
1. Introduction

Heart failure (HF) is a major cause of hospitalization in the el-

derly, with acute decompensated HF accounting for 50–70% of cases,

a 6-month readmission rate near 50%, and a 5-year mortality rate of

about 50%.1 COPD a frequent HF comorbidity, has a 5-year mortality

rate of 40–70%, further worsening patient outcomes and increasing

healthcare burden.2–4

HF can be classified as mildly-reduced LVEF (50% < LVEF > 40%),

and HF with reduced LVEF (HFrEF, LVEF � 40%).1 According to 2021

European Society of Cardiology (ESC) guidelines, beta-blockers are a

key therapy for HFrEF, improving heart function and survival.1,5,6

However, in patients with both HFrEF and COPD about one-third of

cases beta-blockers are often underused due to concerns over respi-

ratory side effects, especially in Asia.7–9 Recent studies have shown

the benefit of even low-dose beta-blockers in this population.10–12

This study aimed to evaluate the impact and dose-dependent

effects of beta-blockers on outcomes in patients with acute decom-

pensated HFrEF and concomitant COPD, providing evidence-based

guidance for clinical use.

2. Methods

2.1. Participants

This study has been approved by the Institutional Review Board

(IRB) of Mackay Memorial Hospital (IRB Number: 24MMHIS440e).

Given the minimal risk involved, an exemption from informed con-

sent was requested without impacting participants rights.

The study was a single-center, retrospective, observational co-

hort study conducted between January 2001 and December 2019 at

the MacKay Memorial Hospital, Taipei and Tamsui branches, diag-

nosed HF history (prior HF admission history or worsening HF requir-

ing oral or intravenous diuretic intervention). Eligible patients were

aged � 20 years with established COPD with concomitant ICD-10 di-

agnosis for HF (I502, I504), ACC/AHA stages C–D, LVEF � 40%, and el-

evated natriuretic peptides (BNP � 100 pg/mL or age-stratified NT-

proBNP elevation as: NT-proBNP � 450 pg/mL if age < 50 years; � 900

pg/mL if age 50–75 years; � 1800 pg/mL if age > 75 years).1 COPD di-
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S U M M A R Y

Background: The use of beta-blockers in patients with heart failure with reduced ejection fraction

(HFrEF) and coexisting COPD remains controversial. This study evaluated their feasibility, prognosis, and

dose-dependent effects.

Methods: This retrospective study included 805 patients with HFrEF co-existed with COPD. 279 received

beta-blockers and 526 did not. Beta-blocker users were stratified into < 25% and � 25% of the recom-

mended dose. Two- and five-year outcomes were assessed using Kaplan-Meier and Cox regression an-

alyses.

Results: Patients on < 25% beta-blocker dose had significantly lower two- and five-year all-cause mortal-

ity than non-users (both p < 0.05). This benefit persisted after adjusting for age, ejection fraction, and

bronchodilator use (HR 0.67; 95% CI 0.48–0.94; p = 0.021).

Conclusions: This study suggests that beta-blockers may be safely used in HFrEF patients with COPD,

starting at low doses. Further studies should assess their effect on HF-related readmissions.
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agnosis was confirmed by ICD-10 codes (J42–J44), pulmonary physi-

cian assessment, FEV1/FVC < 70%, or the PUMA tool if PFTs were un-

available.13–15 Patients were divided into beta-blocker users and

non-users. Among users, further subgrouping was based on dis-

charge dosage per 2021 ESC HF guidelines < 25% or � 25% of the re-

commended dose (bisoprolol, carvedilol, nebivolol).1 Prescription

and dosage information of �-blockers at discharge, as well as causes

of rehospitalization and death at two and five years, were recorded.

To avoid diagnostic overlap, prior heart disease was classified as CAD

(ICD-10: I20, I25) or arrhythmias (ICD-10: I47, I49). Exclusion criteria

included acute coronary syndrome, congenital heart valve disease,

transfer to a respiratory care center without weaning off the ventila-

tor, in-hospital death, or non-attendance after discharge. Data were

collected retrospectively, including demographics, clinical parame-

ters, lab results, imaging, PFTs, and outcomes such as readmissions

and mortality at 2 and 5 years (Figure 1).

Finally, a total of 1,428 cases of hospitalized patients or those

requiring oral or intravenous diuretic intervention owing to symp-

toms or signs of HF and diagnosed with COPD were identified. After

excluding patients with acute coronary syndrome (113 cases), con-

genital heart valve disease (71 cases), transfer to a respiratory care

center without weaning off the ventilator (67 cases), in-hospital

deaths (217 cases) and non-attendance after discharge (155 cases),

805 patients with HFrEF and COPD were included in our final analysis

(Table 1A and 1B).

2.1. Clinical endpoints

The primary endpoints were all-cause mortality and HF re-hos-

pitalization; secondary endpoints were HF-related death and all-
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Figure 1. Schemiatic flowchart of current study. BNP, brain natriuretic peptide; COPD, chronic obstructive pulmonary disease; FEV1/FVC, forced expiratory vol-

ume in one second/forced vital capacity; HF, heart failure; HFrEF, heart failure with reduced left ventricular ejection fraction.



cause hospitalization. Follow-up periods were two and five years.

2.2. Statistical analysis

Continuous variables were expressed as mean � SD or median

(IQR) and compared using t-test or Wilcoxon rank-sum test. Categori-

cal variables were shown as percentages and compared using chi-

squared test. Associations between beta-blocker use and outcomes

were assessed by uni- and multivariate Cox regression. Kaplan-Meier

with log-rank tests compared outcomes between users and non-
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Table 1B

Baseline patient echocardiography, Post-bronchodilator lung function, laboratory and medication.

All patients Beta-blocker used No beta-blocker used p value

n 805 279 526

Echocardiography

Left ventricular ejection fraction (%), mean (SD) 31.8 � 6.20 31.2 � 6.40 32.2 � 6.00 *0.028*

Post-bronchodilator lung function

FEV1/FVC, mean (SD) 62.2 � 12.2 65.0 � 12.4 60.7 � 11.9 *0.013*

FEV1, mean (SD) 72.0 � 22.8 75.9 � 23.6 70.0 � 22.3 0.066

Laboratory

Hemoglobin (g/dL), mean (SD) 12.4 � 2.20 12.8 � 2.20 12.1 � 2.20 *< 0.001* <

BUN (mg/dL), mean (SD) 30.3 � 22.3 28.6 � 20.4 31.2 � 23.2 0.117

Creatinine (mg/dL), mean (SD) 2.0 � 2.0 2.0 � 2.1 2.0 � 1.9 0.863

eGFR (mL/min/1.73 m
2
), mean (SD) 53.6 � 35.8 54.0 � 32.4 53.3 � 36.5 0.810

Potassium (mEq/L), mean (SD) 4.0 � 0.6 4.1 � 0.6 4.0 � 0.6 0.531

Sodium (mEq/L), mean (SD) 138.2 � 4.300 138.1 � 4.000 138.2 � 4.500 0.829

BNP (pg/mL), mean (SD) 1255.0 � 1260.5 1344.4 � 1378.7 1156.8 � 1184.3 0.083

NT-proBNP (pg/mL), mean (SD) 07620.8 � 10540.3 07829.1 � 10918.9 07430.1 � 10219.6 0.765

Medication

ACEI/ARB, (n, %) 393 (48.8%) 133 (47.7%) 260 (49.4%) 0.635

ARNI, (n, %) 70 (8.7%) 27 (9.7%) 43 (8.2%) 0.472

ACEI/ARB/ARNI, (n, %) 471 (58.5%) 168 (60.2%) 303 (57.6%) 0.475

MRA (n, %) 406 (50.4%) 151 (54.1%) 255 (48.5%) 0.056

I(f) inhibitor (n, %) 44 (5.5%) 19 (6.8%) 25 (4.8%) 0.308

Digoxin, (n, %) 213 (26.5%) 069 (27.7%) 144 (27.4%) 0.357

Diuretics, (n, %) 714 (88.7%) 255 (91.4%) 459 (87.3%) 0.078

Short-acting beta-agonist (SABA), (n, %) 490 (60.9%) 148 (53.0%) 342 (65.0%) *0.001*

Long-acting beta-agonist (LABA), (n, %) 166 (20.6%) 040 (14.3%) 126 (24.0%) *0.001*

Short-acting anti-muscarinic agent (SAMA), (n, %) 226 (28.1%) 053 (19.0%) 173 (32.9%) *< 0.001* <

SABA/SAMA (n, %) 257 (31.9%) 074 (26.5%) 183 (34.8%) *0.017*

Methylxanthines, (n, %) 376 (46.7%) 113 (40.5%) 263 (50.0%) *0.012*

Ever used any COPD medication, (n, %) 593 (73.7%) 192 (68.8%) 401 (76.2%) *0.024*

Data are shown as n (%) or mean � standard deviation

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitors; BNP, brain natriuretic

peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; FEV1/FVC, forced expiratory volume in one second/forced vital capacity;

LABA, long-acting beta-agonist; MRA, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart

Association; SABA, short-acting beta-agonist; SAMA, short-acting anti-muscarinic agent; SD, standard deviation.

Table 1A

Baseline patient demographics & previous medical history.

All patients Beta-blocker used No beta-blocker used p value

n 805 279 526

Demographics

Age (year), mean (SD) 072.3 � 11.6 070.4 � 11.4 073.2 � 11.6 *0.001*

Male (n, %) 592 (73.5%) 209 (74.9%) 383 (72.8%) 0.557

Body mass index (kg/m
2
), mean (SD) 23.9 � 4.6 24.2 � 4.7 23.7 � 4.6 0.218

Heart rate (beats/min), mean (SD) 088.5 � 16.7 086.9 � 15.5 089.3 � 17.3 0.056

Systolic blood pressure (mmHg), mean (SD) 138.5 � 24.0 136.2 � 22.1 139.5 � 25.0 0.081

Diastolic blood pressure (mmHg), mean (SD) 076.0 � 13.8 075.9 � 13.2 075.9 � 14.1 0.988

NYHA class (n, %) 0.975

I 77 (9.6%) 27 (9.7%) 50 (9.5%)

II 271 (33.7%) 096 (34.4%) 175 (33.3%)

III 407 (50.6%) 138 (49.5%) 269 (33.4%)

IV 50 (6.2%) 18 (6.5%) 32 (6.1%)

Previous medical history

Hypertension (n, %) 454 (56.4%) 162 (58.1%) 292 (55.5%) 0.487

Heart disease (n, %) 576 (71.6%) 209 (74.9%) 367 (69.8%) 0.124

Coronary artery disease (n, %) 449 (55.8%) 164 (58.8%) 285 (54.2%) 0.211

Atrial fibrillation (n, %) 286 (35.9%) 108 (38.7%) 178 (33.8%) 0.170

Diabetes mellitus (n, %) 346 (46.2%) 129 (46.2%) 217 (41.3%) 0.174

Chronis kidney disease (n, %) 255 (31.7%) 088 (31.5%) 167 (31.7%) 0.952

Chronic bronchitis (n, %) 321 (39.9%) 108 (38.7%) 213 (40.5%) 0.623



users. Dose effects were analyzed by stratifying users into < 25%

and � 25% guideline dose, with non-users as reference.

All statistical analysis was performed using STATA 14. A 2-sided

value of p < 0.05 was taken to indicate statistical significance for all

analyses.

3. Results

Tables 1A and 1B listed the baseline characteristics by beta-

blocker use. The cohort (mean age 72.3 � 11.6 years; 73.5% male)

had an average LVEF of 31.8% and FEV1/FVC ratio of 62.4%. About

50.6% were NYHA III, and 34.7% received beta-blockers. Significant

differences were noted in age, LVEF, FEV1/FVC, hemoglobin, and

bronchodilator use between users and non-users (p < 0.05). Some

did not receive COPD treatment, likely due to mild symptoms (CAT <

10). At discharge, only 34.7% were prescribed beta-blockers. Signifi-

cant differences in age, LVEF, FEV1/FVC, hemoglobin, and broncho-

dilator use were noted between beta-blocker users and non-users (p

< 0.05).

Among 805 patients, 161 case (20.0%) died within 2 years (8.9%

HF-related), and 65.3% were readmitted (38.3% due to HF). At 5

years, 255 case (37.7%) died (13.3% HF-related) and 47.0% were re-

admitted for HF. Beta-blocker use reduced 2-year mortality (HR 0.62;

CI 0.44–0.88; p = 0.008) and remained significant after adjustment.

At 5 years, it was associated with lower mortality (HR 0.63; 95% CI

0.48–0.83; p = 0.001) and readmission (HR 0.83; 95% CI 0.72–1.00; p

= 0.034); adjusted analysis confirmed mortality benefit (HR 0.69;

95% CI 0.52–0.92; p = 0.01). In addition, we analyzed the two- and

five-year rehospitalization rates due to acute exacerbations of ch-

ronic obstructive pulmonary disease, a representative non-cardio-

vascular event, and found no significant association with �-blocker

use (HR 0.86; 95% CI 0.65–1.14; p = 0.29 and HR 0.89; 95% CI 0.69–

1.13; p = 0.32, respectively) (Table 2 and Table 3). Kaplan-Meier

curves (Figure 2A–H) illustrate these outcomes.

Clinical outcomes were compared among non-users, low-dose

(< 25%), and high-dose (� 25%) beta-blocker users at 2-year and

5-year follow-up. At 2 years, low-dose users showed reduced mortal-

ity (HR 0.63; 95% CI 0.40–0.96; p = 0.032); the high-dose group

showed borderline significance (HR 0.61; 95% CI 0.36–1.02; p =

0.06). Other outcomes were similar across groups. At 5 years, mor-

tality was reduced in both low-dose and higher-dose groups (HR

0.63; p = 0.006; HR 0.64; p = 0.028), but after adjustment, signifi-

cance remained only for the low-dose group (HR 0.67; 95% CI 0.48–
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Table 2

Effect of beta-blocker use on mortality and heart failure-related

hospitalization at two years.

Uni-variable analysis of beta-blocker use

Primary endpoints Hazard ratio 95% CI p value

All-cause mortality 0.62 0.44–0.88 *0.008*

HF mortality 0.66 0.40–1.11 0.115

All-cause readmission 0.87 0.73–1.05 0.148

HF readmission 0.98 0.78–1.24 0.900

COPD readmission 0.78 0.59–1.03 0.083

Multivariable analysis of beta-blocker use

(adjusted for age, LVEF and bronchodilator use)

Secondary endpoints Hazard ratio 95% CI p value

All-cause mortality 0.69 0.49–0.99 0*0.042*

HF mortality 0.76 0.45–1.28 0.30

All-cause readmission 0.92 0.77–1.11 0.39

HF readmission 1.05 0.83–1.33 0.67

COPD readmission 0.86 0.65–1.14 0.29

Table 3

Effect of beta-blocker use on mortality and heart failure-related

hospitalization at five years.

Uni-variable analysis of beta-blocker use

Primary endpoints Hazard ratio 95% CI p value

All-cause mortality 0.63 0.48–0.83 *00.001*

HF mortality 0.70 0.46–1.06 0.10

All-cause readmission 0.83 0.72–1.00 0.03

HF readmission 0.93 0.76–1.15 0.52

COPD readmission 0.81 0.64–1.03 00.089

Multivariable analysis of beta-blocker use

(adjusted for age, LVEF and bronchodilator use)

Secondary endpoints Hazard ratio 95% CI p value

All-cause mortality 0.69 0.52–0.92 *0.01*

HF mortality 0.77 0.50–1.17 0.22

All-cause readmission 0.89 0.75–1.05 0.17

HF readmission 1.01 0.82–1.25 0.93

COPD readmission 0.89 0.69–1.13 0.32

Figure 2. Kaplan-Meier curves for mortality and re-hospitalization rates in

patients undergoing �-blocker treatment at two and five years, respectively.

The blue line represents cases was non-used of beta-blockers, while the

green line represents cases was used of beta-blockers. A–D. Mortality and

re-hospitalization rates in patients undergoing �-blocker treatment versus

non-users at two years. E–H. Mortality and re-hospitalization rates in pa-

tients undergoing �-blocker treatment versus non-users at five years.



0.94; p = 0.021). The other groups also did not show significant dif-

ferences (Table 4 and Table 5). Kaplan-Meier curves (Figure 3A–H) il-

lustrate these outcomes.

4. Discussion

Our study showed that �-blockers are underused in acute de-

compensated HFrEF patients complicated with COPD yet their use,

even at low doses was linked to reduced all-cause mortality at two

and five years. These findings support early �-blocker initiation at

discharge, even in patients with COPD.

In Taiwan, cardiovascular disease is the second leading cause of

death after cancer. For severe COPD, the 2-year mortality rate ap-

proaches 50%.3 Beta-blockers are often underused in HF patients

with COPD due to concerns about respiratory side effects.3,16 In our

cohort, only 34.7% received beta-blockers at discharge — much

lower than in the ESC registry (62.8%) and EVEREST study (63%) —

likely reflecting physician caution, especially in Asian countries.16,17

Despite these concerns, our findings showed that even low-dose

beta-blockers (< 25% of the recommended dose) were linked to bet-

ter outcomes.

Several studies recommend standard dosage or � 50% beta-

blocker doses for HFrEF with co-morbid COPD, but few analyze lower

doses.3,8 Our study evaluated whether low-dose beta-blockers (<

25% of the guideline-recommended maximum) improve outcomes

in HFrEF with COPD. We found lower all-cause mortality even with

low-dose use at 5 years in both uni- and multivariate analyses. Simi-

lar findings were seen in the Asian-HF registry. Non-users in our co-

hort were older, used more bronchodilators, and had worse lung

function, possibly reflecting physician concerns about prior drug re-

actions, respiratory status, and disease severity.9 Although multiple

studies have indicated the substantial benefit of low dose �-blocker

use (less than half recommended dose) for HFrEF, the clinical usage

rate remains low in real-world clinical practice, particularly in COPD
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Table 4

Effect of beta-blocker dosage on mortality and heart failure-related

hospitalization at two years.

Univariable analysis of beta-blocker use

Outcomes Hazard ratio 95% CI p value

All-cause mortality

Not used ref.

< 25% maximum dose 0.63 0.42–0.96 *00.032*

� 25% maximum dose 0.61 0.36–1.02 0.06

HF mortality

Not used ref.

< 25% maximum dose 0.70 0.38–1.28 0.21

� 25% maximum dose 0.60 0.27–1.33 0.21

All-cause readmission

Not used ref.

< 25% maximum dose 0.86 0.69–1.06 0.16

� 25% maximum dose 0.90 0.70–1.17 0.45

HF readmission

Not used ref.

< 25% maximum dose 0.99 0.75–1.30 0.93

� 25% maximum dose 0.98 0.70–1.37 0.91

COPD readmission

Not used ref.

< 25% maximum dose 1.19 0.68–2.06 0.54

� 25% maximum dose 0.52 0.25–1.08 0.08

Multivariable analysis of beta-blocker use

(adjusted for age, LVEF and bronchodilator use)

Outcomes Hazard ratio 95% CI p value

All-cause mortality

Not used ref.

< 25% maximum dose 0.70 0.46–1.06 00.095

� 25% maximum dose 0.69 0.41–1.16 0.16

HF mortality

Not used ref.

< 25% maximum dose 0.79 0.43–1.47 0.46

� 25% maximum dose 0.70 0.32–1.55 0.38

All cause readmission

Not used ref.

< 25% maximum dose 0.90 0.73–1.12 0.36

� 25% maximum dose 0.96 0.74–1.24 0.74

HF readmission

Not used ref.

< 25% maximum dose 1.05 0.79–1.39 0.73

� 25% maximum dose 1.05 0.75–1.48 0.76

COPD readmission

Not used ref.

< 25% maximum dose 0.99 0.57–1.73 0.98

� 25% maximum dose 0.48 0.24–1.02 0.06

Table 5

Effect of beta-blocker dosage on mortality and heart failure-related

hospitalization at five years.

Univariable analysis of beta-blocker use

Outcomes Hazard ratio 95% CI p value

All-cause mortality

Not used ref.

< 25% maximum dose 0.63 0.45–0.87 *00.006*

� 25% maximum dose 0.64 0.43–0.95 *00.028*

HF mortality

Not used ref.

< 25% maximum dose 0.74 0.46–1.20 0.22

� 25% maximum dose 0.64 0.34–1.20 0.17

All-cause readmission

Not used ref.

< 25% maximum dose 0.85 0.92–1.50 0.20

� 25% maximum dose 0.80 0.63–1.03 00.087

HF readmission

Not used ref.

< 25% maximum dose 0.91 0.71–1.17 0.45

� 25% maximum dose 0.97 0.72–1.31 0.85

COPD readmission

Not used ref.

< 25% maximum dose 1.26 0.77–2.07 0.36

� 25% maximum dose 0.77 0.42–1.41 0.40

Multivariable analysis of beta-blocker use

(adjusted for age, LVEF and bronchodilator use)

Outcomes Hazard ratio 95% CI p value

All-cause mortality

Not used ref.

< 25% maximum dose 0.67 0.48–0.94 0*0.021*

� 25% maximum dose 0.73 0.48–1.09 0.12

HF mortality

Not used ref.

< 25% maximum dose 0.79 0.48–1.29 0.34

� 25% maximum dose 0.74 0.39–1.39 0.35

All-cause readmission

Not used ref.

< 25% used 0.90 0.74–1.10 0.20

� 25% used 0.86 0.67–1.10 0.24

HF readmission

Not used ref.

< 25% maximum dose 0.98 0.76–1.27 0.89

� 25% maximum dose 1.06 0.78–1.43 0.72

COPD readmission

Not used ref.

< 25% maximum dose 1.07 0.65–1.76 0.80

� 25% maximum dose 0.72 0.39–1.32 0.28



population.3,7,8,10,11,16,18,19 Our study therefore extended the find-

ings from STRONG-HF study and further provided numerical evi-

dences about the precise dose range of beta-blocker use for benefi-

cial outcomes among HFrEF patients complicated by COPD.20

This retrospective study has limitations, including potential se-

lection bias from 155 patients lost to follow-up and reliance on clini-

cal symptoms rather than pulmonary function tests for COPD diag-

nosis. Unmeasured confounders may have affected outcomes. Pro-

spective studies with standardized follow-up and diagnostics are

needed for more accurate evaluation.

5. Conclusions

Our present study indicated that concomitant COPD among

HFrEF patients should not be a contraindication for the use of beta-

blockers. Initiating at low doses, with careful escalation, showed sig-

nificant reductions in HF hospitalization and mortality — even at

doses below half the standard. These findings support �-blocker use

in acute HFrEF with COPD, as benefits likely outweigh risks, and with-

holding them at discharge is not recommended.
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