.5) 76 (7.8)

Comorbidities

  Hypertension 1967 (96.6) 879 (96.4) 1088 (96.8) 2097 (97.0) 1154 (97.2) 943 (96.7)

  Heart failure 289 (14.2) 131 (14.4) 158 (14.1) 336 (15.5) 183 (15.4) 153 (15.7)

  Cardiovascular disease 328 (16.1) 171 (18.8) 157 (14.0) 345 (16.0) 176 (14.8) 169 (17.3)

  Duration of diabetes (years) 15.2 (8.7) 15.8 (8.9) 14.7 (8.6) 16.3 (8.4) 16.2 (8.2) 16.5 (8.6)

Blood pressure and labs

  Systolic BP (mm Hg) 139.8 (15.6) 140.0 (15.6) 139.6 (15.7) 140.4 (15.6) 140.7 (15.6) 140.0 (15.6)

  Diastolic BP (mm Hg) 78.1 (9.4) 77.7 (9.4) 78.4 (9.3) 78.6 (9.3) 79.0 (9.3) 78.1 (9.4)

  HbA1c (%) 7.5 (0.9) 7.4 (0.9) 7.5 (0.9) 9.0 (1.2) 8.9 (1.3) 9.1 (1.2)

  eGFR (mL/min/1.73 m2) 55.5 (16.2) 55.5 (16.3) 55.6 (16.2) 57.1 (16.6) 57.0 (16.7) 57.2 (16.4)

  UACR (mg/g) 1385 (1118) 1425 (1157) 1354 (1084) 1454 (1143) 1423 (1106) 1492 (1186)

BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; UACR, urinary albumin to creatinine ratio.
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Clinical end points were based on the primary and 
secondary trial outcomes and included the primary trial 
end point, which was combined end- stage kidney disease 
(ESKD, dialysis, transplantation, or a sustained eGFR of 
<15 mL/min/1.73 m2), doubling of the serum creatinine 
level, or death from kidney or cardiovascular causes. 
Secondary end points were drawn from the prespeci-
fied secondary end points of the trial and include ESKD, 
doubling of serum creatinine, the combination of hospi-
talized heart failure and cardiovascular death, a renal 
composite end point which included the kidney- specific 
components of the primary end point, and major adverse 
cardiovascular events which included cardiovascular 
death, non- fatal myocardial infarction, non- fatal stroke, 
hospitalized heart failure, and hospitalized unstable 
angina.

Statistical analysis
Baseline characteristics and HbA1c values at individual 
time- points are presented according to their distribution 
as mean±SD, median (IQR) or n (%). Treatment effects 
on HbA1c were assessed using linear mixed models 
(LMM) with an unstructured covariance structure and 
with the main effects of treatment, time, baseline eGFR 
status, and baseline HbA1c. We additionally assessed 
two- way interactions between time and (a) treatment, 
(b) baseline HbA1c value, and (c) baseline eGFR status; 
and a three- way interaction between eGFR status, treat-
ment, and time. The inclusion of the interaction terms in 

LMM adjusts for data with a missing- at- random structure 
for these variables. Treatment effects on binary glycemic 
outcomes used analogous generalized linear mixed 
models (with a logistic link function) and a Toeplitz 
covariance structure.14 Analogous methods were used 
to analyze effect modification on HbA1c lowering at 13 
weeks according to use of non- SGLT2 inhibitor diabetes 
therapies at baseline.

To assess mediation of clinical benefits of canagliflozin 
compared with placebo by treatment- related changes in 
HbA1c, we used Cox proportional hazards models for 
time to each type of event with and without adjustment 
for HbA1c. HbA1c was analyzed according to the value 
at week 13, as a time- varying variable, or as time- varying 
cubic spline. To facilitate comparisons across models, a 
complete case- approach including only those observa-
tions without missing HbA1c values was used in these 
analyses. In addition, we assessed effect- modification 
according to the achieved HbA1c at week 13 with 
HbA1c defined dichotomously as a moderate change 
or minimally significant change. To better understand 
the role of other diabetes treatments, we repeated the 
analyses for the primary trial outcome and the kidney 
composite outcome according to the use of background 
diabetes therapies. Proportional hazards assumptions 
were checked graphically with cumulative sums of 
Martingale residuals.15 Analyses were done in SAS/R 
V.9.4 (Cary, North Carolina, USA). Given the post hoc, 

Figure 1 Treatment effect on hemoglobin A1c (HbA1c) with canagliflozin compared with placebo according to study week 
and estimated glomerular filtration rate (eGFR) stratum. Negative values favor canagliflozin. eGFR categories in mL/min/1.73 
m2; 95% CIs are demarcated by grey shading. P<0.001 for overall treatment effect. P=0.04 for difference in treatment effect 
according to eGFR stratum. P=0.57 for difference in treatment effect by eGFR and visit- week. copyright.
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hypothesis- generating nature of the analyses, we did not 
correct for multiple comparisons.

RESULTS
Baseline characteristics of the study population
Baseline characteristics of individuals with an HbA1c 
below the median (mean HbA1c 7.5%±0.9%) were 
generally similar to those with HbA1c above the median 
at 13 weeks (mean HbA1c 9.0%±1.2%). However, indi-
viduals with better control at 13 weeks were marginally 
older (63 vs 62 years) and the proportion of women 
(29% vs 38%) and Black patients (4.7% vs 5.4%) was 
slightly lower in those with better control, whereas the 
proportion of Asian patients (22% vs 19%) was slightly 
higher (table 1). The duration of diabetes was shorter 
(15.2±8.7 vs 16.3±8.4 years) and eGFR was modestly lower 
(55.5±16.2 vs 57.1±16.6 mL/min/1.73 m2).

Glycemic effects
Compared with placebo, canagliflozin was associated with 
an overall difference of −0.16% (95% CI −0.23 to –0.10) 
in HbA1c over the course of the study (figure 1). The 
overall difference in HbA1c compared with baseline was 
greater with canagliflozin compared with placebo at each 
time point, although CIs were consistent with a null effect 
at 130 weeks. There was significant effect modification by 
baseline eGFR category (p=0.04) with a mean decrease 
of −0.24% (95% CI –0.33 to –0.15) for individuals with 

eGFR of ≥60 mL/min/1.73 m2, −0.14% (95% CI –0.24 to 
–0.04) for individuals with eGFR 45–59 mL/min/1.73 m2, 
and −0.08% (95% CI –0.18 to 0.02) for individuals with 
eGFR 30–44 mL/min/1.73 m2. Differences in HbA1c 
lowering between canagliflozin and placebo were most 
apparent early and tended to dissipate over the course 
of follow- up. Point estimates for the extent of lowering 
favored the canagliflozin group throughout follow- up 
except in the lowest eGFR group, in which the effects 
were attenuated and there was no evidence of differ-
ences between canagliflozin and placebo in late glycemic 
control. Observed changes in HbA1c for the placebo and 
canagliflozin group by study week are provided in online 
supplemental figure 1. There was no evidence of effect 
modification on glycemic effects at 13 weeks according 
to the use of non- SGLT2 diabetes medication at baseline 
(online supplemental table 1).

Results were similar when binary definitions of HbA1c 
lowering were used. The likelihood of achieving a greater 
than moderate decrease of HbA1c (>0.5%) with cana-
gliflozin was significantly lower at lower baseline eGFR 
(p=0.001) with ORs of 1.47 (95% CI 1.27 to 1.67), 1.12 
(0.94 to 1.33), and 0.99 (0.83 to 1.18) with eGFR of 
60–90, 45–59, and 30–44 mL/min/1.73 m2, respectively 
(figure 2, online supplemental table 2). Results were 
similar using the FDA definition for minimal significant 
change in HbA1c of 0.3%.

Figure 2 Odds of achieving at least at moderate reduction (>0.5%) in hemoglobin A1c (HbA1c) with canagliflozin compared 
with placebo according to study week and estimated glomerular filtration rate (eGFR) stratum. eGFR categories in mL/min/1.73 
m2; 95% CIs are demarcated by grey shading. copyright.
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Cardiovascular and kidney outcomes
As previously reported, compared with placebo, canagli-
flozin was associated with a reduced risk of the primary 
outcome, the kidney composite outcome, and the cardio-
vascular composite outcome of cardiovascular death or 
heart failure hospitalization.3 Adjustment for postbaseline 
HbA1c had no detectable effect on the HR for the primary 
composite outcome (table 2): unadjusted (HR 0.67, 95% 
CI 0.57 to 0.80); adjusted for week 13 HbA1c (HR 0.71, 
95% CI 0.60 to 0.84); adjusted for time- varying HbA1c (HR 
0.68, 95% CI 0.57 to 0.80), and adjusted for time- varying 
HbA1c as a cubic- spline (HR 0.68, 95% CI 0.58 to 0.81). 
For the kidney composite, unadjusted estimates (HR 0.66, 
95% CI 0.53 to 0.81) and estimates adjusted for week 13 
HbA1c (HR 0.68, 95% CI 0.55 to 0.84), continuous (linear) 
time- varying HbA1c (HR 0.65, 95% CI 0.53 to 0.81), and 
time- varying HbA1c as a cubic spline (HR 0.66, 95% CI 
0.54 to 0.81) were also similar. Qualitatively similar results 
were seen for other kidney and cardiovascular outcomes. 
Reductions in risk for the primary and kidney composites 
were similar regardless of background diabetes therapy 
(online supplemental table 3).

In analyses of time- varying HbA1c as a cubic spline, we 
assessed the risk of events according to the achieved time- 
varying HbA1c during follow- up. Estimates of risk were 
consistent with relatively uniform risks of the primary 
outcome for time- varying HbA1c values between 6% 
and 11% in models adjusting for use of canagliflozin 
or placebo with the exception of MACE, for which an 
increase in risk was apparent at lower achieved HbA1c 
(figure 3). Likewise, relative risk reduction was similar 
regardless of whether change in HbA1c at week 13 met 
the criteria for a moderate or minimally significant HbA1c 
change (online supplemental table 4, Pinteraction≥0.39).

DISCUSSION
In this post hoc analysis of the CREDENCE study, we 
demonstrated that the glycemic effects of canagliflozin 
were modified by baseline eGFR, with a progressively 
lesser reduction and lower likelihood of achieving a 
>0.5% decrease in HbA1c across CKD stages G1- 2 (eGFR 
>60 mL/min/1.73 m2), stage G3A (eGFR 45–60 mL/
min/1.73 m2), and stage 3B (eGFR 30–44 mL/min/1.73 
m2). Looking at the impact of HbA1c reduction on end 
points during the trial, there was no evidence that adjust-
ment for the postbaseline change in HbA1c reduction 
(assessed at week 13) led to an attenuation in the effect 
of canagliflozin on the primary composite outcome or on 
secondary kidney and cardiovascular outcomes. Similar 
results were observed when we used a time- varying adjust-
ment that took into account the level of glycemic control 
throughout the study period.

Glycemia- independent effects of SGLT2 inhibition have 
been previously inferred from the study of cardiovascular 
and kidney benefits of canagliflozin that are observed 
despite a modest lowering of HbA1c when kidney function 
is impaired. Indeed, the mean decrease of 0.16% in HbA1c 
that we observed with canagliflozin compared with placebo 

Table 2 Risk of primary composite end point and 
secondary kidney and cardiovascular end points with 
canagliflozin (n=2099) compared with placebo (n=2099) 
with and without adjustment for postbaseline HbA1c (total 
n=4198)

Outcome Model HR (95% CI)

Primary 
composite

Unadjusted 0.67 (0.57 to 0.80)

Week 13 HbA1c 0.71 (0.60 to 0.84)

Time- varying HbA1c 0.68 (0.57 to 0.80)

Time- varying HbA1c 
spline

0.68 (0.58 to 0.81)

Kidney 
composite

Unadjusted 0.66 (0.53 to 0.81)

Week 13 HbA1c 0.68 (0.55 to 0.84)

Time- varying HbA1c 0.65 (0.53 to 0.81)

Time- varying HbA1c 
spline

0.66 (0.54 to 0.81)

Cardiovascular 
death and 
heart failure 
hospitalization

Unadjusted 0.66 (0.54 to 0.81)

Week 13 HbA1c 0.70 (0.57 to 0.85)

Time- varying HbA1c 0.66 (0.54 to 0.81)

Time- varying HbA1c 
spline

0.67 (0.55 to 0.82)

Doubling of 
creatinine

Unadjusted 0.59 (0.46 to 0.74)

Week 13 HbA1c 0.60 (0.48 to 0.76)

Time- varying HbA1c 0.58 (0.46 to 0.74)

Time- varying HbA1c 
spline

0.59 (0.46 to 0.74)

ESKD Unadjusted 0.69 (0.54 to 0.88)

Unadjusted 0.70 (0.55 to 0.90)

Week 13 HbA1c 0.68 (0.54 to 0.87)

Time- varying HbA1c 0.70 (0.55 to 0.89)

Cardiovascular 
death

Unadjusted 0.73 (0.56 to 0.95)

Week 13 HbA1c 0.78 (0.60 to 1.01)

Time- varying HbA1c 0.74 (0.57 to 0.96)

Time- varying HbA1c 
spline

0.75 (0.58 to 0.97)

Major adverse 
cardiovascular 
events

Unadjusted 0.79 (0.65 to 0.95)

Week 13 HbA1c 0.83 (0.69 to 1.01)

Time- varying HbA1c 0.81 (0.67 to 0.97)

Time- varying HbA1c 
spline

0.81 (0.67 to 0.97)

ESKD, end- stage kidney disease; HbA1c, hemoglobin A1c.
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in this analysis is considerably smaller than that seen in 
either short- term (approximately 0.7%–1.0%) or longer 
outcome trials (0.4%–0.6%).16–20 We have already reported 
that baseline HbA1c level did not predict the impact of cana-
gliflozin on study outcomes in the CREDENCE trial.4 The 
current, analyses extend these findings by demonstrating 
that neither the initial HbA1c, the extent of initial reduc-
tion in HbA1c at 13 weeks, nor the time- averaged HbA1c 
during the whole study period, influenced the clinical 
benefits associated with randomization to canagliflozin as 
compared with placebo. Furthermore, reduction in cardio-
vascular and kidney risks were robust regardless of back-
ground diabetes therapies. These results therefore support 
the hypothesis that the cardiovascular and renoprotective 
effects of canagliflozin in this population of patients with 
both type 2 diabetes and CKD are largely independent of 
changes in glycemic status and suggest that non- glycemic 
mechanisms are operative. This analysis is consistent with 
findings from the CANagliflozin cardioVascular Assess-
ment Study in which markers of glycemic control did not 
explain kidney outcomes in a mediation analysis, while 
albuminuria, hemoglobin, and hematocrit did, suggesting 
that anti- inflammatory effects, antifibrotic effects, effect on 
volume status, improvements in renal hypoxia, or other 
mechanisms of action are more important in explaining 
clinical benefits.21 This conclusion is supported by a 
recent prespecified analysis of the DAPA- CKD study, which 

recruited 4304 participants with CKD of whom 738 had 
normoglycemia, 660 had prediabetes, and 2906 had type 
2 diabetes at baseline. The effects of dapagliflozin on the 
primary outcome (a composite of doubling of serum creat-
inine, end- stage kidney disease, or death due to a renal or 
cardiovascular cause) were consistent in those with normo-
glycemia (HR 0.62 (95% CI 0.39 to 1.01)), prediabetes (HR 
0.37 (0.21 to 0.66)), and type 2 diabetes (HR 0.64 (0.52 
to 0.79)) with no effect modification on other outcomes 
(including all- cause mortality) when adjusted for baseline 
glycemic status.22 This analysis, however, did not examine 
the impact of the level of glycemic control during the study 
on these clinical outcomes, although there were no differ-
ences in HbA1c between treatments arms in participants 
with normoglycemia or prediabetes at baseline. Trials of 
SGLT2 inhibitors in patients with heart failure have also 
indicated that the cardiovascular benefits of these drugs, 
particularly on hospitalization for worsening heart failure, 
are also observed in participants with heart failure and 
reduced ejection fraction who do not have type 2 diabetes 
at the time of randomization.23 24

Our analysis of the CREDENCE dataset thus supports 
the hypothesis that non- glycemic mechanisms explain 
many of the benefits of canagliflozin, similar to other 
SGLT2 inhibitors, on cardiorenal outcomes. A number of 
alternative mechanisms have been proposed. For example, 
metabolic changes that result from glycosuria (even in 

Figure 3 Risk of primary and secondary end points according to time- varying hemoglobin A1c (HbA1c) level (x- axis, minimum 
observed level as reference) adjusted for treatment with canagliflozin versus placebo. HRs for the primary composite, renal 
composite, combined cardiovascular (CV) death and hospitalization, and end- stage kidney disease (ESKD) are not suggestive 
of significant associations between achieved HbA1c and risk of cardiovascular or kidney events at high levels of time- varying 
HbA1c. For major adverse cardiovascular events (MACE), extremely elevated levels of time- varying HbA1c were associated 
with increased risk after adjusting for randomized therapy; 95% CI bands are shaded in grey. HF, heart failure.
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the absence of HbA1c reductions) may activate glucone-
ogenesis, ketogenesis and fatty acid oxidation, promoting 
autophagy (a process that allows cells to clear dysfunc-
tional organelles). The consequences of autophagy could 
include reductions in oxidative stress which may in turn 
protect residual kidney (or myocardial) function.25 Other 
pathways proposed to explain kidney protection include 
suppression of inflammation and fibrosis, mediated via 
inhibition of the renin- angiotensin- aldosterone system 
with consequent reductions in ischemia in the kidney.26 27 
Non- metabolic mechanisms involving changes in osmotic 
and non- osmotic sodium handling and intrarenal hemo-
dynamic have also been proposed to explain the cardiovas-
cular benefits of SGLT2 inhibitors.28 Although the precise 
mechanism of clinical benefit have not been fully eluci-
dated, the evolving clinical data support the use of SGLT2 
inhibitors to improve cardiorenal end points in patients 
with both CKD and chronic heart disease.

There are a number of limitations to this post hoc anal-
ysis of the CREDENCE study. First, postrandomization data 
were incomplete—HbA1c was available in most (4198) 
participants at week 13 with a baseline HbA1c, and in 4125 
participants at week 26 but only in 3990 at week 52, thus 
limiting our mediation analysis. Second, the CREDENCE 
study recruited patients with an eGFR >30 mL/min/1.732 
and although 174 patients with an eGFR below this level 
were randomized (because of reductions in kidney func-
tion between the date of screen and randomization),29 
patients with stage 4 CKD were not well represented. 
Third, although our results support the hypothesis that 
the primary benefits of SGLT2 inhibition are derived from 
mechanisms other than improvement in glycemia, our 
study cannot prove causality since the decrease in HbA1c 
is a postrandomization variable with potential confounders 
and biases, some of which may not be adjusted for with the 
analytic approaches used. Lastly, variability in the precision 
of HbA1c measurement and the imperfect correlation of 
HbA1c with glucose lowering within individuals could have 
attenuated our power to detect mediation of the effects 
on clinical outcomes by the glucose- lowering effects of 
canagliflozin.

In conclusion, this post hoc analysis of the CREDENCE 
study demonstrates that in the context of CKD, although 
the glycemic effects of canagliflozin are attenuated at 
lower levels of eGFR, the clinical benefits on kidney and 
cardiovascular outcomes are preserved. Good glycemic 
control or a lack of reduction in HbA1c after starting 
canagliflozin in a patient with type 2 diabetes and CKD 
should not discourage ongoing use of the drug. Patients 
with good glycemic control and those who do not show 
HbA1c reductions on canagliflozin are still likely to gain 
renal and cardiovascular benefits from the medication.
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Supplementary Data 

 
Supplementary Figure 1. Change in HbA1c for the canagliflozin and placebo groups 
according to eGFR and study group. Box and whisker plots show median, interquartile 
range, minimum and maximum values.  
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Supplementary Figure 2. Proportion of participants achieving a moderate binary 

reduction of >0.5% in HbA1c according to randomized therapy, baseline eGFR strata in 

mL/min/1.73m2, and study week. 95% confidence bands are demarcated by grey 

shading. Treatment effects on HbA1C were assessed using generalized linear mixed 

models with a logistic link function an unstructured covariance structure and a Toeplitz 

covariance structure variables for treatment, time, baseline eGFR strata, interactions for 

randomized treatment and time, baseline HbA1C value, and time with eGFR status. 

Cana 100 mg=Canagliflozin 100 mg daily.  
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Supplementary Table 1. Treatment effects on HbA1c-lowering at 13 weeks according 

to background diabetes therapy at baseline were assessed using linear mixed models 

with an unstructured covariance structure with the main effects of treatment, time, 

baseline eGFR status, baseline HbA1c. P value is for the 2-way interaction between 

treatment and background diabetes therapy at baseline. 

 

 

 

P Interaction 
 
 

Change in HbA1c at 13 Weeks  
Canagliflozin vs. Placebo 

(%, 95% CI) 

Overall  -0.32 (-0.38, -0.26) -- 
  Sulfonylurea yes -0.30 (-0.41, -0.19) 0.65 
  Sulfonylurea no -0.33 (-0.40, -0.26)  
  GLP-1/DPP-4 inhibitor yes -0.35 (-0.47, -0.23) 0.58 
  GLP-1/DPP-4 inhibitor-4 
no 

-0.31 (-0.38, -0.24)  

  Metformin yes  -0.33 (-0.40, -0.25) 0.75 
  Metformin no   -0.31 (-0.39, -0.22)  
  Insulin yes  -0.32 (-0.40, -0.25) 0.86 
  Insulin no  -0.31 (-0.41, -0.22)  
  Number of medications   
    One -0.31 (-0.40, -0.21) 0.93 
    Two -0.33 (-0.42, -0.24)  
    ≥Three -0.31 (-0.44, -0.18)  
GFR 60-90 mL/min/1.73m2 -0.38 (-0.47, -0.29) -- 
  Sulfonylurea yes -0.33 (-0.49, -0.16) 0.37 
  Sulfonylurea no -0.42 (-0.52, -0.31)  
  GLP-1/DPP-4 inhibitor yes -0.45 (-0.62, -0.28) 0.49 
  GLP-1/DPP-4 inhibitor-4 
no 

-0.37 (-0.47, -0.26)  

  Metformin yes  -0.39 (-0.49, -0.28) 0.82 
  Metformin no   -0.36 (-0.53, -0.19)  
  Insulin yes  -0.44 (-0.56, -0.33) 0.17 
  Insulin no  -0.31 (-0.45, -0.17)  
  Number of medications   
    One -0.36 (-0.52, -0.20) 0.91 
    Two -0.38 (-0.52, -0.25)  
    ≥Three -0.44 (-0.63, -0.25)  
GFR 45-59 mL/min/1.73m2 -0.28 (-0.39, -0.18) -- 
  Sulfonylurea yes -0.28 (-0.46, -0.10) 0.93 
  Sulfonylurea no -0.29 (-0.42, -0.16)  
  GLP-1/DPP-4 inhibitor yes -0.21 (-0.42, 0.002) 0.57 
  GLP-1/DPP-4 inhibitor-4 
no 

-0.30 (-0.42, -0.18)  

  Metformin yes  -0.27 (-0.41, -0.13) 0.76 
  Metformin no   -0.30 (-0.46, -0.14)  
  Insulin yes  -0.27 (-0.41, -0.14) 0.88 
  Insulin no  -0.30 (-0.46, -0.13)  
  Number of medications   
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    One -0.33 (-0.50, -0.16) 0.65 
    Two -0.28 (-0.46, -0.11)  
    ≥Three -0.18 (-0.40, 0.03)  
GFR 30-44 mL/min/1.73m2 -0.26 (-0.37, -0.15) -- 
  Sulfonylurea yes -0.27 (-0.47, -0.07) 0.92 
  Sulfonylurea no -0.26 (-0.39, -0.13)  
  GLP-1/DPP-4 inhibitor yes -0.35 (-0.58, -0.11) 0.44 
  GLP-1/DPP-4 inhibitor-4 
no 

-0.24 (-0.36, -0.11)  

  Metformin yes  -0.22 (-0.40, -0.04) 0.62 
  Metformin no   -0.28 (-0.42, -0.14)  
  Insulin yes  -0.24 (-0.36,-0.11) 0.45 
  Insulin no  -0.33 (-0.55, -0.11)  
  Number of medications   
    One -0.25 (-0.41, -0.09) 0.92 
    Two -0.29 (-0.45, -0.12)  
    ≥Three -0.23 (-0.53, 0.08)  

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2022-003270:e003270. 11 2023;BMJ Open Diab Res Care, et al. Charytan DM



 OR  

(95% Confidence Interval) 

    Study Week    

eGFR group 

(mL/min/1.73m) 

 

Overall 13 26 52 78 104 130 

>0.5% Reduction in Hemoglobin A1C 

All1 1.21 (1.10 - 
1.34) 

1.74 (1.54 - 
1.98) 

1.52 (1.34 - 
1.72) 

1.39 (1.22 - 
1.58) 

1.11 (0.98 - 
1.27) 

1.08 (0.94 - 
1.22) 

1.00 (0.86 - 
1.17) 

60 to 902 1.47 (1.27 - 
1.70) 

2.20 (1.81 - 
2.68) 

1.77 (1.46 - 
2.15) 

1.72 (1.42 - 
2.10) 

1.37 (1.13 - 
1.67) 

1.34 (1.10 - 
1.64) 

1.22 (0.97 - 
1.53) 

45 to 59 1.12 (0.94 - 
1.33) 

1.44 (1.14 - 
1.82) 

1.40 (1.11 - 
1.76) 

1.31 (1.04 - 
1.66) 

1.03 (0.81 - 
1.30) 

0.90 (0.70 - 
1.15) 

1.10 (0.83 - 
1.45) 

30 to 44 0.99 (0.83 - 
1.18) 

1.51 (1.19 - 
1.90) 

1.32 (1.05 - 
1.67) 

1.08 (0.85 - 
1.36) 

0.89 (0.70 - 
1.13) 

0.93 (0.73 - 
1.18) 

0.69 (0.52 - 
0.91) 

        

>0.3% Reduction in Hemoglobin A1C 

        

All1 1.26 (1.15 - 
1.39) 

1.82 (1.61 - 
2.06) 

1.53 (1.36 - 
1.73) 

1.38 (1.22 - 
1.57) 

1.10 (0.97 - 
1.25) 

1.11 (0.98 - 
1.27) 

1.07 (0.92 - 
1.25) 

60 to 903 1.51 (1.31 - 
1.75) 

2.29 (1.89 - 
2.77) 

1.89 (1.56 - 
2.29) 

1.60 (1.32 - 
1.94) 

1.38 (1.13 - 
1.67) 

1.34 (1.10 - 
1.64) 

1.28 (1.02 - 
1.60) 

45 to 59 1.17 (0.99 - 
1.38) 

1.56 (1.24 - 
1.96) 

1.41 (1.12 - 
1.77) 

1.41 (1.12 - 
1.78) 

1.01 (0.80 - 
1.28) 

0.91 (0.72 - 
1.16) 

1.11 (0.84 - 
1.47) 

30 to 44 1.04 (0.88 - 
1.23) 

1.54 (1.23 - 
1.93) 

1.23 (0.98 - 
1.54) 

1.10 (0.87 - 
1.38) 

0.87 (0.69 - 
1.10) 

1.04 (0.81 - 
1.32) 

0.80 (0.61 - 
1.07) 

Supplementary Table 2. Odds of achieving a moderate reduction in HbA1c (>0.5%) or minimal significant change 

(>0.3%) in HbA1c with canagliflozin or placebo by eGFR category and study week. 1P<0.001 for overall treatment effect. 
2P=0.001 for interaction of treatment and eGFR strata  on outcome of >0.5% reduction in eGFR. 4P=0.002 for interaction 

of treatment and eGFR stratum on outcome of >0.3% reduction in HbA1c.   

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2022-003270:e003270. 11 2023;BMJ Open Diab Res Care, et al. Charytan DM



Supplementary Table 3. Risk of primary composite endpoint and secondary kidney composite with canagliflozin 

compared with placebo according to use of non-SGLT2 diabetes medications at baseline. 

Outcome 

 

HR (95% CI) Model 

Primary composite Unadjusted  0.67 (0.57-0.80) 

   Sulfonylurea yes 0.57 (0.40-0.81) 

   Sulfonylurea no 0.71 (0.58-0.86) 

   GLP-1/DPP-4 inhibitor yes 0.75 (0.49-1.14) 

   GLP-1/DPP-4 inhibitor-4 no 0.66 (0.55-0.80) 

   Metformin yes  0.64 (0.50-0.83) 

   Metformin no   0.70 (0.56-0.88) 

   Insulin yes  0.71 (0.59-0.87) 

   Insulin no  0.57 (0.40-0.80) 

   Number of medications  

     One 0.69 (0.54-0.89) 

     Two 0.63 (0.49-0.82) 

     ≥Three 0.71 (0.43-1.18) 

 Week 13 HBA1C 0.71 (0.60-0.84) 

   Sulfonylurea yes 0.60 (0.42-0.86) 

   Sulfonylurea no 0.73 (0.60-0.89) 

   GLP-1/DPP-4 inhibitor yes 0.79 (0.52-1.22) 

   GLP-1/DPP-4 inhibitor-4 no 0.69 (0.57-0.83) 

   Metformin yes  0.68 (0.53-0.87) 

   Metformin no   0.72 (0.57-0.91) 

   Insulin yes  0.74 (0.61-0.90) 

   Insulin no  0.60 (0.43-0.85) 

   Number of medications  

     One 0.72 (0.56-0.92) 

     Two 0.67 (0.52-0.87) 

     ≥Three 0.75 (0.46-1.24) 

 Time-varying HBA1C 0.68 (0.57-0.80) 

   Sulfonylurea yes 0.58 (0.40-0.82) 

   Sulfonylurea no 0.70 (0.58-0.85) 
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   GLP-1/DPP-4 inhibitor yes 0.75 (0.49-1.15) 

   GLP-1/DPP-4 inhibitor-4 no 0.66 (0.55-0.80) 

   Metformin yes  0.65 (0.51-0.84) 

   Metformin no   0.70 (0.55-0.87) 

   Insulin yes  0.71 (0.59-0.87) 

   Insulin no  0.57 (0.40-0.80) 

   Number of medications  

     One 0.69 (0.54-0.89) 

     Two 0.64 (0.49-0.83) 

     ≥Three 0.72 (0.44-1.18) 

 Time-varying HBA1C Spline 0.68 (0.58-0.81) 

   Sulfonylurea yes 0.58 (0.41-0.83) 

   Sulfonylurea no 0.71 (0.58-0.86) 

   GLP-1/DPP-4 inhibitor yes 0.76 (0.49-1.16) 

   GLP-1/DPP-4 inhibitor-4 no 0.67 (0.56-0.81) 

   Metformin yes  0.65 (0.51-0.84) 

   Metformin no   0.71 (0.56-0.89) 

   Insulin yes  0.72 (0.59-0.87) 

   Insulin no  0.58 (0.41-0.82) 

   Number of medications  

     one 0.70 (0.55-0.91) 

     two 0.65 (0.50-0.84) 

     ≥ three 068 (0.41-1.13) 

Kidney composite Unadjusted  0.66 (0.53-0.81) 

   Sulfonylurea yes 0.54 (0.34-0.85) 

   Sulfonylurea no 0.69 (0.54-0.87) 

   GLP-1/DPP-4 inhibitor yes 0.71 (0.43-1.17) 

   GLP-1/DPP-4 inhibitor-4 no 0.64 (0.51-0.81) 

   Metformin yes  0.56 (0.40-0.77) 

   Metformin no   0.74 (0.56-0.97) 

   Insulin yes  0.69 (0.54-0.88) 

   Insulin no  0.56 (0.36-0.86) 

   Number of medications  

     One 0.72 (0.53-0.97) 
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     Two 0.62 (0.45-0.86) 

     ≥Three 0.56 (0.31-1.03) 

 Week 13 HBA1C 0.68 (0.55-0.84) 

   Sulfonylurea yes 0.55 (0.35-0.87) 

   Sulfonylurea no 0.71 (0.56-0.90) 

   GLP-1/DPP-4 inhibitor yes 0.75 (0.45-1.25) 

   GLP-1/DPP-4 inhibitor-4 no 0.66 (0.52-0.83) 

   Metformin yes  0.58 (0.42-0.80) 

   Metformin no   0.75 (0.57-0.99) 

   Insulin yes  0.71 (0.56-0.90) 

   Insulin no  0.57 (0.37-0.88) 

   Number of medications  

     One 0.74 (0.54-0.998) 

     Two 0.64 (0.46-0.89) 

     ≥Three 0.59 (0.32-1.08) 

 Time-varying HBA1C 0.65 (0.53-0.81) 

   Sulfonylurea yes 0.54 (0.34-0.84) 

   Sulfonylurea no 0.69 (0.54-0.87) 

   GLP-1/DPP-4 inhibitor yes 0.71 (0.43-1.17) 

   GLP-1/DPP-4 inhibitor-4 no 0.64 (0.51-0.81) 

   Metformin yes  0.55 (0.40-0.77) 

   Metformin no   0.74 (0.56-0.97) 

   Insulin yes  0.69 (0.54-0.88) 

   Insulin no  0.54 (0.35-0.84) 

   Number of medications  

     One 0.72 (0.53-0.97) 

     Two 0.61 (0.44-0.85) 

     ≥Three 0.56 (0.31-1.03) 

 Time-varying HBA1C Spline 0.66 (0.54-0.81) 

   Sulfonylurea yes 0.55 (0.35-0.86) 

   Sulfonylurea no 0.69 (0.55-0.88) 

   GLP-1/DPP-4 inhibitor yes 0.72 (0.43-1.18) 

   GLP-1/DPP-4 inhibitor-4 no 0.65 (0.52-0.82) 

   Metformin yes  0.56 (0.40-0.77) 
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   Metformin no   0.75 (0.57-0.99) 

   Insulin yes  0.69 (0.55-0.88) 

   Insulin no  0.56 (0.36-0.86) 

   Number of medications  

     One 0.73 (0.54-0.99) 

     Two 0.62 (0.44-0.86) 

     ≥Three 0.54 (0.30-1.002) 
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