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ORIGINAL RESEARCH

Comparison of Effectiveness Among
Different Sodium-Glucose Cotransoporter-2
Inhibitors According to Underlying
Conditions: A Network Meta-Analysis of
Randomized Controlled Trials

Ryoma Kani @, MD*; Atsuyuki Watanabe 2, MD*; Yoshihisa Miyamoto (2, MD, PhD; Kentaro Ejiri 2, MD, PhD;
Masao lwagami @, MD, PhD; Hisato Takagi =, MD, PhD; Leandro Slipczuk @, MD, PhD;
Yusuke Tsugawa &, MD, PhD; Tadao Aikawa @, MD, PhD; Toshiki Kuno @, MD, PhD

BACKGROUND: To investigate the individual profile of each SGLT2 (sodium-glucose cotransoporter-2) inhibitor in patients with
different backgrounds.

METHODS AND RESULTS: This study included 21 placebo-controlled randomized controlled trials with a total of 96 196 partici-
pants, investigating empagliflozin, ertugliflozin, dapagliflozin, canagliflozin, and sotagliflozin. The primary efficacy end point
was the composite of cardiovascular death and hospitalizations for heart failure. The secondary efficacy end points were all-
cause death, cardiovascular death, hospitalizations for heart failure, kidney disease progression, and acute kidney injury. We
conducted subgroup analyses based on the underlying comorbidities, including diabetes and chronic kidney disease. Safety
end points were also assessed among SGLT2 inhibitors in the overall cohort. In the overall cohort, there were no significant
differences in the primary efficacy outcome among the SGLT2 inhibitors, while empagliflozin (hazard ratio [HR], 0.70 [95% Cl,
0.53-0.92]) and dapagliflozin (HR, 0.73 [95% CI, 0.56-0.96]) were associated with lower risk of acute kidney injury than sotag-
liflozin. The presence or absence of diabetes did not alter the results. In patients with chronic kidney disease, there were no
differences in the efficacy outcomes among SGLT2 inhibitors, while in patients without chronic kidney disease, empagliflozin
was associated with lower risk of the primary outcome compared with ertuglifiozin (HR, 0.77 [95% ClI, 0.60-0.98]). For safety
outcomes, no significant differences were observed in amputation, urinary tract infection, genital infection, hypoglycemia, and
diabetic ketoacidosis.

CONCLUSIONS: The differences in reducing cardiovascular and kidney outcomes as well as safety profiles across SGLT2 inhibi-
tors were not consistently significant, although empagliflozin might be preferred in patients without chronic kidney disease.
Further investigations are needed to better understand the mechanism and clinical effectiveness of each SGLT2 inhibitor in
certain populations.
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Kani et al

CLINICAL PERSPECTIVE

What Is New?

kidney disease.

e This network meta-analysis of 21 randomized
controlled trials involving 96196 patients with
different backgrounds showed no consist-
ent evidence that a particular sodium-glucose
cotransoporter-2 inhibitor was superior to other
agents, while empagliflozin showed compara-
tively large effects in reducing cardiovascular
outcomes in patients without underlying chronic

What Are the Clinical Implications?

e (Clinicians may be reassured that there was
no evidence that a particular sodium-glucose
cotransoporter-2 inhibitor was consistently
more efficacious than other agents in reduc-
ing cardiovascular or renal events, although
empagliflozin might potentially be preferred in
patients without chronic kidney disease.

Nonstandard Abbreviations and Acronyms

AKI
CANVAS

CREDENCE

EMPA-REG OUTCOME

HFpEF

HFrEF

SGLT2

VERTIS CV

acute kidney injury
Canagliflozin
Cardiovascular
Assessment Study
Canagliflozin and Renal
Events in Diabetes With
Established
Nephropathy Clinical
Evaluation

Bl 10773 (Empagliflozin)
Cardiovascular Outcome
Event Trial in Type 2
Diabetes Mellitus
Patients

heart failure with
preserved ejection
fraction

heart failure with
reduced ejection
fraction

sodium-glucose
cotransoporter-2
Cardiovascular
Outcomes Following
Ertugliflozin Treatment
in Type 2 Diabetes
Mellitus Participants
With Vascular Disease
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were initially introduced as a class of antihyper-

glycemic medications for patients with diabe-
tes.! In addition to their fundamental role as diabetic
agents, such as lowering glycated hemoglobin, body
weight, and blood pressure, they have demonstrated
promising effects in reducing cardiovascular and renal
outcomes among patients with diabetes across nu-
merous randomized controlled trials (RCTs).>®

Furthermore, a growing body of evidence shows
that SGLT2 inhibitors can reduce cardiovascular and
renal events regardless of the presence of diabetes,
baseline kidney function, and left ventricular ejec-
tion fraction.®~'® Recent meta-analyses of large RCTs
showed the consistent effect of SGLT2 inhibitors in
reducing the risks of composite renal outcome, acute
kidney injury (AKI), the composite of cardiovascular
death and hospitalizations for heart failure (HF), car-
diovascular death, all-cause death, and hospitaliza-
tions for HF across the included population. These
findings supported the use of SGLT2 inhibitors in pa-
tients with HF or chronic kidney disease (CKD), irre-
spective of the diabetic status or the kidney disease
causes.'®

Nonetheless, because the existing RCTs compared
SGLT2 inhibitors with placebo, the hierarchical assess-
ment of superiority among SGLT2 inhibitors has not yet
been ascertained. Limited data from a retrospective
cohort study suggested that dapagliflozin, compared
with empagliflozin, was associated with lower risk of
HF in patients with diabetes.!” Although a few network
meta-analyses reported almost similar efficacy profiles
across SGLT2 inhibitors for cardiorenal outcomes in
patients with or without diabetes and those with CKD
or HF,'®-20 comprehensive assessments according to
various patient backgrounds are yet to be determined.

Moreover, it is essential to consider the safety pro-
file of each SGLT2 inhibitor when selecting a specific
agent within the class. However, proper selection re-
mains uncertain without the comparative safety evi-
dence. Because adverse events of SGLT2 inhibitors,
such as genital infection, urinary tract infection (UTI),
and hypovolemia, can lead to treatment discontinu-
ation,?"?? the comparative safety profiles should be
investigated.

To address these important knowledge gaps, in
this network meta-analysis, we aimed to pool various
populations (ie, with or without diabetes, with or with-
out CKD, and HF phenotype: HF with reduced ejection
fraction [HFrEF] or HF with preserved ejection fraction
[HFpEF]) from previous RCTs and indirectly compare
the efficacy and safety of each SGLT2 inhibitor, with
potential important clinical implications in specific
agent selection according to diabetes, CKD, or HF
phenotypes.

SGLT2 (sodium-glucose cotransporter-2) inhibitors
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METHODS

This study followed the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses guidelines
(Table S1)?° and was registered to the Prospective
Register of Systematic Reviews (CRD42023403810).
Ethics exemption/institutional review board approval
was granted. The data that support the findings of
this study are available from the corresponding author
upon reasonable request.

Eligibility Criteria

The inclusion criteria were the following: (1) a study pub-
lished in a peer-reviewed journal; (2) a double-blinded
RCT or a subgroup analysis of the RCT comparing an
SGLT2 inhibitor with a placebo; (3) the study involved
adults (aged >18years); (4) the study duration was at
least 3 months; (5) the study investigated outcomes of
interest (listed below); (6) sample size >500 patients (to
minimize the potential risk of distorted estimation due
to publication bias and lower methodological quality of
small studies)."?

Information Sources and Data Collection
Process

MEDLINE, EMBASE, and CENTRAL databases were
searched with a medical librarian from database incep-
tion to August 31, 2023, to identify all published studies
that investigated SGLT2 inhibitors. The search strategy
is shown in Tables S2 through S4. Two authors (R.K.
and A\W.) independently extracted studies meeting the
inclusion criteria and assessed the risk of bias using
the Cochrane Collaboration Risk of Bias 2.0 tool.?® Any
discrepancies were resolved through consensus.

Outcomes

The primary efficacy outcome was the composite of
cardiovascular death and hospitalizations for HF. The
secondary efficacy outcomes were all-cause death,
cardiovascular death, hospitalizations for HF, kidney
disease progression (defined as a sustained decrease
of estimated glomerular filtration rate >50% from rand-
omization [definitions in different subgroups are avail-
able in Table S5]) and AKI (defined by the specific
Medical Dictionary for Regulatory Activities Preferred
Term, when possible). The safety outcomes were limb
amputation, fractures (definitions available in Table S6),
hypoglycemia, diabetic ketoacidosis, orthostatic hypo-
tension, UTI, and genital infections.

Statistical Analysis

We extracted hazard ratios (HRs) and 95% Cls from
published articles whenever possible, while risk ra-
tios (RRs) and SEs were estimated on the basis of

J Am Heart Assoc. 2024;13:e031805. DOI: 10.1161/JAHA.123.031805
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the number of events and participants in each study
when HRs were unavailable.'?6 The HRs (or risk ratios)
were synthesized using the “netmeta” 4.2.1 package (R
Foundation for Statistical Computing, Vienna, Austria)
with a random-effects model.?"?® We assessed the
heterogeneity between studies in each outcome using
Q-statistics, 1, and 2.?° Q-statistics showed whether
the observed heterogeneity was statistically signifi-
cant, while /? was interpreted as follows: 0% to 40%,
might not be important; 30% to 60%, may represent
moderate heterogeneity; 50% to 90%, may represent
substantial heterogeneity; 75% to 100%, considerable
heterogeneity.3° Publication bias was evaluated with
funnel plots and Egger’s test.®!

We further performed subgroup analyses for the
efficacy outcomes according to the presence and
absence of diabetes, CKD (defined as estimated glo-
merular filtration rate <60mL/min per 1.73m?), and
HF phenotype (HFrEF or HFpEF) to examine the dif-
ferent effects of SGLT2 inhibitors in specific popu-
lations. We conducted sensitivity analyses. First, to
ensure the robustness of the benefit of empagliflozin,
we excluded the EMPA-REG OUTCOME (BI 10773
[Empagliflozin] Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients) trial because it re-
ported larger effect sizes of empagliflozin in the com-
posite of cardiovascular death and hospitalizations
for HF, cardiovascular death, and all-cause death,
than other trials. Second, we excluded the VERTIS
CV (Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants
With Vascular Disease) trial because it was the only
trial investigating ertugliflozin, which could lead to un-
stable effect estimations.®?

RESULTS

We identified 2124 reports through the initial database
search and retrieved 86 full-text articles after remov-
ing 34 items on the basis of the title and abstract. We
excluded studies investigating <500 patients, non—pla-
cebo controlled, with <3months of follow-up, or out-
come of interest unavailable. Finally, 21 RCTs were
included in the analysis (Figure S1).

Baseline characteristics are summarized in Table S7,
and outcomes in each study are summarized in
Tables S8 and S9. We identified 8 trials investigat-
ing dapagliflozin, 6 trials for empagliflozin, 3 trials for
canagliflozin, 3 trials for sotagliflozin, and 1 trial for er-
tugliflozin (Figure 1). Overall, 51964 participants were
randomly assigned to SGLT2 inhibitors, and 44232
were randomly assigned to placebo. The median fol-
low-up periods ranged from 3 months to 4.2years.
Overall, the risks of bias in almost all the included stud-
ies were rated as low (Figure S2). Publication bias was
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Canagliflozin
8474 patients

Sotagliflozin
6427 patients

Placebo
44 232 patients

Ertugliflozin
5499 patients

Figure 1. Network diagram of the included trials.
Line widths are proportional to the number of trials comparing
the corresponding pair of treatments.

not suggested for the studied outcomes (Figures S3
and S4).

Overall Cohort

Significant differences between the 5 SGLT2 inhibi-
tors were not observed for the composite of cardio-
vascular death and hospitalizations for HF (Figure 2,
Table S10), all-cause death (Table S10), cardiovascular
death (Table S11), hospitalizations for HF (Table S11),
and kidney disease progression (Table S12). However,
empagliflozin (HR, 0.70 [95% CI, 0.53-0.92]) and da-
pagliflozin (HR, 0.73 [95% ClI, 0.56—-0.96]) were associ-
ated with lower risks of AKI compared with sotagliflozin
(Table S12).

Subgroups According to Underlying
Diabetes

In patients with diabetes (Figure 3; Tables S13 through
S15), while significant differences were not observed
for the primary outcome, all-cause death, cardiovas-
cular death, hospitalizations for HF, and kidney disease
progression, empagliflozin (HR, 0.75 [95% CI, 0.55-
1.00]) and dapagliflozin (HR, 0.75 [95% CI, 0.57-1.00])
were associated with lower risks of AKI compared with
sotagliflozin.

In patients without diabetes (Figure 3; Tables S16
through S18), there were no differences between the
SGLT2 inhibitors in each outcome tested, although
empagliflozin and dapagliflozin were the only agents
for those patients without diabetes among included
studies.

Subgroups According to Underlying CKD

In patients with CKD (Figure 4; Tables S19 through
S21), there were no differences between the SGLT2
inhibitors in the risks of the studied efficacy outcomes.

J Am Heart Assoc. 2024;13:e031805. DOI: 10.1161/JAHA.123.031805

Hazard ratio (95% CIl) for cardiovascular death or HHF in all cohort
vs Sotagliflozin HR (95% CI
Empaglifiozin — 1.00 (0.86-1.16)
Ertuglifiozin — 1.16 (0.95-1.43)
Dapagliflozin —— 1.05 (0.91-1.22)
Canagliflozin —— 0.98 (0.82-1.17)
vs Canagliflozin
Empaglifiozin —— 1.01 (0.88-1.17)
Ertuglifiozin —— 1.18 (0.97-1.44)
Dapagliflozin —— 1.07 (0.94-1.23)
vs Dapagliflozin
Empagliflozin - 0.94 (0.85-1.05)
Ertuglifiozin —— 1.10 (0.93-1.31)
vs Ertugliflozin
Empagliflozin —— 0.86 (0.72-1.02)
0.50 1.00 2.00
Favors Favors
comparator active agent

Figure 2. Forest plots for the composite of cardiovascular
death or HHF in all cohorts.

Q-statistics, 8.12 (P=0.52); 1, 0; /°, 0%. HHF indicates
hospitalizations for heart failure; and HR, hazard ratio.

In patients without CKD (Figure 4; Tables S22
through S24), empagliflozin was associated with a
lower risk of the primary outcome compared with er-
tugliflozin (HR, 0.77 [95% CI, 0.60-0.98]), lower risk of
all-cause death compared with dapagliflozin (HR, 0.72
[95% ClI, 0.52-0.99)), and lower risk of cardiovascular

Hazard ratio (95% CI) for cardiovascular death or HHF
In patients with diabetes

vs Sotagliflozin HR (95% CI
Empagliflozin 0.97 (0.83-1.14)
Ertugliflozin 1.16 (0.95-1.43)
Dapagliflozin 1.05 (0.90-1.23)
Canagliflozin —e— 0.98 (0.82-1.17)
vs Canagliflozin
Empagliflozin —— 0.99 (0.85-1.15)
Ertugliflozin —— 1.18 (0.97-1.44)
Dapagliflozin == 1.07 (0.93-1.24)
vs Dapagliflozin
Empagliflozin —— 0.92 (0.81-1.05)
Ertugliflozin —— 1.10 (0.92-1.32)
vs Ertugliflozin
Empagliflozin —— 0.84 (0.69-1.01)
0.50 1.00 2.00
Favors | Favors
comparator active agent

In patients without diabetes

vs Dapagliflozin
Empagliflozin

HR (95% CI

—— 1.02 (0.84-1.22)

0.50 1.00 2.00

Favors
comparator

Favors
active agent

Figure 3. Forest plots for the composite of cardiovascular
death or HHF in patients with/without diabetes.

For patients with diabetes: Q-statistics, 6.69 (P=0.57); 1, 0; /2,
0%. For patients without diabetes: Q-statistics, 2.27 (P=0.69); 1,
0; I, 0%. HHF indicates hospitalizations for heart failure; and HR,
hazard ratio.
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Hazard ratio (95%Cl) for CV mortality or HHF
In patients with CKD In patients without CKD
vs Sotagliflozin HR (95%CI Vs Sotagliflozin HR (95%ClI
Empaglifiozin —— 1.08 (0.90-1.29)  Empaglifiozin =~ &— 0.82 (0.52-1.29)
Ertugliflozin —— 1.02 (0.76-1.37) Ertuglifiozin e 1.06 (0.66-1.70)
Dapagliflozin —— 1.07 (0.90-1.28) Dapagliflozin —_— 0.92 (0.59-1.43)
Canagliflozin — 0.92 (0.74-1.15) Canaglifozin =———@&— 0.85 (0.54-1.34)
vs Canagliflozin vs Canagliflozin
Empagliflozin —— 1.17 (0.95-1.44) Empagliflozin —— 0.96 (0.78-1.20)
Ertugliflozin —— 1.11 (0.81-1.52)  Ertugliflozin —— 1.25 (0.98—1.60)
Dapagliflozin —— 1.17 (0.95-1.43) Dapaglifiozin = 1.09 (0.90-1.31)
vs Dapaglifiozin vs Dapaglifiozin
Empagliflozin —— 1.00 (0.85-1.18)  Empagliflozin — 0.89 (0.74-1.06)
Ertugliflozin ——s 0.95 (0.71-1.27) Ertugliflozin — 1.15 (0.93-1.43)
vs Ertugliflozin vs Ertuglifiozin
Empaglifiozin —— 1.05 (0.79-1.41)  Empagliflozin — 0.77 (0.60-0.98)"
0.50 1.00 2.00 0.50 1.00 2.00
Favors Favors Favors Favors
comparator active agent comparator active agent

Figure 4. Forest plots for the composite of cardiovascular death or HHF in patients with/without CKD.
*Denotes the statistical significance. For patients with CKD: Q-statistics, 4.08 (P=0.54); 1, 0; /2, 0%. For patients
without CKD: Q-statistics, 4.14 (P=0.39); 1, 0.02; /2, 3.4%. HHF indicates hospitalizations for heart failure; and HR,

hazard ratio.

death compared with dapagliflozin (HR, 0.59 [95%
Cl, 0.39-0.89]) and canagliflozin (HR, 0.62 [95% ClI,
0.40-0.96)).

Subgroups According to HF Phenotype
There were no differences between the SGLT2 in-
hibitors in the risk of the studied efficacy outcomes
in patients with HFrEF or HFpEF (Tables S25 through
S30).

Sensitivity Analysis

According to the analysis excluding the EMPA-REG
OUTCOME trial, a similar pattern was observed for
all the cardiovascular outcomes studied in the over-
all cohort and patients with diabetes (Tables S31).
In patients with CKD, however, canagliflozin was
associated with lower risk of hospitalizations for
HF compared with empagliflozin (HR, 0.71 [95%
Cl, 0.54-0.95]). In patients without CKD, ertugli-
flozin was associated with higher risk of cardio-
vascular death or hospitalizations for heart failure
than empagliflozin (HR, 1.30 [95% CI, 1.02-1.60]),
and dapagliflozin was associated with higher risk of
hospitalization for HF than empagliflozin (HR, 1.31
[95% CI, 1.01-1.70]). The analysis excluding the
VERTIS-CV trial showed a similar result as the prin-
cipal analyses (Tables S32).

Safety Outcomes

No significant differences between the SGLT2 inhibi-
tors were observed in the risk of limb amputation, frac-
tures, hypoglycemia, diabetic ketoacidosis, UTI, and
genital infections (Figures S5 through S10), whereas

ertuglifiozin and empagliflozin were associated with
higher risks of orthostatic hypotension than canagli-
flozin (Figure S11). Empaglifiozin was also associated
with a higher risk of orthostatic hypotension than
dapagliflozin.

DISCUSSION

In this network meta-analysis of 21 RCTs, we found
that all SGLT2 inhibitors have generally equivalent ef-
ficacy profiles for cardiovascular and kidney outcomes,
as well as safety profiles, although patients without
CKD may benefit from empagliflozin. Taken together,
our findings may guide clinicians in selecting an op-
timal agent on the basis of each patient’s individual
background.

Comparison of Efficacy Among SGLT2
Inhibitors for the Overall Population
The cardio- and renoprotective effects of SGLT2 in-
hibitors have been established as a class effect,'" and
their clinical benefits in patients with diabetes in com-
parison with other glucose-lowering agents, such as
dipeptidyl peptidase-4 inhibitors and glucagon-like
peptide-1 receptor agonists, have been investigated.33
In our study, we observed no differences between the
5 SGLT2 inhibitors in the risk of the primary outcome,
all-cause death, cardiovascular death, hospitaliza-
tions for HF, and kidney disease progression in the
overall cohort.

Regarding AKI, empagliflozin and dapagliflozin
were associated with lower risk than sotagliflozin
in the overall population. While SGLT2 inhibitors

J Am Heart Assoc. 2024;13:e031805. DOI: 10.1161/JAHA.123.031805 5
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can hypothetically lead to AKI due to hypovolemia,
excessive decrease in intraglomerular pressure,
and renal medullary hypoxia,3+3° studies reported
that SGLT2 inhibitors could actually be associated
with lower risks of AKI compared with placebo, di-
peptidyl peptidase-4 inhibitors, and glucagon-like
peptide-1 receptor agonists,®%" although the mech-
anism remains unclear. A possible explanation for
the reno-protective effect of SGLT2 inhibitors is the
reduction in kidney oxygen consumption.®® Another
potential explanation includes the attenuations in
intraglomerular pressure and kidney inflammatory
reactions.?*4" While SGLT2 is mainly expressed in
the kidney, SGLT1 is expressed in the brush bor-
der of the small intestine, late renal proximal tubule,
heart, and brain.*> SGLT1 inhibition blocks glucose
absorption at the brush border of the small intes-
tinal epithelium,** which may contribute to diarrhea
and possibly lead to AKI. Indeed, sotagliflozin was
associated with higher incidences of diarrhea com-
pared with placebo in previous trials,*3-4® whereas
increased incidence of diarrhea was not reported in
trials of other SGLT2 inhibitors. Such increased risk
of AKl in sotagliflozin may dilute the preventive effect
of SGLT2 blockade, compared with more SGLT2-
selective agents.

Comparison of Efficacy Among SGLT2
Inhibitors for Patients With/Without
Diabetes

While several studies have indicated the superior ef-
ficacy on cardiovascular death and all-cause death
of empagliflozin over dapagliflozin and canagliflozin
in patients with diabetes,*®*" previous network meta-
analysis reported no significant differences in efficacy
profiles across SGLT2 inhibitors in patients with diabe-
tes.'® Our updated meta-analysis with large trials also
did not show the significant benefits of an agent over
the others, except for empaglifiozin and dapagliflozin
versus sotagliflozin for AKI, as mentioned above. As
for patients without diabetes, despite the growing evi-
dence of the benefits of SGLT2 inhibitors,'® interclass
comparisons among SGLT2 inhibitors were lacking.
Our network meta-analysis included patients without
diabetes and showed that empagliflozin and dapagli-
flozin had equivalent efficacy in reducing cardiovascu-
lar and kidney events in this population as well. While
there were no significant differences in the studied
outcomes between empagliflozin and dapagliflozin,
dapagliflozin showed consistently lower HRs than em-
pagliflozin in patients without diabetes. Because other
SGLT2 inhibitors have not been evaluated in patients
without diabetes, future investigations on this popula-
tion are warranted.

J Am Heart Assoc. 2024;13:e031805. DOI: 10.1161/JAHA.123.031805
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Comparison of Efficacy Among SGLT2
Inhibitors for Patients With/Without CKD

Although SGLT?2 inhibitors were shown to have efficacy
on cardiovascular and renal outcomes in patients with
and without CKD,*® there is limited evidence investigat-
ing the efficacy of each SGLT2 inhibitor on the basis of
a patient’s kidney function. One network meta-analysis
investigating patients with CKD revealed no significant
difference in the composite of cardiorenal outcomes
among dapagliflozin, sotagliflozin, and canagliflozin.'®
While our study also showed no significant differences
in efficacy among empagliflozin, ertugliflozin, dapagli-
flozin, sotagliflozin, and canagliflozin in patients with
CKD, empagliflozin was associated with a lower risk
of cardiovascular outcomes when compared with da-
pagliflozin, canagliflozin, and ertugliflozin, in patients
without CKD. The sensitivity analyses also showed
the superiority of empagliflozin over ertugliflozin in the
primary outcome. However, because the EMPA-REG
OUTCOME trial was the only trial reporting cardio-
vascular death and all-cause death in patients with-
out CKD, we were unable to confirm the superiority
of empagliflozin for cardiovascular death and all-cause
death in patients without CKD. The possible explana-
tion for the favorable efficacy of empagliflozin in pa-
tients without CKD compared with patients with CKD
is the high selectivity for SGLT2.4° Because the effect of
SGLT2 inhibition can be attenuated by impaired kidney
function,®® its consistently lowest HRs for cardiovascu-
lar outcomes in patients without CKD is reasonable.
However, further studies are needed to confirm this
hypothesis.

Comparison of Efficacy Among SGLT2
Inhibitors for Patients With HFrEF/HFpEF

A previous meta-analysis showed that SGLT2 in-
hibitors reduced the risk of cardiovascular death
and hospitalization for HF irrespective of HF pheno-
type.%0 In our study, dapagliflozin showed the lowest
point estimate for the primary outcome, all-cause or
cardiovascular death, and kidney disease progres-
sion in patients with HFrEF (though not statistically
significant), while there was no such pattern in pa-
tients with HFpEF. These findings were somewhat
inconsistent with the previous meta-analyses that re-
ported reduced HF events in patients with a history of
HF who received sotagliflozin, compared with those
who received dapagliflozin, empagliflozin, or ertugli-
flozin.2%%" This discordance probably resulted from
the differences in the included studies. We only in-
cluded large trials involving >500 patients to stablize
estimation of the effects of each agent while also
including substudies of previously published trials
that focused on HF status. In contrast, the previous
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meta-analysis included relatively small trials® or did
not include relatively new trials and substudies of
previously published trials.?° Nevertheless, our find-
ings corroborated another study that suggested the
potential higher efficacy of dapagliflozin compared
with sotagliflozin, empagliflozin, canagliflozin, and
ertugliflozin in patients with HF.'"® Because data on
HF phenotype for the outcome of interest were not
comprehensively available, especially for the trials
of sotagliflozin and canagliflozin, the interpretation
of our study results is limited. Given that SGLT2 in-
hibitors have been considered an essential element
in the treatment of patients with HFrEF and HFpEF,
future studies focusing on HF phenotype will provide
additional insights.

Safety Comparisons Among SGLT2
Inhibitors

Previous studies suggested that SGLT2 inhibitors are
associated with a range of adverse events,%? which
can negatively affect the quality of life of SGLT2 in-
hibitor users and can lead to treatment discontinua-
tion.?"?? QOur findings were consistent with a previous
study that showed that genital infection was a common
adverse event associated with the use of SGLT2 inhibi-
tors.'® However, among the studied SGLT2 inhibitors,
sotagliflozin was associated with the lowest point es-
timate of genital infections, which was also in line with
another meta-analysis.>® In the presentstudy, whereas
a similar pattern was seen, it did not reach statistical
significance.*?

It has been controversial whether SGLT2 inhibitors
increase the risk of limb amputation. The CANVAS
(Canagliflozin Cardiovascular Assessment Study) pro-
gram, including 2 large RCTs investigating canagliflozin
in 2017, reported that canagliflozin might increase the
risk of amputation compared with placebo.® In con-
trast, the CREDENCE (Canagliflozin and Renal Events
in Diabetes With Established Nephropathy Clinical
Evaluation) trial in 2019 reported no increases in am-
putations among patients receiving canaglifiozin com-
pared with placebo, which was consistent with other
clinical trials of another SGLT2 inhibitor.>* Observational
studies also reported no significant increases in ampu-
tations with the use of canagliflozin.?5% In 2020, the
US Food and Drug Administration removed the boxed
warning about the risk of amputation for canagliflozin
based on its benefits on cardiovascular and renal dis-
eases and lower incidences of amputations than previ-
ously described. In our study, despite the highest point
estimate of canagliflozin, there were no significant dif-
ferences in effect size between the SGLT2 inhibitors,
which means that the current study cannot recom-
mend one agent over another in terms of the risk of
limb amputation.
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Limitations

This study has several limitations. First, our study was
a trial-level meta-analysis without individual-level data.
Therefore, more detailed analysis based on concur-
rent comorbidities other than those investigated in
this study (eg, body mass index, baseline glycated
hemoglobin level, concomitant use of other glucose-
lowering agents, phenotypes of HF, and kidney dis-
ease causes) could not be performed, although some
studies showed that neither baseline glycated hemo-
globin level nor kidney disease affects the overall ef-
ficacy of SGLT2 inhibitors."®" Second, we included
only placebo-controlled trials because there were no
head-to-head RCTs directly comparing SGLT2 inhibi-
tors, meaning that all the effect estimates in our study
were solely based on the magnitude observed in each
RCT in comparison with placebo. In addition, our study
did not take into account the other glucose-lowering
agents, such as glucagon-like peptide-1 receptor ago-
nists or dipeptidyl peptidase-4 inhibitors, because the
aim of our study was to explore the efficacy and safety
profiles of different SGLT2 inhibitors in various popu-
lations, including those without diabetes. Therefore,
our analysis could not assess the between-design in-
consistency, as the built network was only connected
through placebo, which can possibly undermine the
robustness of direct and indirect comparisons.®®
Nevertheless, to the best of our knowledge, this is
the first report that pooled and compared the effect
of each SGLT2 inhibitor in different populations. Third,
although we have combined the same agent into 1
group, the dose of each agent was different according
to the patient. Fourth, Cls in several results were ex-
ceptionally wide (eg, comparisons between ertugliflo-
zin and canagliflozin or empagliflozin and canagliflozin
for orthostatic hypotension). These results should be
interpreted with caution because the effect estimates
were presumably sensitive to individual events due to
the small number of outcomes, potentially causing the
unstable estimation and wide Cls. Given these uncer-
tainties in the estimation, it is essential for providers to
judge the relevance and significance of the compari-
sons in each outcome depending on the clinical con-
text. Fifth, due to the nature of network meta-analysis,
multiple comparisons have been done, which might
have caused type | errors.%° Additionally, although we
demonstrated the efficacy of SGLT2 inhibitors in pa-
tients without diabetes, these data were not available
across the SGLT2 inhibitors. Because the approved
doses of SGLT2 inhibitors for specific indications (eg,
HF or glycemic control for patients with diabetes)
vary, and the benefit of empaglifiozin and dapagliflozin
seemed promising regardless of diabetic status, the
effects of different doses and other agents in patients
without diabetes should be investigated.
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CONCLUSIONS

In this systematic review and network meta-analysis of
large RCTs, the differences in reducing cardiovascular
and kidney outcomes, as well as safety profiles, across
SGLT2 inhibitors were not consistently significant, al-
though empagliflozin might benefit patients without
CKD. Our findings may assist clinicians in tailoring the
optimal SGLT2 inhibitors to each patient’s individual
clinical scenario; however, further well-designed stud-
ies are warranted to clarify these findings.
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