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ABSTRACT

Introduction: Short-acting b2-agonist (SABA)
reliever overuse is common in asthma, despite
availability of inhaled corticosteroid (ICS)-based
maintenance therapies, and may be associated
with increased risk of adverse events (AEs). This
systematic literature review (SLR) and meta-

analysis aimed to investigate the safety and
tolerability of SABA reliever monotherapy for
adults and adolescents with asthma, through
analysis of randomized controlled trials (RCTs)
and real-world evidence.
Methods: An SLR of English-language publica-
tions between January 1996 and December 2021
included RCTs and observational studies of
patients aged C 12 years treated with inhaled
SABA reliever monotherapy (fixed dose or as
needed) for C 4 weeks. Studies of terbutaline
and fenoterol were excluded. Meta-analysis
feasibility was dependent on cross-trial data
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comparability. A random-effects model esti-
mated rates of mortality, serious AEs (SAEs), and
discontinuation due to AEs (DAEs) for as-nee-
ded and fixed-dose SABA treatment groups. ICS
monotherapy and SABA therapy were compared
using a fixed-effects model.
Results: Forty-two studies were identified by
the SLR for assessment of feasibility. Final meta-
analysis included 24 RCTs. Too few observa-
tional studies (n = 2) were available for inclu-
sion in the meta-analysis. One death unrelated
to treatment was reported in each of the ICS,
ICS ? LABA, and fixed-dose SABA groups. No
other treatment-related deaths were reported.
SAE and DAE rates were\ 4%. DAEs were
reported more frequently in the SABA treatment
groups than with ICS, potentially owing to
worsening asthma symptoms being classified as
an AE. SAE risk was comparable between SABA
and ICS treatments.
Conclusions: Meta-analysis of data from RCTs
showed that deaths were rare with SABA reliever
monotherapy, and rates of SAEs and DAEs were
comparable between SABA reliever and ICS
treatment groups. When used appropriately
within prescribed limits as reliever therapy,
SABA does not contribute to excess rates of
mortality, SAEs, or DAEs.

Keywords: Monotherapy; Overuse; Adults;
Adolescents; Adverse events; Mortality; SABA;
Safety

Key Summary Points

Inhaled short-acting b2-agonists (SABA)
have been widely used to relieve acute
asthma symptoms since the 1950s;
however, some evidence suggests that
SABA overuse may be associated with
increased risk of adverse events (AEs).

An unmet need exists for evidence of the
safety of SABA therapy when used for
symptom relief in patients with asthma.

This SLR and meta-analysis, investigating
SABA safety data from randomized
controlled trials over the past 25 years,
showed that deaths were rare and SAEs
were uncommon in patients with asthma
treated with SABA reliever monotherapy,
and few patients in SABA reliever therapy
treatment arms discontinued owing to
AEs.

Similar results were noted across both the
SABA reliever treatment groups and ICS-
based maintenance therapy groups.

These results support the use of SABA
reliever therapy when administered
appropriately within prescribed limits,
providing a timely contribution to current
discourse on the use of SABA reliever
therapies in clinical practice.

INTRODUCTION

Current management of asthma involves use of
medications to target relief of acute symptoms
or provide long-term symptom control [1].
Short-acting b2-agonist (SABA) therapy has been
the most widely used rescue medication for
relief of acute asthma symptoms since the 1950s
[2–4] with salbutamol (also referred to as albu-
terol) introduced in 1968 [4]. However, since
2019 the Global Initiative for Asthma (GINA)
has moved away from recommending SABA as
the preferred option for reliever therapy, either
alone or in conjunction with inhaled corticos-
teroid (ICS) maintenance therapy [5, 6]. GINA
currently recommends two treatment tracks for
the management of asthma defined by the
choice of reliever therapy, either as-needed ICS-
formoterol or as-needed SABA [6].

Despite the wide range of available mainte-
nance therapies, overuse of SABA by patients
with asthma for symptom relief appears to be
associated with underuse of maintenance
asthma therapies [7]. Database studies using a
retrospective cohort [SABA use IN Asthma
(SABINA) program] reported an increased risk of
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adverse outcomes associated with SABA overuse
across the spectrum of asthma severity, which
has led to speculation that SABA overuse and
dependency may be associated with an
increased risk of mortality and an increase in
asthma-related healthcare utilization [8].

This has added to historical concerns relating
to the safety of SABA therapies, particularly
those that emerged as a result of the epidemics
of asthma mortality in the 1960s and 1970s and
were associated with high-dose preparations of
isoproterenol and fenoterol [9, 10]. The clini-
cally important studies of SABA safety outcomes
in New Zealand and Canada in the early 1990s
further reinforced these concerns by showing
excess mortality associated with greater use of
fenoterol [11–15]. SABA therapies such as
salbutamol and terbutaline have not been
associated with an increased risk of mortality
[10].

Proactive regular dosing is associated with
reduced mortality from asthma [16], exacerba-
tion risk [17], and airway inflammation [18].
The appropriate use of SABA as a reliever in
conjunction with regularly dosed ICS-based
maintenance therapy may facilitate more con-
trolled dosing.

The aims of this systematic literature review
(SLR) and meta-analysis were to identify and
summarize published data reporting the safety
and tolerability of SABA as a reliever therapy for
adults and adolescents with asthma from ran-
domized control trials (RCTs) or a real-world
setting, and to obtain pooled incidence of
mortality and serious adverse events (SAEs) for
SABA monotherapy versus ICS with or without
long-acting b2-agonist (LABA) therapy.

METHODS

Study Design

An SLR was conducted to identify published
studies with data relating to the safety (specifi-
cally mortality and SAEs) of SABAs in adults and
adolescents with asthma, followed by an
assessment of feasibility to quantitatively com-
pare safety outcomes between SABA
monotherapy as a reliever and treatments of

interest via meta-analysis. Finally, meta-analy-
ses were conducted on the selected studies for
all outcomes of interest.

Systematic Literature Review

The SLR was conducted in accordance with the
methodology outlined by the Cochrane Col-
laboration, Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA)
guidelines, and the National Institute for Health
and Care Excellence (NICE). SLR methods were
defined by a prospectively designed study pro-
tocol that was registered in PROSPERO (PROS-
PERO ID: CRD42022320237).

Primary co-endpoints of interest were the
proportion of patients with mortality due to
any cause reported at any timepoint (all-cause
mortality) and the proportion of patients with
mortality due to treatment reported at any
timepoint (treatment-related mortality). Sec-
ondary outcomes were the proportion of
patients with treatment-related adverse events
(TRAEs), SAEs, and safety-related treatment
discontinuations reported at any timepoint
(DAEs).

Identification of Studies
Systematic literature searches were conducted
in MEDLINE and Embase via Ovid SP using free-
text search terms and specific terms for the
disease, treatment, relevant study design filters,
and a time limitation to the last 25 years. The
search terms used are presented in Tables S1 and
S2 of the supplementary appendix.

Following removal of duplicates, a reference
list of the identified studies was exported to an
EndNote library (version X9) and uploaded to
Distiller Systematic Review software, an online
program that transparently facilitates the
selection process.

Two independent reviewers (A.M. and L.M.)
screened each title, abstract, and full-text article
on the basis of the predefined population,
intervention, comparator, outcomes, study
design, and time (PICOS-T) inclusion/exclusion
criteria. A third independent reviewer (A.K.)
resolved any disagreements regarding article
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eligibility. All reviewers were independent of
the study sponsor.

To supplement the database searches,
abstracts and presentations from the 2020–2022
meetings of the following conferences were
reviewed: European Respiratory Society (ERS),
European Academy of Allergy and Clinical
Immunology (EAACI), American Academy of
Allergy, Asthma and Immunology (AAAAI),
American Thoracic Society (ATS), and British
Thoracic Society (BTS). The reference lists of
eligible SLRs were also reviewed manually as per
the search criteria to ensure comprehensive
identification of relevant studies.

Study Selection
Clinical trials and observational studies were
eligible for inclusion if they enrolled adults and
adolescents (C 12 years old) diagnosed with
asthma and were published in English between
1 January 1996 and 9 December 2021. Studies
conducted before 1996 were not considered for
inclusion as they were frequently observational
with confounding factors related to mortality.
Additionally, most studies pre-1996 related to
treatment with high-dose isoproterenol or
fenoterol. Following regulatory intervention,
formulations with lower doses were used clini-
cally and, in turn, mortality rates reduced [19].
Therefore, studies conducted before regulatory
intervention do not support the objective of
assessing appropriate SABA reliever use (in par-
ticular salbutamol) within prescribed limits and
were not included.

The treatment of interest was SABA reliever
monotherapy, either on a fixed-dose schedule
or as needed for symptom relief, with a duration
of at least 4 weeks. Placebo arms permitting as-
needed SABA as a reliever therapy were also
considered as SABA monotherapy. Relevant
comparators included SABA monotherapy (a
different schedule or inhaler type) or inhaled
asthma medications (e.g., ICS ± LABA) with
SABA as needed (including placebo arms). Sin-
gle-arm studies were eligible, as a comparator
was not required. A full summary of the PICOS-
T eligibility criteria is presented in Table 1.

Table 1 Systematic literature review population, inter-
vention, control, outcomes, study type, and timeframe
eligibility criteria

Domain Inclusion criteria Exclusion criteria

Population Adolescents and

adults

(C 12 years)

diagnosed with

asthma

Patients\ 12 years

Patients without

asthma

Intervention Monotherapya with

inhaled SABA

with a minimum

treatment

duration of

4 weeks

Salbutamol

Levosalbutamol

Albuterol

Levalbuterol

Pirbuterol

Intervention not

listed under the

inclusion criteria

Treatment duration

of\ 4 weeks

Investigations of

fenoterol

Investigations of

nebulized or oral

treatments

Dose-finding

studiesc

Comparator None required for

single-arm studies

Combination of

SABA with other

inhaled asthma

medicationsb

Comparator not

listed under the

inclusion criteria

Outcomes Safety and

tolerability

outcomes:

Mortality (all-cause

and treatment-

related)

Treatment-related

AEs

Serious AEs

Discontinuations

due to AEs

In vitro, animal,

fetal, molecular,

genetic, pathologic,

or

pharmacokinetic/

pharmacodynamic

outcomes

Studies not

reporting at least

one of the

outcomes of

interest as noted

under the inclusion

criteria
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Data Extraction
Data extraction was performed using a cus-
tomized data extraction template (DET) that
was developed in Microsoft Excel [for Microsoft
365 MSO (16.0.14326.21008) 32-bit] for this

study. During data extraction, a zero incidence
was imputed for RCTs not reporting mortality
events, as trial ethics require this type of event
to be reported.

A single independent investigator trained in
the critical assessment of evidence captured the
data using the DET, and a second independent
investigator validated all extracted data against
the source article to ensure accuracy and com-
pleteness. Discrepancies between investigators
were resolved in discussion with a third, senior
investigator by comparing the collected data
with information provided in the published
article. As recommended by NICE, the
Cochrane Risk of Bias Assessment Tool was used
to assess the risk of bias of included trials [20].

Feasibility Assessment

The feasibility of conducting meta-analysis to
quantitatively compare overall mortality rates
and other secondary AE outcomes for SABA
reliever monotherapy with those of SABA relie-
ver in combination with ICS ± LABA therapy
was assessed. Similarity of study design, treat-
ment characteristics, and comparability of
patients across trials, as well as confounding
factors with respect to populations (age, asthma
severity, smoking history, treatment history),
were examined. Differences in definitions and
timing of safety outcomes were also assessed.

Meta-analysis

Following assessment of feasibility, meta-anal-
ysis of proportions extracted/calculated for each
study was conducted for all outcomes of inter-
est. The planned meta-analyses including the
primary outcomes of interest (mortality) and
other outcomes and timepoints of interest are
summarized in Table 2.

Meta-analysis was performed on aggregate
studies for data available as a dichotomous
dependent variable. Mortality, SAEs, and DAEs
for as-needed and fixed-dose SABA were esti-
mated using a random-effects meta-analytic
approach (REM) from logit-transformed pro-
portions, assuming a non-zero random-effects
variance, whereas ICS monotherapy was

Table 1 continued

Domain Inclusion criteria Exclusion criteria

Study design Clinical trials

(RCTs and

single-arm trials)

with sample size

of C 50 patients

Observational

studies

(prospective and

retrospective

cohort studies,

registry and claims

database analyses,

cross-sectional

studies, pragmatic

trials, etc.) with

sample size

of C 50 patients

Narrative

publications,

systematic reviews,

case studies or case

reports (\ 10

patients), and

editorials

Protocols for RCTs

or for other

primary study types

Studies with sample

size of\ 50

patients

Dose-ranging studies

Time period 1 January 1996 to 9

December 2021

Studies published

before 1996 or

after 2021d

Language English Studies published in

languages other

than English

AEs adverse events, RCT randomized controlled trial,
SABA short-acting b2-agonist
aPlacebo arms of trials, in which as-needed SABA as a
reliever was allowed (and no other asthma therapies were
permitted), were considered as SABA reliever
monotherapy
bTrials providing details on SABA reliever monotherapy
arm and SABA reliever ? other therapies arm were
included and extracted
cStudies evaluating three or more doses, does not include
studies that evaluated doses delivered via different devices
dAbstracts from the mentioned conferences were searched
for 2020 and 2021
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compared with SABA using a fixed effects meta-
analytic approach (FEM) from log-odds ratios,
assuming homogeneity of study effects. Out-
puts from the meta-analysis are reported as logit
proportions and 95% confidence intervals (CI)
for the REM model and as odds ratios and 95%
CI for the FEM model.

Heterogeneity was measured using
Cochran’s Q and the I2 measure [21]. An I2 value
of 0% indicated no observed heterogeneity.
Where significant and substantive heterogene-
ity in effects was observed, sensitivity analysis
was performed to explore whether the hetero-
geneity was attributable to a few outlying
studies or was consistent across the full sample
of studies.

Final analysis was conducted for three treat-
ment groups: SABA monotherapy fixed-dose
pooled estimate, SABA monotherapy as-needed
dose pooled estimate, and ICS monotherapy
versus SABA.

For studies that evaluated ICS versus SABA, if
a third treatment (e.g., leukotriene receptor
antagonist therapy) was included it was not
included in the meta-analysis.

Ethics Approval

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Table 2 Summary of planned meta-analyses for each outcome and treatment group

Population Outcome Timepoint
(weeks)

SABA
(fixed
dose)

SABA
(as
needed)

ICS
monotherapy
versus SABA

ICS 1 LABA
versus SABA

Analysis
type

ITT All-cause mortality 12? weeks 4 � � � Base case

ITT All-cause mortality 12–16 weeks 4 � � � Sensitivity

analysis

ITT All-cause mortality

Limited to mild and

mild-to-moderate

disease studies

12? weeks 4 � � � Sensitivity

analysis

ITT SAEs 12? weeks 4 4 4 � Base case

ITT SAEs 12–16 weeks 4 4 4 � Sensitivity

analysis

ITT SAEs

Without exacerbations

and death included in

the event rate

12? weeks 4 4 4 � Sensitivity

analysis

ITT DAEs 12? weeks 4 4 4 � Base case

ITT DAEs 12–16 weeks 4 4 4 � Sensitivity

analysis

Planned for inclusion in the final meta-analyses
Not planned for inclusion in the final meta-analysis
DAEs discontinuations due to adverse events, ICS inhaled corticosteroid, ITT intent to treat, LABA long-acting b2-agonist,
SABA short-acting b2-agonist, SAEs serious adverse events
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RESULTS

Systematic Literature Review

Details of the SLR are shown in Fig. 1. The SLR
identified 2586 unique abstract records from the
Medline and EMBASE databases following
removal of duplicates. Screening of these
abstracts identified 164 full-text articles that
were assessed for inclusion in the SLR.

Elimination based on eligibility criteria
identified 42 records for inclusion in the SLR.
The most common reasons for full-text exclu-
sion were the intervention not being of interest
(n = 48) and outcomes inseparable by patient
age, disease, or intervention (n = 25). Of the 42
studies included in the SLR, 40 were RCTs and 2
were observational studies.

As the 2 observational studies were not
comparable in design, the 40 RCTs were evalu-
ated in the feasibility assessment, from which it
was determined that 24 would be included in

Fig. 1 PRISMA diagram illustrating the outcomes of the systematic literature review
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the final meta-analysis. Notable excluded pub-
lications within the date limits were the
Abramson 2001 [22] study (investigating the
role of b-agonists in asthma mortality), as
mortality was not reported as a safety outcome;
Nelson 2006 [23], as no intervention of interest
was studied; and the SYGMA 2 2018 study [24],
as terbutaline was not a SABA treatment of
interest in the SLR PICOS-T criteria.

Only two of the identified studies [25, 26]
reported patient deaths (n = 3), and these were
determined to be unrelated to the study treat-
ments [SABA (n = 1) or ICS ± LABA (n = 2)] by
the study investigators.

Feasibility Assessment

Feasibility assessment determined that the base-
case meta-analyses would be restricted to RCTs
with a minimum of 12 weeks duration as this
was the most common timepoint assessed in
the studies. No study was excluded on the basis
of differences in baseline characteristics or out-
come definition. Asthma of any severity was
included in the base-case analysis; however, a
sensitivity analysis was recommended for stud-
ies enrolling patients with mild or mild-to-
moderate asthma to determine if asthma
severity had an impact on safety events. No
analysis was performed to compare ICS ? LABA
with SABA owing to insufficient data for

Table 4 Summary of meta-analysis results for each treatment group and outcome of interest

Base case incidence/odds
ratio

Sensitivity analysis—
duration
(12–16 weeks)

Sensitivity analysis—
severity
(mild to moderate)

Mortality

Fixed doseb [95% CI] 0.22% [0.10%, 0.52%] 0.25% [0.10%, 0.63%] 0.20% [0.10%, 0.49%]

ICS and ICS ? LABA versus

SABA

a a a

SAEs

Fixed doseb [95% CI] 1.9% [0.9%, 3.7%] 1.3% [0.8%, 2.1%] N/A

As neededb [95% CI] 1.8% [0.8%, 4.1%] 1.9% [0.5%, 7.4%] 1.4% [0.6%, 3.1%]

ICS versus SABAc [95% CI] OR 0.95, [0.46, 1.95] OR 0.92 [0.34, 2.44] OR 1.07 [0.41, 2.79]

DAEs

Fixed-dose SABAb [95% CI] 3.3% [1.8%, 6.0%] 2.7% [1.6%, 4.5%] N/A

As-needed SABAb [95% CI] 3.9% [2.3%, 6.5%] 3.5% [2.0%, 6.1%] 3.9% [2.2%, 6.7%]

ICS versus SABAc [95% CI] OR 0.52 [0.35, 0.76] OR 0.51 [0.34, 0.78] OR 0.50 [0.32, 0.76]

CI confidence interval, DAEs discontinuations due to adverse events, ICS inhaled corticosteroid, ITT intent to treat, LABA
long-acting b2-agonist, SABA short-acting b2-agonist, SAEs serious adverse events
aMeta-analysis not possible owing to zero event rates for most of the trials in this group
bMeta-analysis outputs for mortality, SAEs, and DAEs for as-needed and fixed-dose SABA were estimated using a random-
effects meta-analytic approach (REM). The results from the output of the meta-analysis for the REM models are reported in
logit proportions
cMeta-analysis was performed on aggregate studies for data available as a dichotomous dependent variable. ICS monotherapy
was compared with SABA using a fixed-effects meta-analytic approach (FEM), assuming homogeneity of study effects. The
results from the output of the meta-analysis for the FEM model are reported as odds ratios with 95% confidence intervals
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mortality, SAEs, and DAEs. Treatment-related
mortality was not reported in any study and
therefore could not be analyzed. TRAEs were
not analyzed as the studies reported outcomes
in various formats and frequently included
asthma symptoms as part of the definition. A
full summary of the study, patient, and treat-
ment characteristics included in the feasibility
assessment along with the reasons for exclusion
from the meta-analysis where applicable is pre-
sented in Table S3 of the supplementary
appendix.

Study Characteristics
Details of the 24 trials included in the final
meta-analysis are presented in Table 3. All were
multicentric, and most (n = 18) were conducted
in the USA. Trials enrolled between 115 and 895
participants; mean age was 28–49 years, and the
proportion of female participants was between
31% and 67%. In ten studies that reported
smoking status, 4–11% of patients reported
currently smoking and 12–23% reported a his-
tory of smoking. No study reported

comorbidities of interest (gastrointestinal reflux
disease, nasal polyps, and chronic rhinitis).

The main asthma therapy used by patients
prior to trial enrollment was ICS with or with-
out additional maintenance therapies. The
breakdown of asthma therapies used before
enrollment was: any ICS (32–100%), ICS
monotherapy (60%), ICS/LABA (39–44%), LABA
monotherapy (21–34%).

All trials evaluated SABA as a reliever ther-
apy: 20 of 24 trials included a placebo arm with
SABA reliever monotherapy used as needed as a
rescue medication; 11 assessed the safety of
SABA as a fixed-dose treatment; 12 evaluated
ICS monotherapy versus SABA reliever
monotherapy; and 3 evaluated ICS ? LABA
versus placebo with SABA reliever therapy.

The Cochrane Risk of Bias Assessment Tool
was used to assess the risk of bias of included
trials. All included studies were judged to be of
moderate-to-good quality. In all trials, the
treatments were randomly assigned to the sub-
jects; however, the allocation sequence was
concealed in just four studies. In three trials,
participants, carers, and people delivering the
interventions were aware of the intervention
assigned to the participants. All trials included
appropriate analysis to estimate the effect of
assignment to intervention. Among the trials,
outcome data were reported in all/nearly all
participants randomized; also, appropriate
methods were undertaken to measure these
outcomes. The outcome assessors were aware of
the intervention received by study participants
in three trials. A summary of the Cochrane Risk
of Bias assessment for the 24 trials included in
the meta-analysis is presented in Table S4 of the
supplementary appendix.

Meta-analysis

The key results from the meta-analysis are
summarized in Table 4.

Mortality

Pooled Fixed-Dose SABA
Base-case meta-analysis of ten trials that inclu-
ded a fixed-dose SABA arm returned a pooled

Fig. 2 Forest plot showing pooled incidence of base-case
mortality for fixed-dose SABA at 12? weeks. I2 gives the
percentage of variation across the studies resulting from
heterogeneity rather than chance. Q-statistic p value (QEp)
indicates statistical significance of the interstudy variation.
CI confidence interval. No studies with as-needed SABA
reported mortality
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rate of mortality of 0.22% (95% CI 0.10%,
0.52%) with no heterogeneity identified (Fig. 2).
One trial [25] reported a single death; the
patient in this trial was randomized to albuterol
four times daily and died from acute pancre-
atitis. This death was judged to be unrelated to
the study treatment.

Sensitivity analysis using studies with dura-
tions of 12–16 weeks did not change the results
for this fixed-dose treatment group. The pooled
rate of mortality and heterogeneity in this sen-
sitivity analysis case was 0.2% and 0%, respec-
tively. Two trials were removed because of
durations of 24 weeks [27] and 52 weeks [28].
The sensitivity analysis limited to studies
enrolling patients with mild-to-moderate
asthma did not affect the meta-analysis results
compared with the base case. The mortality rate
remained at 0.2%. Fitzgerald 1999 [27] was
removed from this analysis for enrolling
patients with more severe asthma.

ICS or ICS 1 LABA versus SABA Reliever
Monotherapy
Two deaths were reported in a single trial
enrolling patients with mild asthma that
included three treatment arms: (i) ICS ? LABA
as needed, (ii) ICS maintenance therapy
(? SABA as needed), and (iii) SABA as needed
[26]. No deaths were reported in the SABA as-
needed arm. One death was reported in the ICS
maintenance (? SABA as needed) arm (suicide)
and one death in the ICS ? LABA arm (vehicu-
lar accident), neither of which was judged by
investigators to be treatment related. No deaths
were reported in the other trials included in this
analysis, and meta-analysis was not possible.

Discontinuations Due to Adverse Events

Pooled Fixed-Dose SABA
Seven trials reported DAEs for patients with
asthma on fixed-dose SABA therapy, six of
which were trials of salbutamol/albuterol, and
one was of levalbuterol. The incidence of DAEs
ranged from 1% to 7% across the trials. Pooled
incidence was 3.3% (95% CI 1.8%, 6.0%), with

high heterogeneity driven by the Hamilos 2007
[28] trial, which had a 52-week duration
(Fig. 3a). Pooled incidence was reduced to 2.7%
(95% CI 1.6%, 4.5%) following sensitivity
analysis limited to studies of fixed-dose SABA
with timepoints of 12–16 weeks. No sensitivity
analysis by asthma severity was necessary for
the fixed-dose SABA group as all patients had
mild-to-moderate asthma. Full results of each
sensitivity analysis performed are presented in
the supplementary appendix.

Pooled As-Needed SABA
Thirteen trials reported DAEs for patients taking
as-needed SABA reliever therapy in a placebo
arm. Salbutamol/albuterol was the treatment in
all 13 trials. The incidence of DAEs ranged from
0% to 16% across trials with a pooled incidence
of 3.9% (95% CI 2.3%, 6.5%). Inclusion of the
Meltzer 2009 trial, which considered worsening
symptoms to be a DAE, resulted in moderate
heterogeneity (Fig. 3b). Sensitivity analysis lim-
iting study duration to 12–16 weeks reduced
pooled incidence to DAEs to 3.5% (95% CI
2.0%, 6.1%) with heterogeneity of approxi-
mately 74%, similar to the base-case analysis.
Sensitivity analysis limited to studies of patients
with mild-to-moderate asthma produced results
similar to the base-case analysis (3.9%, 95% CI
2.2%, 6.7%).

ICS Maintenance Therapy versus SABA
Reliever Monotherapy
DAEs were reported for ten trials in which an
ICS maintenance therapy was compared with
SABA as reliever therapy in patients with
asthma. The incidence of DAEs ranged from 0%
to 16%. The proportion of patients with DAEs in
the SABA reliever group was the same as or
lower than in the ICS group in four trials. For
the remaining trials, incidence of DAEs was
higher in the SABA reliever groups, which could
be attributed to inclusion of worsening asthma
symptoms as an AE. SABA reliever monotherapy
groups did not receive maintenance therapies.

Odds of DAE for patients in the ICS group
were approximately half of those for patients in
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the SABA monotherapy group [odds ratio (OR)
0.52, 95% CI 0.35, 0.76], with little hetero-
geneity (Fig. 3c). Sensitivity analyses were
almost identical to the base-case analysis when
limiting duration to 12–16 weeks (OR 0.51, 95%
CI 0.34, 0.78) and limiting asthma severity to
mild to moderate (OR 0.50, 95% CI 0.32, 0.76).

bFig. 3 Forest plots showing pooled incidence of base-case
DAEs for fixed-dose and as-needed SABA and odds ratios
for base-case DAEs for ICS versus SABA at 12? weeks. I2

gives the percentage of variation across the studies resulting
from heterogeneity rather than chance. Q-statistic p value
(QEp) indicates statistical significance of the interstudy
variation. CI confidence interval

Fig. 4 Forest plots showing pooled incidence of base-case
SAEs for fixed-dose and as-needed SABA and odds ratios
for base-case SAEs for ICS versus SABA at 12? weeks. I2

gives the percentage of variation across the studies resulting

from heterogeneity rather than chance. Q-statistic p value
(QEp) indicates statistical significance of the interstudy
variation. CI confidence interval
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Serious Adverse Events

Pooled Fixed-Dose SABA
Four trials reported the incidence of SAEs for
patients with asthma on fixed-dose SABA
treatment.

SABAs under investigation were salbutamol/
albuterol in three trials, and both levalbuterol
and racemic albuterol in one trial. The inci-
dence of SAEs ranged from 1% to 5% with a
pooled incidence of 1.9% (95% CI 0.9%, 3.8%),
and high heterogeneity (75%) (Fig. 4a). Sensi-
tivity analysis limiting study duration (12–-
16 weeks) showed a slightly reduced pooled
incidence of 1.3% (95% CI 0.8%, 2.1%).

Pooled As-Needed SABA
Six trials reported SAEs for patients receiving as-
needed SABA therapy, all of which investigated
albuterol as the study treatment. The incidence
of SAEs ranged from 0% to 5% with a pooled
incidence of 1.9% (95% CI 0.9%, 4.1%) and
little heterogeneity (44%) (Fig. 4b). Sensitivity
analysis limiting study duration (12–16 weeks)
resulted in a slight increase in pooled incidence
to 2.0% (95% CI 0.5%, 7.5%). However, when
limited by asthma severity (mild to moderate),
pooled incidence of SAEs was reduced to 1.4%
(95% CI 0.6%, 3.1%).

ICS Maintenance Therapy versus SABA
Reliever Monotherapy
Four trials in which ICS maintenance therapy
was compared with SABA reliever therapy
reported SAEs. The incidence of SAEs ranged
from 0% to 5% and was similar between the ICS
and SABA reliever treatment groups. Meta-
analysis results were similar to individual trial
results (OR 0.95, 95% CI 0.46, 1.95) with no
heterogeneity (Fig. 4c). Sensitivity analysis
resulted in a similar OR of 0.92 (95% CI 0.34,
2.44) when limited by study duration
(12 weeks), and the OR increased slightly to
1.07 (95% CI 0.41, 2.79) from base case when
limited to mild-to-moderate asthma. Exclusion
of studies in which exacerbations were defined
as an SAE resulted in a reduced OR of 0.84 (95%
CI 0.31, 2.31).

DISCUSSION

This SLR and meta-analysis, performed using
available SABA safety data from approximately
5000 patients enrolled in RCTs and published
over a 25-year period from 1996 to 2021, iden-
tified no evidence of treatment-related mortal-
ity in any of the included trials. All-cause
mortality was rare, with a pooled incidence of
0.22% for patients taking SABA. Only three
patients died, from causes considered not rela-
ted to treatment (suicide, vehicular accident,
acute pancreatitis), two of whom were ran-
domized to ICS regimens (with and without
LABA). Because only two studies reported
deaths in either treatment group, no meta-
analysis was possible and no conclusions
regarding mortality rates for SABA-treated
patients compared with ICS-treated patients
could be made.

SAEs were rarely reported by patients
administered fixed-dose or as-needed SABA
therapy. The reported incidence of SAEs was
B 5% in these groups, and in many cases, the
incidence was 1% or 2%, despite some studies
including asthma exacerbations as SAEs. The
risk of SAEs did not differ for patients treated
with ICS alone versus those treated with SABA
as a reliever, and this observation remained
valid in sensitivity analyses that limited the
severity of asthma and treatment duration.

Among patients taking SABA as needed, the
absence of ICS-based maintenance therapy
placed the patients at greater risk of worsening
asthma, thereby potentially leading to increased
risk of DAEs. This may explain the higher inci-
dence of DAEs (16%) reported in one outlier
study [29] which included worsening symptoms
as adverse events that lead to discontinuation.
However, information on the types of AE that
led to discontinuation was not specified in this
trial, so the proportion of patients who discon-
tinued because of worsening asthma symptoms
is not clear. The risk of treatment discontinua-
tion due to AEs was lower with ICS maintenance
therapy than with SABA reliever therapy; how-
ever, comparability of the types of AEs that led
to discontinuation between the two groups
could not be determined.
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These observations regarding the relation-
ship between worsening asthma and the
absence of an ICS-based maintenance therapy
suggest that uncontrolled asthma may be the
main reason for mortality and adverse out-
comes in patients with asthma. Potentially, the
overuse of SABA may be the result of uncon-
trolled asthma and not the cause of adverse
outcomes or serious adverse effects.

Underuse of regular ICS-based maintenance
therapy may contribute to overuse or inappro-
priate dosing of SABA reliever therapy. How-
ever, in contrast to reports from the SABINA
program suggesting that SABA reliever use is
dose-dependently associated with an increased
risk of exacerbations [8], the underuse of
maintenance therapy may be what leads to
increased risk of asthma exacerbations and
mortality [7]. As a retrospective database anal-
ysis, the SABINA study represents a snapshot of
real-world practice. Although the number of
patients whose ICS prescriptions had been dis-
pensed more than doubled by the end of the
observation period, approximately 85% of
patients continued to overuse SABA relievers
throughout the period [8], suggesting that
inadequate control of asthma led to increased
frequency of exacerbations and mortality rather
than overuse of SABA as a reliever therapy. As
shown in our analysis of SABA safety from RCTs,
the appropriate use of SABA prescribed as a
reliever for acute symptoms should not lead to
undue concerns of increased mortality or SAE
risk for adults and adolescents with asthma.
This is particularly pertinent for SABA reliever
therapies approved for treating patients suffer-
ing with an acute exacerbation of asthma [1, 6].

The marked disparity in the definitions of
SABA reliever overuse also makes it difficult to
determine the contribution of as-needed SABA
use to adverse outcomes. GINA defines the
overuse of SABA as three canisters or more per
year (approximately 1.2 puffs per day) [6],
whereas for more than 20 years, clinical trials
have defined SABA overuse as administration of
more than eight puffs of an SABA inhaler per
day.

This meta-analysis showed that in RCTs—
which defined SABA overuse at a higher
threshold than the GINA definition—deaths

were rare and incidence of SAE/DAE was low.
The threshold for overuse in the SABINA studies
was much lower (collection of more than three
canisters in 1 year) [8], so it remains unclear if
the increased risk of mortality reported in the
SABINA studies represents an overestimation of
adverse effects related to overuse of SABA relie-
ver therapies.

This inconsistency in the definition of SABA
reliever therapy overuse raises the question of
what dosages of SABA have the least risk of
mortality and adverse events. In this study, the
maximum dosage of SABA reliever therapy pre-
scribed was salbutamol 400 lg four times daily
(1600 lg per day). Other dosages of salbutamol
(referred to as albuterol in some studies) were
180 lg four times daily (720 lg per day) and
100 lg, 90 lg, and 80 lg as needed. Inclusion of
studies using these dosages did not contribute
to an increased risk of mortality, SAEs, or DAEs,
suggesting that these dosages are within the
acceptable range for SABA reliever therapy.

The publication date range chosen for
inclusion in the SLR excluded the seminal
studies from New Zealand and Canada that
showed excess mortality associated with higher
doses of fenoterol. However, these older studies
reporting the safety of SABA were mostly
observational and had multiple factors that
confounded the association with mortality [9].
A review by Beasley (1991) [19] concluded that
the self-administration of high-dose, nonselec-
tive, potent inhaled b-agonists above prescrib-
ing limits was associated with an increased risk
of mortality [19]. This resulted in regulatory
warnings being applied to isoproterenol and
fenoterol [19] and led to a reduction in mor-
tality associated with SABA reliever use [10]. Of
further note, many patients in these studies did
not receive treatment with an ICS-based main-
tenance therapy [15]. A further review con-
cluded that other SABA molecules (salbutamol
and terbutaline) do not have a direct association
with an increased risk of mortality for patients
with asthma [10].

A newly published double-blind, crossover,
single-center, placebo-controlled non-inferior-
ity study[30] compared the bronchodilator
response to salbutamol and budesonide/for-
moterol in adults with stable asthma [30]. This
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study found no evidence of non-inferiority
against a boundary of a forced expiratory vol-
ume in 1 s (FEV1) of - 0.06 L for the difference
between budesonide/formoterol 200/6 lg com-
pared with salbutamol 200 lg at the timepoint
of 2 min [30]. There were 33 adverse events
reported among 22 participants [30]. Only one
adverse event (headache) was thought to be
related to the administration of salbutamol [30].
A potential concern is that patients switching
from SABA reliever therapy to budesonide/for-
moterol monotherapy may fail to achieve sim-
ilar fast, effective, and safer symptom relief.

Another notable study not included in this
meta-analysis owing to the publication date
range was Castle (1993) [31], which concluded
that treatment with salmeterol or salbutamol
was not associated with a mortality rate in
excess of that predicted over the period of
interest [31], in contrast to the findings of the
New Zealand and Canadian studies. This study
further proposed that patients with severe/un-
controlled asthma, who have the greatest risk of
mortality, should not receive high doses of
SABA as their main or only therapy.

Study Limitations

While this study has several strengths such as
the rigorous review protocol, independent dual
review of the studies, and cross-checking of
bibliographies, which ensured complete identi-
fication of available evidence, several factors
limit interpretation of the data. The main lim-
itation was the publication and reporting bias
inherent in all literature reviews. A lack of detail
regarding patient characteristics, particularly in
older studies, limited the ability to assess com-
parability of the patients enrolled. However,
sensitivity analyses found that asthma severity
had no impact on the results of the meta-anal-
ysis for the safety outcomes of interest. Whether
adverse outcomes associated with SABA use
were directly related to treatment or to under-
lying poor asthma control that resulted in
increased SABA use could not be determined.

The study findings are limited to patients
who were eligible for enrollment in RCTs and
had medical observation over a period of

12–52 weeks. This population likely had less
comorbidity than patients in the clinical set-
ting, and treatments were likely to have been
administered in a controlled way using appro-
priate dosages. The effects of long-term
([52 weeks) SABA reliever use, for example, on
exacerbation risk, long-term lung function, or
cumulative systemic steroid morbidity, were
not investigated and cannot be determined
from this analysis. The availability of any
longer-term data is limited, in part owing to the
relatively short duration of follow-up in any
RCT. The absence of observational study data
limits extrapolation of the results to patients in
the real world who control their asthma with
long-term SABA reliever therapy, and may have
poor maintenance treatment adherence, SABA
reliever overuse, or limited access to healthcare
monitoring. Future studies investigating the
potential effects of SABA used as a reliever in
conjunction with ICS-based maintenance ther-
apy use (exacerbation risk, lung function
decline, cumulative systemic steroid use), may
also be of value.

The studies selected for inclusion in the
meta-analysis reported the most robust data to
permit the analysis; however, the meta-analysis
was not a complete assessment of the literature.
Some publications identified in the initial lit-
erature searches evaluated mortality in patients
with asthma but were excluded from the SLR
and meta-analysis because the data for patients
administered SABA reliever monotherapy were
not reported separately.

CONCLUSIONS

This comprehensive meta-analysis of data
available from published clinical trials indicates
that treatment with SABA as a reliever therapy
does not result in increased mortality or excess
SAEs in adult and adolescent patients when
used within prescribed limits for symptom
relief. The risk of mortality, SAEs, and DAEs did
not appear to differ from that of ICS-based
maintenance therapies. To supplement the key
outcomes of this study, future well-designed
studies focusing on this subset of patients with
asthma (particularly those who are poorly
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adherent and unlikely to be well monitored)
would be beneficial to determine whether the
low rates of mortality, SAEs, and DAEs reported
in this study are similarly reflected in a real-
world setting.
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