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Background: Beta-blockers have been proposed to improve COPD-related outcomes, yet
studies report conflicting results. We aimed to investigate the effect of beta blockers on time-
to-first exacerbation and all-cause mortality in high-risk COPD outpatients.

Methods: All COPD outpatients managed at the Department of Respiratory Medicine,
Copenhagen University Hospital — Hvidovre, Denmark in 2016 were followed for 3.5
years in this retrospective, registry-based cohort study. Outcomes were time-to-first acute
exacerbation of COPD (AECOPD) or death. The association was estimated using time-
varying crude and multivariable Cox proportional hazard regression adjusted for age, sex,
BMI, use of COPD medication, smoking status, cardiovascular disease and COPD
severity.

Results: The cohort comprised 950 COPD outpatients, mean age 71 (SD 11) years, and
FEV, 44% predicted (IQR 33%; 57%). The annual exacerbation rate was 0.88 (SD 1.68) and
211 patients (22%) had a history of hospitalization requiring AECOPD within 12 months. Of
the enrolled patients, 247 (26%) were prescribed beta blockers. Beta-blocker use was
associated, although with borderline significance, with increased all-cause mortality (HR
1.37 (95% CI, 0.99 to 1.89, p = 0.059)). On the other hand, beta blocker use did not reduce
the risk of AECOPD (HR = 0.89 (95% CI 0.71 to 1.10; p = 0.270)), which remained non-
significant after stratifying for severity of exacerbations.

Conclusion: We found an association between beta blocker use and all-cause mortality in
high-risk COPD outpatients. No association was found between beta blocker use and risk of
AECOPD.

Keywords: chronic obstructive pulmonary disease, cardiovascular disease, exacerbations,
beta-blockers, mortality

Plain Language Summary
What is already known on this topic:
® An association between beta-blocker use and reduced risk of exacerbations and
mortality has been reported in observational studies. A single RCT has reported an
increased risk of hospitalization following beta-blocker use in COPD patients without
prior indication for beta-blocker use.
® Results from observational studies on beta-blocker therapy and COPD-related out-
comes in COPD patients with concomitant CVD diverge, leaving the role of beta-
blocker therapy in COPD yet to be elucidated.
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What this study adds:

® This 3.5-year retrospective cohort study including 950
patients found an association between beta-blocker use
and increased all-cause mortality, whereas no association
was found between the risk of acute exacerbations and
beta-blocker use.

e Considering the new evidence that has emerged,
more studies on beta-blocker use in COPD patients,
even in COPD patients with CVD, are highly needed.
Currently, beta-blockers should only be prescribed
for COPD patients based on established indications.

Background

Chronic obstructive pulmonary disease (COPD) and car-
diovascular disease (CVD) are leading causes of morbidity
and mortality worldwide.! Patients with COPD have
a large unmet need for prognosis-improving therapies
besides treatments, such as pulmonary rehabilitation,
smoking cessation and maintenance therapy with long-
acting bronchodilators and inhaled steroids.”*

There is a well-described association between COPD
and CVD, in which pulmonary and vascular inflammation
and damage caused by long-term exposure to tobacco
smoke or other noxious gases serve as a common link
between the two.” A two-fold increase in the odds of
having CVD in COPD patients relative to COPD-free
controls has been reported.’ It has been hypothesized,
based on this close association, that therapies used in the
treatment of CVD could be of importance for the treatment
of COPD, particularly in those COPD patients having
concomitant CVD.” One of the proposed therapies is beta-
blockers, as increased neurohumoral sympathetic activity
driven by a sympatico-vagal imbalance has been demon-
strated in COPD,® suggesting that modulating beta-
receptor activity could affect COPD outcomes.

A reluctance towards treating COPD patients with
beta-blockers exists, possibly due to a theoretical concern
of causing bronchial contraction by blocking beta-2-adre-
noreceptors in the pulmonary epithelium’ as well as direct
antagonism with commonly used long-acting beta-2-ago-
nists and thereby precipitate reduction of the lung function
and a worsening of symptoms in COPD patients. The
in undertreatment of COPD
patients with a guideline-based indication for beta-

concerns have resulted
blockers,'® despite no existing evidence supporting these
theoretical concerns and a Cochrane review reported that
cardioselective beta-blockers did not cause any adverse

respiratory effects in COPD patients.'' ™'

While a recent randomized, placebo-controlled clinical
trial on metoprolol in COPD without concomitant CVD
(BLOCK COPD'*) was terminated early due to futility
and patient-reported adverse events, retrospective observa-
tional studies have reported the benefits of beta-blocker
treatment on COPD-related outcomes, such as exacerba-
tions and mortality."> As such, findings on the potential
risks and/or benefits of beta-blocker use in COPD vary
with study design, outcomes and populations chosen,
further complicating the already difficult task of providing
optimal treatment for COPD and related comorbidities.

In the present study, we aimed to examine the associa-
tions between beta blocker use, time to exacerbation and
all-cause mortality over 3.5 years in a real-world evidence
setting consisting of unselected high-risk COPD outpati-
ents managed in secondary respiratory care.

Methods
Study Design and Setting

The present study is a retrospective cohort study using
data from patient records and a nationwide medication
database. It included patients from a single center using
a fixed time follow-up interval. Further details of cohort
selection and characteristics have been published
previously.'®

The study was conducted at the Respiratory Outpatient
Clinic, Copenhagen University Hospital — Hvidovre,
Hvidovre, Denmark. All patients with a current COPD
diagnosis (confirmed by spirometry and assessment by
a respiratory specialist) and a scheduled visit during
2016 were included and followed from date of routine
visit (index date) to August 2019 or to date of death. All
patients were considered to be in a stable phase at inclu-
sion. All Danish citizens are covered by a national public

health insurance with tax-funded free access to healthcare.

Ethics

Study approvals were given by the Danish Patient Safety
Authority (ref. 3-3013-3198/1) and the Capital Region of
Copenhagen’s Data Safety Board (ref. P-2019-674). As
per Danish law, access to patient journals is granted by
the Danish Patient Safety Authority and does not require
informed consent.

Data Collection
Data was collected using unique, national Danish civil
registration numbers'’ to combine individual electronic
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patient records with vital status, laboratory- and dispensed
prescription data.

Hospital admissions, disease severity, comorbidities
and routine visit assessment data, such as pulmonary func-
tion tests, were accessed using electronic patient journals
(Sundhedsplatformen (Epic Inc., USA)). Dispensed pre-
scription data from January 2014 to August 2019 was
the
Prescription Registry.'® Medication status was based on

supplied by Danish National Health Service

ATC-codes, as described in Appendix 1.

Definitions

Exposure to beta-blockers was defined as a dispensed beta-
blocker prescription as follows: Persistent user (dispensed
prescription of a beta-blocker 121 days prior to index
date), New user (blocker dispensed after index date but
before end of follow-up) or Non-user (no beta-blocker
redemption during study period).

Outcomes were defined as follows:

1. All-cause mortality was defined as categorial yes or
no during the follow-up period.

2. Acute exacerbation (AECOPD) was defined, as pre-
viously validated,'**° as a composite outcome of:

a. Moderate exacerbation: defined as redemption of
a short-term prednisolone (maximum of 20
tablets of 25 mg in one day) with or without
concurrent antibiotics.

b. Severe exacerbation: defined as administration
of P.O. or i.v. corticosteroids and hospitalization
due to AECOPD (>24 hours) based on ICD-10
DJ46.

The first occurring AECOPD event (regardless of severity)
was chosen as the date of the composite outcome.

The Global Initiative for Obstructive Lung Disease
(GOLD) 2020 guidelines21 were used to describe disease
severity. Medication status was based on redeemed pre-
scriptions four months prior to the index date. CVD
comorbidities were defined as follows, based on active
or previous ICD-10-codes: acute coronary syndrome
(I24.9), chronic ischemic heart disease (I25), diabetes
mellitus type 1 or 2 (E10, E11), reduced ejection fraction
of less than 40% according to journal records, hyperten-
sion (I10), peripheral vascular disease (174), atrial fibril-
lation (I48), pulmonary embolism (I126) or stroke (164).

Use of long-term supplemental oxygen therapy (LTOT)
and non-invasive ventilation (NIV) was defined as
a completed order during hospitalization, or an outpati-
ent visit for either therapy during or 12 months prior to
the study period.

Statistical Analyses

Continuous variables were presented as either median
(interquartile range (IQR)) or mean (standard deviation
(SD)). Categorical variables were presented as counts
(%). Missing values were presented as an absolute number
for each variable. No sample size calculations were per-
formed prior to the study.

Crude (beta-blocker use only) and multivariable (beta-
blocker use and confounders) Cox proportional hazard
regressions were used to estimate the association between
beta-blocker use and time to exacerbation or time to death.
Beta-blocker use was considered a time-varying covariate
in all models. Estimates are presented as hazard ratios
(HR) with 95% confidence intervals (CI).

Death was deemed a competing endpoint in time to
exacerbation analyses, and as such risk time was censored
at the time of death. Schoenfeld residuals were used to
evaluate the proportional hazards assumption. Violating
variables were adjusted by hazard stratification.

The covariates used in the multivariable analysis were
age, sex, body mass index (BMI), COPD medication use,
smoking status, and severity of airflow limitation as defined
by GOLD. Selection of covariates was performed by evalu-
ating the change in beta-blocker use hazard between models
with and without the specific covariate, and if sufficient
change was introduced, the variable was included as
a covariate. Additional models with interaction between
beta-blocker use and CVD and inhaled corticosteroids
(ICS) were performed due to clinical suspicion of interac-
tion. Finally, moderate and severe exacerbation sub-analyses
with AECOPD as a single outcome were performed using
the same multivariable analysis as described above.

To correct for immortal time bias in retrospective stu-
dies with medication use as exposure variables, a Mantel
Byar®? approach was used as previously described,'® see
Figure 1. Multiple imputation using a multivariate chained
equation, assuming missingness at random, with 1000
imputations was performed on missing values with the
mice package.”> All analyses were performed using
R (The R Foundation, Vienna, AU) version 4.0.3 and
a significance level of a = 0.05
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All COPD Patients with a COPD ICD-10 Code
Followed at a Respiratory Outpatient Clinic
(n =982)

Patients Excluded
Missing Patient Records (n = 27)
COPD Ruled Out After Clinical Examinations (n = 5)

Final cohort (n = 950)

Persistent users
(n = 155)

New users
(n=92)

Non-users
(n =703)

Beta blocker use . Non-use

Persistent users

New users

Figure | Participants and study design overview in a retrospective cohort study of beta-blocker use in unselected high-risk COPD patients followed at a university hospital

respiratory outpatient clinic.
Abbreviation: COPD, chronic obstructive pulmonary disease.

Results

A total of 982 patients were screened for eligibility in the
study. The final cohort comprised 950 COPD patients having
available records and fulfilling all inclusion criteria (Figure 1),
with 448 (47%) male and mean age 71 years (SD 11). In the
cohort, 247 (26%) were current smokers and 665 (70%) were
ex-smokers, and the median pack-years (current- and ex-
smokers) were 43 (IQR 30; 51). The median FEV; was 44%
(IQR 33; 57) of the predicted value and the most common
disease severity in GOLD 2020 classifications were B and
D (34% and 36%, respectively) (Table 1).

Of the between-group differences, beta-blocker users
were older, had slightly higher mean BMI, were more
likely to be of male sex and had slightly more median
pack years of smoking. Furthermore, asthma was more

prevalent in the non-user group, but the amount of
redeemed ICS prescriptions pointed to uncertainty about
the validity of the registered asthma diagnosis (Table 1).
No difference in GOLD classification, Medical Research
Council (MRC)-scores, 12-month exacerbation history,
smoking status nor maintenance COPD-therapy were
found between beta-blocker users and non-users (Table 1).

In the cohort, 247 were defined as beta-blocker users,
with 92 (37.2%) being defined as ‘New users’. The most
used beta-blockers were metoprolol (n = 178 (71.5%)) and
carvedilol (n = 44 (17.7%)), respectively.

In terms of cardiovascular comorbidity, 623 (69%)
patients were classified as having at least one CVD diag-
nosis; of these, 233 (94%) had been dispensed a beta-
blocker prescription during the study period.
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Table 1 The Demographics of 950 COPD Patients at a University Hospital Outpatient Clinic, Arranged by Beta-Blocker Treatment Status

Total, Beta-Blocker Users, | Non-Users, p-valueb

N = 950 N = 247* N = 703*
Male (sex) 448 (47%) 137 (55%) 311 (44%) 0.003
Age 71 (1) 74 (8) 70 (1) <0.001
BMI 25.5 (5.8) 26.4 (5.8) 25.2 (5.7) <0.001
Missing values 30 2 28
History of smoking 0.104
Current smoker 247 (26%) 52 (21%) 195 (28%)
Ex-smoker 665 (70%) 186 (75%) 479 (68%)
Non-smoker 37 (3.9%) 9 (3.6%) 28 (4%)
Missing values | | 0
Pack years of smoking for current and ex-smokers 43 (30, 51) 45 (34, 55) 40 (30, 50) 0.006
Missing values 74 13 6l
Predicted FEV, (%) 44 (33, 57) 45 (35, 57) 44 (32, 57) 0.128
Missing values | | 0
MRC 3.30 (1.21) 3.40 (1.13) 3.27 (1.24) 1.60
Missing values I I 10
LTOT 146 (15%) 35 (14%) 111 (16%) 0.544
History of severe exacerbations (previous ly) 211 (22%) 55 (22%) 156 (22%) >0.999
History of NIV or intubation-requiring exacerbation(s) | 128 (13%) 38 (15%) 90 (13%) 0.307
GOLD A-D groups 0512
A 219 (24%) 49 (21%) 170 (25%)
B 308 (34%) 84 (36%) 224 (33%)
C 57 (6.3%) 13 (5.5%) 44 (6.5%)
D 327 (36%) 89 (38%) 238 (35%)
Missing values 39 12 27
Comorbidities
Atrial fibrillation 157 (17%) 100 (40%) 57 (8.1%) <0.001
Hypertension 469 (49%) 176 (71%) 293 (42%) <0.001
Stable ischemic heart disease 79 (8.3%) 54 (22%) 25 (3.6%) <0.001
History of ACS 59 (6.2%) 40 (16%) 19 (2.7%) <0.001
Diabetes type | or Il 140 (15%) 58 (23%) 82 (12%) <0.001
Stroke 102 (11%) 31 (13%) 71 (10%) <0.001
Congestive heart failure 76 (8.0%) 63 (26%) 13 (1.8%) <0.001
Cancer (any type) 128 (13%) 41 (17%) 87 (12%) 0.118
Peripheral vascular disease 57 (6.0%) 28 (11%) 29 (4.1%) <0.001
Osteoporosis 241 (25%) 52 (21%) 189 (27%) 0.084
Concomittant asthma 176 (19%) 25 (10%) 151 (21%) <0.001
Total cholesterol (mM) 4.62 (1.62) 4.23 (1.20) 4.78 (1.10) <0.001
Missing values 196 22 174
Single bronchodilator (LABA or LAMA) 818 (86%) 206 (83%) 612 (87%) 0.153
Dual bronchodilators (LABA and LAMA) 260 (27%) 59 (24%) 201 (29%) 0.179
ICS 520 (55%) 132 (53%) 388 (55 %) 0.634

*Notes: * Statistics presented: n (%); mean (SD); median (IQR). ® Statistical tests performed: Chi-square test of independence; Wilcoxon rank-sum test.
Abbreviations: LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroids; ACS, acute coronary syndrome; LTOT, Long-term

oxygen therapy; NIV, non-invasive Ventilation.
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A total of 2121 events were observed in 600 patients
during the median follow-up period of 2.82 years (IQR
2.63, 3.10). During this time, 373 (39%) and 344 (36%)
patients experienced at least one moderate or severe exacer-
bation, respectively, and 220 (23%) patients died. The yearly
mean exacerbation rates for exacerbating patients were 0.80/
person-year (SD 1.29) and 0.80/person-year (SD 1.36) for
moderate and severe exacerbations, respectively. The mean
time until first exacerbation was 723 and 770 days for mod-
erate and severe exacerbations, respectively. When stratified
by beta-blocker use, users had an overall exacerbation fre-
quency of 0.55/person-year (SD 0.83) and for non-users the
corresponding frequency was 0.63/person-year (SD 1.31).

The Effect of Beta-Blocker Use on

Exacerbations

In the time-varying, crude Cox regression model beta-
blocker use was not found to be associated with reduced
risk of AECOPD (HR = 0.96 (95% CI 0.78 to 1.19; p =
0.73). Adjusting for smoking status, GOLD 2020 classifi-
cation, age, sex, BMI, COPD medication use did not
influence the association between beta-blocker use and

time to AECOPD (HR = 0.89 (95% CI 0.71 to 1.10; p =
0.270)), nor did further adjustment for CVD (Table 2).

When stratifying for moderate and severe exacerbations
in a sub-analysis using the same model, beta-blocker use
was not associated with a reduction in time to AECOPD
(HR =0.88 (95% CI1 0.69 to 1.12; p=0.299) and HR = 0.86
(95% CI 0.68 to 1.09; p = 0.218), respectively).

The Effect of Beta-Blocker Use on
All-Cause Mortality

In the time-varying, crude Cox regression model, a significant
increase in mortality for beta-blocker users was observed
when compared to non-users, HR = 1.89 (95% CI 1.42 to
2.50, p = <0.001). Adjusting for sex, smoking status, long-
term oxygen therapy, non-invasive ventilation or intubation
requiring exacerbations, history of severe exacerbations, age,
BMI and GOLD 2020 classification did not influence the
association between beta-blocker use and mortality, HR =
1.60 (95% CI, 1.19 to 2.15; p = 0.002). When further adjusting
for CVD, the association weakened, with the HR for mortality
in the beta-blocker group decreasing slightly, HR = 1.37 (95%
CI, 0.99 to 1.89; p = 0.059) (Table 3).

Table 2 A Time-Varying Covariate Cox Proportional Hazard Regression for Association of Beta-Blocker Use and Hazard Ratio (HR)
for Time to First Exacerbation in 950 COPD High-Risk Outpatients

Crude Adjusted Interaction CVD

HR 95% CI p-value HR 95% CI p-value HR 95% ClI p-value
Beta-blocker use 096 | 0.78,1.19 | 0.730 0.89 0.71, 1.10 | 0.270 0.83 0.66, 1.05 0.129
Age 1.02 1.01, 1.03 <0.001 1.02 1.01, 1.03 <0.001
Female 1.06 0.89, 1.27 | 0.504 1.08 | 0.90, 1.30 | 0.398
BMI
<185 I.16 0.86, 1.58 | 0.323 1.17 | 0.86, 1.59 0.315
218.5-24.9 | | | |
>25-29.9 1.07 | 0.87, 1.33 0519 1.07 | 0.86, 1.33 0.538
>30 0.96 0.74, 124 | 0.777 0.95 0.73, 1.24 | 0.709
Single long-acting bronchodilator 0.98 0.69, 1.40 0.930 0.98 0.68, 1.40 0.896
Dual long-acting bronchodilators 1.08 0.85, 1.36 0.534 1.08 0.86, 1.36 0.505
ICS 1.44 1.14, 1.81 0.003 1.45 1.14, 1.83 0.002
Cardiovascular disease diagnoses
None | |
| 098 | 0.78, 1.23 0.839
22 .14 | 0.90, 1.46 | 0.280

Note: The analysis was stratified for smoking status and Global Initiative for Chronic Obstructive Lung Disease severity staging 2020 classification.
Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; ICS, inhaled corticosteroids.
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Table 3 A Time-Varying Covariate Cox Proportional Hazard Regression for Association of Beta-Blocker Use and Hazard Ratio (HR)

for All-Cause Mortality in 950 COPD High-Risk Outpatients

Crude Adjusted Model, without | Adjusted Model, with
CVD CvVD

HR | 95% CI p-value | HR | 95% CI p-value | HR | 95% CI p-value
Beta-blocker use 1.89 | 1.42,2.50 | <0.001 1.60 | 1.19,2.15 | 0.002 1.37 | 0.99, 1.89 | 0.059
Age 1.05 | 1.03, 1.07 | <0.001 1.04 | 1.03, 1.06 | <0.00I
BMI
<185 1.22 | 0.79, 1.87 | 0.375 1.27 | 0.82, 1.95 | 0.279
>18.5-24.9 [ [ | |
>25-29.9 0.69 | 0.49,0.98 | 0.038 0.68 | 0.48, 0.96 | 0.029
>30 0.64 | 0.42,0.98 | 0.405 0.60 | 0.39, 0.92 | 0.020
GOLD 1-4 spirometric grade
GOLD | [ [ | |
GOLD 2 1.06 | 0.42,2.70 | 0.8%94 1.00 | 0.39,2.53 | 0.995
GOLD 3 1.08 | 0.43,2.74 | 0.866 1.03 | 0.41,261 | 0.948
GOLD 4 1.37 | 0.53,3.59 | 0.516 1.27 | 0.48, 331 | 0.629
History of severe exacerbations (previous ly) 145 | 1.07, 1.97 | 0.017 1.43 | 1.05, 1.94 | 0.023
History of NIV or Intubation-requiring 2.02 | 1.45,2.80 | <0.001 2.07 | 1.49,2.87 | <0.001
exacerbation(s)
Cardiovascular disease diagnosis
None | |
| 1.08 | 0.72, 1.60 | 0.920
>2 1.50 | 1.02,2.23 | 0.042

Note: The analysis was stratified for sex, long-term oxygen therapy and smoking status.
Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HR, hazard

ratio.

Interaction Analyses

No interaction was observed between beta-blocker use
and CVD in either model (p = 0.164). Interaction ana-
lyses did not change the associations found, but increased
the statistical uncertainty in both models, causing non-
significance in the mortality model. Likewise, no interac-
tion was found between beta-blocker and ICS use in both
models and the potential interaction did not alter the
results (p = 0.069).

Discussion

In this cohort study consisting of 950 COPD outpatients
followed for 3.5 years, we found a borderline significant
association between beta-blocker use and increased all-
cause mortality. No association was found between beta-
blocker use and risk of AECOPD after adjusting for age,
sex, BMI, GOLD 2020 classification, smoking status and
concurrent CVD.

Beta-Blocker Use and Exacerbations

The present study, and the lack of association found
between beta-blocker use and AECOPD risk, is in discor-
dance with previous meta-analyses and observational stu-
dies reporting an association between use of beta-blockers
and a reduced risk of exacerbations.'>** The nationwide
Danish publication by Rasmussen et al*> reported an asso-
ciation between beta-blocker use and reduced risk of
exacerbations in COPD patients following hospitalization
with a diagnosis of AMI. In contrast, the RCT BLOCK
COPD'"? included patients without CVD and reported an
increased risk of severe AECOPD (but not time to exacer-
bation) in beta-blocker users. The direct antagonism of
beta-blockers with commonly used long-acting beta-
2-agonists has been proposed previously as a possible
explanation for this increased risk of hospitalization during
exacerbations in COPD patients treated with beta-
blockers.'?
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Indeed, differences in study populations are seemingly

1,26 Rasmussen et al®> and the

important as Rutten et a
present study all include varying degrees of patients with
CVD and thus indications for beta blockers. As CVD
might be both underdiagnosed and undertreated in
COPD,10 differences in results could be attributed to an
unknown amount of undiagnosed CVD in the studies
enrolling unselected COPD patients. Furthermore, varying
study populations in terms of risk (primary care®® versus
secondary care), study design (possible lack of power,
immortal time bias adjustment), etc., could further com-
plicate direct comparison.

Beta-Blocker Use and Mortality

The present study found a borderline significant associa-
tion between beta-blocker use and all-cause mortality, in
accordance with a Swedish observational study including
patients with severe COPD published by Ekstrém et al.?’
Notably, Ekstrom et al used a similar design as in the
present study, incorporating adjustment for both CVD
and immortal time bias. Other observational studies report
reduced mortality, and a recent meta-analysis concludes
a general tendency towards reduced risk of mortality."
Differing results might depend on study population fac-
tors, such as disease severity and treatment, with both

Ekstrom et al®’

and the present study primarily including
patients with advanced COPD. Furthermore, differences in
study design, including adjustment for immortal time bias,
may very well explain differing results, as immortal time
bias often leads to intervention risk reduction in pharma-
coepidemiologic studies.”* Of note, mortality reduction
has been reported in an observational study by Su et al,*®
despite correction for immortal time bias, in COPD
patients hospitalized with a diagnosis of AMI.

RCT studies with beta-blocker therapy for COPD are
rare, with the recent study BLOCK COPD'* demonstrat-
ing increased all-cause mortality in patients without con-
comitant CVD receiving 50 mg metoprolol daily.
However, BLOCK COPD'* was terminated early due to
futility and increased risk of hospitalization following
AECOPD. As such, the result on a secondary outcome
like all-cause mortality with few recorded events, should
be cautiously interpreted.

Implications

Our results add to the evidence that beta-blocker use
should be tailored to individual patients according to
guidelines for CVD management, as it may have

detrimental effects in some COPD patients. The present
study highlights the need for more well-designed studies
regarding the effect and causality of risk/benefit of beta-
blockers in COPD patients. One such study is currently
being conducted in Sweden.?’ However, according to our

17 studies are also

study and the study by Ekstrom et a
warranted in patients with concurrent CVD to represent
real-life COPD populations, which are currently often
excluded from clinical trials. A possible explanation has
been proposed that the observed increased risk of mor-
tality is driven by unmeasured biasses, such as confound-
ing by indication in the observational study designs,*’
but it is vital that well-designed pragmatic trials are
performed to support these claims. In contrast, should
beta-blockers prove to be detrimental in some subpopu-
lations or indications in COPD patients, other superior
(or non-inferior) treatment alternatives in common dis-
eases such as hypertension and atrial fibrillation should

be considered.?%3!

Limitations

The present study is limited by residual bias from the obser-
vational study design using historical data from patient
records and a national registry; however, the use of robust
statistical measures reduces the overall impact of known
biases, such as immortal time bias. Unmeasured confounding
by indication could lead to an increased mortality,while the
association did persist after adjusting for concurrent CVD.
A differential misclassification bias due to misdiagnosis of
CV events, especially in the beta-blocker group, might have
increased AECOPD frequency in this group; however, this
would not mask a potential detrimental effect on AECOPD.
Furthermore, cardiovascular comorbidities are based on
ICD-10 diagnoses, which may not reflect the severity of
individual diseases. The single-center recruitment from
a university hospital outpatient clinic limits the external
validity, yet low amounts of missing data and loss to follow-
up strengthen internal validity. Since beta-blocker use-data is
based on prescription redemption, adherence to redeemed
doses cannot be reliably assessed.

Conclusion

We found an association between beta-blocker use and all-
cause mortality, but not AECOPD risk, in high-risk COPD
outpatients. However, pragmatic clinical trials are severely
needed to elucidate the possible detrimental, or even ben-
effects of beta-blockers in certain COPD
populations.

eficial,
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