
Association of SGLT2 Inhibitors With Cardiovascular
and Kidney Outcomes in Patients With Type 2 Diabetes
A Meta-analysis
Darren K. McGuire, MD, MHSc; Weichung J. Shih, PhD; Francesco Cosentino, MD, PhD; Bernard Charbonnel, MD; David Z. I. Cherney, MD, PhD;
Samuel Dagogo-Jack, MD, DSc; Richard Pratley, MD; Michelle Greenberg, BSc; Shuai Wang, PhD; Susan Huyck, DrPH; Ira Gantz, MD;
Steven G. Terra, PharmD; Urszula Masiukiewicz, MD; Christopher P. Cannon, MD

IMPORTANCE Sodium-glucosecotransporter2(SGLT2)inhibitorsfavorablyaffectcardiovascular(CV)
and kidney outcomes; however, the consistency of outcomes across the class remains uncertain.

OBJECTIVE To perform meta-analyses that assess the CV and kidney outcomes of all 4
available SGLT2 inhibitors in patients with type 2 diabetes.

DATA SOURCES A systematic literature search was conducted in PubMed from January 1, 2015,
to January 31, 2020.

STUDY SELECTION One hundred forty-five records were initially identified; 137 were excluded
because of study design or topic of interest. As a result, a total of 6 randomized,
placebo-controlled CV and kidney outcomes trials of SGLT2 inhibitors in patients with type 2
diabetes were identified, with contributory data from 9 publications. All analyses were
conducted on the total patient population of these trials.

DATA EXTRACTION AND SYNTHESIS Standardized data search and abstraction were performed
following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
Statement. Data were analyzed using a fixed-effect model.

MAIN OUTCOMES AND MEASURES Outcomes included time to the first event of (1) the
composite of major adverse CV events of myocardial infarction, stroke, or CV death, and each
component, (2) the composite of hospitalization for heart failure (HHF) or CV death (HHF/CV
death) and each component, and (3) kidney composite outcomes. For outcomes in the
overall trial populations and in selected subgroups, hazard ratios (HRs) and 95% CIs were
pooled and meta-analyzed across trials.

RESULTS Data from 6 trials comprised 46 969 unique patients with type 2 diabetes, including
31 116 (66.2%) with atherosclerotic CV disease. The mean (SD) age of all trial participants was
63.7 (7.9) years; 30 939 (65.9%) were men, and 36 849 (78.5%) were White. The median num-
ber of participants per trial was 8246 (range, 4401-17 160). Overall, SGLT2 inhibitors were asso-
ciated with a reduced risk of major adverse CV events (HR, 0.90; 95% CI, 0.85-0.95; Q statistic,
P = .27), HHF/CV death (HR, 0.78; 95% CI, 0.73-0.84; Q statistic, P = .09), and kidney outcomes
(HR, 0.62; 95% CI, 0.56-0.70; Q statistic, P = .09), with no significant heterogeneity of associa-
tions with outcome. Associated risk reduction for HHF was consistent across the trials (HR,
0.68; 95% CI, 0.61-0.76; I2 = 0.0%), whereas significant heterogeneity of associations with out-
come was observed for CV death (HR, 0.85; 95% CI, 0.78-0.93; Q statistic, P = .02; I2 = 64.3%).
The presence or absence of atherosclerotic CV disease did not modify the association with out-
comes for major adverse CV events (HR, 0.89; 95% CI, 0.84-0.95 and HR, 0.94; 95% CI, 0.83-
1.07, respectively; P = .63 for interaction), with similar absence of associations with outcome
modification by prevalent atherosclerotic CV disease for HHF/CV death (P = .62 for interaction),
HHF (P = .26 for interaction), or kidney outcomes (P = .73 for interaction).

CONCLUSIONS AND RELEVANCE In this meta-analysis, SGLT2 inhibitors were associated with a
reduced risk of major adverse CV events; in addition, results suggest significant
heterogeneity in associations with CV death. The largest benefit across the class was for an
associated reduction in risk for HHF and kidney outcomes, with benefits for HHF risk being
the most consistent observation across the trials.
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T ype 2 diabetes (T2D) is commonly complicated by ath-
erosclerotic cardiovascular disease (ASCVD), heart fail-
ure, and chronic kidney disease.1-4 The proven effi-

cacy of the sodium-glucose cotransporter 2 (SGLT2) inhibitor
class of medications has led to professional cardiology and en-
docrinology society consensus recommendations and
guidelines5-10 endorsing their use and supported by regula-
tory product labeling.

The objective of the present study is to update previous
meta-analyses,11-13 adding data from the sixth completed pla-
cebo-controlled cardiovascular (CV) and kidney clinical out-
comes trial of an SGLT2 inhibitor in patients with T2D, the Car-
diovascular Outcomes Following Ertugliflozin Treatment in
Type 2 Diabetes Mellitus Participants With Vascular Disease
(VERTIS CV) trial.14 The VERTIS CV trial assessed the effects
of ertugliflozin vs placebo in patients with T2D and prevalent
ASCVD.15,16 Our study results represent the totality of CV out-
comes trial data for the 4 SGLT2 inhibitors available in the
United States and many other countries. These trials were con-
ducted in accordance with regulatory guidance requiring CV
outcomes assessment of drugs for T2D; furthermore, our study
refined estimates of drug outcomes in patients with T2D and
explored the heterogeneity of outcomes assessed by indi-
vidual drugs in the overall class and within selected sub-
groups.

Methods
Search Strategy and Selection Criteria
This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guideline.17 A systematic literature
search of randomized, placebo-controlled CV and kidney
outcomes trials of SGLT2 inhibitors in patients with T2D
published from January 1, 2015, to January 31, 2020, was
conducted in PubMed (eFigure 1 in the Supplement). One
hundred forty-five records were initially identified; 137 were
excluded because of study design or topic of interest. As a
result, a total of 6 trials were identified, with contributory data
from 9 publications. Trial eligibility was confirmed by 2
independent reviewers (M.G., S.W.); data extraction was
performed by S.W. Study quality (performed by M.G., U.M.,
S.W.) was evaluated using the Cochrane Risk of Bias Tool18

(eTable 1 in the Supplement).

Patient Population
All analyses were primarily conducted on the total patient
population of each of the 6 trials identified: Empagliflozin Car-
diovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients (EMPA-REG OUTCOME)19; the CANVAS Program, con-
sisting of 2 trials: the Canagliflozin Cardiovascular Assess-
ment Study (CANVAS) and A Study of the Effects of Canagli-
flozin (JNJ-28431754) on Renal Endpoints in Adult Participants
With Type 2 Diabetes Mellitus (CANVAS-R)20; the Multi-
center Trial to Evaluate the Effect of Dapagliflozin on the
Incidence of Cardiovascular Events (DECLARE-TIMI 58)21;
Evaluation of the Effects of Canagliflozin on Renal and Car-

diovascular Outcomes in Participants With Diabetic Nephropa-
thy (CREDENCE)22; and VERTIS CV.16 Secondary analyses were
performed to assess heterogeneity of associations with out-
comes of interest according to prespecified baseline charac-
teristics including (1) ASCVD or multiple ASCVD risk factors;
(2) history of heart failure; (3) estimated glomerular filtration
rate (eGFR); (4) glycated hemoglobin (HbA1c); and (5) albu-
minuria (eTable 2 in the Supplement). For all outcomes, sen-
sitivity analyses were performed omitting the data from
CREDENCE, which was primarily a kidney outcomes trial.

Outcomes
The primary outcome in all trials except CREDENCE was the
time to first major adverse cardiovascular event (MACE) of
myocardial infarction, stroke, or CV death. The primary out-
come in CREDENCE was a composite kidney disease out-
come with MACE as a prioritized secondary outcome. For the
present meta-analysis, the primary outcome was time to first
MACE, with secondary outcomes including time to first event
for each component of MACE, the composite of hospitaliza-
tion for heart failure (HHF) or CV death and each component
outcome, all-cause mortality, and a composite of kidney out-
comes. The composition of the principal kidney composite out-
comes varied across trials (eAppendix 1 in the Supplement) and
included in various permutations worsening eGFR or creati-
nine, end-stage kidney disease with or without requirement
for kidney replacement therapy or transplant, kidney death,
or CV death. In CREDENCE,22 the kidney composite was the
primary outcome. In DECLARE-TIMI 58 and VERTIS CV, analy-
ses of kidney composite outcomes were prespecified in the pri-
mary analysis hierarchy.15,16,23,24 In EMPA-REG OUTCOME and
the CANVAS program trials, analysis of the kidney composite
outcome was prespecified as exploratory.20,25,26

Statistical Analysis
A fixed-effect meta-analysis approach was used, with hetero-
geneity assessed using the Cochran Q test statistic and
Higgins and Thompson I2.27,28 Heterogeneity was considered
to be low, moderate, or high if I2 was less than 25%, 25% to 75%,

Key Points
Question Is the effectiveness of sodium-glucose cotransporter 2
(SGLT2) inhibitors on cardiovascular- and kidney-related outcomes
similar across the class of medications overall and by the presence
or absence of prevalent cardiovascular and chronic kidney
disease?

Findings Results from a meta-analysis of 6 outcomes trials of 4
SGLT2 inhibitors suggest an associated reduction in risk of major
adverse cardiovascular events and heterogeneity of cardiovascular
death. The greatest magnitude of benefit was for reduction in risk
for hospitalization for heart failure (HHF) and kidney disease
progression, with estimates of HHF risk outcome the most
consistent observation across the trials.

Meaning These findings suggest that SGLT2 inhibitors have some
heterogeneity of associations with outcomes for cardiovascular
death, with consistency of favorable HHF and kidney disease
outcomes across the class.
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or greater than 75%, respectively. The hazard ratio (HR) and
its 100 × (1 – α)% CI was extracted from the publications of each
individual study and converted to log(HR) and its SE before the
meta-analysis. The meta-analysis was directly implemented
on the natural log HR scale, with results exponentiated and re-
ported on the original HR scale. For analyses of heterogeneity
of association between treatment and outcomes among sub-
groups, a random-effects meta-regression approach using re-
stricted maximum likelihood with Hartung and Knapp adjust-
ment was used to obtain the F test statistic and P value of the
interaction term for each subgroup.29 The R package, metafor,
version 3.6.2 (R Foundation) was used for all analyses and for
forest plot generation. Statistical analyses were conducted from
April 13, 2020, to April 27, 2020. Two-sided P values <.05 were
considered significant.

Results
A total of 6 placebo-controlled clinical outcomes trials (EMPA-
REG OUTCOME, CANVAS, DECLARE-TIMI 58, CREDENCE,
VERTIS CV) of 4 SGLT2 inhibitors in patients with T2D were
identified, with cohort characteristics summarized in the Table,
extracting data for the present analyses from the primary trial
reports16,19-22 as well as from a number of published second-
ary analyses.13,24,30-32 Data from 46 969 patients were in-
cluded for analyses, including 31 116 (66.2%) with prevalent
ASCVD. The mean (SD) age of all trial participants was 63.7 (7.9)
years; 30 939 (65.9%) were men, 16 030 (34.1%) were women,
and 36 849 (78.5%) were White. The median number of par-
ticipants per trial was 8246 (range, 4401-17 160). The search
and selection process is summarized in eFigure 1 in the Supple-
ment.

Across the 6 trials, median follow-up ranged from 2.4 to
4.2 years, T2D duration ranged from 11.8 to 15.8 years, and
average baseline HbA1c ranged from 8.1% to 8.3% (Table). The
proportion of patients with prevalent ASCVD ranged from
40.6% in DECLARE-TIMI 58 to 100% in EMPA-REG
OUTCOME and VERTIS CV. The proportion of patients with
baseline eGFR less than 60 mL/min/1.73 m2 ranged from 7.4%
in DECLARE-TIMI 58 to 59.8% in CREDENCE. History of
heart failure ranged from 10.0% in DECLARE-TIMI 58 to
23.7% in VERTIS CV (Table).

Overall, 4931 patients experienced a MACE, with 4024
(81.6%) of the MACE outcomes occurring in the subset of pa-
tients with prevalent ASCVD. Analyses of associations be-
tween SGLT2 inhibitors and outcomes on the hazard for MACE
overall and by ASCVD status at baseline are presented in
Figure 1. Overall, SGLT2 inhibitors significantly reduced the
hazard for MACE (HR, 0.90; 95% CI, 0.85-0.95; Q statistic,
P = .27); the presence or absence of ASCVD did not modify the
treatment outcome on MACE (HR, 0.89; 95% CI, 0.84-0.95 and
HR, 0.94; 95% CI, 0.83-1.07; P = .63 for interaction). Similar
findings were observed in additional prespecified subgroup
analyses by baseline HbA1c, albuminuria, eGFR, and history of
heart failure (eFigure 2 in the Supplement).

Overall, 2031 CV death events occurred, including 1680
(82.7%) of CV deaths in the subset of patients with prevalent

ASCVD. Associations of SGLT2 inhibitors on the hazard for CV
death overall and by ASCVD status are presented in Figure 2.
Overall, the SGLT2 inhibitors significantly reduced the haz-
ard for CV death (HR, 0.85; 95% CI, 0.78-0.93), with moder-
ate heterogeneity observed across the trials (Q statistic, P = .02;
I2 = 64.3%), with no interaction of outcome observed for those
with vs without ASCVD (HR, 0.83; 95% CI, 0.76-0.92 and HR,
0.95; 95% CI, 0.77-1.17, respectively; P = .41 for interaction).
Similar findings were observed in additional prespecified sub-
group analyses by baseline HbA1c, albuminuria, eGFR, and his-
tory of heart failure (eFigure 3 in the Supplement). In analy-
ses of all-cause mortality occurring in 3339 patients, SGLT2
inhibitors were associated with a reduced risk overall, with
moderate heterogeneity of outcome (HR, 0.87; 95% CI, 0.81-
0.93; Q statistic P = .06; I2 = 56.5%), with no significant inter-
action by ASCVD status (P = .64 for interaction; eFigure 4 in
the Supplement).

Overall, 3154 HHF/CV death composite events occurred,
including 2560 (81.2%) of these events occurring in the sub-
set of patients with prevalent ASCVD. Associations between
SGLT2 inhibitors and outcomes on the hazard for HHF/CV death
overall and analyses by prevalent ASCVD are presented in eFig-
ure 5A and 5B in the Supplement. Overall, SGLT2 inhibitors
were associated with a significant reduction in the hazard for
HHF/CV death (HR, 0.78; 95% CI, 0.73-0.84), with moderate
heterogeneity of associations with outcomes across trials (Q
statistic P = .09; I2 = 50.6%). There was no interaction of out-
come observed for those with vs without ASCVD (HR, 0.77; 95%
CI, 0.72-0.84 and HR, 0.81; 95% CI, 0.69-0.95, respectively;
P = .62 for interaction). Similarly, no modification of treat-
ment outcome was observed for HHF/CV death in prespeci-
fied analyses by baseline eGFR categories or history of heart
failure (eFigure 5C and 5D in the Supplement).

Overall, 1430 HHF events occurred, including 1151 (80.5%)
in the subset of patients with prevalent ASCVD. Associations
between SGLT2 inhibitors and outcomes on the hazard for HHF
overall and by ASCVD status are presented in Figure 3. The
SGLT2 inhibitors were associated with a significant reduction
in the hazard for HHF (HR, 0.68; 95% CI, 0.61-0.76), with con-
sistency of effectiveness across the trials (Q statistic P = .85;
I2 = 0.0%), and similarly in those with vs without prevalent
ASCVD (HR, 0.70; 95% CI, 0.62-0.78 and HR, 0.63; 95% CI,
0.50-0.80, respectively; P = .26 for interaction).

Overall, 1426 kidney composite outcome events oc-
curred. Outcomes of SGLT2 inhibitors on the hazard for pro-
gression of kidney disease overall and by ASCVD status are pre-
sented in Figure 4. Overall, the SGLT2 inhibitors were
associated with a significant reduction in the hazard for pro-
gression of kidney disease (HR, 0.62; 95% CI, 0.56-0.70) with
moderate heterogeneity across the trials (Q statistic P = .09;
I2 = 49.7%). There was no interaction of outcome on progres-
sion of kidney disease observed for those with vs without
ASCVD (HR, 0.64; 95% CI, 0.56-0.72 and HR, 0.60; 95% CI,
0.50-0.73, respectively; P = .73 for interaction). Similarly, no
interaction of effectiveness was observed for outcomes of
SGLT2 inhibitors on the kidney composite outcome in pre-
specified analyses by baseline albuminuria or history of heart
failure (eFigure 6 in the Supplement).
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Results of additional analyses overall and by predefined
subgroups for myocardial infarction and stroke are presented
in eFigures 7 and 8 in the Supplement. The results of the sen-
sitivity analyses that excluded CREDENCE are presented in
eFigures 9 to 16 in the Supplement. For completeness, trial level
summaries of adverse events of special interest including se-
vere diabetic ketoacidosis, bone fractures, amputations, geni-
tal mycotic infections, and acute kidney injury events are pre-
sented in eTable 3 in the Supplement; however, broad
differences across trials in definitions, ascertainment, and re-
porting of such events preclude meaningful meta-analyses.

Discussion

The present meta-analysis includes clinical outcomes data
among patients with T2D for all 4 SGLT2 inhibitors in clinical
use in the United States and many other countries. Compared
with previous meta-analyses of cardiorenal outcomes of SGLT2
inhibitors,12,13 similar search methods and statistical method-
ology were used in the present study. One difference in the pre-
sent analyses includes the extraction of HR and 100 × (1 – α)%
CI for all eligible trials, whereas previous meta-analyses lim-

Table. Baseline Characteristics From Included Cardiovascular and Kidney Outcomes Trials
With SGLT2 Inhibitorsa

Characteristic

No. (%)b

EMPA-REG
outcome19

(n = 7020)

CANVAS
program20

(n = 10 142)

DECLARE-TIMI
5821

(n = 17 160)
CREDENCE22

(n = 4401)
VERTIS CV16

(n = 8246)
SGLT2 inhibitor Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Ertugliflozin

Duration of
follow-up,
median, y

3.1 2.4 4.2 2.6 3.0

Patient
characteristics

Men 5016 (71.5) 6509 (64.2) 10 738 (62.6) 2907 (66.1) 5769 (70.0)

Women 2004 (28.5) 3633 (35.8) 6422 (37.4) 1494 (33.9) 2477 (30.0)

Age, mean (SD), y 63.1 (8.6) 63.3 (8.3) 63.9 (6.8) 63.0 (9.2) 64.4 (8.1)

Race/ethnicity

White 5081 (72.4) 7944 (78.3) 13 653 (79.6) 2931 (66.6) 7240 (87.8)

Asian 1517 (21.6) 1284 (12.7) 2303 (13.4) 877 (19.9) 498 (6.0)

Black or
African
American

357 (5.1) 336 (3.3) 603 (3.5) 224 (5.1) 235 (2.8)

Other/missing 65 (0.9) 578 (5.7) 601 (3.5) 369 (8.4) 273 (3.3)

Diabetes
characteristics

HbA1c,
mean (SD), %

8.1 (0.8) 8.2 (0.9) 8.3 (1.2) 8.3 (1.3) 8.2 (1.0)

Diabetes
duration,
mean (SD), y

57 > 10c 13.5 (7.8) 11.8 (7.8) 15.8 (8.6) 13.0 (8.3)

Cardiovascular
characteristics

Established
cardiovascular
disease

7020 (100) 6656 (65.6) 6974 (40.6) 2220 (50.4) 8246 (100)

History of
heart failure

706 (10.1) 1461 (14.4) 1724 (10.0) 652 (14.8) 1958 (23.7)

Renal
characteristics

Reduced kidney
functiond

1819 (25.9) 2039 (20.1) 1265 (7.4) 2631 (59.8) 1807 (21.9)

Urine ACR
≥300 mg/g

769 (11.0) 760 (7.6) 1169 (6.8) 3874 (88.0) 755 (9.2)

Cardiovascular
medications

ACEI or ARB
blockade

5666 (80.7) 8116 (80.0) 13 950 (81.3) 4395 (99.9) 6686 (81.1)

β-Blocker 4554 (64.9) 5421 (53.5) 9030 (52.6) 1770 (40.2) 5692 (69.0)

Statin/ezetimibe 5403 (77.0) 7599 (74.9) 12 868 (75.0) 3036 (69.0) 6790 (82.3)

Antihyperglycemic
medications

Insulin 3387 (48.2) 5095 (50.2) 7013 (40.9) 2884 (65.5) 3900 (47.3)

Metformin 5193 (74.0) 7825 (77.2) 14 068 (82.0) 2545 (57.8) 6292 (76.3)

Sulfonylurea 3006 (42.8) 4361 (43.0) 7322 (42.7) 1268 (28.8) 3390 (41.1)

DPP-4 inhibitor 796 (11.3) 1261 (12.4) 2888 (16.8) 751 (17.1) 911 (11.0)

GLP-1 receptor
agonist

196 (2.8) 407 (4.0) 750 (4.4) 183 (4.2) 278 (3.4)

Abbreviations: ACEI, angiotensin
converting enzyme inhibitor;
ACR, albumin/creatinine ratio;
ARB, angiotensin receptor blocker;
CANVAS, Canagliflozin Cardiovascular
Assessment Study; CREDENCE,
Evaluation of the Effects of
Canagliflozin on Renal and
Cardiovascular Outcomes in
Participants With Diabetic
Nephropathy; DECLARE-TIMI 58,
Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the
Incidence of Cardiovascular Events;
DPP-4, dipeptidyl peptidase-4;
EMPA-REG OUTCOME, Empagliflozin
Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients;
GLP-1, glucagon-like peptide-1;
HbA1c, hemoglobin A1c;
SGLT2, sodium-glucose cotransporter
2; VERTIS CV, Cardiovascular
Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus
Participants With Vascular Disease.
a Adapted from Arnott et al, 2020.12

b Values written as No. (%) unless
otherwise specified.

c Approximately 57% more than 10
years.

d Estimated glomerular filtration rate
<60 mL/min per 1.73 m2 based on
the Modification of Diet in Renal
Disease equation in EMPA-REG
OUTCOME, the CANVAS Program,
and VERTIS CV, and the Chronic
Kidney Disease Epidemiology
Collaboration equation in
DECLARE-TIMI 58 and CREDENCE.
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ited extraction to analyses reporting HR and 95% CI13 or pooled
different outcome metrics (eg, relative risk, odds ratio, HR) in
the same analysis.12 The present meta-analysis adds to those
previously published not only by the inclusion of data from
the VERTIS CV trial but also with the inclusion of additional
subgroup analyses (eg, baseline albuminuria level, baseline
HbA1c level) where data were published for 2 or more trials.

The present results augment the growing evidence base
that SGLT2 inhibitors in general are associated with favorable
CV and kidney outcomes; in addition, the present study re-
fines understanding of important differences in outcomes as-
sociated with drugs within the class. The trials completed to
date assessing the CV safety and effectiveness of SGLT2 in-
hibitors in patients with T2D have predominantly focused on
ASCVD-related outcomes. In this context, it is key to note that
in the overall pooled estimate, the beneficial outcome of SGLT2
inhibitors on MACE is rather modest and is demonstrated
within trials only for empagliflozin and canagliflozin. Like-
wise, only empagliflozin has demonstrated significant out-

comes for CV death risk reduction,19 with moderate hetero-
geneity across the class. Notably, the predominant CV outcome
of the SGLT2 inhibitors is an associated reduction in HHF,
highly consistent across the class achieving nominal signifi-
cance in each of the trials, with similar consistency across the
class for improving kidney outcomes, with ertugliflozin being
the only SGLT2 inhibitor without this demonstrated benefit.

Observed heterogeneity across the class for selected out-
comes, specifically for MACE, CV death, and composite kid-
ney outcomes, requires further exploration. Whether this is
due to differences in the populations studied and their risk pro-
files, differences in capture or definition of outcomes, or dif-
ferences in the drugs requires further evaluation. Pharmaco-
logically, ertugliflozin is most similar to empagliflozin with
regard to selectivity for SGLT2, with dapagliflozin slightly less
selective and canagliflozin the least selective of the 4 drugs,33

yet only empagliflozin was associated with an improved risk
for CV death, and ertugliflozin is the only SGLT2 inhibitor of
the 4 studied that failed to reach statistical significance on the

Figure 1. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Major Adverse Cardiovascular Events—Composite of Myocardial Infarction,
Stroke, or Cardiovascular Death

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

15.72490/4687 282/233337.4 43.9EMPA-REG OUTCOME 0.86 (0.74-0.99)

20.12NA/5795 NA/434726.9 31.5CANVAS program 0.86 (0.75-0.97)

32.02756/8582 803/857822.6 24.2DECLARE-TIMI 58 0.93 (0.84-1.03)

10.92217/2202 269/219938.7 48.7CREDENCE 0.80 (0.67-0.95)

21.23735/5499 368/274740.0 40.3VERTIS CV 0.99 (0.88-1.12)

Fixed-effects model (Q = 5.22; df = 4; P = .27; I2 = 23.4%) 0.90 (0.85-0.95)

Overall MACEsA

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD

19.19490/4687 282/233337.4 43.9EMPA-REG OUTCOME 0.86 (0.74-0.99)

21.16NA/3756 NA/290034.1 41.3CANVAS program 0.82 (0.72-0.95)

24.90483/3474 537/350036.8 41.0DECLARE-TIMI 58 0.90 (0.79-1.02)

8.82155/1113 178/110755.6 65.0CREDENCE 0.85 (0.69-1.06)

25.93735/5499 368/274740.0 40.3VERTIS CV 0.99 (0.88-1.12)

Fixed-effects model (Q = 4.53; df = 4; P = .34; I2 = 11.8%) 0.89 (0.84-0.95)

Patients without ASCVD

21.70NA/2039 NA/144715.8 15.5CANVAS program 0.98 (0.74-1.30)

62.07273/5108 266/507813.4 13.3DECLARE-TIMI 58 1.01 (0.86-1.20)

16.2362/1089 91/109222.0 32.7CREDENCE 0.68 (0.49-0.94)

Fixed-effects model (Q = 4.59; df = 2; P = .10; I2 = 56.5%) 0.94 (0.83-1.07)

MACEs by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-REG

OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients; MACEs, major adverse cardiovascular events;
NA, not available; VERTIS CV, Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants With Vascular Disease.
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prespecified kidney composite end point, although analysis
of eGFR change was associated with a significant improve-
ment by ertugliflozin. The definition of events comprising the
renal composite end point differed from that of the other CV
and renal outcomes trials. These discordant observations do
not seem attributable to differences in the doses studied, as
pharmacodynamic outcomes on HbA1c, blood pressure, and
body weight were similar across the trials. This finding am-
plifies the possibility that CV and kidney benefits are due to
mechanisms other than SGLT2. For example, off-target ef-
fects of SGLT2 inhibitors have been proposed, including the
direct effect on the sodium-hydrogen exchanger 1 (NHE1) in
the heart, NHE3 in the kidney, and NHE9 in inflammatory cells
that could influence MACE, heart failure, and kidney
outcomes.34 In addition, effects of selected SGLT2 inhibitors
on myocardial sodium, calcium, and potassium channels have
been demonstrated in preclinical models,35,36 raising the pos-
sibility of the drugs having effects on myocardial function and
rhythm stability independent of SGLT2 engagement. Contin-
ued investigation into the potential clinical relevance of such

observations and to what degree these effects differ between
members of the class is of utmost importance.

The benefits on risk for HHF and related outcomes apply
broadly to the class, independent of baseline ASCVD and prior
heart failure and across the spectrum of baseline eGFR. These
observations provide strong support for contemporary guide-
lines and medical society recommendations supporting the use
of SGLT2 inhibitors, regardless of glucose control, for pa-
tients with T2D with prevalent ASCVD and with or at high risk
of heart failure.5-7,9,10 This guidance prioritizes the use of SGLT2
inhibitors with proven efficacy (empagliflozin or canagli-
flozin for MACE; empagliflozin, canagliflozin, or dapagli-
flozin for kidney outcomes; all 4 drugs for heart failure), in-
dependent of glucose control considerations, in patients with
T2D with or at high risk for CV and kidney complications.

Although the mechanisms underpinning the CV and kid-
ney outcomes of SGLT2 inhibitors remain uncertain, it is clear
that the benefits are not attributable to glucose control per se.
For example, there was no association between baseline or
achieved glucose and CV or kidney outcomes in the EMPA-REG

Figure 2. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Cardiovascular Death

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

15.61172/4687 137/233312.4 20.2EMPA-REG OUTCOME 0.62 (0.49-0.77)

21.32NA/5795 NA/434711.6 12.8CANVAS program 0.87 (0.72-1.06)

25.24245/8582 249/85787.0 7.1DECLARE-TIMI 58 0.98 (0.82-1.17)

13.05110/2202 140/219919.0 24.4CREDENCE 0.78 (0.61-1.00)

24.77341/5499 184/274717.6 19.0VERTIS CV 0.92 (0.77-1.10)

Fixed-effects model (Q = 11.22; df = 4; P = .02; I2 = 64.3%) 0.85 (0.78-0.93)

Overall CV deathA

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD

18.61172/4687 137/233312.4 20.2EMPA-REG OUTCOME 0.62 (0.49-0.77)

22.08NA/3756 NA/290014.8 16.8CANVAS program 0.86 (0.70-1.06)

19.64153/3474 163/350010.9 11.6DECLARE-TIMI 58 0.94 (0.76-1.18)

10.1475/1113 93/110725.7 32.4CREDENCE 0.79 (0.58-1.07)

29.52341/5499 184/274717.6 19.0VERTIS CV 0.92 (0.77-1.10)

Fixed-effects model (Q = 9.10; df = 4; P = .06; I2 = 56.1%) 0.83 (0.76-0.92)

Patients without ASCVD

24.02NA/2039 NA/14476.5 6.2CANVAS program 0.93 (0.60-1.43)

52.7092/5108 86/50784.4 4.1DECLARE-TIMI 58 1.06 (0.79-1.42)

23.2735/1089 47/109212.2 16.4CREDENCE 0.75 (0.48-1.16)

Fixed-effects model (Q = 1.65; df = 2; P = .44; I2 = 0.0%) 0.95 (0.77-1.17)

CV death by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; CV, cardiovascular; DECLARE-TIMI 58, Multicenter Trial
to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular

Events; EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients; NA, not available; VERTIS CV,
Cardiovascular Outcomes Following Ertugliflozin Treatment in Type 2 Diabetes
Mellitus Participants With Vascular Disease.
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OUTCOME trial supported by only modest association be-
tween HbA1c and outcomes in mediation analyses from that
trial.37-39 Similarly, in CREDENCE, whereas the between-
group contrast in HbA1c was the smallest of reported trials as
expected with lower eGFR by the glucose-lowering mecha-
nism of action, the magnitude of benefits for MACE and for HHF
were numerically the largest across the trials. Although not spe-
cifically analyzed in the DAPA-HF (Dapagliflozin in Patients
With Heart Failure and Reduced Ejection Fraction) trial of da-
pagliflozin vs placebo, a patient population that included pa-
tients with or without diabetes, benefits on CV death, HHF, and
their composite were no different in those with or without dia-
betes, providing additional evidence discounting the role of
the glucose-modifying effects of the SGLT2 inhibitors account-
ing for their benefit in CV disease. Outcomes trials are under
way to assess the use of empagliflozin and dapagliflozin for CV
and kidney disease in extended patient populations indepen-
dent of diabetes status in patients with heart failure with re-
duced and preserved40-42 ejection fraction and chronic kid-
ney disease of diverse diabetic and nondiabetic kidney disease

etiologies.43,44 The first of these 2 latter trials, DAPA-CKD trial
of dapagliflozin vs placebo, was stopped early for efficacy out-
come, with results presented at the 2020 European Society of
Cardiology Scientific Sessions but not yet published.45

When initially approved for clinical use, SGLT2 inhibitors
had product-labeled cautions or contraindications for use in
patients with reduced eGFR, based exclusively on the attenu-
ation of glycemic efficacy as eGFR wanes and without spe-
cific safety concerns that typically underpin eGFR-based pre-
scriptions. However, with the demonstration of CV and kidney
benefits across the spectrum of kidney function in patients en-
rolled in trials to date, an eGFR as low as 30 mL/min/1.73 m2

in EMPA-REG OUTCOME, the CANVAS trials, VERTIS CV, and
CREDENCE, liberalization of these restrictions is now justi-
fied. For example, based on the results from CREDENCE,22

canagliflozin has a product-labeled indication to reduce the in-
cidence and progression of kidney disease, approved for ini-
tiation down to an eGFR of 30 mL/min/1.73 m2, with use al-
lowed to continue in patients taking canagliflozin until
initiation of dialysis. Similarly, society recommendations and

Figure 3. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Hospitalization for Heart Failure

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

16.09126/4687 95/23339.4 14.5EMPA-REG OUTCOME 0.65 (0.50-0.85)

17.10NA/5795 NA/43475.5 8.7CANVAS program 0.67 (0.52-0.87)

33.72212/8582 286/85786.2 8.5DECLARE-TIMI 58 0.73 (0.61-0.88)

16.0189/2202 141/219915.7 25.3CREDENCE 0.61 (0.47-0.80)

17.08139/5499 99/27477.3 10.5VERTIS CV 0.70 (0.54-0.90)

Fixed-effects model (Q = 1.39; df = 4; P = .85; I2 = 0.0%) 0.68 (0.61-0.76)

Overall HHFA

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD

19.62126/4687 95/23339.4 14.5EMPA-REG OUTCOME 0.65 (0.50-0.85)

17.13NA/3756 NA/29007.3 11.3CANVAS program 0.68 (0.51-0.90)

29.66151/3474 192/350011.1 14.1DECLARE-TIMI 58 0.78 (0.63-0.97)

12.7459/1113 92/110720.6 33.2CREDENCE 0.61 (0.44-0.85)

20.84139/5499 99/27477.3 10.5VERTIS CV 0.70 (0.54-0.90)

Fixed-effects model (Q = 1.97; df = 4; P = .74; I2 = 0.0%) 0.70 (0.62-0.78)

Patients without ASCVD

16.38NA/2039 NA/14472.6 4.2CANVAS program 0.64 (0.35-1.15)

55.0761/5108 94/50783.0 4.6DECLARE-TIMI 58 0.64 (0.46-0.88)

28.5630/1089 49/109210.6 17.5CREDENCE 0.61 (0.39-0.96)

Fixed-effects model (Q = 0.03; df = 2; P = .99; I2 = 0.0%) 0.63 (0.50-0.80)

HHF by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-REG

OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients; HHF, hospitalization for heart failure; NA, not
available; VERTIS CV, Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants With Vascular Disease.
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guidelines endorse the use of all SGLT2 inhibitors for patients
with an eGFR of 30 mL/min/1.73 m2 or higher, independent of
glucose considerations and based wholly on the CV and kid-
ney benefits as supported by the present meta-analyses.5,10

The safety profile of the SGLT2 inhibitors is firmly estab-
lished, and the addition of the VERTIS CV data did not mate-
rially alter risk considerations for any specific adverse event.
The most common adverse effect is mycotic genital
infections,16,19-22 typically mild and most often treated with
over-the-counter therapies. With regard to diabetic ketoaci-
dosis, unlike the situation in patients with type 1 diabetes
treated with SGLT2 inhibitors, where the relative risk and ab-
solute risk increment for diabetic ketoacidosis is much
greater,46 the present summary of reports from outcomes trials
of patients with T2D demonstrates a much lower incidence and
a much more modest incremental absolute risk for diabetic
ketoacidosis. Risk mitigation strategies for SGLT2 inhibitor-
associated diabetic ketoacidosis focusing largely on type 1 dia-
betes have been published by international authorities in the
field, and probably can also be applied to patients with T2D.46

Specifically, patients are advised to not take the medication
on days with diminished oral intake and, when feeling gener-
ally unwell, to monitor ketones with either urine dipsticks or
point-of-care blood monitoring of beta-hydroxybutyrate.46,47

With regard to amputation risk, there is significant variability
across the trials, with a significant increase only observed in
the CANVAS program with canagliflozin. Of note, in the
CANVAS program and in EMPA-REG OUTCOME, amputation
events were captured through adverse event reporting with-
out dedicated prospective event capture and source docu-
ment collection, except during the final few months of the
CANVAS program when systematic data capture for amputa-
tions was implemented. All subsequent trials have prospec-
tively captured amputation events as an adverse event of spe-
cial interest with no evident incremental risk noted, including
in the CREDENCE trial of canagliflozin.22 In CREDENCE, in-
vestigators were instructed to examine participants’ feet at ev-
ery study visit, and the investigational product was withheld
during incident diabetic foot complications. Therefore, it re-
mains unclear whether the amputation risk observed with

Figure 4. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Kidney-Related Outcomes

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

11.5181/4645 71/23236.3 11.5EMPA-REG OUTCOME 0.54 (0.40-0.75)

18.66NA/5795 NA/43475.5 9.0CANVAS program 0.60 (0.47-0.77)

24.77127/8582 238/85783.7 7.0DECLARE-TIMI 58 0.53 (0.43-0.66)

25.28153/2202 224/219927.0 40.4CREDENCE 0.66 (0.53-0.81)

19.79175/5499 108/27479.3 11.5VERTIS CV 0.81 (0.64-1.03)

Fixed-effects model (Q = 7.96; df = 4; P = .09; I2 = 49.7%) 0.62 (0.56-0.70)

Overall kidney outcomesA

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD

16.6781/4645 71/23236.3 11.5EMPA-REG OUTCOME 0.54 (0.40-0.75)

19.23NA/3756 NA/29006.4 10.5CANVAS program 0.59 (0.44-0.79)

18.0665/3474 118/35004.7 8.6DECLARE-TIMI 58 0.55 (0.41-0.75)

17.3769/1113 102/110724.1 36.5CREDENCE 0.64 (0.47-0.87)

28.66175/5499 108/27479.3 11.5VERTIS CV 0.81 (0.64-1.03)

Fixed-effects model (Q = 6.09; df = 4; P = .19; I2 = 34.4%) 0.64 (0.56-0.72)

Patients without ASCVD

15.72NA/2039 NA/14474.1 6.6CANVAS program 0.63 (0.39-1.02)

37.4162/5108 120/50783.0 5.9DECLARE-TIMI 58 0.51 (0.37-0.69)

46.8784/1089 122/109229.9 44.3CREDENCE 0.68 (0.51-0.89)

Fixed-effects model (Q = 1.86; df = 2; P = .40; I2 = 0.0%) 0.60 (0.50-0.73)

Kidney outcomes by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-REG

OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients; NA, not available; VERTIS CV, Cardiovascular
Outcomes Following Ertugliflozin Treatment in Type 2 Diabetes Mellitus
Participants With Vascular Disease.
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canagliflozin in the CANVAS trials was a spurious finding or
attributable to different populations studied, or whether avoid-
ance in the setting of diabetic foot complications mitigated the
associated risk.

Limitations
A number of limitations are acknowledged. Differences in eli-
gibility criteria, cohort characteristics, and trial duration may
have affected the meta-analysis. For example, in the com-
bined data set, the majority of patients had prevalent ASCVD,
advanced kidney disease, or both, so further data might help
elucidate the outcomes of this class in primary prevention popu-
lations. Although the CV outcomes were very similarly de-
fined across the trials, there were notable differences in the com-
ponents comprising the composite renal outcomes. Each of
these limitations may introduce bias into the analyses, and such
results should be interpreted accordingly. At the review level,
although incomplete retrieval of primary trial reports is un-
likely given the scope of such clinical outcomes trials and their
high-profile reporting, the possibility exists of incomplete re-
trieval of reports and results from secondary analyses and out-
comes, which may introduce further bias into these results.

Conclusions

Study results suggest that the SGLT2 inhibitor class of medi-
cations favorably affects risk for CV outcomes in patients
with T2D with noted heterogeneity of outcomes between
specific members of the class. Furthermore, results suggest
that empagliflozin is associated with reduced risk for CV
death, canagliflozin with reduced risk for MACE and for the
incidence and progression of kidney disease, and dapagli-
flozin with reduced risk for HHF; each indication is reflected
in the product labeling. Beyond product labeling, across the
class, there are robust and consistent associations with
reduction in risk for HHF, independent of baseline ASCVD
status or kidney function. These data support contemporary
society recommendations to prioritize the use of SGLT2
inhibitors with demonstrated outcomes, independent of
glucose control considerations, in patients with T2D with or
at high risk for CV and kidney complications. The heteroge-
neity of the associations with outcomes of different SGLT2
inhibitors on CV death among patients with T2D and ASCVD
requires further study.
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