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ABSTRACT

EMPA-REG OUTCOME and CANVAS trials were
designed to study the cardiovascular safety of
empagliflozin and canagliflozin, respectively.
Both studies were sufficiently powered to study
the non-inferiority for cardiovascular (CV) out-
comes in patients with type 2 diabetes mellitus
(DM) and showed superiority for major adverse
cardiovascular events and composite renal out-
comes independent of glycemic control. Fur-
ther, all patients in EMPA-REG had prior CV
events (secondary prevention), compared to
CANVAS that also included subjects with no
prior CV events, indicating the beneficial effects
of canagliflozin in primary prevention of CV
events as well. Moreover, there seems to be
ethnic variations in response to sodium-glucose
cotransporter 2 inhibitors (SGLT2i) regarding
CV benefits, as Blacks fared better with cana-
gliflozin and Asians with empagliflozin. Increa-
ses in lower extremity amputation and fracture
incidence were observed with canagliflozin in
CANVAS and this needs further substantiation,

though these events were not systematically
captured in the EMPA-REG study.
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INTRODUCTION

The US Food and Drug Administration (FDA)
2008 regulations mandate the sponsors to con-
duct cardiovascular outcome trials (CVOTs) for
ensuring cardiovascular (CV) safety of newly
marketed antidiabetes agents [1]. The
sodium-glucose cotransporter inhibitors
(SGLT2i) have entered the world market after
this mandatory requirement, hence necessitat-
ing the need for CVOTs. These trials are
required to exhibit a two-sided 95% CI upper
boundary of hazard ratio (HR) of less than 1.3
for major adverse cardiovascular events (MACE)
in comparison to the control group [1, 2].
Therefore, CVOTs have been conducted for
both empagliflozin and canagliflozin to test for
non-inferiority for the prespecified primary CV
outcome variables with HR of less than 1.3.
Understandably, the population included in
these CVOTs had high CV risk, so as to have
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maximum CV events (CVE) within the stipu-
lated time period, thus providing an opportu-
nity to assess the CV safety of these drugs [2–4].

The CV outcome results of empagliflozin
cardiovascular outcomes and mortality in type
2 diabetes trial (EMPA-REG) [3] and canagli-
flozin cardiovascular assessment study (CAN-
VAS) [4] with empagliflozin and canagliflozin,
respectively, have demonstrated tangible bene-
fits beyond the thoughts of the diabetes-treat-
ing community. Previously, metformin and
liraglutide have demonstrated CV benefits
independent of glycemic control in patients
with T2DM in the UKPDS study and LEADER
study, respectively [5, 6]. The SGLT2i are
another class of oral antihyperglycemic drugs
(OADs) that have exhibited beneficial CV out-
comes independent of glycemic control. Do the
CV benefits with empagliflozin and canagli-
flozin mirror each other and have similar
implications? We herein dissect the CV and
renal outcomes of EMPA-REG and CANVAS tri-
als with their implications in clinical practice.

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

STUDY DESIGN

Both CANVAS and EMPA-REG trials had a large
sample size, included subjects with high CV
risk, had well-defined primary endpoints and
predefined criteria for event adjudication. All
patients in EMPA-REG study had prior CV
events compared to CANVAS that also included
subjects (33%) with no prior CV events. How-
ever, CANVAS is an analysis of pooled results of
two separate cohorts (CANVAS and CANVAS-R)
followed for different durations. Projected
median follow-up of CANVAS and CANVAS-R
was 5.69 and 2.04 years, respectively, with fol-
low-up duration of 2.42 years in the integrated
CANVAS program, while EMPA-REG had a fol-
low-up of 3.01 years [3, 7, 8]. Both these trials
were of sufficient duration and satisfied the FDA
criteria for long-term ([2 years) studies to assess
the effects of the investigational drug on CV
outcomes. The CANVAS trial included the

pooled results of two separate cohorts, i.e.,
CANVAS primarily aimed for three-point major
adverse cardiovascular events (3P-MACE) and
CANVAS-R for renal outcomes, which is likely
to introduce an inherent bias for the analysis of
primary outcomes, as pooled data of two dif-
ferent cohorts with separate aims makes it sta-
tistically less robust. Nevertheless, the FDA
allowed pooling of the results, as these trials
were event-driven [8].

Moreover, there was a wide ethnic disparity
in the enrollment of patients, as CANVAS and
EMPA-REG had only 13% and 21% of subjects
from Asia, respectively, despite Asians account-
ing for almost half of the world’s diabetic pop-
ulation [3, 7, 9]. Conventionally, the CVOTs are
designed to analyze the prespecified primary
endpoints; in addition, a few exploratory vari-
ables like hospitalization for heart failure, all
cause mortality, etc., are also studied, as they
are patient-important events and provide addi-
tional information beyond the primary out-
come variables. But, the statistical analysis for
these exploratory variables may not be so robust
as the study may be underpowered for these
outcome measures and may attenuate the sig-
nificance of the results. However, both the
EMPA-REG and CANVAS trials examined the
exploratory variables despite this limitation
[3, 4, 8].

CV OUTCOME

Canagliflozin decreased the 3P-MACE by 14%
(HR 0.86, 95% CI 0.75–0.97), which is a com-
posite of CV death, non-fatal myocardial
infarction and non-fatal stroke in CANVAS,
identical to empagliflozin (HR 0.86; 95% CI
0.74–0.99, p = 0.04 for superiority) in the
EMPA-REG study [3, 4]. Both these SGLT2i have
demonstrated superiority over the placebo with
regards to the primary outcome.

The individual components of 3P-MACE in
the EMPA-REG trial showed a trend for
non-inferiority (HR either side of 1.0), except
for CV deaths (HR 0.62, 95% CI 0.49–0.77),
which was the major driver for 3P-MACE
reduction. One can thereby deduce that empa-
gliflozin reduces the likelihood of CV death
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without significantly reducing the CV events,
which is ironic, as the drug seems not to prevent
the illness but the death. This can be explained
as 40% of deaths in the EMPA-REG trial were
due to ‘‘undefined causes’’, which were incrim-
inated as CV deaths. After elimination of these
‘‘non-assessable’’ deaths from the analysis, the
superiority of empagliflozin was abrogated (HR
0.90, 95% CI 0.77–1.06) [10]. All the individual
components of MACE showed non-inferiority
with canagliflozin (95% CI of HR on either side
of 1.0), while the composite primary outcome
of 3P-MACE showed a trend for superiority.
What drives the superiority of canagliflozin over
placebo for 3P-MACE outcome is difficult to
understand, unlike empagliflozin.

A profound reduction (38%) in CV death was
observed with empagliflozin, compared to only
13% reduction in CV death with canagliflozin
on top of optimal secondary preventive mea-
sures including aspirin and statin therapy,
despite being from the same class. This could be
related to the differences in the baseline char-
acteristics of the study population, effect of
concurrent use of cardioprotective drugs, selec-
tivity for SGLT2 over SGLT1 transporters
([2500-fold for empagliflozin and [250-fold
for canagliflozin) [11, 12], adjudication of CV
events or statistical analysis of the results. The
differences in the baseline characteristics
(Table 1) of the study subjects might explain the
disparity in observed CV outcomes [3, 4, 7].
Two-thirds of patients in the CANVAS trial had
established CV events and one-third were at risk
for CV events, whereas EMPA-REG enrolled
99.5% of subjects with prior CV events. It is
presumed that the higher the baseline HbA1c is,
the greater the HbA1c reduction with any
intervention will be. In a similar way, the higher
the baseline risk for CV events is, the better the
CV protection will be, as was shown in the
EMPA-REG trial. Is it so simple to confirm this
presumption? Yes, it is probably true, as subjects
with prior CV events in the CANVAS trial had
18% reduction in CV death (HR 0.82, 95% CI
0.72–0.95) compared to only 2% in those
without prior CV events (HR 0.98, 95% CI
0.74–1.30). Further, the follow-up duration
could have influenced the MACE outcome in
the study groups, as duration of study was

double with CANVAS compared to EMPA-REG
(6 vs 3 years).

The glycemic equipoise, defined as the dif-
ference in HbA1c achieved between the drug
and the placebo arm, should not exceed 0.3% at
the end of the study, which is a prerequisite for
CVOTs to abrogate the effect of reduction in
glucotoxicity on CV outcomes [13]. The HbA1c
differences in the drug arm versus placebo were
0.28% and 0.58%, in EMPA-REG and CANVAS
trials, respectively. Hence, some beneficial
effects on CV outcomes with canagliflozin may
be attributed to glycemic reduction unlike
empagliflozin.

TIME POINT FOR CV BENEFITS

Divergence in the survival curve for MACE was
observed at 3 months in the EMPA-REG study
(as the curved lines started drifting at 3 months)
as opposed to at approximately 1 year in the
CANVAS trial [3, 4]. An early separation in the
survival curve lines with empagliflozin has been
attributed to the hemodynamic effects [14],

Table 1 Baseline characteristics of included subjects in
two trials

Parameters EMPA-REG CANVAS

Number of subjects 7020 10,142

Age (years) 63.2 63.3

Duration of diabetes

(years)

– 13.5

BMI (kg/m2) 30.5 32

HbA1c (baseline) (%) 8.0 8.2

Prior CVD (%) 99.5 65.6

Duration of follow-up

(years)

3.1 6.0 (CANVAS

R, 2 year)

eGFR (ml/min/1.73 m2) 83.1 76.5

eGFR\60 ml/min/

1.73 m2 (% of subjects)

26.0 –

BMI body mass index, CVD cardiovascular disease, eGFR
estimated glomerular filtration rate
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alternate fuel hypothesis [15, 16], favorable
lipid profile [3], and improved endothelial
function [3]. However, the effect of canagli-
flozin on MACE was observed after a year,
thereby suggesting the predominant favorable
effect on atherosclerosis, as the process of
atherosclerosis is heralded only in months or
years and not within a few weeks of interven-
tion. However, all plausible explanations
require further substantiation.

ETHNIC VARIATIONS IN CV
BENEFITS

There were appreciable ethnic differences in the
CV outcomes in both trials. Asian and Cau-
casians had better CV benefits than Blacks in
the EMPA-REG study, whereas canagliflozin was
superior in Blacks and Caucasians as compared
to Asian subjects (Table 2) [3, 4]. This observa-
tion may be attributed to variations in racial
response to treatment because of differential
expression of SGLT2 in the kidney or variability
in death adjudication at individual sites or may
be unknown factors. Similar geographical vari-
ations in all-cause and CV mortality have been
observed amongst patients with diabetes from
North America and the rest of the world with
intensive versus conventional glycemic control
across ACCORD, ADVANCE, PROactive, UDGP,
and VADT trials [17]. There was an increase in
all-cause and CV mortality in North America
compared with the rest of the world. However,
none of the studies mentioned above including
CANVAS and EMPA-REG were powered enough
to assess the ethnic or geographical variations in
outcome.

EFFECT ON NON-FATAL STROKE

Canagliflozin reduced the risk of non-fatal
stroke by 10% (HR 0.90, 95% CI 0.71–1.15),
unlike empagliflozin that increased the risk by
24% (HR 1.24, 95% CI 0.92–1.67), though the
difference was not statistically significant
(p = 0.16) [3, 4]. Further, the hazard ratio for
stroke was similar irrespective of systolic [HR
1.14 (0.77, 1.68 CI)] and diastolic blood pressure
control [HR 1.23 (0.82, 1.85 CI)] ([140/90 ver-
sus \140/90 mmHg, p = 0.79 for interaction)
with empagliflozin in the EMPA-REG study [3].
A higher rate of stroke incidence observed with
empagliflozin was in spite of a similar reduction
in systolic and diastolic blood pressure with
either empagliflozin or canagliflozin in the two
trials [3, 4]. However, the difference in non-fatal
stroke outcomes between the two trials remains
unexplained. It may be attributed to diure-
sis-induced dehydration and increased viscosity
in EMPA-REG; but this seems unlikely, as the
results were not replicated with canagliflozin
despite increased adverse effect reporting of
volume depletion with canagliflozin (HR 1.44,
95% CI 1.09–1.90) [4]. In addition, inclusion of
greater numbers of subjects with prior stroke in
EMPA-REG than in the CANVAS trial (23% vs
19.3%) could have led to this outcome [3, 4].

EFFECT ON RENAL OUTCOME

Both EMPA-REG [18] and CANVAS [4] trials
demonstrated significant renal benefits despite
renal outcome measures adjudicated in the two
trials being broadly dissimilar and annihilating
a head-to-head comparison of renal benefits.
CANVAS participants had a 27% reduction in
albuminuria progression (HR 0.73, 95% CI
0.67–0.79) and 40% reduction in the composite
renal outcome (HR 0.60, 95% CI 0.47–0.77)
[defined as 40% reduction in the estimated
glomerular filtration rate (eGFR), the need for
renal replacement therapy, or death from renal
causes]. The EMPA-REG study also showed a
38% reduction (HR 0.62, 95% CI 0.54–0.72) in
progression to macroalbuminuria and 39%
reduction in incident or worsening nephropa-
thy (HR 0.61, 95% CI 0.53–0.70) (defined as

Table 2 Ethnic variation in effect size on MACE in
EMPA-REG and CANVAS trials

Ethnicity EMPA-REG CANVAS

HR CI HR CI

Caucasian 0.88 0.74–1.04 0.84 0.73–0.96

Asian 0.68 0.48–0.95 1.08 0.72–1.64

Black 1.48 0.80–2.02 0.45 0.19–1.03

HR hazard ratio, CI confidence interval
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progression to macroalbuminuria, doubling of
serum creatinine, requirement for renal
replacement therapy, or death due to renal
events). Therefore, the two trials inadvertently
had a different subset of outcome variables but
both showed a favorable renal outcome at the
end of the study. Renal benefits have been
accredited to hemodynamic factors and
restoration of tubuloglomerular feedback. Fur-
ther, it has been shown that SGLT1 co-trans-
porters are overexpressed in proximal
convoluted tubules following the prolonged use
of SGLT2i. It was assumed that canagliflozin
might fare better in terms of renal outcomes
than empagliflozin because of concurrent inhi-
bition of SGLT1 (relative non-selectivity)
co-transporters by canagliflozin but not by
empagliflozin. However, the renal benefits were
similar between the two studies.

ADVERSE EVENTS

The incidence rates of common adverse events,
with the use of SGLT2i, namely genital mycotic
infections and volume depletion, were similar
with both drugs. One surprise was the almost
twofold increased risk for lower extremity
amputations (LEA) with canagliflozin (HR 1.97;
95% CI 1.41–2.75, p\0.001), unlike empagli-
flozin. Further, the percentage of subjects with
prior amputation in two arms (canagliflozin and
placebo arm) of CANVAS was similar. Amputa-
tions in CANVAS were observed more often in
men, and in those with history of prior ampu-
tation, neuropathy or peripheral vascular dis-
ease [4]. Further the amputation risk was not
different between 100 and 300 mg doses of
canagliflozin. The amputation events were not
systematically captured in EMPA-REG; hence, it
was not possible to extrapolate the same risk
with empagliflozin. However, a total of 131
patients in EMPA-REG had LEA, but the inci-
dence was similar between placebo and empa-
gliflozin (0.2% each) groups [3]. Further, the US
FDA Adverse Event Reporting System (FAERS)
analysis exhibited a higher frequency of LEA
(including any amputation and toe amputa-
tion) with canagliflozin with a proportional
reporting ratio (PRR) of 5.33 (95% CI 4.04–7.04,

p\0.0001), 0.25 with dapagliflozin, and 2.37
with empagliflozin compared to non-SGLT2i
agents for diabetes indication [19]. The risk of
LEA with canagliflozin was more compared to
with non-SGLT2i, despite that many patients
with non-SGLT2i were receiving insulin, a
marker of advanced vascular disease, which
itself is a risk factor for LEA. What drives the
increased risk of LEA with canagliflozin needs to
be explored. A possible mechanism may be
hemoconcentration due to osmotic diuresis as
profound diuresis was observed more often with
canagliflozin than placebo [34.5 vs 13.3,
p\0.001 (event rate/1000 patient-year)] and
more severe volume depletion with canagli-
flozin than empagliflozin (HR 1.44 vs 0.99 with
canagliflozin and empagliflozin, respectively)
[3, 4].

Another eye-opener was a 23% increased risk
for low-trauma fracture (predominantly in
upper limb and ribs) with canagliflozin (HR
1.23, 95% CI 0.99–1.52) [4]. The fracture rates
were reported to be similar in both empagli-
flozin and placebo arms (3.8% versus 3.9%),
though the fractures were not systematically
captured in the EMPA-REG trial [20]. Further,
the fractures observed in the two studies were
independent of baseline bone mineral density
(BMD). The possible explanations for increased
risk of fracture risk include increase in serum
phosphate and consequent secondary hyper-
parathyroidism, postural fall due to volume
depletion (HR 1.03 with empagliflozin and HR
1.44 with canagliflozin) [21], decrease in estro-
gen secretion subsequent to weight loss (pre-
dominantly fat), and possible decrease in BMD
[22]. However, both EMPA-REG and CANVAS
were not powerful enough to detect significant
differences in either amputation or fracture
among the studied population.

CONCLUSIONS

Both EMPA-REG and CANVAS have provided us
an opportunity to tunnel away from the glu-
cocentric approach and think beyond the gly-
cemic benefits of OADs towards improved
cardiovascular and renal outcomes. Neverthe-
less, the comparison of results between
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EMA-REG and CANVAS is confounded by the
differences in the enrolled subjects, design of
the trials, and analytical approach. Superiority
for CV outcomes is shown by both trials in
subjects with prior CVD, but empagliflozin
fared better in Asian subjects. Similarly, both
trials also showed renoprotective benefits. Risk
of amputation and fractures with SGLT2i
requires further data to substantiate these
observations.
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