
R
e

v
ie

w
s

in
C

a
r

d
io

v
a

s
c

u
la

r
M

e
d

ic
in

e

TREATMENT UPDATE

Cardiorenal Outcomes in the CANVAS, DECLARE-TIMI 58,
and EMPA-REG OUTCOME Trials: A Systematic Review
Aaron Y. Kluger1,2,∗, Kristen M. Tecson1,2,3, Clay M. Barbin4,5, Andy Y. Lee4,5, Edgar V. Lerma6, Zachary P. Rosol4,5, Janani
Rangaswami7,8, Norman E. Lepor9,10, Michael E. Cobble11 and Peter A. McCullough1,3,4,5

1Baylor Heart and Vascular Institute, Dallas, TX, 75226
2Baylor Scott & White Research Institute, Dallas, TX, 75226
3Texas A & M College of Medicine Health Science Center, Dallas, TX, 75226
4Baylor University Medical Center, Dallas, TX, 75226
5Baylor Heart and Vascular Hospital, Dallas, TX, 75226
6UIC/Advocate Christ Medical Center, Oak Lawn, IL, 60453
7Einstein Medical Center, Philadelphia, PA, 19141
8Sidney Kimmel College of Thomas Jefferson University, Philadelphia, PA, 19107
9David Geffen School of Medicine at UCLA, Los Angeles, CA, 90095
10Cedars-Sinai Medical Center, Los Angeles, CA, 90048
11University of Utah School of Medicine, Salt Lake City, UT, 84132

*Correspondence to Aaron Y. Kluger: aaron.kluger@bswhealth.org

DOI: 10.31083/j.rcm.2018.02.907

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/)

In this systematic review, we sought to summarize the 3 
recent sodium-glucose cotransporter 2 inhibitor (SGLT2i) 
trials (Dapagliflozin Effect on CardiovasculAR Events
(DECLARE-TIMI 58), Canagliflozin Cardiovascular Assess-
ment Study (CANVAS) Program, and Empagliflozin, Car-
diovascular Outcomes, and Mortality in Type 2 Diabetes
(EMPA-REG OUTCOME)) and to explore the potential 
causes for their different results. We found that the major 
adverse cardiovascular event rates per 1000 patient-years 
for drug and placebo, as well as the corresponding rela-
tive risk reductions, were 22.6, 24.2, 7%; 26.9, 31.5, 
14%; 37.4, 43.9, 14% for DECLARE-TIMI 58, CAN-
VAS, and EMPA-REG OUTCOME, respectively. DECLARE-
TIMI 58 had the fewest cardiorenal events (across treat-
ment and control arms) and EMPA-REG OUTCOME the 
most. DECLARE-TIMI 58 used alternative inclusion crite-
rion for baseline renal function (creatinine clearance ≥ 60 
mL/min) compared to the other trials (estimated glomeru-
lar filtration rate (eGFR) > 30 mL/min/1.73 m2 body-
surface area). Therefore, the DECLARE-TIMI 58 study co-
hort had higher eGFR (mean eGFR 85.2 mL/min/1.73 
m2 compared to 76.5 and 74 in CANVAS and EMPA-
REG OUTCOME, respectively); this may have caused the 
difference in results. Additionally contributing to the high 
event rate in EMPA-REG OUTCOME was the requirement 
of prior confirmed cardiovascular disease (CVD), resulting 
in 99.2% of patients with CVD compared to only 65.6%
and 40.6% in CANVAS and DECLARE-TIMI 58, respec-
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tively (which did not require CVD). In conclusion, there
is a need for large-scale studies of SGLT2i with matching
inclusion/exclusion criteria and appropriate endpoints to
ensure a truly direct comparison of the drugs.
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1. Introduction
Type 2 diabetes mellitus (T2DM) is associated with cardiovas-

cular disease (CVD) and is an independent risk factor for heart
failure (HF) with preserved and reduced ejection fraction; the HF
hospitalization rate is approximately 4 times higher for patients
with T2DM than for nondiabetic patients (World Health Organi-
zation , 2016; Mozaffarian et al., 2016; Fitchett et al., 2017; Lloyd-
Jones et al., 2002; Owan et al., 2006; Zelniker et al., 2018). T2DM
is also a risk factor for chronic kidney disease (CKD) and end-
stage renal disease (Jha et al., 2013; Kastarinen et al., 2010). In
addition to its cardiorenal risk, T2DM is associated with foot ul-
cers and other non-healing lower extremity wounds, deep tissue
osteomyelitis, metabolic bone disease, anemia, pancreatitis, and
diabetic ketoacidosis (Armstrong et al., 2017; Gilbert and Pratley,
2015; Thomas et al., 2006).

Many T2DM medications have significant adverse events.
Subcutaneous insulin is associated with more than a 6-fold in-
creased risk of proliferative retinopathy (Penman et al., 2016). Thi-
azolidinediones are linked to edema and increased risk for HF hos-



pitalization and/or cardiovascular (CV) death (Kaul et al., 2010;
Home et al., 2009; Lincoff et al., 2007). Oral sulfonylureas are
mechanistically associated with hypoglycemia, myocardial infarc-
tion (MI), stroke, and CV death (Douros et al., 2018; Powell et
al., 2018). Compared to newer antidiabetic medications, sulfony-
lureas are associated with more CV events (O’Brien et al., 2018).
Glucagon-like peptide-1 agonists were initially associated with
pancreatitis and dipeptidyl peptidase-4 (DPP-4) inhibitors with
HF, but further analyses challenged these associations (Li et al.,
2014; Scirica et al., 2013; Kaneko and Narukawa, 2017).

The 2008 United States Food and Drug Administration (FDA)
anti-hyperglycemic medication guidelines required that new drugs
not increase the risk for MI, stroke, or CV death as evaluated in car-
diovascular outcomes trials (CVOTs); however, it did not mention
HF, CKD, or other organ system diseases despite their associations
with T2DM (McMurray et al., 2014; Zannad et al., 2016). Four
sodium-glucose cotransporter 2 inhibitors (SGLT2i) have been ap-
proved by the FDA based on this guidance: canagliflozin (In-
vokana), dapagliflozin (Farxiga), empagliflozin (Jardiance), and
ertugliflozin (Steglatro); a fifth, sotagliflozin (Zynquista) is in
clinical development. SGLT2i represent a promising new class
for the treatment of patients with T2DM and established CVD, as
demonstrated by the 2018 American College of Cardiology Expert
Consensus Decision (Writing et al., 2018).

Three of the approved SGLT2i (canagliflozin, empagliflozin,
dapagliflozin) have been surveilled for CV effects in large random-
ized clinical trials (Zinman et al., 2015; Neal et al., 2013; Wiv-
iott et al., 2018). The sponsors of these clinical trials were free to
make decisions about the populations to be studied, including the
presence and severity of baseline heart and kidney disease. The 3
SGLT2i differ in the minimum recommended eGFR for use due
to expected reduced pharmacodynamic response with diminish-
ing eGFR (Scheen, 2015; Scheen A, 2015). This led the sponsors
to draw separate lower renal function bounds for inclusion into
the trials; 2 used the estimated glomerular filtration rate (eGFR)
bounds and 1 used creatinine clearance (CrCl).

This systematic review will explore the 3 SGLT2i trials and
demonstrate how non-standard inclusion criteria, renal function
equations, and event definitions may have caused the different re-
sults of the trials.

2. Methods
This systematic review was conducted according to PRISMA

guidelines (Moher et al., 2009). We searched ClinicalTrials.gov
for the terms (sglt2 inhibitor OR canagliflozin OR dapagliflozin
OR empagliflozin OR ertugliflozin OR sotagliflozin) AND cardio-
vascular. Our search strategy included any trials from January 1,
2012 to November 30, 2018 and filtered for completed interven-
tional trials. Randomized clinical trials were included if they were
in English, completed by November 30, 2018, and studied cardio-
vascular and renal outcomes; we reviewed these trials’ original
methodology and results papers.

As some results were not present in all trials, we relied on imag-
ing analysis software to estimate the cumulative incidence at 3
years from the Kaplan-Meier (KM) estimate curves (Mitchell et
al., 2018). When the KM curves desired for this analysis were not

provided, we used the event rate per 1000 patient-years to calcu-
late a ratio for the desired endpoint and applied this ratio to the
known composite cumulative incidence to estimate the individual
cumulative incidence for the desired outcome. For example, the
dapagliflozin KM curve for the composite of HHF or CV death
was provided (thus its cumulative incidence was calculable); the
curve for HHF alone was not. The HHF event rate was 6.2% and
the HHF or CV death event rate was 12.2%; we calculated 0.062 /
0.122 = 0.5082 and multiplied the composite cumulative incidence
by this ratio, yielding the HHF cumulative incidence. Addition-
ally, some p-values were not provided, so we calculated them from
the hazard ratio (HR) and 95% confidence interval (CI) (Altman
and Bland, 2011). Finally, we calculated the relative risk reduction
percentages from the HR.

3. Results
30 relevant clinical trials were screened and assessed for eligi-

bility. After applying inclusion/exclusion criteria, 3 randomized
clinical trials with 34,322 adult patients were ultimately included.

3.1. The EMPA-REG OUTCOME Trial
The first SGLT2i trial to focus on CV and renal outcomes,

the Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes (EMPA-REG OUTCOME) randomized double-
blind controlled trial assigned 7020 patients with T2DM and
CVD to 10mg or 25mg of empagliflozin daily or placebo over
a 3.1 year mean and median follow-up period (Zinman et al.,
2015). Empagliflozin is recommended for patients with eGFR
≥ 45 mL/min/1.73 m2 body-surface area; patients in this trial
were required to have eGFR > 30 mL/min/1.73 m2 (Mozaffar-
ian et al., 2016; Drugs.com, 2018). Investigators used the Mod-
ification of Diet in Renal Disease (MDRD) equation to calculate
eGFR. 99.2% of patients had established CVD; the mean eGFR
was 74 ± 21 mL/min/1.73 m2 1819 (25.9%) patients had eGFR
< 60 mL/min/1.73 m2 and 5201 (74.1%) patients had eGFR > 60
mL/min/1.73 m2 (Zinman et al., 2015, 2014). Duration of T2DM
was 17.9% < 5 years, 25.1% 5-10 years, and 57% > 10 years in the
empagliflozin patients compared to 18.1% < 5 years, 24.5% 5-10
years, and 57.4% > 10 years in the placebo patients.

The primary endpoint (composite of CV death, nonfatal MI, or
nonfatal stroke) occurred in 10.5% of empagliflozin patients com-
pared to 12.1% of placebo patients (rate per 1000 patient-years
= 37.4 vs. 43.9, respectively; HR = 0.86, 95% CI = 0.74-0.99,
p = 0.04). HF hospitalization (HHF) occurred in 2.7% of em-
pagliflozin patients compared to 4.1% of placebo patients (rate per
1000 patient-years = 9.4 vs. 14.5, HR = 0.65, 95% CI = 0.50-0.85,
p = 0.002). HHF or CV death (excluding fatal stroke) occurred in
5.7% of empagliflozin patients compared to 8.5% of placebo pa-
tients (rate per 1000 patient-years = 19.7 vs. 30.1, HR = 0.66, 95%
CI = 0.55-0.79, p < 0.001).

The 3-year cumulative incidence for the primary endpoint was
10.5% of empagliflozin patients compared to 11.5% of placebo pa-
tients; HHF cumulative incidence was 2.8% of empagliflozin pa-
tients compared to 3.7% of placebo patients; HHF or CV death cu-
mulative incidence was 5.9% of empagliflozin patients compared
to 7.8% of placebo patients.

The investigators studied renal outcomes as well as CV end-
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or placebo over a 4.2 year median follow-up period (interquartile
range (IQR) = 3.9-4.4) (Wiviott et al., 2018). Consistent with
CANVAS but unlike EMPA-REG OUTCOME, patients were
not required to have a history of CVD. Males aged ≥ 55 years
or females aged ≥ 60 years with ≥ 1 CVD risk factor were
included in the trial. Baseline renal function varied significantly
from EMPA-REG OUTCOME and CANVAS: dapagliflozin is
recommended for patients with eGFR ≥ 60 mL/min/1.73 m2

body-surface area and contraindicated for patients with eGFR <
30; study patients were required to have CrCl ≥ 60 mL/min, but
no minimum eGFR was specified (Drugs.com, 2018; Wiviott et
al., 2018).

Investigators used the Cockroft-Gault equation to calculate
CrCl as part of the cut-off for exclusion criteria and the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation
to calculate eGFR when reporting the composite renal outcomes.
40.6% of patients had established CVD; the mean eGFR was 85.2
mL/min/1.73 m2 1265 (7.4%) patients had eGFR < 60 and 15895
(92.6%) patients had eGFR > 60 mL/min/1.73 m2 (Kosiborod et
al., 2017). Median duration of T2DM was 11.0 (IQR = 6.0-16.0)
years in the dapagliflozin patients compared to 10.0 (IQR = 6.0-
16.0) years in the placebo patients.

The primary safety outcome (composite of CV death, nonfa-
tal MI, or nonfatal stroke) occurred in 8.8% of dapagliflozin pa-
tients compared to 9.4% of placebo patients (rate per 1000 patient-
years = 22.6 vs. 24.2, HR = 0.93, 95% CI = 0.84-1.03, p = 0.17).
(Note the lack of statistical significance, presumably due to the low
number of events across both arms). HHF occurred in 2.5% of da-
pagliflozin patients compared to 3.3% of placebo patients (rate per
1000 patient-years = 6.2 vs. 8.5, HR = 0.73, 95% CI = 0.61-0.88, p
= 0.0008). HHF or CV death occurred in 4.9% of dapagliflozin pa-
tients compared to 5.8% of placebo patients (rate per 1000 patient-
years = 12.2 vs. 14.7, HR = 0.83, 95% CI = 0.73-0.95, p = 0.005).

The 3-year cumulative incidence for the primary safety out-
come was 6.5% of dapagliflozin patients compared to 7.1% of
placebo patients; HHF cumulative incidence was 1.7% of da-
pagliflozin patients compared to 2.4% of placebo patients; HHF
or CV death cumulative incidence was 3.4% of dapagliflozin pa-
tients vs. 4.2% of placebo patients (Drugs.com, 2018; Wiviott et
al., 2018).

The primary composite renal outcome was defined as ≥ 40%
reduction in eGFR to a threshold < 60 mL/min/1.73 m2 end-
stage renal disease (dialysis ≥ 90 days, sustained eGFR < 15
mL/min/1.73 m2 or kidney transplantation), or renal/CV death.
It occurred in 1.5% of dapagliflozin patients compared to 2.8%
of placebo patients (rate per 1000 patient-years = 3.7 vs. 7, HR =
0.53, 95% CI = 0.43-0.66, p < 0.001) (Wiviott et al., 2018).

4. Discussion

4.1. Cardiovascular Outcomes
Of the 3 SGLT2i CVOTs, EMPA-REG OUTCOME had

the most CV events (in both treatment and control arms) and
DECLARE-TIMI 58 the fewest (Figure 1, Figure 2). Addition-
ally, EMPA-REG OUTCOME had the largest relative risk reduc-
tions across all CV events and DECLARE-TIMI 58 the smallest
(Figure 3). Given that all 3 drugs are in the same class and have

points. The primary composite renal outcome was defined as a 
doubling of serum creatinine level accompanied by an eGFR ≤ 45 
mL/min/1.73 m2 initiation of renal-replacement therapy (RRT), 
or renal death (Wanner et al., 2016). It occurred in 1.7% of em-
pagliflozin patients compared to 3.1% of placebo patients (rate per 
1000 patient-years = 6.3 vs. 11.5, HR = 0.54, 95% CI = 0.40-0.75, 
p < 0.001).

3.2. The CANVAS Program
The Canagliflozin Cardiovascular Assessment Study (CAN-

VAS) Program combined the CANVAS and CANVAS-Renal 
(CANVAS-R) study cohorts into a randomized double-blind con-
trolled trial, assigning 10,142 T2DM patients to daily canagliflozin 
(100 mg with optional increase to 300 mg) or placebo over a 2.4 
year median follow-up period (188.2 week mean follow-up period)
(Neal et al., 2013). Unlike EMPA-REG OUTCOME, CANVAS 
patients were not required to have a history of CVD. Patients aged 
≥ 50 years with at least 2 CVD risk factors (but no established 
CVD) were included in the study. Canagliflozin is recommended 
for patients with eGFR ≥ 45 mL/min/1.73 m2 body-surface area 
and contraindicated for patients with moderate to severe renal dys-
function (eGFR < 30 mL/min/1.73 m2); study patients were re-
quired to have eGFR > 30 mL/min/1.73 m2 (Mozaffarian et al., 
2016; Drugs.com, 2018). Investigators used the MDRD equation 
to calculate eGFR. 65.6% of patients had established CVD; the 
mean eGFR was 76.5 ± 20.5 mL/min/1.73 m2; 2039 (20.1%) pa-
tients had eGFR < 60 and 8101 (79.9%) patients had eGFR > 60 
mL/min/1.73 m2(Mozaffarian et al., 2016; Neal et al., 2013; Neuen 
et al., 2018). Median duration of T2DM was 13.5 ± 7.7 years in the 
canagliflozin patients compared to 13.7 ± 7.8 years in the placebo 
patients.

The primary endpoint (composite of CV death, nonfatal MI, 
or nonfatal stroke) rate per 1000 patient-years was 26.9 for 
canagliflozin patients compared to 31.5 for placebo patients (HR 
= 0.86, 95% CI = 0.75-0.97, p = 0.08). The HHF rate was 5.5 for 
canagliflozin patients compared to 8.7 for placebo patients (HR = 
0.67, 95% CI = 0.52-0.87, p = 0.02). The HHF or CV death rate 
was 16.3 for canagliflozin patients compared to 20.8 for placebo 
patients (HR = 0.78, 95% CI = 0.67-0.91, p = 0.0015).

The 3-year cumulative incidence for the primary endpoint was 
7.4% of canagliflozin patients compared to 9.1% of placebo pa-
tients; HHF cumulative incidence was 1.5% of canagliflozin pa-
tients compared to 2.7% of placebo patients; HHF or CV death cu-
mulative incidence was 4.1% of canagliflozin patients compared 
to 6.1% of placebo patients.

The primary composite renal outcome was defined as a 40%
reduction in eGFR sustained for at least 2 consecutive measures, 
need for RRT (chronic dialysis, sustained eGFR < 15 mL/min/1.73 
m2 or kidney transplantation), or renal death (Neal et al., 2013). It 
occurred with a rate per 1000 patient-years of 5.5 in empagliflozin 
patients compared to 9.0 in placebo patients (HR = 0.6, 95% CI = 
0.47-0.77, p < 0.001).

3.3. The DECLARE-TIMI 58 Trial
The Dapagliflozin Effect on CardiovasculAR Events 

(DECLARE-TIMI 58) randomized double-blind controlled trial 
assigned 17,160 T2DM patients to 10 mg of dapagliflozin 
daily

Rev. Cardiovasc. Med. 2018; 19(2): 41--49.
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Figure 1. Heart failure hospitalization (HHF), HHF and cardiovascular (CV) death, and major adverse cardiovascular event (MACE) event rates
per 1000 patients in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), Canagliflozin Cardiovascular Assessment Study
(CANVAS), and Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trials. Statistical outcomes
displayed as hazard ratio (HR) (95% confidence interval) p-value. DAPA=dapagliflozin, CANA = canagliflozin, EMPA = empagliflozin.

similar molecular structures, it is likely that the discrepancies are
largely due to study design and selection bias, rather than actual
differences between the drugs. Specifically, while CANVAS and
EMPA-REG OUTCOME included patients with baseline eGFR >
30 mL/min/1.73 m2 the DECLARE-TIMI 58 investigators omit-
ted eGFR from the inclusion criteria and instead specified a CrCl
≥ 60 mL/min (Table 1). Additionally, the minimum recommended
eGFR for dapagliflozin is ≥ 60 mL/min/1.73 m2 whereas the cut-
off is ≥ 45 for canagliflozin and empagliflozin. These differences
resulted in a mean eGFR nearly 10 mL/min/1.73 m2 higher in
DECLARE-TIMI 58 than the other 2 trials (Table 1 and Figure 4).
Hence, DECLARE-TIMI 58 patients had more preserved base-
line renal function than those in CANVAS and EMPA-REG OUT-
COME; given that CKD and decreased eGFR are associated with
CV events and mortality, this difference may explain the fewer CV
events in DECLARE-TIMI 58 and the lack of a superiority finding
(Chang et al., 2013; Sarnak et al., 2003; Werner et al., 2018).

In addition to the inconsistent levels of baseline renal function,
varying baseline CV risk in the 3 outcome trials may have further
contributed to the different event rates. EMPA-REG OUTCOME
required established CVD, while it was merely optional for the
other trials, resulting in nearly 100% of EMPA-REG OUTCOME
patients having CVD compared to only 40.6% of DECLARE-
TIMI 58 and 65.6% of CANVAS patients (Figure 4). Since estab-
lished CVD is a significant risk factor for future CV events, this
may have led to the increased number of events in EMPA-REG
OUTCOME and the low number of events in DECLARE-TIMI
58 (Wattanakit et al., 2005). Lastly, some of the event criteria
for EMPA-REG OUTCOME were less stringent than those in the
other trials; for example CANVAS and DECLARE-TIMI 58 re-
quired a 24-hour length-of-stay (LOS) for HHF while EMPA-REG
OUTCOME only a 12-hour LOS. This may have further inflated
the event rates in EMPA-REG OUTCOME.

These plausible explanations are supported by recent studies.
Cavallari and Maddaloni compared the 3 CVOTs and pointed
out the differences in baseline CVD (though they did not men-
tion the differences in baseline eGFR) (Cavallari and Maddaloni,
2019). The Comparative Effectiveness of Cardiovascular Out-
comes in New Users of SGLT2i (CVD-REAL) large-scale (n =
309,056) multinational observational cohort study found no sig-
nificant differences in CV outcomes between the SGLT2i stud-
ied (canagliflozin, dapagliflozin, empagliflozin) (Kosiborod et al.,
2017). In the supplemental CVD-REAL 2 trial (n = 470,128), the
investigators found no difference in outcomes between patient sub-
groups (Kosiborod et al., 2018). The CVD-REAL 1 and 2 trials
suggest an overall class effect, with no SGLT2i demonstrating sig-
nificant superiority over the others at reducing CV risk. We sus-
pect that had the 3 CVOTs’ inclusion/exclusion criteria been the
same, the trials would have produced similar results. Additionally,
Zelniker et al. found that SGLT2i reduced the risk of CV outcomes
regardless of baseline CVD, but the magnitude of SGLT2i bene-
fit depended on baseline renal function – lower renal function was
associated with greater reductions in HHF (Zelniker et al., 2018).

4.2. Renal Outcomes
Similar to the CV events, EMPA-REG OUTCOME had the most
renal events (in both treatment and placebo arms) and DECLARE-
TIMI 58 ( Figure 5) the fewest. We suspect that the difference in re-
nal events is due to differing baseline renal function: DECLARE-
TIMI 58 had the highest mean baseline eGFR, so its study pop-
ulation experienced fewer renal events (Table 1). The trials also
vary slightly in their definitions of the renal composite outcome
(Table 1). For example, EMPA-REG OUTCOME included a dou-
bling of serum creatinine with eGFR < 45 mL/min/1.73 m2 (this
equates to an approximate 40% reduction in eGFR) while the other
2 trials included a 40% reduction in eGFR instead. These alternate
definitions may have affected the event rates. It is interesting to
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Figure 2. Heart failure hospitalization (HHF), HHF and cardiovascular (CV) death, and major adverse cardiovascular event (MACE) cumulative
incidence percentages at 3 years in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), Canagliflozin Cardiovascular
Assessment Study (CANVAS), and Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trials.
Statistical outcomes displayed as hazard ratio (HR) (95% confidence interval) p-value. DAPA = dapagliflozin, CANA = canagliflozin, EMPA
= empagliflozin.

Figure 3. Heart failure hospitalization (HHF), HHF and cardiovascular (CV) death, and major adverse cardiovascular event (MACE) relative risk
(RR) reduction percentages in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), Canagliflozin Cardiovascular Assessment
Study (CANVAS), and Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trials. Statistical
outcomes displayed as RR reduction percentage, p-value. RR reduction percentages were calculated from hazard ratios.

values of measured GFR ( ≥ 60 mL/min/1.73 m2) (Stevens et al.,
2011). This may lead to misclassification to a lower renal function
category and over-diagnosis of CKD. The CKD-EPI equation was
developed using a wider range of GFRs than MDRD; it is demon-
strably a superior estimate of measured GFR and is more prognos-
tic for clinical events especially at higher values (McCullough et
al., 2015). Therefore, the National Kidney Foundation has recom-
mended replacing the MDRD equation with the CKD-EPI equa-
tion (Levey et al., 2009; Becker and Vassalotti , 2010). The use of
the MDRD equation in CANVAS and EMPA-REG OUTCOME

note that while we would expect the inclusion of CV death to in-
crease the number of composite renal events in DECLARE-TIMI 
58 (the other trials only included renal death), this does not seem 
to have appreciably occurred (Figure 5).

The glomerular filtration estimating equations may have played 
a role in the disparate results. CANVAS and EMPA-REG 
OUTCOME used the MDRD equation to calculate eGFR, while 
DECLARE-TIMI used the CKD-EPI equation. The MDRD equa-
tion is valid in patients with a mean measured glomerular filtra-
tion rate (GFR) of 40 mL/min/1.73 m2 but underestimates higher

Rev. Cardiovasc. Med. 2018; 19(2): 41--49. 45



Figure 4. Baseline estimated glomerular filtration rates (eGFRs) and prior cardiovascular disease (CVD) rates in the Dapagliflozin Effect on
CardiovascuLAR Events (DECLARE-TIMI 58), Canagliflozin Cardiovascular Assessment Study (CANVAS), and Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trials. Prior CVD displayed as incidence (percentage).

Table 1. Renal guidelines, entry criteria, and composite outcome definitions in the Canagliflozin Cardiovascular Assessment Study
(CANVAS), Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), and Cardiovascular Outcome Event Trial in Type

2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trials.

Drug Package

Insert

Trial Entry Criteria Results

Trial Minimum

Recommended

eGFR

eGFR

Minimum

eGFR

Equation

Minimum Crea-

tinine Clearance

(mL/min)

Mean

eGFR

Composite Renal Outcome

CANVAS 45 30 MDRD N/A 76.5 ≥ 40% reduction in eGFR, RRT (transplant, chronic

dialysis, or sustained eGFR < 15), or renal death

DECLARE-

TIMI 58

60 N/A CKD-EPI 60 (Cockroft-

Gault equation)

85.2 ≥ 40% reduction in eGFR to < 60, ESRD (dialysis

≥ 90 days, transplant or sustained eGFR < 15), or

renal/CV death

EMPA-

REG

OUTCOME

45 30 MDRD N/A 74 Doubling of serum Cr with eGFR ≤45, RRT, or renal

death

eGFR = estimated glomerular filtration rate, MDRD = Modification of Diet in Renal Disease, CKD-EPI = Chronic Kidney Disease Epidemiology

Collaboration, RRT = renal-replacement therapy, ESRD = end-stage renal disease, Cr = creatinine. All eGFRs are in mL/min/1.73 m2 body-surface

area.

may have systematically underestimated GFR, resulting in more
patients with a 40% reduction in eGFR and a subsequent increase
in the renal composite event rate. This would not have happened
in DECLARE-TIMI 58, which used the more accurate CKD-EPI
equation. Further, DECLARE-TIMI 58 used the Cockroft-Gault
equation to calculate CrCl for their renal inclusion criterion. This
equation has been criticized for being developed using a small pa-
tient pool and for being disproportionally affected by body weight;
the equation may overestimate GFR in obese patients (Zelniker et
al., 2018). Although the utilization of the Cockroft-Gault equation

for renal inclusion criterion would not have affected the renal com-
posite event rate (which was based on the CKD-EPI equation), its
use highlights the need for consistent methods for evaluating the
SGLT2i.

There are other inconsistencies between the 3 CVOTs that
need to be reconciled in future analyses. The trials differed in
their median follow-up time: 2.4, 3.1, and 4.2 years for CAN-
VAS, DECLARE-TIMI 58, EMPA-REG OUTCOME, respec-
tively. While these would not have affected standardized outcome
rates, the absolute rates would be higher in studies with longer
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REG OUTCOME is most similar to VERTIS-CV with regard to
baseline eGFR, baseline CVD, and renal composite definition; we
therefore expect that VERTIS-CV will have results most similar
to EMPA-REG OUTCOME (i.e. higher cardiorenal events across
all arms than CANVAS and DECLARE-TIMI 58). The extent to
which the populations of SGTL2i CVOTs represent the real-world
T2DM population is under study as well. Birkeland et al. explored
pre-existing database registries in Germany, the Netherlands, Nor-
way and Sweden and found that DECLARE-TIMI 58 was the most
representative of the general T2DM population (59%) compared to
CANVAS (34%), EMPA-REG OUTCOME (21%), and VERTIS-
CV (17%) (Birkeland et al., 2018). In a similar vein, Wittbrodt et
al. studied cross-sectional data from the National Health and Nu-
trition Examination Survey and found that 39.8% of US adults with
T2DM met the eligibility criteria for DECLARE-TIMI 58, com-
pared to 8.8%, 4.1%, and 4.8% for CANVAS, EMPA-REG OUT-
COME, and VERTIS-CV, respectively (Wittbrodt et al., 2018).
Thus, it is notable that DECLARE-TIMI 58 – the study with the
most restrictive inclusion criteria (resulting in patients with the
most preserved renal function and lowest baseline CVD rate) – is
most representative of the real-world T2DM population.

4.4. Future Studies
We have demonstrated the need for large-scale retrospective stud-
ies with consistent baseline eGFR and CVD so that the various
SGLT2i can be thoroughly compared, perhaps as a meta-analysis.
While CVD-REAL and CVD-REAL 2 provided the foundation
for this type of study, the researchers were limited by the avail-
able databases and were only able to include eGFR values for pa-
tients from some countries (Wattanakit et al., 2005; Cavallari and
Maddaloni, 2019). Future studies also need to address how well
their study populations represent the general T2DM population.
Finally, the effects of dapagliflozin on CV and renal outcomes for
patients with baseline eGFR between 30 and 60 mL/min/1.73 m2

need to be evaluated – perhaps by examining off-label use, given
that dapagliflozin is not recommended in patients with eGFR < 60
mL/min/1.73 m2 (Neuen et al., 2018).

4.5. Limitations
We were primarily limited in that some results (the cumulative
incidences, some KM curves, and some p-values) were not present
in all trials. We were able to overcome this limitation as described
in the Methods section, however.

5. Conclusions
Current and future large-scale cardiorenal outcomes trials must

be interpreted in the context of their inclusion criteria, eGFR equa-
tions used, and the definitions of their outcomes. Selection of pa-
tients according to baseline renal function and CV disease (rather
than inherent differences between the SGLT2i) appears to have
played a prominent role in the varying CV and renal event rates
in the 3 CVOTs completed to date. Future analyses will need to
evaluate outcomes in SGLT2i trials across patient populations with
similar baseline cardiorenal health.

Strengths and limitations of this study
•This study is the first to contain summary figures for key car-

diorenal outcomes of the 3 major SGLT2i trials.

Figure 5. Composite renal outcome rates in the Dapagliflozin Effect 
on CardiovascuLAR Events (DECLARE-TIMI 58), Canagliflozin Car-
diovascular Assessment Study (CANVAS), and Cardiovascular Out-
come Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG 
OUTCOME) trials. Statistical outcomes displayed as hazard ratio 
(HR) (95% confidence interval), p-value. Composite renal outcomes 
defined as follows: DECLARE-TIMI 58: ≥ 40% reduction in estimated 

glomerular filtration rate (eGFR) to < 60 mL/min/1.73 m2 body-
surface area, end-stage renal disease (dialysis ≥ 90 days, transplant 

or sustained eGFR < 15 mL/min/1.73 m2), or renal/cardiovascular 
death; CANVAS: ≥ 40% reduction in eGFR, renal replacement ther-

apy (RRT) (transplant, chronic dialysis, or sustained eGFR < 15), or 
renal death; EMPA-REG OUTCOME: doubling of serum creatinine 
with eGFR < 45 mL/min/1.72 m2, RRT, or renal death. DAPA = 
dapagliflozin, CANA = canagliflozin, EMPA = empagliflozin.

follow-up times. Additionally, baseline T2DM duration differed 
between the trials, which would have furthered impacted renal 
function and CV outcomes.

4.3. Other Studies

Multiple large clinical trials are underway examining SGLT2i as 
treatment for HF and CKD in patients with (and some even with-
out) T2DM (Verma et al., 2018; Clinical Trials, 2018). This in-
cludes the eValuation of ERTugliflozin effIcacy and Safety Car-
dioVascular outcomes (VERTIS-CV) randomized double-blind 
controlled trial, which has assigned 8238 patients with T2DM 
and CVD to placebo or ertugliflozin 5 mg or 15 mg added to 
existing therapy and is expected to end in September 2019 (Can-
non et al., 2018; Becker and Vassalotti , 2010; Drugs.com, 2018). 
99.9% of patients have established CVD; the mean eGFR is 76.0
±20.9 mL/min/1.73 m2 1807 (21.9%) patients have eGFR < 60 
mL/min/1.73 m2 and 6431 (78.1%) have eGFR > 60 mL/min/1.73 
m2. Outcomes are similar to those in the 3 completed CVOTs: 
composite CV death, nonfatal MI, or nonfatal stroke, composite 
HHF or CV death, HHF alone, and renal composite: doubling 
of serum creatinine from baseline, RRT (dialysis or kidney trans-
plant), or renal death. Thus, of the 3 completed CVOTs, EMPA-
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•This study is the first to identify varying inclusion/exclusion
criteria as probable explanations for the outcome effect sizes be-
tween the 3 major SGLT2i trials, rather than inherent differences
between the drugs.

•Some statistical results (e.g. cumulative incidences, p-values)
were not present in all 3 trials’ original papers, so we used imaging 
analysis software and calculated ratios to draw conclusions.
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