
The present understanding of cardiovascular disease
(CVD) in type-2 diabetes mellitus (T2DM) has

evolved considerably. Diabetes and CVD are known to
share common antecedent factors. The risk of CVD in-
creases progressively across the continuum of dysglycemia,
beginning from the pre-diabetic stage. Subclinical CVD is
prevalent in 2 out of every 3 patients of diabetes, andis
associated with 2-fold greater risk of CV events1. Inten-
sive control of glycemia has notconsistently demonstrated
reduction in risk of macrovascular events, or improvement
in survival2-7. Aholistic multi-factorial CV risk manage-
ment is key to improve clinical outcomes. However, CVD
still remains the leading cause of mortality in T2DM, ac-
counting for nearly 2 of every 3 deaths7.

Recent advances from the CV outcome trials of the
SGLT2-inhibitors (SGLT2-i) and GLP-1 receptor agonists
(GLP1-RAs), has prompted optimism in the management
of T2DM from CVD risk perspectice8-11. The CV benefits
demonstrated in EMPA-REG OUTCOME, LEADER,
SUSTAIN-6, and CANVAS program,haveusheredunique
opportunities for improving the standards of care. This re-
view attempts to infer the evidence on CV outcomes with
the SGLT2-i agents, from a clinical practice perspective.

The Story of 2 CVOTs : CANVAS Program and
EMPA-REG OUTCOME �

CANVAS program was a pooled analysis of 2 random-
ized controlled trials, CANVAS and CANVAS-R11,12. The

pooled analysis had a hierarchialstatistical assessment plan,
as described in Fig 1.

What is the CV benefit : 3P-MACE in CANVAS
Program and EMPA-REG OUTCOME ?

The CANVAS program was statistically designedto
detect CV safety of canagliflozin, in terms of �non-inferi-
ority� for 3P-MACE12. The analysis did provethe same;
further, a significant 14% reduction in the risk of 3P-MACE
events was also demonstrated with canagliflozin. As per
the statistical analysis plan of CANVAS program, �superi-
ority� of canagliflozin for 3P-MACE was considered, based
on the hazard ratio of 3P-MACE demonstrating upper
bound of 95% confidence interval as <1.011,12. However,
the statistical assessment plan of the CANVAS program
did not assume statistical power to detect �superiority�for
3P-MACE12. In the statistical considerations, a balance
between the possibility of false-positive (alpha) error,
andthe power of study, should be optimized for maintain-
ing robustness13. In the CANVAS program, since the su-
periority of 3P-MACE was not considered in the hierar-
chial assessment plan, a greater statistical power should
have been required to optimally reduce the chances of
falsely positive 3P-MACE results, which was not the case.
However, if the statistical-assumptions of the CANVAS
program are reconsidered in the hindsight, it remains un-
certain whether such a stricter interpretation should pre-
vail. For demonstration of superiority, the left-truncated
dataset that excludes the events accrued in CANVAS be-
fore Nov 2012 should have been more appropriate. This
is because the events accrued in CANVAS before Nov
2012, were partially unblinded for safety assessments12.
In the CANVAS program, an additional aspect needing
further explanation is that the patients receiving diuretic
therapy in the background, had demonstrated significantly
greater 3P-MACE benefit; this subgroup analysis suggested
that background diuretic use could have considerably in-
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fluenced the overall CV benefit observed with
canagliflozin, with the p value for interaction being
<0.00111. However, in the EMPA-REG OUTCOME study,
such discordant beneficial effect based on the background
diuretic use, had not been observed with
empagliflozin.8Based on all these considerations, the
accurateestimation of 3P-MACE from the left-truncated
dataset, using optimized statistical power and alpha-error
assumptions, whether canagliflozin would have consis-
tently demonstrated superiority for 3P-MACE, remains
uncertain. Overall, the results of the CANVAS program
do suggest the possibility ofCV protection with another
SGLT2-i agent, in patients of T2D with high CV risk. Based
on these observations with their strengths and limitations,
the ADA has considered 3P-MACE benefit of canagliflozin
as Level C evidence (Conflicting evidence with weight of
evidence supporting recommendation).

In the EMPA-REG OUTCOME
study, a significant 14% reduction was
observed with empagliflozin for 3P-
MACE events.8In EMPA-REG OUT-
COME as well as in CANVAS program,
silent myocardial infarction was excluded
from the primary analysis of 3P-
MACE8,11. Since a precise and timely
ascertainment of silent MI is not possible
in CVOTs, including silent MI in the pri-
mary outcome of 3P-MACE leads to in-
creased uncertainty in the CV safety as-
sessments; hence to maintain robustness
of 3P-MACE endpoints, silent MI is gen-
erally excluded from primary assessments
in CVOTs.

For any therapy, a reduction in all-
cause deathis the strongest evidence of
benefit; the endpoint of all-cause
deathcannot be manipulatedby consider-
ing different definitions for specific

causes of death14. In terms of all-cause
death, empagliflozin demonstrated sig-
nificant 32% reduction in the EMPA-
REG OUTCOME study8. The mortality
benefits of empagliflozin, including all-
cause death and CV death, remained con-
sistent even after excluding the �non-as-
sessable CV deaths� from the analyses15.
In the CANVAS program, significant re-
duction in risk of all-cause death or CV
death was not observed with
canagliflozin, even in those 6,656 patients
who had a prior history of CVD11,28.
Thus, empagliflozin and liraglutide are
presently the only 2 antidiabetic agents,

which have conclusively proven mortality benefitsin ro-
bust studies8,9.

The overall CV outcomes observed in EMPA-REG
OUTCOME, and in the CANVAS program, have been sum-
marized in Table 1.

At what stage of CVD, is the benefit more plausible?
The antidiabetic CVOTs are required to include pa-

tients of T2DM with high CV-risk18. The definitions of
high CV-risk may vary across the CVOTs.The seminal
work of Preiss and colleagues suggested that in patients
with diabetes, the presence of underlying CVD would yield
a 3.5 to 4.6 fold higher CV event rate19. Preiss and col-
leagues defined underlying CVD based on objective crite-
ria for ascertaining coronary artery disease, peripheralar-
terial disease, or cerebrovascular disease. Objective iden-
tification included either a prior CV event history or con-

Table 1 � CV Outcomes in EMPA-REG OUTCOME and CANVAS Program. Relative Risk
Reductions (dark boxes imply statistically significant reductions)

This is not a head-to-head comparison

Fig 1� CANVAS Program: Sequential Statistical Analysis Plan
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firmation through gold-standard assess-
ments, like vascular imaging in asymp-
tomatic or symptomatic patients. Such
objective definitionfor underlying CVD
ensures greaterhomogeneity of underly-
ing CVD risk in the study populations,
and has been followed as inclusion cri-
teria in TECOS and EMPA-REG OUT-
COME8,20.

In clinical practice setting, an objec-
tive assessment of underlying CVD by
vascular imaging is not routinely recom-
mended inasymptomatic patients of
T2DM21. Silent ischemiais of common
occurrence in asymptomatic patients of
T2DM, often with significant underly-
ing atherosclerotic obstruction, and may
manifest as serious events like silent MI
or sudden death. It is known that in dia-
betes, the underlying atherosclerotic
plaques are diffuse, andremain asymptomatic for a longer
duration22. The Framingham offspring study suggested that
2/3rd of the patients of diabetes have underlying subclini-
cal CVD1. Further, a post-mortem assessment in patients
of diabetes haddemonstrated high-grade coronary athero-
sclerosis, in 3/4th of the patients who had been asymp-
tomatic; half of the patients having multi-vessel disease.
Hence, if the assessment of underlying CVD is based
merely on clinical symptoms, one may miss out on a sig-
nificant proportion of patients with subclinical CVD, who
also have high CV risk. In the CVOTs, if objective assess-
ment for underlying CVD is not considered as the inclu-
sion criterion, enrollment of participants with high CV risk
may be maximized by including those with multiple un-
controlled CV risk-factors. CVOTs like LEADER, CAN-
VAS program, and DECLARE TIMI 58 have included pa-
tients of high CV risk based on these lines9,11.

In CANVAS program, 66% of enrolled patients had
symptomatic atherosclerotic CVD, whereas 34% had mul-
tiple CV risk-factors, without a known history of CVD. In
these 34% of study participants, the CVD status was not
excluded by vascular imaging11. The mean age of the study
patients was 63 years,and average duration of diabetes was
14years; hypertension was present in 90% of these pa-
tients11. As the CVD status was not excluded through vas-
cular imaging, it would be inappropriate to assume ab-
sence of underlying CVD, in these 34% of patients with
high CV risk, enrolled in the CANVAS program.

In the CVOTs, the 3P-MACE event rates in placebo
groups indicate the background CV risk in the respective
study participants. As demonstrated in Fig 2, in the pla-
cebo groups across most of the CVOTs, the 3P-MACE
event-rates were comparable (Fig 2)8-12,20,24; this is sug-

gestive of similar background CV-risk in the participants
across these CVOTs. Since all the CVOTs include patients
with high CV-risk profiles, attempts to extrapolate the ben-
eficial CV outcomes observed in these CVOTs, to patients
with lower CV-risk profiles, may befutile.

In the CANVAS program, in the subgroup of patients
with multiple CV risk factors, a meaningful effect was not
demonstrated for 3P-MACE (hazard ratio was 0.98), al-
though the p-value for interaction was non-significant.This
means that although the overall results of 3P-MACE were
consistent across the subgroups, a clear benefit was not
demonstrated in patients with multiple CV risk-factors. A
CV safety meta-analysis of empagliflozin, including pooled
events from 8 randomized controlled trials, demonstrated
consistent CV benefitswith empagliflozin in patients of
T2DM with low-medium or high CV risk. On exclusion of
EMPA-REG OUTCOME study from this analysis, signifi-
cant CV benefits still remained for 4P-MACE and hospi-
talizations for heart-failure or CV death. However, this
meta-analysis included trials of  24-52 weeks duration, and
fewer CV events. Hence, this evidence of possible CV
benefit with empagliflozin, in patients with lower CV-risk
profiles, is also exploratory in nature26.

Real-world studies like CVD-REAL study furnish ad-
ditional evidence of possible CV benefitsof the SGLT2-i
agents, in patients with varied extent of CV-risks27. In this
retrospective real-world analysis including diverse data-
base records, the use of SGLT-2i agents was associated
with significant 51% lower risk of mortality, and 39% lower
risk of HHF. The analysis does suggest an overall benefit
of SGLT2-i agents compared to the other glucose-lower-
ing therapies. However, real-world evidence does not give
a conclusive proof, because of the inherent limitations in

Fig 2 � 3P-MACE Event Rates in CVOTs (Placebo Groups)
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such observational study designs. In CVD REAL study,
the two comparator groups were matched for only28-34

possible confounding variables, through 1:1 propensity-
score matching. A clear discordance was observed in the
findings of the US-cohort of CVD-REAL study. This US-
cohort included patients who mainly received
canagliflozin. A significant reduction in all-cause death was
observed in this US cohort; however, in the CANVAS pro-
gram, canagliflozin failed to demonstrate a benefit for all-
cause death. This discordance is possibly explained by
immortal time bias, which maybe prevalent in real-world
studies, as explained earlier29.

Conclusion :
Hence, contemporary evidence does not confirm the

possibility of primary CVD prevention with SGLT2-i agents,
as far as the 3P-MACE outcomes are concerned. The di-
verse cardio-metabolic effects of SGLT2-inhibitiors, like
improvement in blood pressure, reduction in interstitial fluid
volume, reduction in arterial stiffness, delay in onset and
progression of chronic kidney disease, or lusitropic effect,
suggest possible benefits of preventing CVD, if used opti-
mally in patients of T2DM with apposite risk.
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