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ABSTRACT 

Background: Randomized trials have demonstrated 
the efficacy of beta-blockers (BBs) in heart failure 
(HF) patients. We sought to assess the impact of BBs 
on long-term outcome; in particular, we assessed the 
association between outcome and BB dose and dis- 
charge heart rate. Methods and Results: Prescrip- 
tions for dispensed medication and outcomes were 
identified from a prospective, single-institution HF 
registry. Long-term prognosis was compared between 
users and non-users of BBs. BB users were further 
divided into 2 groups based on dose (full and non-full 
dose) and discharge heart rate (<70 bpm and ≥70 
bpm). The primary endpoint was defined as either 
death or hospitalization due to HF. Of 199 patients, 
158 (79.4%) were receiving BBs at discharge. Their 
mean age was 66.8 ± 15.84 years. Compared with 
non-users of BBs, BB users were younger (65.0 ± 15.5 
vs 73.8 ± 13.3 years, P = 0.001) and had a lower ejec- 
tion fraction (36.0% ± 14.0% vs 48.3% ± 11.7%, p < 
0.001). The use of BBs had no effect on long-term 
outcome (HR = 2.564, P = 0.246), whereas the event- 
free rate was significantly decreased with increasing 
heart rate (stratified by 70 bpm; log-rank P = 0.05). A 
discharge heart rate of >70 bpm was significantly 
associated with impaired long-term outcome (HR = 
1.872, P = 0.04). Conclusions: Optimizing heart rate, 
rather than maximizing BB dose, appears to be an 
appropriate treatment strategy for the beta-sensitive 
Japanese population. 
 
Keywords: Heart Failure; Beta-Blocker; Heart Rate; 
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1. INTRODUCTION 

Evidence from clinical trials supports the use of phar- 
macological therapies in heart failure (HF) patients in 
order to improve their long-term outcome [1]. In addition 
to angiotensin-converting enzyme inhibitors (ACEi), al- 
dosterone receptor antagonists, and angiotensin II re- 
ceptor blockers, randomized trials have demonstrated the 
favorable effect of selective adrenergic receptor antago- 
nists (beta-blockers [BBs]) such as bisoprolol [2-5], sus- 
tained-release metoprolol [6,7], and carvedilol [8-13] in 
HF with reduced left ventricular systolic function. As a 
consequence, BBs are recommended for all patients with 
stable HF and reduced left ventricular ejection fraction 
(EF) unless contraindicated [1]. Furthermore, although 
resting heart rate is a prognostic factor in patients with 
HF [14,15], the optimal heart rate in patients with HF 
who are receiving BBs remains unclear. Clinicians there- 
fore attempt to titrate the dose of BB to the maximum 
recommended dose, and heart rate is not a focus in rou- 
tine clinical settings. 

In addition, ethnical variability in the use of and re- 
sponse to pharmacological therapies has been reported. It 
remains unclear how the therapeutic guidelines for HF, 
which are based on trials mainly conducted on Caucasian 
populations, can be implemented for ethnically different 
populations, particularly, Asian HF patients. Research on 
the patterns and practice outcomes in non-western coun- 
tries is important since the majority of landmark studies 
are conducted in western countries. Furthermore, there 
are significant racial differences in response to BBs, and 
limited studies have been performed on Asian popula- 
tions [16]. A study conducted in China showed large in- 
terethnic differences in the sensitivity and frequencies of 
genotype polymorphisms of the renin-angiotensin system 
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[17]. In a clinical setting, Seow et al. reported high mor- 
tality in multiethnic Southeast Asian patients (67% in 5 
years) despite high use of ACEi (79%), albeit with low 
use of BBs (5%) [18]. 

We sought to investigate the impact of the use of BBs 
on long-term outcome in patients who were admitted to a 
tertiary hospital for treatment of decompensated HF. In 
addition, we analyzed the effects of BB dose and dis- 
charge heart rate. 

2. METHODS 

2.1. Study Design and Patient Population 

HF patients who were admitted to Keio University Hos- 
pital for HF exacerbation and successfully discharged 
during the period from January 2006 to August 2010 
were consecutively recruited. Patients with a pacemaker 
(n = 25) were excluded, as were patients with no infor- 
mation on discharge heart rate (n = 7) or BB dose (n = 
30), those who did not have follow-up data (n = 37), and 
those for whom the date of discharge was unknown (n = 
6). From 298 recruits, the final study population com- 
prised 199 patients. The study protocol conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki, 
and the study was approved by the institution’s human 
research committee. 

Patients were divided into 2 groups based on the use 
or non-use of BBs. BB users were stratified on the basis 
of the dose of these medications (full dose or non-full 
dose). Of note, the maximum dose of BBs recommended 
by the Ministry of Health, Labor and Welfare in Japan is 
about half the dose recommended by western countries, 
for example, recommended dose for carvedilol 10 mg 
twice daily and bisoprolol 5 mg daily in Japan. 

Furthermore, we divided BB users into 2 groups based 
on a discharge heart rate close to the average discharge 
heart rate of 72.6 bpm: those with a heart rate of <70 
bpm and those with a heart rate of ≥70 bpm. Heart rate 
was measured at rest by a registered nurse before break- 
fast on the day of discharge. Average length of stay was 
19.0 days in our cohort, which was an appropriate inter- 
val to achieve BB equilibrium. 

2.2. Biomarker Measurement 

CKD was defined as estimated GFR (eGFR) of <60 
mL/min. Diabetes mellitus was defined according to the 
criteria of the American Diabetes Association. Clinical 
data were obtained from hospital medical charts. Plasma 
brain natriuretic peptide (BNP) level and other biomar- 
kers were also measured before discharge. Commercially 
available assay kits were used for the measurement of 
BNP (Shionogi, Tokyo, Japan), cardiac troponin T (cTnT; 
Roche Diagnostics, Tokyo, Japan), and high-sensitivity 
C-reactive protein (hsCRP; Dade Behring Marburg, 

Tokyo, Japan). The lower limit of detection of cTnT was 
0.01 ng/mL. Serum creatinine and hemoglobin levels 
were determined by standard laboratory methods. GFR 
was estimated using the equation from the Modification 
of Diet in Renal Disease Study: eGFR 
(mL·min−1·1.73·m−2) = 0.741 × 175 × Age−0.203 × 
SCr−1.154 ( 0.724 for females) [19]. 

2.3. Follow-Up 

The primary endpoint was all-cause mortality and HF 
requiring hospitalization. Follow-up information was ob- 
tained from medical records and inquiries directed at 
patients or their families via mail or telephone. Infor- 
mation was available for all (100%) patients. The pa- 
tients were predominantly followed by cardiologists in a 
tertiary care setting. 

2.4. Statistical Analysis 

Categorical variables were expressed as numbers (per- 
centages), and continuous variables were expressed as 
the mean  standard deviation. An unpaired t-test and 
chi-square test were used for between-group comparison 
of continuous and categorical variables, respectively. 
Overall survival and survival without hospitalization for 
HF were analyzed by the Kaplan-Meier method, and the 
curves were compared by the log-rank test. Multivariate 
Cox regression analyses were performed to assess the 
impact of medication on outcome. The multivariate mod- 
el included categorical variables that were statistically 
significant according to a univariate analysis as well as 
clinically important. A P-value of <0.05 was considered 
significant. Statistical analyses were performed with 
PASW Statistics 18. 

3. RESULTS 

3.1. Baseline Characteristics 

A total of 199 patients were analyzed for this study, and 
158 (79.4%) were on BBs at discharge. Most patients 
were on carvedilol (n = 152), and a few were on bis- 
oprolol or atenolol (n = 3 respectively). The mean age 
was 66.8 years; 70.3% of patients were men. The preva- 
lence of ischemic cardiomyopathy, diabetes mellitus, and 
CKD was 30.2%, 32.2%, and 66.8%, respectively. A total 
of 158 (79.4%) patients were receiving renin-angiotensin 
system inhibitors (RASi). 

The mean hemoglobin level was 13.0 g/dl. The median 
follow-up period for this cohort was 1.5 years (interquar- 
tile range, 0.6 - 2.6 years). 

Compared to non-users of BBs, BB users were younger 
(65.0 ± 15.5 vs 73.8 ± 13.3 years, P = 0.001) and had a 
lower EF (36.0% ± 14.0% vs 48.3% ± 11.7%, P < 0.001). 
The prevalence of ischemic cardiomyopathy was also  
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higher among BB users (34.2% vs 14.6%, P = 0.015) 
(Table 1). The primary endpoint was observed in 58 
(36.7%) BB users and in 13 (31.7%) BB non-users (log- 
rank test P = 0.860) (Figure 1). Cox proportional hazard 
analysis revealed that BB use had no influence on 
long-term outcome after adjustment for baseline EF and 
age, CKD, creatinine, BNP, RASi use, and potassium, 
which were identified as significant in the univariate 
analysis (HR = 2.564, P = 0.246). 

3.2. Dose of Beta-Blockers 

Of the 158 BB users, 19 and 139 were receiving a full 
dose and a non-full dose, respectively. The BNP value 
was lower among patients who were receiving the full 
dose of BB (220.6 ± 148.9 vs 368.4 ± 445.0, P = 0.007) 
(Table 2). The primary endpoint was observed in 8 
(42.1%) patients receiving the full dose and in 50 (36.0%) 
patients receiving a non-full dose of a BB (log-rank test,  

 
Table 1. Baseline characteristics by use of BB. 

Variables 
All 

n = 199 
on BB 
n = 158 

not on BB 
n = 41 

P-value 

Demographics 

Age, (yrs) 66.8 ± 15.4 65.0 ± 15.5 73.8 ± 13.3 0.001 

Male, (%) 140 (70.3) 116 (73.4) 24 (58.5) 0.063 

Jugular venous distention, (%) 92 (46.2) 68 (43.0) 24 (58.5) 0.172 

Third heart sound, (%) 112 (56.3) 87 (55.1) 25 (61.0) 0.522 

Coarse crackle, (%) 64 (32.2) 46 (29.1) 18 (43.9) 0.219 

Orthopnea, (%) 51 (25.6) 37 (23.4) 13 (31.7) 0.412 

Ischemic cardiomyopathy, (%) 60 (30.2) 54 (34.2) 6 (14.6) 0.015 

Ejection fraction, (%) 37.5 ± 13.6 36.0 ± 14.0 48.3 ± 11.7 <0.001 

NYHA Class III to IV on Admission, (%) 146 (73.4) 113 (73.4) 33 (82.5) 0.234 

Diabetes mellitus, (%) 64 (32.2) 53 (33.5) 11 (26.8) 0.412 

Hypertension, (%) 82 (41.2) 65 (41.1) 17 (41.5) 0.532 

Dyslipidemia, (%) 58 (29.1) 47 (29.7) 11 (26.8) 0.654 

Chronic kidney Disease, (%) 133 (66.8) 104 (66.2) 29 (70.7) 0.586 

Atrial fibrillation and/or atrial flutter, (%) 59 (29.6) 37 (23.4) 22 (53.7) <0.001 

Smoking, (%) 53 (26.6) 45 (40.5) 8 (32.0) 0.429 

Heart rate at discharge, (bpm) 72.6 ± 14.9 74.2 ± 14.1 66.4 ± 16.1 0.002 

Systolic blood pressure on admission, (mmHg) 131.4 ± 29.3 130.7 ± 29.9 134.0 ± 27.3 0.522 

Systolic blood pressure at discharge, (mmHg) 110.2 ± 18.6 108.6 ± 18.6 116.4 ± 17.2 0.016 

Creatinine (mg/dl) on admission 1.16 ± 0.79 1.2 ± 0.9 1.1 ± 0.4 0.850 

Hb on admission, (g/dl) 13.0 ± 2.4 13.1 ± 2.3 12.5 ± 2.4 0.127 

Sodium (mmol/l) on admission 139.5 ± 3.7 139.5 ± 3.9 139.5 ± 3.2 0.962 

Discharge medications 

RASi, (%) 158 (79.4) 128 (81.0) 30 (73.2) 0.269 

Loop diuretics, (%) 126 (63.3) 97 (61.8) 29 (70.7) 0.289 

Furosemide dose, (mg) 22.6 ± 28.5 23.4 ± 30.9 19.2 ± 15.2 0.233 

Spironolactone, (%) 105 (52.8) 88 (56.1) 17 (41.5) 0.096 

Biomarkers 

BNP, (pg/ml) 331.1 ± 399.3 351.7 ± 424.5 251.6 ± 271.0 0.162 

Troponin T, (ng/ml) 0.02 ± 0.09 0.02 ± 0.10 0.01 ± 0.02 0.699 

high-sensitive CRP, (ng/ml) 4830.5 ± 8575.1 4301.5 ± 7642.1 6892.0 ± 11406.6 0.092 

oxidized LDL, (U/l) 104.5 ± 37.7 108.6 ± 37.8 88.9 ± 33.5 0.003 

Values are expressed as mean ± SD or n (%). P refers to comparison between patients who were on BB and those who were not on BB. BB, beta blocker; BNP, 
brain natriuretic peptide; CRP, C-reactive protein; Hb, hemoglobin; NYHA, New York Heart Association; RASi, renin-angiotensin system inhibitor. 
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Table 2. Baseline characteristics by dose of BB. 

Variables 
Full dose Group 

n = 19 
Non-Full dose Group 

n = 139 
P-value 

Demographics 

Age, (yrs) 64.5 ± 12.8 65.1 ± 15.8 0.876 

Male, (%) 15 (78.9) 101 (72.7) 0.561 

Jugular venous distention, (%) 8 (42.1) 60 (43.2) 0.589 

Third heart sound, (%) 13 (68.4) 74 (53.2) 0.160  

Coarse crackle, (%) 8 (42.1) 38 (27.3) 0.145 

Orthopnea, (%) 4 (21.1) 33 (23.7) 0.775 

Ischemic cardiomyopathy, (%) 9 (47.4) 45 (32.4) 0.196 

Ejection fraction (%) 35.0 ± 15.8 36.1 ± 13.8 0.993 

NYHA Class III to IV on Admission, (%) 16 (88.9) 97 (71.3) 0.113 

Diabetes mellitus, (%) 6 (31.6) 47 (33.8) 0.847 

Hypertension, (%) 10 (52.6) 55 (39.6) 0.278 

Dyslipidemia, (%) 9 (47.4) 38 (27.3) 0.073 

Chronic kidney disease, (%) 13 (68.4) 91 (65.9) 0.830  

Atrial fibrillation and/or atrial flutter, (%) 4 (21.1) 33 (23.7) 0.795 

Smoking, (%) 5 (35.7) 40 (41.2) 0.694 

Heart rate at discharge, (bpm) 68.5 ± 13.9 75.0 ± 14.1 0.062 

Systolic blood pressure on admission, (mmHg) 128.4 ± 34.9 131.0 ± 29.3 0.728 

Systolic blood pressure at discharge, (mmHg) 110.0 ± 17.3 108.4 ± 18.9 0.728 

Creatinine (mg/dl) on admission 1.1 ± 0.4 1.2 ± 0.9 0.746 

Hb on admission, (g/dl) 12.7 ± 1.9 13.1 ± 2.4 0.439 

Sodium (mmol/l) on admission 140.1 ± 3.6 139.4 ± 3.9 0.511 

Discharge medications 

RASi, (%) 17 (89.5) 111 (79.9) 0.316 

Loop diuretics, (%) 13 (68.4) 84 (60.9) 0.525 

Furosemide dose, (mg) 31.6 ± 41.8 22.3 ± 29.0 0.219 

Spironolactone, (%) 11 (57.9) 77 (55.8) 0.863 

Biomarkers 

BNP, (pg/ml) 220.6 ± 148.9 368.4 ± 445.0 0.007 

Troponin T, (ng/ml) 0.00 ± 0.01 0.02 ± 0.11 0.444 

high-sensitive CRP, (ng/ml) 4301.8 ± 6787.0 4301.5 ± 7766.0 0.999 

oxidized LDL, (U/l) 104.1 ± 38.4 109.1 ± 37.8 0.610 

Values are expressed as mean ± SD or n (%). BB, beta blocker; BNP, brain natriuretic peptide; CRP, C-reactive protein; Hb, hemoglobin; NYHA, New York 
Heart Association; RASi, renin-angiotensin system inhibitor. 

 
P = 0.701) (Figure 2). Cox proportional hazard analysis 
revealed that the BB dose had no influence on long-term 
outcome after adjustment for age, gender, and baseline 
EF (HR 1.173, P = 0.680). 

3.3. Beta-Blockers and Heart Rate 

Of the 158 BB users, 61 had a discharge heart rate of <70 
bpm. There were no significant differences between the 2 
groups in terms of age (P = 0.770), prevalence of diabe- 
tes mellitus (P = 0.392), CKD (P = 0.837), use of RASi  

such as ACEi (P = 0.282), and BNP (P = 0.300) (Table 3). 
The primary endpoint was observed in 16 (26.2%) and 
42 (43.4%) patients with a discharge heart rate of <70 
bpm and ≥70 bpm, respectively (log-rank P = 0.05) (Fig- 
ure 3). Discharge heart rate was a significant predictor of 
long-term outcome after adjustment for age, gender, and 
baseline EF (HR 1.872; P = 0.040). Furthermore, dis- 
charge heart rate was not correlated with BB dose at dis- 
charge among BB users (Spearman Rank Correlation 
Coefficient = −0.012, P = 0.858). 
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Figure 1. Kaplan-Meier event curve for on vs not on BB group. 
 

 

Figure 2. Kaplan-Meier event curve for full dose vs not-full 
dose group. 

4. DISCUSSION 

The main findings of the present study were as follows: 1) 
BB prescriptions based on physician preference had a 
limited impact on outcome in a cohort of Japanese HF 
patients who had recovered from recent acute decom- 
pensation; 2) full dose of BBs was not associated with 
improved outcome; 3) optimal heart rate appeared to 
reduce the risk of a HF event in BB users. 

European and American guidelines for the treatment of 
HF have reached a consensus by incorporating numerous 
published studies and knowledge into clinical practice. 
[20,21] The use of RASi, diuretics, and BBs in the ma-  

 

Figure 3. Kaplan-Meier event curve for HR > 70 vs HR ≤ 70 
group. 
 
jority of HF patients was already recommended at the 
time of our study [20,21]. Overall, adherence to evi- 
dence-based medication in the present study was consis- 
tent with that in western countries; 79.4% of the patients 
received RASi at discharge, which is comparable to the 
approximately 60% in Europe [22,23] and 88% in the 
United States [24]. Similarly, 79.4% of our patients were 
discharged with a BB; this percentage was 83.5% in the 
US [25]. Traditionally, the number of clinical research 
studies performed in Japan has been limited, and pre- 
scription of guideline-based medication has been low 
compared to that in western countries. For example, in a 
multicenter, prospective cohort study conducted in Japan 
between 2000 and 2005, only 29.9% of patients with 
chronic HF were using a BB [26]. In another Japanese 
registry study performed between 2004 and 2005, 65.9% 
of patients with systolic dysfunction were using a BB at 
the time of hospital discharge. The majority of patients 
taking a BB received carvedilol (89.8%) [27]. Although 
our study was limited to a single academic institution, we 
believe that improvement of the BB prescription rate and 
RASi use represents strong implementation of evidence- 
based therapy in Japan. 

Resting heart rate is a prognostic factor in patients 
with HF [14,15], but the optimal heart rate in patients 
with HF who are using BBs remains unclear. Therefore, 
clinicians attempt to titrate the dose of BB to the maxi- 
mum recommended dose, and heart rate is not a focus in 
routine clinical settings. In the present study, a discharge 
heart rate of <70 bpm was associated with improved 
outcome in BB users. In the SHIFT study, a direct asso- 
ciation was found between baseline heart rate and  
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Table 3. Baseline characteristics of patients discharged on beta-blocker, stratified by discharge heart rate. 

Variables 
HR < 70 Group 

n = 61 
HR ≥ 70 Group 

n = 97 
P-value 

Demographics 

Age, (yrs) 65.4 ± 13.3 64.7 ± 16.8 0.770 

Male, (%) 43 (70.5) 73 (75.3) 0.580 

Jugular venous distention, (%) 31 (59.8) 37 (38.1) 0.182 

Third heart sound, (%) 40 (65.6) 47 (48.5) 0.037 

Coarse crackle, (%) 20 (32.8) 26 (26.8) 0.606 

Orthopnea, (%) 18 (29.5) 19 (19.6) 0.108 

Ischemic cardiomyopathy, (%) 25 (41.0) 29 (29.9) 0.171 

Ejection fraction (%) 35.1 ± 13.9 37.6 ± 14.1 0.738 

NYHA Class III to IV on Admission, (%) 49 (80.3) 64 (68.8) 0.137 

Diabetes mellitus, (%) 23 (37.7) 30 (30.9) 0.392 

Hypertension, (%) 25 (41.0) 40 (41.2) 0.975 

Dyslipidemia, (%) 18 (29.5) 29 (29.9) 0.959 

Chronic kidney disease, (%) 41 (67.2) 63 (64.9) 0.837 

Atrial fibrillation and/or atrial flutter, (%) 22 (25.6) 37 (32.7) 0.273 

Smoking, (%) 18 (29.5) 27 (27.8) 0.375 

Heart rate at discharge, (bpm) 60.5 ± 6.1 82.8 ± 10.5 <0.001 

Systolic blood pressure on admission, (mmHg) 127.0 ± 32.7 133.0 ± 27.9 0.217 

Systolic blood pressure at discharge, (mmHg) 106.9 ± 16.6 109.7 ± 19.8 0.369 

Creatinine (mg/dl) on admission 1.1 ± 0.3 1.2 ± 1.1 0.280 

Hb on admission, (g/dl) 13.0 ± 2.2 13.1 ± 2.4 0.797 

Sodium (mmol/l) on admission 140.0 ± 2.8 139.1 ± 4.3 0.156 

Discharge medications 

RASi, (%) 52 (85.2) 76 (78.4) 0.282 

Dose of BB (carvedilol equivalent), (mg) 9.25 ± 6.22 7.85 ± 5.09 0.128 

Loop diuretics, (%) 39 (63.9) 58 (60.4) 0.737 

Furosemide dose, (mg) 24.0 ± 30.1 23.0 ± 31.6 0.842 

Spironolactone, (%) 29 (47.5) 59 (61.5) 0.100 

Biomarker levels at discharge 

BNP, (pg/ml) 306.9 ± 293.5 380.5 ± 489.8 0.300 

Troponin T, (ng/ml) 0.02 ± 0.15 0.02 ± 0.07 0.584 

high-sensitive CRP, (ng/ml) 4844.3 ± 10267.5 3947.5 ± 5313.8 0.481 

oxidized LDL, (U/l) 106.0 ± 33.5 110.2 ± 40.4 0.504 

Values are expressed as mean ± SD or n (%). BB, beta blocker; BNP, brain natriuretic peptide; CRP, C-reactive protein; Hb, hemoglobin; NYHA, New York 
Heart Association; RASi, renin-angiotensin system inhibitor. 

 
outcomes in patients with HF who were in sinus rhythm 
with a heart rate of ≥70 bpm [28]. Moreover, in a meta- 
analysis of BB trials on HF conducted in western coun- 
tries, the benefit on mortality was related to the reduction 
in heart rate achieved in each trial, and was not related to 
the BB dose [29]. 

In the present study, patients who were receiving a full 
dose of a BB did not have an improved outcome com- 

pared to those who were not receiving a full dose. There 
is little information on the response to BBs among Japa- 
nese patients. In 1 small study, carvedilol reduced hospi- 
talization for cardiovascular disease in a dose-dependent 
fashion, and even a low dose of carvedilol (as low as 5 
mg/day) was effective [30]. 

In controlled clinical trials, the BB dose is not deter- 
mined by a patient’s therapeutic response, but is increased 
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until the patient has received a prespecified target dose. 
Low doses are prescribed only if the target doses are not 
tolerated; therefore, most trials have not evaluated whe- 
ther low doses are effective. The implication is that phy- 
sicians, especially cardiologists and primary care physi- 
cians, should make every effort to achieve the target 
doses of the BB shown to be effective in major clinical 
trials [1]. Our results challenge the above notion and in- 
dicate that optimizing heart rate, rather than maximizing 
dose, is an appropriate treatment strategy for the beta- 
sensitive Japanese population. 

Despite aggressive use of BBs in our population, the 
impact of BBs might have been diluted by the physi- 
cian’s preference for its use. One study reported that 
more than a quarter of users discontinued BBs in the first 
year after hospitalization and that the 5-year compliance 
rate was 53% [31]. In a study conducted in the US, with- 
drawal of BBs was associated with a substantially higher 
adjusted risk of mortality compared with BB continua- 
tion, but with a similar risk to that of eligible HF patients 
not treated with BBs. Furthermore, users of BBs had a 
lower EF, which can contribute to higher mortality. Mul- 
tivariate regression analysis of covariates such as age, 
CKD, creatinine, BNP, RASi use, and potassium, which 
were shown to be significant in univariate analysis, re- 
vealed no significant differences between the 2 groups 
(users and non-users of BBs; HR = 2.914, P = 0.16). 
However, the applicability of these results may be lim- 
ited by the low number of patients included in our analy- 
sis. 

There are several limitations to the current study. Al- 
though the results remained significant, we were unable 
to adjust for significant variables in the subgroup analy- 
sis since the number of patients included in this study 
was relatively small. Further, adherence to evidence- 
based medication may have impacted the outcome. In 
our cohort, the BB dose remained the same in 53.2% of 
the patients during the follow-up period, but due to the 
limited number of patients and the short follow-up period, 
we did not perform any additional analyses. We did not 
classify patients based on systolic and diastolic HF, al- 
though not all HF patients have a similar response and 
outcome from this perspective. Lastly, use of spirono- 
lactone in symptomatic HF patients with systolic left 
ventricular dysfunction was not included in our analysis. 
Various comorbidities, such as renal insufficiency or 
hypotension, may have contributed to non-adherence to 
evidence-based medication. However, without rigid pro- 
spective definitions, it is not possible to determine whe- 
ther other solutions could be found without discontinuing 
these agents. 

In conclusion, BB therapy was not associated with bet- 
ter long-term outcomes in this cohort. Our results suggest 
that in BB therapy, optimizing heart rate is more impor- 

tant than dose titration. 
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