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REVIEW

Class effects of SGLT2 inhibitors 
on cardiorenal outcomes
Aaron Y. Kluger1,2* , Kristen M. Tecson1,2,3, Andy Y. Lee4,5, Edgar V. Lerma6, Janani Rangaswami7,8, 
Norman E. Lepor9,10, Michael E. Cobble11 and Peter A. McCullough1,3,4,5

Abstract 

Background: To summarize the four recent sodium-glucose cotransporter 2 inhibitor (SGLT2i) trials: Dapagliflo-
zin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), CANagliflozin CardioVascular Assessment Study (CANVAS) 
Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients–Removing Excess 
Glucose (EMPA–REG OUTCOME), Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical 
Evaluation (CREDENCE), and explore the potential determinants for their cardiovascular, renal, and safety outcomes.

Results: The composite renal outcome event rates per 1000 patient-years for drug and placebo, as well as the cor-
responding relative risk reductions, were 3.7, 7.0, 47%; 5.5, 9.0, 40%; 6.3, 11.5, 46%; 43.2, 61.2, 30% for DECLARE-TIMI 58, 
CANVAS, EMPA–REG OUTCOME, and CREDENCE, respectively (event definitions varied across trials). The major adverse 
cardiovascular (CV) event rates per 1000 patient-years for drug and placebo, as well as the corresponding relative risk 
reductions, were 22.6, 24.2, 7%; 26.9, 31.5, 14%; 37.4, 43.9, 14%; 38.7, 48.7, 20% for DECLARE-TIMI 58, CANVAS, EMPA–
REG OUTCOME, and CREDENCE, respectively. DECLARE-TIMI 58 had the fewest cardiorenal events and CREDENCE the 
most. These differences were presumably due to varying inclusion criteria resulting in DECLARE-TIMI 58 having the 
best baseline renal filtration function and CREDENCE the worst (mean estimated glomerular filtration rate 85.2, 76.5, 
74, 56.2 mL/min/1.73 m2 for DECLARE-TIMI 58, CANVAS, EMPA–REG OUTCOME, and CREDENCE, respectively). Addi-
tionally, CREDENCE had considerably higher rates of albuminuria (median urinary albumin-creatinine ratios (UACR) 
were 927, 12.3, and 13.1 mg/g for CREDENCE, CANVAS, and DECLARE-TIMI 58, respectively; EMPA–REG OUTCOME had 
59.4% UACR < 30, 28.6% UACR > 30–300, 11.0% UACR > 300 mg/g).

Conclusions: Dapagliflozin, empagliflozin, and canagliflozin have internally and externally consistent and biologi-
cally plausible class effects on cardiorenal outcomes. Baseline renal filtration function and degree of albuminuria are 
the most significant indicators of risk for both CV and renal events. Thus, these two factors also anticipate the greatest 
clinical benefit for SGLT2i.

Keywords: SGLT2 inhibitor, Empagliflozin, Canagliflozin, Dapagliflozin, CANVAS, EMPA–REG OUTCOME, DECLARE-
TIMI 58, CREDENCE, Cardiovascular outcome trials, Heart failure hospitalization, Cardiovascular death, Albuminuria, 
Estimated glomerular filtration function, Chronic kidney disease, End-stage renal disease, Mortality
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Background
Type 2 diabetes mellitus (T2DM) is significantly asso-
ciated with cardiovascular disease (CVD) and is a risk 
factor for heart failure (HF); diabetic patients are hospi-
talized for HF approximately four times more frequently 

than nondiabetic patients [1–5]. T2DM is a risk factor 
for chronic kidney disease (CKD) and end-stage renal 
disease (ESRD) [6, 7]. T2DM is also associated with 
non-healing lower extremity wounds, deep tissue osteo-
myelitis, metabolic bone disease, anemia, pancreatitis, 
and diabetic ketoacidosis [8–10]. Further, T2DM medi-
cations often have deleterious side effects. Thiazolidin-
ediones are linked to edema, HF hospitalization (HHF) 
and cardiovascular (CV) death in certain patient subsets 
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[11–13]. Oral sulfonylureas are associated with hypogly-
cemia, myocardial infarction (MI), stroke, and CV death, 
although a recent intervention trial found that sulfonylu-
reas had similar rates of CV events compared to piogl-
itazone (1.5/100 patient-years for both groups, hazard 
ratio (HR) = 0.96, 95% confidence interval (CI) 0.74–1.26, 
p = 0.79) [14–16].

The 2008 United States Food and Drug Administration 
(FDA) antidiabetic drug guidance required cardiovascu-
lar outcome trials (CVOTs) for novel antihyperglycemic 
medications to demonstrate that new drugs would not 
increase the risk for MI, stroke, or CV death [17]. The 
FDA has approved four sodium-glucose cotransporter 2 
inhibitors (SGLT2i) based on these guidelines: canagli-
flozin (Invokana), dapagliflozin (Farxiga), empagliflozin 
(Jardiance), and ertugliflozin (Steglatro). A fifth SGLT2i, 
sotagliflozin (Zynquista), is in late clinical development. 
Multiple expert consensus decisions attest to the poten-
tial of SGLT2i as a promising new class for the treatment 
of patients with T2DM and established CVD [18, 19].

Three SGLT2i (canagliflozin, empagliflozin, dapagliflo-
zin) have been studied in CVOTs; canagliflozin has also 
been studied in an additional randomized clinical trial 
involving patients with diabetic kidney disease [20–23]. 
This review will explore the design and results of each 
of the four key SGLT2i trials and discuss the potential 
determinants for their CV, renal, and safety outcomes.

Methods
We reviewed the relevant trials’ original methodology 
and results papers. The methodological details and out-
comes of the trials will be reviewed in the Results section 
below. As some p-values were not provided in all trials, 
we calculated them from the HR and 95% CI [24]. We cal-
culated the relative risk reduction percentages from the 
HR. Continuous variables are presented as mean ± stand-
ard deviation or median [quartile 1, quartile 3], if skewed. 
Categorical variables are presented as frequency (%).

Results
The EMPA–REG OUTCOME Trial
The first SGLT2i CVOT, the Empagliflozin Cardiovas-
cular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients–Removing Excess Glucose randomized dou-
ble-blind controlled trial (EMPA–REG OUTCOME) 
assigned 7020 patients with T2DM and CVD to 10  mg 
or 25 mg of empagliflozin or placebo daily over a 3.1 year 
mean and median follow-up period [20, 25]. Study 
patients were required to have estimated glomerular fil-
tration rate (eGFR) > 30  mL/min/1.73  m2 [calculated 
using the Modification of Diet in Renal Disease (MDRD) 

equation]; empagliflozin is indicated for T2DM patients 
with eGFR ≥ 45 mL/min/1.73 m2 [26].

Nearly all [6964 (99.2%)] EMPA–REG OUTCOME 
patients had established CVD, most commonly sta-
ble coronary artery disease (Fig.  1). 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%) 
had eGFR > 60  mL/min/1.73  m2 [20, 27]. There 
were 4171 (59.4%) patients with urinary albumin-
creatinine ratio (UACR) < 30  mg/g, 2013 (28.7%) 
with UACR > 30–300  mg/g, and 769 (11.0%) with 
UACR > 300  mg/g. Although angiotensin-converting-
enzyme inhibitor (ACEi) or angiotensin-receptor blocker 
(ARB) use was not required, they were used in 5666 
(80.7%) patients.

The primary composite CV endpoint (CV death, non-
fatal MI, or nonfatal stroke) occurred in 10.5% of empa-
gliflozin patients compared to 12.1% of placebo patients 
(rate per 1000 patient-years = 37.4 vs. 43.9, respec-
tively; HR = 0.86, 95% CI 0.74–0.99, p = 0.04) (Fig.  2). 
With regard to secondary outcomes, HHF occurred in 
2.7% of empagliflozin patients compared to 4.1% of pla-
cebo 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 empa-
gliflozin patients compared to 8.5% of placebo patients 
(rate per 1000 patient-years = 19.7 vs. 30.1, HR = 0.66, 
95% CI 0.55–0.79, p < 0.001). The composite renal out-
come [doubling of serum creatinine level accompanied 
by an eGFR ≤ 45  mL/min/1.73  m2, initiation of renal-
replacement therapy (RRT), or renal death] occurred in 
1.7% of empagliflozin patients compared to 3.1% of pla-
cebo patients (rate per 1000 patient-years = 6.3 vs. 11.5, 
HR = 0.54, 95% CI 0.40–0.75, p < 0.001) (Fig. 3) [28].

The CANVAS program
The second SGLT2i CVOT, the CANagliflozin Cardio-
Vascular Assessment Study (CANVAS) Program com-
bined the CANVAS and CANVAS-Renal (CANVAS-R) 
study cohorts into a randomized double-blind controlled 
trial, assigning 10,142 T2DM patients to daily canagli-
flozin (100 mg with optional increase to 300 mg) or pla-
cebo over a 2.4 year median (188.2 week mean) follow-up 
period [21, 29]. Patients were required to be ≥ 30  years 
old with established CVD or ≥ 50  years with at least 2 
CVD risk factors. Study patients were required to have 
eGFR > 30 mL/min/1.73 m2 (calculated using the MDRD 
equation); canagliflozin is indicated for T2DM patients 
with eGFR ≥ 45 mL/min/1.73 m2 and contraindicated for 
patients with eGFR < 30 mL/min/1.73 m2 [30].

A total of 6656 (65.6%) CANVAS Program patients 
had established CVD, most commonly stable 
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coronary artery disease (Fig.  1). The mean eGFR was 
76.5 ± 20.5  mL/min/1.73  m2, 2039 (20.1%) patients 
had eGFR < 60, and 8101 (79.9%) had eGFR > 60  mL/
min/1.73 m2 [21, 31]. The median UACR was 12.3 [6.65, 
42.1] mg/g; 7007 (69.8%) patients had UACR < 30 mg/g, 

2266 (22.6%) had UACR > 30–300  mg/g, and 760 
(7.6%) had UACR > 300  mg/g. Although antihyper-
tensive agent use was not required, patients receiv-
ing these drugs were required to have a documented 
systolic blood pressure higher than 140  mm Hg. 

Fig. 1 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) Program, Empagliflozin Cardiovascular 
Outcome Event Trial in Type 2 Diabetes Mellitus Patients–Removing Excess Glucose (EMPA–REG OUTCOME), and Canagliflozin and Renal Events in 
Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trials. Prior CVD displayed as incidence (percentage)

Fig. 2 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) 
Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients–Removing Excess Glucose (EMPA–REG OUTCOME), 
and Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trials. Statistical outcomes displayed 
as hazard ratio, 95% confidence interval, p-value. HR hazard ratio, DAPA dapagliflozin, CANA canagliflozin, EMPA empagliflozin, PLB placebo
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Renin-angiotensin-aldosterone system inhibitor 
(RAASi) use was not required; however, they were used 
in 8116 (80.0%) patients.

The primary composite CV endpoint (CV death, non-
fatal 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) 
(Fig.  2). With regard to secondary outcomes, the HHF 
rate per 1000 patient-years 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 
per 1000 patient-years 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 composite renal out-
come [40% reduction in eGFR sustained for at least two 
consecutive measures, need for RRT (chronic dialysis, 
sustained eGFR < 15  mL/min/1.73  m2, or kidney trans-
plantation), or renal death] rate per 1000 patient-years 
was 5.5 in empagliflozin patients compared to 9.0 in 
placebo patients (HR = 0.6, 95% CI 0.47–0.77, p < 0.001) 
(Fig. 3) [21].

The DECLARE‑TIMI 58 trial
The third and most recent SGLT2i CVOT, the Dapagliflo-
zin Effect on CardiovascuLAR Events randomized dou-
ble-blind controlled trial (DECLARE-TIMI 58) assigned 
17,160 T2DM patients to 10 mg of dapagliflozin daily or 
placebo over a median 4.2 [3.9, 4.4] year follow-up period 
[22]. Males ≥ 55 years or females ≥ 60 years with ≥ 1 CVD 
risk factor were included in the trial. Study patients were 
required to have creatinine clearance (CrCl) ≥ 60  mL/
min with no specified minimum eGFR [32]. Dapagliflo-
zin is indicated for T2DM patients with eGFR ≥ 45 mL/
min/1.73  m2 (initially eGFR ≥ 60 but updated to 45 
in March 2019) and contraindicated for patients with 
eGFR < 30  mL/min/1.73  m2 [33, 34]. Investigators used 
the Cockroft-Gault equation to calculate CrCl for the 
exclusion criteria and the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation to calculate 
eGFR when reporting the composite renal outcomes.

In DECLARE-TIMI 58, 6974 (40.6%) patients had 
established CVD, most commonly stable coronary dis-
ease (Fig. 1). The mean eGFR was 85.2 mL/min/1.73 m2, 

Fig. 3 Composite renal outcome rates in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), CANagliflozin CardioVascular 
Assessment Study (CANVAS) Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients–Removing Excess 
Glucose (EMPA–REG OUTCOME), and Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) 
trials. Statistical outcomes displayed as hazard ratio, 95% confidence interval, p-value. Composite renal outcomes defined as follows: DECLARE-TIMI 
58: ≥ 40% reduction in estimated glomerular filtration rate (eGFR) to < 60, end-stage renal disease (ESRD) (dialysis ≥ 90 days, transplant or sustained 
eGFR < 15), or renal/cardiovascular (CV) death; CANVAS: ≥ 40% reduction in eGFR, renal-replacement therapy (RRT) (transplant, chronic dialysis, 
or sustained eGFR < 15), or renal death; EMPA–REG OUTCOME: doubling of serum creatinine (Cr) with eGFR ≤ 45, RRT, or renal death; CREDENCE: 
doubling of serum Cr, ESRD (eGFR < 15, dialysis, or renal transplant), renal/CV death. HR hazard ratio, DAPA dapagliflozin, CANA canagliflozin, EMPA 
empagliflozin
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1265 (7.4%) patients had eGFR < 60, and 15,895 (92.6%) 
had eGFR > 60  mL/min/1.73  m2. The median UACR 
was 13.1 [6.0, 43.6] mg/g; 11,652 (67.9%) patients had 
UACR < 30 mg/g, 4023 (23.4%) had UACR > 30–300 mg/g, 
and 1169 (6.8%) had UACR > 300 mg/g. Although ACEi/
ARB use was not required, they were used in 13,950 
(81.3%) patients.

The primary composite CV endpoint (CV death, non-
fatal MI, or nonfatal stroke) occurred in 8.8% of dapa-
gliflozin patients 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) (Fig. 2). With regard to sec-
ondary outcomes, HHF occurred in 2.5% of dapagliflo-
zin 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 patients 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 
composite renal outcome [≥ 40% reduction in eGFR 
to a threshold < 60  mL/min/1.73  m2, ESRD (dialy-
sis ≥ 90  days, sustained eGFR < 15  mL/min/1.73  m2, or 
kidney transplantation), or renal/CV death] 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) (Fig. 3) [22].

The CREDENCE trial
The Canagliflozin and Renal Events in Diabetes with 
Established Nephropathy Clinical Evaluation rand-
omized double-blind controlled trial (CREDENCE) 
assigned 4401 patients with T2DM and CKD to 100 mg 
of canagliflozin or placebo daily over a 2.62 year median 
follow-up period [23]. Study patients were required to 
have eGFR between 30 and 90  mL/min/1.73  m2 (cal-
culated using the CKD-EPI equation) and investiga-
tors planned to include ~ 60% of patients with eGFR 
between 30 and 60  mL/min/1.73  m2. Additionally, 
patients were required to have albuminuria, defined as 
UACR > 300–5000 mg/g. Patients were not required to 
have prior CVD. Notably, the trial was stopped early as 
it met the pre-specified efficacy criteria for premature 
cessation.

In CREDENCE, 2220 (50.4%) patients had estab-
lished CVD and ~ 16% had a baseline history of 
HF (Fig.  1). The mean eGFR was 56.2 ± 18.2  mL/
min/1.73 m2, 2631 (59.8%) patients had eGFR < 60 mL/
min/1.73  m2, and 1769 (40.2%) had eGFR > 60  mL/
min/1.73  m2. In striking contrast to the three 
CVOT trials, the median UACR was 927 [463, 1833] 
mg/g; 31 (0.7%) patients had UACR < 30  mg/g, 496 
(11.3%) had UACR > 30–300  mg/g, 3371 (76.6%) 

had UACR > 300–3000  mg/g, and 503 (11.4%) had 
UACR > 3000 mg/g. Stable ACEi/ARB use was required 
for ≥ 4  weeks prior to randomization and RAASi were 
used in 4395 (99.9%) patients.

The primary composite renal endpoint [doubling of 
serum creatinine from baseline (sustained for at least 
30  days), ESRD (dialysis, renal transplantation, or sus-
tained eGFR < 15  mL/min/1.73  m2), or renal/CV death] 
occurred in 11.1% of canagliflozin patients compared 
to 15.4% of placebo patients (rate per 1000 patient-
years = 43.2 vs. 61.2, respectively; HR = 0.70, 95% CI 
0.59–0.82, p = 0.00001) (Fig.  3). With regard to second-
ary outcomes, the composite CV outcome (CV death, 
nonfatal MI, or nonfatal stroke) occurred in 9.9% of cana-
gliflozin patients compared to 12.2% of placebo patients 
(rate per 1000 patient-years = 38.7 vs. 48.7, HR = 0.80, 
95% CI 0.67–0.95, p = 0.01) (Fig.  2). HHF occurred in 
4.0% of canagliflozin patients compared to 6.4% of pla-
cebo patients (rate per 1000 patient-years = 15.7 vs. 25.3, 
HR = 0.61, 95% CI 0.47–0.80, p < 0.001). HHF or CV 
death occurred in 8.1% of canagliflozin patients com-
pared to 11.5% of placebo patients (rate per 1000 patient-
years = 31.5 vs. 45.4, HR = 0.69, 95% CI 0.57–0.83, 
p < 0.001).

Discussion
Cardiovascular and renal outcomes
When considering the four SGLT2i trials, we found that 
overall relative risk reductions for HHF and CV death 
were externally consistent among the clinical trials 
(Fig. 4). The relative reductions in HHF were considera-
bly greater than those for ischemic events including non-
fatal MI and ischemic stroke. Additionally, the absolute 
risks of CV events appeared to be more related to base-
line renal filtration than the baseline CVD rate (largely 
comprised of stable coronary artery disease in the patient 
histories). Finally, when the trial criteria was designed 
to enroll patients with significant diabetic nephropathy 
with albuminuria, not only was a compelling reduction in 
the primary renal composite outcome observed, but the 
highest rate of CV events was observed as well.

Of the four SGLT2i trials, CREDENCE had the high-
est CV event rates and DECLARE-TIMI 58 the lowest 
(Fig.  2). Relative risk reductions (RRRs) varied among 
the trials, but in general CREDENCE had the largest CV 
RRRs and DECLARE-TIMI 58 the smallest (Fig. 4). This is 
consistent with the superior baseline renal filtration func-
tion of DECLARE-TIMI 58 patients. CREDENCE had the 
highest composite renal event rates and DECLARE-TIMI 
58 the lowest (Fig. 3). Despite these differences, the rela-
tive risk reductions in similar renal composite endpoints 
were externally consistent among the four trials (Fig. 5).
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We described the differences in CV and renal out-
comes between the three CVOTs (CANVAS, DECLARE-
TIMI 58, EMPA–REG OUTCOME) in a previous review 
[35]. We argued that the different results of the tri-
als were at least partially attributable to non-standard 
inclusion criteria, renal filtration function equations, 
and event definitions rather than inherent differences 
among the medications. We suspect the same is true 
when comparing the three CVOTs to CREDENCE—
its population had much higher baseline renal risk, and 
thus experienced more CV and renal outcomes. Specifi-
cally, CREDENCE had the lowest mean baseline eGFR 
(56.2  mL/min/1.73  m2) compared to DECLARE-TIMI 
58, CANVAS, and EMPA–REG OUTCOME (85.2, 76.5, 
and 74  mL/min/1.73  m2, respectively) (Fig.  1). Most 
importantly, CREDENCE had the highest degree of albu-
minuria (median UACR = 927 [463, 1833] mg/g) com-
pared to CANVAS (median UACR = 12.3 [6.65, 42.1] 
mg/g), DECLARE-TIMI 58 (median UACR = 13.1 [6.0, 
43.6] mg/g), and EMPA–REG OUTCOME (median and 
quartiles 1 and 3 not supplied; 59.4% UACR < 30, 28.6% 
UACR > 30–300, 11.0% UACR > 300  mg/g). Together, 
these trials establish the UACR as a risk predictor not 
only for renal events but also CV outcomes. Figure  6 
positions the four trials according to baseline UACR 
and eGFR; CREDENCE had the highest renal risk and 
DECLARE-TIMI 58 the lowest. This “heat map” was 
derived from the Chronic Kidney Disease Prognosis 
Consortium and the results we have summarized are 
consistent with the higher absolute renal and CV events 
observed in the four trials [36].

Note that eGFR is more likely to identify CKD in older 
patients whereas UACR/albuminuria is more likely to 
identify it in younger patients [37]. Additionally, albumi-
nuria is an important predictor of CKD progression. We 
anticipate that some degree of the heterogeneity in car-
diorenal outcomes between the trials is accountable to 
population differences in these two biomarkers.

Baseline renal filtration function appears to play a 
major role in predicting cardiorenal outcomes, perhaps 
more so than prior CVD. Even though CREDENCE was 
not planned as a CVOT and thus only 50.4% of its pop-
ulation had prior CVD (compared to 40.6%, 65.6%, and 
99.2% for DECLARE-TIMI 58, CANVAS, and EMPA–
REG OUTCOME, respectively), CREDENCE still had, 
for example, a two-fold increase in MACE compared to 
DECLARE-TIMI 58. This is supported by findings that 
SGLT2i decreased CV risk depending on baseline renal 
filtration function but not prior CVD status—lower func-
tion was associated with greater reductions in HHF [38].

Outcome definitions
We considered variance in trial methodologies as deter-
minants for differences in results. Although the four trials 
had comparable CV event definitions due to FDA regula-
tory guidance, their composite renal outcome definitions 
varied according to sponsor choice (Table 1). For exam-
ple, DECLARE-TIMI 58 and CREDENCE included CV 
death while CANVAS and EMPA–REG OUTCOME did 
not. There were also minor differences in the choice of 
renal filtration function estimation equation: DECLARE-
TIMI 58 and CREDENCE used CKD-EPI to calculate 

Fig. 4 Heart failure hospitalization (HHF), HHF and cardiovascular (CV) death, and major adverse cardiovascular event (MACE) relative risk 
reductions (RRRs) in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), CANagliflozin CardioVascular Assessment Study 
(CANVAS) Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients–Removing Excess Glucose (EMPA–REG 
OUTCOME), and Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trials. Statistical outcomes 
displayed as RRR, p-value. RRRs were calculated from hazard ratios
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eGFR while the other two trials used the MDRD equa-
tion. The CKD-EPI equation is slightly more accurate 
and precise and is more prognostic for mortality than 
MDRD [39–42]. We believe these relatively subtle differ-
ences in event definitions and estimation of renal filtra-
tion function did not play an appreciable role in the trials’ 
results or interpretation – the most significant factor still 
appears to be the position of the trials on the renal risk 
heat map (Fig. 6).

Other notable trial results
Interestingly, the CREDENCE and EMPA–REG OUT-
COME placebo groups had similar MACE incidence 
rates (48.7 and 43.9/1000 patient-years, respectively), 
despite different baseline UACR and eGFR. We expect 
this can be attributed to the balance of baseline CVD 
vs. renal risk: CREDENCE had significantly higher renal 
risk but only 50.4% prior CVD whereas EMPA–REG had 
nearly 100% prior CVD.

The composite renal outcome RRR is another intrigu-
ing result when comparing the four trials. In a reversal 
of the trend seen with the other outcomes, CREDENCE 

had the smallest RRR and DECLARE-TIMI 58 the larg-
est (Fig.  5). We hypothesize that this effect may reflect 
differences in renal functional reserve (RFR) among the 
trial participants. RFR is defined as peak eGFR (induced 
via stress response) minus baseline eGFR and may result 
from recruiting inactive nephrons or increasing single 
nephron filtration [43, 44]. RFR has an inverse relation-
ship with CKD stage, decreasing as CKD progresses 
[45]. Reducing renal hyperfiltration injury in patients 
with less severe CKD and thus more RFR (i.e., those in 
the three CVOTs) may yield more robust risk reduction 
or preventable fraction than in patients with advanced 
CKD and thus less RFR (i.e., those in CREDENCE). This 
hypothesis of varying opportunity for prevention of renal 
filtration function loss needs to be tested formally.

RAASi use
We considered other sources of confounding for differ-
ences among the trials. All four trials had substantial 
RAASi use: approximately 80% in the three CVOTs and 
99.9% in CREDENCE. Thus, we do not believe differential 

Fig. 5 Composite renal outcome relative risk reductions (RRRs) in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), 
CANagliflozin CardioVascular Assessment Study (CANVAS) Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients–Removing Excess Glucose (EMPA–REG OUTCOME), and Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical 
Evaluation (CREDENCE) trials. Statistical outcomes displayed as RRR, p-value. RRRs were calculated from hazard ratios. Composite renal outcomes 
defined as follows: DECLARE-TIMI 58: ≥ 40% reduction in estimated glomerular filtration rate (eGFR) to < 60, end-stage renal disease (ESRD) 
(dialysis ≥ 90 days, transplant or sustained eGFR < 15), or renal/cardiovascular (CV) death; CANVAS: ≥ 40% reduction in eGFR, renal-replacement 
therapy (RRT) (transplant, chronic dialysis, or sustained eGFR < 15), or renal death; EMPA–REG OUTCOME: doubling of serum creatinine (Cr) with 
eGFR ≤ 45, RRT, or renal death; CREDENCE: doubling of serum Cr, ESRD (eGFR < 15, dialysis, or renal transplant), renal/CV death
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rates of RAASi can explain the contrasts between the tri-
als. Notably, the high rates of RAASi use indicate that the 
patients were well-treated at baseline. This should ease 
skepticism about the real-world therapeutic opportunity 
for SGLT2i, as any benefits due to the SGLT2i can be 
viewed as being additional to those from RAASi therapy.

Safety
We balanced our views on efficacy with the safety data. 
The four trials demonstrated several general safety trends 
(Tables  2 and 3). SGLT2i were found to be significantly 
safer than placebo regarding adverse events (AEs) and 
serious AEs. However, they were generally associated 

with increased risk of diabetic ketoacidosis and ampu-
tation and decreased risk of acute kidney injury. There 
were no clear trends regarding fractures or urinary 
tract infections. SGLT2i were significantly associated 
with increased risk of genital infections; however, this is 
expected due to the glucosuria promoted by the drugs. 
Recent research found that SGLT2i are associated with 
increased risk of Fournier’s gangrene [46, 47]. However, 
DECLARE-TIMI 58—the only trial of the four prospec-
tively to study this AE—reported that Fournier’s gan-
grene occurred in 18 (0.2%) of dapagliflozin patients vs. 
24 (0.3%) of placebo patients. 

Fig. 6 Baseline renal risk and composite renal outcome definitions in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), 
CANagliflozin CardioVascular Assessment Study (CANVAS) Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients–Removing Excess Glucose (EMPA–REG OUTCOME), and Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical 
Evaluation (CREDENCE) trials. Horizontal dotted lines and white arrows approximate trials averaged mean eGFRs minus 1 pooled standard deviation; 
vertical dotted lines and white arrows approximate trials’ quartile 3 of UACR. Data displayed as mean eGFR ± standard deviation (where available); 
median UACR [quartile 1, quartile 3] or percent of study population with UACR < 30, > 30–300, and > 300 (depending on trial). eGFR estimated 
glomerular filtration rate in mL/min/1.73 m2, UACR urinary albumin-creatinine ratio in mg/g (Adapted from Ref. [60])
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Future potential benefits of SGLT2i
SGLT2i have demonstrated a host of positive effects of 
interest for future research. In animal models of T2DM 
female mice, empagliflozin ameliorated kidney injury 
by promoting glycosuria, and possibly by reducing sys-
temic and renal artery stiffness; canagliflozin attenuated 
the progression of atherosclerosis, reducing hyperlipi-
demia, hyperglycemia, and inflammation by lowering the 
expression of some inflammatory molecules [48, 49]. Of 
note, the hyperexpressed SGLT1 in cardiomyocytes may 
represent a potential pharmacological target for car-
dioprotection [50]. In human studies of T2DM patients, 
both dapagliflozin and canagliflozin demonstrated ben-
eficial effects on left ventricular diastolic functional 
parameters [51, 52]. With regard to SGLT2i versus other 
antihyperglycemic agents, SGLT2i were associated with a 
reduced risk of HHF compared to dipeptidyl peptidase 4 
inhibitors (DPP4i) and canagliflozin was associated with 
a reduced risk of HHF and a similar risk of MI or stroke 
compared to DPP4i, glucagon-like peptide-1 agonists, 
and sulfonylureas [53, 54]. Finally, the EMPA–REG OUT-
COME results may be applicable to T2DM patients with 
a broader CV risk profile, including patients at low risk of 
CVD [55].

Class effects
Giugliano et  al. [56] studied the three SGLT2i CVOTs 
and suggested a class effect with regard to HF risk reduc-
tion. After reviewing the CVOTs and CREDENCE, we 
believe this class effect can be expanded to include CV 

and renal outcomes in general. Note that there is no uni-
versal definition of class effect; the closest approxima-
tion is the term “class labeling” used by the FDA, which 
“assumes that all products within a class are closely 
related in chemical structure, pharmacology, therapeutic 
activity, and adverse reactions” [57]. With this in mind, 
we believe there is sufficient evidence of a class effect. 
Firstly, the SGLT2i have similar molecular structures. 
Also, though much of their pharmacological methods of 
action are unknown, we believe one plausible explanation 
is off-target inhibition of the sodium-proton antiporter/
exchanger—a membrane-bound family of channels pre-
sent in both the heart and kidneys [58, 59]. The four tri-
als are internally consistent, with no particular subgroup 
benefitting over another and no treatment interactions 
within any of the trials. The trials are externally consist-
ent with each other, showing reliable cardiorenal ben-
efit (according to baseline risk) and comparable adverse 
effects. Lastly, the SGLT2i studied have similar known 
mechanisms of action resulting in losses of glucose and 
sodium in the urine and reductions in blood pressure 
and body weight [58]. This proposed pharmacologic class 
effect would apply more to HHF, CV death, and renal 
composite events than to the MACE composite outcome, 
which was not significantly reduced in DECLARE-TIMI 
58. Additionally, this class effect is limited to the three 
SGLT2i we have reviewed in this paper: canagliflozin, 
dapagliflozin, and empagliflozin. It remains to be seen if 
it will extend to ertugliflozin, sotagliflozin, and/or other 
similar agents.

Table 1 Renal drug guidelines, entry criteria, mean estimated glomerular filtration rate, and composite outcome 
definitions in the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58), CANagliflozin CardioVascular 
Assessment Study (CANVAS) Program, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients–Removing Excess Glucose (EMPA–REG OUTCOME), and Canagliflozin and Renal Events in Diabetes 
with Established Nephropathy Clinical Evaluation (CREDENCE) trials

All eGFRs are in mL/min/1.73 m2

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, CV cardiovascular, CrCl creatinine clearance, Cr creatinine, UACR  urinary albumin-creatinine ratio in mg/g

Trial FDA indicated 
guidelines

Study renal entry criteria Results

Minimum 
recommended eGFR

eGFR 
minimum

eGFR 
equation

Additional renal 
criteria

Mean 
eGFR

Composite renal outcome

DECLARE-TIMI 58 45 N/A CKD-EPI CrCl 60 mL/min (Cock-
roft-Gault equation)

85.2 ≥ 40% reduction in eGFR to < 60, ESRD 
(dialysis ≥ 90 days, transplant or sustained 
eGFR < 15), or renal/CV death

CANVAS 45 30 MDRD N/A 76.5 ≥ 40% reduction in eGFR, RRT (transplant, 
chronic dialysis, or sustained eGFR < 15), or 
renal death

EMPA–REG OUT-
COME

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

CREDENCE 45 30 CKD-EPI UACR 300–5000 56.2 Doubling of serum Cr, ESRD (eGFR < 15, dialy-
sis, or renal transplant), renal/CV death
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Conclusions
Dapagliflozin, empagliflozin, and canagliflozin have 
internally and externally consistent class effects on car-
diorenal outcomes and similar safety profiles. Baseline 
renal filtration function and degree of albuminuria are 
the most significant indicators of risk for both CV and 
renal events. Thus, these two factors also anticipate the 
greatest clinical benefit for SGLT2i.
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