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Abstract

Aims The effect of elevated heart rate (HR) on morbidity and mortality is evident in chronic stable heart failure; data in this
regard in acute decompensated heart failure (ADHF) setting are scarce. In this single-centre study, we sought to address the
prognostic value of HR and beta-blocker dosage at discharge on all-cause mortality among patients with heart failure and
reduced ejection fraction and ADHF.
Methods and results In this retrospective observational study, 2945 patients were admitted for the first time with the
primary diagnosis of ADHF between January 2008 and February 2018. Patients were divided by resting HR at discharge into
three groups (HR < 70 b.p.m., HR 70–90 b.p.m., and HR > 90 b.p.m.). Evidence-based beta-blockers were defined as meto-
prolol, bisoprolol, and carvedilol. The doses of prescribed beta-blockers were calculated into a percentage target dose of each
beta-blocker and divided to four quartiles: 0 < Dose ≤ 25%, 25% < Dose ≤ 50%, 50% < Dose ≤ 75%, and >75% of the target
dose. Cox regression was used to calculate the hazard ratio for various HR categories and adjusting for clinical and laboratory
variables. At discharge, 1226 patients had an HR< 70 b.p.m., 1347 patients had an HR at range 70–90 b.p.m., and 372 patients
with an HR > 90 b.p.m. The 30 day mortality rate was 2.2%, 3.7%, and 12.1% (P < 0.001), respectively. Concordantly, 1 year
mortality rate was 14.6%, 16.7%, and 30.4% (P < 0.001) among patients with HR < 70 b.p.m., HR 70–90 b.p.m., and
HR> 90 b.p.m., respectively. The adjusted hazard ratio was significantly increased only in HR above 90 b.p.m. category (hazard
ratio, 2.318; 95% confidence interval, 1.794–2.996).
Conclusions Patients with ADHF and an HR of<90 b.p.m. at discharge had significantly a lower 1 year mortality independent
of the dosage of beta-blocker at discharge. It is conceivable to discharge these patients with lower HR.

Keywords Acute decompensated heart failure; Beta-blockers; Heart rate; Discharge

Received: 6 June 2021; Revised: 30 September 2021; Accepted: 31 October 2021
*Correspondence to: Fadel Bahouth, MD, Department of Internal Medicine “H”, Rambam Health Care Campus, P.O. Box 9602, Haifa 31096, Israel. Tel: 972-50-2065826;
Fax: 972-4-9501782. Email: fadelbahouth@gmail.com
†
These authors share first authorship.

Introduction

Heart failure (HF) is a growing public health concern world-
wide, with high morbidity, mortality, and cost. The prevalence
of HF is approximately 1–2% of the adult population in devel-
oped countries.1

Acute decompensated heart failure (ADHF) is defined as a
gradual or rapid change in HF signs and symptoms resulting
in a need for urgent therapy. These symptoms are primarily

the result of pulmonary congestion due to elevated left ven-
tricular (LV) end-diastolic filling pressures (with or without
low cardiac output).1 There is large heterogeneity in ADHF
presentations; some patients are admitted with new onset
HF. Others are with chronic disease and recurrent re-hospital-
izations. The presentation of ADHF can be caused or triggered
by acute coronary syndrome (ACS), atrial fibrillation, and sev-
eral other aetiologies. In addition, the clinical presentation
has a very wide spectrum, ranging from peripheral oedema,
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mild dyspnoea, to pulmonary oedema and cardiogenic
shock.2

Disease-modifying drugs that include neuro-hormonal an-
tagonists (beta blockers, angiotensin-converting enzyme in-
hibitors/angiotensin receptor blocker, and mineralocorticoid
receptor antagonists) have been shown to improve survival
and reduce mortality and re-hospitalization in patients with
heart failure and reduced ejection fraction (HFrEF).3,4

Sympathetic tone blockage with beta-blockers has been
proven to be one of the cornerstones of HFrEF treatment.3

Levine showed an inverse semi-logarithmic relationship be-
tween resting heart rate (HR) and life expectancy in mammals
and the questionable issue was whether human life can be
extended by HR slowing.5 Early initiation of beta-blockers, es-
pecially at discharge following a transient episode of ADHF, is
beneficial and thought to be crucial. Beta-blockers should be
initiated in clinically stable patients at a low dose and gradu-
ally up-titrated to the maximal tolerated dose according to
the European Society of Cardiology guidelines.1,3,4

In patients with HFrEF including those with ACSs, elevated
resting HR is associated with increased risk of all-cause mor-
tality and cardiovascular mortality.6–9 Similarly, the SHIFT (Sys-
tolic Heart failure treatment with the If inhibitor Ivabradine
Trial) trial had demonstrated that in patients with chronic HF
and sinus rhythm, the risk of cardiovascular death or hospital-
ization due to HF was two-fold greater in patients with the
highest HR as compared with those with the lowest HR.10,11

While the effect of elevated HR on cardiovascular morbid-
ity and mortality is evident in chronic stable HF, data regard-
ing acute HF are only starting to emerge, with the largest trial
to date excluding patients younger than 65 years.4,6,7,10–12

In this single-centre study, we sought to address the prog-
nostic value of HR and beta-blocker dosage and at discharge
on all-cause mortality among patients with ADHF and re-
duced ejection fraction.

Methods

Study population

A retrospective observational study included all patients
18 years old or more that were admitted for the first time
with the primary diagnosis of ADHF to Rambam Health Care
Campus (RHCC), Haifa, Israel, between January 2008 and Feb-
ruary 2018.

Data collection

The following parameters were noted: demographic data, vi-
tal signs on admission and discharge (including HR and blood
pressure), and concomitant diseases (including chronic ob-
structive disease, hypertension, diabetes mellitus, ischaemic

heart disease, chronic kidney disease, peripheral arterial dis-
ease, atrial fibrillation, valvular heart disease, and pulmonary
hypertension). In addition, we included regular relevant med-
ical therapy, laboratory results including blood urea nitrogen,
creatinine, and electrolytes on admission and on discharge,
recommended treatments on discharge, and mortality at
1 year. All data were collected by MdClone © software13

for data gathering, Beersheba, Israel.

Inclusion criteria

First admission with HF as the primary diagnosis with left
ventricular ejection fraction (LVEF) ≤ 40%. Echocardiographic
data were collected for each patient that underwent echocar-
diographic study during the index hospitalization or in the
last 6 months prior to admission.

Resting HR at discharge was divided into three groups
(HR < 70 b.p.m., HR 70–90 b.p.m., and HR > 90 b.p.m.).

Based on the ESC guidelines,1 the following evidence-
based beta-blockers that improve survival were included in
this study: bisoprolol 10 mg once daily; carvedilol 25 mg
twice daily; and metoprolol succinate 200 mg once daily.

Other beta-blockers were excluded from the study. The
doses of the prescribed beta-blockers were calculated into a
percentage target dose of each beta-blocker and divided to
four quartiles: 0 < Dose ≤ 25%, 25% < Dose ≤ 50%,
50% < Dose ≤ 75%, and 75% < Dose ≤ 100% of the guide-
lines target dose.

The use of a beta-blocker was evaluated at hospital dis-
charge, and HR was noted at rest before discharge.

The study was approved by the local institutional review
board for human research and complied with the Declaration
of Helsinki: approval number, RMB-0310-20.

Exclusion criteria

Patients with primary diagnosis other than ADHF, younger
than 18 years old, missing HR measurements at the day of
discharge, and missing recent echocardiographic study or pa-
tients who died during their hospitalization were excluded
from the study.

Study endpoints

The primary outcome was post-discharge all-cause mortality
at 1 year.

Statistical analysis

Continuous variables were visually inspected for normal
distribution and are summarized with mean ± standard

586 F. Bahouth et al.

ESC Heart Failure 2022; 9: 585–594
DOI: 10.1002/ehf2.13710



deviation. Categorical variables are presented with frequen-
cies and proportions. The baseline characteristics were com-
pared using the χ2 test for categorical variables and the
ANOVA (analysis of variance) test for continuous variables.

Kaplan–Meier curves were used to depict time to death.
Comparison was made by the log-rank test.

Cox proportional hazard regression models were used to
assess the association between HR groups and time to death;
hazard ratios and 95% confidence interval (CI) were calcu-
lated for the groups using the patients with HR < 70 as the
reference category. Variables with P value below 0.2 in the
univariate analysis were included in the multivariate model,
in order to adjust for possible confounders.

For all analyses, a P value < 0.05 for the two-tailed tests
was considered statistically significant.

In order to explore a possible non-linear association be-
tween HR (continuous variable) and the risk of death (out-
come), hazard ratio and 95% CI were assessed using cubic
splining with 4 degrees of freedom; HR 70 was assigned as
the reference value.14 All statistical analyses were performed
using SPSS 21.0 and R Version 3.6.1.

Results

Between January 2008 and February 2018, 11 383 patients
were hospitalized with ADHF at RHCC, and 3957 patients
had HFrEF. Among them, 3004 had HR measurement at
discharge. Fifty-three patients were excluded due to
recommendation of beta-blockers inadequate with the
guidelines, and six patients had HR 40 or below, leaving
the data of 2945 patients available for the final analysis
(Figure 1).

The baseline characteristics of the study patients are
shown in Table 1. Patients were divided into three groups
(HR < 70 b.p.m., HR 70–90 b.p.m., and HR > 90 b.p.m.).
Most patients in all subgroups were male 74%, 71.6%, and
74.2% (P = 0.116), respectively.

Acute coronary syndrome, atrial fibrillation,
diabetes mellitus, and hypertension were less common in
patients with HR above 90. Yet hypotension (systolic blood
pressure < 90) and lower doses of beta-blockers were
more common in patients with HR above 90 as shown in
Table 1.

Figure 1 Study flow diagram.
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The prevalence of ischaemic heart disease was 73.5%,
71.7%, and 63.5% in patients with HR < 70 b.p.m., 70–90 b.
p.m., and >90 b.p.m., respectively (P < 0.001). Diabetes
mellitus was found in 46.3%, 52.6%, and 44.6% of the pa-
tients with HR< 70 b.p.m., 70–90 b.p.m., and>90 b.p.m., re-
spectively (P < 0.001). The prevalence of hypertension was
76.6%, 76.4%, and 69.1% in patients with HR < 70 b.p.m.,
70–90 b.p.m., and >90 b.p.m., respectively (P = 0.008).

As shown in Table 2, all-cause mortality at 30 days
occurred in 2.2%, 3.7%, and 12.1% of those with discharge
HR < 70 b.p.m., 70–90 b.p.m., and >90 b.p.m., respectively
(P < 0.001). All-cause mortality at 1 year follow-up occurred
in 14.6%, 16.7%, and 30.4% of those with discharge
HR < 70 b.p.m., 70–90 b.p.m., and >90 b.p.m., respectively
(P < 0.001).

On Kaplan–Meier analysis, patients with an HR ≤ 90 at
discharge had a better survival at 1 year after discharge
(Figure 2) (P < 0.001).

Under stratification according to beta-blocker prescription
at discharge, patients discharged with no beta-blocker had
poorer prognosis than those who received beta-blockers
(P < 0.001) (Figure 3). Restricting the analysis to those who
received guidelines adequate beta-blockers demonstrated
no significant effect of beta-blocker dosage at discharge on
survival (P = 0.757).

Table 1 The baseline characteristics of the study population

Heart rate < 70
N = 1226

Heart rate 70–90
N = 1347

Heart rate > 90
N = 372 P value

Age 69.7 ± 11.25 67 ± 12.15 64.8 ± 15.9 0.001
Female gender 319 (26%) 396 (29.4%) 96 (25.8%) 0.116
Systolic blood pressure 119.9 ± 19.4 118.6 ± 19.63 114.8 ± 20 0.001
Diastolic blood pressure 65 ± 13 68 ± 13 68 ± 14 0.001
Heart rate 61 ± 5.7 77.8 ± 5.5 99.9 ± 10.9 0.001
Ischaemic heart disease 901 (73.5%) 966 (71.7%) 235 (63.2%) 0.001
Diabetes mellitus 568 (46.3%) 708 (52.6%) 166 (44.6%) 0.001
Hypertension 939 (76.6%) 1029 (76.4%) 257 (69.1%) 0.008
Atrial fibrillation 623 (50.8%) 628 (46.6%) 163 (43.8%) 0.023
COPD 218 (17.8%) 238 (17.7%) 66 (17.7%) 0.997
Acute coronary syndrome 110 (9%) 152 (11.3%) 27 (7.3%) 0.03
Hypotension at discharge (SBP < 90) 29 (2.4%) 41 (3.0%) 36 (9.7%) 0.001
Ejection fraction 0.021

Moderate EF 318 (30.8%) 313 (27.9%) 73 (25.0%) —

Moderate–severe EF 163 (15.8%) 154 (13.7%) 34 (11.6%) —

Severely reduced EF 550 (53.3%) 656 (58.4%) 185 (63.4%) —

Creatinine (mg/dL) 1.55 ± 1.15 1.59 ± 1.26 1.42 ± 0.92 0.05
GFR 53.55 ± 26.77 56.97 ± 27.83 65.93 ± 31.68 0.001
BUN (mg/dL) 29.17 ± 16.31 30.01 ± 18.47 29.41 ± 20.41 0.49
Haemoglobin (g/dL) 12.3 ± 1.98 12.18 ± 2.06 12.18 ± 2.07 0.27
ACE inhibitors 367 (29.9%) 410 (30.4%) 109 (29.3%) 0.9
Proportion of target dose ACE inhibitorsa 0.45 ± 0.41 0.45 ± 0.39 0.42 ± 0.308 0.83
ARB 154 (12.6%) 116 (8.6%) 35 (9.4%) 0.004
Proportion of target dose ARBa 0.45 ± 0.24 0.38 ± 0.21 0.41 ± 0.17 0.031
Spironolactone 305 (24.9%) 320 (23.8%) 72 (19.4%) 0.09
Proportion of target dose spironolactonea 0.52 ± 0.27 0.48 ± 0.26 0.69 ± 0.44 0.001
Diuretics 1079 (88.0%) 1186 (88.0%) 310 (83.3%) 0.038
Beta-blockers 0.001

None 195 (15.9%) 224 (16.6%) 80 (21.5%) —

0 < Dose ≤ 25% 410 (33.4%) 465 (34.5%) 124 (33.3%) —

25% < Dose ≤ 50% 435 (35.5%) 406 (30.1%) 105 (28.2%) —

50% < Dose ≤ 75% 18 (1.5%) 24 (1.8%) 15 (4.0%) —

75% < Dose ≤ 100% 168 (13.7%) 228 (16.9%) 48 (12.9%) —

Beta-blockers 0.005
None 195 (15.9%) 224 (16.6%) 80 (21.5%) —

0 < Dose ≤ 33% 412 (33.6%) 468 (34.7%) 125 (33.6%) —

33% < Dose ≤ 66% 433 (35.3%) 403 (29.9%) 104 (28.0%) —

66% < Dose ≤ 100% 186 (15.2%) 252 (18.7%) 63 (16.9%) —

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary
disease; EF, ejection fraction; GFR, glomerular filtration rate; SBP, systolic blood pressure.
aCalculated only for patients receiving the drug.

Table 2 All-cause mortality in the subgroups of the study

Heart
rate < 70
N = 1226

Heart rate
70–90

N = 1347

Heart
rate > 90
N = 372

P
value

Mortality 30 days 27 (2.2%) 50 (3.7%) 45 (12.1%) 0.001
Mortality 90 days 59 (4.8%) 88 (6.5%) 64 (17.2%) 0.001
Mortality
6 months

98 (8.0%) 155 (11.5%) 92 (24.7%) 0.001

Mortality 1 year 179 (14.6%) 225 (16.7%) 113 (30.4%) 0.001
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Figure 2 Kaplan–Meier survival curve from discharge to 1 year from discharge. Patients were divided for three groups by their heart rate at discharge:
lower than 70 b.p.m., between 70 and 90 b.p.m., and above 90 b.p.m.

Figure 3 Kaplan–Meier survival curve from discharge to 1 year from discharge under stratification according to beta-blocker target dose prescription
at discharge.
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In unadjusted analysis, the hazard ratio for 1 year mortality
was 1.132 (95% CI, 0.926–1.383) in patients with HR 70–90 b.
p.m. and 2.172 (95% CI, 1.696–2.783) in patients with
HR > 90 b.p.m. compared with patients with HR < 70 b.p.
m. at discharge. There was statistically significant relationship
between beta-blocker recommendation given at discharge
and all-cause mortality reduction. The hazard ratio for 1-year
mortality was 0.648 (95% CI, 0.509–0.821), 0.532 (95% CI,
0.414–0.68), 0.753 (95% CI, 0.405–1.398), and 0.503 (95% CI,
0.367–0.689) in patients who received 0 < Dose ≤ 25%,

25% < Dose ≤ 50%, 50% < Dose ≤ 75%, and
75% < Dose ≤ 100% of the optimal beta-blocker target dose,
respectively, compared with patients who were discharged
without beta-blockers (the reference group) (Table 3).

After adjustment for potential confounders, the hazard ra-
tio for 1 year mortality was 1.073 (95% CI, 0.872–1.322) in pa-
tients with HR 70–90 b.p.m. and 2.318 (95% CI, 1.794–2.996)
in patients with HR > 90 b.p.m. (Table 3). There was no sig-
nificant interaction between HR and beta-blocker dose
(P = 0.061).

Table 3 Univariable and multivariate Cox regression model for 1 year mortality

Variable

Unadjusted Adjusted Model 1a Adjusted Model 2b

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (years)
0–60 Reference — Reference — Reference —

60–80 1.456 (1.12–1.893) 0.005 1.306 (0.989–1.724) 0.06 1.315 (0.997–1.735) 0.053
>80 3.943 (3.009–5.167) <0.001 3.642 (2.708–4.899) <0.001 3.676 (2.736–4.939) <0.001

Female gender 1.225 (1.011–1.485) 0.038 1.121 (0.911–1.378) 0.280 1.12 (0.911–1.378) 0.281
Systolic blood pressure
(per 10 mmHg)

0.88 (0.839–0.924) <0.001 0.843 (0.798–.89) <0.001 0.844 (0.799–0.891) <0.001

Diastolic blood pressure
(per 10 mmHg)

0.801 (0.744–0.861) <0.001 0.973 (0.891–1.063) 0.54 0.974 (0.892–1.064) 0.563

Heart rate
Heart rate < 70 Reference — Reference — Reference —

Heart rate 70–90 1.132 (0.926–1.383) 0.227 1.073 (0.872–1.322) 0.504 1.072 (0.87–1.32) 0.515
Heart rate > 90 2.172 (1.696–2.783) <0.001 2.318 (1.794–2.996) <0.001 2.326 (1.8–3.01) <0.001

Ischaemic heart disease 1.473 (1.187–1.827) <0.001 1.065 (0.846–1.341) 0.593 1.069 (0.849–1.345) 0.572
Diabetes mellitus 1.666 (1.388–1.999) <0.001 1.512 (1.236–1.850) <0.001 1.511 (1.235–1.848) <0.001
Hypertension 1.674 (1.317–2.128) <0.001 1.345 (1.040–1.741) 0.024 1.341 (1.037–1.735) 0.025
Atrial fibrillation 0.859 (0.718–1.028) 0.097 0.760 (0.630–0.917) 0.004 0.760 (0.629–0.917) 0.004
COPD 1.181 (0.946–1.475) 0.141 1.288 (1.024–1.620) 0.03 1.290 (1.026–1.622) 0.03
Acute coronary syndrome 1.160 (0.870–1.547) 0.312 — — — —

Ejection fraction 0.365
Moderate EF Reference — — — —

Moderate–severe EF 0.868 (0.626–1.203) — — — —

Severely Reduced EF 0.850 (0.677–1.068) — — — —

GFR (mL/min)
>60 Reference — Reference — Reference —

45–60 1.676 (1.295–2.168) 0.000 1.247 (0.953–1.633) 0.107 1.245 (0.951–1.63) 0.11
30–45 2.239 (1.753–2.86) 0.000 1.291 (0.976–1.707) 0.073 1.284 (0.971–1.69) 0.79
<30 2.980 (2.314–3.836) <0.001 1.065 (0.736–1.541) 0.74 1.058 (0.731–1.53) 0.764

BUN (per 10) 1.24 (1.197–1.285) <0.001 1.190 (1.124–1.260) <0.001 1.190 (1.124–1.260) <0.001
Haemoglobin 0.803 (0.768–0.839) <0.001 0.886 (0.840–0.935) <0.001 0.885 (0.839–0.934) <0.001
ACE inhibitors/ARB 0.762 (0.632–0.919) 0.005 0.995 (0.817–1.212) 0.961 1.000 (0.821–1.217) 0.99
Spironolactone 0.931 (0.767–1.132) 0.475 — —

Diuretics 0.87 (0.665–1.138) 0.31 — —

Beta-blockers
None Reference — Reference — — —

0 < Dose ≤ 25% 0.647 (0.509–0.821) <0.001 0.764 (0.599–0.976) 0.031 — —

25% < Dose ≤ 50% 0.532 (0.414–0.684) <0.001 0.716 (0.553–0.927) 0.011 — —

50% < Dose ≤ 75% 0.753 (0.405–1.398) 0.37 0.888 (0.472–1.673) 0.714 — —

75% < Dose ≤ 100% 0.503 (0.367–0.689) <0.001 0.71 (0.513–0.979) 0.037 — —

Beta-blockers
None Reference — — Reference —

0 < Dose ≤ 33% 0.647 (0.510–0.821) <0.001 0.765 (0.599–0.976) 0.031
33% < Dose ≤ 66% 0.532 (0.414–0.683) <0.001 0.714 (0.551–0.924) 0.011
66% < Dose ≤ 100% 0.531 (0.394–0.715) <0.001 0.732 (0.538–0.994) 0.46

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; CI, confidence interval; COPD, chronic
obstructive pulmonary disease; EF, ejection fraction; GFR, glomerular filtration rate.
Variables with P value below 0.2 in the univariate analysis were included in the multivariate model: age, sex, systolic blood pressure, di-
astolic blood pressure, heart rate, ischaemic heart disease, diabetes mellitus, hypertension, atrial fibrillation, COPD, GFR, BUN,
haemoglobin, ACE inhibitors/ARB, and beta-blocker doses.
aModel 1 included beta-blocker doses stratified into five groups.
bModel 2 included beta-blocker doses stratified into four groups.
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Furthermore, by using cubic splining, a near linear associa-
tion between HR at discharge and the hazard ratio for 1 year
mortality was demonstrated (Figure 4).

A number of sensitivity analyses was conducted according
to the presence of atrial fibrillation, ACS, and hypotension. As
demonstrated in Table 4, patients with HR above 90 b.p.m.
were at higher risk for mortality independent of the pres-
ence/absence of atrial fibrillation or ACS (Table 4). The risk
for 1 year mortality for those with HR 70–90 b.p.m. did not
vary significantly from the reference group (Figure 5).

Stratifying patients according to the presence/absence of
hypotension demonstrated a higher risk for death in those
with HR > 90 and normotension; the hazard ratio was
2.073 (95% CI, 2.073–2.732). However, the subgroup of pa-
tients with hypotension and HR above 90 did not differ signif-
icantly from other HR groups; the hazard ratio was 1.685
(95% CI, 0.458–6.193), probably due to the small number of
patients (Table 4).

Discussion

The prognostic impact of HR in ADHF is still a matter of debate.
In contrast to the predictive role of HR in chronic systolic
HF,15,16 the role of this measurement in ADHF is much more

controversial. This is partly due to differences in the time point
when HR was measured during an acute decompensation pe-
riod and focusing on different endpoints like in-hospital mor-
tality and readmission in various studies.

Heart rate and mortality

In this large cohort of HFrEF patients who were admitted with
ADHF, it was found that resting HR at discharge of >90 b.p.
m. was independently predictive of increased mortality at
1 year follow-up after discharge irrespective of the dosage
of the prescribed beta-blockers on discharge. Based on the
present study, it is conceivable to presume that the optimal
target HR that improves prognosis is below 90 b.p.m. in pa-
tients with HFrEF.

These findings are in concordance with prior studies asso-
ciating lower HR with decreased cardiovascular and all-cause
mortality.12,17,18 Maurer et al. reported that in HFrEF patients
treated with carvedilol, the improvement on ejection fraction
was primarily attributed to HR reduction and to lesser
proportions was due to increased contractility and reduced
systemic vascular resistance.19

Notably, Laskey et al. reported in both HFrEF and HFpEF
patients, a positive near linear association between HR and
mortality, especially in patients with HR above 85 b.p.m.12

Similarly, this current study demonstrated a positive linear
association between HR and mortality independent of beta-
blockers dosage. Notably, it included patients only with HFrEF.

There are only few studies that have concentrated on HR at
discharge among patients with acute decompensation of
HFrEF.4,12,20 Vollmert et al. demonstrated in patients with
HFrEF that HR at discharge was a predictor of mortality. In this
study, HR above 77 b.p.m. at discharge was associated with
nearly two-fold mortality increment. HR increase by 5 b.p.m.
was associated with an increase of mortality of 25%.4

In a retrospective study in 1669 chronic stable HF patients
with LVEF < 40%, Corletto et al. showed that by achieving
guidelines recommended beta-blocker dose or to HR control
(defined as 51–69 b.p.m.) has a similar positive impact on sur-
vival. When on target dose, supplemental HR control addi-
tionally improves survival.21

Beta-blockers and mortality

The current study showed that in patients receiving beta-
blockers, regardless of the dose, mortality was decreased as
compared with those discharged without any beta-blockers.
This finding emphasizes the proven importance of beta-
blockers recommendation at discharge. Yet there was no ap-
parent benefit in those with higher doses of beta-blockers
when dividing to by median, tertiles, or quartiles.

On the other hand, BIOSTAT-CHF study showed that HFrEF
patients who were treated with <50% of the recommended

Figure 4 Adjusted association between heart rate at discharge and the
hazard ratio for mortality, the (Y) axis presents the hazard ratio and
95% confidence interval, and heart rate values range from 60 to maxi-
mum (reference heart rate = 70). Variables adjusted for in the multivari-
ate model: age, sex, systolic blood pressure, diastolic blood pressure,
heart rate, ischaemic heart disease, diabetes mellitus, hypertension, atrial
fibrillation, chronic obstructive pulmonary disease, glomerular filtration
rate, blood urea nitrogen, haemoglobin, angiotensin-converting enzyme
inhibitors/angiotensin receptor blocker, and beta-blocker doses.
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dose of beta-blockers were at increased risk of death and HF
hospitalization compared with patients reaching ≥100% of
the recommended dose.20 One explanation for this discrep-
ancy might be the available data on the up-titration of
beta-blocker doses in the BIOSTAT-CHF; these data were un-
available in the current study.

Heart rate and mortality in patients with
concomitant cardiac conditions

Due to the heterogeneous clinical presentations of patients
with ADHF, several sensitivity analyses were performed

according to the presence of atrial fibrillation, ACS, and
hypotension.

Stratifying patients according to the presence of atrial
fibrillation demonstrated similar trend with the highest risk
of death in patients with HR above 90. These results are in
contrast with the work of Cullington et al. and Mulder et al.
who reported a better prognosis in HFrEF patients with
slower HR and sinus rhythm but not in those with atrial
fibrillation.22,23

Nevertheless, the aforementioned studies focused on
patients with HFrEF in the outpatients setting as opposed
to the current study that analysed patients with discharged
following ADHF.

Table 4 All-cause mortality at 1 year after discharge following stratification according to atrial fibrillation, acute coronary syndrome, and
hypotension

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Strata Atrial fibrillation (n = 1414) Without atrial fibrillation (n = 1531)
Heart rate < 70 Reference — Reference —

Heart rate 70–90 0.914 (0.687–1.217) 0.539 1.244 (0.910–1.701) 0.171
Heart rate > 90 1.983 (1.385–2.84) <0.001 2.595 (1.751–3.847) <0.001
Strata Acute coronary syndrome (n = 289) Without acute coronary syndrome (n = 2656)
Heart rate < 70 Reference — Reference —

Heart rate 70–90 1.098 (0.881–1.37) 0.4 0.789 (0.388–1.603) 0.5
Heart rate > 90 2.282 (1.741–2.992) <0.001 3.416 (1.382–8.439) 0.008
Strata Hypotension (n = 96) Normotensive (n = 2837)
Heart rate < 70 Reference — Reference —

Heart rate 70–90 0.696 (0.223–2.173) 0.53 1.082 (0.873–1.342) 0.47
Heart rate > 90 1.685 (0.458–6.193) 0.43 2.073 (1.573–2.732) <0.001

CI, confidence interval.
Variables adjusted for in the multivariate model: age, sex, systolic blood pressure, diastolic blood pressure, heart rate, ischaemic heart dis-
ease, diabetes mellitus, hypertension, atrial fibrillation, chronic obstructive pulmonary disease, glomerular filtration rate, blood urea ni-
trogen, haemoglobin, angiotensin-converting enzyme inhibitors/angiotensin receptor blocker, and beta-blocker doses.

Figure 5 Subgroup analysis for patients with atrial fibrillation—Kaplan–Meier survival curve from discharge to 1 year from discharge.
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Furthermore, the present results remained unchanged
following stratification according to the presence of ACS
during hospitalization. This finding suggests that the benefit
of lowering heart in ADHF is independent of the presence
of myocardial ischaemia.

In the current cohort, patients with hypotension at
discharge had similar risk of death regardless of the HR at dis-
charge. One explanation is that hypotension reflects their low
cardiac output and hypoperfusion; therefore, hypotensive
HFrEF patients have poor prognosis regardless of the HR.24

Yet the sample of this subgroup is statistically underpowered
to draw any negative conclusions.

The strength of the current study is the large size of the
cohort, inclusion of adults 18 and older, and adjusting to
beta-blocker dosage.

Limitations

This is a single-centre retrospective study. Hospital factors
and a rather high number of patients who had to be excluded
due to incomplete chart record might have influenced the re-
sults. The results rely on the accuracy of documentation. Fur-

thermore, the current study assessed the HR and
beta-blockers dosage at a single time point; future studies
are needed to explore serial HR measurements following dis-
charge. Although adjustments were made for possible con-
founders such as demographic, comorbid conditions,
haemodynamic, and laboratory variables, yet several impor-
tant variables were unavailable such as New York Heart Asso-
ciation classification, brain natriuretic peptide, and
physiological variables (cardiac output, pulmonary capillary
wedge pressure, and systemic and pulmonary vascular
resistance).

Conclusions

In patients with HFrEF and ADHF, lower HR at discharge
can predict a better prognosis regardless of beta-blockers
dosage. Therefore, HR at discharge may be a simple mea-
surement to assist in identifying high-risk ADHF patients.
Further multi-centre trails are needed to explore the bene-
fit of HR reduction in the heterogeneous clinical presenta-
tions of ADHF.
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