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Abstract
β-Blockers are a standard therapy for acute myocardial infarction (AMI) due to their better short-term and long-term out-
comes. However, β-blockers are often under-prescribed in chronic obstructive pulmonary disease (COPD) patients with 
AMI, since they are thought be related to bronchospasm. The aim of this study was to investigate the association between 
the usage of β-blockers and the risk of mortality in COPD patients after first AMI via a nationwide, population-based cohort 
study. In this retrospective study, we identified 186,326 patients with AMI diagnosed between January 2000 and December 
2012, 23,116 of whom had COPD, from the National Health Insurance Research Database. A total of 7609 patients (32.92%) 
were prescribed β-blockers, while 15,507 were not. The β-blocker patients were stratified into selective and non-selective 
β-blocker groups. Multivariate Cox proportional hazards models were used to estimate adjusted hazard ratios (HR) with 95% 
confidence intervals (95% CI). Selective β-blocker use showed a reduced risk of mortality, as compared with patients without 
β-blockers (HR 0.93; 95% CI 0.89–0.98; p < 0.01) while non-selective β-blocker groups did not increase the risk of mortal-
ity compared to the patients without β-blockers (HR 0.98; 95% CI 0.94–1.02; p = 0.38). In addition, the use of β-blockers 
was found to be associated with a reduced risk of mortality in most stratified analyses which was seen particularly in males, 
patients aged 65 years and above, and in individuals with an array of comorbidities. These findings suggest that β-blockers 
improve overall survival among COPD patients after first AMI.

Keywords  β-blockers · Chronic obstructive pulmonary disease · Acute myocardial infarction · Mortality

Abbreviations
AMI	� Acute myocardial infarction
COPD	� Chronic obstructive pulmonary disease
PCI	� Percutaneous coronary intervention
ACEI	� Angiotensin-converting enzyme inhibitors

ARB	� Angiotensin receptor blockers
SABA	� Short-acting β-agonist
SAMA	� Short-acting muscarinic antagonist
NHI	� National Health Insurance
NHIRD	� National Health Insurance Research Database

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0038​0-019-01341​-0) contains 
supplementary material, which is available to authorized users.

 *	 Wei‑Chun Huang 
	 wchuanglulu@gmail.com

1	 Department of Critical Care Medicine, Kaohsiung Veterans 
General Hospital, Kaohsiung, Taiwan

2	 I-Shou University, Kaohsiung, Taiwan
3	 School of Medicine, National Yang-Ming University, Taipei, 

Taiwan
4	 Department of Physical Therapy, Fooyin University, 

Kaohsiung, Taiwan

5	 Department of Dermatology, Kaohsiung Veterans General 
Hospital, Kaohsiung, Taiwan

6	 Section of Critical Care Medicine, Zuoying Dist., Kaohsiung 
Veterans General Hospital, No. 386, Dazhong 1st Rd., 
Kaohsiung 813, Taiwan

7	 Shu-Zen Junior College of Medicine and Management, 
Kaohsiung, Taiwan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-019-01341-0&domain=pdf
https://doi.org/10.1007/s00380-019-01341-0


1159Heart and Vessels (2019) 34:1158–1167	

1 3

Introduction

Chronic obstructive pulmonary disease (COPD) is the 
third leading cause of death in the US [1, 2]. COPD is 
a state of systemic inflammation characterized by high 
levels of inflammatory markers, which may lead to ath-
erosclerosis, plaque rupture, and thrombosis [3]. Hence, 
in light of this, patients with COPD are at a significantly 
higher risk of coronary artery disease, angina, myocardial 
infarction (MI), and stroke [4]. Moreover, COPD patients 
suffer from poor outcomes (both short term and long term) 
after MI [5]. Since cardiovascular disease is a common 
cause of death in COPD patients, improving patient sur-
vival after MI is a key target for enhancing COPD survival 
outcomes [6]. β-blockers, which are one therapy option 
for MI, are capable of reducing hospital stay, presentation 
of malignant arrhythmias, mortality, and re-infarction of 
patients with acute MI (AMI) [7, 8] Despite this, however, 
β-blockers are thought to represent a relative pulmonary 
contraindication for COPD patients, since they may pre-
cipitate bronchospasm and cause acute deterioration of 
pulmonary function [8, 9]. Therefore, clinicians have pre-
dominantly been discouraged from prescribing β-blockers 
to AMI patients with COPD [10]. Some small-scale stud-
ies, though, have indicated more recently that β-blockers, 
especially cardio-selective β-blockers, do not increase the 
rate of COPD exacerbations, and may actually be toler-
ated in COPD patients [9, 11]. Other studies suggest that 
β-blocker use can improve short-term survival following 
AMI in COPD patients [10, 12]. However, the completion 
of large-scale studies is still lacking, and it is still ques-
tionable whether β-blockers can improve the overall long-
term survival rate of COPD patients with AMI. With this 
in mind, the current study was designed to investigate the 
impact of β-blockers, both selective and non-selective, on 
overall survival in COPD patients after first AMI, using a 
nationwide database in Taiwan. We hypothesized that the 
use of β-blockers can improve the overall survival among 
COPD patients with AMI, regardless of selective or non-
selective β-blockers.

Materials and methods

Data sources

This study involved searches conducted in the Taiwanese 
National Health Insurance (NHI) program. The NHI pro-
gram has sponsored the health care system of Taiwanese 
residents since 1st March, 1995, and has enrolled more 
than 99% of the population in Taiwan to date. All medical 

records of patients during admission, including age, sex, 
diagnosis, medication, interventional procedures, and rel-
evant survival data, are included in this National Health 
Insurance Research Database (NHIRD). This study was 
approved by the Human Research Committee of Kaoh-
siung Veterans General Hospital (VGHKS15-EM10-02).

Study population

To select the subject cohort for this study, we identified 
186,326 patients discharged with a new diagnosis of AMI 
[International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) from 410 to 410.92] 
from 23,000,000 patient records spanning from January 
2000 to December 2012. To avoid double counting the 
patients, patients with a previous admission for AMI were 
excluded. This study also excluded those individuals who 
were younger than 18 years old and those patients whose sex 
was undetermined. Additionally, 23,116 patients with COPD 
(ICD-9-CM code: 491, 492 or 496) were identified from the 
group of 186,326. Those who had taken β-blockers anytime 
during admission were defined as β-blockers users, and were 
further stratified into selective and non-selective β-blockers 
groups, respectively. Data from 7609 patients with β-blocker 
use (2859 patients in the selective β-blockers group and 
4750 patients in the non-selective β-blockers group), and 
15,507 patients without β-blocker use, were included in the 
final analysis (Fig. 1).

This study considered a number of variables, such as sex, 
age, comorbidities (diabetes mellitus, heart failure, hyper-
tension, peripheral vascular disease, end-stage renal disease, 
previous stroke, and atrial fibrillation), percutaneous coro-
nary intervention (PCI), and related medication use (anti-
platelet, ACEI/ or ARB, calcium channel blocker, xanthine, 
corticosteroid, SABA, and SAMA) in its analysis.

Definition of outcome

Mortality was defined as the duration of the date of hospital 
admission and the end date of NHI coverage. In Taiwan, 
NHI coverage is discontinued at the time of death, and can 
be traced only with a maximum error of one month, since 
the NHI premium is paid monthly. Using this information, 
we could thus define the endpoint date, since NHI coverage 
provides a valid proxy measure of mortality [13, 14].

Statistical analyses

The two-sample t test was used to compare continuous 
variables, while the Chi-squared test was used to test the 
differences between categorical variables. Multivariate 
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Cox proportional hazards models were used to estimate 
adjusted hazard ratios (HR) with 95% confidence intervals 
(95% CI); adjusted survival curves were generated from 
the adjusted analysis. On stratified multivariable analyses, 
the association between β-blockers usage and the risk of 
mortality was reexamined in different subgroups. Covari-
ates, including sex, age, comorbidities (diabetes mellitus, 
heart failure, hypertension, peripheral vascular disease, 
end-stage renal disease, previous stroke, and atrial fibril-
lation), percutaneous coronary intervention (PCI), and 
related medication use (antiplatelet, ACEI/ or ARB, cal-
cium channel blocker, xanthine, corticosteroid, SABA, and 
SAMA) were used for multivariable analyses.

The statistical analyses were carried out using SAS® 9.4 
(SAS Institute Inc., Cary, NC, USA). A p value of less than 
0.05 was considered to be statistically significant.

Results

Patient characteristics

We identified a total of 23,116 COPD patients with first 
attack of AMI. The basic characteristics of these individ-
uals are shown in Table 1. Among this population, 7609 
(32.9%) were prescribed β-blocker therapy, while 15,507 

Fig. 1   Study flowchart. NHIRD 
: National Health Insurance 
Research Database, AMI acute 
myocardial infarction, COPD 
chronic obstructive pulmonary 
disease, STEMI ST elevation 
myocardial infarction, NSTEMI 
non-ST elevation myocardial 
infarction, PCI percutaneous 
coronary intervention, ACEI 
angiotensin-converting enzyme 
inhibitors, ARB angiotensin 
receptor blockers, SABA short-
acting β-agonist, SAMA short-
acting muscarinic antagonist, 
SD standard deviation
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(67.1%) were not. The average (± standard deviation) age 
of patients with β-blockers was 75.70 (± 10.04) years, and 
that of patients without β-blockers was 77.63 (± 9.61) years. 
Patients with β-blockers had a higher prevalence of hyper-
tension, diabetes mellitus, and end-stage renal disease than 
did patients without β-blockers. Moreover, a higher pro-
portion of patients with β-blockers received PCI for AMI 
(43.93% vs. 25.98%, p < 0.0001). In terms of medication, 
those who took β-blockers also received more antiplatelet, 
angiotensin-converting enzyme inhibitors (ACEIs)/angio-
tensin II receptor blockers (ARB), statin, calcium channel 
blockers, spironolactone, nitrate, and nicorandil. In contrast, 
those who did not take β-blockers were taking more xan-
thines and short-acting β antagonists (SABAs) (Table 1).

Among β-blocker users, 2,859 (37.57%) were given 
selective β-blockers and 4,750 (62.43%) were prescribed 
non-selective β-blockers (Table 1). Patients with selective 
β-blockers had a higher prevalence of hypertension and PCI 
than did patients with non-selective β-blockers. Regarding 
other medications, those took selective β-blockers had also 
received more antiplatelet, statin and spironolactone medi-
cations. In contrast, those who were taking non-selective 
β-blockers were taking more short-acting muscarinic antago-
nist (SAMA).

Multivariable analysis

After adjustment for all covariates, patients with β-blockers, 
both selective and non-selective, had significantly better short-
term (1-, 3-, 6-, 9-, and 12-month) and long-term (2-, 4-, 6-, 
and 8-year) survival rates (selective β-blockers: 76.5%, 67.1%, 
60.5%, 56.2%, 52.7%, 42.9%, 31.1%, 23.3% and 17.8%; non-
selective β-blockers: 75.5%, 65.8%, 59.0%, 54.7%, 51.2%, 

41.4%, 29.7%, 22.0% and 16.7%, respectively) as compared 
with patients without β-blockers, who had rates of 75.2%, 
65.4%, 58.5%, 54.2%, 50.6%, 40.8%, 29.2%, 21.6% and 16.3%, 
respectively (Fig. 2). Patients with β-blockers showed a trend 
of reduced risk of mortality, as compared with patients without 
β-blockers (HR 0.97; 95% CI 0.93–1.00; p = 0.04) (Table 2). 
Moreover, patients with selective β-blockers showed a reduced 
risk of mortality (HR 0.93; 95% CI 0.89–0.98; p < 0.01) and 
non-selective β-blockers showed a non-inferior survival (HR 
0.98; 95% CI 0.94–1.02; p = 0.38) as compared with patients 
without β-blockers.

Also, patients who underwent PCI (HR 0.58; 95% CI 
0.56–0.61; p < 0.0001), and those who took any antiplatelet 
(HR 0.76; 95% CI 0.73–0.79; p < 0.0001) or ACEI/ARB (HR 
0.79; 95% CI 0.76–0.81; p < 0.0001) medications, demon-
strated a lower risk of mortality (Supplement Table 1).

On the other hand, it is unsurprising that male gender 
(HR 1.15; 95% CI 1.11–1.19; p < 0.0001); age (HR 1.04; 
95% CI 1.04–1.04; p < 0.0001); those with the presence of 
hypertension (HR 1.04; 95% CI 1.01–1.08; p < 0.0001), dia-
betes mellitus (HR 1.23; 95% CI 1.19–1.26; p < 0.0001), 
peripheral vascular disease (HR 1.34; 95% CI 1.26–1.42; 
p < 0.0001), end-stage renal disease (HR 1.72; 95% CI 
1.59–1.86; p < 0.0001), and/or previous stroke (HR 1.17; 95% 
CI 1.13–1.21; p < 0.0001); those who took corticosteroids (HR 
1.06; 95% CI 1.02–1.10; p = 0.0001), SABA (HR 1.26; 95% CI 
1.21–1.32; p < 0.0001) and/or short-acting muscarinic antago-
nists (SAMA) (HR 1.18; 95% CI 1.13–1.22; p < 0.0001), were 
significantly associated with an increased risk of mortality 
(Supplement Table 1). All of these covariates were used for 
further multivariable analysis.

Fig. 2   Adjusted survival rate of all patients with and without 
β-blocker use (N = 23,116)

Table 2   Cox proportional hazard regression of mortality in all 
patients (N = 23,116)

Sex, age, underlying diseases (hypertension, diabetes mellitus, 
peripheral vascular disease, heart failure, previous stroke, end-stage 
renal disease, and atrial fibrillation), AMI type (STEMI vs. non-
STEMI), PCI and medication (antiplatelet, ACEI or ARB, statin, cal-
cium channel blockers, xanthins, corticosteroids, SAMA and LAMA) 
are taken into adjustment for analysis
HR hazard ratio, CI confidence interval

Variables Adjusted HR (95% CI) p value

Without β-blockers 1.00 Ref.
With β-blockers 0.97 (0.93, 1.00) 0.04
Non-selective β-blocker 0.98 (0.94, 1.02) 0.38
Selective β-blocker 0.93 (0.89, 0.98) 0.008
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Stratified multivariable analysis

The use of β-blockers was associated with a lower risk of 
mortality (HR 0.97; 95% CI 0.93–1.00; p < 0.05) (Fig. 3). 
In addition, it was found to be associated with a reduced 
risk of mortality in most stratified analyses inCOPD 
patients after first AMI (Fig. 3), including in male patients 
(HR 0.94; 95% CI 0.90–0.98),in those with hypertension 
(HR 0.96; 95% CI 0.93–1.00), in those without peripheral 
vascular disease (HR 0.96; 95% CI 0.92–0.99), NSTEMI 
(HR 0.95; 95% CI 0.91–0.99), and in those without end-
stage renal disease (HR 0.91; 95% CI 0.87–0.94) (Fig. 3).

Discussion

To our knowledge, this is currently the largest patient 
enrollment studied with respect to this condition. The 
results of this study indicated that β-blocker use, especially 
selective β-blocker, was associated with a reduced risk of 
mortality among COPD patients after first AMI. It was 
especially beneficial in male patients, as well as for those 
with hypertension, and NSTEMI. Furthermore, long-term 
survival of non-selective β-blocker group is not inferior to 
the group without β-blocker.

Fig. 3   Stratified multivariable analysis for risk of mortality between with and without β-blocker groups. AMI acute myocardial infarction, COPD 
chronic obstructive pulmonary disease, PCI percutaneous coronary intervention, HR hazard ratio, CI confidence interval
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Beta-blockers are proved to decrease 30% of cardiovascu-
lar death and AMI among post-MI patients. COPD patients 
has higher post-discharge mortality after AMI. Tradition-
ally, beta-blockers were thought to be related to bronchos-
pasm, hence physicians would avoid using beta-blockers 
[6]. On the other hand, beta-blockers may not be absolute 
contraindication for COPD patients. More and more evi-
dence pointed that beta-blockers reduce the rate of COPD 
exacerbation and mortality as well [12]. Bhatt et al. pointed 
that beta-blockers may lead to decrease in exacerbations of 
COPD, despite the severity of airflow obstruction [15]. Sal-
peter et al. demonstrated that cardio-selective beta-blockers 
revealed no significant adverse effects on pulmonary func-
tion test and respiratory symptoms for COPD patients [11]. 
Huang et al. indicated that COPD patients who were tak-
ing cardio-selective beta-blockers had lower risk of severe 
exacerbations compared to nonusers. However, for COPD 
patients who took nonselective beta-blockers, they were 
exposed to a higher risk of severe exacerbations compared 
to nonusers [16]. In reality, COPD patients with AMI have 
been advised to take cardio-selective beta-blockers if they 
are treated by inhaled steroids and long-acting beta-ago-
nists [17, 18]. Several studies indicate beta-blockers can be 
beneficial to COPD patients with coronary artery disease. 
For example, one study revealed they could decrease re-
admission rate in the emergency department [19]. In a brief 
summary, the previous studies indicated that for the patients 
with COPD and cardiovascular comorbidities, those who 
received blockers had lower mortality compared to those 
who never received beta-blockers. Cardio-selective beta-
blockers tend to result in lower mortality compared with 
non-selective beta-blockers. This is compatible with the 
guidelines from GOLD strategy which emphasize on the 
importance of selective beta-blockers use for those patients 
who has ischemic heart disease, even when they have severe 
COPD [20].

Compared with previous studies [10, 21–23], the current 
study provides not only short-term follow-up data but also 
those of long-term follow-up. The median follow-up period 
of our study was 8 years, which is longer than the times of 
the previous studies of Gottlieb (2 years), Heller (4 years), 
Quint (2.9 years), Chen (1 year), and Andell (3 years) [8, 
10, 21]. Although small-scale studies have shown that using 
β-blockers is beneficial in COPD patients with AMI, it has 
not been clear which type of β-blockers should be chosen 
for these individuals. It is a reasonable presumption that 
prescribing cardio-selective β-blockers is much safer than 
prescribing non-selective β-blockers, because cardio-selec-
tive β-blockers induce less bronchospasm in COPD patients 
[24, 25]. Our study showed that those who take selective 
β-blockers had a significantly better overall survival rate, 
compared with those who did not take β-blockers. Further-
more, this is the first study to compare the risk of overall 

mortality between COPD patients with AMI taking selective 
and non-selective β-blockers. No significant increased risk 
of mortality among them was observed.

The risk of cardiovascular disease is increased in COPD 
patients [26]. The rate can be worse in COPD patients with 
AMI as they have a low survival rate as compared with those 
without COPD [27]. Patients with MI and COPD constitute 
a high-risk group [21, 28, 29], and β-blockers are capable of 
improving the survival of all AMI patients and are thus con-
sidered to be the standard treatment. Thus, it is reasonable to 
routinely prescribe β-blockers for this high-risk group with 
a poor perspective outcome. However, our study and other 
studies reveal that β-blockers remain under-prescribed in the 
real world [22, 27, 30–32].

Interestingly, our findings indicate that members of the 
β-blocker group were receiving a more comprehensive panel 
of recommended post-MI medications, such as anti-platelet 
and ACEI/ARB drugs. Previous studies have also presented 
that COPD patients with AMI who took β-blockers received 
more aggressive medications [5, 27]. A possible explanation 
for this is that those patients who received β-blockers were 
those who were hemodynamically more stable, those with-
out severe hypotension, those without bradycardia, or those 
who had a reduced bleeding tendency at present. Because of 
the limitations of the database, it is impossible to identify all 
relevant acute complications that present to the emergency 
room. However, the β-blocker group had a higher prevalence 
of underlying comorbidities, such as hypertension, diabetes 
mellitus, and end-stage renal disease. In other words, the 
β-blocker group has worse underlying characteristics than 
the non-β-blocker group. After adjusting for comorbidities 
and medication use, the use of β-blockers still proved to be 
beneficial for overall patient survival rate in our study.

The strength of our study is that the NHI database 
includes 99% of the Taiwanese population’s medical records, 
including all patient’s comorbidities and medications. Previ-
ous studies have analyzed relatively small samples, while 
our study enrolled 23,116 COPD patients with first AMI 
from the 23,000,000 participants of the nationwide database. 
Our average follow-up time was long and our sample size 
was large, so the results should be convincing.

Limitations

There were some limitations to our study. First, the findings 
derived from cohort studies are typically lower in methodo-
logical quality than those from randomized trials, because 
cohort studies are subject to certain biases related to adjust-
ing for confounders. Second, we defined our patients accord-
ing to ICD-9 codes, not laboratory data or test results, such 
as cardiac enzyme study, electrocardiogram findings, or pul-
monary function test results. However, the National Health 
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Insurance Bureau has strict regulations for registration and 
payment, and our study method has been proved to be reli-
able, thus, the effects of these limitations may be restricted 
somewhat. Third, the use of beta-blocker was defined as 
the presence of prescription at any time point during hospi-
talization. In this study, we were not able to further analyze 
if β-blockers had been continued at long-term follow-up 
after discharge. On the other hand, the aim of this study is 
to investigate the impact of β-blockers in acute myocardial 
infarction which demonstrated the beneficial effect in both 
short-term and long-term follow-up. Future research regard-
ing the relationship between clinical outcome and duration 
of β-blockers after being discharged is suggested.

β-blockers are a standard treatment for AMI patients, 
but are under-prescribed in patients with COPD with AMI, 
which might be due to the fear of acute exacerbation of 
COPD. We executed a nationwide cohort study, the first 
one of its kind, to focus on the use of β-blockers to improve 
long-term survival among COPD patients with AMI with-
out increased complications. However, future randomized 
controlled trial studies are required to confirm our findings.
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