university of copenhagen

-Blocker Therapy and Risk of Chronic Obstructive Pulmonary Disease - A Danish
Nationwide Study of 1·3 Million Individuals
Nielsen, Anne Orholm; Pedersen, Lars; Sode, Birgitte Fischer; Dahl, Morten

Published in:
EClinicalMedicine
DOI:
10.1016/j.eclinm.2019.01.004
Publication date:
2019
Document version
Publisher's PDF, also known as Version of record
Document license:
CC BY-NC-ND
Citation for published version (APA):
Nielsen, A. O., Pedersen, L., Sode, B. F., & Dahl, M. (2019). -Blocker Therapy and Risk of Chronic Obstructive
Pulmonary Disease - A Danish Nationwide Study of 1·3 Million Individuals. EClinicalMedicine, 7, 21-26.
https://doi.org/10.1016/j.eclinm.2019.01.004

Download date: 09. jan.. 2023

EClinicalMedicine 7 (2019) 21–26

Contents lists available at ScienceDirect

EClinicalMedicine
journal homepage: https://www.journals.elsevier.com/
eclinicalmedicine

Research Paper

β-Blocker Therapy and Risk of Chronic Obstructive Pulmonary Disease – A Danish
Nationwide Study of 1·3 Million Individuals
Anne Orholm Nielsen a, Lars Pedersen b, Birgitte Fischer Sode c, Morten Dahl a,⁎
a
b
c

Department of Clinical Biochemistry, Zealand University Hospital, Lykkebækvej 1, 4600 Køge, Denmark
Department of Clinical Epidemiology, Aarhus University Hospital, Olof Palmes Allé 43-45, 8200 Aarhus N, Denmark
Department of Thoracic Anaesthesiology, the Heart Centre, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark

a r t i c l e

i n f o

Article history:
Received 5 September 2018
Received in revised form 20 December 2018
Accepted 15 January 2019
Available online 29 January 2019
Keywords:
β-Blockers
Obstructive pulmonary disease
Pharmacology
Epidemiology

a b s t r a c t
Background: The possible association between β-adrenoceptor antagonists (β-blockers) and risk of COPD is controversial. The objective of the present study was to test whether β-blocker use is associated with susceptibility to
the disease.
Methods: A total of 301,542 new users of β-blockers and 1,000,633 new users of any other antihypertensive drugs
aged 30–90 years without any history of COPD hospitalizations were included in the present study and followed
in the Danish National Patient Registry for incident admissions for COPD and COPD death between 1995 and
2015. Multiple adjusted cox regression models were used to examine the association between use of β-blockers
and COPD hospitalization. Additionally, subgroup analyses based on underlying diseases at baseline or duration
of treatment were performed.
Findings: People treated with β-blockers continuously for more than 6 months had a lower risk of COPD hospitalization during follow-up compared to people treated with any other antihypertensive drugs (adjusted hazard
ratio [HRadjusted] 0·80, 95% CI 0·79–0·82). Risk of COPD hospitalization was lowered in the groups treated
with β-blockers among patients with ischemic heart disease (0·72, 0·69–0·75), cardiac arrhythmias (0·76,
0·72–0·80), asthma (0·69, 0·61–0·79), hypertension (0·91, 0·86–0·96), and diseases of the pulmonary circulation (pulmonary embolism and cor pulmonale) (0·72, 0·59–0·87). All-cause mortality as well as risk of COPD
death during follow-up was lower in the group treated with β-blockers compared to the group treated with any
other antihypertensive drugs (0·56, 0·53–0·59).
Interpretation: Treatment with β-blockers seems to reduce risk of COPD hospitalization and mortality compared
to treatment with any other antihypertensive drugs.
Funding: The Danish Council for Independent Research in Denmark (grant no. 4183-00569B), The Research Foundation of Health Science in Region Zealand (grant no. RSSF2017000661 and no. 15-000342), The Research Foundation of Medical Science (A.P. Møller Foundation, grant no. 16-68), The Research Foundation in memory of King
Christian 10th (grant no. 142/2017), Aase & Ejnar Danielsen's Research Foundation (grant no. 10-001946), and
Lundbeck Foundation (grant no. R252-2017-1690).
© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a common respiratory health problem characterized by persistent respiratory symptoms, such as dyspnea, cough, and airﬂow limitations [1]. The airﬂow
limitation is caused by parenchymal destruction and narrowing of the
small airways leading to an increase in small-airway resistance [2,3].
⁎ Corresponding author at: Department of Clinical Biochemistry, Zealand University
Hospital, Lykkebækvej 1, DK-4600 Køge, Denmark.
E-mail addresses: lap@clin.au.dk (L. Pedersen), bﬁscher@dadlnet.dk (B.F. Sode),
modah@regionsjaelland.dk (M. Dahl).

The respiratory symptoms can be ameliorated with β2-agonists; drugs
that stimulate the β2-adrenergic receptors causing relaxation of smooth
muscles in the airways and thereby bronchodilation [1].
The β-adrenergic receptors are situated om smooth muscle cells in
many organs and are divided into 3 subtypes, β1, β2, and β3adrenoceptors, according to their speciﬁc actions [4]. β1-adrenoceptors
are found mainly in the heart where activation increases heart rate and
force of contraction [4]. β2-adrenoceptors are primarily found in the airways where activation leads to muscle relaxation and bronchodilation
[5]. β-adrenoceptor antagonists (β-blockers) are drugs that block the
β-adrenergic receptors and are mainly used in treatment of hypertension, cardiac arrhythmia, myocardial infarction, and ischemic heart
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Research in context
Evidence before this study
We searched PubMed for studies published before July 1st
2018 on the association between β-blockers and COPD with the
search terms “β-blockers OR β-antagonists AND COPD OR obstructive pulmonary disease”, “β-blockers OR β-antagonists AND
lung function” and “hypertension AND lung function”. We found
no studies evaluating risk of COPD or COPD hospitalizations in individuals treated with β-blockers using an unselected material.
Added value of this study
The results show that treatment with β-blockers, regardless of
their selectivity on bronchial tone, was associated with an overall
lower risk of COPD hospitalization compared to users of any other
antihypertensive drug during follow-up. Stratifying for age and
gender did not change this association. Additionally, use of βblockers was associated with a 44% lower risk of death from
COPD compared to use of any other antihypertensive drug.
Implications of all available evidence
Results from this study advocates changes in the present hesitation of treatment of hypertension with β-blockers in patients at
risk of or with concomitant COPD.

disease [4]. β-blockers are divided into β1-selective and non-selective
β-blockers, respectively, and the primarily beneﬁcial effects are
achieved by blocking the β1-adrenoceptors in the heart and peripheral
blood vessels whereby heart rate, force of contraction, and peripheral
resistance are reduced [4,6].
Even though β1-selective β-blockers are targeted speciﬁcally towards the β1-adrenoceptors, binding to the β2-adrenoceptor can
occur, and a well-known side effect of β-blockers is bronchoconstriction
[4,6]. In line with this, studies have shown that β-blockers are associated
with worsening of airway symptoms and reduced lung function in patients with COPD [7–9]. On the contrary, other studies have shown
that treatment with β-blockers reduces risk of exacerbations as well
as mortality following myocardial infarction in patients with COPD
[10–12]. However, research on the association between β-blockers
and COPD in individuals in the general population is to our knowledge
limited. To test the hypothesis that long-term use of β-blockers is associated with COPD in the general population, we have followed users of
β-blockers and users of any other antihypertensive drugs (calcium antagonists, ACE inhibitors, angiotensin II receptor antagonists, and diuretics) with no history of COPD hospitalizations and calculated their
risk of COPD hospitalization according to treatment exposure.
2. Material and Methods
The present study was based on data registered in four nationwide
Danish health registries between January 1995 and December 2015.
The paper has been structured according to the STROBE guidelines
(Supplementary Table S1).
2.1. Data Sources and Cohorts
2.1.1. The Danish National Prescription Registry
The Danish National Prescription Registry contains data on all prescription drugs sold in Denmark since 1995. The Registry is a sub-

register from the Register of Medicinal Products Statistics established
by law in 1994, of which researchers at authorized institutions can
apply for access to data [13]. Tracking of individual prescription histories is made possible by a unique personal identiﬁcation number
(CPR-number) given to all Danish citizens at birth or upon immigration
[14]. In this study, the CPR-numbers were anonymized and replaced by
coded identiﬁcation numbers. Drugs registered in the Prescription Registry are identiﬁed by the global Anatomical Therapeutic Chemical classiﬁcation (ATC) codes: β-blockers, non-selective (C07AA01-C07AA03,
C07AA05-C07AA07, C07AA16) and β-blockers, β1-selective (C07AB02C07AB05, C07AB07, C07AB12). Other antihypertensive drugs: calcium
antagonists (C08DA01, C08CA01-C08CA06, C08CA08-C08CA10,
C08CA13, C08DB01), ACE inhibitors (C09AA01-C09AA07, C09AA09,
C09AA10, C09AA13), angiotensin II receptor antagonists (C09CA01C09CA04, C09CA06-C09CA08), and diuretics (C03AA01, C03AB01,
C03BA11, C03CA01, C03CA02, C03CB02, C03DA01, C03DA04,
C03EA01). Speciﬁcation of antihypertensive drugs is given in the Supplementary Material (Table S2, Fig. S1, Fig. S2).
2.1.2. The Danish National Patient Registry
The Danish National Patient Registry includes discharge diagnoses
from all Danish hospitals since 1978 and from outpatient clinics since
1995 [15]. Diseases are classiﬁed according to the International Classiﬁcation of Diseases, 8th revision (ICD-8) through 1993 and 10th revision
afterwards [15]. ICD-8 codes for COPD are 490, 491, and 492, and ICD-10
codes are J41, J410, J411, J418, J42, J429, J43, J430, J431, J431A, J432,
J438, J439, J439A, J44, J440, J448, J448A, J448C, J449, J47, J479. For each
hospitalization, diagnoses directly causing the hospitalization (action
diagnoses, labeled with A in the registry) and diagnoses of comorbidities (labeled with B in the registry) are noted. We only included A-diagnoses in the analyses of the study. By that, it is possible to exclude
patients hospitalized for other reasons than COPD. Speciﬁcation of
ICD-codes is given in the Supplementary Material (Table S3).
2.1.3. Danish Register of Causes of Death
Since 1871 data on all causes and numbers of deaths occurring in
Denmark have been collected [16]. Causes of death have since 1948
been registered according to ICD-codes and the data collected in the
Danish Register of Causes of Death [16]. On the death certiﬁcate, the diagnosis directly causing death is labeled as the “direct cause of death”,
whereas comorbidities not directly causing death are labeled as “secondary diagnoses”. In the present study, we have deﬁned death related
to COPD with the above-mentioned ICD-8 and ICD-10 codes when
COPD was registered as the direct cause of death, and calculated allcause mortality and risk of death from COPD between the two treatment groups.
2.2. Study Design
We searched the Danish National Prescription Registry for users of
either β-blockers or any other antihypertensive drugs from 1995 to
2015. Only people aged 30 to 90 years without any history of COPD hospitalizations from the Patient Registry were included. Follow-up (Index
date) started on the day of the second prescription of either β-blockers
or any other antihypertensive drugs within 12 months, as long-term
pharmaceutically impaired β2-adrenergic receptor function was deﬁned as N 6 months of treatment. For the analyses of risk of COPD hospitalization, follow-up ended at the date of ﬁrst COPD admission, date of
death, emigration or December 312,015, whichever came ﬁrst. COPD
admission refers to all three types of contacts registered in the Patient
Registry; inpatient, outpatient, and emergency department contacts
[15].
First hospital contact for COPD after Index date was classiﬁed as incident contact. For the control group, we selected users of any other antihypertensive drugs, as this group was considered the most
appropriate control group regarding health and lifestyle.
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2.3. Statistical Analyses
Hazard ratios (HR) for risk of COPD hospitalization and death from
COPD in users of β-blockers were calculated using Cox regression
models with adjustment for known confounders: age, sex, calendar
year, comorbidities, income level, employment status, and marital status. In the analyses of risk of COPD hospitalization, death is censored.
Taking into account different indications for choice of treatment, we
performed subgroup analyses based on different comorbidities at baseline. Subgroups that were speciﬁed in the statistical analysis plan (details provided in Supplementary Material) included diabetes mellitus,
hypertension, ischemic heart disease, diseases of the pulmonary circulation (pulmonary embolism or cor pulmonale), cardiac arrhythmias
(atrial ﬁbrillation, tachycardia, or ventricular disorders), and asthma.
In addition, we performed subgroup analyses stratiﬁed for age and sex
as speciﬁed in the statistical analysis plan.
All analyses were performed using SAS statistical software package
v. 9.4 for Windows. The study was approved by Statistics Denmark
and The Danish Health Data Board (Reg. no.: 704586).
3. Results
3.1. Patient Characteristics
Novel users of either β-blockers or any other antihypertensive drugs
without COPD at baseline aged 30–90 years between 1995 and 2015
were included in the current study. Baseline demographic statistics of
the cohort are listed in Table 1. The sample population consisted of
301,542 users of β-blockers with a mean age of 58·1 years at baseline,
and 1,000,633 users of other antihypertensive drugs with a mean age
of 61·6 years at baseline. Among users of β-blockers, 151,420 (50·2%)
were females, whereas 535,471 (53·5%) were females in the group of
users of any other antihypertensive drugs. Among users of β-blockers,
34,058 (11·3%) were widows/widowers and 193,930 (64·3%) were
married. 164,558 (16·4%) in the group of users of any other antihypertensive drugs were widows/widowers while 591,312 (59·1%) were
married. Relative numbers of divorced and singles were equally distributed between the two groups of treatment. Relatively more people in
the group of users of β-blockers had high incomes compared to users
of any other antihypertensive drugs (54·7% vs. 48·6%) which was in
line with the distribution of employed people in the two groups
(47·1% vs. 39·7%). No differences in the relative numbers of unemployed or people receiving social support were observed between the
two groups. Users of β-blockers were more likely to have had a history
of ischemic heart disease (22·3% vs. 6·3%) and cardiac arrhythmia
(15·2% vs. 3·8%). However, users of any other antihypertensive drugs
were more likely to have diabetes mellitus type 1 or type 2 (5·5% vs.
2·6%).
3.2. Risk of COPD Hospitalization
Among the 301,542 users of β-blockers, 17,813 incident COPD hospitalizations were registered between 1995 and 2015, corresponding
to 2,743,220 person-years, and an incident rate of 649 cases per
100,000 person-years. In the same period, 71,129 incident cases of
COPD hospitalizations were observed among the 1,000,633 users of
any other antihypertensive drugs, corresponding to 7,737,523 personyears, and an incident rate of 919 cases per 100,000 person-years.
After adjustment for all covariates, users of β-blockers had an overall
19·7% lower risk of COPD hospitalization compared to users of any
other antihypertensive drug during follow-up (adjusted hazard ratio
[HRadjusted] 0·80, 95% CI 0·79–0·82). HR for COPD hospitalization in
the ﬁrst 5 years after treatment start was 0·75 (0·73–0·77), while exclusion of the ﬁrst 5 years of follow-up resulted in a HR for COPD hospitalization of 0·85 (0·83–0·87) (Table 2). Stratifying for age and gender
did not change the overall association between β-blockers and reduced
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Table 1
Baseline characteristics of the cohort.
Users of
β-blockers

Users of any other AH
drugs

Number of participants
Mean age - years
Age – n. (%)
30–39
40–49
50–59
60–69
70–79
80–89

301,542
58·1

1,000,633
61·6

28,255 (9·4)
56,645 (18·8)
77,840 (25·8)
72,240 (24·0)
48,974 (16·2)
17,588 (5·8)

54,896 (5·5)
153,093 (15·3)
237,779 (23·8)
245,404 (24·5)
199,144 (19·9)
110,317 (11·0)

Sex – n. (%)
Female
Male

151,420 (50·2)
150,122 (49·8)

535,471 (53·5)
465,162 (46·5)

Charlson comorbidity index – n. (%)
None
221,332 (73·4)
1–2
70,020 (23·2)
3+
10,190 (3·4)

723,912 (72·3)
229,269 (22·9)
47,452 (4·7)

Comorbidities – n. (%)
Diabetes type 1/type 2
Hypertension
Ischemic heart disease
Diseases of the pulmonary
circulation
Cardiac arrhythmia
Asthma

7852 (2·6)
29,393 (9·7)
67,180 (22·3)
1452 (0·5)

55,010 (5·5)
90,501 (9·0)
63,237 (6·3)
5267 (0·5)

45,758 (15·2)
1801 (0·6)

38,068 (3·8)
9108 (0·9)

Income level – n. (%)
Lowest percentile
Low/mid percentile
Mid/high percentile
Highest percentile

67,664 (22·4)
68,908 (22·9)
79,776 (26·5)
85,134 (28·2)

257,797 (25·8)
256,527 (25·6)
245,733 (24·6)
240,383 (24·0)

Employment status – n. (%)
Employed
Unemployed
On the social
Retired

142,128 (47·1)
18,111 (6·0)
49,158 (16·3)
92,085 (30·5)

396,886 (39·7)
4503 (4·6)
155,232 (15·5)
401,819 (40·2)

Civil status – n. (%)
Widow/widower
Divorced
Married
Single

34,058 (11·3)
37,398 (12·4)
193,930 (64·3)
36,096 (12·0)

164,558 (16·4)
127,632 (12·8)
591,312 (59·1)
116,938 (11·7)

AH = antihypertensive. n = number.

risk of COPD hospitalization (Table 2). Furthermore, the association of
β-blockers remained in those participants taking β-blockers continuously for 5 years (0·84, 0·82–0·87).
Cumulative risk of COPD hospitalizations in the 2 study groups are
shown in Fig. 1.
When analyzing the association between risk of COPD hospitalization and β-blockers with respect of their selectivity (or not) on bronchial tone, we did not ﬁnd any signiﬁcant difference between β1selective and non-selective β-blockers. Users of β1-selective blockers
had an overall 21% lower risk of COPD hospitalization (adjusted hazard
ratio 0·79, 95% CI 0·78–0·81), whereas users of non-selective βblockers had an overall 16% lower risk of COPD hospitalization (adjusted
hazard ratio 0·84, 95% CI 0·82–0·87) compared to users of any other
antihypertensive drug (Table 2).
3.3. Subgroup Analyses
As data on indication for the current treatment with either βblockers or any other antihypertensive drug is not available in the registries, we performed subgroup analyses based on underlying diseases
at baseline to avoid confounding by indication (Table 2). No major differences in risk of COPD hospitalization in users of β-blockers from the
overall hazard ratio were seen between the groups of patients with ischemic heart disease (0·72, 0·69–0·75), cardiac arrhythmias (0·76,
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Table 2
Adjusted hazard ratios for COPD hospitalization in users of β-blockers.
Hazard ratio
Overall risk
β-Blockers
β-Blockers (only ﬁrst year of follow up)
β-Blockers (0–5 years of follow-up)
β-Blockers (excluding ﬁrst year of follow-up)
β-Blockers (excluding ﬁrst 5 years of follow-up)

0·80
0·67
0·75
0·82
0·85

95% CI
0·79–0·82
0·64–0·71
0·73–0·77
0·81–0·84
0·83–0·87

3.4. Mortality

Stratiﬁed by age (years)
30–39
40–49
50–59
60–69
70–79
80–89

0·82
0·91
0·91
0·84
0·76
0·74

0·74–0·91
0·86–0·96
0·88–0·94
0·82–0·87
0·74–0·79
0·69–0·79

Stratiﬁed by gender
Female
Male

0·84
0·87

0·82–0·86
0·85–0·89

Risk by selectivity on bronchial tone
β1-Selective β-blockers
Non-selective β-blockers

0·79
0·84

0·78–0·81
0·82–0·87

0·95
0·80

0·87–1·05
0·79–0·81

0·91
0·79

0·86–0·96
0·78–0·81

0·72
0·80

0·69–0·75
0·78–0·82

0·72
0·80

0·59–0·87
0·79–0·82

0·76
0·79

0·72–0·80
0·78–0·81

0·69
0·81

0·61–0·79
0·79–0·82

Stratiﬁed by underlying disease
Diabetes type 1/type 2
Yes
No
Hypertension
Yes
No
Ischemic heart disease
Yes
No
Diseases of the pulmonary circulation
Yes
No
Cardiac arrhythmia
Yes
No
Asthma
Yes
No

diabetes mellitus type 1/type 2 (0·95, 0·87–1·05) no effect on COPD
hospitalization was seen for β-blockers (Table 2).
Furthermore, propensity score adjustment by inverse probability
weighting did not change the overall association between use of βblockers and COPD. Similar results were found when dividing βblockers into β1-selective blockers and non-selective blockers (Supplementary Table S4).

All-cause mortality was substantially lower in users of β-blockers
during follow-up. Among the 301,542 users of β-blockers, 52,070
deaths were registered between 1995 and 2015, corresponding to
2,824,553 person-years, and an incident rate of 1843 deaths per
100,000 person-years. In the same period, 251,720 deaths were observed among the 1,000,633 users of any other antihypertensive
drugs, corresponding to 8,043,900 person-years, and an incident rate
of 3129 deaths per 100,000 person-years.
During follow-up, use of β-blockers was associated with a lower risk
of death from COPD compared to use of any other antihypertensive
drugs (0·56, 0·53–0·59). The association between β-blockers and reduced risk of COPD death seemed to be persistent when excluding the
ﬁrst 5 years of follow-up (0·72, 0·67–0·78) (Table 3).
Cumulative risk of all-cause mortality in the 2 study groups are
shown in Fig. 2.
4. Discussion

0·72–0·80), asthma (0·69, 0·61–0·79), hypertension (0·91, 0·86–
0·96), and diseases of the pulmonary circulation (pulmonary embolism
and cor pulmonale) (0·72, 0·59–0·87). In the group of patients with

In this large Danish population-based study, we have evaluated the
risk of COPD hospitalization in patients treated with β-blockers in the
period 1995–2015. The study revealed that treatment with β-blockers,
regardless of their selectivity on bronchial tone, was associated with reduced risk of COPD hospitalization, all-cause mortality, and death from
COPD compared with other antihypertensive drugs.
This is in line with former studies showing that β-blockers reduce
risk of exacerbations in patients with COPD. Du et al. performed in
2014 a meta-analysis including 15 observational cohort studies of βblocker treatment in patients with COPD and revealed that treatment
with β-blockers signiﬁcantly decreased the risk of exacerbation of
COPD [10]. Bhatt et al. performed in 2015 a prospective multicenter observational study including subjects with COPD GOLD stage 2 to 4 and
found that β-blockers were associated with a signiﬁcant reduction in

Fig. 1. Cumulative risk of COPD hospitalizations.
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Table 3
Adjusted hazard ratios for COPD death in users of β-blockers.
Hazard ratio
Overall risk
β-Blockers
β-Blockers (only ﬁrst year of follow up)
β-Blockers (0–5 years of follow-up)
β-Blockers (excluding ﬁrst year of follow-up)
β-Blockers (excluding ﬁrst 5 years of follow-up)

0.56
0.60
0.57
0.58
0.72

95% CI
0.53–0.59
0.57–0.63
0.55–0.60
0.55–0.61
0.67–0.78

COPD exacerbations regardless of severity of airﬂow obstruction [11].
The mechanisms behind this beneﬁcial effect of β-blockers on risk of
COPD exacerbations have not been clariﬁed. However, it has been
shown in a murine model that long-term pharmaceutically blocking of
pulmonary β-adrenoceptors led to overexpression of β-receptors [17],
and that this in turn could decrease bronchoconstriction [18]. Moreover,
long-term administration of β-blockers has been shown to reduce airway inﬂammation and decrease mucus production in another murine
asthma model [19].
Even though several studies have indicated a beneﬁcial effect of βblockers in patients with COPD, there is still a certain reluctance to prescribe β-blockers to patients with airway symptoms such as cough and
shortness of breath, or if the patient has a history of cigarette smoking.
The explanation behind the 19·7% overall lowered risk of COPD hospitalization found in this study could be that only the healthiest patients
are prescribed β-blockers. To avoid for this “healthy user phenomenon”
we have looked at the effect of β-blockers after excluding the ﬁrst 5
years of follow-up. By this, we assume that we are only following
patients free of airway symptoms at baseline, as patients already presenting airway symptoms at baseline are at higher risk of COPD hospitalization in the ﬁrst 5 years. The adjusted HR after exclusion of the
ﬁrst 5 years of follow-up still showed the beneﬁcial association between
β-blockers and risk of COPD hospitalization, suggesting that the reduction seen with β-blockers is a class effect.
Another way of adjusting for the healthy user phenomenon is by
stratifying for underlying diseases at baseline. In the groups of patients
with ischemic heart disease and cardiac arrhythmia, risk of COPD
hospitalization was decreased in users of β-blockers compared to
users of any other antihypertensive drugs. This could be explained by
the cardioprotective effect of β-blockers, as studies have shown that
many COPD exacerbations may have cardiovascular causes [11]. The decreased risk for COPD hospitalization in patients with underlying
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asthma is surprising as many studies have shown signiﬁcant reduction
in lung function in asthmatics treated with β-blockers [20]. An explanation for this ﬁnding could be that some patients with known asthma in
treatment with β-blockers when hospitalized with airway symptoms
are misclassiﬁed as asthma hospitalization when they have COPD
exacerbation.
Adjusted hazard ratio for death from COPD during follow-up in users
of β-blockers was 0·56 (95% CI 0·53–0·59), suggesting that β-blockers
are associated with reduced mortality regardless of underlying diseases.
Exclusion of the ﬁrst 5 years of follow-up did not change this association. This is in line with other studies evaluating risk of mortality in
COPD patients treated with β-blockers following myocardial infarction,
concluding that β-blockers' apparent beneﬁts on exacerbations are not
solely due to a “healthy” user phenomenon [11,12]. Supporting this,
the above mentioned meta-analysis by Du et al. found a 28% reduction
in overall mortality in COPD patients treated with β-blockers [10]. However, the present study is to our knowledge the ﬁrst study to compare
risk of mortality in patients treated with either β-blockers versus any
other antihypertensive drug.
Major strengths of the current study include 1) a very large unselected sample size, even in the subgroups, and 2) data are collected
from completed databases with an almost 100% coverage of the Danish
population. However, the study has some limitations and biases as well.
A review of 1581 patients with COPD from the Danish Patient Registry
showed a positive predictive value for COPD of 92% [21], however, studies have shown that a diagnosis based on clinical assessment or based
on spirometry may be incorrect, as external obstruction of the small airways by pulmonary congestion, such as in unrecognized heart failure,
also causes obstruction [22–24]. Importantly, the results from this
study remained when stratifying the analysis for ischemic heart disease
and cor pulmonale. As the study is based on register-based data, we cannot know for sure if the enrolled participants are actually taking the
drugs. However, the Danish National Prescription Registry includes
data on drugs handed out to the recipient in drugstores, with additional
information on pack size and price. The ﬁndings in this study are therefore based on data on drugs sold to the patients and not only prescriptions made from the general practitioner. We therefore assume that
individuals are actually in treatment with the drug if it is bought on a
regular basis consistently with pack size, as suggested by Kildemoes
and colleagues in 2011 [13]. Another potential limitation is the lack of
diagnoses reported by general practitioners. In the present study, only
patients hospitalized with COPD were included, which can tend to

Fig. 2. Cumulative risk of all-cause mortality.
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underestimate our risk estimate. For this reason, we supplemented the
primary endpoint with all-cause mortality and COPD mortality speciﬁcally. Furthermore, we do not have data regarding the participants'
smoking habits. Trying to take this into account, we have adjusted for
socio-economic data, such as income and employment levels as well
as marital status. Several studies have revealed that these socio-economic factors inﬂuence smoking status. Pennanen et al. showed that
lower education, income, and living without a spouse are factors associated with an increased heaviness of smoking index [25]. Zhang et al.
found that current smoking is associated with low socio-economic status and being never married, while former smoking is associated with
secondary school education, middle-high income, and being widowed
[26]. Thus, we do not think that smoking substantially inﬂuenced our
study results. Finally, included patients are mainly whites of Danish descent, and the results may not automatically apply to other ethnic
groups or to other countries with a signiﬁcant different lifestyle.
To our knowledge, this is the ﬁrst study to examine the association
between β-blocker use and risk of COPD compared speciﬁcally with
other antihypertensive drugs. This is important because other cardiovascular drugs (ACE inhibitors and angiotensin II receptor antagonists)
also seem to have beneﬁcial effects in COPD [27,28].
In conclusion, the current study has revealed that long-term treatment with β-blockers was associated with reduced risk of COPD hospitalization, all-cause mortality, and death from COPD compared with
treatment with other antihypertensive drugs, and thus β-blockers can
be considered as safe, even in patients with COPD.
5. Outstanding questions
To further explore whether patients receiving β-blockers have reduced COPD hospitalizations and COPD deaths, a future randomized
clinical trial is warranted.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.eclinm.2019.01.004.
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