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Abstract

Aims The CANVAS Program identified the effect of canagliflozin on major adverse cardiovascular events (MACE) differed
according to whether participants were using diuretics at study commencement. We sought to further evaluate this finding
related to baseline differences, treatment effects, safety, and risk factor changes.
Methods and results The CANVAS Program enrolled 10 142 participants with type 2 diabetes mellitus and high
cardiovascular risk. Participants were randomized to canagliflozin or placebo and followed for a mean of 188 weeks. The
primary outcome was major cardiovascular events, a composite of cardiovascular death, nonfatal myocardial infarction, or
nonfatal stroke. Secondary outcomes included multiple cardiovascular, renal, and safety events. In this post hoc subgroup
analysis, participants were categorized according to baseline use of any diuretic. The effect on outcomes was compared using
Cox proportional hazards models, while risk factor changes were compared using mixed-effect models. At baseline, 4490
(44.3%) participants were using a diuretic. Compared with those not using a diuretic, participants using a diuretic were more
likely to be older (mean age ± standard deviation, 64.3 ± 8.0 vs. 62.5 ± 8.3), be female (38.9% vs. 33.4%), and have heart failure
(19.6% vs. 10.3%) (all Pdifference < 0.0001). The effect of canagliflozin on major cardiovascular events was greater for those
using diuretic at baseline than for those who were not [adjusted hazard ratio 0.65 (95% confidence interval 0.54–0.78) vs.
adjusted hazard ratio 1.13 (95% confidence interval 0.93–1.36), Pheterogeneity < 0.0001]. Changes in most risk factors, including
blood pressure, body weight, and urine albumin-to-creatinine ratio, were similar between groups (all Pdifference > 0.11),
although the effect of canagliflozin on haemoglobin A1c reduction was slightly weaker in participants using compared with
not using diuretics at baseline (�0.52% vs. �0.64%, Pheterogeneity = 0.0007). Overall serious adverse events and key safety
outcomes, including adverse renal events, were also similar (all Pheterogeneity > 0.07).
Conclusions Participants on baseline diuretics derived a greater benefit for major cardiovascular events from canagliflozin,
which was not fully explained by differences in participant characteristics nor risk factor changes.
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Introduction

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) cause
clinically meaningful reductions in cardiovascular and renal
morbidity and mortality in people with type 2 diabetes
(T2DM),1–5 established cardiovascular disease (CVD), chronic
kidney disease, and albuminuria.4,6 Individuals at high risk
of CVD, but without established disease, are also likely to
derive a benefit from this drug class, particularly in regard
to primary and secondary prevention of heart failure (HF).7

The primary CANVAS Program analyses identified hetero-
geneity in major adverse cardiovascular event (MACE) reduc-
tion with canagliflozin treatment depending on participant
use of baseline diuretic therapy.8 The mechanism for this dif-
ference is unclear but may be due to the natriuretic proper-
ties of SGLT2i9 and potential for additive benefits with
concomitant use of diuretic and SGLT2i therapy on endothe-
lial function,10–12 microvascular perfusion,13 sequential neph-
ron blockade, or a combination thereof. On the other hand,
the heterogeneity of treatment effect could be due to base-
line differences among patients taking diuretics, including
baseline hypertension, CVD, or HF. Understanding the safety
profile of SGLT2i among patients taking baseline diuretics is
another important consideration for clinicians.

Accordingly, we sought to more comprehensively post hoc
analyse the effects of canagliflozin on key clinical and safety
outcomes in the CANVAS Program, stratified by diuretic use
at study baseline. To better understand the observed hetero-
geneity and consideration of clinical implications of this het-
erogeneity, particularly potential changes in risk factors, we
sought to compare the characteristics of participants by base-
line diuretics use and the effects of canagliflozin compared
with placebo on MACE, adverse events (AEs), and cardiovas-
cular risk factors in each subgroup.

Methods

Program design and participants

The detailed protocols, statistical analysis plans, and main re-
sults of the CANVAS Program have been published.8,14,15 In
brief, the CANVAS Program consisted of two double-blinded,
placebo-controlled randomized trials, CANVAS and
CANVAS-Renal (CANVAS-R), which assessed the cardiovascu-
lar and renal efficacy and safety of canagliflozin in partici-
pants with T2DM and high cardiovascular risk. The trials
were scheduled for joint closeout once at least 688 cardiovas-
cular events and a minimum of 78 weeks of follow-up ac-
crued for the last randomized participant, which occurred in
February 2017. The ethics committee at every centre ap-
proved the trial protocols (ClinicalTrials.gov NCT01032629
and NCT01989754). The investigation conformed with the

principles outlined in the Declaration of Helsinki. All partici-
pants provided written informed consent.

CANVAS Program participants had T2DM [glycated
haemoglobin (HbA1c) ≥ 7.0% and ≤10.5% and estimated glo-
merular filtration rate (eGFR) > 30 mL/min/1.73 m2]. Partic-
ipants were either aged ≥30 years with a history of
symptomatic atherosclerotic vascular disease or aged
≥50 years with ≥2 risk factors for CVD. Risk factors included
duration of T2DM of at least 10 years, systolic blood pressure
(SBP) > 140 mmHg while receiving one or more antihyper-
tensive agents, current smoker, microalbuminuria or
macroalbuminuria, or high-density lipoprotein cholesterol
(HDL-C) < 1 mmol/L.8 Prevalent HF was not an exclusion cri-
terion for the CANVAS Program.

Participants included in this post hoc subgroup analysis
were categorized according to diuretic use recorded at base-
line by study investigators. In this analysis, we classified di-
uretic categories into (i) any loop diuretics (furosemide,
bumetanide, torsemide, piretanide, and ethacrynic acid), (ii)
thiazide, thiazide-like, or other diuretics (any thiazides,
altizide, chlorthalidone, clopamide, indapamide, metolazone,
xipamide, and metipamide), and (iii) mineralocorticoid recep-
tor antagonists (MRAs; spironolactone and eplerenone).
However, in CANVAS-R trial, diuretic use was categorized as
loop or non-loop without further non-loop-specific drug data.
To further explore the association between baseline diuretic
use and cardiovascular, renal, and safety outcomes, partici-
pants were also stratified according to baseline atheroscle-
rotic cardiovascular disease (ASCVD) or HF, in separate and
combined analyses.

Randomized treatment and follow-up

Participants in CANVAS were randomly assigned in a 1:1:1
ratio to canagliflozin 100 mg, canagliflozin 300 mg, or
matching placebo, while participants in CANVAS-R were
randomly assigned in a 1:1 ratio to canagliflozin or matching
placebo, initially 100 mg with an optional increase to 300 mg
from Week 13. Participants and trial and sponsor staff were
blinded to individual treatment allocations. Background
glycaemic and cardiovascular therapies were managed
according to best practice. Follow-up visits were scheduled
at least three times in the first year and every 6 months
thereafter, with alternating telephone and face-to-face
follow-up. Primary and secondary outcome events and
serious adverse events (SAEs) were evaluated at every
follow-up visit.

Outcomes

The primary outcome for the CANVAS Program was the rate
of MACE, a composite of cardiovascular death, nonfatal
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myocardial infarction (MI), or nonfatal stroke. Secondary out-
comes included individual rates of cardiovascular death, non-
fatal MI, nonfatal stroke, fatal or nonfatal MI, fatal or
nonfatal stroke, cardiovascular death or hospitalization
for heart failure (HHF), HHF, and all-cause mortality.
Effects on kidney function were assessed using a composite
renal outcome (defined as a 40% reduction in eGFR
requirement for renal replacement therapy, or renal
death) and progression of albuminuria (defined as >30%
increase in albuminuria and a change from either
normoalbuminuria to microalbuminuria or macroalbuminuria
or from microalbuminuria to macroalbuminuria). CVD risk
factors were also analysed, including changes in SBP, diastolic
blood pressure, pulse, body weight, HbA1c, haematocrit, uri-
nary albumin-to-creatinine ratio (UACR), and uric acid.

Both serious and non-serious AEs were collected and re-
ported in the CANVAS trial until January 2014, as mandated
by regulatory agencies for initial approval of canagliflozin. Af-
ter January 2014, only SAEs, AEs leading to study drug discon-
tinuation, and selected AEs of interest were collected in the
CANVAS trial. This streamlined the AE collection approach
used for the entirety of CANVAS-R. Accordingly, due to the
differences in AE recording between CANVAS and CANVAS-
R, an integrated analysis for some outcomes was not possi-
ble, and CANVAS trial data are reported alone. All SAEs are
reported for the entire CANVAS Program.

Statistical analysis

Categorical variables are presented as patient numbers with
corresponding percentages, and continuous variables are
presented as means with standard deviations (SDs) or me-
dians with interquartile ranges. Baseline characteristics be-
tween baseline diuretic and non-diuretic groups were
compared by χ2 test or generalized Cochran–Mantel–
Haenszel test for categorical variables or Wilcoxon
two-sample test or Wilcoxon rank-sum test for continuous
variables.

Post hoc efficacy analyses were based upon the full inte-
grated dataset and the intention-to-treat principle using all
follow-up time on or off study treatment, with the compari-
son between all participants assigned to canagliflozin (regard-
less of drug dose) and all participants assigned to placebo.
Analyses were based on the occurrence of the first event un-
der investigation. Annualized incidence rates per 1000
patient-years of follow-up were calculated for all outcomes,
in addition to hazard ratios (HRs) and 95% confidence inter-
vals (CIs) using Cox regression models with stratification ac-
cording to trial (CANVAS or CANVAS-R) and baseline history
of CVD. The heterogeneity of the treatment effect across sub-
groups defined by baseline diuretic use was examined by in-
cluding a treatment–diuretic interaction term in the
respective Cox proportional hazards model. A two-sided P-

value of <0.05 for the interaction term was deemed likely
to reflect a difference beyond chance. Where evidence for in-
teraction was observed, multivariable models were fit with
adjustment for baseline characteristics that were different
between the subgroups (age, gender, race, smoking history,
diabetes duration, history of HF, baseline weight, baseline
SBP, baseline HbA1c, baseline eGFR, baseline UACR, baseline
lipid, and cardiovascular medications, including statins,
antithrombotics, renin–angiotensin–aldosterone system in-
hibitors, and beta-blockers).

Changes by treatment group in intermediate markers of
cardiovascular risk, including blood pressure, pulse, body
weight, and HbA1c, were assessed by repeated measures
from baseline across the entire follow-up period. The average
change in these continuous outcomes from baseline by
canagliflozin treatment and the difference in treatment effect
between those on and not on diuretics at baseline were
analysed using mixed-effect models for repeated measures
including all data up to Week 312 and covariates for study,
visit, treatment, baseline measures, treatment-by-visit, and
baseline-by-visit interactions. An interaction term for treat-
ment–diuretic use at baseline was included in the model to
test for heterogeneity between groups. Due to the highly
skewed distribution of UACR data, UACR values were log-
transformed, and the geometric mean of post-baseline UACR
was estimated. Changes in albuminuria were calculated as
the ratio of the geometric mean of post-randomization UACR
changes on canagliflozin was compared with placebo in those
using vs. not using diuretic therapy at baseline.

For safety outcomes, an on-treatment analysis was
performed using only events that occurred among partici-
pants who had a safety outcome while they were receiving
canagliflozin or placebo, or within 30 days after discontinua-
tion of drug or placebo. The exception was for amputation
and fracture outcomes, where analyses included participants
who received at least one dose of canagliflozin or placebo
and had an event at any time during follow-up.

We present a complete case analysis and did not perform
imputation to account for missing data. Analyses were
performed using SAS Version 9.2 (SAS Institute, Cary, NC,
USA) and SAS Enterprise Guide Version 7.1 (SAS Institute).

Results

Baseline characteristics

The CANVAS Program randomized 10 142 participants
[CANVAS (n = 4330) and CANVAS-R (n = 5812)] who had a
mean follow-up time of 188 weeks. The flow chart of
participants included in this analysis is shown in Supporting
Information, Figure S1. The mean age of participants was
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63.3 years, 64.2% were men, mean duration of diabetes was
13.5 years, and 65.6% had a history of CVD.

Baseline characteristics of participants by use of any
diuretics at baseline are presented in Table 1. Within the
diuretic and non-diuretic groups, baseline participant
characteristics were balanced by randomization status to
canagliflozin or placebo (Table S1). Different characteristics
of participants by use of loop diuretics, thiazides, or MRAs
based on available data are summarized in Table S2. Nearly
half (n = 4490; 44.3%) of study participants were using a di-
uretic at baseline, with no significant difference observed in
the frequency of diuretic use between treatment groups
(43.8% on canagliflozin, 45.0% on placebo; P = 0.23). This in-
cluded 3182 (31.4%) using a non-loop diuretic, 1350 (13.3%)
using thiazide, thiazide-like, or other diuretic, 1308 (12.9%)
participants using a loop diuretic, and 52 (0.5%) participants
using an MRA (Table S3).

Participants using a diuretic were older and more often
female, were less frequently current smokers, had a longer
duration of T2DM, and were more likely to have established
hypertension, HF, and microvascular or cerebrovascular
disease as compared with those without baseline diuretic
therapy (all P < 0.0001). There was no significant difference
in the proportion of participants with a history of MI or CVD
between groups, but patients on baseline diuretics had
lower eGFR [mean (SD): 71.9 (19.7) vs. 80.1 (20.4) mL/
min/1.73 m2, P < 0.0001], higher SBP [mean (SD): 138.2
(16.3) vs. 135.4 (15.2) mmHg, P < 0.0001], and
higher UACR [median (interquartile range): 13.5 (6.9–53.2)
vs. 11.5 (6.5–34.9), P < 0.0001]. Participants on baseline
diuretic therapy used more cardiovascular medicines
(including statins, antithrombotic agents, beta-blockers, and
renin–angiotensin–aldosterone system inhibitors) and insulin
(all P < 0.0001). Conversely, a lower proportion of those
on diuretics used oral sulfonylurea, metformin, and
thiazolidinediones.

Among 1468 (32.7%) participants with available data about
the indication for diuretic administration from the CANVAS
trial (Table S4), most (1155, 78.7%) participants were pre-
scribed diuretics for hypertension, while 89 (6.1%) for HF
and 74 (5.0%) for oedema.

Cardiovascular and renal outcomes

The effects of canagliflozin vs. placebo on cardiovascular
and renal outcomes in subgroups stratified by baseline di-
uretic use are presented in Figure 1. Canagliflozin treatment
was associated with greater risk reduction in MACE among
participants using diuretics compared with those not using
diuretics [HR 0.66 (95% CI 0.56–0.79) vs. HR 1.11 (95% CI
0.93–1.34), Pheterogeneity < 0.0001]. The observed difference
was driven by nonfatal MI [HR 0.58 (95% CI 0.43–0.77) vs.
HR 1.25 (95% CI 0.92–1.69), Pheterogeneity = 0.001], although

the pattern was similar for cardiovascular death
(Pheterogeneity = 0.06) and nonfatal stroke (Pheterogeneity = 0.07).
There was no heterogeneity between groups using vs.
not using diuretics for HHF (Pheterogeneity = 0.58),
albuminuria (Pheterogeneity = 0.62), the renal composite
outcome (Pheterogeneity = 0.23), or all-cause mortality
(Pheterogeneity = 0.37).

The effects of canagliflozin vs. placebo on MACE in sub-
groups, stratified by diuretic type at baseline, are presented
in Figure 2. A similar pattern in terms of a greater relative risk
reduction for MACE among patients on baseline diuretics was
observed for baseline loop and thiazide, thiazide-like, and
other diuretics, but this observation was statistically signifi-
cant only for participants on baseline thiazide, thiazide-like,
and other diuretics [HR 0.61 (95% CI 0.47–0.80) vs. HR 0.94
(95% CI 0.81–1.08), Pheterogeneity = 0.006]. The CIs around
the effect estimates for those participants using an MRA at
baseline were too wide to draw definitive conclusions. There
was no heterogeneity on cardiovascular, renal, and safety
outcomes among patients with and without baseline ASCVD
(Figure S2) or HF (Figure S3) separately, as well as in a
combined analysis (Figure S4).

The adjusted analysis for the outcome of MACE did not
attenuate the heterogeneity observed among participants
using and not using baseline diuretics [adjusted HR 0.65
(95% CI 0.54–0.78) vs. adjusted HR 1.13 (95% CI 0.93–1.36),
Pheterogeneity < 0.0001; Table S5]. In the adjusted models, a
greater relative risk reduction from canagliflozin therapy
was observed among those on baseline diuretics compared
with those not on baseline diuretic therapy for cardiovascular
death [adjusted HR 0.74 (95% CI 0.58–1.94) vs. adjusted HR
1.12 (95% CI 0.83–1.52), Pheterogeneity = 0.04] and nonfatal
stroke [adjusted HR 0.66 (95% CI 0.45–0.97) vs. adjusted HR
1.10 (95% CI 0.79–1.53), Pheterogeneity = 0.04]. Estimates of
heterogeneity for the other outcomes were unchanged in
adjusted models.

Cardiovascular risk factors

The effects of canagliflozin on changes in intermediate
markers of cardiovascular risk factors by diuretic subgroup
are reported in Figure 3 and Table S6. Greater reductions in
pulse (�0.50 vs. 0.03 b.p.m., Pheterogeneity = 0.02) and uric acid
(�26.4 vs. �20.1 μmol/L, Pheterogeneity = 0.02) were observed
with canagliflozin treatment vs. placebo in those on baseline
diuretic therapy compared with those not on diuretic
therapy. Reductions in SBP (�3.98 and �3.88 mmHg;
Pheterogeneity = 0.86), DBP (�1.58 vs. �1.26 mmHg;
Pheterogeneity = 0.19), body weight (�1.56 vs. �1.63 kg;
Pheterogeneity = 0.26), haematocrit (0.03% vs. 0.03%;
Pheterogeneity = 0.93), and UACR (�20% vs. �16%;
Pheterogeneity = 0.11) were similar between diuretic subgroups.
Canagliflozin reduced HbA1c to a modestly lower amount in
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Table 1 Characteristics of participants in the CANVAS Program, stratified by baseline use of any diuretica

Baseline any diuretic use (n = 4490) Baseline no diuretic use (n = 5652) P-valueb

Age, years, mean (SD) 64.3 (8.0) 62.5 (8.3) <0.0001
Male, no. (%) 2744 (61.1) 3765 (66.6) <0.0001
Race, no. (%) <0.0001g

White 3743 (83.4) 4201 (74.3)
Asian 348 (7.8) 936 (16.6)
Black or African American 167 (3.7) 169 (3.0)
Other/missingc 232 (5.2) 346 (6.1)

Current smoker, no. (%) 664 (14.8) 1142 (20.2) <0.0001
History of hypertension, no. (%) 4335 (96.5) 4790 (84.7) <0.0001
Duration of diabetes, years, mean (SD) 14.2 (7.9) 13.1 (7.6) <0.0001
History of heart failure, no. (%) 878 (19.6) 583 (10.3) <0.0001
History of atrial fibrillation, no. (%) 401 (8.9) 212 (3.8) <0.0001
History of myocardial infarction, no. (%) 1335 (29.7) 1621 (28.7) 0.25
Microvascular disease history, %

Retinopathy 1047 (23.3) 1082 (19.1) <0.0001
Nephropathy 931 (20.7) 843 (14.9) <0.0001
Neuropathy 1510 (33.6) 1600 (28.3) <0.0001

Atherosclerotic vascular disease history, no. (%)d

Coronary 2607 (58.1) 3114 (55.1) 0.003
Cerebrovascular disease 977 (21.8) 981 (17.4) <0.0001
Peripheral 993 (22.1) 1120 (19.8) 0.005
Any 3290 (73.3) 4034 (71.4) 0.03

Cardiovascular disease historye, no. (%) 2943 (65.6) 3713 (65.7) 0.88
History of coronary revascularization, no. (%) 1613 (35.9) 1951 (34.5) 0.14
History of CABG, no. (%) 403 (15.6) 416 (12.9) 0.004
History of amputation, no. (%) 110 (2.4) 128 (2.3) 0.54
Weight, kg, mean (SD) 94.3 (21.2) 86.8 (18.9) <0.0001
Body mass index, kg/m2, mean (SD) 33.4 (6.2) 30.8 (5.4) <0.0001
Systolic blood pressure, mmHg, mean (SD) 138.2 (16.3) 135.4 (15.2) <0.0001
Diastolic blood pressure, mmHg, mean (SD) 77.6 (10.0) 77.8 (9.4) 0.16
Glycated haemoglobin, %, mean (SD) 8.2 (0.9) 8.3 (0.9) 0.05
Total cholesterol, mmol/L, mean (SD) 4.3 (1.2) 4.4 (1.1) 0.0001
Triglycerides, mmol/L, mean (SD) 2.1 (1.4) 2.0 (1.4) 0.0005
LDL cholesterol, mmol/L, mean (SD) 2.2 (0.9) 2.3 (0.9) <0.0001
HDL cholesterol, mmol/L, mean (SD) 1.2 (0.3) 1.2 (0.3) 0.0008
eGFR, mL/min/1.73 m2, mean (SD) 71.9 (19.7) 80.1 (20.4) <0.0001
UACR, mg/g, median (IQR)f 13.5 (6.9–53.2) 11.5 (6.5–34.9) <0.0001i

Normoalbuminuria, no. (%) 2938 (66.2) 4069 (72.7) <0.0001
Microalbuminuria, no. (%) 1096 (24.7) 1170 (20.9)
Macroalbuminuria, no. (%) 402 (9.1) 358 (6.4)

Drug therapy, no. (%)
Insulin 2526 (56.3) 2569 (45.5) <0.0001
Sulfonylurea 1768 (39.4) 2593 (45.9) <0.0001
Metformin 3329 (74.1) 4496 (79.6) <0.0001
GLP-1 receptor agonist 202 (4.5) 205 (3.6) 0.03
DPP-4 inhibitor 591 (13.2) 670 (11.9) 0.05
Thiazolidinedione 195 (4.3) 297 (5.3) 0.03
Statin 3549 (79.0) 4051 (71.7) <0.0001
Antithrombotich 3454 (76.9) 4017 (71.1) <0.0001
RAAS inhibitor 3995 (89.0) 4121 (72.9) <0.0001
Beta-blocker 2742 (61.1) 2679 (47.4) <0.0001
Calcium blocker 1931 (43.0) 1512 (26.8) <0.0001

CANVAS, CANagliflozin cardioVascular Assessment Study; CANVAS-R, CANagliflozin cardioVascular Assessment Study—Renal; DPP-4,
dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, glycated haemoglobin; HDL,
high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; RAAS, renin–angiotensin–aldosterone system; SD, stan-
dard deviation; UACR, urine albumin-to-creatinine ratio.
aOne participant was randomized at two different sites, and only the first randomization is included in the intention-to-treat analysis set.
bP-value for comparison between total participants with diuretics at baseline and total participants without diuretics at baseline.
cIncludes American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, multiple, other, and unknown.
dSome patients had more than one type of atherosclerotic vascular disease.
eA history of cardiovascular disease was defined as a history of symptomatic atherosclerotic vascular disease (coronary, cerebrovascular, or
peripheral).

fValues for albuminuria categories calculated based on N of 4436 with diuretics and N of 5597 without diuretics and 10 033 for the total
population for the CANVAS Program.
gP-value corresponds to generalized Cochran–Mantel–Haenszel test for no general association.
hIncludes antiplatelets and anticoagulants.
iP-value corresponds to Wilcoxon rank-sum test of equal media.
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participants on baseline diuretics compared with those not on
diuretics (�0.52% vs. �0.64%; Pheterogeneity = 0.0007).

Adverse events

Serious adverse outcomes, AEs leading to discontinuation,
AEs of interest in the CANVAS Program, and other selected
AEs in the CANVAS trial alone are reported in Figure 4. There
was no difference in AEs between subgroups defined by base-
line diuretic use (all Pheterogeneity > 0.05), including for all
SAEs, AEs leading to discontinuation, or serious renal safety
outcomes, including acute kidney injury.

Discussion

Participants with T2DM on baseline diuretic therapy experi-
enced a greater relative risk reduction in MACE from
canagliflozin therapy than those not on baseline diuretics,
which was largely driven by differences in the rate of nonfatal
MI. This was not explained by a greater reduction in any in-
termediate markers of cardiovascular health, such as body

weight, SBP, pulse, UACR, or HbA1c. Further, the adjusted
models suggest that differences in baseline participant char-
acteristics between those on and not on diuretics were not
responsible for the differences in outcomes that have been
observed across diuretic subgroups.

Heterogeneous effects of SGLT2i in patient using vs. not
using diuretics were not observed in the only other large
SGLT2i study—the EMPA-REG OUTCOME Trial1—which re-
ported data for this subgroup. However, EMPA-REG only in-
cluded patients with high risk of cardiovascular events,
which was defined as pre-existing atherosclerotic CVD (76%
with coronary artery disease), which may have contributed
to this differential finding, as similar rate of baseline diuretic
use was present (43%). Neither DECLARE TIMI-583 nor
CREDENCE6 trial reported cardiovascular outcomes for this
subgroup. However, DECLARE TIMI-58 demonstrated a
greater effect of dapagliflozin on cardiovascular death among
individuals with baseline HF with reduced ejection fraction
[HR 0.55 (95% CI 0.34–0.90)] compared with those without
HF with reduced ejection fraction [HR 1.08 (95% CI 0.89–
1.31), Pheterogeneity = 0.01].16 DECLARE TIMI-58 also showed
that dapagliflozin had a smaller effect on a composite renal-
specific outcome (i.e. eGFR decrease ≥40% to <60 mL/min/

Figure 1 Effects of canagliflozin on cardiovascular and renal outcomes in participants in the CANVAS Program, stratified by baseline use of any di-
uretic. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated with the use of Cox regression models, with stratification according
to trial and history of cardiovascular disease for all canagliflozin groups combined versus placebo. CV, cardiovascular; HF, heart failure; MACE, major
adverse cardiovascular event, including death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke; MI, myocardial infarction.
*40% reduction in estimated glomerular filtration rate, end-stage kidney disease, or death from renal causes.

Cardiovascular and renal outcomes with canagliflozin according to baseline diuretic use 1487

ESC Heart Failure 2021; 8: 1482–1493
DOI: 10.1002/ehf2.13236



1.73 m2; end-stage renal disease; or renal death) among indi-
viduals taking diuretics at baseline [HR 0.72 (95% CI 0.54–
0.95) vs. HR 0.36 (95% CI 0.25–0.50), Pheterogeneity = 0.002].17

On the other hand, there was no heterogeneity observed for
the composite cardiorenal outcome (i.e. eGFR decrease ≥40%
to <60 mL/min/1.73 m2; end-stage renal disease; or renal or
cardiovascular death) based on baseline diuretic status. Re-
cently, the DAPA-HF trial in patients with HF and reduced
ejection fraction18 demonstrated that the efficacy and safety
of SGLT2i dapagliflozin were consistent across subgroups in
relation to background diuretic treatment.19 Compared with
placebo, there was no heterogeneity found across each of di-
uretic subgroups regarding the risk of the primary endpoint
[HR for no diuretic, diuretic dose equivalent to furosemide
<40, 40, and >40 mg daily at baseline separately: 0.57
(95% CI 0.36–0.92), 0.83 (95% CI 0.63–1.10), 0.77 (95% CI
0.60–0.99), and 0.78 (95% CI 0.63–0.97), respectively; P for
interaction = 0.61].

The observed differences in outcomes in CANVAS for post
hoc subgroups using vs. not using diuretics at baseline gener-
ated several hypotheses about possible mechanisms of ef-
fect. For example, it could be hypothesized that the
observed results were driven by clinically diagnosed or
sub-clinical HF, but a 2019 meta-analysis of SGLT2i has found
no evidence of heterogeneity of effect by baseline HF status.6

It could also be postulated that differences in patient charac-
teristics such as higher baseline SBP, longer duration of dia-
betes, higher smoking rates, and differential use of other
therapies might explain the observed heterogeneity. How-
ever, while there was a strong rationale for expecting such
differences to drive variation in overall risk between sub-
groups, there was no strong reason for anticipating that these
differences would drive variation in the effects of the drug on
clinical outcomes, which is supported by the stability of the
results after multivariable adjustment. While it might be ex-
pected that the findings may be due to difference in changes

in cardiovascular risk factor over the study period, including
blood pressure, risk factors changes were similar between
groups, except for modest differences in pulse, HbA1c, and
uric acid.

A potential renal mechanism, mediated via diuretic and na-
triuretic effects,20 may partially explain the observed sub-
group difference seen in this analysis, including for nonfatal
MI. SGLT2 inhibition exerts a number of effects on body so-
dium and fluid, which are distinct and may be complemen-
tary to other diuretics given differential targets on the
nephron. These drug classes may have differential effects
on interstitial vs. intravascular compartments; for example,
loop diuretics may reduce both interstitial and intravascular
volume,21 while SGLT2i may promote natriuresis and volume
effects mainly via selectively reducing interstitial oedema
rather than intravascular volume. This potentially limits ad-
verse reflex neurohumoral stimulation that occurs in re-
sponse to intravascular volume contraction,10 but further
research is needed to better understand these effects. Mean-
while, it may be possible that sequential nephron blockade
associated with use of multiple diuretic classes could lead
to more effective reductions in left ventricular end-diastolic
pressure (LVEDP) without as much reflex neurohumoral stim-
ulation and thus lower risk of nonfatal MI. Furthermore,
there is a possible link between coronary microvascular dys-
function and left ventricular diastolic function in patients
with diabetes22 or HF with preserved ejection fraction.23

Therefore, canagliflozin with diuretics might reduce chance
for MI via lowering LVEDP. Additionally, elevated LVEDP is as-
sociated cross-sectionally with increased high-sensitivity C-re-
active protein (CRP),24 such as activating hypoxic stress,
which has been shown to induce cardiomyocyte production
of interleukin-6,25 which, in turn, could stimulate the liver
to produce CRP, which may be a trigger for MI events. The as-
sociation between elevated LVEDP and elevated CRP and
other inflammatory markers is likely bidirectional, so

Figure 2 Effects of canagliflozin on major adverse cardiac events in participants in the CANVAS Program, stratified by baseline use of diuretic classes*.
*In CANVAS Program, any diuretics were categorized as loop or non-loop diuretics. In CANVAS trial, non-loop diuretics were further categorized with
specific drug classes. **Includes thiazide, thiazide-like, or other diuretics.

1488 J. Yu et al.

ESC Heart Failure 2021; 8: 1482–1493
DOI: 10.1002/ehf2.13236



reducing LVEDP with SGLT2i may be able to break this vicious
cycle. The combination of SGLT2i with other diuretics, with
their contrasting mechanisms and multifactorial effects,
may potentially explain the observed benefits. The effects
of canagliflozin on MACE were most robust for patients tak-
ing baseline thiazide, thiazide-like, or other diuretics, but
the direction and magnitude of effect were similar for pa-
tients taking loop diuretics. Moreover, loop diuretic prescrip-
tion can be considered as a positive factor, given the large
effect size of this drug class in prospective trials.26 The asso-
ciation of loop diuretic prescription and outcomes, as re-
ported from OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients with Heart Fail-
ure) registry, further shows a lower risk of 30 day all-cause
mortality associated with loop diuretic use compared with

non-use [HR 0.73 (95% CI 0.57–0.94), P = 0.016]. Patients in
the loop diuretic group also had a significantly lower risk of
30 day HF readmission [HR 0.79 (95% CI 0.63–0.99),
P = 0.037].27 The implications of these differences are uncer-
tain but may be due, at least in part, to limited power to de-
tect differences of effect by diuretic class. In addition, the key
reason for inconsistency with other diuretics in this post hoc
analysis might be due to the very small number of partici-
pants on MRAs at baseline. Based on limited data available
from patients on MRAs, it is difficult to provide robust evi-
dence to evaluate the combined effect of canagliflozin and
MRAs on cardiovascular outcomes.

These post hoc observations may also reflect a chance
finding without external validation. The large sample size,
high level of statistical significance of the observed

Figure 3 Effect of canagliflozin* on (A) systolic blood pressure; (B) pulse; (C) body weight; (D) haemoglobin A1c; (E) urinary albumin-to-creatinine ra-
tio; (F) serum uric acid; and (G) haematocrit in participants in the CANVAS Program, stratified by baseline use of any diuretic. *Calculated as mean
change from baseline across the entire follow-up period. The average change in these continuous outcomes from baseline by canagliflozin treatment
and the difference in treatment effect between those on and not on diuretics at baseline were analysed using mixed-effect models for repeated mea-
sures including all data up to Week 312 and covariates for study, visit, treatment, baseline measures, treatment-by-visit, and baseline-by-visit
interactions.
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Figure 4 Adverse events in the CANVAS Program participants stratified by baseline use of any diuretic. CANVAS indicates Canagliflozin Cardiovascular
Assessment Study; CI, confidence interval. *The annualized event rates are reported with data from CANVAS alone through 7 January 2014, because
after this time, only serious adverse events or adverse events leading to discontinuation were collected. In CANVAS-R, only serious adverse events or
adverse events leading to discontinuation were collected. Owing to the differences between the two trials in methods of collection of the data, an
integrated analysis of these adverse events is not possible. §Data collected in CANVAS and CANVAS-R.
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heterogeneity (P < 0.001), and similar directions of effect for
this finding across each of the MACE components argue
against chance as an explanation.

Importantly, there was no signal of harm with combined
canagliflozin and diuretic therapy, with no increase in SAEs
nor AEs leading to discontinuation of the study drug in this
subgroup. AEs related to osmotic diuresis or volume deple-
tion, including hypotension, were not increased in those on
baseline diuretic use, which has been a key concern in clinical
practice. In addition, there was no signal of greater renal
events or worsening of renal function in the patients random-
ized to canagliflozin who were taking diuretics at baseline, in-
cluding acute kidney injury. These findings should give
clinicians greater confidence in the safety of prescribing
SGLT2i in those on concomitant diuretic therapy.

Key limitations to the study are that the subgroup was de-
fined based on diuretic therapy at baseline, not throughout
the trial, and specific diuretics were only available in CANVAS.
Meanwhile, more detailed on-treatment use of any diuretics,
such as discontinuation, assessing type, and dose of
treatment, were not in time captured. It is possible that
participants may have discontinued or reduced their diuretic
therapy during the trial, and this was not systematically cap-
tured. Further, it is possible, though probably unlikely, that
changes in diuretic use may have impacted upon the differ-
ence in outcomes that were observed across subgroups.
While we fitted adjusted models to control for differences
in participants’ baseline characteristics, measurement of each
may have been imprecise, and residual confounding may still
have persisted. Additionally, echocardiographic data for
assessing the severity of HF in both groups were not system-
atically collected in the CANVAS Program. Lastly, these analy-
ses were performed post hoc, and thus, the results should be
viewed with caution and should be considered hypothesis
generating.

In summary, participants in the CANVAS Program on base-
line diuretic therapy derived a greater relative risk reduction
from canagliflozin treatment for MACE than those not on
baseline diuretics. This finding was not fully explained by
differences in participants’ baseline characteristics nor differ-
ential effects on intermediate markers of cardiovascular
health. Moreover, there was no increase in renal nor total
AEs identified from canagliflozin treatment in those on base-
line diuretic therapy, demonstrating that concomitant use of
canagliflozin and diuretics is safe. Future analyses of other
large trial datasets will be important to determine the robust-
ness of these results in different populations.
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