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Abstract

Aims The cardioprotective effects of glucose-lowering medications in diabetic patients with heart failure (HF) are well
known. Several large randomized controlled trials (RCTs) have recently suggested that the cardioprotective effects of
glucose-lowering medications extend to HF patients regardless of diabetic status. The aim of this study was to conduct a
Bayesian network meta-analysis to evaluate the impact of various glucose-lowering medications on the outcomes of
non-diabetic HF patients.
Methods and results Medline and Embase were searched for RCTs investigating the use of glucose-lowering medications in
non-diabetic HF patients in August 2021. Studies were included in accordance with the inclusion and exclusion criteria, and
data were extracted with a pre-defined datasheet. Primary outcomes include serum N-terminal prohormone of brain natri-
uretic peptide (NT-proBNP) levels, left ventricular ejection fraction (LVEF), and maximal oxygen consumption (PVO2). A Bayes-
ian network meta-analysis was performed to compare the effectiveness of different classes of glucose-lowering medications in
improving HF outcomes. Risk-of-bias was assessed using Cochrane Risk-of-Bias tool 2.0 for randomized trials (ROB2). Seven
RCTs involving 2897 patients were included. Sodium-glucose transporter 2 inhibitor (SGLT2i) was the most favourable in low-
ering NT-proBNP, with the significant reduction in NT-proBNP when compared with glucagon-like peptide-1 receptor agonists
(GLP1-RA) [mean differences (MD): �229.59 pg/mL, 95%-credible intervals (95%-CrI): �238.31 to �220.91], metformin (MD:
�237.15 pg/mL, 95%-CrI:�256.19 to�218.14), and placebo (MD:�228.00 pg/mL, 95%-CrI:�233.99 to�221.99). SGLT2i was
more effective in improving LVEF for HF with reduced ejection fraction patients relative to GLP1-RA (MD: 8.09%, 95%-CrI: 6.30
to 9.88) and placebo (MD: 6.10%, 95%-CrI: 4.37 to 7.84). SGLT2i and GLP1-RA were more favourable to placebo in improving
PVO2, with significant increase of PVO2 at a MD of 1.60 mL/kg/min (95%-CrI: 0.63 to 2.57) and 0.86 mL/kg/min (95%-CrI: 0.66
to 1.06), respectively. All three drugs had comparable safety profiles when compared with placebo.
Conclusions This Bayesian network meta-analysis demonstrated that SGLT2i, when compared with GLP1-RA and metformin,
was superior in improving LVEF in HF with reduced ejection fraction patients, as well as improving PVO2 and NT-proBNP in
non-diabetic HF patients. Further large-scale prospective studies are needed to confirm these preliminary findings.
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Introduction

A myriad of evidence has surfaced regarding the potential
cardioprotective effects of oral glucose-lowering agents in di-
abetic patients with heart failure (HF). Particularly, three re-
cent trials have demonstrated the efficacy of
sodium-glucose cotransporter 2 inhibitors (SGLT2i) in reduc-
ing cardiovascular death and hospitalization in HF patients re-
gardless of diabetic status.1–3 There exists a multitude of
other randomized controlled trials demonstrating the efficacy
of SGLT2i in the management of HF in diabetic patients.4–8

Furthermore, these trials suggested that SGLT2i might be
beneficial in non-diabetic patients as well, especially because
their cardioprotective effects appear to be independent of
blood glucose levels.4–8 On the other hand, glucagon-like
peptide 1 receptor agonist (GLP1-RA) is yet another promis-
ing class of medication, with numerous trials supporting their
use in lowering the risk of cardiovascular mortality.9–13 As
such, glucose-lowering medications have been shown to be
efficacious for improving HF outcomes in diabetic patients,
especially in diabetic patients with high risk or established
cardiovascular disease.14,15

Furthermore, results from multiple meta-analyses have
also showed the superiority of glucose-lowering medications
over placebo in improving outcomes for diabetic HF patients.
GLP1-RA and SGLT2i demonstrated significant cardiovascular
benefits,16,17 while SGLT2i were more superior for improving
HF outcomes and reduce hospitalizations for HF.17–19 The
promising results from these meta-analyses, however, cannot
be generalized to non-diabetic HF patients as their findings
remain confounded by the inclusion of diabetic patients.
Much of the focus has been directed towards clinical out-
comes such as cardiovascular mortality, hospitalizations, and
major adverse cardiac events in diabetic patients with
HF.16,18,19 Hence, this present study sought to evaluate the
effects of glucose-lowering medications, namely SGLT2i,
GLP1-RA, and metformin, on the HF outcomes of non-dia-
betic patients with HF.

Methods

Search strategy

This network meta-analysis was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.20 The Medline and Embase data-
bases were accessed on 3 August 2021 and searched for rel-
evant articles. The search strategy involved keywords and
MeSH terms synonymous to ‘heart failure’, ‘oral hypoglyce-
mic agent’, ‘sodium-glucose cotransporter 2 inhibitor’,
‘glucagon-like peptide 1 receptor agonist’, ‘dipeptidyl pepti-
dase IV inhibitor’, ‘sulfonylurea’, ‘biguanide derivative’,

‘insulin’, ‘alpha-glucosidase inhibitor’, and ‘meglitinide’. A
randomized controlled trial filter was applied, and references
of related reviews were screened to ensure a comprehensive
search. A copy of the search strategy for Medline can be
found in Supporting Information, Table S1.

Study selection and extraction

Eligibility assessment was carried out by two blinded authors
(TY and ASM) independently. The authors screened the titles
and abstracts before retrieving and reviewing the full texts. A
third independent author (OZHL) was involved in the resolu-
tion of disputes. Only randomized controlled trials were con-
sidered for inclusion. Observational studies, case–control
studies, reviews, meta-analyses, editorials, commentaries,
conference abstracts, and non-English language articles were
excluded. Studies were included if they (i) were randomized
controlled trials that (ii) evaluated HF outcomes (iii) following
the use of glucose-lowering medications (iv) in non-diabetic
patients. We included studies that examined patients with
HF with reduced ejection fraction (HFrEF) and excluded dia-
betic patients who were identified through patient history
and either a positive response to an oral glucose tolerance
test or had serum glycated haemoglobin (HbA1c)
levels ≥ 6.5%. In trials with both diabetic and non-diabetic
populations, the studies were included if the baseline charac-
teristics and outcomes were reported separately for both
groups of patients. Studies that examined preserved ejection
fraction HF (HFpEF) were also included. HFrEF was defined as
left ventricular ejection fraction (LVEF) < 50%, and HFpEF
was defined as LVEF ≥ 50%. The diagnostic criteria for HF
for each of the included trials can be found in Table S2. The
primary study outcomes were changes in serum N-terminal
prohormone of brain natriuretic peptide (NT-proBNP) levels,
LVEF, and maximal oxygen consumption (PVO2). Changes in
LVEF were only evaluated for patients with HFrEF in this
study. Studies that evaluated BNP (instead of NT-proBNP)
were also included. Data were extracted by two authors (TY
and ASM) in an independent and blinded manner. The follow-
ing variables were extracted: (i) baseline demographics—age,
gender, body mass index, and HbA1c levels and (ii) reported
HF parameters—changes in NT-proBNP, LVEF, and PVO2.

Statistical analysis

All analyses were conducted in RStudio (Version 4.0.3). The
Bayesian network meta-analysis was performed with the
BUGSnet package with a fixed-effects model. The outcome
measures included only continuous variables, hence mean
differences (MD) and 95%-credible intervals (95%-CrI) were
used. Treatment groups were defined according to the drug
class of glucose-lowering medications used, namely
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(i) SLGT2i, (ii) GLP1-RA, (iii) metformin, and (iv) placebo. Anal-
yses were only performed when there were two or more tri-
als available for the outcome studied. We then performed
Markov Chain Monte Carlo simulations using vague priors21

and a generalized linear model with Gaussian family distribu-
tion and an identity link function.22 The analysis was con-
ducted using 10 000 burn-ins, 100 000 iterations, and 1000
adaptations. The trace and density plots were used to assess
for model convergence and consistency. The deviance infor-
mation criterion and individual datapoint posterior mean de-
viance contribution were used to compare goodness-of-fit
between the consistency and inconsistency models.22 The de-
viance information criterion was also used to select between
a fixed-effects or random-effects model.22 The output of the
network analysis was presented as a heat plot, in which a
blue cell indicates a positive MD and a yellow cell indicates
a negative MD. Publication bias with a funnel plot was not
conducted as there were less than 10 studies included in
the network analysis.23

Risk-of-bias assessment

The revised version of the Cochrane Risk-of-Bias tool for ran-
domized trials (ROB2) was used to evaluate the potential for
bias in our included studies.24 The ROB2 evaluates bias across
five dimensions: (i) the randomization process, (ii) deviations
from intended interventions, (iii) missing outcome data, (iv)
measurement of the outcome, and (v) selection of the re-
ported result. Two independent and blinded authors (TY
and ASM) assessed all included studies for risk-of-bias, and
disagreements were resolved through discussion with a third
independent author.

Results

Summary of included articles

A total of 3303 records were identified in the initial search,
and 2841 records were screened following duplicate removal.
A full-text review was conducted for 140 articles and 7 ran-
domized controlled trials,25–31 involving 2897 non-diabetic
patients, were included in the final analysis (Figure 1). The in-
cluded studies were conducted in the following countries:
Denmark,25–27 the United States of America,28,29 Portugal,30

and the United Kingdom.31 All studies were placebo con-
trolled. Two of the trials were with SGLT2i29,31 (2689 subjects,
duration from 4–6 months), three with GLP1-RA25,26,28 (123
subjects, 2–168 days) and two with metformin27,30 (85 sub-
jects, 3–24 months). There were no SGLT1/2 inhibitors such
as sotagliflozin in the analysis. A total of six studies included
subjects with HFrEF: of which, three studies25,28,31 defined
HFrEF as LVEF ≤ 40%, two26,27 defined as LVEF ≤ 45%, and

one29 defined as LVEF < 50%. Only one study30 examined
the use of metformin in HFpEF patients, which defined HFpEF
as LVEF ≥ 50%. Five trials each were included in the analysis
for NT-proBNP,25,27,28,30,31 LVEF,25–29 and peak VO2.

25,27–30

None of the trials had involved and/or separately reported
data for pre-diabetic patients. Risk-of-bias assessment using
Cochrane ROB2 is provided in Figure 2, and a summary of
the included trials is provided in Table S3.

Comparison of SGLT2i, GLP1-RA, and metformin
with placebo

Compared with placebo, SGLT2i had significantly greater re-
duction in serum NT-proBNP levels (MD: �228.00 pg/mL,
95%-CrI: �233.99 to �221.99) (Figure 3) and significant
improvement in LVEF (MD: 6.10%, 95%-CrI: 4.37 to 7.84)
(Figure 4). Furthermore, SGLT2i significantly increased PVO2

(MD: 1.60 mL/kg/min, 95%-CrI: 0.63 to 2.57) relative to
placebo (Figure 5).

GLP1-RA use improved PVO2 significantly (MD: 0.86 mL/
kg/min, 95%-CrI: 0.66 to 1.06) when compared with placebo.
However, GLP1-RA and placebo had no significant differences
regarding changes in serum NT-proBNP levels (MD: 1.60 pg/
mL, 95%-CrI: �4.70 to 7.89). Unexpectedly, GLP1-RA demon-
strated an unfavourable change in LVEF when compared with
placebo (MD: �1.99%, 95%-CrI: �2.43 to �1.55).

There were no significant differences between metformin
and placebo in all four outcomes: NT-proBNP (MD: 9.13 pg/
mL, 95%-CrI: �8.94 to 27.22); LVEF (MD: 1.99%; 95%-CrI:
�2.39 to 6.37); PVO2 (MD: 0.95 mL/kg/min, 95%-CrI: �0.12
to 2.02).

Network analysis of SGLT2i, GLP1-RA, and
metformin

N-terminal prohormone of brain natriuretic peptide
Sodium-glucose transporter 2 inhibitor significantly
outperformed the other three treatments groups in terms
of lowering serum NT-proBNP levels. When compared with
GLP1-RA, SGLT2i resulted in significantly lower serum
NT-proBNP levels (MD: �229.59 pg/mL, 95%-CrI: �238.31
to �220.91). SGLT2i also outperformed metformin (MD:
�237.15 pg/mL, 95%-CrI: �256.19 to �218.14) and placebo
(MD: �228.00 pg/mL, 95%-CrI: �233.99 to �221.99) in low-
ering NT-proBNP levels. There were no significant differences
in the improvement of NT-proBNP levels when comparing the
other three treatment groups (Figure 3).

Left ventricular ejection fraction
Changes in LVEF were assessed for 243 HFrEF patients.
SGLT2i demonstrated significantly improved LVEF in HFrEF
patients when compared with GLP1-RA (MD: 8.09%,
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95%-CrI: 6.30 to 9.88) and placebo (MD: 6.10%, 95%-CrI: 4.37
to 7.84). GLP1-RA, on the other hand, resulted in a signifi-
cantly lower LVEF when compared with placebo (MD:
�1.99%, 95%-CrI: �2.43 to �1.55). No significant differences
were found in the remaining pairwise comparisons (Figure 4).

PVO2

When compared with placebo, administration of SGLT2i and
GLP1-RA significantly improved PVO2, with a MD of
1.60 mL/kg/min (95%-CrI: 0.63 to 2.57) and 0.86 mL/kg/min
(95%-CrI: 0.66 to 1.06), respectively. We found no other sig-
nificant differences in the remaining between-treatment
comparisons (Figure 5).

More detailed information such as baseline, follow-up,
change in values for each endpoint, and a comparisons sum-
mary can be found in Tables S4–S5 and Figures S1–S3.

Safety profile of glucose-lowering medications in
non-diabetic patients

Sodium-glucose transporter 2 inhibitor
With the use of SGLT2i in non-diabetic patients, Petrie et al.31

reported no significant differences between the dapagliflozin
and placebo groups for volume depletion (7.3% vs. 6.1%,
P = 0.40), doubling of serum creatinine (1.7% vs. 2.8%,
P = 0.08), kidney adverse events (4.8% vs. 6.0%, P = 0.36),
or fractures (2.1% vs. 1.9%, P = 0.58). The same study defined
kidney adverse events in a similar fashion to the DAPA-HF
trials,1,32 as a composite outcome comprising of a sustained
(i.e. ≥28 days) estimated glomerular filtration rate decline
of ≥50%, kidney failure, or all-cause or kidney-related mortal-
ity. On the other hand, Santos-Gallego et al.29 observed no
hypoglycaemia, urinary or genital infections, or amputations
in both the empagliflozin and the placebo groups.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. RCTs, randomized controlled trials.

Glucose-lowering medications in non-diabetic heart failure patients 1341

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822



Glucagon-like peptide 1 receptor agonist
Halbirk et al.25 reported nine episodes of hypoglycaemia
across eight patients after the administration of GLP1-RA,
with none occurring in the placebo arm. Furthermore, the
study reported one patient suffering from severe nausea
and two others with mild nausea. On the other hand, Lepore
et al.28 reported gastrointestinal side effects, such as nausea
and vomiting, to be the most common.

Metformin
In non-diabetic patients with metformin use, Larsen et al.27

reported two serious cardiac events in the metformin
group: ventricular tachycardia was observed in one patient,
while another patient experienced orthostatic hypotension.
Furthermore, 12 patients in the metformin group and 9
in the placebo experienced gastrointestinal side effects,
which typically occurred during dose initiation or up-
titration. Ladeiras-Lopez et al.30 reported the discontinua-
tion of metformin in one patient due to gastrointestinal
side effects, while another two were maintained on a
low dose.

Discussion

While previous meta-analyses on glucose-lowering medica-
tions use in HF management have included both diabetic
and non-diabetic patients,16,18,19 the current meta-analysis
demonstrates the efficacy and safety of glucose-lowering
medications in the management of HF in non-diabetic pa-
tients. We were unable to assess clinical outcomes due to a
paucity of data stratified in accordance to diabetic status,
and hence we used the prognostic indicators of HF as surro-
gates of HF disease severity and risk for adverse clinical
events. Raised serum NT-proBNP levels has been strongly cor-
related with reduced survival rates,33,34 while lower LVEF is a
potent predictor of all-cause and cardiovascular death for
HFrEF.35,36 Similarly, a diminished PVO2 is indicative of high
cardiovascular risk and increased mortality risk.37

The 2021 guidelines from the European Society of Cardiol-
ogy recommend the use of dapagliflozin and empagliflozin,
but not GLP1-RA, for all patients with chronic HFrEF as a Class
I recommendation.38 These guidelines were formulated with
regards to the current evidence supporting SGLT2i use with
a myriad of trials demonstrating decreased rates of HF

Figure 2 Traffic light plot for the risk-of-bias assessment of included trials.
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hospitalization and cardiovascular death with SGLT2i
use.1,2,4–8,39 Evidence supporting the use of SGLT2i to reduce
the risk of HF hospitalization and cardiovascular death is well
established. However, the body of evidence supporting the
use of GLP1-RA is less robust, given the unconvincing results
from past trials. GLP1-RA had a neutral effect on parameters
such as LVEF in one trial, while numerical increase in deaths
and HF hospitalizations were observed in another.40,41 How-
ever, with the completion of the recent AMPLITUDE-O trial,42

an updated meta-analysis43 found GLP1-RA to significantly re-
duce the risk of cardiovascular and even renal outcomes in di-
abetic patients. Whether this efficacy extends to the
non-diabetic population remains unclear.

Our analysis found SGLT2i to be the favourable choice for
HF in non-diabetic patients with significant improvements in
all three parameters (NT-proBNP, LVEF, and PVO2). These car-
diovascular benefits could be mediated through an increased
haematocrit, along with changes in cardiac and renal

metabolism.44–47 Volume regulation appears to play a role
as well because osmotic diuresis secondary to SGLT2 inhibi-
tion causes greater fluid clearance and thereby alleviating
cardiac congestion and HF symptoms.48 These HF parameters
are continuous variables, similar to diabetes itself which is a
spectrum of glucose intolerance, rather than a binary disease.
As such, the beneficial non-glycaemic effects of SGLT2i is
likely to span across non-diabetic HF patients as well, as evi-
denced by the Dapagliflozin Effect on Cardiovascular
Events–Thrombolysis in Myocardial Infarction 58 trial that
demonstrated the superiority of SGLT2i across a broad spec-
trum of HbA1c.49 Additionally, a favourable safety profile
was found with SGLT2i in non-diabetic patients. The use of
SGLT2i generally does not result in an increased risk of
hypoglycaemia, acute kidney injury, and diabetic
ketoacidosis.50,51 However, reviews and meta-analyses have
found SGLT2i use to be potentially associated with an in-
creased risk of genital mycotic or urinary tract infections,

Figure 3 Comparison of changes in serum NT-proBNP levels. League table heatmap. The values in each cell represent the relative treatment effect
(95%-CI) of the treatment on the top compared with the treatment on the left. NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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volume depletion, and bone fractures.50,52–54 Particularly,
canagliflozin was observed to increase fracture risk in the
Canagliflozin Cardiovascular Assessment Study.5,55 Fracture
incidence was comparable with placebo in the Canagliflozin
and Renal Events in Diabetes with Established Nephropathy
Clinical Evaluation trial,56 and the underlying cause of this dis-
agreement remains unknown.

Our analysis revealed PVO2 to be the only parameter
that demonstrated improvement when comparing GLP1-RA
to placebo in non-diabetic patients. This is in discordance
from evidence from several meta-analyses, which found
significant cardioprotective effects of GLP1-RA, such as
reduced rates of cardiovascular mortality, stroke, and
hospital admissions for HF in diabetic patients.43,57–59 This
suggests that the cardioprotective benefits conferred by

GLP1-RA may be associated with its use in diabetic patients
only. These benefits are likely mediated through modifica-
tions of metabolic parameters such as reductions in blood
glucose and lipids.57–60 This may limit the applicability of
GLP1-RA for the management of HF in non-diabetic
patients. However, our results should be interpreted with
caution, especially with regards to the effects of GLP1-RA
in non-diabetic patients, due to the short duration of
GLP1-RA administration in our included studies. Nearly, a
quarter of the GLP1-RA cohort was exposed to the drug
for only 2 days, which is unlikely to have a therapeutic
effect on systolic function. In comparison, diabetic patients
in a recent meta-analysis of eight trials, which reported
reduced HF hospitalizations, were treated with GLP1-RA
for an adequate time period ranging from 1.3 to 5.6 years.43

Figure 4 Comparison of changes in left ventricular ejection fraction. League table heatmap. The values in each cell represent the relative treatment
effect (95%-CI) of the treatment on the top compared with the treatment on the left. LVEF, left ventricular ejection fraction.
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Further, long-term studies examining the effects of GLP1-RA
in the non-diabetic population are warranted to confirm
the current findings.

There is ample evidence supporting the use of SGLT2i
and GLP1-RA in patients with concomitant HF and diabetes,
because both of these agents reduce the risks of adverse
clinical events.1,2,4–8,39,43,57–59 While the DAPA-HF,1

EMPEROR-Reduced,2 and EMPEROR-Preserved3 trials
demonstrated lower risk of cardiovascular death or HF
hospitalizations compared with placebo regardless of
diabetic status, the data of each individual outcome were
not stratified in accordance to diabetic status. In addition,
there was a lack of trials on metformin or GLP1-RA in
non-diabetic HF patients with clinical outcomes; hence, this
present study was unable to perform a network analysis of

clinical hard outcomes for all the glucose-lowering
medications. Nevertheless, the study reported surrogate
prognostic measures of HF severity, which observed
significant improvements only with SGLT2i use. Moving
forward, further large-scale prospective studies with
longer follow-up are needed to examine the impact of
glucose-lowering medications on HF outcomes in the
non-diabetic cohort. Additionally, another important
subgroup of patients to consider would be pre-diabetics.
These patients in HF have been shown to be associated with
increased risk of adverse clinical outcomes, irrespective of
ejection fraction phenotype, and even prior to the diagnosis
of diabetes and initiation of glucose-lowering medications.
To our knowledge, the trials that included non-diabetic
patients did not report the number of pre-diabetics in the

Figure 5 Comparison of changes in maximal oxygen consumption. League table heatmap. The values in each cell represent the relative treatment ef-
fect (95%-CI) of the treatment on the top compared with the treatment on the left.
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study, and future prospective studies examining the role of
glucose-lowering treatment in pre-diabetic HF patients will
be the next important step.61,62

Strengths and limitations

Our network meta-analysis is the first to examine the efficacy
of glucose-lowering medications in improving HF parameters
for non-diabetic patients. The findings of this study provide
evidence supporting the use of glucose-lowering medications
in non-diabetic HF patients and serve to guide physicians in
their clinical decisions. This study comprised only of random-
ized controlled trials to minimize confounding factors and het-
erogeneity. Nonetheless, this study has its limitations. As is
with any meta-analysis, the design and quality of the included
studies remain a limiting factor. There were also unavoidable
differences in study protocols, inclusion, and exclusion criteria,
as well as definitions of outcomes and the clinical presentation
of individual patients. Hence, we restricted our study inclusion
criteria to only randomized controlled trials. Secondly, our
analysis may have limited statistical power because of the
small sample size, especially for GLP1-RA andmetformin treat-
ment arms, along with only two trials examining SGLT2i.
Nevertheless, this would be the largest study to date in evalu-
ating these outcomes between glucose-lowering medications
used in non-diabetic HF patients. Further studies with larger
populations are needed for greater statistical power. To the
best of our knowledge, there were no randomized controlled
trials examining the cardiovascular effect of dipeptidyl
peptidase-4 inhibitor and sulfonylureas in a non-diabetic
cohort; hence, these drug classes were not included in the
analysis. Lastly, there may have been differences within drugs
of the same drug class, such as for GLP1-RA.9,40,41,63,64 Under-
taking within-group analysis to detect differences between
drugs would not be feasible owing to the paucity of data.

Conclusions

This Bayesian network meta-analysis demonstrated the
favourable metabolic profile of SGLT2i relative to GLP1-RA
and metformin in non-diabetic HF patients. SGLT2i was the
most efficacious in increasing LVEF in HFrEF patients, as well
as in increasing PVO2 and decreasing NT-proBNP. The inclu-
sion of larger prospective studies evaluating the improve-
ment of the metabolic profile specifically in non-diabetic
patients with glucose-lowering medications is an important
next step.

Conflict of interest

All authors declare that they have no conflicts of interest.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Search Strategy for Medline.
Table S2. Diagnostic Criteria for Heart Failure for Each In-
cluded Randomised Controlled Trial.
Table S3. Summary of Included Articles.
Table S4. Comparisons summary of each study endpoint.
Table S5. Change in outcomes from baseline to endpoint for
outcomes.
Figure S1. Mean and standard deviation of placebo arm at
baseline for NT-proBNP.
Figure S2. Mean and standard deviation of placebo arm at
baseline for LVEF.
Figure S3. Mean and standard deviation of placebo arm at
baseline for peak VO2.

References

1. McMurray JJV, Solomon SD, Inzucchi
SE, Køber L, Kosiborod MN, Martinez
FA, Ponikowski P, Sabatine MS, Anand
IS, Bělohlávek J, Böhm M, Chiang CE,
Chopra VK, de Boer RA, Desai AS, Diez
M, Drozdz J, Dukát A, Ge J, Howlett
JG, Katova T, Kitakaze M, Ljungman
CEA, Merkely B, Nicolau JC, O’Meara E,
Petrie MC, Vinh PN, Schou M,
Tereshchenko S, Verma S, Held C,
DeMets DL, Docherty KF, Jhund PS,
Bengtsson O, Sjöstrand M, Langkilde
AM. Dapagliflozin in patients with
heart failure and reduced ejection frac-
tion. N Engl J Med 2019; 381:
1995–2008.

2. Packer M, Anker SD, Butler J,
Filippatos G, Pocock SJ, Carson P,
Januzzi J, Verma S, Tsutsui H,
Brueckmann M, Jamal W, Kimura K,
Schnee J, Zeller C, Cotton D, Bocchi E,
Böhm M, Choi DJ, Chopra V, Chuquiure
E, Giannetti N, Janssens S, Zhang J,
Gonzalez Juanatey JR, Kaul S, Brunner-
la Rocca HP, Merkely B, Nicholls SJ,
Perrone S, Pina I, Ponikowski P, Sattar
N, Senni M, Seronde MF, Spinar J,
Squire I, Taddei S, Wanner C, Zannad
F. Cardiovascular and renal
outcomes with empagliflozin in heart
failure. N Engl J Med 2020; 383:
1413–1424.

3. Anker SD, Butler J, Filippatos G, Ferreira
JP, Bocchi E, Böhm M, Brunner-la Rocca
HP, Choi DJ, Chopra V, Chuquiure-
Valenzuela E, Giannetti N, Gomez-Mesa
JE, Janssens S, Januzzi JL, Gonzalez-
Juanatey JR, Merkely B, Nicholls SJ,
Perrone SV, Piña IL, Ponikowski P, Senni
M, Sim D, Spinar J, Squire I, Taddei S,
Tsutsui H, Verma S, Vinereanu D, Zhang
J, Carson P, Lam CSP, Marx N, Zeller C,
Sattar N, Jamal W, Schnaidt S, Schnee
JM, Brueckmann M, Pocock SJ, Zannad
F, Packer M, EMPEROR-Preserved Trial
Investigators. Empagliflozin in heart fail-
ure with a preserved ejection fraction. N
Engl J Med 2021; 385: 1451–1461.

1346 T. Yeong et al.

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822



4. Zinman B, Lachin JM, Inzucchi SE. Em-
pagliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes. N Engl
J Med 2016; 374: 1094.

5. Neal B, Perkovic V, Mahaffey KW, de
Zeeuw D, Fulcher G, Erondu N, Shaw
W, Law G, Desai M, Matthews DR.
Canagliflozin and cardiovascular and re-
nal events in type 2 diabetes. N Engl J
Med 2017; 377: 644–657.

6. Wiviott SD, Raz I, Bonaca MP,
Mosenzon O, Kato ET, Cahn A,
Silverman MG, Zelniker TA, Kuder JF,
Murphy SA, Bhatt DL, Leiter LA,
McGuire DK, Wilding JPH, Ruff CT,
Gause-Nilsson IAM, Fredriksson M,
Johansson PA, Langkilde AM, Sabatine
MS. Dapagliflozin and cardiovascular
outcomes in type 2 diabetes. N Engl J
Med 2019; 380: 347–357.

7. Fitchett D, Zinman B, Wanner C, Lachin
JM, Hantel S, Salsali A, Johansen OE,
Woerle HJ, Broedl UC, Inzucchi SE,
EMPA-REG OUTCOME® trial investiga-
tors. Heart failure outcomes with empa-
gliflozin in patients with type 2 diabetes
at high cardiovascular risk: results of
the EMPA-REG OUTCOME® trial. Eur
Heart J 2016; 37: 1526–1534.

8. Inzucchi SE, Zinman B, Fitchett D, Wan-
ner C, Ferrannini E, Schumacher M,
Schmoor C, Ohneberg K, Johansen OE,
George JT, Hantel S, Bluhmki E, Lachin
JM. How does empagliflozin reduce car-
diovascular mortality? Insights from a
mediation analysis of the EMPA-REG
OUTCOME trial. Diabetes Care 2018;
41: 356–363.

9. Marso SP, Daniels GH, Brown-Frandsen
K, Kristensen P, Mann JFE, Nauck MA,
Nissen SE, Pocock S, Poulter NR, Ravn
LS, Steinberg WM, Stockner M, Zinman
B, Bergenstal RM, Buse JB, LEADER
Steering Committee, LEADER Trial In-
vestigators. Liraglutide and cardiovascu-
lar outcomes in type 2 diabetes. N Engl J
Med 2016; 375: 311–322.

10. Holman RR, Bethel MA, Mentz RJ,
Thompson VP, Lokhnygina Y, Buse JB,
Chan JC, Choi J, Gustavson SM, Iqbal
N, Maggioni AP, Marso SP, Öhman P,
Pagidipati NJ, Poulter N, Ramachandran
A, Zinman B, Hernandez AF. Effects of
once-weekly exenatide on cardiovascu-
lar outcomes in type 2 diabetes. N Engl
J Med 2017; 377: 1228–1239.

11. Husain M, Birkenfeld AL, Donsmark M,
Dungan K, Eliaschewitz FG, Franco DR,
Jeppesen OK, Lingvay I, Mosenzon O,
Pedersen SD, Tack CJ, Thomsen M,
Vilsbøll T, Warren ML, Bain SC. Oral se-
maglutide and cardiovascular outcomes
in patients with type 2 diabetes. N Engl
J Med 2019; 381: 841–851.

12. Hiramatsu T, Ozeki A, Asai K, Saka M,
Hobo A, Furuta S. Liraglutide improves
glycemic and blood pressure control
and ameliorates progression of left ven-
tricular hypertrophy in patients with
type 2 diabetes mellitus on peritoneal
dialysis. Ther Apher Dial 2015; 19:
598–605.

13. Arturi F, Succurro E, Miceli S, Cloro C,
Ruffo M, Maio R, Perticone M, Sesti G,
Perticone F. Liraglutide improves cardiac
function in patients with type 2 diabetes
and chronic heart failure. Endocrine
2017; 57: 464–473.

14. Brown E, Heerspink HJL, Cuthbertson
DJ, Wilding JPH. SGLT2 inhibitors and
GLP-1 receptor agonists: established
and emerging indications. Lancet 2021;
398: 262–276.

15. Bain EK, Bain SC. Recent developments
in GLP-1RA therapy: A review of the lat-
est evidence of efficacy and safety and
differences within the class. Diabetes
Obes Metab. 2021; 23: 30–39.

16. Alfayez OM, al Yami MS, Alshibani M,
Fallatah SB, al Khushaym NM, Alsheikh
R, Alkhatib N. Network meta-analysis
of nine large cardiovascular outcome tri-
als of new antidiabetic drugs. Prim Care
Diabetes 2019; 13: 204–211.

17. Zhang D-P, Xu L, Wang L-F, Wang H-J,
Jiang F. Effects of antidiabetic drugs on
left ventricular function/dysfunction: a
systematic review and network meta-
analysis. Cardiovasc Diabetol 2020; 19:
10.

18. Fei Y, Tsoi M-F, Cheung BMY. Cardiovas-
cular outcomes in trials of new antidia-
betic drug classes: a network meta-
analysis. Cardiovasc Diabetol 2019; 18:
112.

19. Cintra RM, Nogueira AC, Bonilha I,
Luchiari BM, Coelho-Filho OR, Coelho
OR, Schwartzmann P, Muscellie E,
Nadruz W, Carvalho LSF, Sposito AC.
Glucose-lowering drugs and hospitaliza-
tion for heart failure: a systematic re-
view and additive-effects network
meta-analysis with more than 500 000
patient-years. J Clin Endocrinol Metabol
2021; 106: 3060–3067.

20. Page MJ, McKenzie JE, Bossuyt PM,
Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Bren-
nan SE, Chou R, Glanville J, Grimshaw
JM, Hróbjartsson A, Lalu MM, Li T,
Loder EW, Mayo-Wilson E, McDonald
S, McGuinness LA, Stewart LA,
Thomas J, Tricco AC, Welch VA, Whiting
P, Moher D. The PRISMA 2020
statement: an updated guideline for
reporting systematic reviews. BMJ
2021; 372: n71.

21. van Valkenhoef G, Lu G, de Brock B,
Hillege H, Ades AE, Welton NJ. Auto-
mating network meta-analysis. Res Synth
Methods 2012; 3: 285–299.

22. Béliveau A, Boyne DJ, Slater J, Brenner
D, Arora P. BUGSnet: an R package to fa-
cilitate the conduct and reporting of
Bayesian network meta-analyses. BMC
Med Res Methodol 2019; 19: 196.

23. Sterne JAC, Sutton AJ, Ioannidis JPA,
Terrin N, Jones DR, Lau J, Carpenter J,
Rucker G, Harbord RM, Schmid CH,
Tetzlaff J, Deeks JJ, Peters J, Macaskill
P, Schwarzer G, Duval S, Altman DG,
Moher D, Higgins JPT. Recommenda-
tions for examining and interpreting
funnel plot asymmetry in

meta-analyses of randomised controlled
trials. BMJ 2011; 343: d4002.

24. Sterne JAC, Savović J, Page MJ, Elbers
RG, Blencowe NS, Boutron I, Cates CJ,
Cheng HY, Corbett MS, Eldridge SM,
Emberson JR, Hernán MA, Hopewell S,
Hróbjartsson A, Junqueira DR, Jüni P,
Kirkham JJ, Lasserson T, Li T,
McAleenan A, Reeves BC, Shepperd S,
Shrier I, Stewart LA, Tilling K, White
IR, Whiting PF, Higgins JPT. RoB 2: a re-
vised tool for assessing risk of bias in
randomised trials. BMJ 2019; 366:
l4898.

25. Halbirk M, Nørrelund H, Møller N, Holst
JJ, Schmitz O, Nielsen R, Nielsen-Kudsk
JE, Nielsen SS, Nielsen TT, Eiskjær H,
Bøtker HE, Wiggers H. Cardiovascular
and metabolic effects of 48-h glucagon-
like peptide-1 infusion in compensated
chronic patients with heart failure. Am
J Physiol Heart Circ Physiol 2010; 298:
H1096–H1102.

26. Nielsen R, Jorsal A, Iversen P, Tolbod LP,
Bouchelouche K, Sørensen J, Harms HJ,
Flyvbjerg A, Tarnow L, Kistorp C,
Gustafsson I, Bøtker HE, Wiggers H. Ef-
fect of liraglutide on myocardial glucose
uptake and blood flow in stable chronic
heart failure patients: a double-blind,
randomized, placebo-controlled LIVE
sub-study. J Nucl Cardiol 2019; 26:
585–597.

27. Larsen AH, Jessen N, Nørrelund H,
Tolbod LP, Harms HJ, Feddersen S,
Nielsen F, Brøsen K, Hansson NH,
Frøkiær J, Poulsen SH, Sörensen J,
Wiggers H. A randomised, double-blind,
placebo-controlled trial of metformin
on myocardial efficiency in
insulin-resistant chronic heart failure pa-
tients without diabetes. Eur J Heart Fail
2020; 22: 1628–1637.

28. Lepore JJ, Olson E, Demopoulos L, Haws
T, Fang Z, Barbour AM, Fossler M,
Davila-Roman VG, Russell SD, Gropler
RJ. Effects of the novel long-acting
GLP-1 agonist, albiglutide, on cardiac
function, cardiac metabolism, and exer-
cise capacity in patients with chronic
heart failure and reduced ejection frac-
tion. JACC. Heart Fail 2016; 4: 559–566.

29. Santos-Gallego CG, Vargas-Delgado AP,
Requena-Ibanez JA, Garcia-Ropero A,
Mancini D, Pinney S, Macaluso F,
Sartori S, Roque M, Sabatel-Perez F,
Rodriguez-Cordero A, Zafar MU,
Fergus I, Atallah-Lajam F, Contreras JP,
Varley C, Moreno PR, Abascal VM,
Lala A, Tamler R, Sanz J, Fuster V,
Badimon JJ, EMPA-TROPISM (ATRU-4)
Investigators. Randomized trial of
empagliflozin in nondiabetic patients
with heart failure and reduced ejection
fraction. J Am Coll Cardiol 2021; 77:
243–255.

30. Ladeiras-Lopes R, Sampaio F, Leite S,
Santos-Ferreira D, Vilela E, Leite-
Moreira A, Bettencourt N, Gama V,
Braga P, Fontes-Carvalho R. Metformin
in non-diabetic patients with metabolic
syndrome and diastolic dysfunction:

Glucose-lowering medications in non-diabetic heart failure patients 1347

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822



the MET-DIME randomized trial. Endo-
crine 2021; 72: 699–710.

31. Petrie MC, Verma S, Docherty KF,
Inzucchi SE, Anand I, Belohlávek J,
BöhmM, Chiang CE, Chopra VK, de Boer
RA, Desai AS, Diez M, Drozdz J, Dukát
A, Ge J, Howlett J, Katova T, Kitakaze
M, Ljungman CEA, Merkely B, Nicolau
JC, O’Meara E, Vinh PN, Schou M,
Tereshchenko S, Køber L, Kosiborod
MN, Langkilde AM, Martinez FA,
Ponikowski P, Sabatine MS, Sjöstrand
M, Solomon SD, Johanson P, Greasley
PJ, Boulton D, Bengtsson O, Jhund PS,
McMurray JJV. Effect of dapagliflozin
on worsening heart failure and cardio-
vascular death in patients with heart
failure with and without diabetes. JAMA
2020; 323: 1353–1368.

32. McMurray JJV, DeMets DL, Inzucchi SE,
Køber L, Kosiborod MN, Langkilde AM,
Martinez FA, Bengtsson O, Ponikowski
P, Sabatine MS, Sjöstrand M, Solomon
SD, DAPA-HF Committees and Investi-
gators, McMurray JJV, DeMets DL,
Inzucchi SE, Køber L, Kosiborod MN,
Langkilde AM, Martinez FA, Ponikowski
P, Sabatine MS, Sjöstrand M, Solomon
SD, Diez M, Nicolau J, Katova T,
O’Meara E, Howlett J, Verma S, Ge J,
Belohlavek J, Schou M, Böhm M,
Merkely B, Chopra V, Kitakaze M, de
Boer RA, Drozdz J, Tereshchenko S,
Dukat A, Ljungman C, Chiang CE, Petrie
M, Desai A, Anand I, Pham VN, Pfeffer
MA, Pocock S, Swedberg K, Rouleau
JL, Chaturvedi N, Ivanovich P, Levey
AS, Christ-Schmidt H, Held C,
Varenhorst C, Christersson C, Mann J,
Holmgren P, Hallberg T, Langkilde AM,
Sjöstrand M, Denison H, Reicher B,
Bengtsson O, Fox Y, Forsby M, Alenhag
EL, Nilsson A, Kazanowska K, Olofsson
EL, Karup C, Ekedahl-Berggren M,
Klockargård AL, Kempe K, Selvén M. A
trial to evaluate the effect of the
sodium-glucose co-transporter 2 inhibi-
tor dapagliflozin on morbidity and mor-
tality in patients with heart failure and
reduced left ventricular ejection fraction
(DAPA-HF). Eur J Heart Fail 2019; 21:
665–675.

33. Taylor CJ, Roalfe AK, Iles R, Hobbs FDR.
The potential role of NT-proBNP in
screening for and predicting prognosis
in heart failure: a survival analysis.
BMJ Open 2014; 4: e004675.

34. Gardner RS, Özalp F, Murday AJ, Robb
SD, McDonagh TA. N-terminal
pro-brain natriuretic peptide: a
new gold standard in predicting
mortality in patients with advanced
heart failure. Eur Heart J 2003; 24:
1735–1743.

35. Solomon SD, Anavekar N, Skali H,
McMurray JJV, Swedberg K, Yusuf S,
Granger CB, Michelson EL, Wang D,
Pocock S, Pfeffer MA, Candesartan in
Heart Failure Reduction in Mortality
(CHARM) Investigators. Influence of
ejection fraction on cardiovascular out-
comes in a broad spectrum of heart fail-

ure patients. Circulation 2005; 112:
3738–3744.

36. Curtis JP, Sokol SI, Wang Y, Rathore SS,
Ko DT, Jadbabaie F, Portnay EL,
Marshalko SJ, Radford MJ, Krumholz
HM. The association of left ventricular
ejection fraction, mortality, and cause
of death in stable outpatients with heart
failure. J Am Coll Cardiol 2003; 42:
736–742.

37. Malhotra R, Bakken K, D’Elia E, Lewis
GD. Cardiopulmonary exercise testing
in heart failure. JACC Heart Fail 2016;
4: 607–616.

38. McDonagh TA, Metra M, Adamo M,
Gardner RS, Baumbach A, Böhm M,
Burri H, Butler J, Čelutkienė J, Chioncel
O, Cleland JG. 2021 ESC guidelines for
the diagnosis and treatment of acute
and chronic heart failure: developed by
the Task Force for the diagnosis and
treatment of acute and chronic heart
failure of the European Society of Cardi-
ology (ESC) with the special contribu-
tion of the Heart Failure Association
(HFA) of the ESC. Eur Heart J 2021;
42: 4901.

39. Drazner MH. SGLT2 inhibition in heart
failure with a preserved ejection frac-
tion—a win against a formidable foe. N
Engl J Med 2021; 385: 1522–1524.

40. Jorsal A, Kistorp C, Holmager P,
Tougaard RS, Nielsen R, Hänselmann
A, Nilsson B, Møller JE, Hjort J, Rasmus-
sen J, Boesgaard TW, Schou M, Videbæk
L, Gustafsson I, Flyvbjerg A, Wiggers H,
Tarnow L. Effect of liraglutide, a
glucagon-like peptide-1 analogue, on
left ventricular function in stable
chronic heart failure patients with and
without diabetes (LIVE)—a multicentre,
double-blind, randomised, placebo-con-
trolled trial. Eur J Heart Fail 2017; 19:
69–77.

41. Margulies KB, Hernandez AF, Redfield
MM, Givertz MM, Oliveira GH, Cole R,
Mann DL, Whellan DJ, Kiernan MS,
Felker GM, McNulty SE, Anstrom KJ,
Shah MR, Braunwald E, Cappola TP, for
the NHLBI Heart Failure Clinical Re-
search Network. Effects of liraglutide
on clinical stability among patients with
advanced heart failure and reduced ejec-
tion fraction: a randomized clinical trial.
JAMA 2016; 316: 500–508.

42. Gerstein HC, Sattar N, Rosenstock J,
Ramasundarahettige C, Pratley R, Lopes
RD, Lam CSP, Khurmi NS, Heenan L, del
Prato S, Dyal L, Branch K, AMPLITUDE-
O Trial Investigators. Cardiovascular
and renal outcomes with efpeglenatide
in type 2 diabetes. N Engl J Med 2021;
385: 896–907.

43. Sattar N, Lee MMY, Kristensen SL,
Branch KRH, Del Prato S, Khurmi NS,
Lam CS, Lopes RD, McMurray JJ,
Pratley RE, Rosenstock J. Cardiovascu-
lar, mortality, and kidney outcomes with
GLP-1 receptor agonists in patients with
type 2 diabetes: a systematic review and
meta-analysis of randomised trials. Lan-
cet Diab Endocrinol 2021; 9: 653–662.

44. Scheen AJ. Cardiovascular effects of
new oral glucose-lowering agents:
DPP-4 and SGLT-2 inhibitors. Circ Res
2018; 122: 1439–1459.

45. Nassif ME, Kosiborod M. Effects of so-
dium glucose cotransporter type 2 inhib-
itors on heart failure. Diabetes Obes
Metab 2019; 21: 19–23.

46. Ferrannini E, Baldi S, Frascerra S,
Astiarraga B, Heise T, Bizzotto R, Mari
A, Pieber TR, Muscelli E. Shift to fatty
substrate utilization in response to
sodium–glucose cotransporter 2 inhibi-
tion in subjects without diabetes and pa-
tients with type 2 diabetes. Diabetes
2016; 65: 1190–1195.

47. Mudaliar S, Alloju S, Henry RR. Can a
shift in fuel energetics explain the bene-
ficial cardiorenal outcomes in the
EMPA-REG OUTCOME study? A unify-
ing hypothesis. Diabetes Care 2016; 39:
1115–1122.

48. Hallow KM, Helmlinger G, Greasley PJ,
McMurray JJV, Boulton DW. Why do
SGLT2 inhibitors reduce heart failure
hospitalization? A differential volume
regulation hypothesis. Diabetes Obes
Metab 2018; 20: 479–487.

49. Wiviott SD, Raz I, Bonaca MP,
Mosenzon O, Kato ET, Cahn A,
Silverman MG, Zelniker TA, Kuder JF,
Murphy SA, Bhatt DL, Leiter LA,
McGuire D, Wilding JPH, Ruff CT,
Gause-Nilsson IAM, Fredriksson M,
Johansson PA, Langkilde AM, Sabatine
MS, DECLARE–TIMI 58 Investigators.
Dapagliflozin and cardiovascular out-
comes in type 2 diabetes. N Engl J Med
2018; 380: 347–357.

50. Donnan JR, Grandy CA, Chibrikov E,
Marra CA, Aubrey-Bassler K, Johnston
K, Swab M, Hache J, Curnew D, Nguyen
H, Gamble JM. Comparative safety of
the sodium glucose co-transporter 2
(SGLT2) inhibitors: a systematic review
and meta-analysis. BMJ Open 2019; 9:
e022577.

51. Li L-F, Ding L-L, Zhan Z-L, Qiu M. Meta-
analysis on the safety and cardiorenal ef-
ficacy of SGLT2 inhibitors in patients
without T2DM. Front Cardiovasc Med
2021; 8.

52. Zhang YJ, Han SL, Sun XF, Wang
SX, Wang HY, Liu X, Chen L, Xia L. Effi-
cacy and safety of empagliflozin for
type 2 diabetes mellitus:
meta-analysis of randomized controlled
trials. Medicine (Baltimore) 2018; 97:
e12843.

53. Rådholm K, Wu JH, Wong MG, Foote C,
Fulcher G, Mahaffey KW, Perkovic V,
Neal B. Effects of sodium-glucose
cotransporter-2 inhibitors on cardiovas-
cular disease, death and safety out-
comes in type 2 diabetes—a systematic
review. Diabetes Res Clin Pract 2018;
140: 118–128.

54. Kalaitzoglou E, Fowlkes JL, Popescu I,
Thrailkill KM. Diabetes pharmacother-
apy and effects on the musculoskeletal
system. Diabetes Metab Res Rev 2019;
35: e3100.

1348 T. Yeong et al.

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822



55. Watts NB, Bilezikian JP, Usiskin K, Ed-
wards R, Desai M, Law G, Meininger G.
Effects of canagliflozin on fracture risk
in patients with type 2 diabetes mellitus.
J Clin Endocrinol Metab 2016; 101:
157–166.

56. Perkovic V, Jardine MJ, Neal B,
Bompoint S, Heerspink HJL, Charytan
DM, Edwards R, Agarwal R, Bakris G,
Bull S, Cannon CP, Capuano G, Chu PL,
de Zeeuw D, Greene T, Levin A, Pollock
C, Wheeler DC, Yavin Y, Zhang H,
Zinman B, Meininger G, Brenner BM,
Mahaffey KW. Canagliflozin and renal
outcomes in type 2 diabetes and ne-
phropathy. N Engl J Med 2019; 380:
2295–2306.

57. Kristensen SL, Rørth R, Jhund PS,
Docherty KF, Sattar N, Preiss D, Køber
L, Petrie MC, McMurray JJV. Cardiovas-
cular, mortality, and kidney outcomes
with GLP-1 receptor agonists in patients
with type 2 diabetes: a systematic review
and meta-analysis of cardiovascular out-
come trials. Lancet Diabetes Endocrinol
2019; 7: 776–785.

58. Jia X, Alam M, Ye Y, Bajaj M, Birnbaum
Y. GLP-1 receptor agonists and cardio-
vascular disease: a meta-analysis of re-
cent cardiac outcome trials. Cardiovasc
Drugs Ther 2018; 32: 65–72.

59. Marsico F, Paolillo S, Gargiulo P,
Bruzzese D, Dell’Aversana S, Esposito I,
Renga F, Esposito L, Marciano C,
Dellegrottaglie S, Iesu I, Perrone Filardi
P. Effects of glucagon-like peptide-1 re-
ceptor agonists on major cardiovascular
events in patients with type 2 diabetes
mellitus with or without established car-
diovascular disease: a meta-analysis of
randomized controlled trials. Eur Heart
J 2020; 41: 3346–3358.

60. Wong C, Lee MH, Yaow CYL, Chin YH,
Goh XL, Ng CH, Lim AYL, Muthiah MD,
Khoo CM. Glucagon-like peptide-1 re-
ceptor agonists for non-alcoholic fatty
liver disease in type 2 diabetes: a meta-
analysis. Front Endocrinol 2021; 12.

61. CHARM Investigators and Committees,
Kristensen SL, Jhund PS, Lee MMY,
Køber L, Solomon SD, Granger CB, Yusuf
S, Pfeffer MA, Swedberg K, McMurray
JJV. Prevalence of prediabetes and undi-
agnosed diabetes in patients with HFpEF
and HFrEF and associated clinical out-
comes. Cardiovasc Drugs Ther 2017; 31:
545–549.

62. Kristensen SL, Preiss D, Jhund PS,
Squire I, Cardoso JS, Merkely B, Marti-
nez F, Starling RC, Desai AS, Lefkowitz
MP, Rizkala AR, Rouleau JL, Shi VC, Sol-
omon SD, Swedberg K, Zile MR,
McMurray JJV, Packer M. Risk related
to pre–diabetes mellitus and diabetes
mellitus in heart failure with reduced
ejection fraction. Circ Heart Fail 2016;
9: e002560.

63. Marso SP, Bain SC, Consoli A,
Eliaschewitz FG, Jódar E, Leiter LA,
Lingvay I, Rosenstock J, Seufert J, War-
ren ML, Woo V, Hansen O, Holst AG,
Pettersson J, Vilsbøll T. Semaglutide

and cardiovascular outcomes in patients
with type 2 diabetes. N Engl J Med 2016;
375: 1834–1844.

64. Hernandez AF, Green JB, Janmohamed
S, D’Agostino RB Sr, Granger CB, Jones
NP, Leiter LA, Rosenberg AE, Sigmon
KN, Somerville MC, Thorpe KM,
McMurray JJV, del Prato S, del Prato S,
McMurray JJV, D’Agostino RB, Granger
CB, Hernandez AF, Janmohamed S,
Leiter LA, Califf RM, Holman R, DeMets
D, Riddle M, Goodman S, McGuire D,
Alexander K, Devore A, Melloni C, Patel
C, Kong D, Bloomfield G, Roe M, Tricoci
P, Harrison R, Lopes R, Mathews R,
Mehta R, Schuyler Jones W, Vemulapalli
S, Povsic T, Eapen Z, Dombrowski K,
Kolls B, Jordan D, Ambrosy A, Greene
S, Mandawat A, Shavadia J, Cooper L,
Sharma A, Guimaraes P, Friedman D,
Wilson M, Endsley P, Gentry T, Collier
J, Perez K, James K, Roush J, Pope C,
Howell C, Johnson M, Bailey M, Cole J,
Akers T, Vandyne B, Thomas B, Rich J,
Bartone S, Beaulieu G, Brown K, Chau
T, Christian T, Coker R, Greene D, Had-
dock T, Jenkins W, Haque G, Marquess
M, Pesarchick J, Rethaford R, Stone A,
al Kawas F, Anderson M, Enns R, Sinay
I, Mathieu C, Yordanov V, Hramiak I,
Haluzik M, Galatius S, Guerci B, Nauck
M, Migdalis I, Tan CBK, Kocsis G,
Giaccari A, Lee MK, Muñoz EGC, Cornel
J, Birkeland K, Pinto M, Tirador L,
Olesinska-Mader M, Shestakova M, Dis-
tiller L, Lopez-Sendon J, Eliasson B,
Chiang CE, Srimahachota S, Mankovsky
B, Bethel MA, Dungan K, Kosiborod M,
Alvarisqueta A, Baldovino J, Besada D,
Calella P, Cantero MC, Castaño P,
Chertkoff A, Cuadrado J, de Loredo L,
Dominguez A, Español MV, Finkelstein
H, Frechtel G, Fretes J, Garrido Santos
N, Gonzalez J, Litvak M, Loureyro J,
Maffei L, Maldonado N, Mohr Gasparini
D, Orio S, Perez Manghi F, Rodriguez
Papini N, Sala J, Schygiel P, Sposetti G,
Ulla M, Verra F, Zabalua S, Zaidman C,
Crenier L, Debroye C, Duyck F, Scheen
A, van Gaal L, Vercammen C,
Damyanova V, Dimitrov S, Kovacheva
S, Lozanov L, Margaritov V, Mihaylova-
Shumkova R, Nikolaeva A, Stoyanova
Z, Akhras R, Beaudry Y, Bedard J,
Berlingieri J, Chehayeb R, Cheung S,
Conway J, Cusson J, Della Siega A, Du-
mas R, Dzongowski P, Ferguson M,
Gaudet D, Grondin F, Gupta A, Gupta
M, Halperin F, Houle PA, Jones M, Kouz
S, Kovacs C, Landry D, Lonn E,
O’Mahony W, Peterson S, Reich D,
Rosenbloom A, St-Maurice F, Tugwell
B, Vizel S, Woo V, Brychta T, Cech V,
Dvorakova E, Edelsberger T, Halciakova
K, Krizova J, Lastuvka J, Piperek M,
Prymkova V, Raclavska L, Silhova E,
Urbanek R, Vrkoc J, Andersen U,
Brønnum-Schou J, Hove J, Jensen JS,
Kober L, Kristiansen OP, Lund P, Mel-
chior T, Nyvad O, Schou M, Boye A,
Cadinot D, Gouet D, Henry P, Kessler L,
Lalau JD, Petit C, Thuan JF, Voinot C,

Vouillarmet J, Axthelm C, Berger D,
Bieler T, Birkenfeld A, Bott J, Busch K,
Caca K, Chevts J, Donaubauer T,
Erlinger R, Funke K, Grosskopf J,
Hagenow A, Hamann M, Hartard M,
Heymer P, Huppertz W, Illies G, Jacob
S, Jung T, Kahrmann G, Kast P, Kellerer
M, Kempe HP, Khariouzov A, Klausmann
G, Klein C, Kleinecke-Pohl U, Kleinertz
K, Koch T, Kosch C, Lorra B, Luedemann
J, Luttermann M, Maxeiner S, Milek K,
Moelle A, Neumann G, Nischik R,
Oehrig-Pohl E, Plassmann G, Pohlmeier
L, Proepper F, Regner S, Rieker W, Rose
L, Samer H, Sauter J, Schaper F, Schiffer
C, Schmidt J, Scholz BM, Schulze J,
Segner A, Seufert J, Sigal H, Steindorf
J, Stockhausen J, Stuebler P, Taeschner
H, Tews D, Tschoepe D, Wilhelm K,
Zeller-Stefan H, Avramidis I, Bousboulas
S, Bristianou M, Dimitriadis G, Elisaf M,
Kotsa K, Melidonis A, Mitrakou A,
Pagkalos E, Papanas N, Pappas A,
Sampanis C, Tentolouris N, Tsapas A,
Tzatzagou G, Ozaki R, Hajdú C, Harcsa
E, Konyves L, Mucsi J, Pauker Z, Petró
G, Plés Z, Revesz K, Sándor V, Vass V,
Avogaro A, Boemi M, Bonadonna R,
Consoli A, de Cosmo S, di Bartolo P,
Dotta F, Frontoni S, Galetta M,
Gambineri A, Gazzaruso C, Giorgino F,
Lauro D, Orsi E, Paolisso G, Perriello G,
Piatti P, Pontiroli A, Ponzani P, Rivellese
AA, Sesti G, Tonolo G, Trevisan R, Ahn
CW, Baik SH, Cha BS, Chung CH, Jang
HC, Kim CJ, Kim HS, Kim IJ, Lee EY,
Lee HW, Lee KW, Moon KW, Namgung
J, Park KS, Yoo SJ, Yu J, Llamas EAB,
Cervantes-Escárcega JL, Flota-Cervera
LF, González-González JG, Pascoe-
Gonzalez S, Pelayo-Orozco ES,
Ramirez-Diaz SP, Saldana-Mendoza A,
Jerjes-Díaz CS, Torres-Colores JJ,
Vidrio-Velázquez M, Villagordoa-Mesa
J, Beijerbacht HP, Groutars RGEJ, Hoek
BA, Hoogslag PAM, Kooy A, Kragten
JA, Lieverse AG, Swart HP, Viergever
EP, Ahlqvist J, Cooper J, Gulseth H,
Guttormsen G, Wium C, Arbañil H,
Calderon J, Camacho L, Espinoza AD,
Garrido E, Luna A, Manrique H,
Revoredo FM, Gonzales RV, Rincon LZ,
Zubiate C, Ebo G, Morales-Palomares
E, Arciszewska M, Banach M, Bijata-
Bronisz R, Derezinski T, Gadzinski W,
Gajek J, Klodawska K, Krzyzagorska E,
Madej A, Miekus P, Opiela J,
Romanczuk P, Siegel A, Skokowska E,
Stankiewicz A, Stasinska T, Trznadel-
Morawska I, Witek R, Aksentyev S,
Bondar I, Demidova I, Dreval A, Ershova
O, Galstyan G, Garganeeva A,
Izmozherova N, Karetnikova V,
Kharakhulakh M, Khokhlov A, Kobalava
Z, Koshelskaya O, Kosmacheva E, Kostin
V, Koziolova N, Kuzin A, Lesnov V, Ly-
senko T, Markov V, Mayorov A, Moiseev
S, Myasoedova S, Petunina N, Rebrov
A, Ruyatkina L, Samoylova J, Sazonova
O, Shilkina N, Sokolova N, Vasilevskaya
O, Verbovaya N, Vishneva E, Vorobyev
S, Vorokhobina N, Zanozina O,

Glucose-lowering medications in non-diabetic heart failure patients 1349

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822



Zhdanova E, Zykova T, Burgess L,
Coetzee K, Dawood S, Lombard L,
Makotoko E, Moodley R, Oosthuysen
W, Sarvan M, Calvo Gómez C, Cano
Rodríguez I, Castro Conde A, Cequier
Fillat A, Cuatrecasas Cambra G, de
Álvaro Moreno F, de Teresa Parreño L,
Delgado Lista J, Domínguez Escribano
JR, Durán García S, Elvira González J,
Fernández Rodríguez JM, Goday Arno
A, Gomez Huelgas R, González Juanatey
JR, Hernandez Mijares A, Jiménez Díaz
VA, Jodar Gimeno E, Lucas Morante T,
Marazuela M, Martell Claros N,
Mauricio Puente D, Mena Ribas E, Me-
rino Torres JF, Mezquita Raya P, Nubiola
Calonge A, Ordoñez Sánchez X, Pascual
Izuel JM, Perea Castilla V, Pérez Pérez
A, Perez Soto I, Quesada Charneco M,
Quesada Simón A, Redón Mas J, Rego
Iraeta A, Rodriguez Alvarez M,
Rodríguez Rodríguez I, Sabán Ruiz J,
Soto González A, Tinahones Madueno
F, Trescoli Serrano C, Ulied Armiñana
A, Bachus E, Berndtsson Blom K,
Eliasson K, Koskinen P, Larnefeldt H,
Lif-Tiberg C, Linderfalk C, Lund G,
Lundman P, Moris L, Olsson Å,
Salmonsson S, Sanmartin Berglund J,
Sjöberg F, Söderberg S, Torstensson I,
Chen JF, Tien KJ, Tseng ST, Tu ST, Wang
CY, Wang JH, Phrommintikul A,
Yamwong S, Jintapakorn W, Hutayanon
P, Sansanayudh N, Bazhan L, Fushtey I,
Grachova M, Katerenchuk V, Korpachev
V, Kravchun N, Larin O, Mykhalchyshyn
G, Myshanych H, Oleksyk O, Orlenko V,
Pashkovska N, Pertseva N, Petrosyan O,
Smirnov I, Vlasenko M, Zlova T, Aye M,
Baksi A, Balasubramani M, Beboso R,
Blagden M, Bundy C, Cookson T, Cop-

land A, Emslie-Smith A, Green F,
Gunstone A, Issa B, Jackson-Voyzey E,
Johnson A, Maclean M, McKnight J,
Muzulu S, O’Connell I, Oyesile B,
Patterson C, Pearson E, Philip S, Smith
P, Sukumaran U, Abbas J, Aggarwala
G, Akhter F, Andersen J, Anglade M,
Argoud G, Ariani M, Ashdji R, Bakhtari
L, Banerjee S, Bartlett A, Baum H, Bays
H, Beasley R, Belfort de Aguiar R, Benja-
min S, Bhagwat R, Bhargava A, Bode B,
Bratcher C, Briskin T, Brockmyre A,
Broughton R, Brown J, Budhraja M,
Cannon K, Carr J, Cathcart H, Cavale
A, Chaykin L, Cheung D, Childress R,
Cohen A, Condit J, Cooksey E, Cornett
GM, Dauber I, Davila W, de Armas L,
Dean J, Detweiler R, Diaz E, di Giovanna
M, Dor I, Drummond W, Eagerton D,
Earl J, Eaton C, Ellison H, Farris N, Fiel
T, Firek A, First B, Forgosh L, French
W, Gandy W, Garcia R, Gill S, Gordon
M, Guice M, Gummadi S, Hackenyos J,
Hairston K, Hanson L, Harrison L,
Hartman I, Heitner J, Hejeebu S,
Hermany P, Hernandez-Cassis C, Hi-
dalgo H, Higgins A, Ibrahim H, Jacobs
S, Johnson D, Joshi P, Kaster S, Kellum
D, Kim C, Kim E, Kirby W, Knouse A,
Kulback S, Kumar M, Kuruvanka T,
Labroo A, Lasswell W, Lentz J,
Lenzmeier T, Lewis D, Li Z, Lillestol M,
Little R, Lorraine R, McKeown-Biagas
C, McNeill R, Mehta A, Miller A, Moran
J, Morawski E, Nadar V, O’Connor T,
Odio A, Parker R, Patel R, Phillips L,
Raad G, Rahman A, Raikhel M,
Raisinghani A, Rajan R, Rasouli N,
Rauzi F, Rohr K, Roseman H, Rovner S,
Saba F, Sachson R, Schabauer A,
Schneider R, Schuchard T,

Sensenbrenner J, Shlesinger Y, Singh
N, Sivalingam K, Stonesifer L, Storey D,
Suh D, Tahir M, Tan A, Tan M, Taylon
A, Thakkar M, Tripathy D, Uwaifo G,
Vedere A, Venugopal C, Vo A, Welch M,
Welker J, White A, Willis J, Wynne A,
Yazdani S, Green JB, Rosenberg A,
Price L, Sigmon K, Lokhngina Y, Xing
W, Overton R, Stewart M, Stead J,
Lindsay A, Patel V, Ross J, Soffer J, Daga
S, Sowell M, Patel P, Garvey L, Ackert J,
Abraham S, Sabol MB, Altobelli D, Ha
JY, Kulkarni M, Somerville M, Noronha
D, Casson E, Zang E, Sandhu C,
Kumar R, Chen D, Taft L, Patel R, Ye J,
Shannon J, Wilson T, Babi C, Miller D,
Jones NP, Thorpe K, Russell R, Bull G,
Hereghty B, Fernandez-Salazar E,
Longley T, Donaldson J, Jarosz M,
Murphy K, Adams P, Smith P, James R,
Richards J, Sedani S, Althouse D,
Watson D, Lorimer J, Lauder S,
Schultheis R, Womer T, Wraight E, Li
W, Price-Olsen E, Watson A, Kelly A,
McLaughlin P, Fleming J, Schubert J,
Schleiden D, Harris T, Prakash R,
Breneman J, Deshpande S, Saswadkar
A, Kumari A, Shitut A, Raorane A,
Karmalkar A, Mhambrey A, Bhosale A,
Vaphare A, Patil AP, Khandelwal C,
Shaik F, Nadar M, Karka M,
Kadgaonkar N, Gupta N, Aher N,
Potnis O, Naicker P, Shinde R, Sharma
R, Godse R, Solanki S, Sahu S, Dumbre
S, Kumar S, Patil S, Mandal T.
Albiglutide and cardiovascular out-
comes in patients with type 2 diabetes
and cardiovascular disease (harmony
outcomes): a double-blind, randomised
placebo-controlled trial. Lancet 2018;
392: 1519–1529.

1350 T. Yeong et al.

ESC Heart Failure 2022; 9: 1338–1350
DOI: 10.1002/ehf2.13822


