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Abstract

Aims We sought to conduct a meta-analysis regarding the safety and efficacy of sodium-glucose co-transporter 2 (SGLT2)
inhibitors in patients with heart failure (HF).

Methods and results MEDLINE, Scopus, Cochrane CENTRAL, and ClinicalTrials.gov were searched from their inception to
November 2020 for placebo-controlled randomized controlled trials of SGLT2 inhibitors. Randomized controlled trials were se-
lected if they reported at least one of the prespecified outcomes in patients with HF. Hazard ratios (HRs) or risk ratios and their
corresponding 95% confidence intervals were pooled using a random-effects model. A total of seven trials including 16 820 HF
patients (N = 8884 in the SGLT2 inhibitor arms; N = 7936 in the placebo arms) were included. In the overall HF cohort, SGLT2
inhibitors compared with placebo significantly reduced the risk of the composite endpoint of first HF hospitalization or cardio-
vascular death [HR: 0.77 (0.72-0.83); P < 0.001; /> = 0%], time to first HF hospitalization [HR: 0.71 (0.64-0.78); P < 0.001;
> = 0], cardiovascular mortality [HR: 0.87 (0.79-0.96); P = 0.005; /> = 0%)], and all-cause mortality [HR: 0.89 (0.82-0.96);
P = 0.004; I* = 0%]. Results remained consistent across HF-specific trials and according to diabetes mellitus status. A trend to-
wards benefit was observed in patients with HF with preserved ejection fraction for the composite of HF hospitalization and
cardiovascular death [HR: 0.80 (0.63—1.00); P = 0.05; /> = 29%]. No increased risk of hypovolaemia, hyperkalaemia, and hypo-
tension was seen with SGLT2 inhibitors compared with placebo.

Conclusions SGLT2 inhibitors significantly improve cardiovascular outcomes including cardiovascular and all-cause mortality
in patients with HF without an increased risk of serious adverse events. A trend towards benefit was observed in patients with
HF with preserved ejection fraction.
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Introduction

Sodium-glucose co-transporter 2 (SGLT2) inhibitors have
emerged as a new foundational therapy in patients with
heart failure (HF) and reduced ejection fraction (HFrEF).
Large-scale randomized controlled trials (RCTs) of SGLT2

inhibitors have shown significant cardiovascular and renal
benefit across various subgroups.> Three RCTs have
specifically assessed the effects of SGLT2 inhibitors
in the HF population. The DAPA-HF (Dapagliflozin and
Prevention of Adverse-Outcomes in Heart Failure) trial and
EMPEROR-Reduced (EMPagliflozin outcomE tRial in Patients
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With chrOnic heaRt Failure With Reduced Ejection Fraction)
trial evaluated the effects of dapagliflozin and empagliflozin,
respectively, in patients with HFrEF.®” The recently published
SOLOIST-WHF (Effect of Sotagliflozin on Cardiovascular
Events in Patients With Type 2 Diabetes Post Worsening
Heart Failure) trial studied the effects of sotagliflozin (a com-
bined SGLT2/SGLT1 inhibitor) in a population comprising both
patients with HFrEF and patients with HF and preserved
ejection fraction (HFpEF).® All three trials found a significant
reduction in the composite endpoint of first HF hospitaliza-
tion or cardiovascular death. These results are congruent
with data from HF subgroups of cardiovascular outcomes
amongst patients with type 2 diabetes mellitus (DM).

SGLT2 inhibitor trials were not powered to study cardio-
vascular and all-cause mortality. Moreover, previous
meta-analyses of SGLT2 inhibitors have not specifically
focused on patients with prevalent HF across all trials, and
none of the studies have included results from the recently
published SOLOIST-WHF trial.>*®> Herein, we present an
updated comprehensive meta-analysis of SGLT2 inhibitors in
HF patients, stratified by HFrEF and HFpEF.

Methods
Data sources and search strategy

This meta-analysis was conducted and reported in conformity
with the Cochrane and PRISMA (Preferred Reporting Items
for Systematic review and Meta-Analyses) guidelines.***>
An electronic search of the MEDLINE, Scopus, and Cochrane
CENTRAL databases was conducted from their inception up
until 18 November 2020. No language restrictions were set.
The following keywords and their MeSH terms were used
for the search: ‘(sodium-glucose co-transporter inhibitor OR
SGLT2 inhibitor OR SGLT-2 inhibitor OR SGLT 2 inhibitor OR
tofogliflozin OR sotagliflozin OR empagliflozin OR canagliflozin
OR dapagliflozin  OR ertugliflozin OR luseugliflozin OR
ipragliflozin OR remogliflozin OR sergliflozin) AND (heart
failure or cardiac failure OR CHF)’. The detailed search
strategy for each database is presented in the Supporting
Information, Table S1. We also searched ClinicalTrials.gov
for completed RCTs using pharmaceutical, generic, and trade
names of all SGLT2 inhibitors. Reference lists of included trials
were manually screened to identify any relevant studies that
may have been missed during the search.

Study selection and eligibility criteria

Articles retrieved from the systematic search were exported
to EndNote Reference Library software, and duplicates were
removed. The remaining articles were first screened on the
basis of title and abstract, after which the full text was
reviewed to assess relevance. Screening of articles was

conducted independently by two reviewers (M. S. U. and
M. S. K.). Any discrepancies were resolved by discussion till
consensus. Articles were selected for inclusion if they met
all the following prespecified eligibility criteria: (i) compared
SGLT2 inhibitors with placebo; (ii) included HF patients;
(i) were either RCTs or post hoc analyses of RCTs; and
(iv) reported at least one of the predefined outcomes
of interest.

Outcomes of interest, data extraction, and quality
assessment

The main outcome of interest was the composite of HF hos-
pitalization or cardiovascular death. Other outcomes of in-
terest were (i) composite of total (first and recurrent) HF
hospitalization and cardiovascular death; (ii) first HF hospital-
ization; (iii) cardiovascular death; (iv) all-cause death; and (v)
a composite renal endpoint, which was defined as a >40%
sustained decline in estimated glomerular filtration rate,
end-stage renal disease, or renal death. The proportion of
total serious adverse events and serious adverse events
leading to study drug discontinuation were also evaluated.
Incidence of the following specific adverse events was also
studied: volume depletion, hyperkalaemia, hypotension,
major hypoglycaemia, amputations, bone fractures, acute
kidney injury, and urinary tract infections. Study characteris-
tics, baseline demographics, outcome data, and safety data
were extracted onto a predesigned Excel spreadsheet. Qual-
ity assessment of included RCTs was conducted using the
Cochrane Risk of Bias tool.'® Data extraction and quality as-
sessment were conducted independently by two reviewers
(M. S. U. and M. S. K.), and discrepancies were resolved
via discussion.

Statistical analysis

Review Manager (Version 5.3, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014) was used
for all statistical analyses. For time-to-event clinical outcomes,
hazard ratios (HRs) and corresponding 95% confidence inter-
vals from each trial were extracted. These were transformed
to Ln(HR) and standard errors and pooled using a
random-effects model. Standard errors were calculated using
the formula outlined in the Cochrane handbook section
7.7.7.2.% Instead of HRs, rate ratios were used for recurrent
outcomes. For adverse events, raw data were used to calcu-
late risk ratios (RRs) and 95% confidence intervals, which were
then meta-analysed using a random-effects model. A
random-effects model was selected to account for expected
heterogeneity in study design, study drug and dosage, and cer-
tain outcome definitions.*” Study weights were assigned using
an inverse variance method. As post hoc subgroup analyses of
HF patients from cardiovascular and kidney outcome trials are
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likely to have lower power, less rigorous HF adjudication, and
more risk of bias than trials designed specifically to
study HF patients; HF-specific trials were also analysed
separately.

The overall HF population included patients with HFrEF
and HFpEF and patients with unknown type of HF. If results
were reported by HF subtype, the HFrEF and HFpEF popu-
lations were analysed separately as well. For the overall HF
cohort and HFrEF cohort, subgroup analysis based on DM
status was performed for all outcomes. For the DAPA-HF
and EMPEROR-Reduced trials, data of diabetes subgroups
were taken from post hoc studies.®'° Subgroup analyses
based on age, sex, and angiotensin receptor/neprilysin
inhibitor use were conducted only for the HFrEF popula-
tion, as data for these subgroups were only available for
this population. The )(2 test was used to test for subgroup
differences. Statistical heterogeneity was evaluated using
the Higgins /? statistic.?° Publication bias could not be eval-
uated visually in funnel plots as less than 10 studies were
identified. A P-value <0.05 was considered statistically
significant.

Results

Search results, study characteristics, and baseline
demographics

The PRISMA flow chart (Supporting Information, Figure S1)
summarizes the search and study selection process. Data
from seven RCTs evaluating SGLT2 inhibitors were
included. This included three HF-specific trials (DAPA-HF,
EMPEROR-Reduced, and SOLOIST-WHF)*® and four
cardiovascular outcome trials: CANVAS (CANagliflozin
cardioVascular Assessment Study),®> EMPA-REG OUTCOME
(Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients),* DECLARE-TIMI 58 (Multicenter
Trial to Evaluate the Effect of Dapagliflozin on the Incidence
of Cardiovascular Events),®> and VERTIS-CV (eValuation of
ERTugliflozin efflcacy and Safety CardioVascular outcomes
trial).?! HF patient data from the cardiovascular outcome tri-
als were available from published post hoc studies.??™%°
Although the recently published SCORED (Cardiovascular
and Renal Events in Patients With Type 2 Diabetes and Mod-
erate Renal Impairment Who Are at Cardiovascular Risk) trial
did not report outcome data of patients with baseline HF
separately,2® the authors of this trial presented a pooled anal-
ysis of the SOLOIST-WHF and SCORED trials at the American
Heart Association 2020 conference. Whenever possible, the
pooled findings from these trials were used in our analysis.
The overall study population in this meta-analysis included
16 820 HF patients (n = 8884 in the SGLT2 inhibitor arms;
n =7936 in the placebo arms). The HFrEF subpopulation com-
posed of 11 381 patients (n = 5750 in the SGLT2 arms;

n = 5631 in the placebo arms). The HFpEF subpopulation
composed of 2554 patients (n = 1447 in the SGLT2 arm;
n = 1107 in the placebo arm). The rest of the patients had
unknown type of HF. Table 1 shows the baseline
characteristics of the included studies. The CANVAS,
EMPA-REG OUTCOME, DECLARE-TIMI 58, VERTIS-CV, and SO-
LOIST-WHF trials included only DM patients. The DAPA-HF
and EMPEROR-Reduced trials included both DM and
non-DM patients. DAPA-HF and EMPEROR-Reduced included
only HFrEF patients, while all other trials included both HFrEF
patients and HFpEF patients. Three trials (SOLOIST-WHF,
VERTIS-CV, and DECLARE-TIMI 58) reported data of patients
with HFpEF separately. In VERTIS-CV and DECLARE-TIMI 58,
an ejection fraction >45% with known HF was considered
as HFpEF, while in SOLOIST-WHF, an ejection fraction >50%
was considered HFpEF. All included trials were at low risk of
bias (Supporting Information, Table S2). Although the
SOLOIST-WHF trial was stopped prematurely due to loss of
funding, this is unlikely to be a major source of bias. In this
trial, investigator-reported events (not adjudicated events)
were reported, which may have some risk of bias.

Results for the overall heart failure cohort

First heart failure hospitalization or cardiovascular death
(Figure 1A)

SGLT2 inhibitors significantly reduced the composite of
first HF hospitalization or cardiovascular death [HR: 0.77
(0.72-0.83); P < 0.001; I* = 0%)]. The findings from HF-specific
trials and post hoc analyses were consistent (P-value for sub-
group differences = 0.23).

Total heart failure hospitalization or cardiovascular death
(Figure 1B)

SGLT2 inhibitors resulted in a significant reduction in total HF
hospitalizations and cardiovascular death [rate ratio: 0.71
(0.61-0.84); P < 0.001; /> = 0%]. This outcome was only
reported by HF-specific trials.

First heart failure hospitalization (Figure 1C)

SGLT2 inhibitors were associated with a significant reduction
in first HF hospitalization [HR: 0.71 (0.64-0.78); P < 0.001;
I? = 0%]. This finding was seen in both HF-specific trials and
post hoc subgroup studies (P-value for subgroup
differences = 0.90).

Cardiovascular death (Figure 1D)

SGLT2 inhibitors significantly reduced the incidence of cardio-
vascular death [HR: 0.87 (0.79-0.96); P = 0.005; P = 0%]. The
findings were consistent in HF-specific trials and post hoc
studies (P-value for subgroup differences = 0.97).
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Figure 1 Forest plot displaying the effects of sodium-glucose co-transporter 2 (SGLT2) inhibitors vs. placebo in an overall cohort of heart failure (HF)
patients, for the following outcomes: (A) composite of first HF hospitalization (HFH) or cardiovascular death; (B) total (first and recurrent) HFH or car-
diovascular death; (C) first HFH; (D) cardiovascular death; (E) all-cause death; and (F) renal composite.

A Composite of HFH or cardiovascular death.

SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total  Total Weight IV, 95% Cl Year v, 95% Cl
1.1.1 HF-specific trials
DAPA-HF, 2019 -0.2877 0,073 2373 2371 258% 0.75[0.65,0.87] 2019 -
EMPEROR-Reduced, 2020 -0.2877 0.073 1863 1867 25.8% 0.75[0.65,0.87] 2020 .
SOLOIST-WHF, 2020 -0.3425 01211 608 614  9.4% 0.71[0.56,0.90] 2020 I
Subtotal (95% CI) 4844 4852 61.0% 0.74[0.68, 0.82] L 2

Heterogeneity: Tau*= 0.00; Chi*= 017, df=2 (FP=0.92); F= 0%
Test for overall effect: Z=6.24 (P =< 0.00001)

1.1.2 Post-hoc analysis of CVirenal outcome trials

EMPA-REG OUTCOME, 2015 -0.3285 0186 462 244 40% 0.72[0.50,1.04] 2015

CANVAS, 2017 -0.3285 01759 803 658  4.4% 0.72[0.51,1.02] 2017 ]
DECLARE-TIMI 58, 2018 -0.1744 0.0786 852 872 223% 0.84(0.72,0.98] 2018 —
VERTIS CV, 2020 -0.1625 01291 1286 672  83% 0.85[0.66,1.09] 2020 T
Subtotal (95% CI) 3403 2446 39.0% 0.81[0.72,0.92] L 2

Heterogeneity: Tau®= 0.00; Chi*=1.19, df=3 (P =0.75), F=0%
Test for overall effect: Z= 3.45 (£ = 0.0006)

Total (95% Cl) 8247 7298 100.0%  0.77[0.72,0.83] *
Heterogeneity: Tau®= 0.00; Chi*= 2.80, df=6 (F =0.83), F=0% #0 2 015 1 P,
Test for overall effec_l: Z=7.03 (P_< 0.00001) SGLT2 inhibitors  Favours placebo

Test for subaroup differences: Chi*=1.43, df=1 (P =0.23), F= 30.0%

B Total HFH or cardiovascular death.

SGLT2 inhibitors Placebo Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
1.2.1 HF-specific trials
DAPA-HF, 2019 -0.3425 0.2441 2373 2371 11.5% 0.71[0.44,1.15] 2019 —
EMPEROR-Reduced, 2020 -0.6539 0.2979 1863 1867 7.7% 0.52[0.29,0.93] 2020 —_—
SOLOIST and SCORED pooled (HFrEF), 2020 -0.2485 0.109 877 881 57.6% 0.78[0.63,0.97) 2020 ——
SOLOIST and SCORED pooled (HFpEF), 2020 -0.462 01717 368 371 232% 0.63[0.45,0.88] 2020 _—t
Subtotal (95% CI) 5481 5490 100.0% 0.71[0.61, 0.84] 2
Heterogeneity: Tau®= 0.00; Chi*= 2.32, df=3(P = 0.51), F= 0%
Test for overall effect: Z=4.11 (£ < 0.0001)
Total (95% CI) 5481 5490 100.0% 0.71[0.61, 0.84] 2
Heterogeneity: Tau®= 0.00; Chi*= 2.32, df= 3{P = 0.51), F=0% 30 2 055 % 51
Test for overall effect: Z=4.11 (£ < 0.0001) -

" SGLT2 inhibitors  Favours placeho
Test for subaroup differences: Not applicable

C First HFH

SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% CI v, 95% CI
1.3.1 HF-specific trials
DAPA-HF, 2019 -0.3567 0.0872 2373 2371 24.2% 0.70[0.59, 0.83] —
EMPEROR-Reduced, 2020 -0.3711 0.0799 1863 1867 27.4% 0.69[0.59, 0.81] -
Subtotal (95% CI) 4236 4238 51.6% 0.69 [0.62, 0.78] <
Heterogeneity: Tau®= 0.00; Chi*= 0.01, df= 1(P = 0.90); F= 0%
Testfor overall effect: Z=6.19(~ < 0.00001)
1.3.2 Post-hoc analysis of CVirenal outcome trials
CANVAS, 2017 -0.6733 0.2221 803 658  4.8% 0.51(0.33,0.79] I —
DECLARE-TIMI 58, 2018 -0.3147 01445 852 872 10.6% 0.73[0.55, 0.97] e —
EMPA-REG OUTCOME, 2015 -0.2877 0.2277 462 244 4.6% 0.75[0.48,1.17] I
VERTIS CV, 2020 (EF lesser than 45%) -0.5108 0.1468 319 159 10.3% 0.60[0.45, 0.80] —_—
VERTIS CV, 2020 (EF more than 45%) -0.1508  0.105 680 327 18.2% 0.86 [0.70, 1.06] T
Subtotal (95% Cl) 3116 2260 48.4% 0.70 [0.59, 0.84] >
Heterogeneity: Tau®=0.02; Chi*=6.84, df=4 (P=0.14), F= 42%
Test for overall effect: Z= 3.80 (P =0.0001)
Total (95% CI) 7352 6498 100.0% 0.71[0.64, 0.78] L 2
Heterageneity: Tau®= 0.00; Chi*= 7.1, df= 6 (P = 0.31); F= 16% 50 2 055 % 5=

Test for overall effect: Z= 6.93 (P = 0.00001)

8 ) SGLT2 inhibitors Favours placeho
Testfor subgroun differences: Chi*=0.02, df=1 (F=0.90), F= 0%

All-cause death (Figure 1E) Renal composite (Figure 1F)

SGLT2 inhibitors significantly reduced the risk of all-cause The occurrence of the composite renal endpoint was lower
death in the overall HF cohort compared with placebo [HR:  with SGLT2 inhibitor use [HR: 0.60 (0.48-0.75); P < 0.001;
0.89 (0.82-0.96); P = 0.004; /> = 0%]. HF-specific trials and post /> = 0%]. This finding was consistent in both HF-specific
hoc studies of cardiovascular trials showed similar results on  trials and post hoc analyses of cardiovascular trials (P-value
subgroup analyses (P-value for subgroup differences = 0.44).  for subgroup differences = 0.80).
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Figure 2 Forest plot displaying the effects of sodium-glucose co-transporter 2 (SGLT2) inhibitors vs. placebo in patients with heart failure (HF) with
reduced ejection fraction, for the following outcomes: (A) composite of first HF hospitalization (HFH) or cardiovascular death; (B) total (first and recur-
rent) HFH or cardiovascular death; (C) first HFH; (D) cardiovascular death; (E) all-cause death; and (F) renal composite.

A Composite of first HFH or cardiovascular death

SGLT2 inhibitors Placebo

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.1.1 HF-specific trials
DAPA-HF, 2019 -0.2877 0,073 2373 2371 40.9% 0.75[0.65,0.87] 2019 —
EMPEROR-Reduced, 2020 -0.2877 0,073 1863 1867 40.9% 0.75[0.65,0.87] 2020 ——
Subtotal (95% CI) 4236 4238 81.7% 0.75[0.68, 0.83] <&
Heterogeneity: Tau?= 0.00; Chi*= 0.00, df=1 (F =1.00); F=0%
Test for overall effect: Z=5.57 (£ = 0.00001)
2.1.2 Post-hoc analysis of CVirenal outcome trials
DECLARE-TIMI 58, 2018 -0.478 01635 318 353 81% 0.62[0.45,0.85] 2018
WVERTIS CV, 2020 (EF lesser than 45%) -0.5108 0.1468 319 159 10.1% 0.60[0.45,0.80] 2020 —
Subtotal (95% CI) 637 512 18.3% 0.61[0.49, 0.75] -
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df=1(F = 0.88), F= 0%
Test for overall effect Z= 4.54 (£ = 0.00001)
Total (95% CI) 4873 4750 100.0% 0.72[0.66, 0.79] L 2
Heterogeneity: Tau®= 0.00; Chi*= 3.00, df= 3 (P =0.39); F=0% =02 UIS é 5:
Testfor overall effect Z= 6.98 (P < 0.00001) Favours SGLT2 inhibitors ~Favours placsbo
Testfor subgroup differences: Chi*= 2.98, df=1 (P=0.08), F= 66.4%
B Total (first or recurrent) HFH or cardiovascular death
SGLT2 inhibitors Placebo Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total IV, Random, 95% Cl _Year IV, Random, 95% CI
2.2.1 HF-specific trials
DAPA-HF, 2019 -0.2877 0073 2373 2371 0.75[0.65,0.87) 2019 —a—
SOLOIST and SCORED pooled (HFrEF), 2020 -0.2485 0109 a77 881 0.78[0.63,0.97) 2020 —
EMPEROR-Reduced, 2020 -0.2744 0.0798 1863 2867 0.76 [0.65,0.89] 2020 ——
Subtotal (95% CI) 5113 6119 0.76 [0.69, 0.83] L 2
Heterogeneity: Tau®= 0.00; Chi*= 0.09, df= 2 (P =0.96); F=0%
Testfor overall effect Z=5.70 (£ = 0.00001)
Total (95% CI) 5113 6119 0.76 [0.69, 0.83] L 2
Heterogeneity: Tau®= 0.00; Chi*= 0.09, df= 2 (P = 0.96); F=0% 50.2 U?Ei é 51
Testfor overall effect Z=5.70 (P < 0.00001) Favours SGLT2 inhibitors Favours placebo
Test for subgroup differences: Not applicable
C First HFH
SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% Cl _Year v, 95% CI
2.3.1 HF-specific trials
DAPA-HF, 2019 -0.3567 0.0872 2373 2371 40.2% 0.70[0.59,0.83] 2019 ——
EMPEROR-Reduced, 2020 -0.3711 0.0799 1863 1867 47.9% 0.69[0.59,0.81] 2020 ——
Subtotal (95% CI) 4236 4238 88.1% 0.69 [0.62, 0.78] &
Heterogeneity: Tau®= 0.00; Chi*= 0.01, df=1(F=0.90); F=0%
Test for overall effect Z=6.19 (= 0.00001)
2.3.2 Post-hoc analysis of CVirenal outcome trials
DECLARE-TIMI 58, 2018 -0.4463 0.2029 318 353 T4% 0.64 [0.43,0.95 2018 —_—
VERTIS CV, 2020 -0.5108 0.2606 319 159 45% 0.60[0.36,1.00] 2020
Subtotal (95% CI) 637 512 11.9% 0.62 [0.46, 0.85] i
Heterogeneity: Tau®= 0.00; Chi*=0.04, df=1(P = 0.85); F=0%
Test for overall effect: Z= 2.94 (P = 0.003)
Total (95% CI) 4873 4750 100.0% 0.69 [0.62, 0.76] L 4
Heterogeneity: Tau?= 0.00; Chi*= 0.44, df= 3 (P = 0.93); F= 0% =D 2 D=5 54

Test for overall effect Z= 6.82 (£ = 0.00001)
Test for subgroup differences: Chi*= 0.39, df=1(F=0.53), F=0%

] 2
Favours SGLT2 inhibitors Favours placebo

Heart failure with reduced ejection fraction

First heart failure hospitalization or cardiovascular death
(Figure 2A)

SGLT2 inhibitors resulted in a significant reduction in the
composite of first HF hospitalization or cardiovascular

death [HR: 0.72 (0.66-0.79); P < 0.001; > = 0%].
The findings from HF-specific trials and post hoc
studies were consistent  (P-value for  subgroup

differences = 0.08).

Total heart failure hospitalizations or cardiovascular death
(Figure 2B)

SGLT2 inhibitors resulted in a significant reduction in total
HF hospitalization or cardiovascular death [rate ratio: 0.76
(0.69-0.83); P < 0.001; /> = 0%)]. This outcome was only
reported by HF-specific trials.

First heart failure hospitalization (Figure 2C)
SGLT2 inhibitors were associated with a significant reduction
in first HF hospitalization [HR: 0.69 (0.62-0.76); P < 0.001;
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I = 0%). This finding was seen in both HF-specific trials and
post hoc subgroup studies (P-value for subgroup
differences = 0.53).

Cardiovascular death (Figure 2D)

SGLT2 inhibitors significantly reduced the incidence of cardio-
vascular death in HFrEF patients [HR: 0.83 (0.71-0.98);
P = 0.03; I*> = 26%]. The findings were consistent in
HF-specific trials and post hoc studies (P-value for subgroup
differences = 0.53).

All-cause death (Figure 2E)

SGLT2 inhibitors significantly reduced the risk of all-cause
death in the overall HF cohort, when compared with placebo
[HR: 0.84 (0.72-0.97); P = 0.02; I* = 32%). HF-specific trials
and post hoc studies of cardiovascular trials were similar for
this result (P-value for subgroup differences = 0.48).

Renal composite (Figure 2F)

The occurrence of the composite renal endpoint was lower
with SGLT2 inhibitor use compared with placebo [HR: 0.63
(0.43-0.91); P < 0.001; I* = 0%]. This finding was only re-
ported by HF-specific trials.

Heart failure with preserved ejection fraction

Heart failure hospitalization or cardiovascular death
(Figure 3A)

Data from the DECLARE-TIMI 58 trial and VERTIS CV trial were
combined with pooled data from SOLOIST-WHF and SCORED
trials for this outcome. A borderline significant reduction in
the composite of HF hospitalization or cardiovascular death
was seen with SGLT2 inhibitor use [HR: 0.80 (0.63-1.00);
P = 0.05; I* = 29%]. However, this analysis was only explor-
atory, as the outcome reported for the SOLOIST-WHF and
SCORED trials (total HF hospitalization or cardiovascular
death) was different from the outcome reported by the other
two trials (first HF hospitalization or cardiovascular death).
Upon sensitivity analysis by excluding SOLOIST-WHF/SCORED
data, the results became non-significant but continued to
trend towards a benefit with SGLT2 inhibitors [HR: 0.89
(0.71-1.13); P = 0.35; /> = 0%).

First heart failure hospitalization (Figure 3B)

This outcome was reported by two post hoc studies from
DECLARE-TIMI 58 and VERTIS-CV. A significant reduction in
first HF hospitalization was seen with SGLT2 inhibitors [HR:
0.71 (0.52-0.97); P = 0.03; I* = 0%).

Cardiovascular death (Figure 3C)

This outcome was reported by two post hoc studies from
DECLARE-TIMI 58 and VERTIS-CV. There was no significant dif-
ference between the SGLT2 inhibitor and placebo groups in
the incidence of cardiovascular death amongst HFpEF pa-
tients [HR: 1.27 (0.92-1.76); P = 0.15; /* = 0%].

All-cause death Figure 3D)

This outcome was reported by two post hoc studies from
DECLARE-TIMI 58 and VERTIS-CV. There was no significant
difference between the SGLT2 inhibitor arm and the
placebo arm in the incidence of all-cause death [HR: 1.27
(0.92-1.76); P = 0.15; I* = 0%].

Subgroup analysis

The detailed forest plots displaying subgroup analyses are
presented in the Supporting Information. For all outcomes
in the overall HF population (Supporting Information,
Figure S2) as well as the HFrEF population (Supporting
Information, Figure S3), no subgroup effect was seen upon
stratification by DM status. Similarly, age (P-value for
subgroup differences = 0.55), sex (P-value for subgroup
differences = 0.49), and angiotensin receptor/neprilysin
inhibitor use (P-value for subgroup differences = 0.52) were
not found to modify the treatment effect on the composite
endpoint of first HF hospitalization or cardiovascular death
amongst the HFrEF population.

Safety

In the overall cohort, the incidence of treatment-emergent se-
rious adverse events [RR: 0.88 (0.84-0.91); P < 0.001; /> = 0%]
and risk of acute kidney injury [RR: 0.63 (0.45-0.87); P = 0.006;
I? = 14%] was significantly lower in the SGLT2 inhibitor arm.
There was no significant difference between the SGLT2 inhib-
itor and placebo groups in the rate of discontinuation due to
adverse events [RR: 1.07 (0.91-1.25); P = 0.40; > = 0%)]. SGLT2
inhibitors did not significantly increase the risk of volume
depletion [RR: 1.11 (0.98-1.25); P = 0.11; > = 0%],
hypotension [RR: 1.05 (0.84-1.32); P = 0.65; > = 0%],
hyperkalaemia [RR: 0.79 (0.49-1.29); P = 0.35; /> = 0%], major
hypoglycaemia [RR: 1.09 (0.84—1.42); P = 0.53; I* = 9%), bone
fractures [RR: 1.11 (0.89-1.39); P = 0.36; /*> = 0%], and urinary
tract infections [RR: 1.08 (0.87-1.35); P = 0.48; /> = 0%]. SGLT2
inhibitor use was associated with a significant increase in
the risk of amputations [RR: 1.57 (1.04-2.35); P = 0.03;
1> = 0%).

Discussion

In this comprehensive analysis including almost 17 000 HF pa-
tients, SGLT2 inhibitors significantly reduced the risk of
all-cause mortality, cardiovascular mortality, HF hospitaliza-
tion, and renal outcomes. These findings remained consistent
when the HFrEF population was analysed separately and also
when the patients were stratified according to DM status. A
trend towards better HF hospitalization-related outcomes
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Figure 3 Forest plot displaying the effects of sodium-glucose co-transporter 2 (SGLT2) inhibitors vs. placebo in patients with heart failure (HF) with
preserved ejection fraction, for the following outcomes: (A) composite of HF hospitalization (HFH) or cardiovascular death; (B) first HFH; (C) cardiovas-

cular death; and (D) all-cause death.

A Composite of HFH or cardiovascular death

SGLT2inhibitors Placebo Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% CI IV, Random, 95% CI

3.1.1 HF-specific trials (Total events)

SOLOIST and SCORED pooled (HFpEF), 2020 -0.462 01717 368 371 33.6% 0.63 [0.45, 0.88] —

Subtotal (95% CI) 368 371 33.6% 0.63[0.45, 0.88] —eE -

Heterogeneity: Not applicable

Test for overall effect: Z= 2.69 (£ = 0.007)

3.1.2 Post-hoc analysis of CVirenal outcome trials (First events)

DECLARE-TIMI 58, 2018 -01278 0.1468 399 409 41.5% 0.88 [0.66,1.17] ——

VERTIS CV, 2020 -0.0834 0.2097 680 327 24.9% 0.92 [0.61,1.39] . —

Subtotal (95% CI) 1079 736 66.4% 0.89[0.71, 1.13] i

Heterogeneity; Tau®= 0.00; Chi*= 0.03, df=1{P = 0.86); F= 0%

Test for overall effect: Z= 0.94 (F = 0.35)

Total (95% CI) 1447 1107 100.0% 0.80[0.63, 1.00] B

Heterageneity: Tau®= 0.01; Chi#= 2.80, df= 2 (P = 0.25); F= 29% =D 2 015 % 5=
Testfor overall effect Z=1.94(F = 0.05) Favours SGLT2 inhibitors Favours placebo
Test for subaroup differences: Chi*=2.77, df=1{F=0.10), F=63.9%
B First HFH

SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total  Total Weight IV, Random,95% Cl IV, Random, 95% C1
DECLARE-TIMI 58, 2018 -0.3285 0.186 399 409 72.0% 0.72[0.50, 1.04] ——

VERTIS CV, 2020 (EF more than 45%) -0.3567 0.2984 680 327 28.0% 0.70[0.39, 1.26] — =7

Total (95% CI) 1079 736 100.0% 0.71[0.52, 0.97] R il

Heterogeneity: Tau?= 0.00; Chi*= 0.01, df=1(F=0.94); F= 0% b 2 Uls i 51

Test for overall effect: Z= 213 (P=0.03)

C Cardiovascular death

Favours SGLT2 inhibitors Favours Placebo

SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total  Total Weight IV, ,95% Cl_Year A 95% C1
DECLARE-TIMI 58, 2018 0.3436 02123 399 409 61.3% 1.41[0.93,214] 2018 —i—
VERTIS CV, 2020 (EF more than 45%) 0.077 0267 680 327 387% 1.08[0.64,1.82] 2020 e L —
Total (95% CI) 1079 736 100.0% 1.27 [0.92, 1.76] e
Heterogeneity: Tau®= 0.00; Chi*= 0.61, df=1(P=0.43); F=0% =D 2 055 % 55
Test for overall effect: 2= 1.45 (F=0.15) Favours SGLT2 inhibitors Favours placebo
D All-cause death

SGLT2 inhibitors Placebo Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
DECLARE-TIMI 58, 2018 0.0198 01569 399 409 657% 1.02[0.75,1.39] 2018
VERTIS CV¥, 2020 (EF more than 45%) 001 02171 680 327 343% 1.01 [0.66, 1.55] 2020
Total (95% CI) 1079 736 100.0% 1.02[0.79, 1.30]

Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1(F=0.97), F=0%
Test for overall effect. Z= 013 (F=0.90)

02 05 1 2 5
Favours SGLT2 inhibitors Favours placebo

was seen in the HFpEF subpopulation; however, this finding
should be considered exploratory rather than definitive due
to availability of scarce and heterogeneous data. In compari-
son with placebo, SGLT2 inhibitors were not found to in-
crease the risk of serious adverse events or discontinuation
due to adverse events.

Important differences between the three HF-specific tri-
als must be kept in mind. The EMPEROR-Reduced trial en-
rolled sicker patients with higher N-terminal pro-B-type
natriuretic peptide concentrations and lower estimated glo-
merular filtration rate. The SOLOIST-WHF trial randomized
patients with DM and HF irrespective of ejection fraction
who were admitted for worsening HF to either sotagliflozin

or placebo.® Sotagliflozin differs from other SGLT2 inhibitors
given its additional SGLT1 inhibiting properties. The remark-
able consistency across the three trials for all outcomes
evaluated in this meta-analysis is reassuring, yet more data
are necessary for patients with HFpEF. Furthermore, post
hoc analyses of cardiovascular trials are also consistent with
HF-specific trials, further reinforcing the efficacy of SGLT2
inhibitors.

All three HF-specific trials showed significant reductions
in the composite of first HF hospitalization or cardiovascular
death. While DAPA-HF trial showed a nominally significant
reduction in cardiovascular and all-cause mortality,
EMPEROR-Reduced and SOLOIST-WHF did not. However,
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none of these trials were powered to study mortality.
Meta-analysis of these trials demonstrates a significant re-
duction and cardiovascular and all-cause mortality. Results
from post hoc analysis of cardiovascular outcome trials fur-
ther support the mortality benefit in HF patients. Our find-
ings also indicate that the mortality benefit persists
regardless of DM status.

Unlike HFrEF, the effects of SGLT2 inhibition in HFpEF
patients remain unclear. Current evidence with SGLT2
inhibitors, albeit limited, is encouraging. Combined results
from the SOLOIST-WHF and SCORED trials, as well as find-
ings from subgroup analyses of VERTIS-CV and
DECLARE-TIMI 58, suggest potential reductions in the
composite of HF hospitalization or cardiovascular death.
Two ongoing SGLT2 inhibitor trials [EMPEROR-PRESEVED
(EMPagliflozin outcomE tRial in Patients With chrOnic heaRt
Failure With Preserved Ejection Fraction) (NCT03057951)
and DELIVER (Dapagliflozin Evaluation to Improve the LIVEs
of Patients with PReserved Ejection Fraction Heart Failure)
(NCT01297257)] will provide further clarity.

There are some limitations in this analysis. The analysis for
the HFpEF cohort should only be viewed as exploratory, as
this analysis was underpowered, and the data were heteroge-
neous. In particular, for the composite outcome of HF hospi-
talization or cardiovascular death, recurrent event data from
the SOLOIST-WHF and SCORED trials were pooled with time-
to-first-event data from the VERTIS-CV and DECLARE-TIMI 58
trials. While these data are distinct, simulations have shown
that point estimates for both are usually similar.?” The defini-
tion of HFpEF varied across trials, with VERTIS-CV and
DECLARE-TIMI 58 using a left ventricular ejection fraction
>45% as a cut-off for HFpEF, while the SOLOIST-WHF/
SCORED trials used a threshold of left ventricular ejection
fraction >50%. Due to these differences, a sensitivity analysis
by removing SOLOIST-WHF/SCORED data was also con-
ducted. We did not do a correction for multiplicity of sub-
group testing; hence, our subgroup analysis should be
considered hypothesis generating. Finally, although a
random-effects model was used to account for methodologi-
cal heterogeneity, certain differences across studies may limit
interpretation. This includes the use of different SGLT2 inhib-
itor subtypes, varied proportions of men and women, differ-
ences in background therapy, baseline risk severity of
patients enrolled, and discrepancies in the definition of safety
and renal endpoints across trials.

In conclusion, this updated meta-analysis of ~17 000 HF
patients shows that SGLT2 inhibitors significantly decrease
HF hospitalizations, adverse renal outcomes, and mortality
in patients with HF. These findings remained consistent in
patients with HFrEF and in both diabetics and non-
diabetics. Encouraging trend for benefit was observed in
patients with HFpEF. Our findings reinforce that all patients
with HF, regardless of DM status, may benefit from SGLT2
inhibitors.
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Table S1. Detailed search strategy for each database.

Table S2. Quality Assessment of included trials.

Figure S1. PRISMA flow chart.

Figure S2. Forest plots displaying subgroup analysis according
to DM status in the overall cohort of HF patients for the fol-
lowing outcomes: (A) composite of first HFH or cardiovascular
death*; (B) total (first and recurrent) HFH or cardiovascular
death; (C) First HFH; (D) cardiovascular death; (E) all-cause
death; (F) Renal composite.

Figure S3. Forest plots displaying subgroup analysis according
to DM status in the cohort of HFrEF patients for the following
outcomes: (A) composite of first HFH or cardiovascular
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death*; (B) total (first and recurrent) HFH or cardiovascular
death; (C) First HFH; (D) cardiovascular death; (E) all-cause
death; (F) Renal composite.
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