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Abstract

Symptoms of COPD

Cardiovascular comorbidity is common in individuals with chronic obstructive pulmo-
nary disease (COPD). This factor interferes with pharmacological treatment. The use
of B-blockers has been proposed for their known cardioprotective effects. However,
due to their adverse reactions, and the risk of causing bronchospasm, there is reluc-
tance to use them. To summarize existing evidence on the effects of B-blocker use in
COPD associated with cardiovascular comorbidities in relation to disease severity, ex-
acerbation, and mortality outcomes. EMBASE, Medline, Lilacs, Cochrane Library, and
Science Direct databases were used. Observational studies that evaluated the effects
of B-blockers on individuals with COPD and cardiovascular comorbidities, and related
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disease severity, exacerbations, or mortality outcomes were included. Studies that did
not present important information about the sample and pharmacological treatment
were excluded. Twenty studies were included. Relevance to patient care and clinical
practice: The use of B-blockers in individuals with COPD and cardiovascular disease
caused positive effects on mortality and exacerbations outcomes, compared with the
results of individuals who did not use them. The severity of the disease caused a slight
change in forced expiratory volume in 1 second. The odds ratio for mortality was 0.50
(95% confidence interval [Cl], 0.39 to 0.63; p<0.00001), and for exacerbations, 0.76 (95%
Cl, 0.62 to 0.92; p=0.005), being favorable to the group that used B-blockers. Further
studies are needed to study the effect of using a specific B-blocker in COPD associated
with a specific cardiovascular comorbidity.

Keywords: Chronic Obstructive Pulmonary Disease; Cardiovascular Diseases; Mortali-

ty; Beta Blockers; Systematic Review

Introduction

Chronic obstructive pulmonary disease (COPD) is a
preventable and treatable disease that is characterized
by the chronic and persistent obstruction of small and
medium airways. This disease is mainly caused by
exposure to tobacco smoke, occupational exposure,
and biomass combustion'®, It is related to high rates of
morbidity and mortality>*, especially when individuals
have other associated concomitant diseases, such as
cardiovascular ones®.

Cardiovascular comorbidity is common in individ-
uals with COPD due to smoking, in addition to other
shared risks that include genetic susceptibility, system-
ic inflammation, and aging®. In recent years, systemic
inflammation has been increasingly recognized as an
important common pathway for both conditions’. This
inflammation, expressed by increased levels of cyto-
kines, such as tumor necrosis factor a, interleukin-1
(IL-1), and IL-6, can accelerate and perpetuate disease
progression and exacerbations of both diseases®.
Furthermore, evidence indicates that individuals with
COPD and concomitant heart disease have a worse
prognosis, compared to subjects with only COPD, and
is associated with higher mortality"°.

Other factors can contribute to the occurrence of
compromised cardiac function in the disease. Individu-
als with this disease seem to have a larger left ventricu-
lar mass, which impacts their survival'®. The pulmonary
hyperinflation characteristic of the disease can cause
cardiac compression, reducing both the left ventricle
and the atrium filling, even in the absence of increased
pulmonary arterial pressure’""'?. These conditions can
be aggravated by the negative effects of hypoxemia on

https://doi.org/10.4046/trd.2024.0013

diastolic filling"®.

These factors promote a high prevalence of car-
diovascular comorbidities, which interferes with the
choice of therapeutic interventions, including pharma-
cological treatment. The use of 3-blockers has been
proposed for their known cardioprotective effects, in
addition to reducing heart rate, and improving systolic
and diastolic dysfunction. However, due to adverse
reactions, and the risk of causing bronchospasm,
there is reluctance to use them. One of the key issues
regarding the more widespread use of 3-blockers in
COPD is the concern with B2 receptor antagonism and
associated airway smooth muscle constriction, which
can occur even with cardioselective agents that exhibit
preferential 1 blockade, leading to a worsening of lung
function, especially in more severe cases with compro-
mised respiratory reserve'®.

As a result, through current scientific evidence, re-
searchers have sought to investigate the effects of the
use of these drugs in COPD, especially in terms of dis-
ease severity, exacerbations, and mortality. However,
the articles that address this issue are heterogeneous,
carried out in populations with specific characteristics,
who use different classes and doses of B-blockers, and
consequently present different results. Therefore, a
current systematic review of these studies is necessary
to resolve the present differences, understand the ef-
fects of these drugs on different outcomes, and finally,
contribute to decision-making.

Thus, the aim of the present study is to summa-
rize the existing evidence on the effects of the use of
B-blockers in COPD associated with cardiovascular
comorbidities in relation to the outcomes of disease
severity, exacerbations, and mortality.
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Materials and Methods

This is a systematic review and metanalysis study car-
ried out according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Rec-
ommendation (Main Items for Reporting Systematic
Reviews and Meta-analysis)'”. The following databases
were used: EMBASE, Medical Literature Analysis and
Retrieval System Online (Medline), Latin and Carib-
bean Literature of Sciences de la Health (Lilacs), and
Scientific Electronic Library Online (Scielo), Cochrane
Library, and Science Direct. The collection was carried
out from June 2023 to January 2024.

The elaboration of this research was structured
based on the PICOS strategy, an acronym for Popula-
tion (individuals with COPD and cardiovascular diseas-
es), Intervention—or Exposure, for observational stud-
ies (use of B-blockers), Comparison (cardioselective
and non-selective), Outcomes (severity of the disease,

Effects of the use of beta-blockers on COPD

exacerbations, and mortality), and Study design (obser-
vational studies)'®. The keywords and synonyms were
used according to the databases: “Pulmonary Disease,
Chronic Obstructive; Cardiovascular Diseases; Severity
of lliness; Disease exacerbation; Mortality; Adrenergic
beta-antagonists,” identified in the DeCS vocabulary
system (Descritores em Ciéncias da Saude [Health
Sciences Descriptors]), the Medical Subject Headings
(MeSH), and Embase Subject headings (Emtree), using
the Boolean operators “AND” and “OR.” The search
was performed using the words found in the titles, sub-
jects, and abstracts of the articles.

Observational studies were included in which the
effects of B-blockers in individuals with a diagnosis of
COPD (confirmed by spirometry) and cardiovascular
comorbidities were included, and related to the out-
comes of disease severity, exacerbations, or mortality.
Studies should present the odds ratio (ORs) or mean
and standard deviation and their corresponding confi-

Figure 1. Research flow diagram. COPD: chronic obstructive pulmonary disease.
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dence intervals (Cl), or sufficient data to calculate these
parameters.

Studies that did not present important characteristics
of the sample, such as age and disease severity (data
that could interfere with the results), were excluded; as
were articles that did not present relevant information
about the pharmacological treatment, such as the med-
ication used. The selection process, data extraction
from the articles, and identification of methodological
aspects was carried out by two independent review-
ers. When there was disagreement between them, the
reviewers read the article again for re-evaluation. If the
disagreement persisted, a third independent reviewer
would assess and make the final decision.

1. Statistical analysis

Subgroup analysis was performed according to the
outcomes studied: disease severity, exacerbations,
and mortality. For the mortality and exacerbations out-
comes, a random effect model was used; while for the
disease severity outcome, the mean and standard devi-
ation were used. Data were graphically displayed using
forest plot. A p-value less than 0.05 was considered
statistically significant.

Statistical heterogeneity between studies was as-
sessed using the Cochrane Q test and the I inconsis-
tency test. The following cutoff points were adopted:
0% to 25%: mild heterogeneity, acceptable; >25% to
50%: moderate heterogeneity; >50%: high heterogene-
ity'”. Sensitivity analysis was evaluated using the Jack-
knife procedure, examining the individual influence of
each study.

The quality of included studies was assessed using
the Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies from the National Heart,
Lung, and Blood Institute (NHLBI). The assessment of
methodological quality was performed by two inde-
pendent researchers. A third evaluator measured the
inconsistencies, and made the final decision. Funnel
charts were generated to assess publication bias. Sta-
tistical analysis were performed using Review Manager
version 5.0 (Cochrane Collaboration, London, UK).

The protocol of the construction steps of this sys-
tematic review was published in the International Pro-
spective Register of Systematic Reviews (PROSPERO),
under registration CRD42020155656.

Results
The search in the databases resulted in 24,283 articles

(Medline: 19,985; EMBASE: 3,264; Science Direct:
1,029; Lilacs: 2; Scielo: 1; Cochrane Library: 2), leaving

https://doi.org/10.4046/trd.2024.0013

24,256 records after removing the duplicates. Of these,
61 articles were selected by title tracking; 22 were ex-
cluded due to the abstract not meeting the selection
criteria, leaving 39 articles for full reading. Of these, it
was found that 19 of them did not meet all the inclusion
criteria, resulting in the final selection of 20 articles, as
shown in Figure 1.

The 20 articles were read analytically and selectively,
and organized into two tables with relevant research
information, such as characteristics—author, year; type
of study (duration); data source (country); sample (fol-
low-up); and cardiovascular comorbidity (Table 1)'**’,
and the analysis of the studies—type of B-blocker used,
outcomes, and results, as shown in Table 2.

Of the 20 articles, most were cohort studies, 15 being
retrospective'®?%6:288032:343637 "and three prospec-
tive®**"**. Only one article was cross-sectional obser-
vational®®, and one case-control®. In total, 237,709
individuals participated in the 20 surveys. For data col-
lection, 16 articles used secondary data from medical
records and multicenter research banks'®?%2¢2%%0:82:35,37
while four used primary data®****"*°,

Of the 20 articles, 14 studies evaluated the out-

come mortality'®?4262832333537. 14 exacerbatio

ng'®1921,23:25,27,29,32,343637. and four, disease severity,
according to the spirometric data'®*****'. The comor-
bidities studied by the studies are: congestive heart

failure (CHF)'®#?%2%26283033%7. qystemic arterial hyperten-

sion'®?'%%%%%7. cerebrovascular disease’®?#?$%42%8234,
arrhythmia®**?****; ischemic heart disease®'**%%**%
atrial fibrillation®”*°***"; coronary artery disease

(CAD)**%**9%537- acute coronary syndrome'?; and ab-
dominal aortic aneurysm®', Table 3 shows the B-block-
ers.

1. Mortality

The OR for the mortality outcome was 0.50 (95% ClI,
0.39 to 0.63; p<0.00001), which was favorable to the
group that used B-blockers. The results indicate a high
degree of heterogeneity among the included studies
(1>=95%) (Figure 2).

2. Exacerbations

The OR for the exacerbation outcome was 0.76 (95%
Cl, 0.62 to 0.92; p=0.005), which was favorable for
the group that used B-blockers. The results indicate
a high degree of heterogeneity among the included
studies (1°=88%) (Figure 2). Data from the studies by
Puente-Maestu et al.** and Huang et al.** were not in-
cluded in the analysis, because they had other study
designs, which interfered with the result, and led to a
greater degree of heterogeneity (1°=100%).
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Table 3. Beta blockers used in the studies

Beta blocker Class Studies Number
Metoprolol Selective Au et al.”®, Dransfield et al."”®, van Gestel et al.*°, Stefan et al.”’, 18
Second generation Quint et al.?*, Mentz et al.”, Angeloni et al.**, Puente-Maestu et
al.”®, Lee et al.’®, Dong et al.”’, Huang et al.”®, Key et al.*’, Liao et
al.*?, Lim et al.**, Maltais et al.**, Rezaei et al.*®, Zvisdic et al.*°,
Thomas et al.”’
Atenolol Selective Au et al.”®, Dransfield et al."?, van Gestel et al.*°, Stefan et al.”’, 17
Second generation Quint et al.**, Mentz et al.”’, Angeloni et al.**, Puente-Maestu et
al.*®, Lee et al.*®, Dong et al.”’, Huang et al.”®, Oda et al.*’, Key et
al.*, Lim et al.**, Maltais et al.**, Rezaei et al.**, Thomas et al.*”
Bisoprolol Selective van Gestel et al.”°, Quint et al.?*, Angeloni et al.**, Puente-Maestu 16
Second generation etal.”®, Lee et al.*®, Kubota et al.”’, Dong et al.*®, Huang et al.”,
Oda et al.*’, Key et al.*", Liao et al.*, Lim et al.**, Maltais et al.**,
Rezaei et al.*®, Zvisdic et al.*’, Thomas et al.”’
Carvedilol Non-selective Dransfield et al.'®, Stefan et al.?', Quint et al.”*, Mentz et al.**, 14
Third generation Puente-Maestu et al.”®, Lee et al.*®, Kubota et al.”’, Huang et al.”*,
Oda et al.*’, Key et al.*’, Liao et al.?, Maltais et al.**, Rezaei et al.*,
Thomas et al.””
Nebivolol Selective Quint et al.**, Angeloni et al.**, Puente-Maestu et al.”®, Lee et al.*® 10
Third generation Lim et al.*®, Maltais et al.**, Rezaei et al.**, Zvisdic et al.*, Thomas
etal.”’
Propranolol Non-selective Au et al.’®, Quint et al.”*, Puente-Maestu et al.”*, Lee et al.*®, Key et 8
First generation al.*', Maltais et al.**, Rezaei et al.**, Thomas et al.”’
Labetalol Non-selective Lee et al.?®, Huang et al.*’, Rezaei et al.**, Maltais et al.**, Thomas 5
Third generation etal”’
Sotalol Non-selective Quint et al.??, Lee et al.*®, Maltais et al.**, Rezaei et al.** 4
First generation
Acebutolol Selective Lee et al.*®, Huang et al.*’, Maltais et al.**, Thomas et al.*’ 4
Second generation
Betaxolol Selective Lee et al.*®, Huang et al.*’, Maltais et al.** 3
Third generation
Nadolol Non-selective Lee et al.*®, Huang et al.?*, Thomas et al.*’ 3
First generation
Pindolol Non-selective Huang et al.”’, Rezaei et al.* 2
First generation
Carteolol Non-selective Huang et al.”’, Maltais et al.** 2
Third generation
Celiprolol Selective Rezaei et al.**, Maltais et al.** 2
Third generation
Timolol Non-selective Lee et al.*®, Maltais et al.** 2
First generation
Metipranolol  Non-selective Lee et al.*®, Maltais et al.** 2
First generation
Alprenolol Non-selective Huang et al.”® 1
Third generation
Esmolol Selective Lee et al.* 1
Second generation
Levobunolol  Non-selective Lee etal.* 1
First generation
Tuberc Respir Dis 2024;87:261-281 https://e-trd.org/
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Figure 2. Forest plot of association between B-blockers and mortality, exacerbation, and severity. M-H: Mantel-Haenszel;
Cl: confidence interval; SD: standard deviation; IV: inverse variance.

Experimental

Control

Odds ratio

Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Thomas et al. 0 55 0 41 Not estimable

Lim et al. 0 53 6 61 0.7% 0.08 [0.00, 1.45]

Dransfield et al. 8 142 5 683 3.4% 8.10[2.61, 25.13]

Kubota et al. 9 86 12 46 4.2% 0.33[0.13, 0.86] _—
Angeloni et al. 8 104 19 104 4.7% 0.37 [0.16, 0.90] —_—
van Gestel et al. 16 462 66 803 7.2% 0.40[0.23, 0.70] —_
Au et al. 16 257 222 1,709 7.5% 0.44 [0.26, 0.75] —_
Liao et al. 40 577 220 577 9.2% 0.12[0.08, 0.17] —-

Mentz et al. 199 506 93 216 9.5% 0.86 [0.62, 1.18] —-r
Lee et al. 126 531 129 531 9.9% 0.97 [0.73, 1.28] -
Quint et al. 153 477 294 586 10.2% 0.47 [0.36, 0.60] -
Stefan et al. 197 10,070 620 25,012 10.9% 0.79[0.67, 0.92] -
Rezaei et al. 1,872 23,066 1,553 7,051 11.3% 0.31[0.29, 0.34] -
Dong et al. 5,884 49,623 13,351 58,279 11.4% 0.451[0.44, 0.47] .
Total (95% ClI) 86,009 95,699 100.0% 0.50 [0.39, 0.63] *
Total events 8,528 16,590

Heterogeneity: Tau’=0.14; Chi’=257.82, df=12 (p<0.00001); I’=95%

0005 0.1 1 10

200

Test for overall effect: Z=5.58 (p<0.00001) Favours Favours
[experimental] [control]
Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Thomas et al. 22 55 33 41 3.5% 0.16 [0.06, 0.41]
Lim et al. 26 577 84 577 9.2% 0.28 [0.18, 0.44] —
Puente-Maestu et al. 1 149 2 107 0.0% 0.35[0.03, 3.96]
Dransfield et al. 2 142 15 683 1.6% 0.64 [0.14, 2.81] —
Stefan et al. 654 10,070 2,071 25,012 17.9% 0.77 [0.70, 0.84] -
Mentz et al. 189 506 93 216 12.3% 0.79[0.57, 1.09] —r
Maltais et al. 220 577 1,976 4,605 16.1% 0.82[0.69, 0.98] =
Dong et al. 12,676 33,757 12,770 33,757 18.6% 0.99[0.96, 1.02] !
Angeloni et al. 46 104 45 104 7.5% 1.04 [0.60, 1.80] —t
Au et al. 55 257 328 1,709 12.3% 1.15[0.83, 1.58] -
Zvizdic et al. 2 24 3 44 1.0% 1.24[0.19, 8.00]
Huang et al. 15,084 16,067 33,952 55,970 0.0% 9.95[9.31, 10.64]
Total (95% CI) 46,069 66,748 100.0% 0.76 [0.62, 0.92] 2 4
Total events 13,892 17,418 : : : :
Heterogeneity: Tau’=0.05; Chi’=74.03, df=9 (p<0.00001); °=88% 0.02 0.1 1 10 50
Test for overall effect: Z=2.79 (p=0005) Favours Favours
[experimental] [control]
Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Dransfield et al. 41 16 142 40 15 683 44.3% 1.00 [-1.86, 3.86]
Key et al. 42 65 15 19 59 23 37.3% 2.30[-1.78, 6.38]
Oda et al. 589 19 31 67.9 224 72 18.4% -9.00[-17.46, -0.54]
Puente-Maestu et al. 58.7 16.9 149 521 184 107 0.0% 6.60 [2.18, 11.02]
Total (95% CI) . " 188 . 778 100.0% -0.35[-4.81,4.10]
Heterogeneity: Tau™=9.52; Chi"=5.69, df=2 (p=0.06); I"=65% : : | : :
Test for overall effect: Z=0.15 (p=0.88) -10 -5 0 5 10
Favours Favours
[experimental] [control]
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3. Disease severity/severity of iliness

Effects on disease severity were assessed using mean
difference with 95% Cls using a random-effects model.
The aggregated results of these studies suggest that
there is no statistically significant association between

Effects of the use of beta-blockers on COPD

the use of B-blockers and COPD severity (difference be-
tween means=-0.35; 95% CI, -4.81 t0 4.10; p=0.8). The
results indicate a high degree of heterogeneity among
the included studies (1°=65%) (Figure 2). Data from the
study by Puente-Maestu et al.”® were not included in

Table 4. Quality assessment of the reviewed articles

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality
Au et al. (2004)"® Y Y Y Y Y Y Y Y Y N Y Y Good
Dransfield et al. Y Y Y Y Y Y Y Y Y Y Y N Y Good
(2008)"
Van Gestel et al. Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
(2008)*°
Stefan et al. (2012)*"' Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Quint et al. (2013)* Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Mentzetal.(2013)* Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Angeloni et al. Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
(2013)*
Puente-Maestu et al. Y Y Y Y Y NA NA Y Y NA Y N NA Y Good
(2014)*°
Lee et al. (2014)*° Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Kubotaetal.(2015 Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Dong et al. (2016)** Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Huangetal. (2017 Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Oda et al. (2017)*° Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Key et al. (2017)*' Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Liao et al. (2017)* Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Lim et al. (2017)** Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Maltaisetal.(2018* Y Y Y Y Y Y Y Y Y Y Y Y Y Y Good
Rezaeietal.(2018)* Y Y Y Y Y Y Y Y Y Y Y N Y Y Good
Zvizdicetal.(2019** Y Y Y Y N Y Y Y Y Y Y N Y Y Good
Thomasetal. (2019 Y Y Y Y Y Y Y Y Y Y Y N Y Y Good

Questions:

1. Was the research question or objective in this article clearly stated?

2. Was the study population clearly specified and defined?
3. Was the participation rate of eligible people at least 50%?

4. Were all subjects selected or recruited from the same or similar populations (including the same duration or time period)? Are the
inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants?

0 ~No o

categories or exposure measured as a continuous variable)?

. Has a justification for sample size, description of potency, or variation and effect estimates been provided?

. For the analyses in this article, were the exposure(s) of interest measured before the result(s) to be measured?

. Was the timeframe sufficient to reasonably expect an association between exposure and outcome if it existed?

. For exposures that may vary in amount or level, did the study examine different exposure levels as related to outcome (e.g., exposure

9. Were exposure measures (independent all variables) clearly defined, valid, reliable, and consistently implemented across all study

participants?

10. Has the exposure(s) been evaluated more than once over time?

11. Were outcome measures (dependent variables) clearly defined, valid, reliable, and consistently implemented across all study par-

ticipants?

12. Were outcome assessors blinded to the exposure status of participants?

13. Was the loss to follow-up after baseline 20% or less?

14. Were the main confounding variables measured and statistically adjusted for their impact on the relationship between exposure(s)

and outcome(s)?
Y: yes, N: no, NA: not applicable.
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the analysis because of a different study design, which
interfered with the result, and led to a greater degree of
heterogeneity (1°=73%).

All 20 articles finally selected presented the research
question or objective clearly, specified the population,
and showed a participation rate of eligible people of
at least 50%. All study participants were selected and
recruited from similar populations with pre-specified
selection criteria. Only one study®® did not provide
a justification for the sample size. The article by Pu-
ente-Maestu et al.>® was the only cross-sectional
study, so it was not applicable to analyze whether the
exposures of interest were evaluated before the result;
whether there was enough time for an association be-
tween exposure and outcome; if exposure was evalu-
ated more than once over time; and if there was loss to
follow-up.

Across the 20 studies, different levels of exposures
were examined, and exposure and outcome measures
were clearly defined, valid, reliable, and consistently
implemented, but only one study® reported blinding
to the exposure status of participants. The main vari-
ables were measured and statistically adjusted for their
impact on the relationship between exposure and out-
come in all studies, as shown in Table 4.

Discussion

The results of the present systematic review and me-
ta-analysis suggest that B-blockers have positive effects
on mortality'®'9?*?*** and exacerbation'®'??**%2%:%¢
outcomes, compared to the results of individuals who
did not use them. For the severity of the disease, there
was a reduction in pulmonary function in subjects with

COPD***

1. Mortality

Regarding the mortality outcome, studies have shown
that the use of B-blockers in individuals with COPD is
associated with a reduction in the number of deaths
from all causes. Compared to the use of calcium chan-
nel blockers, all B-blocker dosage levels were related to
lower mortality. It is supposed that the apparent benefit
of these medications may be related to the reduction of
cardiovascular events'®"°,

In addition to this apparent protective effect of
B-blockers, according to Dransfield et al.’®, treatment
with short-acting B-agonists is associated with a reduc-
tion in mortality. For the authors, it is possible that this
result reflects the avoidance of administering short-act-
ing B-agonists among subjects with a higher risk of
death, such as those with tachyarrhythmia or other un-

https://doi.org/10.4046/trd.2024.0013

stable heart disease, rather than a true beneficial effect
among the recipients'®. Other researchers found that
B-agonists did not modify the effects of 3-blockers on
mortality'®.

In addition, Quint et al.?” found that individuals who
did not use B-blockers after myocardial infarction were
more likely to use inhalers for COPD. Previous research
carried out in animal models has shown that g-blockers
can up-regulate B2 receptors in the lung, and thus im-
prove the responsiveness and efficacy of inhaled bron-
chodilators and 2-sympathomimetics®***.

At first sight, this effect seems to be a counter-intui-
tive way through which the B-blocker can exhibit bene-
ficial effects, but the possibility is that the up-regulation
of B2 receptors by chronic B-blockade can improve the
efficacy of p2-agonists®. This pathway is still valid re-
gardless of selectivity, because drugs such as atenolol
and bisoprolol have been shown to exert significant 2
adrenergic receptor antagonism, even at therapeutic
doses, which can result in the up-regulation of f2-adre-
noceptors*°.

Stefan et al.”’ found the 1 blocker selectivity to be
associated with the risk of mortality, while non-selec-
tive B-blockers were associated with an increased risk
of readmission. These findings corroborate data from
previous studies that found that non-selective B-block-
ers increase hospital admissions in individuals with
COPD, decrease forced expiratory volume in 1 second
(FEV,), and may inhibit the bronchodilator response
to B2 agonists®"*'. However, another article found no
significant difference between cardioselective and
non-selective B-blockers for 60-day mortality**.,

Regarding the specific type of B-blocker, Su et a
demonstrated a significantly better dose-dependent
survival outcome associated with the use of bisoprolol
in individuals with CHF and COPD, whereas metopr-
olol and carvedilol showed no difference in survival.
Non-selective B-blockers have been found to reduce
FEV, and the effect of bronchodilator treatment, in ad-
dition to increasing airway hypersensitivity in individu-
als with COPD***,

However, the use of metoprolol also showed no sur-
vival benefit. As a selective 31 blocker, metoprolol has
been shown to increase airway hyperresponsiveness
in subjects with COPD, whereas celiprolol, another se-
lective B-blocker, has shown no negative pulmonary ef-
fect. These findings suggest that pulmonary influences
differ between B-blockers, some of which continue to
have a potential negative pulmonary effect****.
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2. Exacerbations
Regarding the exacerbation outcome, Su et al.”* found
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that individuals who used B-blockers had a point esti-
mate of fewer exacerbations than those who did not
use it. For the authors, potential biological and non-bi-
ological explanations may include the up-regulation
of B receptors and better response to bronchodilators
associated with pB-blocker use, or the influence of
pulmonary disease severity on B-blocker prescription
practices*"**,

Dransfield et al." corroborate these findings by ob-
serving a trend toward a reduction in COPD-related
hospitalizations among those using p-blockers. Howev-
er, compared to individuals treated with a selective 1
agent, subjects treated with a non-selective p-blocker
had a 25% chance of readmission within 30 days®'. But
Mentz et al.”* found no evidence that p-blocker selec-
tivity interfered with readmission.

Huang et al.*’ found that individuals with COPD who
received selective B-blockers had a lower risk of severe
exacerbations, especially current users. On the other
hand, subjects who used non-selective B-blockers had
a higher risk of severe exacerbations in a dose- and du-
ration-dependent manner.

Huang et al.*’ also found betaxolol to be the most
effective selective B-blocker in reducing the risk of se-
vere exacerbations. Betaxolol is considered to be highly
cardioselective, and is less likely than other selective
B-blockers to cause pulmonary adverse effects. For
non-selective blockers, labetalol and propranolol were
found to be significantly associated with an increased
risk of severe exacerbations®. This may be because
labetalol can significantly reduce FEV, and FVC, while
propranolol can reduce FEV, and the bronchodilator
effect of formoterol, thus increasing airway hyperres-
ponsiveness®.

Another study found the use of carvedilol to be as-
sociated with an increased risk of hospitalization for
CHF, compared to the use of metoprolol, bisoprolol,
and nebivolol*. Zvizdic et al.*®* showed that the use of
B-blockers reduced the number of exacerbations over
a 12-month period in Global Initiative for Obstructive
Lung Disease (GOLD) Il individuals. In GOLD Ill, a se-
vere stage of COPD, the number of exacerbations was
not therapy-dependent.

One study has shown that individuals with COPD
taking p-blockers are less symptomatic and have few-
er exacerbations, despite receiving fewer respiratory
medications. Several factors are related to exacerba-
tions, but only the GOLD stage, use of B-blockers, use
of long-acting beta-agonists (LABA) (including ultra-LA-
BA), and comorbidities had independent effects®. In
this study, a heart rate greater than 70 bpm was associ-
ated with a higher risk of exacerbations, which may in-
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dicate that not just B-blockade, but effective B-blockade
is the likely protective factor. For Puente-Maestu et al.”®,
B-blockers showed a clear protective effect against ex-
acerbations in individuals with COPD.

An overall decrease in long-term bronchodilator use,
both long-acting muscarinic antagonists and LABA,
was observed. The reasons for this are not clear,
but the perception that they can interfere with the
B-blocker, and the non-adherence of patients to various
medications®’, may play a role. Interestingly, there is a
decrease in the proportion of individuals treated with
“traditional” LABAs in the bronchodilator group, which
is partly offset by an increase in the use of ultra-LABA.
This may show the fear of prescribing “traditional”
LABA by physicians who are more aware of the man-
agement of heart disease—and also more likely to use
B-blockers—as there is evidence associating “tradition-
al” LABA with increased mortality in subjects with CHF
and CAD*,

3. Disease severity/severity of iliness

Regarding disease severity, Dransfield et al. ” main-
tained that cardioselective B-blockers have no demon-
strable effect on lung function, regardless of disease
severity or bronchodilator reversibility, and that COPD
individuals with heart disease seem to derive the same
benefits from these drugs as the general population®.

Oda et al.*°, which compared the annual changes
in lung function in individuals with COPD who took or
did not take B-blockers, it was found that the decline
in FEV, did not differ significantly between the two
groups. The use of B-blockers did not compromise
the FEV, of subjects with COPD. The non-selective
B-blocker used was carvedilol, which, according to the
authors, is relatively tolerable in individuals with COPD,
promoting mild bronchodilation induced by alpha-ad-
renergic blockade®.

Meanwhile, Key et al.*’ showed that B-blockade had
a minimal effect on lung function and dynamic hyper-
inflation. Bronchodilators, including p-agonists, are
known to produce relatively rapid relaxation of airway
smooth muscle and improve expiratory flow rate, but
it is questionable whether this is the mechanism by
which they act in subjects with COPD, where promi-
nent abnormalities are increased peripheral resistance
and the loss of lung elastic recoil®.

In individuals with COPD, B-agonists have been
shown to reduce inspiratory resistance, but their main
effect is to reduce end-expiratory lung volume, which
allows the individual to exercise longer, before reach-
ing a critical and limited volume of inspiratory reserve.
Therefore, drugs that antagonize airway B receptors,

|19

https://e-trd.org/ 277



NC dos Santos et al.

and consequently reduce caliber through their effects
on smooth muscle, may have little effect on measure-
ments of airway function in individuals with COPD, as
this is not predominantly determined by the smooth
muscle of the airways®"°".

Key et al.*' found that the airway resistance and
specific conductance remained unchanged, and
B-blockade did not lead to a significant change in
end-expiratory lung volume and magnitude of dynam-
ic hyperinflation during exercise. However, clinical
trials have shown that treatment with non-selective
B-blockers in individuals with COPD is associated with
a reduction in FEV,, increased airway hyperrespon-
siveness, and reduced efficacy of bronchodilator treat-
ment*®, which resulted in an increased risk of adverse
reactions to pulmonary medications among non-selec-
tive B-blocker users, compared to selective -blocker
users™.

Mentz et al.”® argued that the potential risk of adverse
pulmonary effects of non-cardioselective B-blockers
can be balanced by an alternative set of systemic, car-
diac, and pulmonary benefits. For example, B2 adren-
ergic receptors represent a greater proportion of total
cardiac B receptors in individuals with CHF, compared
to healthy subjects. Individuals with CHF may benefit
from antagonism of these receptors by non-selective
agents.

Furthermore, non-selective B-blockers can attenuate
the negative effects of B2 agonists, including dysrhyth-
mogenesis, ischemia, and inflammation®®. Carvedilol
has antioxidant, free radical scavenging, and insu-
lin-sensitizing effects, while 32 adrenergic receptor an-
tagonism can reduce the release of noradrenaline from
myocardial adrenergic nerve terminals, and reduce the
complications of hypokalemia®”.

From the perspective of COPD, non-cardioselective
B-blockers can attenuate pulmonary desensitization
due to prolonged B2 adrenergic receptor activation
with B-agonists. B-Blockers reduce airway hyperrespon-
siveness, increase pulmonary 2 receptor regulation,
and reduce the need for B-agonists. B-Blockers can
attenuate the presence of inflammation and reduce
mortality and pulmonary exacerbations in subjects with
COPD*®*,

This systematic review and meta-analysis have poten-
tial relevance; the protocol for this review was submit-
ted to and registered in the PROSPERO, with the aim of
minimizing the risk of publication bias and duplication
of reviews that answer the same clinical question. This
record also allows us to evaluate the conduct of the
study and the quality of reporting its results, increasing
transparency and reproducibility.

https://doi.org/10.4046/trd.2024.0013

This study also chose to specifically include a type of
study (cohort studies) that allowed better comparison
between results; in addition, the authors believe that
for the chosen outcomes (disease severity, exacerba-
tions, or mortality) it would be better to include lon-
gitudinal studies to evaluate the results over a longer
period.

Regarding the limitations of this systematic review
and meta-analysis, there was a high rate of heteroge-
neity between the articles, mainly in relation to the car-
diovascular comorbidities studied, and the p-blockers
used. In addition, many studies do not describe the
dose prescribed for each B-blocker, which makes it im-
possible to compare them adequately.

Another limitation, which is associated with the se-
verity of the disease outcome, was the variability in the
ways in which the assessment of lung function was
presented in the studies, a factor that also made it im-
possible to include some articles in the meta-analysis.
Due to the form of presentation in each included study,
it was also not possible to carry out a meta-analysis
evaluating the difference between the diseases.

In conclusion, the use of B-blockers in individuals
with COPD and associated cardiovascular diseases
caused positive effects on the mortality and exacerba-
tions outcomes, compared to the results of individu-
als who did not use them. The severity of the disease
caused a slight change in FEV,. These data contribute
to greater safety in the use of B-blockers in this popu-
lation profile. However, there was high heterogeneity
between the studies, especially in relation to cardiovas-
cular comorbidities and the B-blocker used. As a result,
further studies are needed: both observational cohort
and clinical trials that aim to study the effect of using a
specific B-blocker in COPD associated with a specific
cardiovascular comorbidity.
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