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Background Guideline recommendations for the treatment of heart failure with mildly reduced ejection fraction (HFmrEF) derive
from small subgroups in post-hoc analyses of randomized trials.

Objectives We investigated predictors of renin—angiotensin system inhibitors/angiotensin receptor neprilysin inhibitors (RASI/ARNI)
and beta-blockers use, and the associations between these medications and mortality/morbidity in a large real-world
cohort with HFmrEF.

Methods and Patients with HFmrEF (EF 40-49%) from the Swedish HF Registry were included. The associations between medications
results and cardiovascular (CV) mortality/HF hospitalization (HFH), and all-cause mortality were assessed through Cox regres-
sions in a 1:1 propensity score-matched cohort. A positive control analysis was performed in patients with EF < 40%,
while a negative control outcome analysis had cancer-related hospitalization as endpoint. Of 12421 patients with HFmrEF,
84% received RASI/ARNI and 88% beta-blockers. Shared-independent predictors of RASI/ARNI and beta-blockers use
were younger age, being an outpatient, follow-up in specialty care, and hypertension. In the matched cohorts, use of
both RASI/ARNI and beta-blocker use was separately associated with lower risk of CV mortality/HFH [hazard ratio
(HR) = 0.90, 95% confidence interval (Cl): 0.83-0.98 and HR = 0.82, 95% ClI: 0.74-0.90, respectively] and of all-cause
mortality (HR = 0.75, 95% Cl: 0.69-0.81 and HR = 0.79, 95% ClI: 0.72-0.87, respectively). Results were consistent at
the positive control analysis, and there were no associations between treatment use and the negative control outcome.

Conclusions RASI/ARNI and beta-blockers were extensively used in this large real-world cohort with HFmrEF. Their use was safe since
associated with lower mortality and morbidity. Our findings confirm the real-world evidence from previous post-hoc
analyses of trials, and represent a further call for implementing guideline recommendations.
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The overall study cohort counted on 12 421 patients with mildly reduced ejection fraction heart failure (HFmrEF). Two
sensitivity outcome analyses were adopted, the first conducted on the same population with cancer hospitalization as an
outcome (falsification analysis), and the second on 26 143 patients with reduced ejection fraction heart failure (HFrEF).
In the upper right panel: use of RASI/ARNI and beta-blockers and percentage of target dose achievement in the overall

study population with HFmrEF (n = 12 421). In the bottom panels: Kaplan—Meier curves for the association between

RASI/ARNI use (left panel) and the composite outcome (cardiovascular mortality or heart failure hospitalization)
and between beta-blockers use (right panel) and the composite outcome. Cl, confidence interval; HR, hazard ratio;
RASI/ARNI, renin—angiotensin system inhibitors/angiotensin receptor neprilysin inhibitor; TD, target dose.
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Introduction

Heart failure (HF) is a global pandemic with increasing prevalence.
Its prognosis remains poor being the leading cause of hospitalization
among adults, with a 10-35% 1-year mortality.2>

In the 2016 European Society of Cardiology (ESC) HF guidelines,
a new HF subtype, i.e. HF with mid-range EF (HFmrEF; defined as
EF 40-49%), was introduced.* Although HFmrEF carries some in-
termediate features between HFrEF and HFpEF it presents distinct
similarities with HFrEF that supported its redefinition as HF with
‘mildly reduced’ EF (EF 41-49%) proposed in the Universal Definition
and Classification of HF and in the 2021 ESC and 2022 American
Heart Association (AHA) HF guidelines.>®

No former randomized controlled trials (RCTs) specifically tested
treatment efficacy HFmrEF, and the evidence supporting the use of
HFrEF guideline-directed medical therapy in HFmrEF derives from
subgroup or post-hoc analyses of RCTs in HFpEF that included,
partially or in toto, the 41-49% EF range.”'> This explains the
low level of evidence (level C in the ESC Guidelines and B-NR in
the American Guidelines) for guidelines recommendations on the
treatment of HFmrEF>7

The potential effectiveness of HF medications in HFmrEF has never
been assessed in large real-world populations, which might signifi-
cantly differ from the cohorts tested in RCTs.

Thus, in this study, we sought (1) to assess the use and associ-
ated patient profiles of renin—angiotensin system/angiotensin receptor
neprilysin inhibitors (RASI/ARNI) and beta-blockers in HFmrEF pa-
tients; and (2) to test the association between their use and CV
mortality/HF hospitalization (HFH) and all-cause mortality in the
large, contemporary, real-world HFmrEF cohort enrolled in the
Swedish HF Registry.

1

Methods

Data sources

Data from the Swedish HF Registry (SwedeHF), linked with the National
Patient Registry, the Cause of Death Registry, and Statistics Sweden,

were analysed. Data sources are described in detail in the Supplemental
material.

Patients and outcomes

Patients registered between 11 May 2000 and 31 December 2018, with
HF duration >3 months (to allow treatment optimization), follow-up
>1 day (i.e. patients who died during the hospitalization/visit linked with
the registration in SwedeHF were excluded), and no missing data for
RASI/ARNI and beta-blocker use were considered.

Patients with EF 40-49% represented the study population, i.e. HFmrEF,
whereas patients with HFrEF (EF < 40%) were included as a positive
control population where RASI/ARNI and beta-blockers have proven to
improve outcomes. We excluded patients receiving RASI or beta-blockers
other than those recommended by HF.> Data on doses were reported,
and target dose (TD) was defined according to guidelines (Supplementary
material online, Table S7).> For patients with multiple registrations, we
considered the first one to allow longer follow-up. End of follow-up was
31 December 2019. The co-primary outcomes were (1) a composite
of cardiovascular (CV) mortality and HFH and (2) all-cause mortality.
Secondary outcomes were CV mortality and HFH, separately. A negative
control (falsification) analysis was also performed, which consisted of
testing the association between the study treatments and hospitalization
for cancer in HFmrEF patients, since this association is not supposed to be
plausible and therefore, whether retrieved, it might indicate the presence
of significant residual confounding.

Statistical analysis
Multiple imputations (10 imputed datasets generated—10 interactions)
were used to handle missing values in variables that were covariates in
multivariable models (marked by * in Supplementary material online, Table
$2; the primary outcome was included in the multiple imputation model
as well). Supplementary material online, Table S3 reports the number
of missing records per baseline variable. Multivariable logistic regression
models were fitted to investigate predictors of use/non-use of treatments.
The propensity score for use of each treatment of interest was sepa-
rately calculated in each imputed dataset by a logistic regression model,
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including the clinically relevant variables marked by " in Supplementary
material online, Table S2 as covariates, and then averaged across the 10 im-
puted datasets.'® Users and non-users for each individual study treatment
were then matched 1:1 using the nearest neighbour method with caliper
<0.01 and no replacement. The ability of the matching to balance baseline
characteristics in treatment users vs. non-users was assessed by calculating
the absolute standard differences, with a value <10% considered as not
significant. We used a Cox proportional hazard model to estimate the
independent association between treatment use and outcomes, with the
matched pairs modelled using a frailty term. Results are presented as
hazard ratio (HR) with 95% confidence interval (Cl), and survival functions
are visualized by the Kaplan—Meier method. Matching reduces the sample
size and may limit generalizability; therefore, as a sensitivity analysis, a
Cox proportional hazard model was fitted in the overall cohort adjusting,
rather than matching, for the propensity score.

All the statistical analyses were performed by Stata 17.0 (StataCorp
LLC, College Station, TX, USA). A P-value < 0.05 was considered statis-
tically significant.

The data that support the findings of this study are available from the
corresponding author, provided that data sharing is permitted by European
Union General Data Protection Regulation regulations and appropriate
ethics committees.

Results

Of 12421 patients with HFmrEF (EF 40-49%, median HF duration 2.5
years, interquartile range 0.9-6.4), 10 419 (84%) received RASI/ARNI,
of whom 151 (1.4%) received ARNI, and 10 941 (88%) received beta-
blockers (Graphical Abstract). Patients treated with both RASI/ARNI
and beta-blockers were 9332 (75%), 2696 (22%) received one drug,
and 393 (3%) received neither drug. Mean age was 74 & 12 years,
64% were males.

Baseline characteristics and predictors of
treatments

RASI/ARNI

Twenty-eight percent of treated patients received <50% of TD,
28% patients received 50-99% of TD, and 44% the TD (Graphical
Abstract). Main characteristics of treated vs. untreated patients are
shown in Table 1 and Supplementary material online, Table S3. Key
independent predictors of RASI/ARNI use were younger age, lower
heart rate, better renal function, hyper/normokalemia, systemic hy-
pertension, being registered as outpatient and referred for follow-up
in specialty care and in nurse-led HF clinic, concomitant treatment
with beta-blockers, and cardiac resynchronization therapy (CRT).
Higher NT-proBNP, history of valve disease, anaemia, AF, stroke/TIA,
chronic obstructive pulmonary disease (COPD), liver disease, and use
of mineralocorticoid receptor antagonist (MRA) were independently
associated with less use of RASI/ARNI (Figure 1).

Beta-blockers

Among treated patients, 32% received <50% of TD, 35% received
50-99%, and 33% the TD. (Graphical Abstract). Table 1 and Supple-
mentary material online, Table S3 summarize the main characteristics
of patients treated with beta-blockers, compared with untreated.
Independent predictors of beta-blockers use were younger age, fe-
male sex, higher NT-proBNP, being registered as outpatient, being
referred for follow-up in specialty care, systemic hypertension, con-
comitant treatment with diuretics, digoxin, RASI/ARNI, CRT, and
ICD. Estimated glomerular filtration rate (eGFR) 30-60 and >60 vs.
<30 mL/min/1.73 m’, anaemia and COPD, and higher education
level were independently associated with less use of beta-blockers
(Figure 1).

After matching, RASI/ARNI and beta-blocker users and non-users
were comparable for all patient characteristics (Supplementary mate-
rial online, Figure ST and Table $4).

Outcome analysis

Median follow-up was 2.8 (IQR 1.4-5.3) years. In the overall HFmrEF
population, event rates were 180 (95% Cl: 176—185) patient-years for
CV death/HFH, 143 (95% Cl: 140-147) for all-cause death, 86 (95%
Cl: 83-89) for CV death, and 135 (95% CI: 132-139) for HFH. Event
rates according to the treatment groups are reported in Table 2.

CV death/HFH (graphical abstract, Table 2)

RASI/ARNI. In unadjusted analyses performed in the overall pop-
ulation, use of RASI/ARNI was associated with a 50% lower risk of
CV death/HFH (HR: 0.50, 95% CI: 0.47-0.53). Consistently, in the
matched cohort, there was a 10% lower risk of CV death/HFH asso-
ciated with RASI/ARNI use (HR: 0.90, 95% CI: 0.83-0.98). Adjusting
rather than matching by the propensity score in the overall cohort
yielded similar results with HR 0.91 (95% Cl: 0.85-0.97). When the
components of the primary outcome were separately analysed, use of
RASI/ARNI was significantly associated with a lower risk of CV death
(HR: 0.84, 95% Cl: 0.76-0.92) but not of HFH (HR: 0.99, 95% ClI:
0.90-1.09) in the matched cohort. Consistent results were obtained
by adjusting instead of matching the propensity score.

Beta-blockers. In unadjusted analyses run in the overall population,
use of beta-blockers was associated with a 26% lower risk of CV
death/HFH (HR: 0.74, 95% CI: 0.69—-0.80). In the matched cohort, an
18% lower risk of CV death/HFH (HR of 0.82, 95% ClI: 0.74-0.90) was
associated with receiving the treatment. Results were consistent when
adjusting rather than matching for the propensity score in the overall
population (HR: 0.89, 95% Cl: 0.83-0.96). Regarding the secondary
outcomes, beta-blocker use was associated with lower risk of both
CV death (HR: 0.80, 95% CI: 0.71-0.90) and HFH (HR: 0.86, 95% ClI:
0.76-0.96) in the matched cohort, and results were consistent in the
propensity score-adjusted analysis.

All-cause mortality (Figure 2 and Table 2)

RASI/ARNI. In unadjusted analyses performed in the overall pop-
ulation, use of RASI/ARNI was associated with a 60% lower risk
of all-cause death (HR: 0.40, 95% CI: 0.38-0.42). This association
persisted after matching with an HR of 0.75 (95% ClI: 0.69-0.81)
and a relative risk reduction of 25%. Results were consistent when
adjusting rather than matching for the propensity score in the overall
population (HR: 0.78, 95% CI: 0.73-0.83).

Beta-blockers. Crude HR for the association between use of beta-
blockers and mortality was 0.64 (95% ClI: 0.60-0.69). After matching,
the HR was 0.79 (95% ClI: 0.72-0.87), highlighting an independent
association between use of beta-blockers and a 21% lower risk of
all-cause death. Similar results were obtained when adjusting instead
of matching for the propensity score in the overall population (HR
0.85, 95% Cl: 0.79-0.81).

Negative control analysis
(Supplementary material online,

Table S5)

In the matched cohort, use of RASI/ARNI (HR: 0.86, 95% ClI: 0.66—

1.11) and beta-blockers (HR: 0.91, 95% CI: 0.65-1.26) was not
significantly associated with the risk of cancer-related hospitalization.
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Table I Main characteristics of the overall study population and divided according to treatments use vs. non-use

Total RASI/ARNI Beta-blockers
Variable population Non-use Use P-value Non-use Use P-value
N 12 421 2002 (16%) 10 419 (84%) 1480 (12%) 10 941 (88%)
Demographic/organizational characteristics
Male, n (%) 7921 (64%) 1125 (56%) 6796 (65%) <0.001 972 (66%) 6949 (64%) 0.100
Age (years), mean (SD) 74 (12) 79 (11) 73 (12) <0.001 77 (12) 74 (12) <0.001
Outpatient, n (%) 7987 (64%) 796 (40%) 7191 (69%) <0.001 805 (54%) 7182 (66%) <0.001
F-up referral HF nurse clinic, n 6148 (52.0%) 689 (37%) 5459 (55%) <0.001 634 (46%) 5514 (53%) <0.001
(%)
F-up referral specialty, n (%) <0.001 <0.001
Hospital 7132 (60%) 838 (45%) 6294 (62%) 691 (49%) 6441 (61%)
Primary care 4493 (37%) 931 (50%) 3562 (35%) 663 (47%) 3830 (36%)
Other 319 (3%) 88 (5%) 231 (2%) 52 (4%) 267 (2%)
Clinical characteristics
HF duration > 6 months, n 9404 (77%) 1543 (79%) 7861 (77%) 0.067 1131 (78%) 8273 (77%) 0.220
(%)
NYHA class, n (%) <0.001 0.070
l-1v 3164 (35%) 564 (47%) 2600 (33%) 371 (37%) 2793 (34%)
SBP (mmHg), mean (SD) 128 (20) 128 (21) 128 (20) 0.420 129 (20) 128 (20) 0.007
DBP (mmHg), mean (SD) 73 (12) 72 (12) 73 (12) 0.004 72 (12) 73 (12) <0.001
HR (b.p.m.), mean (SD) 72 (14) 76 (16) 71 (14) <0.001 72 (15) 72 (14) 0.580
Laboratory measurements
eGFR (mL/min/1.73 m?), n (%) <0.001 0.100
eGFR <30 mL/min/1.73 m* 929 (8%) 449 (23%) 480 (5%) 120 (8%) 809 (8%)
eGFR 30-59 mL/min/1.73 m* 4812 (40%) 922 (47%) 3890 (38%) 608 (42%) 4204 (39%)
eGFR >60 mL/min/1.73 m’ 6417 (53%) 598 (30%) 5819 (57%) 733 (50%) 5684 (53%)
NT-proBNP (ng/L), median 1650 3479 (1530— 1460 <0.001 1782 1630 0.077
(IQR) (654-3820) 8311) (584-3306) (667-4536) (653-3730)
NT-proBNP > 1650 ng/L, n 3289 (50%) 690 (73%) 2605 (46%) 353 (48%) 2936 (50%)
(%)
NT-proBNP <1650 ng/L, n 3289 (50%) 251 (27%) 3038 (54%) 385 (52%) 2910 (50%)
(%)
Potassium, n (%) <0.001 0.240
Hyperkalemia (>5 mEg/L) 382 (4%) 64 (4%) 318 (4%)
Normokalemia 9195 (92%) 1325 (89%) 7870 (93%)
(3.5-5.0 mEq/L)
Hypokalemia (<3.5 mEg/L) 370 (4%) 105 (7%) 265 (3%)
Medical history/comorbidities
BMI (kg/m?), median (IQR) 27 (24-31) 26 (23-30) 27 (24-31) <0.001 26 (23-30) 27 (24-31) <0.001
BMI > 30, n (%) 2098 (30%) 289 (25%) 1809 (31%) 202 (25%) 1896 (31%)
Diabetes, n (%) 3642 (29%) 626 (31%) 3016 (29%) 0.037 416 (28%) 3226 (29%) 0.270
AF, n (%) 7746 (62.4%) 1407 (70%) 6339 (61%) <0.001 919 (62%) 6827 (62%) 0.820
Ischaemic heart disease, n (%) 7482 (60%) 1261 (63%) 6221 (60%) 0.006 860 (58%) 6622 (60%) 0.075
Anaemia, n (%)? 4349 (37.4%) 994 (51%) 3355 (35%) <0.001 622 (44%) 3727 (36%) <0.001
Hypertension, n (%) 8555 (69%) 1418 (71%) 7137 (68%) 0.039 964 (65%) 7591 (69%) <0.001
Peripheral artery disease, n 1294 (10%) 255 (13%) 1039 (10%) <0.001 160 (11%) 1134 (10%) 0.600
(%)
Stroke/TIA, n (%) 2176 (17%) 470 (23%) 1706 (16%) <0.001 286 (19%) 1890 (17%) 0.052
Malignant cancer < 3 years, n 1610 (13%) 267 (13%) 2493 (24%) 0.032 238 (16%) 1372 (12%) <0.001
(%)

COPD, n (%) 2092 (17%) 426 (21%) 1666 (16%) <0.001 297 (20%) 1795 (16%) <0.001
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Table | Continued.
Total RASI/ARNI Beta-blockers

Variable population Non-use Use P-value Non-use Use P-value
Treatments

RASI/ARNI, n (%) 10 419 (84%) - - 1087 (73%) 9332 (85%) <0.001
Beta-blockers, n (%) 10 941 (88%) 1609 (80%) 9332 (90%) <0.001 - - -
MRA, n (%)* 4501 (36%) 688 (34%) 3813 (37%) 0.057 464 (31%) 4037 (37%) <0.001
Diuretics, n (%) 9643 (78%) 1731 (87%) 7912 (76%) <0.001 1144 (77%) 8499 (78%) 0.700
Digoxin, n (%) 1765 (14%) 295 (15%) 1470 (14%) 0.44 177 (12%) 1588 (14%) 0.008
ICD*" 581 (5%) 59 (3%) 522 (5%) <0.001 21 (2%) 560 (5%) <0.001
CRT*" 468 (4%) 40 (2%) 428 (4%) <0.001 20 (1%) 448 (4%) <0.001
Socioeconomic characteristics

Education, n (%) <0.001 0.160

Compulsory school 5393 (44.3%)
4751 (39.1%)

2017 (16.6%)

1004 (51%)
662 (34%)
278 (14%)

Secondary school
University

Income, n (%)

Low 4289 (34%) 792 (40%)
Medium 4763 (38%) 810 (40.%)
High 3363 (27%) 400 (20%)

4389 (43%)
4089 (40%)
1739 (17%)

3497 (33%)
3953 (38%)
2963 (28%)

657 (45%) 4736 (44%)
532 (37%) 4219 (39%)
255 (18%) 1762 (16%)

<0,001 0.086
517 (35%) 3772 (34%)
596 (40%) 4167 (38%)
367 (25%) 2996 (27%)

AF, atrial fibrillation; ARNI, angiotensin receptor neprilysin inhibitor; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization
therapy; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; F-up; follow-up, HF, heart failure; HR, heart rate; ICD, implantable cardioverter defibrillator;
IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; NT-proBNP; N terminal pro-brain natriuretic peptide, NYHA, New York Heart Association; RASI,
renin—angiotensin system inhibitor; SBP, systolic blood pressure; SD, standard deviation; TIA, transient ischaemic attack.

~ Defined as Hb < 130 g/L in men and 120 g/L in women.
For complete characteristics see Supplementary material online, Table S3.

Positive control analysis

Baseline characteristics of the positive control population of 26 143
patients with HFrEF (EF < 40%) are reported in Supplementary
material online, Table S6; 90% were treated with RASI/ARNI and
91% with beta-blockers. In the matched population (Supplementary
material online, Table S7 and Figure 52) use of RASI/ARNI was indepen-
dently associated with an 18% lower risk of CV death/HFH (HR: 0.82,
95% Cl: 0.77-0.87) and a 32% lower risk of all-cause mortality (HR:
0.68; 95% Cl: 0.64-0.73) (Supplementary material online, Table S8).
Consistent results were obtained at the propensity score-adjusted
analysis. The secondary outcome analysis (CV mortality and HFH
separately analysed) also reported consistent results.

Use of beta-blockers was independently associated with a 15%
lower risk of CV death/HFH (HR: 0.85, 95% Cl: 0.79-0.91) and a 23%
lower risk of all-cause mortality (HR: 0.77, 95% Cl: 0.72-0.83) after
matching for the propensity score (Supplementary material online, Ta-
ble $8). Results were consistent when adjusting rather than matching
for the propensity score and for the secondary outcomes.

Discussion

In this large nationwide study, 84% of patients with HFmrEF received
RASI/ARNI and 88% beta-blockers. Patient characteristics commonly
associated with the use of these treatments, included being regis-
tered as an outpatient, referral for follow-up in specialty care, and
among comorbidities, hypertension, whereas older age and other
comorbidities were associated with lower probability of treatment.
RASI/ARNI and beta-blockers use were associated with a lower risk
of CV mortality/HFH and of all-cause mortality.

Use and predictors of treatment use in

HFmrEF

Use of RASI/ARNI and beta-blockers in HFmrEF is not supported by
dedicated RCTs. However, their use in clinical practice is frequent. In
large international registries, their use has been reported to be high
and more similar to HFrEF than HFpEF""" In our study, although
treatment use was higher compared to other studies'® and overall
more similar to the ESC-LT HF Registry,"” HFmrEF patients were less
likely treated with RASI/ARNI or beta-blockers compared with the
HFrEF patients included in our positive control analysis, i.e. 84% and
88% vs. 90% and 91%, respectively.

The characteristics of HFmrEF are more similar to HFrEF than
HFpEF.2® The extensive use of HFrEF drugs reported in registry-
based studies on HFmrEF has been explained by the need of treating
concomitant risk factors and comorbidities such as hypertension,
ischaemic heart disease, chronic kidney disease, diabetes, and AF19.21
A further explanation is related to the proportion of patients with
improved EF, which in general should not withdraw treatments since
proven to be harmful.?? In our study, we identified demographic
and healthcare-related organizational factors associated with a more
likely use of RASI/ARNI and beta-blockers that included younger
age, being registered as outpatient, referral to follow-up in specialty
care, and, limited to RASI/ARNI use, referral to follow-up in nurse
HF clinic. In SwedeHF, the less implemented use of medications in
older patients has been reported in HFrEF.2* Follow-up in specialty
care and referral to nurse HF clinics are known to be associated
with higher quality of care in HF?*?> Female sex was associated
with more use of beta-blockers, which may be explained by the
higher heart rate characterizing females vs. males with HF.2® Worse
renal function was associated with lower probability of treatment
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RASI/ARNI

OR (95%Cl) p value

male sex| 1.00(0.89-1.13) 0.969
<70| reference
079 0.84 (0.70-0.99) 0.043
age >=80| 0.66 (0.54-0.79) <0.001
outpatient] 1.77 (1.56-2.01) <0.001
nurse HF clinic] 1.30(1 1471.4‘38? <0.001
specialty caref felaren
reme 0.82 (0.72-0.93) 0.002
other L 0.72 (0.53-0.96) 0.028
HF duraticn > & monhts| 1.06 (0.93-1.21) 0.387
NYHA -l reference
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Figure | Predictors of treatment with RASI/ARNI and beta-blockers in the overall HFmrEF cohort.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration
rate; HF, heart failure; HR, heart rate; ICD, implantable cardioverter defibrillator; MAP, mean arterial pressure; MRA, mineralocorticoid receptor
antagonist; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-brain natriuretic peptide; RASI/ARNI, renin—angiotensin system
inhibitors/angiotensin receptor neprilysin inhibitor; TIA, transient ischaemic attack.

with RASI/ARNI, but with higher probability of treatment with beta-
blockers. In the CHAMP-HF registry on chronic HFrEF a similar
association was observed, which might be linked to the better safety
profile for beta-blockers in patients with impaired renal function.?”’
However, in our analysis, use of RASI/ARNI was reduced even in eGFR
ranges where use of these drugs is safe and effective. Hypokalaemia
instead of normo/hyperkalaemia was associated with underuse of
RASI/ARNI, which might be explained by reverse causality and thus
higher potassium levels in patients on RASI/ARNI. Among comor-
bidities, hypertension was associated with more frequent use of
RASI/ARNI and beta-blockers as both have blood pressure-lowering
effects. Less use of RASI/ARNI was associated with AF, probably
because treatment with beta-blockers was preferred. The association
between COPD and less use of both RASI/ARNI and beta-blockers
might be explained by beta-blocker use associated with higher risk of
hospitalization but not overall exacerbations for COPD, and COPD
being a potential cause of dyspnea beyond HF and therefore leading
to question the need of RASI/ARNI in this subpopulation.?® Use of di-
uretics was high in our cohort, ensuring a correct diagnosis of HF and
attesting the severity of symptoms and signs in this patient population.

In HFmMrEF where treatment guidelines recommendations have been
missing for long, use of diuretics might have been considered as an HF
treatment while use of RASI and BB as a therapy for the comorbidities.
Additionally, our cohort might include a proportion of patients with
HF and improved EF, and these patients might be symptomatic and
therefore in demand of diuretics even whether EF is recovered.

Association between treatment use and

outcome

The recommendations for treatment with RASI/ARNI and beta-
blockers in HFmrEF introduced in most recent guidelines are
supported by weak level of evidence.>” The HFmrEF population
treated with candesartan in the CHARM Programme showed a 24%
lower risk of CV death/HFH compared to those receiving placebo.!" In
the PARAGON-HF trial, patients in the EF 45-57% subgroup treated
with ARNI showed a 22% reduction in risk of CV death/total HFH
compared to those on valsartan.?’ A large meta-analysis including
11 RCTs reported a significant benefit in terms of CV death risk
reduction for patients in sinus rhythm and with EF 40-49% treated
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RASI/ARNI
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",
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Time (Years)
number at risk

RASI/ARNI no overall 2002 1316 877 586 394 266
RASI/ARNI yes overall 10419 9158 7022 5285 4063 3133
RASI/ARNI no matched 1915 1279 859 575 387 263
RASVARNI yes matched 1915 1425 982 665 463 345

Beta-blockers

o
a4
- == Overall - beta-blockers No
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0 1 2 3 4 5
Time (Years)
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BB nooverall 1480 1120 822 579 413 312
BB yesoverall 10941 9354 7077 5292 4044 3087
BB no matched 1468 1115 820 577 411 310
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Figure 2 Kaplan—Meier curves for the association between RASI/ARNI use (left panel) and the composite outcome (cardiovascular mortality or
heart failure hospitalization) and between beta-blockers use (right panel) and the composite outcome.
Cl, confidence interval; HR, hazard ratio; RASI/ARNI, renin—angiotensin system inhibitors/angiotensin receptor neprilysin inhibitor.

with beta-blockers, but no benefit in terms of all-cause mortality
or CV hospitalizations.'® In the EMPEROR-Preserved trial and in
the DELIVER trial, empagliflozin and dapagliflozin reduced by 29%
and 13%, respectively, the risk of CV death/HFH in the 40-49% EF
range.'*13

The association between treatment with RASI/ARNI and beta-
blockers and mortality/morbidity outcomes in a real-world scenario
of HFmrEF lacks of dedicated studies. In our study, the incidence of all
the assessed outcomes was lower in HFmrEF compared to the posi-
tive control population of HFrEF, but still higher compared to RCTs."!
Of note, the crude risk of CV death/HFH and of all-cause death was
much higher in RASI/ARNI non-users compared to users, highlight-
ing the worse underlying demographic, clinical, and socioeconomical
characteristics of patients not receiving the treatment. Therefore,
a propensity-score matching design was adopted to minimize the
influence of confounders, leading to a reduced sample size, but still
larger compared to the HFmrEF subgroups from RCTs (3830 patients
in the matched RASI/ARNI analysis vs. 1322 in the CHARM and 1427
in the pooled PARADIGM HF-PARAGON HF analysis; 2936 patients
in the matched beta-blockers analysis vs. 575 in the meta-analysis on
beta-blockers).'®"? The results of our falsification outcome analysis
support the assumption that the risk of residual confounding was
well controlled. RASI/ARNI users vs. non-users showed a 10% lower
risk of CV death/HFH and a 25% lower mortality risk. Compared to
the results from subgroup analyses of RCTs, the magnitude of the
association was lower for CV death/HFH, but higher for all-cause and
CV mortality. Conversely, no statistically significant association with
the risk of HFH was observed. These results could be explained by
the proportionally higher risk of death in our real-world population
compared to RCTs, which might reduce the exposure to the HFH
outcome, i.e. risk of competing events.

The analysis on beta-blockers showed results that were mostly
consistent with RCTs.'0 Use of beta-blockers was associated with a
lower risk of all the study endpoints. The magnitude of the association
was slightly smaller for HFH compared with CV death/HFH, all-cause
mortality, and CV mortality.

In the positive control analysis, both RASI/ARNI and beta-blockers
were associated with a significant lower risk of all the outcomes,
including HFH, and, as expected, the magnitude of the association was

greater compared with what observed in the HFmrEF cohort, which
might highlight a lower treatment effect with these medications to-
gether with increasing EF. This analysis further supports the goodness
of our estimates in HFmrEF.

Limitations

Despite the extensive adjustments performed by using propensity
score matching, the effect of residual unmeasured/unknown con-
founders cannot be ruled out. HFmrEF was defined as EF 40-49%
according to the 2016 ESC Guidelines on HF and not as EF 41-49%
as currently recommended since EF was collected as a categorical
variable (i.e. <40%, 40—49%, and >50%) during most of the study
time period.*7 The proportion of patients not receiving RASI/ARNI
or beta-blockers in SwedeHF was low, which led to a great reduction
of the sample size and statistical power after matching. However,
our results were confirmed in the consistency analyses, where we
adjusted rather than matched for the propensity score, and thus we
analysed the entire SwedeHF HFmrEF population. Use of treatments
was defined at baseline, and potential cross-over during follow-up
might have diluted the association with outcomes. Since patients
were included at their first registration in SwedeHF, some of them
might have been reporting an improvement in EF over time prior
to their registration, and in this subgroup of patients, the benefit
from the study treatments might be higher. In a recent longitudinal
study from the SwedeHF, 21% of patients with HFrEF transitioned to
HFmrEF at follow-up.>® The low proportion of patients receiving TD
of medications might have led to underestimating the magnitude of the
association between study treatments and outcomes. Finally, the out-
come analysis did not include MRAs, as they are more likely prescribed
in the SwedeHF in sicker patients, thus generating a potential selection
bias and confounding by indication." Moreover, the Food and Drug
Administration has recently advised in favour of the use of MRAs in
HFpEF, highlighting that the highest benefit is expected in patients
in the mildly reduced range of EF which leads to a clear support
of the use of MRAs in HFmrEF.3? Sodium—glucose co-transporter 2
inhibitors were not included in the study as not implemented for
the treatment of HFmrEF in clinical practice during the inclusion
period.
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Conclusions

In this large nationwide cohort with HFmrEF, use of RASI/ARNI and
beta-blockers was high and linked with specific demographic and
clinical factors, comorbidities, and concomitant therapies. The use of
these treatments was associated with better outcomes, in particular
with lower risk of CV and all-cause death. The magnitude of these
associations was consistent with the results from subgroup/post-hoc
analyses of RCTs focusing on HFmrEF, supporting guidelines recom-
mendations on the treatment of HFmrEF and confirming the safe use
of these treatments in daily clinical practice.

Supplementary material

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