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Background: The efficacy of sodium-glucose transporter 2 inhibitors (SGLT2is) on heart failure outcomes
is unestablished in various subgroups defined by clinically important factors. We intended to evaluate the
effects of six important factors on the efficacy of SGLT2is on heart failure outcomes.

Methods: We included cardiovascular outcome trials (CVOTs) concerning SGLT2is. We assessed the heart
failure composite outcome of cardiovascular death (CVD) or hospitalization for heart failure (HHF). Meta-
analysis was conducted stratified by the following 6 factors: type of underlying diseases, type of SGLT2is, left
ventricular ejection fraction (LVEF) level, New York Heart Association (NYHA) class, region, and race.
Results: Ten CVOTs were included. Compared with placebo, SGLT2is reduced heart failure composite
outcome by 25% [hazard ratio (HR) 0.75, 95% confidence interval (CI), 0.72-0.78] independent of type
of underlying diseases, type of SGLT2is, LVEF level, and region (P u0u: 0.673, 0.244, 0.429, and 0.127,
respectively). SGLT2is led to greater reduction in the composite outcome in patients with NYHA class II
(HR 0.66, 95% CI, 0.59-0.74) than in patients with NYHA class III or IV (HR 0.86, 95% CI, 0.75-0.99;
P igroup=0-004), and in Black (HR 0.63, 95% CI, 0.49-0.82) and Asian (HR 0.64, 95% CI, 0.53-0.77) patients
than in White patients (HR 0.81, 95% CI, 0.76-0.86; P, ;510,=0.016).

Conclusions: SGLT2is reduce heart failure composite outcome by 25% independent of type of underlying
diseases, type of SGLT2is, LVEF level, and region. SGLT2is lead to greater reduction in the composite
outcome in patients with NYHA class II than in patients with NYHA class III or IV, and in Black and Asian
patients than in White patients.
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Introduction failure events among the overall subjects of trials. However,
these individual CVOTs were not designed with adequate
statistical power to evaluate heart failure endpoints in
sodium-glucose transporter 2 inhibitors (SGLT2is) have various subgroups defined by clinically important factors,

been observed with the obvious efficacy of reducing heart such as left ventricular ejection fraction (LVEF) level,

In large cardiovascular outcome trials (CVOTs) (1-10)
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New York Heart Association (NYHA) functional class,
geographic region, and race. Moreover, different CVOTs
reported the inconsistent results as for the identical
subgroup. For instance, the SCORED trial (1) did not show
sotagliflozin with a significant reduction in the risk of heart
failure composite endpoint among patients with LVEF
<40%, whereas three other trials (2,4,5) showed that. For
another example, the EMPEROR-Reduced trial (4) showed
that empagliflozin significantly reduced the risk of heart
failure composite endpoint among Black patients, whereas
five other trials (1,2,5,6,10) did not show that.

Furthermore, dose the efficacy of SGLT?2is in reducing
heart failure events vary in different underlying diseases?
Dose the efficacy of SGL12is in reducing heart failure
events vary with specific SGLT2is? There have been not
certain answers for the two questions until now. Thus,
we carried out this meta-analysis based on CVOTs of
SGLT2is, to evaluate the efficacy of SGLT2is on heart
failure-associated endpoints in relevant subgroups defined
by six clinically important factors. We present the following
article in accordance with the PRISMA reporting checklist
(available at: http://dx.doi.org/10.21037/cdt-20-984).

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (11) was used
to guide the performance of this meta-analysis study
(available at: http://dx.doi.org/10.21037/cdt-20-984).
The study protocol for this meta-analysis has been
published in the INPLASY website before the beginning
of study selection and is available at https://inplasy.com/
inplasy-2020-11-0094.

Search strategy and inclusion criteria

We searched literature in Embase, PubMed and Cochrane
Central Register of Controlled Trials (CENTRAL) using
detailed retrieval strategies (they are presented in Table S1)
from the start date of database to 21 November 2020.
Original studies we included in this meta-analysis were
CVOTs of SGLT2is, namely randomized controlled trials
(RCT5) assessing the efficacy of any SGLT2i versus placebo
or active drug on cardiovascular endpoints in patients with
type 2 diabetes (T2D) or with congestive heart failure
(CHF) or with chronic kidney disease (CKD). This meta-
analysis did not consider any of the conference articles and
grey articles. The outcome assessed in this study was heart
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failure composite outcome that was defined as a composite
of cardiovascular death (CVD) or hospitalization for heart
failure (HHF). If the composite outcome of CVD or HHF
was not available in original studies, a composite of CVD
or HHF or an urgent visit for heart failure would be used
instead.

Study selection, data extraction and quality assessment

Two authors independently performed study selection and
data extraction, and independently evaluated the quality of
included RCTs using the Cochrane risk of bias assessment
tool (12). The pre-specified data extracted from included
studies contained study type, type of underlying diseases,
type of interventions, type of control, study outcomes
from various subgroups defined by each of the factors
of interest. According to the Cochrane risk assessment
tool (12) included RCTs were assessed with or without
the following seven kinds of bias risks: risk of selection
bias (concerning random sequence generation), risk of
performance bias (concerning blinding of participants and
personnel), risk of selection bias (concerning allocation
concealment), risk of detection bias (concerning blinding
of outcome assessment), risk of attrition bias (concerning
incomplete outcome data), risk of reporting bias
(concerning selective reporting), and risk of other bias.
Any disagreements between them would be resolved by
discussion with a third author.

Statistical analysis

We used the trial-level survival data, namely hazard ratios
(HRs) and 95% confidence intervals (Cls) extracted from
original articles, to perform fixed-effects meta-analysis. I’
statistic was calculated to measure statistical heterogeneity.
I’>50% is considered as substantial heterogeneity. Subgroup
meta-analysis was done according to each of the following 6
factors: type of underlying diseases (CHE, CKD, and 12D),
type of SGLI2is (empagliflozin, canagliflozin, dapagliflozin,
ertugliflozin, and sotagliflozin), LVEF level (<40%, 40%
to <50%, and >50%), NYHA class (NYHA class II, and
NYHA class III or IV), geographic region (North America,
Latin America, Europe, and Asia), and race (White, Black,
and Asian). Cochran’s Q test was performed to test for
subgroup effects. P<0.05 means statistical significance. If
substantial heterogeneity was observed, random-effects
meta-analysis would be additionally conducted to assess the
robustness of pooled results. All statistical analyses were
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Subgroup SGLT2is  SGLT2is Placebo  Placebo
Study (Events)  (Patients) (Events) (Patients)
NYHA class: Class I

DAPA-HF 190 1606 289 1597
EMPEROR—-Reduced 220 1399 299 1401
SOLOIST-WHF NR X NR 552-X
Subtotal (I-squared = 0.0%, p = 0.504)

NYHA class: Class Il or IV

DAPA-HF 196 767 213 774
EMPEROR—-Reduced 141 464 163 466
SOLOIST-WHF NR X NR 614-X

Subtotal (I-squared =0.0%, p = 0.841)

Heterogeneity between groups: p = 0.004

Overall (I-squared =50.9%, p = 0.070)

701

%

HR (95% CI) Weight

0.63(0.52,0.75)  23.98

0.71(0.59,0.84) 25.77

0.58(0.40,0.84) 584

0.66 (0.59,0.74)  55.60

— 0.90(0.74,1.09)  21.45
0.83 (0.66, 1.04) 15.56
+ 0.83(0.60,1.16)  7.40

0.86(0.75,0.99)  44.40

0.74(0.68,0.81)  100.00

T
1 1.17

Favours SGLT2is Favours placebo

Figure 1 Meta-analysis of the effect of SGLT2is on heart failure composite outcome, stratified by NYHA class. SGLT2is, sodium-glucose

transporter 2 inhibitors. Heart failure composite outcome: defined as a composite of cardiovascular death (CVD) or hospitalization for heart

failure (HHHF). NR, not reported in original publications. “X” and “-X”, indicates that the number of patients in each subgroup was not

reported in original publications, but the total number of patients in two subgroups was available. For instance, “X” and “552-X” means that

the total number of patients in two subgroups was 552. HR, hazard ratio; CI, confidence interval; NYHA, New York Heart Association.

completed in the Stata software (version 15.1).

Results
Characteristics of included trials

Figure S1 presents the complete process of study selection.
After that, we included 13 articles (1-10,13-15) reporting
a total of 10 CVOTs (1-10) for quantitative synthesis in
this meta-analysis. All of the 10 CVO'Ts included in this
meta-analysis study were placebo-controlled randomized
trials, which consisted of two sotagliflozin trials [i.e., the
SCORED trial (1) conducted in patients with T2D and
CKD, and the SOLOIST-WHEF trial (2) conducted in
patients with T2D and CHF], one ertugliflozin trial [i.e.,
the VERTIS CV trial (6) conducted in patients with T2D],
three dapagliflozin trials [i.e., the DAPA-CKD trial (3)
conducted in patients with CKD, the DAPA-HF trial (5)
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conducted in patients with CHEF, and the DECLARE-
TIMI 58 trial (8) conducted in patients with T2D], two
empagliflozin trials [i.e., the EMPEROR-Reduced trial (4)
conducted in patients with CHF, and the EMPA-REG
OUTCOME trial (10) conducted in patients with T2D],
and two canagliflozin trials [i.e., the CREDENCE trial (7),
and the CANVAS Program trial (9) conducted in patients
with T2D]. The quality assessment result (Figure S2)
showed that all the original studies included were with the
low risk of bias. The original data used for pooled analysis
in this study are given in https://cdn.amegroups.cn/static/
public/cdt-20-984-1 .xIsx.

Subgroup analysis according to NYHA class

Figure 1 shows the results of meta-analysis of the effect of
SGLT2is on heart failure composite outcome in relevant
subgroups defined by NYHA class. Compared with placebo,
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Subgroup SGLT2is  SGLT2is Placebo  Placebo %
Study (Events)  (Patients) (Events) (Patients) HR (95% Cl) Weight
Race: White :

EMPA-REG OUTCOME  NR 3403 NR 1678 —_— 0.72(0.58,0.88) 7.30
DECLARE?TIMI5 8 348 6843 426 6810 —— 0.83(0.74,0.92) 26.77
VERTIS CV 398 4826 216 2414 —— 0.92(0.78,1.08) 11.98
DAPA-HF 275 1662 348 1671 —— 0.78 (0.66,0.91)  12.30
EMPEROR-Reduced 264 1325 289 1304 — 0.88(0.75,1.04) 11.87
SCORED NR 4402 NR 4347 —_—— 0.74(0.62,0.88) 1035
SOLOIST-WHF NR 567 NR 572 —_— 0.63(0.49,0.81) 5.02
Subtotal (I-squared =38.9%, p =0.132) b 0.81(0.76,0.86)  85.59

|
Race: Black '
EMPA-REG OUTCOME  NR 237 NR 120 + : 0.63(0.31,1.20) 0.69
VERTIS CV 18 166 1 69 * 0.67(0.32,1.42) 0.57
DAPA-HF 26 122 32 104 _0—:—- 0.62(0.37,1.04) 1.19
EMPEROR-Reduced 24 123 48 134 _— : 0.46(0.28,0.75) 1.31
SCORED NR 176 NR 188 :é 0.82(0.37,1.83) 0.50
SOLOIST-WHF NR 25 NR 25 : +- 1.12(0.51,2.45) 0.52
Subtotal (I-squared = 0.0%, p = 0.539) <>I 0.63(0.49,0.82) 477

1
Race: Asian :
EMPA-REG OUTCOME  NR 1006 NR 511 —0—,— 0.60(0.38,0.92) 1.62
VERTIS CV 18 336 12 162 + | 0.72(0.35,1.50)  0.60
DAPA-HF 78 552 118 564 ——r 0.64 (0.48,0.86) 3.73
EMPEROR-Reduced 62 337 99 335 —0—: 0.57(0.41,0.78)  3.07
SCORED NR 317 NR 365 : * 1.17 (0.57,2.40)  0.61
Subtotal (I-squared = 0.0%, p = 0.495) <! 0.64(0.53,0.77) 9.64

1
Heterogeneity between groups: p =0.016 :
Overall (I-squared = 33.5%, p = 0.083) O 0.78 (0.74,0.82)  100.00

1

1

' |

0.27 1 246
Favours SGLT2is Favours placebo

Figure 2 Meta-analysis of the effect of SGLT2is on heart failure composite outcome, stratified by race. SGLT2is, sodium-glucose

transporter 2 inhibitors. Heart failure composite outcome: defined as a composite of cardiovascular death (CVD) or hospitalization for heart

failure (HHF). NR, not reported in original publications; HR, hazard ratio; CI, confidence interval.

SGLT2is significantly reduced the risk of heart failure
composite outcome in the subgroup of patients with NYHA
class I (HR 0.66, 95% CI, 0.59-0.74; I’=0; P for drug effect
<0.001), and in the subgroup of patients with NYHA class IIT
or IV (HR 0.86, 95% CI, 0.75-0.99; I’=0; P for drug effect
=0.032). SGLI2is provided greater benefits in patients with
NYHA class II (reducing heart failure composite outcome
by 34% according to the HR value) than in patients with
NYHA class III or IV (reducing the composite outcome by
only 14%), and the subgroup effect according to NYHA class
was statistically significant (Pyg00=0.004).

Subgroup analysis according to race

Figure 2 shows the results of meta-analysis of the effect of
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SGLT2is on heart failure composite outcome in relevant
subgroups defined by race. Compared with placebo,
SGLT2is significantly reduced the risk of heart failure
composite outcome in the subgroup of White patients
(HR 0.81, 95% CI, 0.76-0.86; ’=38.9%; P for drug effect
<0.001), in the subgroup of Black patients (HR 0.63, 95%
CI, 0.49-0.82; I°=0; P for drug effect=0.001), and in the
subgroup of Asian patients (HR 0.64, 95% CI, 0.53-0.77;
I’=0; P for drug effect <0.001). SGLT2is provided greater
benefits in Black patients (reducing heart failure composite
outcome by 37% according to the HR value) and Asian
patients (reducing the composite outcome by 36%) than
in White patients (reducing the composite outcome by
only 19%), and the subgroup effect according to race was
statistically significant (Py,g0,y=0.016).
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Subgroup SGLT2is SGLT2is Placebo  Placebo
Study (Events) (Patients)  (Events) (Patients)
LVEF (%): <40

DAPA-HF 386 2373 502 2371
EMPEROR—-Reduced 361 1863 462 1867
SCORED NR 505 NR 528
SOLOIST-WHF NR X NR 725-X
Subtotal (I-squared = 0.0%, p = 0.444)

LVEF (%): 40 to <50

SCORED NR 290 NR 291
SOLOIST-WHF NR X NR 230-X
Subtotal (I-squared =0.0%, p = 0.695)

LVEF (%): =50

SCORED NR 843 NR 824
SOLOIST-WHF NR X NR 264-X

Subtotal (I-squared =0.0%, p =0.718)

Heterogeneity between groups: p = 0.429
Overall (I-squared =0.0%, p = 0.702)

703

%

HR (95% Cl) Weight

— 0.74(0.65,0.85) 3855
—_— 0.75(0.65,0.86) 3540
S 095(070,1.28) 7.62
—_— 069(051,092)  7.97

0.76 (0.69, 0.82) 89.53

b

0.63 (0.38, 1.05) 269

4

.{,__.______<>_

0.74 (0.40, 1.39) 1.79
0.67 (0.45, 1.00) 4.47

;

0.58 (0.38, 0.90) 373

p

0.66 (0.38,1.15) 226
0.61(0.43, 0.86) 5.99

4

0.74 (0.68,0.81) 100.00

N

0.37

T
1 1.4

Favours SGLT2is Favours placebo

Figure 3 Meta-analysis of the effect of SGLT2is on heart failure composite outcome, stratified by LVEF level. SGLT2is, sodium-glucose

transporter 2 inhibitors. Heart failure composite outcome: defined as a composite of cardiovascular death (CVD) or hospitalization for heart

failure (HHF). NR, not reported in original publications. “X” and “-X”, indicates that the number of patients in each subgroup was not

reported in original publications, but the total number of patients in two subgroups was available. For instance, “X” and “725-X” means that

the total number of patients in two subgroups was 725. HR, hazard ratio; CI, confidence interval; LVEE, left ventricular ejection fraction.

Subgroup analysis according to LVEF level

Figure 3 shows the results of meta-analysis of the effect of
SGLT?2is on heart failure composite outcome in relevant
subgroups defined by LVEF level. Compared with placebo,
SGLT2is significantly reduced the risk of heart failure
composite outcome in the subgroup of patients with LVEF
<40% (HR 0.76, 95% CI, 0.69-0.82; I’=0; P for drug effect
<0.001), in the subgroup of patients with LVEF >40%
and <50% (HR 0.67, 95% CI, 0.45-1.00; I’=0; P for drug
effect =0.048), and in the subgroup of patients with LVEF
>50% (HR 0.61, 95% CI, 0.43-0.86; I’=0; P for drug effect
=0.004). The subgroup effect according to LVEF level was
not statistically significant (P =0.429).

subgroup

Subgroup analysis according to different underlying diseases

Figure S3 shows the results of meta-analysis of the effect

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of SGLI2is on heart failure composite outcome in relevant
subgroups defined by underlying diseases. Compared with
placebo, SGLT2is significantly reduced the risk of heart
failure composite outcome in the subgroup of patients with
T2D (HR 0.76, 95% CI, 0.72-0.80; '=19.3%; P for drug
effect <0.001), in the subgroup of patients with CHF (HR
0.74, 95% CI, 0.69-0.80; I’=0; P for drug effect <0.001),
and in the subgroup of patients with CKD (HR 0.73, 95%
CI, 0.68-0.78; I’=0; P for drug effect <0.001). The subgroup
effect according to underlying diseases was not statistically
significant (Pyyg00p=0.673). In the overall patients, SGLT2is
versus placebo reduced the composite outcome by 25% (HR
0.75,95% CI, 0.72-0.78; I'=0; P for drug effect <0.001).

Subgroup analysis according to different SGLT2is

Figure S4 shows the results of meta-analysis of the effect
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of SGL'T2is on heart failure composite outcome in relevant
subgroups defined by type of SGLT2is. Compared with
placebo, a significant reduction in the risk of heart failure
composite outcome was observed with empagliflozin (HR
0.71, 95% CI, 0.64-0.80; I’=16.6%; P for drug effect
<0.001), canagliflozin (HR 0.74, 95% CI, 0.66-0.84; I’=0;
P for drug effect <0.001), dapagliflozin (HR 0.78, 95% CI,
0.71-0.85; I’=0; P for drug effect <0.001), and sotagliflozin
(HR 0.72, 95% CI, 0.62-0.82; I’=0; P for drug effect
<0.001; while a reduced trend in the risk of the composite
outcome was observed with ertugliflozin (HR 0.88, 95%
CI, 0.75-1.03; P for drug effect =0.114). The subgroup
effect according to type of SGLT2is was not statistically
significant (Ppgr0up=0.244).

Subgroup analysis according to geograpbic region

Figure S5 shows the results of meta-analysis of the effect
of SGL'T2is on heart failure composite outcome in relevant
subgroups defined by geographic region. Compared with
placebo, SGLT2is significantly reduced the risk of heart
failure composite outcome in the subgroup of patients in
North America (HR 0.77, 95% CI, 0.69-0.87; I°=0; P for
drug effect <0.001), in the subgroup of patients in Latin
America (HR 0.73, 95% CI, 0.63-0.83; I'=0; P for drug
effect <0.001), in the subgroup of patients in Europe (HR
0.84,95% CI, 0.77-0.91; I’=3.3%; P for drug effect <0.001),
and in the subgroup of patients in Asia (HR 0.70, 95% CI,
0.60-0.81; I’=0; P for drug effect <0.001). The subgroup
effect according to geographic region was not statistically
significant (P =0.127).

subgroup

Discussion

This study assessed the effects of six clinically important
factors (i.e., type of underlying diseases, type of SGLT2is,
LVEF level, NYHA class, geographic region, and race) on
the efficacy of SGLT2is on heart failure composite outcome
by meta-analysis of 10 CVOTs of SGLT2is. Accordingly,
this study produces the following two findings.

First, SGLT2is led to greater benefits in patients with
NYHA class II (reducing heart failure composite outcome
by 34%) than in patients with NYHA class III or IV
(reducing the outcome by only 14%), while SGLT2is led
to greater benefits in Black patients (reducing the outcome
by 37%) and Asian patients (reducing the outcome by 36%)
than in White patients (reducing the outcome by only
19%). Meanwhile, SGLT?2is significantly reduced heart

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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failure composite outcome independent of LVEF level
(<40%, 40% to <50%, or >50%) and geographic region
(North America, Latin America, Europe, or Asia).

Second, SGL'I2is reduced heart failure composite outcome
by 25% (HR 0.75, 95% CI, 0.72-0.78) independent of
type of underlying diseases (CHF, CKD, or T2D), type
of SGLT2is (empagliflozin, canagliflozin, dapagliflozin,
ertugliflozin, or sotagliflozin).

A recent meta-analysis (16) based on the two trials of
DAPA-HF (5) and EMPEROR-Reduced (4) assessing the
effects of 10 factors (i.e., age, sex, type 2 diabetes status,
angiotensin receptor neprilysin inhibitor treatment, history
of HHEF, body-mass index, estimated glomerular filtration
rate level, NYHA functional class, geographic region, and
race) on the efficacy of SGLT2is on heart failure composite
outcome, produced the certain findings that the former
7 factors had no significant effects on the efficacy of
SGLT2is, and meanwhile produced the uncertain findings
that the later 3 factors had the possibility of affecting on
the efficacy of SGLT2is. By incorporating more evidence
our meta-analysis revealed that NYHA class and race but
not geographic region had significant effects on the efficacy
of SGLT2is. Moreover, that meta-analysis (16) failed to
evaluate the efficacy of SGLT?2is in relevant subgroups
defined by LVEF level, whereas our meta-analysis explored
this subgroup effect by incorporating the two latest trials of
SCORED (1) and SOLOIST-WHEF (2).

Another recent meta-analysis (17) including 8 CVOTs of
SGLI2is assessing the efficacy of SGLT2is in the subgroups
of patients with different underlying diseases (CHE, CKD,
or T2D), showed that SGLT2is improved cardiovascular
outcomes including both HHF and CVD independent of
CHE, 12D, and/or CKD status. This finding from that meta-
analysis (17) is consistent with the result of subgroup analysis
according to type of underlying diseases conducted in our
meta-analysis. However, that meta-analysis (17) failed to
evaluate the subgroup effect according to specific SGLT2is
whereas our meta-analysis revealed different SGL'I 2is with the
similar efficacy in reducing heart failure composite outcome.

The mechanisms for SGLT2is in reducing heart failure
events have not been completely clear so far. Early natriuresis,
changes in tissue sodium handling, reductions in plasma
volume, vascular resistance reduction, and blood pressure
reduction might be the main mechanisms for that (18).
Meanwhile, the benefits of SGLT2is for heart failure
outcomes are paralleled by reverse cardiac remodeling (19,20)
and improvement in quality of life (5,19,21). The reason
why SGLT?2is are more effective in patients with NYHA
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class IT than in NYHA III-IV probably is that the effects of
reverse cardiac remodeling and early natriuresis et /. which
SGLT2is produce are more effective in early heart failure
than in advanced heart Failure. The reason why SGLT2is are
more effective in Black and Asian patients than in Caucasian
patients probably is that Asians and Blacks are minorities and
not treated with optimal medical therapy, and therefore they
benefit the most of this new drug therapy.

This study has three main limitations. First, when
we conducted subgroup analysis according to type of
underlying diseases, we only considered one kind of disease;
whereas we failed to do more specific subgroup analyses by
simultaneously considering three kind of diseases (i.e., T2D,
CHE, and CKD), such as the analysis in the subgroup of
patients with CHF and CKD without T2D and the analysis
in the subgroup of patients with CHF, CKD and T2D,
since this is a trial-level meta-analysis but not a patient-level
meta-analysis. Second, since only a few original studies were
included in some subgroups, the corresponding subgroup
analyses were with the lack of statistic power. Thus, relevant
subgroup effects revealed by the present meta-analysis
need to be validated by an updated meta-analysis with
adequate studies included in relevant subgroups. Third, test
of publication bias has the limited value when the number
of included studies is not more than 10. Because in most
of the subgroup analyses conducted in this meta-analysis
the corresponding subgroups included a limited number of
original studies, we did not perform test of publication bias.

In conclusion, SGLT2is reduce heart failure composite
outcome by 25% independent of type of underlying
diseases, type of SGLT2is, LVEF level, and geographic
region. SGLI2is lead to greater reduction in the composite
outcome in patients with NYHA class II than in patients
with NYHA class III or IV, and in Black and Asian patients
than in White patients.
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Supplementary

Table S1 Search strategy

PubMed search:

("sodium-glucose transporter-2 inhibitors"[MeSH Terms] OR "sodium-glucose cotransporter-2 inhibitors"[Title/Abstract] OR "sodium-
glucose cotransporter-2 inhibitor"[Title/Abstract] OR "sodium-glucose transporter-2 inhibitors"[Title/Abstract] OR "sodium-glucose
transporter-2 inhibitor"[Title/Abstract] OR "SGLT-2 Inhibitors"[Title/Abstract] OR "SGLT2 Inhibitors"[Title/Abstract] OR "SGLT-2
Inhibitor"[Title/Abstract] OR "SGLT2 Inhibitor"[Title/Abstract] OR "SGLT2i"[Title/Abstract] OR "SGLT2is"[Title/Abstract] OR "SGLT-2i"[Title/
Abstract] OR "SGLT2-is"[Title/Abstract] OR "canagliflozin"[MeSH Terms] OR "canagliflozin"[Title/Abstract] OR "Invokana"[Title/Abstract]
OR "empagliflozin"[Supplementary Concept] OR "empagliflozin"[Title/Abstract] OR "Jardiance"[Title/Abstract] OR "2 3 4 ethoxybenzyl 4
chlorophenyl 6 hydroxymethyltetrahydro 2h pyran 3 4 5 triol"[Supplementary Concept] OR "dapagliflozin"[Title/Abstract] OR "forxiga"[Title/
Abstract] OR "ertugliflozin"[Supplementary Concept] OR "ertugliflozin"[Title/Abstract] OR "Steglatro"[Title/Abstract] OR "2s 3r 4r 5s 6r 2

4 chloro 3 4 ethoxybenzyl phenyl 6 methylthio tetrahydro 2h pyran 3 4 5 triol"[Supplementary Concept] OR "sotagliflozin"[Title/Abstract]
OR "LX4211"[Title/Abstract] OR "ipragliflozin"[Supplementary Concept] OR "ipragliflozin"[Title/Abstract] OR "Suglat"[Title/Abstract]) AND
(“cardiovascular death” [tiab] OR “CVD” [tiab] OR “heart failure hospitalization”[tiab] OR “heart failure hospitalisation”[tiab] OR “hospitalized
heart failure”[tiab] OR “HHF”[tiab] OR "death"[tiab] OR "heart failure"[tiab] OR "HF"[tiab]) AND ((randomized controlled trial [pt] OR
controlled clinical trial [pt] OR randomized [tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab])
NOT (animals [mh] NOT humans [mh]))

Embase search:

('sodium glucose cotransporter 2 inhibitor'/exp OR 'sodium-glucose cotransporter-2 inhibitors':ab,ti OR 'sodium-glucose cotransporter-2
inhibitor':ab,ti OR 'sodium-glucose transporter-2 inhibitors':ab,ti OR 'sodium-glucose transporter-2 inhibitor':ab,ti OR 'SGLT-2
Inhibitors':ab,ti OR 'SGLT2 Inhibitors':ab,ti OR 'SGLT-2 Inhibitor':ab,ti OR 'SGLT2 Inhibitor':ab,ti OR 'SGLT2i":ab,ti OR 'SGLT2is":ab,ti

OR 'SGLT-2i":ab,ti OR 'SGLT2-is":ab,ti OR 'canagliflozin'/exp OR 'canagliflozin':ab,ti OR 'Invokana':ab,ti OR 'empagliflozin'/exp

OR 'empagliflozin':ab,ti OR 'Jardiance':ab,ti OR 'dapagliflozin'/exp OR 'dapagliflozin‘:ab,ti OR 'forxiga':ab,ti OR 'ertugliflozin'/

exp OR 'ertugliflozin':ab,ti OR 'Steglatro':ab,ti OR 'sotagliflozin'/exp OR 'sotagliflozin':ab,ti OR 'LX4211":ab,ti OR 'ipragliflozin'/exp

OR 'ipragliflozin':ab,ti OR 'Suglat':ab,ti) AND ('cardiovascular death':ab,ti OR 'CVD":ab,ti OR 'heart failure hospitalization':ab,ti OR
'hospitalization for heart failure':ab,ti OR 'heart failure hospitalisation':ab,ti OR 'hospitalisation for heart failure':ab,ti OR 'hospitalized heart
failure':ab,ti OR 'HHF':ab,ti OR 'death':ab,ti OR ‘'heart failure':ab,ti OR 'HF':ab,ti) AND ((‘randomized controlled trial’/exp OR ‘controlled
clinical study’/exp OR random$:ab,ti OR placebo:ab,ti OR ‘drug therapy’:Ink OR ((double OR single OR doubly OR singly) AND (blind

OR blinded OR blindly):ti,ab OR ‘double blind procedure’/exp) OR trial:ab,ti OR groups:ab,ti) NOT (‘animal experiment’/exp NOT ‘human
experiment’/exp))
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(PubMed: n=848;
Embase: n=1704)
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Figure S1 PRISMA flow diagram of study selection.

Figure S2 Risk of bias summary.

Full-text articles excluded
(n=233)
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Outcome (n=70)
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Subgroup SGLT2is SGLT2is  Placebo Placebo %

Study (Events) (Patients) (Events) (Patients) HR (95% Cl) Weight
Underlying disease: T2D :

EMPA—REG OUTCOME 265 4687 198 2333 —_— 0.66 (0.55,0.79) 4.31
CANVAS Program NR 5795 NR 4347 —‘l-O— 0.78(0.67,0.91) 6.02
DECLARE-TIMI 58 417 8582 496 8578 — 0.83(0.73,0.95) 8.14
CREDENCE 179 2202 253 2199 —_——— 0.69 (0.57,0.83) 4.00
VERTIS CV 444 5499 250 2747 3—4—- 0.88(0.75,1.03) 5.61
DAPA-HF 215 1075 271 1064 —_—— 0.75(0.63,0.90) 4.44
EMPEROR—-Reduced 200 927 265 929 —_—— 0.72(0.60,0.87) 4.09
SCORED 400 5292 530 5292 —_—— 0.74 (0.63,0.88) 5.05
SOLOIST-WHF 245 608 355 614 —_— 0.67 (0.52,0.85) 2.34
Subtotal (I-squared = 19.3%, p = 0.271) < 0.76 (0.72,0.80) 43.99

1
Underlying disease: CHF :
1

EMPA-REG OUTCOME 75 462 49 244 - 0.72(0.50,1.04) 1.05
CANVAS Program NR 803 NR 658 —_—— 0.61(0.46,0.80) 1.84
DECLARE-TIMI 58 142 852 172 872 —t— 0.79(0.63,0.99) 276
CREDENCE NR 329 NR 323 — 0.82(0.57,1.19) 1.04
VERTIS CV 164 1286 99 672 —_— 0.85(0.66,1.09) 2.24
DAPA-HF 386 2373 502 2371 —_— 0.74(0.65,0.85) 7.84
EMPEROR-Reduced 361 1863 462 1867 —_— 0.75(0.65,0.86) 7.20
SCORED NR 1640 NR 1643 —_—— 0.77(0.61,0.96) 2.75
SOLOIST-WHF 245 608 355 614 —_— 0.67(0.52,0.85) 2.34
Subtotal (I-squared = 0.0%, p = 0.816) <P 0.74(0.69,0.80) 29.07
1
Underlying disease: CKD 1
EMPA-REG OUTCOME 160 1498 118 752 —_— 0.67(0.52,0.85) 2.34
CANVAS Program NR 1110 NR 929 —_— 0.75(0.57,0.98) 1.92
DECLARE-TIMI 58 55 606 81 659 —0 0.78(0.55,1.09) 1.21
CREDENCE NR 1308 NR 1323 —_— 0.68(0.53,0.85) 2.53
VERTIS CV 141 1199 92 608 —_— 0.76 (0.59,1.00) 2.03
DAPA—HF 191 962 254 964 —_—— 0.72(0.59,0.86) 3.98
EMPEROR-Reduced 202 893 237 906 —_—— 0.83(0.69,1.00) 4.10
DAPA-CKD 100 2152 138 2152 —_— 0.71(0.55,0.92) 2.13
SCORED 400 5292 530 5292 —_— 0.74(0.63,0.88) 5.05
SOLOIST-WHF NR X NR 854-X —m——— 0.59(0.44,0.79) 1.65
Subtotal (I-squared = 0.0%, p = 0.830) <> 0.73(0.68,0.78) 26.94
1
Heterogeneity between groups: p = 0.673 !
Overall (I-squared = 0.0%, p = 0.823) 0 0.75(0.72,0.78) 100.00
1
1

I I
0.43 1 1.2

Favours SGLT2is Favours placebo

Figure S3 Meta-analysis of the effect of SGLT2is on heart failure composite outcome, stratified by underlying diseases.
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Subgroup SGLT2i s SGLT2i s  Placebo Placebo %
Study (Events)  (Patients) (Events) (Patients) HR (95% Cl) Weight

SGLT2i: Empagliflozin !

EMPA—REG OUTCOME 265 4687 198 2333 —_— 0.66 (0.55,0.79)  8.18
X

EMPEROR-Reduced 361 1863 462 1867 — 0.75 (0.65, 0.86) 13.68

Subtotal (I-squared = 16.6%, p = 0.274) <> 0.71(0.64,080)  21.86

1
1
SGLT2i: Canagliflozin '
CANVAS Program NR 5795 NR 4347 —_— 078(067,091)  11.44

CREDENCE 179 2202 253 2199 _O—E— 0.69 (0.57,0.83) 7.59
Subtotal (I-squared = 0.0%, p = 0.321) s 0.74(0.66,0.84)  19.03

SGLT2i: Dapagliflozin

DECLARE-TIMI 58 417 8582 496 8578 —_— 0.83(0.73,0.95) 1545
DAPA-HF 386 2373 502 2371 —_— 0.74(0.65,0.85)  14.90
DAPA-CKD 100 2152 138 2152 -~ 0.71(0.55,0.92)  4.05
Subtotal (I-squared =0.0%, p =0.379) 0 0.78 (0.71,0.85) 34.41
1
1
SGLT2i: Ertuglifiozin '
VERTIS CV 444 5499 250 2747 e 0.88(0.75,1.03)  10.66
Subtotal (I-squared =.%, p=.) <>> 0.88(0.75,1.03)  10.66
|
SGLT2i: Sotagliflozin :
SCORED 400 5292 530 5202 B Sa— 0.74(0.63,0.88)  9.60
SOLOIST-WHF 245 608 355 614 -+ : 0.67 (0.52,0.85)  4.44
Subtotal (I-squared = 0.0%, p = 0.512) <:‘.> 072(0.62,082)  14.04
|
Heterogeneity between groups: p = 0.244 :
Overall (I-squared = 10.1%, p = 0.350) <> 076 (0.72,0.80)  100.00
1
1
1

I I
0.51 1T 1

Favours SGLT2is Favours placebo

Figure S4 Meta-analysis of the effect of SGL'T 2is on heart failure composite outcome, stratified by different SGLT 2is.
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Subgroup SGLT2is  SGLT2is Placebo Placebo %

Study (Events)  (Patients) (Events) (Patients) HR (95% ClI) Weight
Region: North America !
CANVAS Program NR NR NR NR —_——r 0.87(0.63,1.20) 3.05
DECLARE-TIMI 58 138 2737 185 2731 —_—— 0.76 (0.62,0.94) 7.32
VERTIS CV 118 1208 71 605 —_—— 0.82(0.61,1.10) 3.65
DAPA-HF 54 335 73 342 —— 0.73(0.51,1.03) 257
EMPEROR—Reduced 48 212 64 213 —_— 0.69(0.48,1.01) 229
SCORED NR 746 NR 747 —_—— 0.92(0.60,1.40) 1.77
SOLOIST-WHF NR 39 NR 41 —_— 0.64 (0.43,0.95) 2.02
Subtotal (I-squared =0.0%, p = 0.848) <> 0.77 (0.69,0.87) 22.67
1
Region: Latin America !
CANVAS Program NR NR NR NR —_—— 0.84(0.50,1.43) 1.15
DECLARE-TIMI 58 32 946 37 931 — 0.86 (0.53,1.41) 1.32
VERTIS CV 39 484 24 239 —_—— 0.80(0.48,1.32) 1.24
DAPA-HF 62 401 97 416 —_— 0.64 (0.47,0.88) 3.22
EMPEROR—-Reduced 115 641 151 645 —_—— 0.73(0.58,0.94) 5.44
SCORED NR 1586 NR 1586 —_—— 0.77 (0.54,1.10)  2.51
SOLOIST-WHF NR 132 NR 134 —— 0.64 (0.43,0.95) 2.02
Subtotal (I-squared =0.0%, p =0.918) <} 0.73(0.63,0.83) 16.90
1
Region: Europe !
CANVAS Program NR NR NR NR —_—— 0.74(0.57,0.95) 4.86
DECLARE-TIMI 58 211 3806 237 3823 —_— 0.90(0.76,1.07) 10.84
VERTIS CV 224 3091 123 1546 —_—— 0.91(0.73,1.13) 6.64
DAPA-HF 193 1094 218 1060 — 0.84(0.69,1.01) 874
EMPEROR—Reduced 140 676 149 677 —_—— 0.94(0.74,1.18) 5.83
SCORED NR 2324 NR 2322 —_—— 0.72(0.58,0.91) 6.25
SOLOIST-WHF NR 399 NR 401 —OI— 0.69 (0.50,0.95) 3.08
Subtotal (I-squared =3.3%, p = 0.401) < 0.84(0.77,0.91) 46.24
1
Region: Asia !
CANVAS Program NR NR NR NR —_—— 0.75(0.56,1.01) 3.65
DECLARE-TIMI 58 36 1093 37 1093 —_—— 0.97(0.61,1.53) 1.50
VERTIS CV 26 350 13 173 —e- 0.96 (0.50,1.88) 0.72
DAPA-HF 77 543 114 553 —— 065 (0.49,0.87) 3.85
EMPEROR—Reduced 49 248 80 245 —— 0.55(0.38,0.78) 2.45
SCORED NR 636 NR 637 ——t—t= 0.68 (0.44,1.05) 1.68
SOLOIST-WHF NR 38 NR 38 * : 0.60 (0.23,1.58) 0.34
Subtotal (I-squared =0.0%, p = 0.529) 0.70(0.60,0.81) 14.19
1
Heterogeneity between groups: p = 0.127 !
Overall (I-squared =0.0%, p =0.751) ¢ 0.78 (0.74,0.83)  100.00
:
| |

0.22 1 1.89

Favours SGLT2is Favours placebo

Figure S5 Meta-analysis of the effect of SGLT2is on heart failure composite outcome, stratified by geographic region.
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