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Abstract

Purpose Empagliflozin, dapagliflozin, canagliflozin, and ertugliflozin have been shown in randomized controlled trials to
improve cardiovascular, metabolic, and renal outcomes in heart failure patients. To date, there has not been any meta-analysis
examining the differences in clinical outcomes across different SGLT?2 inhibitors in heart failure patients.

Methods Four electronic databases (PubMed, Embase, Cochrane, SCOPUS) were searched on 13 September 2020 for
articles published from 1 January 2000 to 13 September 2020 examining the effect of SGLT2 inhibitors on cardiovascular,
renal, and metabolic outcomes in heart failure patients. Frequentist network meta-analysis was performed on extracted data.
Results Ten randomized controlled trials were included with a combined cohort of 15,373 patients. In heart failure patients,
frequentist network meta-analysis demonstrated no demonstrable difference in treatment effect across the SGLT?2 inhibitors
for heart failure hospitalization, cardiovascular deaths, composite of cardiovascular deaths and heart failure hospitalizations,
all-cause mortality, and a composite of cardiovascular deaths and non-fatal myocardial infarction and non-fatal stroke. There
was no demonstrable difference in treatment effect for worsening renal function or the weighted mean difference for weight,
hemoglobin Alc, and systolic blood pressure.

Conclusions There were no demonstrable treatment differences across SGLT2 inhibitors across cardiovascular, renal, and
metabolic outcomes, although this needs to be interpreted considering the wide confidence intervals, limited number of
included studies, and heterogeneity present. Future research of different SGLT?2 inhibitors in head-to-head studies is war-
ranted to determine if there is a drug class effect.

Keywords Sodium/glucose cotransporter 2 (SGLT?2) inhibitors - Heart failure

Abbreviations HbAlc Hemoglobin Alc

SGLT2 inhibitors Sodium-glucose cotransporter 2 SUCRA Surface under the cumulative ranking
(SGLT?2) inhibitors (SUCRA) curves

PRISMA Preferred Reporting Items of System-
atic Reviews and Meta-Analyses

RCTs Randomized controlled trials Introduction

The sodium-glucose cotransporter 2 (SGLT?2) inhibitor is a
novel class of anti-hyperglycemic drugs [1]. SGLT?2 inhibi-
tors work by blocking glucose reabsorption at the proximal
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diabetic patients treated with SGLT?2 inhibitors compared
to placebo. The efficacy of SGLT?2 inhibitors is reflected
in the 2019 European Society of Cardiology guideline as a
first-line therapy for patients with type 2 diabetes mellitus
and established cardiovascular disease [9].

Heart failure is a prevalent public health problem, affecting
more than 37 million individuals globally [10]. In addition, it is
associated with significant morbidity and mortality and confers
a huge financial burden on the healthcare system [11]. Hence,
to reduce the huge financial burden attributed to heart failure,
cost-effective pharmacological therapy is highly sought after.

Regardless of diabetic status, recent clinical trials of SGLT2
inhibitors have demonstrated similar cardiovascular, metabolic,
and renal benefits in heart failure patients. In patients with heart
failure, the EMPEROR-Reduced (Empagliflozin Outcome Trial
in Patients with Chronic Heart Failure With Reduced Ejection
Fraction study) [12], DAPA-HF (Dapaglifiozin and Prevention
of Adverse Outcomes in Heart Failure trial) [13], and CANVAS
(Canagliflozin Cardiovascular Assessment Study) [4] trials dem-
onstrated that SGLT?2 inhibitors improve cardiovascular, meta-
bolic, and renal outcomes in heart failure patients. However, the
recently published VERTIS CV trial (Evaluation of Ertugliflo-
zin Efficacy and Safety Cardiovascular Outcomes Trial) [14]
that examined the use of Ertugliflozin in diabetic patients with
the atherosclerotic disease showed relatively inferior treatment
effects compared to other SGLT2 inhibitors. This has gener-
ated controversy over the presence of a class effect and whether
such a class effect applies across patient populations such as in
patients with heart failure [15-18].

A 2019 meta-analysis suggested that dapaglifiozin, empagli-
flozin, and canagliflozin might have class effects on cardiorenal
outcomes [19]. However, the 2019 meta-analysis compared
SGLT?2 inhibitors in diabetic patients, rather than heart failure
patients. Furthermore, the study was based on only four clini-
cal trials, and no network meta-analysis was performed [2, 4,
20, 21]. Since that publication, multiple randomized controlled
trials (RCTs) and relevant subgroup analysis of previous trials
were published [12, 14, 22-24]. To the best of our knowledge,
there has not been any meta-analysis examining the differences
in cardiovascular, metabolic, and renal outcomes (henceforth
clinical outcomes) across different SGLT?2 inhibitors in heart
failure patients. Hence, we conducted a systematic review and
meta-analysis to compare the clinical outcomes across different
SGLT?2 inhibitors in heart failure patients. We hypothesized that
in heart failure patients, SGLT?2 inhibitors have no significant
treatment effects across clinical outcomes.

Methods

The meta-analysis was reported according to the Preferred
Reporting Items of Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [25]. Searches of four databases (PubMed,
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Embase, Cochrane, and SCOPUS) were conducted on 13 Sep-
tember 2020 for articles published from 1 January 2000 up to
13 September 2020. A literature search was performed using the
following terms in combination: (‘“‘empagliflozin” OR “canagli-
flozin” OR “dapaglifiozin” OR “Ertugliflozin”) AND (*“trial”).

Randomized controlled trials evaluating the clinical
outcomes of SGLT?2 inhibitors in heart failure patients
were included. Clinical outcomes were classified into
cardiovascular, renal, and metabolic outcomes. Cardio-
vascular outcomes included heart failure hospitalization,
cardiovascular deaths, a composite of heart failure hos-
pitalization and cardiovascular deaths, all-cause mortal-
ity, and a composite of non-fatal myocardial infarction,
non-fatal stroke, and cardiovascular deaths. Renal outcome
(henceforth defined as worsening renal function) was a
composite of a 40% reduction in estimated glomerular fil-
tration rate, need for renal replacement therapy, or death
from renal causes. Randomized controlled trials that sub-
stituted a reduction in estimated glomerular filtration rate
with doubling of serum creatinine or substituted the need
for renal replacement therapy with end-stage renal fail-
ure in their composite of worsening renal function were
included. Metabolic outcomes included mean weight
change, mean change in hemoglobin Alc (HbAlc), and
mean change in systolic blood pressure. We included all
randomized controlled trials, according to the PICOS
inclusion and exclusion criteria (Supplemental Table 1).
We excluded all randomized controlled trials which did
not report cardiovascular, renal, or metabolic outcomes in
heart failure patients. Four reviewers independently per-
formed the literature search and data extraction, and all
disagreements were resolved by mutual consensus.

Apart from cardiovascular, renal, and metabolic out-
comes, baseline information of heart failure patients was
collected for age, sex, smoking status, diabetes mellitus,
hypertension, hyperlipidemia, atrial fibrillation, previous
stroke, and previous myocardial infarction. Baseline infor-
mation regarding the use of heart failure medications was
also collected, including angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers angiotensin
receptor-neprilysin inhibitors, and beta-blockers. For the
SGLT?2 inhibitor regimes, we collected data of the drug
name, drug dosage, drug frequency, control group, length
of intervention, and mean length of follow-up, as shown
in Supplemental Table 2. Quality control was performed
by 2 independent reviewers with the Cochrane risk of bias
tool [26], as shown in Supplemental Fig. 1. The quality of
pooled evidence was evaluated using the modified Grading
of Recommendations Assessment, Development and Eval-
uation (GRADE) system for network meta-analysis, which
accounts for statistical inconsistency, publication bias,
risk of bias, indirectness, and statistical imprecision, as
shown in Table 1 [27]. A PRISMA checklist for reporting
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Table 1 Outcome characteristics

Patient population: patients with heart failure
Intervention: empagliflozin, dapagliflozin, ertugliflozin
Comparison: empagliflozin and/or canagliflozin and/or dapagliflozin

Outcomes

Effects and confidence in the effects

Empagliflozin

Dapagliflozin

Ertugliflozin

Worsening renal function
Canagliflozin comparator
Dapagliflozin comparator

Heart failure hospitalization
Canagliflozin comparator
Dapagliflozin comparator

Cardiovascular deaths
Canagliflozin comparator

Dapagliflozin comparator

HR 0.83 (0.46, 1.51)
HR 0.80 (0.44, 1.47)

® @ © ©Low confidence in estimate'?
Based on 11,293 patients (5 studies), P=0.0961

HR 0.63 (0.19, 2.11)
HR 0.45 (0.13, 1.56)

@ ® ® ©Moderate confidence in estimate?
Based on 11,556 patients (6 studies), P=0.1189

HR 1.23 (0.83, 1.83)
HR 1.08 (0.84, 1.40)

® @ @ ©Moderate confidence in estimate>>
Based on 10,641 patients (4 studies)

Composite of cardiovascular death and heart failure hospitalization

Canagliflozin comparator
Dapagliflozin comparator
Empaglifiozin comparator

All-cause mortality
Canagliflozin comparator

Dapagliflozin comparator

HR 1.08 (0.84, 1.40)
HR 0.97 (0.81, 1.15)

@ ® ® ©Moderate confidence in estimate?
Based on 14,975 patients (7 studies), P=0.3170

HR 1.17 (0.79, 1.73)
HR 1.10 (0.81, 1.49)

@® @ @ ©Moderate confidence in estimate?
Based on 10,666 patients (5 studies), P=0.4880

Composite of cardiovascular deaths/non-fatal MI/non-fatal stroke

Canagliflozin comparator
Dapagliflozin comparator

Mean weight change/kg (~ 1 year)

Canagliflozin comparator
Dapagliflozin comparator

@ P ® ©Moderate confidence in estimate®>
Based on 5795 patients (4 studies)

MD 0.13 (—1.82, 2.08)

@ @ @ ©Moderate confidence in estimate?>
Based on 8530 patients (3 studies)

Mean change in HbAlc/mmol/mol (~ 1 year)

Canagliflozin comparator
Dapagliflozin comparator

MD 1.10 (-2.56, 4.76)

@® @ ® ©Moderate confidence in estimate>>
Based on 8530 patients (3 studies)

Mean change in systolic blood pressure/mmHg (> 8 months)

Canagliflozin comparator
Dapagliflozin comparator

MD 0.59 (-0.78, 1.96)

@ @ ® ©Moderate confidence in estimate®>
Based on 8530 patients (3 studies)

HR 1.04 (0.52, 2.03)

HR 1.41 (0.42, 4.79)

HR 1.14 (0.77, 1.68)

HR 1.12 (0.88, 1.44)

HR 1.07 (0.75, 1.51)

HR 1.21 (0.88, 1.66)

HR 1.25 (0.90, 1.75)
HR 1.12 (0.85 1.47)
HR 1.16 (0.87, 1.54)

HR 1.26 (0.90, 1.76)
HR 1.04 (0.74, 1.45)

GRADE Working Group grades of evidence: high quality: further research is very unlikely to change our confidence in the estimate of effect;
moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate;
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Table 1 (continued)

low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the esti-

mate; very low quality: we are very uncertain about the estimate

“The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI). CI, confidence interval; HR, hazard’s ratio; MD, mean difference

"Downgraded by one level for moderate statistical inconsistency (P <0.1), hence inconsistency model was utilized

2Downgraded by one level for publication bias

3Consistency models were used because the test for inconsistency could not be evaluated

of systematic reviews incorporating network meta-analysis
[28] is included in Supplemental Fig. 2.

Statistical analysis

Prior to meta-analyses, missing data were imputed using
approaches laid out by the Cochrane Handbook [29]. In stud-
ies without standard deviations, p-values or confidence inter-
vals were converted to standard deviations [29]. In studies
without standard deviations, p-values, or confidence inter-
vals, the square-root of weighted mean variance of all other
studies was used to estimate the standard deviation [30]. For
panel data or longitudinal outcomes, pre-intervention base-
line imbalances were corrected using the simple analysis of
change scores method [29].

Frequentist network meta-analysis of aggregate data was
adopted to compare the four different SGLT2 inhibitors
using Stata 16.0 (StataCorp, TX, USA). The network meta-
analysis is a method for comparing three or more interven-
tions simultaneously by combining both direct and indirect
evidence across a network of studies [31]. This produces
estimates of the relative effects between any pair of inter-
ventions in the network, which are usually more precise
than a single direct or indirect estimate [31]. The assump-
tion of transitivity was evaluated using a global Wald test of
consistency. Consistency models were fitted with restricted
maximum likelihood models that assumed a common het-
erogeneity variance t2 for all treatment contrasts for each
clinical outcome when there was little evidence of inconsist-
ency (P>0.10 from Wald test). The inconsistency model
was utilized for clinical outcomes with evidence of incon-
sistency (P <0.10 from the Wald test). Treatment estimates
were reported as hazard ratios and mean differences for
time-to-event and continuous outcomes, respectively. Com-
parison-adjusted funnel plots of treatment estimates were
visually inspected, and observation of asymmetry or points
lying outside 95% pseudo-confidence limits was interpreted
as publication bias. The geometry of each network plot was
also visually and numerically inspected for potential biases.
The relative ranking probability of the four treatments was
estimated from 1000 draws, and the hierarchy of treatments
was analyzed using surface under the cumulative ranking

@ Springer

(SUCRA) curves. Higher SUCRA values correspond to
greater efficacy. Interpretations regarding the relative effi-
cacy of treatments were based on inspection of 95% confi-
dence intervals in interval plots and supported by analysis
of ranking probabilities.

As each treatment arm in the dataset is regarded as
an independent treatment for comparison against each
other, interval plots generated did not place placebo as
the reference category. In such scenarios, to derive the
effect estimate of SGLT2i compared to placebo, we took
the reciprocal of the effect measure and confidence inter-
vals for hazard ratios and risk ratios. A summary of the
effect measures of the different types of SGLT2i against
placebo is presented in Supplemental Table 3.

A sensitivity analysis was performed for patients with
heart failure reduced ejection fraction and heart failure pre-
served ejection fraction for outcomes with sufficient obser-
vations (three or more randomized controlled trials). Sensi-
tivity analyses were also performed for trials that recruited
patients with chronic heart failure and trials with follow-up
durations > 1 year. Sensitivity analysis was additionally per-
formed to exclude trials that had missing data imputed using
Cochrane’s approaches.

Results

The PRISMA flowchart is presented in Fig. 1. A literature
search of the four databases (PubMed, Embase, Cochrane,
SCOPUY) retrieved 6626 results, and hand search uncovered
1 additional relevant study. A total of 2432 duplicates were
removed. Title and abstract screening excluded a further
4138 articles as they did not include heart failure patients,
did not focus on SGLT?2 inhibitor use, or were not a rand-
omized controlled trial. Full-text screening excluded 44 arti-
cles. Finally, 13 articles were included for the meta-analysis.

Baseline characteristics
Out of the 13 included articles, 4 [32—-35] were second-

ary analyses of the EMPA-REG Outcome trial [36]. Thus,
a total of 10 randomized controlled trials were included,
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Fig.1 PRISMA flow diagram

of study selection Database search:

¢ PubMed 1577
¢ Embase 1391
¢ Cochrane 2448
¢ Scopus 1210
Total articles: 6626

1st January 2000 — 13 September 2020

1 additional article identified from
hand search

Excluded 2432 duplicate articles

| 4195 articles

Excluded 4138 non-relevant articles based

on title and abstract (e.g. not a clinical

| 57 articles

trial, does not focus on SGLT-2 inhibitors)

Excluded articles based on review of full-text articles (n = 44):
*  No subgroup analyses of HF patients (18)
Repeated study (14)

Not a randomized controlled trial (5)
Not compared to a true placebo (3)
Relevant outcomes not reported (4)

13 articles included in final review

comprising a combined cohort of 15,373 patients. The par-
ticipant baseline characteristics of the included trials are
shown in Table 2. While multiple publications reporting
data from the same main trial were included in this meta-
analysis in the case of the EMPA-REG OUTCOME trial,
each outcome was analyzed only once using the relevant
reported trial data. Therefore, there was no overrepresenta-
tion of any patient cohort.

Across the 10 randomized controlled trials, the SGLT?2
inhibitor drug name, dosage, frequency, control group,
length of intervention, and length of follow-up were
summarized and are presented in Supplemental Table 2.
Empagliflozin, dapagliflozin, canagliflozin, and ertugli-
flozin were the SGLT?2 inhibitors used in three, four, two,
and one trials respectively. Empagliflozin was adminis-
tered at a dosage of 10 mg or 25 mg, and dapagliflozin
was administered at a dosage of 10 mg throughout the
randomized controlled trials. All regimes were given
once daily and compared to a control group receiving a
placebo. The length of follow-up ranged from 13 weeks
to 4.2 years.

@ Springer

Comparison of cardiovascular outcomes
across SGLT2 inhibitors

The comparison of cardiovascular outcomes is pre-
sented in Fig. 2. Frequentist network meta-analysis
demonstrated that there was no significant difference
in treatment effect for cardiovascular outcomes across
the four SGLT2 inhibitors. Although statistically insig-
nificant, empagliflozin showed the highest efficacy in
reducing the hazard rate of heart failure hospitalization,
compared to other SGLT?2 inhibitors (6 RCTs, 11,556
patients) (Fig. 2a). Although statistically insignificant,
compared to other SGLT?2 inhibitors, canagliflozin
showed the highest efficacy in reducing the hazard rate
of cardiovascular deaths (4 RCTs, 10,641 patients) (Fig,
2b), composite of cardiovascular deaths and heart fail-
ure hospitalizations (7 RCTs, 14,975 patients) (Fig. 2c¢),
all-cause mortality (5 RCTs, 10,666 patients) (Fig. 2d),
and the composite of cardiovascular deaths and non-fatal
myocardial infarction and non-fatal stroke (4 RCTs, 5795
patients) (Fig. 2e).
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a

Heart failure hospitalization/

on-fatal MI/ non-fatal stroke

Fig.2 a Heart failure hospitalization, b cardiovascular deaths, ¢ heart failure hospitalization/cardiovascular deaths, d all-cause mortality, e car-

diovascular deaths/non-fatal MI/non-fatal stroke

Comparison of worsening renal function
across SGLT2 inhibitors

The comparison of worsening renal function is presented in
Fig. 3. The three SGLT?2 inhibitors that were analyzed are empa-
gliflozin, dapagliflozin, and canagliflozin. The frequentist model
demonstrated that there was no significant difference across the
three SGLT?2 inhibitors in reducing the hazard rate of worsening
renal function (5 RCTs, 11,293 patients).

Comparison of metabolic outcomes
across SGLT2 inhibitors

The comparison of metabolic outcomes is presented in
Fig. 4. The two SGLT?2 inhibitors analyzed were empagliflo-
zin and dapagliflozin. In heart failure patients, the frequentist

model demonstrated that there was no significant difference
between the two SGLT?2 inhibitors in the weighted mean
difference for weight/kg (3 RCTs, 8530 patients) (Fig. 4a),
HbA1c/mmol/mol (3 RCTs, 8530 patients) (Fig. 4b), and
systolic blood pressure/mmHg (3 RCTs, 8530 patients)
(Fig. 4c).

Sensitivity analysis of SGLT2 inhibitors
in heart failure reduced ejection fraction

In a sensitivity analysis of SGLT2 inhibitors in patients with
heart failure with reduced ejection fraction, empagliflozin
and dapaglifiozin did not have a significant demonstrable
difference in treatment effect for heart failure hospitalization
(3 RCTs, 8737 patients) (Supplemental Fig. 3). There were
insufficient studies (less than 3 RCTs) to analyze for all other
outcomes.

@ Springer
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Worsening renal function

Dapaglifiozin Hazard

Empaglifiozin

Canaglifiozin

Comparison

ratio (95% CI)

Dapaglifiozin vs Canaglif

1.04 (0.53, 2.03)

Empaglifiozin vs Canaglif

0.83 (0.46, 1.51)

Placebo vs Canaglifiozin . 1.46 (0.92, 2.33)
Em) ozin vs Dapaglifiozi 0.80 (0.44, 1.47)
Pla s Dapaglifiozin —_— 1.41 (0.87, 2.29)
Placebo vs Empaglifiozin —a— 1.76 (1.21, 2.54)
Placebo T T T
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Fig.3 Worsening renal function

Sensitivity analysis of SGLT2 inhibitors
in chronic heart failure

acute decompensated heart failure patients. Canagliflozin,
dapagliflozin, and empagliflozin did not have a significant
demonstrable difference in treatment effect for all-cause
mortality (4 RCTs, 10,587 patients) (Supplemental Fig. 4).
We analyzed all other outcomes using data from trials
involving only chronic heart failure patients.

In a sensitivity analysis of SGLT2 inhibitors in patients
with chronic heart failure, Damman 2020 [24] (EMPA-
RESPONSE-AHF trial) was excluded as it studied only

a b

Mean weight change Mean change in HbATc

® Dapagifozin v Piacebo

® Empagifiozin vs Placebo

Mean change in systolic blood pressure (>8 months)

Pr(Best=70.6%)

B 3

Placebo (SUCRA=5 8 Pr{Bast)=0%)

Comparison

4
5
5

Fig.4 a Mean weight change/kg (~1 year), b mean change in HbAlc/mmol/mol (~1 year),
(> 8 months)
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Sensitivity analysis of SGLT2 inhibitors
in trials with follow-up durations =1 year

In a sensitivity analysis of SGLT2 inhibitors in trials
with follow-up durations of > 1 year, Nassif 2019 [37]
(DEFINE-HF trial) and Damman 2020 [24] (EMPA-
RESPONSE-AHF trial) were excluded as their follow-
up durations were 13 weeks and 60 days respectively.
Canagliflozin, dapagliflozin, and empagliflozin did not
have a significant difference in treatment effect for heart
failure hospitalization (5 RCTs, 11,293 patients) (Supple-
mental Fig. 5) and all-cause mortality (4 RCTs, 10,587
patients) (Supplemental Fig. 4). We analyzed all other
outcomes using data from trials reporting a follow-up
duration > 1 year.

Sensitivity analysis excluding trials that had
missing data imputed using Cochrane’s
approaches

In Damman 2020 [24], all-cause mortality was reported as a risk
ratio rather than a hazard ratio; as Damman 2020 [24] has a short
follow-up duration (60 days) and low number of patients lost to
follow-up (n=1), the risk ratio was approximated to hazard ratio.
Hence, we excluded Damman 2020 [24] from all-cause mortality
as a sensitivity analysis, in which all-cause mortality (4 RCTs,
10,587 patients) (Supplemental Fig. 6). Canagliflozin, dapagli-
flozin, and empagliflozin did not have a significant demonstrable
difference in treatment effect for all-cause mortality.

Discussion

In this frequentist, network meta-analysis of 10 randomized
controlled trials in heart failure patients, there was no signifi-
cant demonstrable treatment difference across SGLT?2 inhib-
itors across cardiovascular, renal, and metabolic outcomes.

Patients with heart failure have an increased risk of heart
failure hospitalizations and mortality [38]. In 2014, in the
US, there were over 900,000 heart failure hospitalizations
and more than 80,000 deaths with primary heart failure [11].
This conferred a significant healthcare burden, with heart
failure hospitalizations accounting for an estimated $11 bil-
lion in healthcare costs [11]. Hence, there is a growing inter-
est to identify cost-effective pharmacological therapies to
reduce the heart failure burden.

The 2019 European Society of Cardiology guideline rec-
ommends SGLT2 inhibitors for use in diabetic patients with
heart failure [9]. With the completion of recent trials dem-
onstrating consistent clinical benefits of SGLT?2 inhibitors

in all heart failure patients independent of diabetic status
[12, 14, 22-24] and a recent network meta-analysis which
ranked SGLT2i as the most effective therapy for heart fail-
ure reduced ejection fraction when compared among sacu-
bitril/valsartan and vericiguat [39], the inclusion of SGLT2
inhibitors as part of the first-line therapy in heart failure
appears imminent. However, across clinical trials, different
SGLT?2 inhibitors were employed and it remained unknown
if there were significant differences in clinical outcomes
across SGLT?2 inhibitors. In this meta-analysis, we showed
that there was no significant demonstrable difference in car-
diovascular, renal, and metabolic outcomes across SGLT2
inhibitors. Hence, the decision to choose the type of SGLT2
inhibitors for the treatment of heart failure currently may be
dependent on other factors, such as the cost and availabil-
ity of the individual drug. While a previous network meta-
analysis compared the costs of different SGLT2 inhibitor
therapies in diabetic patients [40], there are currently no
cost comparisons of different SGLT2 inhibitor therapies in
heart failure patients.

There exists a lack of randomized controlled trials exam-
ining the effects of SGLT?2 inhibitors in heart failure patients
stratified according to reduced ejection fraction and pre-
served ejection fraction subgroups. In our meta-analysis of
10 randomized controlled trials, most did not stratify the type
of heart failure according to ejection fraction, except for
the following three clinical trials: the EMPEROR-Reduced
(Empagliflozin Outcome Trial in Patients with Chronic
Heart Failure With Reduced Ejection Fraction study) [12],
DAPA-HF (Dapaglifiozin and Prevention of Adverse Out-
comes in Heart Failure trial) [13], and DEFINE-HF (Dapa-
gliflozin Effects on Biomarkers, Symptoms, and Functional
Status in Patients With Heart Failure With Reduced Ejection
Fraction) trials [41]. Of the three trials, heart failure hospi-
talization was the only common reported outcome. Hence,
due to the lack of randomized controlled trials, we could
neither perform a sensitivity analysis in patients with heart
failure with reduced ejection fraction nor for patients with
heart failure with preserved ejection fraction. Future trials of
SGLT?2 inhibitors in heart failure patients should addition-
ally focus on capturing the ejection fraction of heart failure
patients, to further ascertain if the efficacy of SGLT2 inhibi-
tors applies to both subgroups of patients.

In this study, we did not demonstrate a significant difference
in treatment effects of different SGLT? inhibitors across cardio-
vascular, renal, and metabolic outcomes in heart failure patients.
While there is no universal definition of class effect, the defini-
tion of “class labeling” utilized by the United States Food and
Drug Administration (FDA) states that “all products within a
class are closely related in chemical structure, pharmacology,
therapeutic activity, and adverse reactions” [42]. Due to the sim-
ilar molecular structure, mechanism of action [1, 43-45], and
clinical outcomes of SGLT2 inhibitors, some have postulated a
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potential class effect between the SGLT2 inhibitors, although our
study could not conclude this. The number of studies included in
this systematic review was small, and the power of comparison
was low as demonstrated by the large confidence intervals of the
outcomes. The inability to demonstrate differences between the
SGLT?2 inhibitors studied could also be due to the small sample
size or heterogeneity between the studies. The ability to claim
a class effect needs to be done with caution, as demonstrated
previously with other drugs. The Carvedilol or Metoprolol Euro-
pean Trial (COMET) compared the effects of beta-blockers,
namely carvedilol and metoprolol tartrate, on clinical outcomes
in chronic heart failure patients [46]. The study demonstrated
that carvedilol increased survival as compared with metoprolol
tartrate and that there was no class effect between these 2 drugs.
Adequately powered, head-to-head randomized controlled trials
comparing SGLT?2 inhibitors should be considered to explore the
hypothesis of a class effect.

Limitations

Our study should be interpreted in due consideration of
the limitations. First, there was a difference in the rep-
resentation of individual SGLT?2 inhibitors in clinical
trials. Empagliflozin, dapagliflozin, canagliflozin, and
ertugliflozin were the SGLT2 inhibitors used in three,
four, two, and one trials respectively. Hence, we do not
know if the results of the renal outcome apply to ertug-
liflozin and if that of the metabolic outcomes apply to
ertugliflozin and canagliflozin. Second, many trials did
not report the baseline characteristics of heart failure
patients, such as the ejection fraction of patients. Hence,
we were unable to examine if differences in patient char-
acteristics affected study outcomes. Furthermore, we do
not know if there is a differential treatment effect of
SGLT?2 inhibitors in both reduced ejection fraction and
preserved ejection fraction patients, although this can be
the focus of future studies.

Conclusion

In our frequentist, network meta-analysis of 10 rand-
omized controlled trials in heart failure patients, we did
not demonstrate a treatment difference across SGLT2
inhibitors across cardiovascular, renal, and metabolic
outcomes. Future research of different SGLT2 inhibi-
tors in head-to-head trials, and in different subgroups of
heart failure patients with reduced and preserved ejection
fraction, is warranted.
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