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Abstract

Background To investigate the effect of beta-blockers according to NP levels and HF phenotypes because natriuretic peptide
(NP) level can be used to risk-stratify HF patients regardless of left ventricular ejection fraction (LVEF).

Methods Of 5,625 patients in the Korean acute heart failure registry, we included patients with LVEF and NP levels. HF
phenotypes were defined as HF with reduced ejection fraction (HFrEF) (EF <40%), HF with midrange ejection fraction
(HFmrEF) (40% < EF < 50%), and HF with preserved EF (HFpEF) (EF >50%). Patients were further stratified by NP tertiles.
Primary outcome was 5-year all-cause mortality according to beta-blocker use at discharge.

Results Both B-type NP (BNP) (r=-0.279, P <0.001) and N-terminal pro-BNP (r=-0.186, P <0.001) levels correlated
inversely with LVEF. During a median follow-up duration of 961 days, 1560 (35.3%) patients died. In HFrEF, patients taking
beta-blockers showed better survival regardless of NP levels. Regarding HFmrEF, there was no mortality difference between
those taking and not taking beta-blockers. In HFpEF, beta-blocker use demonstrated lower mortality in those in the 3rd NP
tertile (log-rank P =0.041) but not in those in the 1st and 2nd NP tertiles (log-rank P> 0.05). After adjusting covariates, the
use of beta-blockers was associated with a 38%-reduced mortality (hazard ratio: 0.62; 95% confidence interval: 0.39-0.98;
P=0.040) in HFpEF patients in the 3rd NP tertile but not in those in 1st and 2nd tertiles.
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Conclusions We confirm that the use of beta-blockers is beneficial in patients with HFrEF. Furthermore, we extend the
benefits of beta-blockers to patients with HFpEF and high NP levels.
Clinical Trial Registration ClinicalTrial.gov identifier: NCT01389843 URL: https://clinicaltrials.gov/ct2/show/NCT01389843
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Introduction

Current guidelines for the management of patients with
heart failure (HF) rely heavily on the classification of
patients by left ventricular ejection fraction (LVEF).
Depending on the level of LVEF, HF is classified into HF
with reduced ejection fraction (HFrEF), midrange ejec-
tion fraction (HFmrEF), and preserved ejection fraction
(HFpEF) [1, 2]. Although 1 these groups have deleteri-
ous prognoses [3, 4], their response to medical treatment
varies between the groups. Because multiple studies have
shown that beta-blockers enhance survival in patients with
HFrEF [5-7], current HF practice guidelines recommend
their use unless they are contraindicated [1, 2]. In addition,
a recent meta-analysis demonstrated that beta-blockers had
beneficial effects on patients with HFmrEF [8]. By con-
trast, beta-blockers failed to show improvement of survival
in patients with HFpEF [8, 9].

Neurohumoral activation plays a pivotal role in the devel-
opment and progression of HF [10, 11], and various drugs
targeting neurohumoral pathways, such as beta-blockers,
have been used in the management of patients with HF.
Natriuretic peptide (NP) is a discerning marker of neuro-
humoral activity and myocardial wall stress [12], and it
has been used for diagnosis and risk prediction in patients
with HF regardless of LVEF [13-15]. Because patients with
HFpEF have lower NP levels than those with HFrEF [16],
the effect of beta-blockers may be attenuated in HFpEF.

Considering that NP level reflects the degree of neuro-
humoral activation and myocardial wall stress, we hypoth-
esised that patients with high NP may benefit from beta-
blockers regardless of HF types. To explore this hypothesis,
we analysed the effect of beta-blockers on survival stratified
by LVEF and NP level in a large, prospective, multicenter
cohort of patients with acute HF (AHF).

Methods
Study population and data collection

The Korean acute heart failure (KorAHF) registry is a
prospective, nationwide, multicenter cohort study, and the
design and preliminary results have been published else-
where [ClinicalTrial.gov identifier: NCT01389843] [17, 18].
Between March 2011 and December 2014, 5625 consecutive
patients hospitalised for AHF in 10 tertiary university hospi-
tals in the Republic of Korea were enrolled in this registry.
Patients who had signs or symptoms of HF and pulmonary
congestion, objective findings of left ventricular systolic
dysfunction, or structural heart disease were included in this
study. We excluded patients with HF who were hospitalized
due to other medical condition, such as cancer treatment.
Then, the patients were classified into de novo (new-onset
acute HF in a patient without previously known cardiac
dysfunction) or acute decompensation of chronic HF and
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the aggravating factors for acute decompensation were also
recorded.

All patients were scheduled to undergo follow-up at least
5 years after the index hospitalisation. The mortality data
of patients who were lost to follow-up were collected from
the National Insurance data or National Death Records. The
institutional review board or ethics committee at each par-
ticipating institute approved the study protocol and waived
the need for written informed consent; this study complied
with the Declaration of Helsinki principles. Patients or the
public were not involved in the design, or conduct, or report-
ing, or dissemination plans of our research.

Study variables and definitions

Based on the echocardiography findings in the index
AHF hospitalisation, patients were classified into those
with HFrEF (LVEF of <40%), HF with midrange ejec-
tion fraction (HFmrEF) (40% < LVEF < 50%), and HFpEF
(LVEF > 50%). Natriuretic peptide (NP) levels at admission,
and those at discharge, and the change of NP levels during
hospitalization proved their independent predictive values
[19]. We stratified according to the tertiles of natriuretic
(NP) levels at admission because the majority of patients had
NP levels measured at admission. The thresholds for the 2nd
and 3rd tertiles, respectively, were 600 pg/ml and 1379 pg/
ml for B-type natriuretic peptide (BNP), and 3020 pg/ml
and 8535 pg/ml for N-terminal proBNP (NT-proBNP).
Medication history of beta-blocker, renin—angiotensin sys-
tem inhibitor, mineralocorticoid receptor antagonist, loop
diuretic, and thiazide was collected at discharge. Regarding
beta-blocker prescription during admission, 28% patients
were already on beta-blockers at admission. The prescription
rates reached a peak during hospitalization with 61%, but
declined to 53% by the discharge, inferring that physicians
attempt to initiate guideline-directed medical therapy but
must discontinue some drugs due to intolerability [20]. The
primary outcome was the 5-year all-cause post-discharge
mortality according to beta-blocker use.

Statistical analysis

Data were presented as numbers and frequencies for categor-
ical variables and as means =+ standard deviations or medi-
ans with interquartile intervals for continuous variables. For
comparison between groups, the X2 test (or Fisher’s exact
test when any expected cell count was <5 for a 2 X2 table)
was used for categorical variables and the unpaired Student’s
t test for continuous variables. For analysing continuous
variables between more than two groups, we used one-way
analysis of variance. The chronological trend of the clini-
cal outcomes was expressed as Kaplan—Meier estimates and
compared according to beta-blocker use. The log-rank test
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was performed for the comparison of the differences in the
clinical outcomes. A multivariable Cox proportional hazard
regression model was used to determine the independent
predictors of all-cause 5-year mortality.

To estimate the sensitivity, we performed the inverse-
probability treatment-weighted (IPTW) analyses to account
for confounders in patients with HFrEF, HFmrEF, HFpEF,
and for the respective NP tertiles. The following variables
were included for matching: age, sex, body mass index, pre-
vious history of heart failure, hypertension, diabetes mel-
litus, ischemic heart disease, valvular heart disease, chronic
obstructive pulmonary disease (COPD), chronic kidney dis-
ease, cerebrovascular disease, atrial fibrillation, New York
Heart Association functional class, laboratory results of ini-
tial hemoglobin, sodium, potassium, blood urea nitrogen and
creatinine, renin-angiotensin system inhibitors (RAS-inhib-
itors) at discharge, mineralocorticoid receptor antagonists
(MRA) at discharge, and NP percentiles. The use of RAS-
inhibitors was not balanced in matched cohorts of HFrEF
and HFmrEF. In HFpEF, all variables were well balanced.

Two-sided P values of <0.05 were considered statisti-
cally significant. The statistical tests were performed using
IBM SPSS version 23 (SPSS Inc., Chicago, IL, USA) and R
programming version 3.5.3 (The R Foundation for Statistical
Computing, Vienna, Austria, https://www.R-project.org).

Results
Demographic and clinical characteristics

Of 5625 patients from KorAHF cohort, baseline echocardi-
ography was performed in 5103 patients. Based on LVEF,
patients were divided into HFrEF (n =3088), HFmrEF
(n="730), and HFpEF groups (n=1285). Patients who died
during the index admission (n=202) or those who did not
have baseline NP measurements (n =482) were excluded
from this study; therefore, the data of 4419 patients were
available. In this analysis cohort, 2675 (60.5%), 631
(14.3%), and 1113 (25.2%) patients had HFrEF, HFmrEF,
and HFpEF, respectively (Fig. 1).

Table 1 demonstrates the clinical characteristics of
patients according to HF types and NP tertiles. In brief,
patients with high NP levels were older, showed female
preponderance and lower body mass index, and had a more
frequent previous history of chronic kidney disease in all HF
types. Overall clinical characteristics of patients according
to NP tertiles and HF phenotypes are separately presented in
Supplementary Table 1 and Supplementary table 2.

There was a significant inverse relationship between
LVEF and BNP (r=0.279, P <0.001) and between LVEF
and NTproBNP (r=-0.186, P <0.001) (Supplementary
Fig. 1A). Therefore, patients with HFrEF showed highest
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Fig. 1 Study population and
relationship between LVEF and
NP. Flow chart of the study.
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NP levels while those with HFpEF showed lowest NP levels
(BNP median: 1009 pg/mL vs. 784 pg/mL vs. 578 pg/mL,
P <0.001; NT-proBNP median: 5722 pg/mL vs. 4556 pg/
mL vs. 2661 pg/mL, P<0.001) (Supplementary Fig. 1B).

Clinical outcomes of beta-blocker use according
to LVEF and NP

During the 5-year follow-up (median follow-up duration,
961 days; interquartile interval, 328-1346 days), 1560
patients (35.3%) died. The deceased had more unfavorable
characteristics such as older age, higher incidence of previ-
ous heart failure, hypertension, diabetes mellitus, ischemic
heart disease, valvular heart disease, COPD, chronic kid-
ney disease, cerebrovascular accident, and atrial fibrillation,
higher New York Heart Association functional class, and
higher NP level, and included less patients prescribed with
beta-blockers and RAS-inhibitors (Supplementary table 3).

When stratifying according to the HF types, the 5-year
mortality did not differ between patients with HFrEF (938
died/mortality 35.1%), HFmrEF (222 died/mortality 35.2%),
and HFpEF (400 died/mortality 35.9%) (log-rank P=0.913).
When patients were grouped by NP tertiles, patients in
higher NP tertiles had higher mortality across all HF types
(Supplementary Fig. 1).

For HFrEF, patients taking beta-blockers showed better
survival than did those not taking beta-blockers regardless
of NP levels (Fig. 2a). For HFmrEF, the mortality did not
differ between patients taking and not taking beta-blockers
(log-rank P =0.118). For HFpEF, there was no difference
in mortality between patients taking beta-blockers or
not (log-rank P=0.079), either. However, when HFpEF
patients were stratified according to NP levels, among

patients in the 3rd NP-tertile those taking beta-blockers
had lower mortality than those not taking beta-blockers
(log-rank P=0.041).

In Cox-proportional hazard regression analysis with
adjustment for significant covariates, the use of beta-
blockers was associated with a 26%-reduced mortality in
all HFrEF patients (hazard ratio [HR] 0.75, 95% confi-
dence interval [CI] 0.65-0.85, P <0.001). The beneficial
effect of beta-blockers was consistent for HFrEF patients
in all three NP tertiles. For HFpEF, use of beta-block-
ers was associated with a 38% reduced mortality only in
those in the 3rd NP tertile (HR 0.62, 95% CI 0.39-0.98,
P =0.040), but not in those in the 1st and 2nd NP tertiles
(1st NP tertile: HR 0.83, 95% CI 0.59-1.15, P=0.262;
2nd NP tertile: HR 1.00, 95% CI 0.69-1.45, P=0.995).
For HFmrEF, the use of beta-blockers was not associated
with improved clinical outcomes.

Similar results were observed in the IPTW cohort
(Fig. 2b); for HFpEF, only those in the 3rd NP tertile tak-
ing beta-blockers, had better survival than those not taking
beta-blockers (HR 0.64, 95% CI 0.45-0.89, P =0.033).

Subgroup analysis

We performed exploratory analyses for the subgroups that
included age, sex, HF onset (de-novo versus acute decom-
pensated HF), hypertension, diabetes mellitus, ischemic
heart disease, chronic kidney disease, atrial fibrillation,
and HF types (Fig. 3). There was no significant interaction
of beta-blocker effect within each subgroup except for sex,
hypertension, and HF types.
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«Fig. 2 Clinical outcomes according to beta-blocker medication. The
Kaplan—Meier survival curves for 5-year mortality according to beta-
blocker use is presented in both (a) crude population and (b) IPTW
cohort. Patients were classified according to HF phenotypes and NP
tertiles. HF heart failure, HFpEF heart failure with preserved ejec-
tion fraction, HFmrEF heart failure with midrange ejection fraction,
HFYEF heart failure with reduced ejection fraction, /PTW inverse-
probability treatment-weighted, NP natriuretic peptide

Discussion

In this study, we confirmed an inverse relationship between
LVEF and NP level and that the use of beta-blockers was
associated with improved survival in HFrEF, but not in
HFmrEF and HFpEF, in a large cohort of AHF patients.
Regarding NP levels, taking beta-blockers improved clinical
prognosis in patients with HFrEF compared to those not tak-
ing beta-blockers with similar NP levels [21]. Interestingly,
although HFpEF patients had the lowest circulating NPs,
when stratifying the patients according to NP tertiles, the
use of beta-blockers was associated with reduced mortality
in HFpEF patients with high NP levels. This study suggests
that NP level may be used to identify beta-blocker respond-
ers among HFpEF patients.

HFrEF and HFpEF are characterised by different anatomy
and degree of neurohumoral activation, but they demonstrate
a similar prognosis [3, 16]. RAS-inhibitors, beta-blockers,
MRA, ivabradine, and sacubitril/valsartan improved the
prognosis of patients with HFrEF [22-25], but not of those
with HFpEF [26-28]. The reason for the differential effect
of these drugs according to HF types is not clear. Some pos-
sible explanations include the fact that HFpEF is a systemic
inflammatory disease with multiple comorbidities and may
not be amenable to pharmaceutical intervention [29, 30].
Nonetheless, there have been attempts to identify a sub-pop-
ulation in HFpEF patients who may benefit from medical
treatment using NP levels. Regarding the interaction of drug
effect and NP levels in HFpEF, in the post-hoc analysis of
the TOPCAT study [31], there was a significant interaction
between the effect of spironolactone and baseline NP terciles
for the primary outcome (P =0.017), with the greater benefit
of the drug in the lower compared with higher NP terciles.
In the post-hoc analysis of the -PRESERVE trial [32], irbe-
sartan had a beneficial effect on the primary outcome (HR,
0.74; 95% CI, 0.60-90; P=0.003), all-cause mortality (HR,
0.75; 95% CI, 0.56-0.99; P=0.046), and HF composite out-
come (HR, 0.57; 95% CI, 0.41-0.80; P=0.001) in patients
with NT-proBNP below the median. The beneficial effect
of the spironolactone and irbesartan in lower-risk patients
with HFpEF suggests that drug intervention may be suc-
cessful early but not later in the natural history of HFpEF.
In the post-hoc analysis of the PARAGON-HF study [33],
NT-proBNP level at screening did not modify the effect of
sacubitril/valsartan compared with valsartan on the primary

@ Springer

endpoint (P for interaction =0.96). Since the differential
effect of beta-blockers according to NP levels was unknown,
our study finding contributes significantly to a better under-
standing of the patients with HFpEF.

In this study, we showed that HFpEF patients with
increased NP levels had a lower mortality when they
received beta-blockers and revealed the possibility that NP
may be used to indicate beta-blocker responders in HFpEF.
NP is a cardiac hormone that is mainly secreted by the ven-
tricles in response to increased myocardial wall tension. NP
has been also reported as a discerning biomarker for assess-
ing the degree of neurohumoral activation [12, 34]. Accord-
ing to the law of Laplace, wall tension correlates with the LV
diameter and the wall pressure, but inversely with the wall
thickness. Therefore, HFrEF patients, who have an enlarged
LV cavity and a relatively preserved wall thickness, have
higher wall tension and, accordingly, higher NP levels than
do HFpEEF patients, who have a preserved LV diameter and
an increased wall thickness. Indeed, a previous study showed
that the release of NP from myocardium was determined
mainly by left ventricular end-systolic wall stress, while
diastolic stress was not a major contributor [35]. We specu-
late that high NP levels reflect increased myocardial wall
stress and neurohumoral activation, and those patients may
benefit more from beta-blockers. The fact that the propor-
tion of patients with high NP level was small among HFpEF,
might explain the overall neutral effect of beta-blockers in
HFpEF.

Clinical implication

Our study provides an important hypothetical rationale for
the development of a treatment strategy for patients with
HFpEF. We showed that HFpEF patients with increased NP
levels may benefit from beta-blocker therapy with a similar
degree of impact as HFrEF patients. The beneficial effect
of beta-blockers was consistent in the univariate, multivari-
able, and IPTW analyses, suggesting the robustness of the
findings.

It would be of clinical interest to evaluate whether HFpEF
patients with high NP levels may benefit from the use of
other oral heart failure therapies such as RAS inhibitors
or sacubitril-valsartan or MRAs. Further randomized con-
trolled studies are demanded to verify the beneficial effects
of beta-blockers demonstrated in this study.

Strengths and limitations

There are several limitations to this study. First, we analysed
the data from a prospective cohort study, and unexpected
confounders may have influenced the results. Second, as we
enrolled and analysed patients whose LVEF and NP data
were available, there might be selection bias. Third, because
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Fig.3 Association between Variables HR (95% Cl) P ~ Pfor
5-year all-cause mortality and : interaction
beta-blocker use. The effect of Age < 65 years P 0.75 (0.57-0.97) 0.031 0.188
beta-blockers in subgroups is 2 65 years —a— 0.74 (0.66-0.82) <0.001
presented. The squares with Sex Male —a— 0.72(0.62-0.83)  <0.001 0.014
horizontal lines indicate the Female —a— 0.84 (0.72-0.97) 0.018
HRs and corresponding 95% HF onset De-novo —a— 0.86 (0.74-1.01)  0.067 0.266
CIs. AF atrial fibrillation, CKD ADHF —a 070 (0.61-0.81)  <0.001
chronic kidney disease, DM dia- HTN Yes —a— 0.82(0.72-0.92)  0.001 0.004
betes mellitus, HI.’ heart .fa1lur.e, No e 0.68 (0.57-0.82) <0.001
HFmrE.F h.e art fallqre with mid- DM Yes e 0.87 (0.74-1.02) 0.088 0.066
range ejection fraction, HFpEF, ;
heart failure with preserved No e 0.70(061-0.80)  <0.001
ejection fraction, HFrEF heart HD =S —— B 148y 0e DS
failure with reduced ejection No —— 0.74(0.65-0.84)  <0.001
fraction, HTN hypertension, CKD Yes —— 0.79 (0.63-0.99) 0.036 0.311
IHD ischemic heart disease No e 0.76 (0.68-0.86)  <0.001
AF Yes —— 0.70 (0.56-0.84)  <0.001 0.582
No i 0.80 (0.71-0.90)  <0.001
HF phenotype  HFTEF —.— 0.75 (0.65-0.85)  <0.001 0.006

HFmrEF ;—.—4 0.86 (0.65-1.14) 0.288

HFpEF |——-—|———4 0.82 (0.66-1.02) 0.072

. : . .

0.0 0.5 1.0 1.5

we only enrolled East Asians, the study findings cannot be
directly extrapolated to other populations of different eth-
nicities with HF. In addition, the use of beta-blockers may
have been changed during follow-up. Therefore, a rand-
omized controlled study is demanded to verify the efficacy
of beta-blockers in patients with HFpEF and high NP levels.
The study also has some strengths. The KorAHF registry
is a well-designed, prospective cohort with all events adju-
dicated, and all patients were planned to be prospectively
followed up at least 5 years after index hospitalisation due to
AHF. To minimise the bias, we performed several statistical
analyses and the interaction between beta-blocker use and
clinical outcomes in HFpEF patients in the 3rd NP tertile
were consistent in the univariate, multivariable, and IPTW
analyses. Despite the strengths of this study, a randomised
clinical trial is warranted to rigorously evaluate the effect of
beta-blockers in HFpEF patients with a high NP level.

Conclusions

The use of beta-blockers at discharge is beneficial in AHF
patients with HFrEF. This study is the first to show an exten-
sion of the benefit of beta-blocker therapy to AHF patients
with HFpEF and high NP levels. Further randomised con-
trolled studies are necessary to confirm the effect of beta-
blockers in the latter patients.
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