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Abstract

Aims The number of patients with both chronic obstructive pulmonary disease (COPD) and heart failure (HF) is increasing in
Asia, and these conditions often coexist. We previously revealed a tendency of beta-blocker underuse among patients with HF
with reduced ejection fraction (HFrEF) and COPD in Asian countries other than Japan. Here, we evaluated the impact of
cardio-selective beta-blocker use on the long-term outcomes of patients with HF and COPD.
Methods and results Among the 5232 patients with HFrEF (left ventricular ejection fraction of <40%) prospectively enrolled
from 11 Asian regions in the ASIAN-HF registry, 412 (7.9%) had a history of COPD. We compared the clinical characteristics and
long-term outcomes of the patients with HF and COPD according to the use and type of beta-blockers used: cardio-selective
beta-blockers (n = 149) vs. non-cardio-selective beta-blockers (n = 124) vs. no beta-blockers (n = 139). The heart rate was
higher, and the outcome was poorer in the no beta-blocker group than in the beta-blocker groups. The 2 year all-cause
mortality was significantly lower in the non-cardio-selective beta-blocker group than in the no beta-blocker group. Further,
the cardiovascular mortality significantly decreased in the non-cardio-selective beta-blocker group before (hazard ratio:
0.36; 95% confidence interval: 0.18–0.73; P = 0.004) and after adjustments (hazard ratio: 0.37; 95% confidence interval:
0.19–0.73; P = 0.005), but not in the cardio-selective beta-blocker group.
Conclusions Beta-blockers reduced the all-cause mortality of patients with HFrEF and COPD after adjusting for age and heart
rate, although the possibility of selection bias could not be completely excluded due to multinational prospective registry.
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Introduction

In Asia, the increase in the prevalence of patients with
congestive heart failure (CHF) constitutes a medical and
financial burden on the society.1 Chronic obstructive pulmo-
nary disease (COPD) is a common co-morbidity that
worsens the clinical course of CHF and considerably im-
pacts its therapeutic management and prognosis.2,3 Beta-
blockers, which are recommended by international

guidelines for the first-line treatment of heart failure
(HF),4–6 are often avoided in patients with CHF and COPD
because of concerns regarding precipitating respiratory
deterioration.3,7–10 However, several guidelines state that
COPD is not a contraindication for the use of beta-blockers,
as it indeed reduces all-cause mortality in patients with HF
and COPD.11,12 Cardio-selective beta-blockers are usually
recommended to avoid bronchospasm or attenuation of
the benefit of inhaled β2 agonists; however, previous
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studies have revealed no association between selectivity
and outcomes.3,12–14

Nevertheless, the impact of cardio-selective beta-blocker
use on long-term outcomes has not been sufficiently evalu-
ated in Asian patients with CHF and COPD. The ASIAN-HF
registry offers a unique opportunity to investigate the impact
of beta-blocker selectivity from a multinational perspective.
Thus, this study evaluated the impact of cardio-selective
beta-blocker use on the long-term outcomes of patients with
CHF and COPD.

Methods

Study design

The ASIAN-HF registry is a prospective observational registry
of symptomatic patients with HF with reduced ejection frac-
tion (HFrEF) from 44 centres in 11 Asian regions (China, Hong
Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines,
Singapore, Taiwan, and Thailand), which enrolled patients be-
tween 2010 and 2015. Detailed methods were published
previously.15 For this study, patients from the ASIAN-HF regis-
try with both HF and COPD were identified, and health data,
including vital signs and other diagnosed illnesses, were
analysed. Heart rate was measured at rest using electrocardi-
ography. Hypertension was defined as the presence of a clin-
ical diagnosis of hypertension (blood pressure ≥140/

90 mmHg) or treatment with antihypertensive medications.
Diabetes was defined as the presence of a clinical diagnosis
of diabetes (fasting plasma glucose level ≥7 mmol/L, random
plasma glucose level ≥11.1 mmol/L, or HbA1c level ≥6.5%) or
treatment with anti-diabetic therapy. COPD was diagnosed in
accordance with the Global Initiative for Chronic Obstructive
Lung Disease criteria.16 The use of beta-blockers was evalu-
ated at the study registration.

Population selection

Among the 5232 patients with HFrEF (left ventricular
ejection fraction <40%) prospectively enrolled from the 11
Asian regions in the ASIAN-HF registry, 412 (7.9%) had a
history of COPD. We compared the clinical characteristics
and long-term outcomes of the patients with HF and
COPD according to the use and type of beta-blockers
used: cardio-selective beta-blockers (n = 149) vs. non-
cardio-selective beta-blockers (n = 124) vs. no beta-blockers
(n = 139) (Figure 1).

Primary endpoint
The primary endpoint was all-cause mortality among the
cardio-selective beta-blocker, non-cardio-selective beta-
blocker, and no beta-blocker groups.

Secondary endpoints
The secondary endpoints were cardiovascular (CV) mortality
and rehospitalization for HF among the cardio-selective

Figure 1 Selection of patients with heart failure with reduced ejection fraction (HFrEF) and chronic obstructive pulmonary disease (COPD). Patients
with HFrEF and COPD from the ASIAN-HF registry were included in the study. Three groups were investigated: one group received cardio-selective
beta-blockers, one group received non-cardio-selective beta-blockers, and one group did not receive beta-blockers. LVEF, left ventricular ejection
fraction.
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beta-blocker, non-cardio-selective beta-blocker, and no beta-
blocker groups.

Ethical approval/informed consent

Ethical approval was obtained from the local institutional
review board of each participating centre, and the investiga-
tion conformed to the principles outlined in the Declaration
of Helsinki. All subjects provided written informed consent
to participate in the study.

Statistical analysis

The primary analysis involved the evaluation of the associa-
tion of beta-blocker use with 2 year all-cause mortality in pa-
tients with HFrEF and COPD. Kaplan–Meier curves of the
clinical outcomes were evaluated for cumulative survival rate
over time among the cardio-selective beta-blocker, non-
cardio-selective beta-blocker, and no beta-blocker groups.
Cox regression was used to assess the hazard ratios (HRs)
for the association of beta-blocker use with mortality.

The secondary analysis involved the evaluation of the asso-
ciation of beta-blocker use with 2 year rehospitalization or
2 year CV mortality in patients with HFrEF and COPD. Contin-
uous variables were expressed as means ± standard devia-
tions and categorical variables as numbers (percentages). To
compare the baseline characteristics among patients with
HF and COPD, we used χ2 tests and independent t-tests for
categorical and continuous variables, respectively.

A P-value ≤0.05 was considered statistically significant.
Stata software Version 14 (StataCorp., College Station, TX)
was used for the statistical analyses.

Results

Clinical characteristics

The registry included 5232 patients with HFrEF (left ventric-
ular ejection fraction <40%) prospectively enrolled from
the 11 Asian regions. The physician-reported COPD preva-
lence was 7.9% (n = 412) in this cohort of patients. Among
the patients with HFrEF and COPD, 36% (n = 149) received
cardio-selective beta-blockers, 30% (n = 124) received non-
cardio-selective beta-blockers, and 34% (n = 139) received
no beta-blockers (Figure 1). Table 1 shows the main
clinical characteristics of the patients with HFrEF and COPD
who received cardio-selective and non-cardio-selective
beta-blockers and no beta-blockers at study entry. The
patients who received beta-blockers were younger (no
beta-blockers: 66.8 ± 12.7 years; non-cardio-selective
beta-blockers: 61.4 ± 14.4 years; and cardio-selective

beta-blockers: 63.3 ± 13.6 years, P = 0.005) and had a
lower heart rate (no beta-blockers: 83.8 ± 15.9 b.p.m.;
non-cardio-selective beta-blockers: 77.2 ± 14.2 b.p.m.; and
cardio-selective beta-blockers: 79.0 ± 14.0 b.p.m.,
P < 0.001) than the patients who did not receive
beta-blockers (Table 1). The patients who received cardio-
selective beta-blockers had a larger left atrial volume and
higher use of implantable cardioverter-defibrillator or
cardiac resynchronization therapy than those who received
non-cardio-selective beta-blockers.

Association of beta-blocker use with all clinical
outcomes

The analysis of the 2 year composite outcomes is shown in
Table 2. Regarding all-cause mortality, we observed a
significant decrease in the HR in the patients treated with
beta-blockers before [HR: 0.54; 95% confidence interval
(CI): 0.34–0.86; P = 0.009] and after adjustments (HR: 0.48;
95% CI: 0.30–0.78; P = 0.003) (Table 3). Similarly, the
Kaplan–Meier curve analysis showed a significant difference
in the all-cause mortality among the three groups (log-rank
P = 0.008, Figure 2A). We then compared the 2 year
all-cause mortality among the three groups and found a
significant decrease in the group treated with non-
cardio-selective beta-blockers before (HR: 0.39; 95% CI:
0.21–0.72; P = 0.003) and after adjustments (HR: 0.37; 95%
CI: 0.19–0.70; P = 0.002) (Table 3). We also observed no
association between beta-blocker treatment and 2 year HF
rehospitalization (Table 3).

Regarding CV mortality, we observed a significant decrease
in the HR in the patients treated with beta-blockers before
(HR: 0.56; 95% CI: 0.34–0.91; P = 0.021) and after adjust-
ments (HR: 0.53; 95% CI: 0.31–0.88; P = 0.015) (Table 3). This
result was corroborated by the Kaplan–Meier curve analysis
in which a significant difference in the CV mortality among
the three groups (log-rank P = 0.011, Figure 2B) was demon-
strated. Further, there was a significant decrease in the CV
mortality in the group treated with non-cardio-selective
beta-blockers before (HR: 0.36; 95% CI: 0.18–0.73;
P = 0.004) and after adjustments (HR: 0.37; 95% CI: 0.19–
0.73; P = 0.005) (Table 3). For the patients treated with
cardio-selective beta-blockers, no significant difference was
observed (Table 3).

Dosage of beta-blockers

We then evaluated the beta-blockers used for the treatment
of patients with HFrEF and COPD. The cardio-selective beta-
blockers were bisoprolol (70.5%), metoprolol (24.5%), and
nebivolol (5%), whereas the non-cardio-selective beta-
blockers used were carvedilol (69.6%) and others (30.4%).
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The dosages of these drugs were low, as the median dosage
was 25% of the dosage recommended by the guidelines for
bisoprolol, metoprolol, and carvedilol and 50% for nebivolol
(Supporting Information, Table S1). In a stratified analysis of
the patients with carvedilol or bisoprolol, benefits were
derived from taking either carvedilol or bisoprolol
(Supporting Information, Table S2).

Factors impacting 2 year all-cause mortality

The factors impacting 2 year all-cause mortality were investi-
gated using a multivariate logistic regression analysis. After
adjustment for age, enrolment type, and beta-blocker use,
we found that 2 year all-cause mortality was significantly
increased in the patients with chronic kidney disease

Table 2 Cox multivariable analysis of the association between beta-blocker use and the 2 year composite outcomes of the patients with
HFrEF and COPD

N n (%) Crude HR (95% CI) P-value Adjusteda HR (95% CI) P-value

Any beta-blockers
None 121 48 (39.7%) 1.0 (ref) 1.0 (ref)
Yes 254 91 (35.8%) 0.81 (0.57–1.15) 0.237 0.83 (0.57–1.20) 0.316

Cardio-selective beta-blockers
None 121 48 (39.7%) 1.0 (ref) 1.0 (ref)
Non-cardio-selective 115 39 (33.9%) 0.74 (0.48–1.13) 0.162 0.79 (0.51–1.23) 0.306
Cardio-selective 139 52 (37.4%) 0.87 (0.59–1.29) 0.494 0.86 (0.57–1.29) 0.455

BMI, body mass index; BP, blood pressure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HFrEF, heart failure with
reduced ejection fraction; HR, hazard ratio; N, no. of patients with HFrEF and COPD; n, no. of patients with HFrEF and COPD who experi-
enced a composite event in 2 years.
The crude and adjusted HRs for age, sex, BMI, systolic BP, and heart rate were calculated in reference to the group that did not receive
beta-blockers. Data are presented as numbers of cases and relative percentages of the group’s total in parentheses or as HRs with 95%
CIs in parentheses.
aAdjusted for age, sex, BMI, systolic BP, and heart rate.

Table 1 Clinical characteristics of the cohort at study entry

Characteristics

Beta-blocker use

P-valueNone (N = 139) Non-cardio-selective (N = 124) Cardio-selective (N = 149)

Age (years) 66.8 (12.7) 61.4 (14.4) 63.3 (13.6) 0.005
Women 26 (18.7%) 27 (21.8%) 27 (18.1%) 0.720
Enrolled as inpatient 75 (54.0%) 62 (50.4%) 81 (54.4%) 0.780
BMI (kg/m2) 24.3 (4.6) 25.3 (6.2) 24.7 (6.9) 0.450
Heart rate (b.p.m.) 83.8 (15.9) 77.2 (14.2) 79.0 (14.0) <0.001
Systolic BP (mmHg) 118.8 (17.1) 121.5 (18.9) 117.9 (20.1) 0.260
Diastolic BP (mmHg) 71.5 (12.3) 71.7 (12.2) 70.6 (11.8) 0.750
NYHA Class III/IV 54 (43.6%) 44 (40.0%) 68 (48.9%) 0.359
Coronary artery disease 72 (51.8%) 58 (46.8%) 71 (47.7%) 0.680
Atrial fibrillation/flutter 21 (15.1%) 22 (17.7%) 37 (24.8%) 0.097
Hypertension 81 (58.3%) 73 (58.9%) 75 (50.3%) 0.270
Diabetes 64 (46.0%) 44 (35.5%) 51 (34.2%) 0.084
History of hospitalization for HF 82 (59.0%) 90 (72.6%) 110 (73.8%) 0.020
eGFR (mL/min/1.73 m2) 57.5 (42.9–73.5) 65.4 (43.2–85.6) 62.2 (43.6–83.0) 0.210
CKD (eGFR of <60 mL/min/1.73 m2) 59 (52.7%) 46 (40.0%) 64 (48.1%) 0.150
LVEF (%) 27.9 (7.2) 27.5 (7.5) 27.9 (6.8) 0.870
LV end-diastolic volume (mL) 171.3 (66.5) 190.5 (76.6) 183.7 (87.9) 0.245
LV end-systolic volume (mL) 124.0 (56.4) 139.9 (68.3) 134.7 (75.7) 0.269
LA volume (mL) 65.0 (32.0) 72.6 (30.4) 89.8 (41.6) <0.001
ACE inhibitor or ARB 95 (68.3%) 94 (75.8%) 103 (69.1%) 0.350
MRA 65 (54.2%) 49 (53.8%) 97 (65.1%) 0.110
Diuretics 115 (82.7%) 96 (77.4%) 119 (79.9%) 0.557
ICD/pacemaker/CRT 13 (9.4%) 31 (25.0%) 39 (26.2%) <0.001
ICD/CRT 12 (8.6%) 27 (21.8%) 38 (25.5%) 0.003

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CKD, chronic kidney
disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable
cardioverter-defibrillator; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antag-
onist; NYHA, New York Heart Association.
Data are presented as numbers of cases and relative percentages of the group’s total in parentheses, except for eGFR presented as a me-
dian with inter-quartile range in parentheses; admission age, BMI, heart rate, systolic and diastolic BPs, LVEF, LV end-diastolic/systolic vol-
umes, and LA volume are presented as a mean with standard deviation in parentheses.
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(HR: 1.80; 95% CI: 1.07–3.02; P = 0.027) (Supporting Informa-
tion, Table S3). Conversely, 2 year all-cause mortality was
significantly decreased among the Japanese/Korean patients
(reference: Chinese patients; HR: 0.14; 95% CI: 0.04–0.45;
P = 0.001), outpatients (HR: 0.36; 95% CI: 0.22–0.61;
P < 0.001), patients with a higher body mass index (HR:
0.92; 95% CI: 0.87–0.98; P = 0.007), and patients treated with
angiotensin-converting enzyme (ACE) inhibitors or angioten-
sin II receptor blockers (ARBs) (HR: 0.62; 95% CI: 0.39–0.99;
P = 0.044) (Supporting Information, Table S3).

Discussion

The analysis of the multinational ASIAN-HF registry data
revealed underuse of beta-blockers, with approximately
60% of patients with HFrEF and COPD treated compared
with 80% of those without COPD.3 In the present analysis,
we evaluated the impact of non-selective and cardio-selec-
tive beta-blocker use on the long-term outcomes of
patients with HFrEF and COPD. We found that the baseline
age and heart rate were lower in the patients receiving
beta-blockers than in those not receiving beta-blockers
and that beta-blockers reduced the all-cause mortality of
patients with HFrEF and COPD after adjusting for age and
heart rate. The observed efficiency of beta-blockers was
achieved even with a low dosage in patients with COPD.

Treatment of patients with heart failure with
reduced ejection fraction and chronic obstructive
pulmonary disease

The high prevalence of smoking, coupled with the ageing
population and increased levels of air pollution in Asia,
threatens to further increase the burden of COPD.17–19

Numerous studies have shown that COPD frequently coex-
ists with CHF, worsens the clinical course of the disease,
and considerably impacts its therapeutic management and
prognosis.2,3,20–24 Although recent guidelines have stated
that COPD is not a contraindication for the use of beta-
blockers, its use indeed reduces the all-cause mortality in
patients with HF and COPD11,12,25,26; patients with HF and
COPD still do not receive such medications because of
safety concerns, which are not justified in most cases.
Because of concern regarding respiratory deterioration,
the presence of COPD is an important cause of the
underuse of beta-blockers.3 Cardio-selective beta-blockers
are usually recommended to avoid attenuation of the
benefit of inhaled β2 agonists27; however, previous studies
have revealed no association between selectivity and
outcomes.3,12–14 Moreover, in a previous study, we re-
ported that beta-blockers, including non-cardio-selectiveTa
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beta-blockers, reduce mortality, thereby supporting their
use in patients with HF and COPD.11 In this study, we pro-
vide evidence that non-cardio-selective beta-blockers de-
crease all-cause mortality in patients with HF and COPD.
This result contradicts that of a previous study in which it
was demonstrated that the use of non-cardio-selective
beta-blockers should be avoided in patients with
COPD.27–29 One possible explanation is that in the cohort
of patients in the ASIAN-HF registry, the dosages of both
cardio-selective and non-cardio-selective beta-blockers were
lower than those recommended by the guidelines.
Beta-blockers have a cardioprotective effect through re-
duced heart rate, sympathetic activity, and reverse
remodelling.13,14 Therefore, we propose that a low dosage
of non-cardio-selective beta-blockers is beneficial for reduc-
ing mortality in patients with HF and COPD. Notably,
beta-blockers reduced all-cause mortality and CV mortality
to a similar extent, suggesting that the reduction of
all-cause mortality results from a decrease in CV mortality.

Unexpectedly, we observed that the 2 year mortality de-
creased in patients with a high body mass index. This result
could be considered an illustration of the obesity paradox
regarding CV diseases.30 The current study revealed that
the use of ACE inhibitors or ARBs is associated with a re-
duction in 2 year mortality. We previously showed that
these drugs were underused in this cohort.3 The use of
ACE inhibitors or ARBs might be determined by the treating
physicians because renal artery stenosis was significantly
higher in the COPD group than in the non-COPD group.3

This result advocates a more aggressive use of not only
beta-blockers but also ACE inhibitors or ARBs as much as
possible among patients with both HFrEF and COPD. The
2 year all-cause mortality was significantly decreased
among Japanese/Korean patients. Among the Japanese co-
hort, the use of beta-blockers was remarkably higher
(95.2%) and the average heart rate was lower than that
of registry patients with other ethnicities.3 This study is
novel in that we demonstrated that beta-blockers reduced
all-cause mortality and CV death in Asian patients with
both HFrEF and COPD. However, this study was based on
a multinational prospective registry; therefore, further
studies are needed to confirm whether cardio-selective
beta-blockers affect all-cause mortality in patients with
HFrEF and COPD.

Strengths and limitations

The present results are based on a large contemporary
multinational prospective registry; the study was specifically
designed to collect detailed 2 year outcomes in hospitalized
and ambulatory patients with HF across Asia. Nevertheless,
several limitations associated with the present study war-
rant consideration. The baseline registry data were cross-
sectional, and we were unable to exclude the possibility
of selection bias. Bias is inevitable in the selection of sites
in each region, and the willingness of patients to partici-
pate in a prospective protocol influences enrolment. Fur-
thermore, the use of beta-blockers was left to the
discretion of the treating physicians, and the COPD grades
and medications for COPD were unclear; thus, patients
who received cardio-selective beta-blockers might have
had more progressed COPD and more severe HF. Impor-
tantly, we were unable to include COPD exacerbation as
an event. This might have diminished the identification of
the deleterious effect of non-cardio-selective beta-blockers
on adverse events, including on respiratory function.
The definitions of events in this study excluded left ventric-
ular assist device implantation and cardiac transplantation.
Additionally, this was a relatively small observational
study with a non-randomized design. Prospective random-
ized trials that compare cardio-selective and non-cardio-
selective beta-blockers in patients with COPD are needed.

Figure 2 Kaplan–Meier curves of the 2 year outcomes. The cumulative
survival rate of (A) all-cause mortality and (B) cardiovascular (CV) mortal-
ity in the cardio-selective beta-blocker, non-cardio-selective beta-blocker,
and no beta-blocker groups. The Kaplan–Meier survival curve analysis
showed a significant difference in the all-cause mortality and CV mortal-
ity among the three groups.
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Conclusions

Beta-blockers reduced the all-cause mortality of patients with
HFrEF and COPD after adjusting for age and heart rate. This
analysis of the ASIAN-HF registry data advocates a more ag-
gressive use of beta-blockers among patients with HFrEF
and COPD.
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