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Aims To assess the use and associations with outcomes of glucagon-like peptide-1 receptor agonists (GLP-1 RA) in a real-world
population with heart failure (HF) and type 2 diabetes mellitus (T2DM).

Methods and The Swedish HF Registry was linked with the National Diabetes Registry and other national registries. Independent

results predictors of GLP-1 RA use were assessed by multivariable logistic regressions and associations with outcomes were
assessed by Cox regressions in a 1:1 propensity score-matched cohort. Of 8188 patients enrolled in 2017-21, 9%
received a GLP-1 RA. Independent predictors of GLP-1 RA use were age <75 years, worse glycaemic control, impaired
renal function, obesity, and reduced ejection fraction (EF). GLP-1 RA use was not significantly associated with a composite
of HF hospitalization (HHF) or cardiovascular (CV) death regardless of EF, but was associated with a lower risk of major
adverse CV events (CV death, non-fatal stroke/transient ischaemic attack, or myocardial infarction), and CV and all-cause
death. In patients with body mass index >30 kg/m?, GLP-1 RA use was also associated with a lower risk of HHF/CV
death and HHF alone.

Conclusions In patients with HF and T2DM, GLP-1 RA use was independently associated with more severe T2DM, reduced EF, and
obesity and was not associated with a higher risk of HHF/CV death but with longer survival and less major CV adverse
events. An association with lower HHF/CV death and HHF was observed in obese patients. Our findings provide new
insights into GLP-1 RA use and its safety in HF and T2DM.
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Introduction

Heart failure (HF) and type 2 diabetes mellitus (T2DM) are two major
public health problems, and patients with coexistent HF and T2DM
have a poorer prognosis than those with only one of these two
conditions." 2

Glucagon-like peptide-1 receptor agonists (GLP-1 RA) are glucose-
lowering drugs that reduce the risk of major adverse cardiovascular
events (MACE) in patients with T2DM and high cardiovascular (CV)
risk.> This pharmacological class shows several effects that could
potentially be favourable in HF including weight loss, an increase
in urinary sodium excretion, vasodilation, increases in the levels of
endogenous natriuretic peptides, and the suppression of the renin—
angiotensin system,*> but also induce an increase in heart rate and
activate cyclic adenosine monophosphate-dependent pathways that
might be prognostically unfavourable.®

In a meta-analysis of the FIGHT (Functional Impact of GLP-1 for
Heart Failure Treatment) and the EXSCEL (Exenatide Study of Car-
diovascular Event Lowering) trials, the use of the GLP-1 RA led to a
higher risk of HF hospitalization in patients with HF and an ejection
fraction (EF) <409%, whereas in a meta-analysis of RCTs (Randomised
Controlled Trials) in patients with T2DM, the risk of HF hospitaliza-
tion and mortality was not increased with GLP-1 RA.78 These signals
of a potential detrimental effect of GLP-1 RA in patients with HF
are worrisome, especially considering that liraglutide, semaglutide, and
dulaglutide have Class |A recommendation in patients with T2DM and
at high CV risk to reduce CV events according to international guide-
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lines on diabetes.” "% Additionally, GLP-1 RA could have a different
prognostic role in patients with HF with preserved ejection fraction
(HFpEF) vs. HF with reduced ejection fraction (HFrEF) due to the
differences in pathophysiology in HF across the EF spectrum.!!

The aims of the current study were to investigate GLP-1 RA use,
patient characteristics associated with their use, and its associations
with mortality/morbidity in an unselected cohort of HF patients with
T2DM across the EF spectrum.

Methods

Data sources

The study population was derived from the Swedish Heart Failure Reg-
istry (SwedeHF), which was linked to the Swedish National Diabetes
Registry, the National Patient Registry, the Cause of Death Registry,
the Prescribed Drug Registry, and Statistics Sweden. Full description
of the data sources is reported in the Supplemental Methods (see
Supplementary material online, Table S7).

Study population

Patients registered in SwedeHF between 1 January 2017 and 31 December
2021 were included (see Supplementary material online, Table S2). The
index date was defined as the date of registration in SwedeHF, i.e. the
date of the visit for outpatients and date of discharge for inpatients. The
first registration was considered. A patient was defined as having T2DM if
the patient (i) had been registered in the National Diabetes Registry prior
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to index date; (i) was recorded as having T2DM at index date in SwedeHF;
and (i) had T2DM as comorbidity prior to index date according to the
National Patient Registry.

Statistical analysis

Categorical variables were reported as numbers (percentages) and com-
pared using a x? test, whereas continuous variables were reported as
medians (interquartile range—IQR) and compared by the Mann—Whitney
test according to GLP-1 RA use.

Patients’ characteristics associated with GLP-1 RA use were investi-
gated by univariable and multivariable logistic regression models, both
in the overall population and according to EF by adding an interaction
term between GLP-1 RA use and the EF class [HFpEF:EF > 50%, HF
with mildly reduced ejection fraction (HFmrEF):EF = 40-49%, HFrEF.EF <
40%]. To handle missing data for the variables included in the multivariable
models, multiple imputation was performed (10 interactions; 10 databases
generated); the variables included in the models are specified in Table 1.

The primary outcome was time to a composite of HF hospitalization
or CV death. Secondary outcomes were time to HF hospitalization, CV
death, a composite of major adverse CV events [MACE, i.e. CV death,
non-fatal stroke/transient ischaemic attack (TIA), and non-fatal myocardial
infarction], non-fatal stroke/TIA, non-fatal myocardial infarction, all-cause
death, and repeated HF hospitalizations.

Propensity scores (PS) for the use of GLP-1 RA were calculated within
each imputed dataset using a logistic regression model including the
variables indicated in Table 1 and then averaged across the 10 imputed
datasets. Matching was performed 1:1 by the nearest neighbour method
without replacement and a calliper <0.01. Matching balance for patients’
baseline characteristics was deemed appropriate if the absolute standard-
ized differences were <10%.

To investigate the association between GLP-1 RA use and outcomes,
univariable Cox proportional hazards regression models were fitted (i)
in the overall population (unadjusted results) and (ii) in the PS-matched
population (accounting for within matched-pairs dependence) to provide
adjusted results. Due to the expected reduction in sample size with PS
matching, we also performed analyses adjusting rather than matching for
the PS in the overall cohort. Subgroup analyses were performed in the
PS-matched cohort by including an interaction term between selected
variables and GLP-1 RA use in the Cox regression models. Separate out-
come analyses were performed in the subgroup of patients with obesity
and, also according to EF, in the subgroups of patients with age <75 or
>75 years (median value) and in the subgroups of patients with a body
mass index (BMI) >25 kg/m? only. The proportionality of hazards was
tested by Schoenfeld residuals. The association between GLP-1 RA use
and repeated HF hospitalizations was investigated by a negative binomial
regression, and the results were expressed as incidence rate ratios (IRR)
with 95% confidence intervals (Cl).

All analyses were performed using Stata version 16.1 (Stata Corp.,
College Station, TX). A P-value <0.05 was considered as statistically
significant.

Results

Between 1 January 2017 and 31 December 2021, there were 8188
patients with both HF and T2DM registered in SwedeHF and fulfilling
the selection criteria for the current study. Median age was 75 years
(IQR = 68-80), 29% were female, and 52%, 24%, and 24% with HFrEF,
HFmrEF, and HFpEF, respectively.

In total, 722 patients (9%) were treated with a GLP-1 RA, and
more specifically 6% in HFpEF, 9% in HFmrEF and 10% in HFrEF.
Within the GLP-1 RA-treated group, the most prescribed drug was
liraglutide (59%), followed by semaglutide (24%), dulaglutide (13%),
and exenatide or lixisenatide (4%). The number of patients initiated
with a GLP-1 RA increased gradually over time, i.e. 116 (5%) in 2017
to 196 (16%) in 2021 (see Supplementary material online, Figure S1).

Patient characteristics according to
GLP-1 RA use

Patients treated with a GLP-1 RA were younger, more likely obese
and with HFrEF, had significantly lower levels of N-terminal pro-B-
type natriuretic peptide (NT-proBNP), with a history of ischaemic
heart disease, renal impairment, a longer duration of T2DM and a
worse glycaemic control (i.e. higher prevalence of retinopathy and
albuminuria), and higher education level and income compared with
patients not on GLP-1 RA (Table 7). GLP-1 RA users were more
likely to receive medical therapy for HF [mineralocorticoid recep-
tor antagonists, sodium-glucose cotransporter 2 inhibitors (SGLT2i),
angiotensin-converting enzyme inhibitors/angiotensin receptor block-
ers/angiotensin receptor—neprilysin inhibitor, and HF devices], and
followed up in nurse-led clinics and speciality vs. primary care. Use
of SGLT2i was more common in GLP-1 RA user vs. non-users (32%
vs. 13%, P < 0.001), as well as that of other antidiabetic medications
(91% vs. 79%, P < 0.001).

Independent predictors of GLP-1 RA use
Independent predictors associated with GLP-1 RA use were age
<75 years, having HFrEF and a longer duration of T2DM, obesity,
registration in SwedeHF after release of the 2019 European Soci-
ety of Cardiology/European Association for the Study of Diabetes
(ESC/EASD) guidelines, heart rate >70 b.p.m., glycated haemoglobin
Alc (HbA1c) >53 mmol/mol, lower low-density lipoprotein choles-
terol levels and NT-proBNP, university education, concomitant use of
SGLT2i or other antidiabetic medications, and an estimated glomeru-
lar filtration rate (eGFR) <60 mL/min/1.73 m* (Figure 1).

Few predictors of GLP-1 RA use differed across the EF subtypes
(see $4). The magnitude of the association between higher heart rate
(>70 b.p.m.) and GLP-1 RA use was greater in HFrEF vs. HFmrEF
with the association not being statistically significant in HFpEF (P-value
for interaction: 0.019); anticoagulant use was associated with a higher
use of GLP-1 RA only in HFpEF (P-value for interaction: 0.035);
registration after the release of the 2019 guidelines was associated
with a higher use of GLP-1 RA in all HF classes, although significantly
more in HFmrEF and HFpEF than in HFrEF (P-value for interaction
<0.001).

Outcome analyses
Over a median follow-up time of 1.6 years (IQR = 0.6-2.9), event
rates for the primary outcome (HF hospitalization or CV death)
in the overall cohort for patients receiving vs. not receiving GLP-1
RA were 15.7 vs. 19.4/100 patient-years, respectively (Figure 2, see
Supplementary material online, Table S3 and Figure S5). Corresponding
event rates in the PS-matched population were 15.8 and 19.5/100
patient-years, which translated into an HR of 0.84 (95% CI: 0.69-1.01).

As regards secondary outcomes, the HR for the association of
GLP-1 RA use with a first HF hospitalization in the PS-matched cohort
was 0.87 (95% CI: 0.71-1.07); GLP-1 RA use was associated both
with a 36% lower risk of CV death (HR: 0.64, 95% Cl: 0.44-0.92),
MACE (HR: 0.64, 95% Cl: 0.49-0.84), and all-cause death (HR: 0.64,
95% Cl: 0.48-0.84) and with a 45% lower risk of non-fatal myocar-
dial infarction (HR: 0.55, 95% Cl: 0.32-0.96), whereas there was no
statistically significant association with the risk of non-fatal stroke/TIA
(HR: 0.97, 95% Cl: 0.59—-1.59) and repeated HF hospitalizations (IRR:
0.80, 95% Cl: 0.58—1.11). These results were consistent in PS-adjusted
analysis.

Kaplan—Meier curves for outcomes in the propensity score-
matched cohort are reported in Supplementary material online,
Figure S5.
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Predictors of use

OR (95% Confidence Interval) Interaction p-value

Diabetes duration >10 years = 3.98 (2.80-5.66) <0.001
Registration after 2019 Guidelines = 2.29(1.91-2.74) <0.001
BMI230 kg/m?2- 2.27 (1.88-2.75) <0.001
Diabetes duration 5-10 years— 221(1.52-3.18) <0.001
Heart rate >70 bpm = |~ 1.84 (1.53-2.20) <0.001
SGLT2i use B 1.59 (1.29-1.95) <0.001

Normokalemia = — 1.54 (0.98-2.40) 0.06

Liver disease=— 1..43 (0.91-2.24) 0.12

Other antidiabetic medications use = 1.41(1.06-1.89) 0.019
HbA1¢>53 mmol/mol 1.39 (1.14-1.68) 0.001
University education=| |—— 1.38(1.08-1.78) 0.011

eGFR <60 ml/min/1.73 m?= 134 (1.09-1.64) 0.005
Hypertension = 1.28 (0.97-1.70) 0.08

Statin use| 1.68 (1.00-1.60) 0.053

DBP above median= H—m 121(0.94-1.56) 0.14
Single/widowed/divorced =] - 1.20 (1.01-1.43) 0.035
Anticoagulants use = H-E— 1.19 (0.91-1.56) 021
Microalbuminuria - 1.17 (0.91-1.49) 022

MRA use=| - 1.16 (0.97-1.38) 0.10

Income above median= H+HEH 1.15 (0.96-1.38) 0.13
Secondary school education = - —| 1.14 (0.94-1.38) 0.18
Antiplatelet medications use - HE— 1.14 (0.91-1.43) 0.26
Follow-up referral to nurse-led clinic= i 1.13 (0.86-1.49) 0.39
Coronary revascularization= HE 1.12 (0.86-1.44) 0.34
Macroalbuminuria=] 1.12(0.77-1.61) 055

CRT/ICD use - 1.09 (0.84-1.42) 051

NYHA IV 1.09 (0.55-2.16) 0.80

Digoxin use = 1.06 (0.79-1.43) 0.71

ACEI/ARB/ARNI use = 1.06 (0.76-1.48) 075

Loop diuretic use— 1.04 (0.84-1.29) 0.74

Ischemic heart disease = 1.04 (0.80-1.33) 0.78

Beta blockers use = 1.03 (0.79-1.35) 0.82
Hyperkalemia=| 1.03(0.70-1.51) 090

HF duration >6 months— 1.01(0.83-1.22) 093
Valve disease = 0.99 (0.79-1.23) 092

SBP above median -] ¢{ 0.99(0.79-1.23) 0.90

Nitrate use = 0.96 (0.79-1.18) 073

Lung disease 0.95(0.74-1.20) 065

NYHA Il 0.94 (0.66-1.34) 0.72

NYHA 1= :j:: 0.93(0.66-1.31) 068

HFmMrEF = HmH 0.90(0.73-1.12) 035

Smoker— —a 0.88 (0.63-1.23) 047

Follow-up in primary care=| - 0.86(0.62-1.18) 035
Male - [ 0.84 (0.68-1.03) 0.10

Ldl cholesterol above median={ 0.83/(0.67-1:02) 0.08
Anemia 0.82(0.67-1.02) 007

e it 0.78 (0.60-1.02) 0.08

Atrial fibrillation = 075(0.56-1.01) S

MAP 290 mmHg -] —— e il :
o 069 (0.54-0.90) 0.005
HEpEE 061 (0.49-0.76;
NT-proBNP above median— ] 81(0.49-0.78) <0.001
Age 275 years = = 0.40(0.33-0.49) <0.001
T T T
0.25 0.5 1 15 2 6
Odds ratios (log scale)
GL.P1 -RA less likely GLP1-RA more likely
< >
— HF related factors Diabetes related factors ~ — Socioeconomic factors — Other clinical factors Comorbidities

Figure | Independent predictors of GLP-1 RA use. Abbreviations as in Table 1.

Subgroup analysis

The association between GLP-1 RA use and the primary composite
endpoint was generally consistent across several subgroups in the
PS-matched cohort, except for an associated lower risk in patients
without ischaemic heart disease but not in those with ischaemic
heart disease (P-value for interaction: 0.002), and in patients with pre-
served renal function vs. those with impaired renal function (P-value
for interaction: 0.037) (Figure 3, see Supplementary material online,
Table S4-S7 and Figure S6).

The associations between GLP-1 RA use and outcomes were also
separately analysed in HFrEF, HFmrEF, and HFpEF as reported in
Supplementary material online, Table S4 and Figure S6. Overall results
were consistent across the EF subtypes.

We conducted the outcome analysis, both in the PS-matched
population and in the PS-adjusted population for consistency,
separately in patients with a BMI >25 and >30 kg/m2. In the sub-
group of patients with BMI >25 kg/m?, the associations with all
outcomes were consistent with the results in the overall popula-
tion (see Supplementary material online, Table S5). In those with

920z Aienuer g| uo Jasn sjaeyiey ueg [endsoH Aq 66E619/2/962/1/0 L /ejonie/daslys/woo dnooiwspese//:sdny woll pspeojumoq


https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae026#supplementary-data

302

M. Wallner et al.

Qutcomes across all cohorts HR (95% Confidence Interval) p-value
HF hospitalization-CV death =
PS matched cohort=] = 0.84 (0.69-1.01) 0.07
PS adjusted cohort HiH 0.87 (0.74-1.01) 0.07
HF hospitalization—]
PS matched cohort=] 1 0.87 (0.71-1.07) 0.19
PS adjusted cohort-} HEH 0.91 (0.77-1.07) 0.27
CV death =
PS matched cohort= —a— 0.64 (0.44-0.92) 0.017
PS adjusted cohort= —m— 0.69 (0.51-0.93) 0.016
MACE =
PS matched cohort —— 0.64 (0.49-0.84) 0.001
PS adjusted cohort=] B 0.73 (0.58-0.92) 0.007
Non-fatal stroke/TIA=
PS matched cohort= —a— 0.97 (0.59-1.59) 0.91
PS adjusted cohort = _ ] 113 (0.76-1.67) 054
Non-fatal myocardial infarction=|
PS matched cohort= —E— 0.55 (0.32-0.96) 0.036
PS adjusted cohort— —a— 0.62 (0.39-0.99) 0.045
All-cause death=
PS matched cohort= —a— 0.64 (0.48-0.84) 0.001
PS adjusted cohort=] = 0.62 (0.50-0.78) <0.001
T T 1
0.25 0.5 1 15 2

Hazard ratios (log scale)

Faiours GLP1-RA use Favours GLP1-RA non use

Figure 2 Outcome analysis. PS, propensity score; HR, hazard ratio; Cl, confidence interval; HF, heart failure; CV, cardiovascular; MACE, major

adverse cardiovascular events; TIA, transient ischaemic attack; GLP-1 RA, glucagon-like peptide-1 receptor agonists.

a BMI >30 kg/mz, GLP-1 RA use was associated with a statisti-
cally significant lower risk of the primary composite outcome (HR:
0.72, 95% Cl: 0.56-0.92) and first HF hospitalization (HR: 0.73, 95%
Cl: 0.56-0.95), and all the other outcomes except stroke/TIA and
repeated HF hospitalizations. All results were consistent across the
EF strata, and in the PS-adjusted analysis except for the association
of GLP-1 RA use with a significant lower risk of HF hospitalization
(IRR: 0.76, 95% Cl: 0.59-0.98; see Supplementary material online,
Table S6).

The associations between GLP-1 RA use and outcomes were con-
sistent regardless of age category (see Supplementary material online,
Table S7).

Discussion

In this nationwide, real-world cohort of patients with HF and T2DM,
we observed that (i) the use of GLP-1 RA increased over time, up
to 16% in 2021; (ii) the main patient characteristics independently
associated with GLP-1 RA use were younger age, long-standing T2DM
with poor glycaemic control, impaired renal function, obesity, and
having HFrEF; and (jii) the use of GLP-1 RA was not associated with a

higher risk of CV death/HF hospitalization or HF hospitalization alone,
neither as first event nor as repeated event, and was associated with
a lower risk of MACE, myocardial infarction, and mortality. These re-
sults were overall consistent across the EF spectrum. Although there
was no formal statistically significant interaction for the association
between GLP-1 RA use and the primary outcome in patients with
vs. without obesity (P-value for interaction: 0.07), in the stratum of
patients with a BMI >30 kg/m?, use of GLP-1 RA was associated with
a statistically significant lower risk of CV death or HF hospitalization,
as well as HF hospitalization, CV and all-cause death, and MACE
regardless of EF.

Use and independent predictors of use of
GLP-1 RA

To date, several GLP-1 RA have been tested in CV outcome trials
(CVQOTs) in patients with T2DM and high CV risk, with liraglutide,
semaglutide, dulaglutide, albiglutide, and efpeglenatide being superior
to placebo in reducing the incidence of MACE, while lixisenatide and
exenatide did not achieve superiority."? Our results show a gradual
increase in the prescription of GLP-1 RA, from 5% in 2017 up to
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Primary composite outcome HR (95% Confidence Interval) Interaction p-value
Age= 0.45
<75 years= 0.80 (0.64-1.01)
275 years = 0.95 (0.66-1.36)
Sex-— 0.22
Female = 0.68 (0.46-0.99)
Male = 0.91(0.72-1.13)
Follow-up referral to= 0.53
Specialty care= 0.85 (0.70-1.04)
Primary care= 0.66 (0.30-1.45)
BMI~ 0.07
<30 kg/m?= 1.08 (0.76-1.53)
230 kg/m?= HlH 0.72 (0.56-0.92)
NT-proBNP - 0.029
Below median= = = 0.74 (0.54-1.00)
Above median= |—-.—| 1.19 (0.88-1.61)
HbA1c— 0.79
<53 mmol/mol = 0.97 (0.65-1.45)
>53 mmol/mol = w 0.91 (0.70-1.18)
Albuminuria=| 0.23
Normalized value = - 0.84 (0.58-1.21)
Microalbuminuria = = 1.33 (0.80-2.21)
Macroalbuminuria= - 0.69 (0.34-1.39)
Other antidiabetic medications use = 0.78
No= R 0.91 (0.50-1.66)
Yes= HH 0.83 (0.68-1.03)
SGLT2i use= 0.26
No= HH 0.79 (0.64-0.98)
Yes= |—EE— 1.05 (0.67-1.63)
Beta blocker use— 0.78 (0.45-1.35) 0.76
YI::_ }..._l 0.85 EG,69-1 .05)
ACEI/ARB/ARNI use = 118 (061-222) 0.31
No= |—|-.—| - 0l=2.
Yes = HoH 0.82 (0.67-1.00)
MRA use= 0.76
No= - 0.85 (0.68-1.06)
Yes = - 0.89 (0.72-1.09)
EF subtype= 0.84
HFrEF = I 0.80 (0.63-1.03)
HFmrEF = 0.88 (0.58-1.34)
HFpEF = m 0.93 (0.57-1.53)
eGFR— 0.037
260 ml/min/1.73m2= = 0.68 (0.50-0.91)
<60 ml/min/1.73m?= 1.03 (0.80-1.34)
NYHA class = 017
|- 0.84 (0.31-2.24)
11 0.96 (0.65-1.42)
111 0.78 (0.59-1.05)
V= } 1 | 0.20 (0.05-0.76)
Ischemic heart disease = 0.002
No= = 0.52 (0.35-0.75)
Yes= 1.04 (0.83-1.31)
Atrial fibrillation = 0.34
No= 0.76 (0.58-1.01)
Yes= 0.92 (0.71-1.21)
T T 1
0.1 1 10

Hazard ratios (log scale)

Fivours GLP1-RA use Favours GLP1-RA non use

Figure 3 Subgroup analysis for the primary composite outcome performed in the propensity score-matched cohort. Abbreviations as in Table 1.
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16% in 2021. The increase was greater after 2019, when the previous
European guidelines on diabetes and CV disease were released, with
an index date after 2019 being a significant predictor of use in our
analysis.

Younger age was an independent predictor of treatment, as pre-
viously reported for renin—angiotensin—aldosterone inhibitors and
SGLT2i use, and might be explained by the attempt of minimizing
tolerability issues and adverse effects that might be more likely in older
patients. Potential beneficial effects in older and frailer patients tend
to be underestimated due to comorbidities, competing risk, and lower
representation in randomized trials: the mean age of patients enrolled
in GLP-1 RA CVOTs ranged 60—66 years.">'* The association with
long-standing T2DM, poor glycaemic control, and the use of other
glucose-lowering drugs might reflect GLP-1 RA not being considered
yet first-line treatments for T2DM, and consistently they are still
recommended after metformin according to Swedish local guidelines.
Impaired renal function was also among the independent predictors of
use, and indeed GLP-1 RA can be used in chronic kidney disease with
an eGFR >15 mL/min/1.73 m’, while metformin is contraindicated
with an eGFR <30 mL/min/1.73 m”. GLP-1 RA have demonstrated
a sustained weight reduction in CVOTs and are recommended in
patients with T2DM and obesity." It is therefore not surprising that
in our analysis a BMI >30 kg/m* was associated with higher likelihood
of use. HFrEF was independently associated with more frequent use
of GLP-1 RA compared with HFpEF, which possibly linked with the
perception of the need of a more intensive treatment in patients with
HFrEF since they are at higher risk of outcomes. However, predictors
of GLP-1 RA did not substantially differ across the EF spectrum. Finally,
the associations with lower NT-proBNP levels and a higher heart rate
could reflect biological effects of GLP-1 RA.®® The effect on heart
rate should not discourage from the use of GLP-1 RA in HF; instead,
it needs to be counteracted with appropriate re-evaluation and dose
optimization of beta-blockers and ivabradine.

Associations between GLP-1 RA use and

outcomes
The safety of glucose-lowering drugs in HF has been much debated,
since an increased risk of incident HF was reported with other classes
of glucose-lowering drugs, e.g. thiazolidinediones and saxagliptin. Gen-
erally, GLP-1 RA trials were underpowered to detect either an effect
in HF patients, with HF prevalence in trial populations only being
9-24%, or a risk reduction of HF events.> A meta-analysis of pooled
data from all GLP-1 RA CVOTs in T2DM up to 2019 reported
a statistically significant 9% reduction in risk of HF hospitalization,
possibly mediated by GLP-1 RA positive effects on CV risk factors.>
When assessing the effect of GLP-1 RA separately in patients with
and without HF a benefit was reported in patients without but
not in those with a history of HF® Liraglutide did neither improve
clinical stability after a hospitalization for HF in the FIGHT trial nor
increase EF in the LIVE trial.'””""® On the contrary, a post hoc analysis
of the FIGHT trial reported a trend towards an increased risk of HF
hospitalization and mortality events with liraglutide in patients with
HFrEF, consistent with findings in the HFrEF subgroup of the EXS-
CEL trial having a significantly higher risk of HF hospitalization with
exenatide.”-"” Consistently, in a pooled analysis of Trial to Evaluate
Cardiovascular and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes (SUSTAIN-6) and Peptide Innovation
for Early Diabetes Treatment (PIONEER)-6, semaglutide reduced the
risk of the composite of CV death, myocardial infarction, or stroke in
all subgroups, except for those with an HF history.2°

We did not find any association between GLP-1 RA use and a
higher risk of HF hospitalization or CV death, and rather the trend
was towards a lower risk (P-value: 0.07), mainly driven by a statistically
significant association with a 36% lower risk of CV death. There was

also a statistically significant association between GLP-1 RA use and
a lower risk of MACE, non-fatal myocardial infarction, and all-cause
death, consistently with CVOTs, but we reported higher event rates
as expected in a real-world population.’ Interestingly, we found an
interaction between ischaemic heart disease and GLP-1 RA use for
the association with CV mortality or HF hospitalization, with a lower
risk in those receiving the treatment if they did not have a history of
ischemic heart disease. We speculate that this finding, in the context
of our overall results, might suggest a role for GLP-1 RA in HF that
is not mediated by an effect on atherosclerotic events and/or that
the better outcome with GLP-1 RA in non-ischaemic HF might be
more likely mediated by weight loss. The association of GLP-1 RA use
with a lower risk for the primary outcome in the subset with impaired
renal function might reflect their benefit when other glucose-lowering
drugs cannot be used or uptitrated.

Our results were consistent across the EF spectrum. To date, there
is no RCT conducted in patients with HF across the EF spectrum
investigating the effect of GLP-1 RA on these hard outcomes. In
two RCTs in HFrEF, neither albiglutide nor liraglutide improved EF,
myocardial function, or exercise capacity compared with placebo.?!?2

We performed a separate outcome analysis in patients with obesity,
even though the interaction term between GLP-1 RA use and the
presence of obesity fell short of statistical significance by a small
amount (P-value for interaction: 0.07), as the Semaglutide Treatment
Effect in People with Obesity (STEP) programme trials are focusing
on this patient subpopulation and showed that GLP-1 RA induce sub-
stantial weight loss in patients with overweight and obesity, both with
and without T2DM,224 and in the Semaglutide for Cardiovascular
Event Reduction in People with Overweight or Obesity (SELECT)
trial patients with CV disease and overweight or obesity, but without
diabetes subcutaneous semaglutide was superior to placebo in reduc-
ing MACE.” We found that, in the subgroup with obesity, the use
of GLP-1 RA was also associated with a significant 28% lower risk of
the primary outcome and a 27% lower risk of HF hospitalization, with
consistent results across the EF spectrum. Recently, the Semaglutide
Treatment Effect in People with Obesity and HFpEF (STEP-HFpEF)
and Semaglutide Treatment Effect in People with Obesity and HFpEF
and Type 2 Diabetes (STEP-HFpEF DM) trials demonstrated that
semaglutide improved symptoms and physical limitations, and exercise
function, and induced weight loss in HFpEF without and with T2DM,
respectively.?®?” We might speculate that our results could suggest
a benefit on hard outcomes in patients with obesity and potentially
extend the benefit found in HFpEF to the whole EF spectrum.

Strengths and limitations

The linkage of several national registries allowed us to perform ex-
tensive adjustments; however, this was an observational study and
residual confounding cannot be ruled out. In addition, our study is
limited by the relatively short average follow-up. While the coverage of
the National Diabetes Registry is almost 100%, SwedeHF only includes
approximately one-third of HF patients in Sweden, which might be
linked with selection bias. Finally, our findings are representative of
Sweden but might be limitedly generalizable to other countries.

Conclusions

In patients with HF and T2DM, the use of GLP-1 RA was indepen-
dently associated with HFrEF and more severe T2DM. We found no
association between GLP-1 RA use and a higher risk of the composite
of HF hospitalization or CV death, or HF hospitalizations, which
reassures on the safety of these drugs in the setting of T2DM with
concomitant HFE. Our finding of a lower risk of CV death or HF
hospitalization and of a lower risk of HF hospitalization in patients
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with obesity might suggest a role of GLP-1 RA on hard outcomes in
patients with obesity and HF across the EF.

Supplementary material

Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.

Acknowledgements

Views and opinions expressed are, however, those of the authors
only and do not necessarily reflect those of the European Union, nor
the granting authority. Neither the European Union nor the granting
authority can be held responsible for them.

Funding

European Union’s Horizon Europe Research and Innovation Actions under
grant number 101095479 (More-EUROPA); Swedish Heart and Lung
Foundation [project number 20220680]. The grant sources had no role
in the design or analysis, nor in the interpretation of findings, manuscript
preparation, or decision to submit the results.

Conflict of interest: MW. reports personal fees from Vifor CSL,
Boehringer Ingelheim, Novartis, Bayer, and AstraZeneca, outside of
the submitted work. M.E.B. has no conflicts of interest related to
this work. D.S. reports personal fees from AstraZeneca, Novartis,
Novo Nordisk, Merck, and Janssen, outside of the submitted work.
G.S. reports personal fees for educational activities (Biotronik, Boston
Scientific, AstraZeneca, Novartis, Menarini, and Vifor Pharma) outside
of the submitted work. L.B. has no conflicts of interest related to this
work. U.D. reports grants from Pfizer, Vifor, Boehringer Ingelheim,
AstraZeneca, Boston Scientific, and Roche Diagnostics and hono-
raria/consultancies from Amgen and AstraZeneca, all outside of the
submitted work. S.G. has no conflicts of interest related to this work.
F.C. has no conflicts of interest related to this work. PG.M.M. has no
conflicts of interest related to this work. G.M.C.R. has no conflicts
of interest related to this work. J.B. reports consultant fees from
Abbott, American Regent, Amgen, Applied Therapeutic, AstraZeneca,
Bayer, Boehringer Ingelheim, Bristol Myers Squibb, Cardiac Dimen-
sion, Cardior; CVRx, Cytokinetics, Edwards, Element Science, Innolife,
Impulse Dynamics, Imbria, Inventiva, Lexicon, Lilly, LivaNova, Janssen,
Medtronics, Merck, Occlutech, Novartis, Novo Nordisk, Pfizer, Phar-
macosmos, Pharmain, Roche, Sequana, SQ Innovation, and Vifor,
outside of the submitted work. M.M. has no conflicts of interest
related to this work. L.L. reports grants, consulting, and honoraria
from Myocardia, AstraZeneca, Boehringer Ingelheim/Lilly, Novartis,
Bayer, Vifor, Sanofi/Lexicon, Servier, Abbott, Pharmacosmos, Med-
scape, Radcliffe, TMA, Orion Pharma, and Alleviant, outside of the
submitted work, and ownership of AnaCardio. G.F. reports personal
fees from Vifor, AstraZeneca and Novartis, outside of the submitted
work. G.S. reports grants and personal fees from Vifor, grants and
personal fees from Boehringer Ingelheim, grants and personal fees
from AstraZeneca, personal fees from Servier, grants and personal
fees from Novartis, grants and personal fees from Cytokinetics, per-
sonal fees from Medtronic, grants from Boston Scientific, grants and
personal fees from Pharmacosmos, grants from Merck, grants from
Bayer, personal fees from TEVA, personal fees from INTAS, personal
fees from Abbott, and personal fees from Edwards Lifescience, outside
of the submitted work.

Data availability
The data underlying this article will be shared on reasonable request
to the corresponding author.

References
1. Bertoni AG, Hundley WG, Massing MW, Bonds DE, Burke GL, Goff DC, Jr. Heart
failure prevalence, incidence, and mortality in the elderly with diabetes. Diabetes Care
2004;27:699-703.

. Tomasoni D, Vitale C, Guidetti F, Benson L, Braunschweig F, Dahlstrom U, Melin M,
Rosano GMC, Lund LH, Metra M, Savarese G. The role of multimorbidity in patients
with heart failure across the left ventricular ejection fraction spectrum: data from
the Swedish Heart Failure Registry. Eur | Heart Fail; https://doi.org/10.1002/ejhf.3112.
Published online ahead of print 22 December 2023.

. Kristensen SL, Rerth R, Jhund PS, Docherty KF, Sattar N, Preiss D, Kaber L, Petrie
MC, McMurray JJV. Cardiovascular, mortality, and kidney outcomes with GLP-1 re-
ceptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis
of cardiovascular outcome trials. Lancet Diabetes Endocrinol 2019;7:776—785.

. Savarese G, Butler ], Lund LH, Bhatt DL, Anker SD. Cardiovascular effects of
non-insulin glucose-lowering agents: a comprehensive review of trial evidence and
potential cardioprotective mechanisms. Cardiovasc Res 2022;118:2231-2252.

. Packer M. Will long-acting glucagon-like peptide-1 analogues recapitulate our agoniz-
ing experience with cyclic AMP-dependent positive inotropic agents in heart failure?
Eur | Heart Fail 2018;20:627-629.

. Wallner M, Kolesnik E, Ablasser K, Khafaga M, Wakula P, Ljubojevic S, Thon-Gutschi
EM, Sourij H, Kapl M, Edmunds NJ, Kuzmiski ]B, Griffith DA, Knez |, Pieske B, von
Lewinski D. Exenatide exerts a PKA-dependent positive inotropic effect in human
atrial myocardium: GLP-1R mediated effects in human myocardium. | Mol Cell Cardiol
2015;89:365-375.

. Neves S, Packer M, Ferreira JP. Increased risk of heart failure hospitalization with
GLP-1 receptor agonists in patients with reduced ejection fraction: a meta-analysis
of the EXSCEL and FIGHT trials. | Card Fail 2023;29:1107-1109.

. Ferreira JP, Saraiva F, Sharma A, Vasques-Névoa F, Angélico-Gongalves A, Leite
AR, Borges-Canha M, Carvalho D, Packer M, Zannad F, Leite-Moreira A, Neves
JS. Glucagon-like peptide 1 receptor agonists in patients with type 2 diabetes with
and without chronic heart failure: a meta-analysis of randomized placebo-controlled
outcome trials. Diabetes Obes Metab 2023;25:1495—-1502.

. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, Collins BS,
Das SR, Hilliard ME, Isaacs D, Johnson EL, Kahan S, Khunti K, Kosiborod M, Leon
J, Lyons SK, Perry ML, Prahalad P, Pratley RE, Seley ], Stanton RC, Gabbay RA,on
behalf of the American Diabetes Association. 10. Cardiovascular disease and risk
management: standards of care in diabetes—2023. Diabetes Care 2023;46:5158-5190.

10. Marx N, Federici M, Schutt K, Miiller-Wieland D, Ajjan RA, Antunes M, Christodor-
escu RM, Crawford C, Di Angelantonio E, Eliasson B, Espinola-Klein C, Fauchier
L, Halle M, Herrington WG, Kautzky-Willer A, Lambrinou E, Lesiak M, Lettino M,
McGuire DK, Mullens W, Rocca B, Sattar N; ESC Scientific Document Group. 2023
ESC guidelines for the management of cardiovascular disease in patients with diabetes.
Eur Heart | 2023;44:4043—-4140.

11. Lam CSP, Solomon SD. Classification of heart failure according to ejection fraction:
JACC review topic of the week. | Am Coll Cardiol 2021;77:3217-3225.

12. Ferrari F, Scheffel RS, Martins VM, Santos RD, Stein R. Glucagon-like peptide-1
receptor agonists in type 2 diabetes mellitus and cardiovascular disease: the past,
present, and future. Am | Cardiovasc Drugs 2022;22:363-383.

13. Savarese G, Dahlstrém U, Vasko P, Pitt B, Lund LH. Association between renin-
angiotensin system inhibitor use and mortality/morbidity in elderly patients with heart
failure with reduced ejection fraction: a prospective propensity score-matched cohort
study. Eur Heart | 2018;39:4257-4265.

14. Becher PM, Schrage B, Ferrannini G, Benson L, Butler J, Carrero JJ, Cosentino F,
Dahlstrém U, Mellbin L, Rosano GMC, Sinagra G, Stolfo D, Lund LH, Savarese G.
Use of sodium-glucose co-transporter 2 inhibitors in patients with heart failure and
type 2 diabetes mellitus: data from the Swedish Heart Failure Registry. Eur | Heart
Fail 2021;23:1012-1022.

15. Yeh TL, Tsai MC, Tsai WH, Tu YK, Chien KL. Effect of glucagon-like peptide-1 receptor
agonists on glycemic control, and weight reduction in adults: a multivariate meta-
analysis. PLoS One 2023;18:e0278685.

16. Withaar C, Meems LMG, Markousis-Mavrogenis G, Boogerd CJ, Sillj¢ HHWV, Schouten
EM, Dokter MM, Voors AA, Westenbrink BD, Lam CSP, de Boer RA. The ef-
fects of liraglutide and dapagliflozin on cardiac function and structure in a multi-hit
mouse model of heart failure with preserved ejection fraction. Cardiovasc Res
2021;117:2108-2124.

17. Margulies KB, Hernandez AF, Redfield MM, Givertz MM, Oliveira GH, Cole R,
Mann DL, Whellan D), Kiernan MS, Felker GM, McNulty SE, Anstrom K], Shah MR,
Braunwald E, Cappola TP; NHLBI Heart Failure Clinical Research Network. Effects of
liraglutide on clinical stability among patients with advanced heart failure and reduced
ejection fraction: a randomized clinical trial. JAMA 2016;316:500-508.

18. Jorsal A, Kistorp C, Holmager P, Tougaard RS, Nielsen R, Hanselmann A, Nilsson B,
Moller JE, Hjort ], Rasmussen J, Boesgaard TW, Schou M, Videbaek L, Gustafsson
|, 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-controlled
trial. Eur | Heart Fail 2017;19:69-77.

N

w

EN

(%}

o

~N

o)

Nl

920z Aienuer g| uo Jasn sjaeyiey ueg [endsoH Aq 66E619/2/962/1/0 L /ejonie/daslys/woo dnooiwspese//:sdny woll pspeojumoq


https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae016#supplementary-data
https://doi.org/10.1002/ejhf.3112

306

M. Wallner et al.

20.

21.

22.

23.

24.

. Neves JS, Vasques-Noévoa F, Borges-Canha M, Leite AR, Sharma A, Carvalho D, Packer

M, Zannad F, Leite-Moreira A, Ferreira JP. Risk of adverse events with liraglutide in
heart failure with reduced ejection fraction: a post hoc analysis of the FIGHT trial.
Diabetes Obes Metab 2023;25:189-197.

Husain M, Bain SC, Jeppesen OK, Lingvay |, Serrig R, Treppendahl MB, Vilsbgll
T. Semaglutide (SUSTAIN and PIONEER) reduces cardiovascular events in type 2
diabetes across varying cardiovascular risk. Diabetes Obes Metab 2020;22:442-451.
Lepore J], Olson E, Demopoulos L, Haws T, Fang Z, Barbour AM, Fossler M, Davila-
Roman VG, Russell SD, Gropler R]. Effects of the novel long-acting GLP-1 agonist,
Albiglutide, on cardiac function, cardiac metabolism, and exercise capacity in patients
with chronic heart failure and reduced ejection fraction. JACC: Heart Fail 2016;4:559—
566.

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

Butt JH, Petrie MC, Jhund PS, Sattar N, Desai AS, Keber L, Rouleau JL, Swedberg
K, Zile MR, Solomon SD, Packer M, McMurray JJV. Anthropometric measures and
adverse outcomes in heart failure with reduced ejection fraction: revisiting the obesity
paradox. Eur Heart | 2023;44:1136-1153.

Davies M, Faerch L, Jeppesen OK, Pakseresht A, Pedersen SD, Perreault L, Rosenstock
J, Shimomura , Viljoen A, Wadden TA, Lingvay |; STEP 2 Study Group. Semaglutide 2.4

25.

26.

27.

mg once a week in adults with overweight or obesity, and type 2 diabetes (STEP 2):
a randomised, double-blind, double-dummy, placebo-controlled, phase 3 trial. Lancet
North Am Ed 2021;397:971-984.

Lincoff AM, Brown-Frandsen K, Colhoun HM, Deanfield J, Emerson SS, Esbjerg S,
Hardt-Lindberg S, Hovingh GK, Kahn SE, Kushner RF, Lingvay |, Oral TK, Michelsen
MM, Plutzky ], Tornge CW, Ryan DH; SELECT Trial Investigators. Semaglutide and
cardiovascular outcomes in obesity without diabetes. N Engl | Med 2023;389:2221—
2232.

Kosiborod MN, Abildstrem SZ, Borlaug BA, Butler J, Rasmussen S, Davies M, Hovingh
GK, Kitzman DW, Lindegaard ML, Megller DV, Shah S, Treppendahl MB, Verma
S, Abhayaratna W, Ahmed FZ, Chopra V, Ezekowitz |, Fu M, Ito H, Lelonek M,
Melenovsky V, Merkely B, Nufiez J, Perna E, Schou M, Senni M, Sharma K, van
der Meer P, Von Lewinski D, Wolf D, Petrie MC; STEP-HFpEF Trial Committees
and Investigators. Semaglutide in patients with heart failure with preserved ejection
fraction and obesity. N Engl | Med 2023;389:1069-1084.

Kosiborod MN, Petrie MC, Borlaug BA, Butler ], Davies MJ, Hovingh GK, Kitzman
DW, Mgller DV, Treppendahl MB, Verma S, Jensen TJ, Liisberg K, Lindegaard ML,
Abhayaratna W, Ahmed FZ, Ben-Gal T, Chopra V, Ezekowitz JA, Fu M, Ito H, Lelonek
M, Melenovsky V, Merkely B, Nufiez J, Perna E, Schou M, Senni M, Sharma K, van der
Meer P, Von Lewinski D, Wolf D, Shah SJ; STEP-HFpEF DM Trial Committees and
Investigators. Semaglutide in patients with obesity-related heart failure and type 2
diabetes. N Engl | Med 2024;390:1394-1407.

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original
work is properly cited.

920z Aienuer g| uo Jasn sjaeyiey ueg [endsoH Aq 66E619/2/962/1/0 L /ejonie/daslys/woo dnooiwspese//:sdny woll pspeojumoq


https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Data sources
	Study population
	Statistical analysis
	Results 
	Patient characteristics according to GLP-1 RA use
	Independent predictors of GLP-1 RA use
	Outcome analyses
	Subgroup analysis
	Discussion
	Use and independent predictors of use of GLP-1 RA
	Associations between GLP-1 RA use and outcomes
	Strengths and limitations
	Conclusions
	Supplementary material
	Acknowledgements
	Funding
	Data availability 

