
icine®

ONAL STUDY
Med
OBSERVATI
Carvedilol, Bisoprolol, and Metoprolol Use in Patients With
Coexistent Heart Failure and Chronic Obstructive

Pulmonary Disease
MD, Yu-Wen Hu, MD ung, MD,
u

Vincent Yi-Fong Su, MD, Yu-Sheng Chang,
Shuo-Ming Ou, MD, Fa-Yauh Lee, MD, K
i C

adjusted HR¼ 0.40, 95% CI¼ 0.26–0.63, P< 0.001] compared with

nonusers, whereas no survival difference was observed for carvedilol or

metoprolol. Compared with patients with HF alone, this special

evidence has demon
b1-selective and nons
distinct b-blockers, in

Editor: Feola Mauro.
Received: August 24, 2015; revised: November 10, 2015; accepted:
December 10, 2015.
From the Department of Chest Medicine (VY-FS, K-TC, K-YY, D-WP);
Cancer Center (Y-WH); Division of Hematology and Oncology (M-HH, C-
JL); Division of Nephrology (S-MO); Division of Gastroenterology,
Department of Medicine (F-YL); Department of Family Medicine, Taipei
Veterans General Hospital, Taipei (T-JC); Division of Allergy, Immunol-
ogy & Rheumatology, Department of Medicine, Taipei Medical University
Shuang Ho Hospital, New Taipei City (Y-SC); School of Medicine (VY-
FS, Y-SC, Y-WH, M-HH, S-MO, F-YL, K-TC, K-YY, D-WP, T-JC, C-JL);
Institute of Public Health (M-HH, C-JL); and Institute of Clinical Medicine
VY-FS, K-TC, National Yang-Ming University, Taipei, Taiwan.
Correspondence: Chia-Jen Liu, Institute of Public Health, National Yang-

Ming University; Division of Hematology and Oncology, Department
of Medicine, Taipei Veterans General Hospital, No. 201, Shipai Road,
Sec. 2, Taipei 11217, Taiwan (e-mail: chiajenliu@gmail.com).

VY-FS and Y-SC contributed equally to this work.
This study is supported in part by a grant from Taipei Veterans General

Hospital (V101D-001-2).
Authors’ contributions: VY-FS, Y-SC, and C-JL had full access to all of the

data in the study and take responsibility for the integrity of the data and
the accuracy of the data analysis; study concept and design: VY-FS, Y-
SC, Y-WH, M-HH, S-MO, K-TC, C-JL; acquisition of data: VY-FSu, Y-
SC, and C-JL; analysis and interpretation of data: VY-FS, Y-SC, and C-
JL; drafting of the manuscript: VY-FS, Y-SC, and C-JL; statistical
analysis: Y-SC, Y-WH, and C-JL; study supervision: F-YL, K-TC, D-
WP, and T-JC.

The authors have no funding and conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution- NonCommercial License, where it is permissible to download,
share and reproduce the work in any medium, provided it is properly cited.
The work cannot be used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000002427

Medicine � Volume 95, Number 5, February 2016
, Man-Hsin H
uang-Yao Yang
Diahn-Warng Perng, PhD, Tzeng-J

Abstract: Beta (b)-blockers are under-prescribed in patients with

heart failure (HF) and concurrent chronic obstructive pulmonary disease

(COPD) due to concerns about adverse pulmonary effects and a poor

understanding of the effects of these drugs. We aimed to evaluate the

survival effects of b-blockers in patients with coexistent HF and COPD.

Using the Taiwan National Health Insurance Research Database, we

conducted a nationwide population-based study. Patients with coex-

istent HF and COPD diagnosed between 2000 and 2009 were enrolled.

Doses of the 3 b-blockers proven to be beneficial to HF (carvedilol,

bisoprolol, and metoprolol) during the study period were extracted. The

primary endpoint was cumulative survival. Patients were followed until

December 31, 2009. The study included 11,558 subjects, with a mean

follow-up period of 4.07 years. After adjustment for age, sex, comor-

bidities, and severity of HF and COPD, bisoprolol use showed a dose–

response survival benefit [low dose: adjusted hazard ratio (HR)¼ 0.76,

95% confidence interval (CI)¼ 0.59–0.97, P¼ 0.030; high dose:
n-Ta Chou, MD, K , MD,
hen, PhD and Chia-Jen Liu, MD

HFþCOPD cohort received significantly fewer targeted b-blockers

(108.8 vs 137.3 defined daily doses (DDDs)/person-year, P< 0.001)

and bisoprolol (57.9 vs 70.8 DDDs/person-year, P< 0.001). In patients

with coexisting HF and COPD, this study demonstrated a dose–

response survival benefit of bisoprolol use, but not of carvedilol or

metoprolol use.

(Medicine 95(5):e2427)

Abbreviations: b-blockers = beta-blockers, CI = confidence

interval, COPD = chronic obstructive pulmonary disease, DDDs

= defined daily doses, HF = heart failure, HR = hazard ratio, ICD-

9-CM = International Classification of Diseases 9th revision

Clinical Modification, IQR = interquartile range, NHI = National

Health Insurance, NHRI = National Health Research Institute, NS

= nonsignificant, SD = standard deviation.

INTRODUCTION

H eart failure (HF) is a major global health concern charac-
terized by high mortality, frequent hospitalization, and

poor quality of life, especially in elderly individuals. Improve-
ments in medical treatment have shifted the strategy of HF
management from short-term hemodynamic modification to
altering the biological properties of the failing heart, greatly
improving prognoses.1 Among new treatments, the dramatic
rise of beta (b)-blocker therapy, which was initially considered
to be contraindicated in HF, is an important milestone.2

Chronic obstructive pulmonary disease (COPD) is charac-
terized by progressive airflow limitation and associated with an
abnormal inflammatory response in the lungs.3 The prevalence
of COPD is as high as 39.2% in elderly patients with stable HF,
and COPD was identified as an independent risk factor of
mortality.4 In turn, patients with COPD were reported to have
higher risks for HF, atherosclerosis,4 and death due to cardio-
vascular diseases.5 Despite the large number of affected patients
and greater mortality risk, the coexistence of HF and COPD
continues to present a therapeutic dilemma.4,6

The Heart Failure Society of America’s comprehensive
practice guidelines for HF have recommended the use of b-
blockers, even in patients with COPD,1 but concern about the
detrimental effect of this therapy on COPD has led to its
suboptimal use.6 Because patients with COPD have frequently
been excluded from large trials of b-blockers, limited infor-
mation about the drugs’ effects is available for these
patients.4,6–10 More evidence of the survival benefit of this
therapy is needed to resolve the treatment dilemma. Ample
strated differences in the effects of
elective b-blockers, as well as other
patients with COPD,10–15 but whether
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these differences impact survival remains unknown. Further-
more, the different effects of distinct b-blockers on respiratory
systems may result in survival differences. Thus, using a
nationwide population-based dataset, this study aimed to ana-
lyze the distinct survival effects of the three b-blockers recom-
mended in the guidelines for HF1 (carvedilol, bisoprolol, and
metoprolol) in patients with coexistent HF and COPD.

METHODS

Data Source
Taiwan’s National Health Insurance (NHI) program,

initiated by the government in 1995, provides comprehensive
health care to almost all Taiwanese citizens, with a coverage rate
of more than 99% of Taiwan’s entire population.16 The National
Health Research Institute (NHRI) of Taiwan manages and
publicly releases, for research purposes, multiple NHI databases
that include information about basic patient characteristics;
detailed claims data for examinations, disease management,
and drug prescriptions; and diagnoses for all admitted patients
and outpatients. The NHRI created a research database includ-
ing a random sample of 1,000,000 subjects from the registry of
all NHI enrollees in 2000, with encryption of all data that might
allow the identification of any individual. We obtained datasets
from this nationally representative cohort from the NHRI for
use as our research database. This study was approved by the
Institutional Review Board of Taipei Veterans General Hospital
(VGHIRB No. 201209007BC).

Study Design and Population
We conducted a retrospective cohort study of the period

from January 1, 2000 to December 31, 2009. Using the diag-
nostic codes provided in the International Classification of
Diseases, 9th revision, Clinical Modification (ICD-9-CM),
we enrolled patients with diagnoses of both HF (ICD-9 codes
425.4, 425.9, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, and 428.xx) and COPD (ICD-9 codes
491.xx, 492.xx, 494.xx, and 496.xx). All patients were followed
until the date of death, withdrawal from insurance, or December
31, 2009. All daily doses of the 3 b-blockers (carvedilol,
bisoprolol, and metoprolol) proven to be beneficial to HF were
extracted.1 The average daily doses of the 3 b-blockers in each
3-month period, divided retrospectively from the end of the
follow-up date, were applied as time-dependent covariates. A
time lag of 3 months was applied to evaluate the effect of b-
blocker use in each 3-month block because of the delayed
cardiac benefit of this treatment.17–19 Subjects followed for
less than a 3-month period of medication use plus a 3-month
period of lag time for evaluation (180 days) were excluded.
According to the 2010 HF guidelines,1 each 3-month block of
the study subjects was assigned to one of the following groups:
low-dose carvedilol (�6.25 and <50 mg/d), high-dose carve-
dilol (�50 mg/d), low-dose bisoprolol (�1.25 and <10 mg/d),
high-dose bisoprolol (�10 mg/d), low-dose metoprolol (�25
and<200 mg/d), high-dose metoprolol (�200 mg/d), and nonu-
ser. Patients’ survival outcomes were analyzed after new diag-
noses of both HF and COPD, regardless of which occurred first.

Potential Confounders and Classification of
Severity

Su et al
In the analysis of the effects of b-blockers on survival
outcomes, we controlled for age, sex, and severity of COPD and
HF, and identified the following comorbidities diagnosed before
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enrollment that might confound the results: diabetes mellitus
(ICD-9-CM code 250.xx), dysrhythmia (427.xx), ischemic
stroke (433.xx, 434.xx, 436, and 437.1), intracranial hemor-
rhage (430, 431, 432.x), hypertension (401.xx–405.xx and
437.2), ischemic heart disease (410.xx–414.xx), chronic kidney
disease (580.xx–587.xx), and liver cirrhosis (571.2, 571.5, and
571.6).

The severity of COPD was determined by the annual
frequency of hospitalization for COPD exacerbation within
the follow-up period, as the exacerbation frequency history
has been suggested to be an important factor in classifying
COPD severity.20 Patients with 2 or more hospitalizations for
COPD exacerbation per year were assigned to the severe COPD
group and those with no hospitalization for exacerbation were
assigned to the mild group; all other patients were assigned to
the moderate group. The severity of HF was classified in the
same way, using the same cut-off value of admission rate per
year for HF exacerbation.

Carvedilol, Bisoprolol, and Metoprolol Usage in
Patients With Coexistent HF and COPD

We conducted a retrospective analysis to evaluate the
prescription of the 3 b-blockers proven beneficial to HF (car-
vedilol, bisoprolol, and metoprolol) in patients with coexistent
HF and COPD. From January 1, 2000 to December 31, 2009, all
patients diagnosed with HF were identified for analysis, and
were further divided into 2 cohorts: HF only and HF with
concurrent COPD. Prescriptions of b-blockers during HF in
the HF cohort were extracted and compared with those during
HF with coexistent COPD in the cohort with both diseases. The
cumulated doses of carvedilol, bisoprolol, and metoprolol were
calculated as defined daily doses (DDDs), according to the 2010
HF guidelines.1 The following DDDs of these b-blockers were
used: carvedilol, 6.25 mg; bisoprolol, 1.25 mg; and metoprolol,
25 mg. The mean DDDs per person-year in the 2 cohorts
were compared.

Statistical Analyses
Data extraction and computation were performed using the

Perl programming language (ver. 5.12.2; Perl Foundation, Wal-
nut, CA). Microsoft SQL Server 2012 (Microsoft Corporation,
Redmond, WA) was used for data processing and sampling. All
statistical analyses were conducted using the SAS software (ver.
9.2 for windows; SAS Institute, Cary, NC). The analytical
endpoints were cumulative survival. The validity of the classi-
fication of COPD and HF severity in our study was analyzed by
Kaplan–Meier method. Time-dependent Cox proportional-
hazards regression analysis was used to determine the effect
of b-blocker use on survival outcome during the follow-up
period, with b-blocker use calculated as a time-dependent
covariate. Other baseline variables that were considered to be
potentially confounding factors included age, sex, and comor-
bidities. Variables with significance levels of P< 0.1 in uni-
variate analysis were included independently in the
multivariable analysis using a stepwise selection procedure.
P< 0.05 was considered to indicate statistical significance.

RESULTS

Clinical Characteristics of the Study Population

Medicine � Volume 95, Number 5, February 2016
The baseline characteristics of the study groups are shown
in Table 1. A total of 13,182 adult patients with diagnoses of
both COPD and HF between January 2000 and December 2009

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Characteristics

Characteristics N¼ 11,558, n (%)

Median age (IQR) 71 (63–76)
<65 3388 (29.3)
�65 8170 (70.7)

Sex
Female 5383 (46.6)
Male 6175 (53.4)

Comorbidities
Diabetes mellitus 3885 (33.6)
Dysrhythmia 4652 (40.3)
Ischemic stroke 2301 (19.9)
Intracranial hemorrhage 381 (3.3)
Hypertension 10162 (87.9)
Ischemia heart disease 7275 (62.9)
Chronic kidney disease 2175 (18.8)
Cirrhosis 304 (2.6)
Mean follow-up year (�SD) 4.07� 2.58

COPD severity
Mild 9121 (78.9)
Moderate 1180 (10.2)
Severe 1257 (10.9)

HF severity
Mild 8385 (72.6)
Moderate 1585 (13.7)
Severe 1588 (13.7)

COPD¼ chronic obstructive pulmonary disease, HF¼ heart failure,
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were identified. After excluding patients aged<20 years (n¼ 4)
and those who died within 180 days after diagnosis or were
followed for <180 days (n¼ 1620), the study sample consisted
of 11,558 patients. The study subjects were predominantly male
(n¼ 6175, 53.4%) and the median age was 70 [range, 20–101;
interquartile range (IQR), 63–76] years. The most common
comorbidity was hypertension (87.9%), followed by ischemic
heart disease (62.9%), arrhythmia (40.3%), and diabetes melli-
tus (33.6%). Most (n¼ 9121, 78.9%) patients had mild COPD,
1180 (10.2%) had moderate COPD, and 1257 (10.9%) patients
had severe COPD; 8385 (72.6%) patients had mild HF, 1585
(13.7%) had moderate HF, and 1588 (13.7%) patients had
severe HF (Figure 1). The patients were followed for a maxi-
mum of 9 (mean, 4.07) years and 2076 (18.0%) patients died
during the follow-up period.

Survival Effects of Carvedilol, Bisoprolol, and
Metoprolol

The survival effects of b-blockers were adjusted in a time-
dependent Cox proportional hazards model after correcting for
potentially confounding factors, including age, sex, and comor-
bidities. In the univariate analysis, elderly age, male sex, all
identified major comorbidities, and COPD or HF severity
significantly affected survival (Table 2). Of note, survival
decreased significantly with increasing severity of COPD or
HF in the Kaplan–Meier analysis (Figure 2 A and B); this result

IQR¼ interquartile range, SD¼ standard deviation.
was sustained after adjustment for other factors (Table 2).
Compared with patients with mild COPD, the adjusted hazard
ratios (HRs) for mortality in patients with moderate and severe

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
COPD were 1.13 [95% confidence interval (CI), 1.02–1.27;
P¼ 0.026] and 2.56 (95% CI, 2.22–2.95; P< 0.001), respect-
ively. Compared with patients with mild HF, the adjusted HRs
for mortality in patients with moderate and severe HF were 1.35
(95% CI, 1.47–1.85; P< 0.001) and 4.11 (95% CI, 3.60–4.70;
P< 0.001), respectively. After adjusting for these factors in the
time-dependent multivariable Cox regression model, the survi-
val effects of the three b-blockers were analyzed. Compared
with nonusers, bisoprolol use was associated with a signifi-
cantly lower dose-dependent risk of mortality (low-dose biso-
prolol: HR¼ 0.76, 95% CI¼ 0.59–0.97, P¼ 0.030; high-dose
bisoprolol: HR¼ 0.40, 95% CI¼ 0.26–0.63, P< 0.001),
whereas no such difference was observed for carvedilol or
metoprolol. The subgroup analysis is presented in Figure 3.
It is noteworthy that HRs of bisoprolol were statistically
significantly lower in most of subgroups, suggesting an inde-
pendent role of bisoprolol in patient survival.

Carvedilol, Bisoprolol, and Metoprolol Use in
Patients With HF Only or Coexistent HF and
COPD

Prescriptions of bisoprolol, metoprolol, and carvedilol for
patients with HF alone and coexistent HF and COPD are shown
in Table 3. Significantly fewer prescriptions of the 3 b-blockers
were given during HF in patients with coexistent HF and COPD
than in those with HF alone (108.8 vs 137.3 DDDs per person-
year, P< 0.001). We observed a similarly less frequent pre-
scription of bisoprolol, the only b-blocker proven beneficial to
patients with COPD and HF (57.9 vs 70.8 DDDs per person-
year, P< 0.001).

DISCUSSION
Almost all b-blocker trials in patients with HF have

excluded participants with significant pulmonary disease, docu-
mented obstructive airway disease, and those using a bronch-
odilator.4 Observational studies have provided most of the
limited evidence for the benefit of b-blockers in this special
population.6 This nationwide population-based study revealed

FIGURE 1. Flow diagram summarizing the process of enrollment.
the suboptimal prescription of b-blockers in this group of
patients and demonstrated a significantly better dose-dependent
survival outcome associated with bisoprolol use in 11,558

www.md-journal.com | 3



TABLE 2. Adjusted Survival Effects of Carvedilol, Bisoprolol, and Metoprolol
�

Characteristics

Univariate Analysis Multivariable Analysis

HR (95% CI) P HR (95% CI) P

Age� 65 2.29 (2.03–2.58) <0.001 1.89 (1.68–2.14) <0.001
Male sex 1.35 (1.24–1.47) <0.001 1.18 (1.08–1.30) <0.001
Comorbidities

Diabetes mellitus 1.54 (1.41–1.69) <0.001 1.42 (1.29–1.55) <0.001
Dysrhythmia 1.29 (1.18–1.41) <0.001 1.18 (1.08–1.29) <0.001
Ischemic stroke 1.94 (1.76–2.14) <0.001 1.59 (1.44–1.76) <0.001
Intracranial hemorrhage 1.88 (1.52–2.31) <0.001 1.31 (1.06–1.62) 0.014
Hypertension 1.33 (1.16–1.52) <0.001 1.15 (1.00–1.32) 0.046
Ischemia heart disease 1.24 (1.13–1.36) <0.001
Chronic kidney disease 1.81 (1.64–2.00) <0.001 1.55 (1.40–1.72) <0.001
Cirrhosis 1.70 (1.34–2.16) <0.001 1.68 (1.32–2.14) <0.001

COPD severity
Mild Referent Referent
Moderate 1.43 (1.28–1.58) <0.001 1.13 (1.02–1.27) 0.026
Severe 4.80 (4.23–5.45) <0.001 2.56 (2.22–2.95) <0.001

HF severity
Mild Referent Referent
Moderate 1.60 (1.45–1.77) <0.001 1.35 (1.22–1.49) <0.001
Severe 6.37 (5.64–7.20) <0.001 4.11 (3.60–4.70) <0.001

Beta-blockers use
Nonuse Referent Referent
Carvedilol, low dose 1.18 (0.98–1.42) 0.090 1.00 (0.83–1.21) 0.971
Carvedilol, high dose 0.83 (0.57–1.21) 0.333 0.81 (0.56–1.18) 0.277
Bisoprolol, low dose 0.72 (0.56–0.92) 0.009 0.76 (0.59–0.97) 0.030
Bisoprolol, high dose 0.35 (0.23–0.54) <0.001 0.40 (0.26–0.63) <0.001
Metoprolol, low dose 0.53 (0.25–1.12) 0.096 0.60 (0.29–1.26) 0.178
Metoprolol, high dose 0.32 (0.08–1.27) 0.106 0.36 (0.09–1.43) 0.146

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HF¼ heart failure, HR¼ hazard ratio, NS¼ nonsignificant.�
Multivariable analysis is conducted by time-dependent Cox proportional hazards model. All factors with P< 0.1 in univariate analyses were
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patients with HF and COPD, whereas metoprolol and carvedilol
showed no survival difference compared with nonusers.

To our knowledge, this study included the largest cohort
of patients with coexistent HF and COPD. Furthermore, our
cohort was adapted from a national database, which minimized
selection bias. The validity of this study is also supported by
our study design. To eliminate bias, which commonly affects
observational studies, we exhaustively corrected for the con-
founding effects of comorbidities affecting vital organs.
Importantly, we corrected for the severity of COPD and HF.
In compliance with the Global Initiative for Chronic Obstruc-
tive Lung Disease guidelines,20 the severity of COPD was
classified according to the average number of admissions for
acute exacerbation per year, and the severity of HF was
classified in the same manner. The classification of severity
was reliable and independently predicted mortality, even after
correction for other confounding factors in the time-dependent
multivariable Cox regression model. Correcting for the sever-
ity of COPD was important because it helped us to eliminate
bias caused by the decreased use of b-blockers in patients with
severe COPD.

selected for Cox multivariable stepwise selection analysis.
In this study, we demonstrated significantly less prescrip-
tion of carvedilol, bisoprolol, and metoprolol in patients with
coexistent HF and COPD than in those with HF alone. This

4 | www.md-journal.com
finding is consistent with those of previous studies conducted
worldwide. In Scotland, Hawkins et al21 found that only 18%
(n¼ 1375) of patients with HF and COPD received b-blockers,
in contrast to 41% (n¼ 4451) of those without COPD
(P< 0.001). In the Valsartan Heart Failure Trial,9 only 140/
628 (22%) participants with coexistent HF and COPD received
b-blockers. This suboptimal use is due primarily to fears of
respiratory side effects and limited evidence for the benefit of
these drugs in this particular cohort.

Previous studies have associated the use of b-blockers with
better survival outcomes in patients with COPD and myocardial
infarction.22,23 In patients with concurrent HF and COPD,
Staszewsky et al9 demonstrated a survival benefit in 140 b-
blocker users compared with 488 nonusers. However, the
sample size was small and no further comparison among
individual b-blockers was performed. We found survival differ-
ences among the 3 b-blockers proven to benefit patients with
HF in our cohort. Previous studies have noted differences
among specific b-blockers in survival outcomes and airway
function.12,15 The lack of a survival benefit in association with
carvedilol use was not surprising, given the detrimental respir-

atory effects of this drug.15 Nonselective b-blockers have been
found to reduce forced expiratory volume in 1 second (FEV1)
and the effect of bronchodilator treatment, and to increase

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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airway hypersensitiveness in patients with COPD.12 In contrast,
a meta-analysis found that b1-selective b-blockers produced no
adverse respiratory effect in patients with mild to moderate
reactive airway disease.11 Furthermore, Salpeter et al13 revealed
that b1-selective b-blockers produced no change in FEV1,
respiratory symptoms, or treatment response to b2-agonists
in patients with COPD. However, metoprolol use also showed
no survival benefit in our study. As a b1-selective blocker,
metoprolol was shown to increase airway hyperresponsiveness
in patients with COPD, whereas celiprolol, another b1-selective
b-blocker assessed in the study, demonstrated no negative
pulmonary effect.12 These findings imply that pulmonary influ-
ences differ among b1-selective b-blockers, some of which
continue to have a potential negative pulmonary effect. Our
study revealed a superior survival outcome associated with
bisoprolol use, which has been proven to not increase the
chance of acute COPD exacerbation in patients with concurrent
HF and moderate to severe COPD.23 Moreover, Lainscak et al15

not only proved the safety of bisoprolol use, but also found
improved FEV1 in patients with concurrent COPD and HF.
Interestingly, the differences in negative pulmonary effects
demonstrated in previous studies are consistent with the survi-
val differences observed in our cohort in comparisons between
b -selective and nonselective b-blockers and among 3 specific

FIGURE 2. (A) Survival of patients with mild COPD, moderate
COPD, or severe COPD. (B) Survival of patients mild HF, moderate
HF, or severe HF.
1

b-blockers. However, this study included 11,558 patients with
coexisting HF and COPD. The sample size may be not large
enough. So, the negative results of metoprolol might be due to

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
suboptimal power (low-dose metoprolol: HR¼ 0.60, 95%
CI¼ 0.29–1.26; high-dose metoprolol: HR¼ 0.36, 95%
CI¼ 0.09–1.43).

The cardioprotective effects of b-blockers result from the
blockage of chronic, harmful, compensatory catecholamine
stimulation to a failing heart. Most b-blockers accomplish this
through b1-receptor signaling, with adverse consequences
including impaired systolic function, increased heart rate and
myocardial stress, and progression in remodeling.2,24 The
benefit of b-blocker use in patients with concurrent HF and
COPD is not fully understood. Cardiovascular disease is the
leading cause of morbidity and mortality in patients with
COPD,5 and COPD is an independent predictor of hospitaliz-
ation and death due to cardiovascular events in patients with
HF.4 Other than sharing a major risk factor, smoking, which
might partly explain the high coexistence rate of cardiovascular
disease and COPD, increasing evidence suggests that COPD-
related systemic inflammation, airway obstruction, and inhaled
b-agonist treatment have potential roles in cardiac injury.4

Furthermore, some studies have demonstrated potential benefits
of b-blockers in COPD in situ, including reduced mortality and
risk of COPD exacerbation.8,10

The results of our study have several implications. Grow-
ing evidence has suggested that the use of b-blockers is safe in
patients with COPD, including those with moderate to severe
COPD and/or advanced age, or even after acute exacer-
bation.14,25,26 Our study findings strengthen the evidence
for the benefits of b-blocker use in patients with coexisting
COPD and HF, which might improve the current under-
prescription of these drugs in clinical practice. Moreover,
we found differences in survival effects among individual
b-blockers in this patient group, indicating that bisoprolol is a
better choice due to its association with fewer adverse
pulmonary effects.

Nevertheless, this study has some limitations. First, the
claim-based dataset omitted some personal information, such
as smoking, obesity, alcohol use, and family history. Although
these factors appear to have no influence on b-blocker selec-
tion and we made every effort to correct for confounding
factors, especially comorbidities, some factors for which we
lacked information might have confounded our results.
Furthermore, the effect of smoking on mortality might be
reflected by COPD severity in this study. Second, the results
of pulmonary and heart function tests were not available. In
compliance with the last guidelines of COPD and HF, the
annual frequency of admissions for COPD or HF could be used
to classify severity. Additionally, the primary endpoint was
cumulative survival. Cardiovascular and respiratory compli-
cations were not reported in this study. Also, we could not
directly evaluate the severity of each comorbidity. Third, the
retrospective design restricted and potentially biased our study.
However, performance of a randomized control trial to evalu-
ate the survival effects of b-blockers in patients with coexistent
HF and COPD would be difficult. Furthermore, because all
data that could allow the identification of any individual were
encrypted, we could not assess drug adherence and drug–drug
interactions. However, this bias is toward the null hypothesis
and would lead to underestimation of the actual survival effects
of b-blockers. Finally, the external validity of our findings may
be of concern because almost all enrollees were Chinese. The
generalizability of our results to non-Asian populations must

Beta-Blocker Therapy in Patients With Coexistent HF and COPD
be further verified. Additionally, most patients had mild COPD
(78.9%) and HF (72.5%) in this study. The survival benefit of
bisoprolol in patients with nonmild COPD and HF should be
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clarified. More comprehensive studies are needed in order to

FIGURE 3. Subgroup analysis.
confirm our findings and identify the potential underlying
mechanisms. However, our findings suggest new avenues
for future research.

TABLE 3. Incidence of Beta-Blockers Prescription in HF
Patients With or Without COPD

HF With
COPD

HF Without
COPD

DDDs/
Person-Year

DDDs/
Person-Year

Risk
Ratio P

Beta-blockers
�

108.8 137.3 1.26 <0.001
Bisoprolol 57.9 70.8 1.22 <0.001

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary
disease, DDD¼ defined daily dose, HF¼ heart failure.�

Beta-blockers: carvedilol, bisoprolol, and metoprolol.

6 | www.md-journal.com
CONCLUSION
In conclusion, this study demonstrated the suboptimal use

of b-blockers and revealed a dose-dependent benefit of biso-
prolol in patients with coexisting HF and COPD. There is no
survival benefit of the other 2 b-blockers recommended by the
HF guidelines (carvedilol and metoprolol). Thus, the current HF
guidelines do not seem to be suitable for patients with coex-
isting HF and COPD. Further well-designed studies for these
high-risk patients are warranted and should focus not only on
the beneficial effects of b-blocker usage, but also on dis-
tinguishing among the effects of different b-blockers.
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