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ABSTRACT
Background b-Antagonists have recently been proposed
for the treatment of chronic asthma; however, concerns
regarding risk of acute bronchoconstriction in clinical
trials remain.
Objective To determine the frequency of oral b-blocker
prescribing in patients with asthma and associations
with severe asthma exacerbations requiring oral steroids
in patients with active asthma defined by prior asthma-
related medication use.
Methods Patients with asthma registered on 31 March
2007 and all asthma-related medications from the
preceding 2 years were identified from anonymised
clinical data from one-third of Scottish general practices.
The main outcome measures were the relative incidence
of patients with active asthma receiving oral steroids
following a new oral b-antagonist prescription.
Results Of the 53 994 adult patients identified with
asthma, 1171 (2.2%, 95% CI 2.10% to 2.30%) patients
were prescribed an oral b-antagonist. 971 patients
(82.9%, 95% CI 80.7% to 85.0%) had active asthma,
with 52.7% on preventer medication. Of the 869 active
asthma patients with sufficient follow-up, the average
number of patients prescribed rescue oral steroids at
baseline was 6.6 (0.8%) patients every 2 weeks. Rescue
steroids were prescribed to six patients (0.7%) in the
first 2 weeks and to eight patients (0.9%) in the second
2 weeks following the new oral b-antagonist (incidence
rate ratio (IRR) 0.92, 95% CI 0.40 to 2.12; and IRR 1.24,
95% CI 0.60 to 2.58, respectively). No significant
difference was found following stratification for
b-antagonist selectivity.
Conclusion These results suggest that prescribing new
oral b-blockers for the purpose of investigating
potentially beneficial effects of chronic treatment would
not lead to large increases in patients treated with oral
steroids acutely in general practice.

INTRODUCTION
Asthma is a common chronic disease with a high
prevalence rate reported in Scotland (18.4%),
compared with England (15.3%), New Zealand
(15.1%), Australia (14.7%) and Canada (14.1%).1

Short-acting inhaled b2-agonists (SABAs) have
a longstanding central role as the primary treatment
for acute relief of asthma symptoms. More recently,
long-acting b2-agonists (LABAs) have also been
recommended for use as add-on controller therapy to
inhaled corticosteroids (ICS) in patients requiring
regular reliever therapy at step 3 of the guidelines.2 3

Recent guidance from the Food and Drug Adminis-
tration (FDA) highlighted concerns regarding
the long-term safety of LABAs and this has led to

a re-appraisal of their role as add-on controller
therapy to inhaled steroids.4 In contrast, b-adrenergic
antagonists or b-blockers are typically contraindicated
in asthma due to the potential to induce opposing
effects, namely acute bronchoconstriction.5 6

The effects of b2-adrenoceptor antagonists have
recently received close attention as studies have
suggested that chronic treatment with the non-
selective b2-adrenoceptor antagonist nadolol may
lead to reductions in airway hyper-responsiveness,
inflammation and upregulation of b2-adrenoceptors
in the asthmatic mouse model.7e9 In a subsequent
open label study involving steroid-naïve patients
with mild asthma, chronic dosing with the non-
selective b-blocker nadolol over 12 weeks caused
a significant reduction in airway hyper-responsive-
ness to methacholine challenge along with a small
residual fall in forced expiratory volume in 1 s
(FEV1) after an initial greater fall on first dose
exposure.10 So-called cardioselective b-blockers,
such as atenolol and bisoprolol, demonstrate greater
affinities for b1- than b2-adrenoceptors, although
the ratios of b1:b2 antagonism show marked vari-
ation between different agents.11 The effects of
cardioselective b-blocker exposure in those with
mild to moderate asthma have been investigated
using a meta-analysis of randomised, blinded
placebo-controlled trials.12 Single dosing with
cardioselective b-blockers produced a significant
reduction in FEV1 of 7.46% without affecting
symptoms, while FEV1 was not significantly
reduced by chronic dosing. In addition, a significant
increase in subsequent b-agonist response was seen
upon chronic dosing, indicating that b2-receptor
upregulation may occur. This could explain how
the beneficial effect of b-blockers in asthma may
only be seen upon chronic dosing, as is the case
with heart failure.
In a commentary on the therapeutic potential of

b-blockers for asthma, the issue was raised that it
would be important to evaluate the potential
adverse effects of b-blockers on exacerbations of
asthma from real-life prescribing data in patients
who were already co-prescribed b-agonists and
antagonists.13 Such prescribing is not uncommon,
with a previous analysis of prescriptions issued in
primary care in the Tayside region of Scotland
demonstrating that w1.7% of patients receiving
a b-blocker prescription had received a b2-agonist in
the preceding 30 days.14 We wished to know how
patients with asthma tolerated oral cardioselective
and non-selective b-blockers in real life, especially in
terms of precipitating severe exacerbations in order
to inform the likely risk of performing further
prospective randomised controlled trials to explore
the therapeutic potential of b-blockers in asthma.
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Objective
The aim of the present study was to examine the prevalence of
oral b-blocker prescribing in a large cohort of people with
asthma, and to determine whether the initial oral b-blocker
prescription was associated with large increases in the number
of patients receiving treatment with oral steroids for severe
exacerbations of asthma.

METHODS
Anonymised clinical data were obtained from the Primary Care
Clinical Informatics Unit at the University of Aberdeen. The
data extract was from 310 of the 1031 Scottish general practices
with 1.76 million registered patients who are representative of
the wider population in terms of age, sex and deprivation.15

Analysis of anonymised clinical data conformed to the Primary
Care Clinical Informatics Unit research governance process.

Data were extracted for all patients with an asthma Read
Code permanently registered on 31 March 2007 and included
patient age, sex, smoking status, additional diagnosis of chronic
obstructive pulmonary disease (COPD), and all asthma-related
medications prescribed in the previous 2 years including SABAs,
LABAs, ICS, leukotriene antagonists, theophyllines, oral steroids
and b-blockers.

Asthma case
For patients aged 18e40, cases of asthma were defined as adult
patients with a Read Code for asthma and no Read Code for
COPD, defined by the Quality and Outcomes Framework (QOF)
business rules as part of the new General Medical Services (GMS)
contract for general practice in the UK. To ensure exclusion of
patients with undiagnosed COPD, patients aged >40 were
included only if they were additionally recorded as ‘never
smoked’ according to their QOF Read Code for smoking status.

Asthma exacerbation
The main outcome measure was the incidence of patients
receiving treatment with oral steroids in consecutive 2-weekly
intervals. Due to the variation in oral steroid use and potential
for confounding, analysis was performed using two separate oral
steroid outcome measures. The main outcome measure was the
incidence of patients receiving rescue oral steroid, defined as
a total prednisolone prescription dose between 35 and 350 mg
and a prescription duration of <2 weeks calculated using
quantity, dose and frequency information on the prescription.
The secondary outcome measure was the incidence of patients
prescribed any oral steroid.

New b-blocker prescriptions in patients with active asthma
A new oral b-blocker prescription was defined as a prescription
for an oral b-blocker with no previous prescription in the
previous 140 days or longer. Active asthma was defined using
prescriptions of asthma-related medication occurring between 1
April 2005 and the date of the new b-blocker prescription,
including prescriptions of SABAs, LABAs, ICS, combination
inhalers (LABA/ICS), theophylline and leukotriene antagonists.
To determine the effects on oral steroid prescribing, patients
were required to have a follow-up period of at least 112 days
after a new oral b-blocker prescription.

British Thoracic Society/Scottish Intercollegiate Guideline
Network (BTS) treatment step
The BTS guidelines for the management of asthma are UK
national-level guidelines aimed to help both primary and
secondary care clinicians in the management of asthma.2 They

advocate a stepwise approach to the treatment of asthma in the
UK. The BTS treatment step was calculated using prescriptions
issued in the 84 days prior to the new b-blocker. These were
defined as step 1 (SABA use only), step 2 (ICS6 SABA use only),
step 3 (step 2 including add-on therapy with a LABA, leuko-
triene or theophylline) and step 4 (step 3 with high-dose ICS or
with the addition of a fourth drug). High-dose ICS was defined
as an inhaled ICS dose of 1000 mg beclomethasone equivalent or
greater per day.

Analysis
Binary logistic regression was performed using simple
contrasting in order to determine the effects of b-antagonist
prescribing between gender and age. Poisson regression with
a generalised estimating equation (GEE) approach was used to
determine incidence rate ratios (IRRs) of patients prescribed oral
steroids between time periods around the first b-blocker
prescription only. A model-based estimator using an autore-
gressive (AR1) correlation matrix was applied. The significance
threshold was 5% and analysis was performed in SPSS version
17.0. The model was inspected for overdispersion by assessing
the ratio of model c2 to degrees of freedom and adjusted for BTS
treatment step severity and season at the time of b-blocker
initiation. The immediate 2 week pre-exposure period (days �14
to �1) was excluded from the analysis to account for event-
dependent exposures. In this regard, patients receiving treatment
for an exacerbation of asthma are less likely to be prescribed
a b-blocker at the same time and would result in an exaggerated
relative incidence.

RESULTS
A total of 53 994 adult patients with asthma were identified
using our definition, of which 1171 patients (2.2%, 95%
CI 2.10% to 2.30%) were issued a total of 6263 oral b-blocker
prescriptions. Of the 1171 patients prescribed an oral b-blocker,
392 patients (33.5%, 95% CI 30.8% to 36.2%) received an
average of 3.8 prescriptions (95% CI 3.4 to 4.1) for non-selective
b-blockers compared with 779 patients (66.5%, 95% CI 63.8% to
69.2%) who received an average of 6.1 prescriptions (95% CI 5.8
to 6.3) for cardioselective b-blockers. Cardioselective b-blockers
accounted for 4739 (75.7%) of all prescriptions issued.
Both age and gender had significant impacts on oral b-blocker

prescribing in patients defined with asthma. The majority of
patients prescribed a non-selective b-blocker (53.2%) were under
the age of 40 while the majority of patients prescribed cardio-
selective b-blockers (91.5%) were $40 years of age. The overall
odds of being prescribed any class of b-blocker increased incre-
mentally with age (table 1).
Of the 779 patients prescribed a cardioselective b-blocker, the

most commonly prescribed drugs were atenolol (62.9%) and
bisoprolol (29.8%), with a mean daily starting dose of 51.5 mg
for atenolol (95% CI 49.3 to 53.7 mg) and 5.3 mg for bisoprolol
(95% CI 4.8 to 5.8 mg) (table 2). Of the 392 patients prescribed
non-selective b-blockers, the most commonly prescribed drug
was propranolol (83.2%), with a mean daily starting dose of
74.0 mg (95% CI 69.2 to 78.8 mg). Of the 1171 patients
prescribed an oral b-blocker, 909 patients (77.6%) received more
than one b-blocker prescription (figure 1).

Oral steroid prescribing in patients with active asthma and
b-blockers
Of the 1171 patients prescribed an oral b-blocker, 847 patients
(72.3%) received prescriptions for SABAs and 614 patients
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(63.2%) prescriptions for ICS before the new b-blocker (table 3).
In total 971 patients were identified as having active asthma
prior to the new b-blocker. The severity of asthma as defined by
BTS treatment step for all asthma patients issued a new b-
blocker and specifically for active asthma patients issued a new
b-blocker is shown (table 4). Of all asthma patients receiving
a b-blocker, 43.7% were at BTS treatment step 2 or greater
compared with 52.7% of patients with active asthma.

Of the 971 patients with active asthma, 869 (89.5%) had
follow-up of at least 112 days following the new oral b-blocker.
The 2-weekly incidence of patients with active asthma treated
with rescue oral steroids was 6.6 patients (0.8%) for baseline, 6
patients (0.7%, IRR 0.92, 95% CI 0.40 to 2.12) for the first 2
weeks, 8 patients (0.9%, IRR 1.24, 95% CI 0.60 to 2.58) for
weeks 2e4 and 3.8 patients (0.4%, IRR 0.84, 95% CI 0.55 to
1.27) for weeks 4e8 following the new oral b-blocker prescrip-
tion table 5. The 2-weekly incidence of patients with active
asthma treated with any oral steroid for the equivalent time
periods was 11.7 patients (1.3%), 19 patients (2.2%, IRR 1.63,
95% CI 1.00 to 2.65), 13 patients (1.5%, IRR 1.12, 95% CI 0.63 to
1.99) and 11.3 patients (1.3%, IRR 0.97, 95% CI 0.72 to 1.32),
respectively. Figure 2 shows the proportion of patients with
active asthma requiring oral steroid treatment before and after
the new oral b-blocker prescription, and no major increase in oral
steroid prescribing was seen immediately after the new
b-blocker. No statistical difference was found in the proportion
of patients prescribed oral steroids in the weeks following a new
b-blocker prescription (table 5).

DISCUSSION
The main concern when designing studies to examine the
potential therapeutic use of b-blockers in asthma remains the
risk of inducing acute bronchoconstriction. It is likely that any
benefit of b-blockers in asthma will only be seen upon chronic
dosing, perhaps after an initial period of dose titration. Similar
concerns existed for the use of b-blocker therapy in heart failure
patients which can safely be initiated and is highly effective.16

The result of this population-based study showed that 1171
patients (2.2%) of 53 994 patients identified with asthma in the
Scottish population were prescribed oral b-blocker therapy
within a 2 year period. Selective b-blockers were prescribed more
often in older patients who are more likely to have compelling
indications for b-blockade such as ischaemic heart disease and
heart failure. Female patients were more likely to be prescribed
a non-selective b-blocker than males. This may represent the
increased prevalence of conditions associated with non-selective

Table 1 Distribution of b-blocker exposure by age, gender and selectivity in all asthma patients

Variable Cardioselective, n (%) Non-selective, n (%) Any b-blocker (%) OR for any b-blocker (95% CI)

Age group

<40 63 (8.1) 203 (51.8) 266 (22.7) 1.00

40e49 63 (8.1) 67 (17.1) 130 (11.1) 1.56 (1.26 to 1.92)

50e59 129 (16.6) 43 (11.0) 172 (14.7) 2.93 (2.41 to 3.55)

60e69 219 (28.1) 30 (7.7) 249 (21.3) 5.63 (4.72 to 6.71)

$70 305 (39.2) 49 (12.5) 354 (30.2) 7.30 (6.21 to 8.59)

Total 779 (100.0) 392 (100.0) 1171 (100.0)

Gender

Male 279 (35.8) 101 (25.8) 380 (32.5) 1.00

Female 500 (64.2) 291 (74.2) 791 (67.5) 1.45 (1.28 to 1.64)

Total 779 (100.0) 392 (100.0) 1171 (100.0)

Table 2 Dose of new oral b-blockers prescribed to defined asthma
patients

b-Blocker
Prescription

Frequency
(%)

New prescription
dose range

New prescription mean
daily dose (95% CI)

Non-selective (n¼392)

Propranolol 326 (83.2) 10e320 mg 74.0 mg (69.2 to 78.8)

Labetolol 19 (4.8) 200e1200 mg 452.6 mg (318.8 to 586.4)

Sotalol 19 (4.8) 40e360 mg 138.9 mg (94.7 to 183.1)

Carvedilol 16 (4.1) 3.125e50 mg 22.5 mg (12.5 to 32.5)

Celiprolol 7 (1.8) 200e400 mg 228.6 mg (158.7 to 298.5)

Oxprenolol 5 (1.3) 60e320 mg 148.0 mg (19.5 to 276.5)

Total 392 (100.0)

Selective (n¼779)

Atenolol 490 (62.9) 12.5e100 mg 51.5 mg (49.3 to 53.7)

Bisoprolol 232 (29.8) 1.25e20 mg 5.3 mg (4.8 to 5.8)

Metoprolol 44 (5.6) 25e400 mg 117.6 mg (99.7 to 135.5)

Nebivolol 12 (1.5) 5.0e10 mg 5.8 mg (4.6 to 7.0)

Acebutolol 1 (0.1) 200 mg 200 mg

Total 779 (100.0)

Figure 1 Number of repeat prescriptions received by all asthma
patients according to class of b-blocker (n¼1171). Patients receiving
non-selective b-blockers are shown by white histograms and those
receiving cardioselective b-blockers are shown by shaded histograms.
The majority of patients received more than one b-blocker prescription.
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b-blocker treatment in females such as anxiety, migraine,
thyrotoxicosis and pre-eclampsia. Although reasons for
prescribing at the level of primary care remain heterogeneous
and complex, it is possible that this observation is partly due to
the exclusion of patients from our population over the age of
40 with an exposure to smoking. Misclassification of patients
with COPD would increase the observed incidence of b-blocker
prescribing as current recommendations state that cardiose-
lective b-blockers can be safely used in patients with COPD.17

Smoking status was recorded within 3 years of the date of
extraction in >98% of patients over the age of 40. As such, we
used patients over the age of 40 who had never smoked in order
to reduce misclassification of COPD in our asthma population.
Despite this, we were unable to exclude patients with non-
smoking-related fixed airflow obstruction

Oral b-blocker therapy is currently stated to be contra-
indicated in asthma due to the potential to induce acute bron-
choconstriction, and the Committee for Safety on Medicines in
the UK recommends that cardioselective b-blockers should only
be initiated with extreme caution under specialist supervision if
no alternative is available.18 However, significant numbers of
patients with asthma were prescribed oral b-blocker therapy
in the community, with a third of our patients receiving
a non-selective b-blocker. Irrespective of b-blocker selectivity,
many patients received more than one prescription. Despite
these safety concerns, the number of patients with active
asthma prescribed oral steroids was remarkably low following
the initial oral b-blocker prescription, ranging from 0.7% to 2.3%
of patients. Two indicators of risk were chosen for comparison,
namely patients with active asthma receiving rescue oral steroid
prescriptions and any oral steroid prescriptions. This was done
due to the wide variation and indication for oral steroid
prescribing and to address the confounding effect this would
have on masking any observed risk following initiation of
b-blocker therapy. No statistically significant change in the
number of patients requiring oral steroids related to new oral
b-blocker prescribing was identified despite the fact that it takes

up to 4 weeks for b2-receptor function to be restored back to
normal following a non-selective b-blocker, possibly due to
upregulation and associated enhanced coupling of G protein
adenylyl cyclase.19 20 However the CIs are relatively wide and
a small increase cannot be excluded.
Given UK patterns of oral b-blocker use, it is unsurprising that

the most commonly prescribed cardioselective and non-selective
b-blockers were atenolol and propranolol, respectively. However,
the variation in daily starting prescription dose of new oral
b-blockers demonstrates that patients with asthma prescribed
b-blockers in this study did not always start with a period of
dose titration. We have demonstrated that oral b-blocker therapy
was prescribed to patients with active asthma of varying
severity, with over half of new b-blocker prescriptions being
issued to patients at BTS step 2 or greater. This observation
means that the results are unlikely to be due to confounding by
indication, in which only patients with stable well-controlled
asthma requiring little medication are exposed to b-blocker
therapy and hence have less need for rescue oral steroids. All
patients in the main analysis received a new prescription for an
oral b-blocker, and all had evidence of active asthma before
commencement of the b-blocker in terms of a recent prior
asthma-related prescription. With half of patients on BTS step 2
or higher, one would expect oral b-blocker prescribing in this
population to be potentially even more hazardous.
The fact that patients prescribed a new oral b-blocker in this

observational study potentially did not receive a period of dose
titration means it may be possible to address any small risk by
appropriate dose titration upon commencement of b-blocker
therapy. In contrast, it is likely that any clinical trial looking at
the potential benefits of b-blockers in asthma would start with
this period of dose titration in order to identify patients whose
symptoms are exacerbated at an earlier stage.
This study has several limitations. First, routine health data

can be subject to missing data. However, the Primary Care
Clinical Informatics Unit at the University of Aberdeen collects
these data as part of the Scottish Programme for Improving
Clinical Effectiveness (SPICE). The data that are provided are the
complete historical patient record which includes all prescrip-
tions issued by computer from general practice. As such, we
have no knowledge regarding dispensed medication or patient
compliance.
Secondly, the database contains anonymised data and there-

fore it was not possible to link to hospitalisation or mortality
registers in order to identify whether any asthma patients
prescribed oral b-blocker therapy received treatment in
secondary care. This number, however, is likely to be small
compared with the number of rescue steroids prescribed in
general practice. The National Health Service (NHS) provides
free access to primary care for all citizens in Scotland and
patients register with a general practice in order to access this

Table 4 British Thoracic Society (BTS) treatment steps for all asthma patients (n¼1171) and active
asthma patients (n¼971) immediately prior to the new oral b-blocker prescription

BTS step

All asthma patients with b-blockers Active asthma patients with b-blockers

Cardioselective (%) Non-selective (%) Cardioselective (%) Non-selective (%)

1 416 (53.4) 243 (62.0) 276 (43.2) 183 (55.1)

2 239 (30.7) 78 (19.9) 239 (37.4) 78 (23.5)

3 76 (9.8) 44 (11.2) 76 (11.9) 44 (13.3)

4 41 (5.3) 26 (6.6) 41 (6.4) 26 (7.8)

Other 7 (0.9) 1 (0.3) 7 (1.1) 1 (0.3)

Total 779 (100.0) 392 (100.0) 639 (100.0) 332 (100.0)

Other, patients with either long-acting b-agonist or theophylline monotherapy.

Table 3 Number of asthma patients receiving different
types of asthma medication before the new oral b-blocker
(n¼1171)

Medication
No. of patients receiving
medications (%)

SABA 847 (72.3)

LABA 89 (7.6)

ICS 614 (52.4)

LABA/ICS 154 (13.1)

Leukotriene antagonist 32 (2.7)

Theophylline 10 (0.9)

ICS, inhaled corticosteroid; LABA, long-acting b-agonist; SABA, short-
acting b-agonist.
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care. All prescriptions, including those recommended by
secondary care services, are issued via primary care, with the
exception of short courses of medication provided at the point of
hospital discharge. The Scottish Public Health Observatory
provides annual statistics on asthma for Scotland including
asthma prevalence and incidence of hospital admissions.21 Based
on this data, the incidence of hospital admission for asthma was
11.8 per 1000 asthma patients per year, compared with an inci-
dence of 180.2 rescue steroids per 1000 asthma patients per year
from our data. Therefore, prescribing during hospital admissions
for asthma is estimated to account for w6% of all prescribing.

Given the current interest in the use of b-blockers as potential
therapeutic agents for patients with asthma, these initial find-
ings appear to provide some reassurance that co-prescribing of
b2-agonists in patients with active asthma does not appear to
result in a significant deterioration in asthma control requiring
oral steroids in the vast majority of patients, although a small
effect cannot be excluded. Further studies are now underway to
evaluate the degree of airway hyper-responsiveness in such
patients who have been taking b-blockers as well as their
response to rescue therapy with b2-agonists.

CONCLUSION
A total of 2.2% of adult patients defined with asthma were
prescribed oral b-blocker therapy which included prescriptions of
both cardioselective and non-selective b-blockers in a 2 year
observation period. Despite variation in starting dose and
severity of asthma prior to the initial b-blocker, no large increase
in the number of patients with active asthma treated in general
practice for severe asthma exacerbations requiring oral steroids
was observed in what would be considered to be the most high
risk period immediately following the new oral b-blocker
prescription, although a small increase in risk cannot be
excluded.
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Table 5 Relative incidence of oral steroid prescribing in active asthma patients with sufficient follow-up
after the new oral b-blocker prescription

b-Blocker Steroid Time period
Patients with oral
steroids (%)

Incidence rate
ratio (95% CI) p Value

Any b-blocker (n¼869) Rescue Baseline 6.6 (0.8) 1.00

0e2 weeks 6.0 (0.7) 0.92 (0.40 to 2.12) 0.837

2e4 weeks 8.0 (0.9) 1.24 (0.60 to 2.58) 0.560

>4 weeks 3.8 (0.4) 0.84 (0.55 to 1.27) 0.401

Any Baseline 11.7 (1.3) 1.00

0e2 weeks 19.0 (2.2) 1.63 (1.00 to 2.65) 0.051

2e4 weeks 13.0 (1.5) 1.12 (0.63 to 1.99) 0.707

>4 weeks 11.3 (1.3) 0.97 (0.72 to 1.32) 0.852

Cardioselective (n¼601) Rescue Baseline 4.9 (0.8) 1.00

0e2 weeks 5.0 (0.8) 1.02 (0.41 to 2.58) 0.962

2e4 weeks 7.0 (1.2) 1.45 (0.65 to 3.20) 0.361

>4 weeks 4.5 (0.7) 0.92 (0.57 to 1.48) 0.728

Any Baseline 8.9 (1.5) 1.00

0e2 weeks 14.0 (2.3) 1.57 (0.89 to 2.78) 0.117

2e4 weeks 11.0 (1.8) 1.24 (0.66 to 2.32) 0.509

>4 weeks 9.0 (1.5) 1.01 (0.72 to 1.43) 0.944

Non-selective (n¼268) Rescue Baseline 1.7 (0.6) 1.00

0e2 weeks 1.0 (0.4) 0.61 (0.08 to 4.50) 0.626

2e4 weeks 1.0 (0.4) 0.60 (0.08 to 4.44) 0.613

>4 weeks 1.0 (0.4) 0.60 (0.25 to 1.44) 0.250

Any Baseline 2.8 (1.0) 1.00

0e2 weeks 5.0 (1.9) 1.78 (0.68 to 4.63) 0.244

2e4 weeks 2.0 (0.7) 0.71 (0.17 to 3.00) 0.642

>4 weeks 2.3 (0.9) 0.84 (0.45 to 1.57) 0.585

Figures shown for baseline and >4 weeks are the mean number of patients prescribed oral steroids per 2 weeks.

Figure 2 Proportion of b-blocker-naı̈ve patients with active asthma
(n¼869) with at least 112 days follow-up receiving prescriptions of
rescue oral steroid (bottom dotted line) or any oral steroid (top solid line)
before and after the first b-blocker prescription (indicated by the
reference line).

Morales DR, Guthrie B, Lipworth BJ, et al. Thorax (2011). doi:10.1136/thx.2010.149286 5 of 6

Asthma

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2010.149286 on 12 January 2011. D

ow
nloaded from

 

http://thorax.bmj.com/


Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Masoli M, Fabian D, Holt S, et al; Global Initiative for Asthma (GINA) Program. The

global burden of asthma: executive summary of the GINA Dissemination Committee
report. Allergy 2004;59:469e78.

2. British Thoracic Society Scottish Intercollegiate Guidelines Network. British
Guideline on the Management of Asthma. Thorax 2008;63(Suppl 4):iv1e121.

3. Global Initiative for Asthma [Internet]. Global Strategy for Asthma Management
and Prevention [cited 2010 Jan 31]. http://www.ginasthma.org/.

4. Chowdhury BA, Dal Pan G. The FDA and safe use of long-acting beta-agonists in
the treatment of asthma. N Engl J Med 2010;362:1169e71.

5. Schwartz S, Davies S, Juers JA. Life-threatening cold and exercise-induced asthma
potentiated by administration of propranolol. Chest 1980;78:100e1.

6. Vatrella A, Parrella R, Pelaia G, et al. Effects of non-bronchoconstrictive doses of
inhaled propranolol on airway responsiveness to methacholine. Eur J Clin Pharmacol
2001;57:99e104.

7. Callaerts-Vegh Z, Evans KL, Dudekula N, et al. Effects of acute and chronic
administration of beta-adrenoceptor ligands on airway function in a murine model of
asthma. Proc Natl Acad Sci USA 2004;101:4948e53.

8. Lin R, Peng H, Nguyen LP, et al. Changes in beta 2-adrenoceptor and other signaling
proteins produced by chronic administration of ’beta-blockers’ in a murine asthma
model. Pulm Pharmacol Ther 2008;21:115e24.

9. Nguyen LP, Omoluabi O, Parra S, et al. Chronic exposure to beta-blockers
attenuates inflammation and mucin content in a murine asthma model. Am J Respir
Cell Mol Biol 2008;38:256e62.

10. Hanania NA, Singh S, El-Wali R, et al. The safety and effects of the beta-blocker,
nadolol, in mild asthma: an open-label pilot study. Pulm Pharmacol Ther
2008;21:134e41.

11. Baker JG. The selectivity of b-adrenoceptor antagonists at the human b1, b2 and
b3 adrenoceptors. Br J Pharmacol 2005;144:317e22.

12. Salpeter SR, Ormiston TM, Salpeter EE. Cardioselective beta-blockers in patients
with reactive airway disease: a meta-analysis. Ann Intern Med 2002;137:715e25.

13. Lipworth BJ, Williamson PA. Beta blockers for asthma: a double-edged sword.
Lancet 2009;373:104e5.

14. Evans JM, Hayes JL, Lipworth BJ, et al. Potentially hazardous co-prescribing of
beta-adrenoceptor antagonists and agonists in the community. Br J Gen Pract
1996;46:423e5.

15. Helms PJ, Ekins Daukes S, Taylor MW, et al. Utility of routinely acquired primary
care data for paediatric disease epidemiology and pharmacoepidemiology. Br J Clin
Pharmacol 2005;59:684e90.

16. Cohn JN, Fowler MB, Bristow MR, et al. Safety and efficacy of carvedilol in severe
heart failure. The U.S. Carvedilol Heart Failure Study Group. J Card Fail 1997;3:173e9.

17. Salpeter S, Ormiston T, Salpeter E. Cardioselective beta-blockers for chronic
obstructive pulmonary disease. Cochrane Database Syst Rev 2005;(4):CD003566.

18. Joint Formulary Committee. British National Formulary. 59 edn. London: British
Medical Association and Royal Pharmaceutical Society of Great Britain, 2010.

19. Lima DR, Turner P. Beta-blocking drugs increase responsiveness to prostacyclin in
hypertensive patients. Lancet 1982;2:444.

20. Lima DR, Turner P. Propranolol increases reduced beta-receptor function in severely
anxious patients. Lancet 1983;2:1505.

21. Scottish Public Health Observatory. Asthma: NHS board data, 2010. Available:
http://www.scotpho.org.uk/home/Healthwell-beinganddisease/asthma/
asthma_data/asthma_nhsboarddata.asp (accessed 05 Nov 2010).

6 of 6 Morales DR, Guthrie B, Lipworth BJ, et al. Thorax (2011). doi:10.1136/thx.2010.149286

Asthma

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2010.149286 on 12 January 2011. D

ow
nloaded from

 

http://thorax.bmj.com/

